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BRIDGE OVER THE RIVER ZAMBESI 
AT VICTORIA FALLS, RHODESIA, 


Tue bridge over the River Zambesi at Victoria 
Falls, in Rhodesia, to be opened for traffic in a few 
days, may be regarded as the most difficult link to 
weld in the great chain projected by the late Cecil 
Rhodes to connect Cape Town with Cairo. Indeed, 
when this far-seeing statesman made his proposal, | not been discovered, owing to the fact that the 
many were inclined to regard it as a dream of the | banks on both sides were covered with brush ; and 
distant future; although there were still many|it would have taken a considerable time and a 
who recognised in the indomitable and irresistible | great amount of labour to remove the brush in 
energy of the great empire-builder sufficient reason | order to ascertain the exact nature of the proposed 
for hope that the great Southern Continent would | 
be opened up very soon to the rapid system of | 
transit which is the precursor of commerce and | 
industry. The untimely death of Cecil Rhodes | 
might have checked the progress of a scheme of less | 
magnitude ; but, fortunately, one of his last acts was 
to approve the preliminary design of the bridge, to 
indicate the most convenient site, and to infuse | 
into his colleagues his own profound conviction 
that such a scheme would not only be of enormous | 
advantage so far as the development of Rhodesia 
was concerned, but would be an important factor | 
in the future progress of South Africa. 

Meantime, as the construction of the railway to 
the Falls was an important element in the economy | 
of construction, work was actively prosecuted on | 
the section from Bulawayo northwards. The Falls | 
are situated 1631 miles by rail from Cape Town on | 
the south, and 950 miles by the railway from Beira | 
on the east coast. Before Cecil Rhodes died, the rail- 
way had been constructed from Cape Town to Bula- 
wayo—1356 miles—and work was in progress for the 
extension of the line throughout the Wankie coal- | 


p< pong 650 ft. wide at the top, with a height 
above the rapids of about 400 ft. The engineers 
| who made the first survey fell into the error— 
| perhaps quite excusable—of assuming that the walls 
on both sides of the chasm were solid rock. When 
work was commenced, it was found that on the 
southern bank there was over the surface a deposit 
of débris of considerable depth. The débris had 
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fields to the Falls—a distance of 275 miles. The | |/ iting ees Tigger Peep | J5S" |, 
work of designing and constructing the steelwork | Y Niger eg RY, ox. : f 
of the bridge was timed so that it might be de-||*9¥ / bE aad Ae 
spatched from this country by the time the railway | | srony. / wus << al e 
reached the Falls—in April, 1904. The distance by | |ounrav / Le _ a ’ 
the alternative route from Beira is made up of 205 =~ pst Pin, 2 
miles to Umtali, on the border of Mashonaland, H ee n= KS oe 
Southern Rhodesia, 170 miles, from thence to Salis- i -» & oo 35 
bury, and 300 miles from Salisbury to Bulawayo. Sule ' ES LY g 
These lines are operated by the Beira and Mashona- RY diss “Zé — 
land Railway Company, which is also associated Yi te cll its 
with the Rhodesia Railway Company. The work | |, 4, Ss * J ee 





of survey for bridge foundations had, therefore, to | 
be carried out before the railway had reached the foundations. The presence of the débris has in- 
Falls; and no indication is more suggestive of the duced the engineers to conjecture that the site on 
pioneering character of the railway-builder in such| which the bridge is now built is the position of 
a country as Africa than the fact that the railway | the Falls in past ages ; and it is believed that the 
surveys revealed inaccuracy in all the maps as 
to the actual situation of the Falls ; it was proved | 
that these were located in latitude 17 deg. 55 min. | basaltic rock which forms the geological structure 
south, and longitude 25 deg. 50 min. east of the surrounding country. The rock is ver 
The choice of site for the railway bridge was, of | heavy, hard, and dense, of igneous origin, reddis 
course, governed by the natural formation of the| in hue, and impregnated with iron. It is supposed 
walls of the chasm below the Falls, the position | that the comparatively thin wall which originally 


gigantic fissure made by an earthquake in the solid 


cataract chasm and the zigzag gorges below are a_ 


inaccuracy in the survey involved a modification in 
the plan of the foundations of the arch, and neces- 
sitated a lowering of the level of the entire bridge ; 
but to this we shall refer when we come to deal 
with the erection of the bridge on its site. 

The design for the bridge was prepared by Mr. 
G. A. Hobson, M. Inst. C.E., a member of the 
firm of Sir Douglas Fox and Partners, who have 
done, in collaboration with their colleague, Sir 
Charles Metcalfe, Bart., so much for the advance- 
ment of Rhodesia and other parts of South Africa, 
by the construction of railways and other engineer- 
ing works. Indeed, of the 1631 miles between 
Cape Town and Bulawayo, they have built 926 
ait, and they have been responsible for the 
greater part of the 950 miles from Beira to 
Bulawayo. Mr. Hobson prepared several designs, 
but had practically little choice so far as the 
type of bridge was concerned; the most feasible 
method being the construction of an arch spring- 
ing from the rock walls of the chasm, and con- 
structed from both sides cantilever-wise towards 
the centre. The question suggests itself here as to 
why a three-hinged arch was not preferred: the 
engineer considered that a rigid arch is more 
economical of material than a corresponding struc- 
ture with three pins ; moreover, it is incomparably 
more rigid; this being so, it was deemed that it 
would undoubtedly have a longer life. The diffi- 
culties of calculating the stresses in the rigid struc- 
ture were, of course, much greater, but by no 
means impossible ; and the expense of ensuring that 
the bridge is taking its correct stress, when erected 
by the means to be described later, is small when 
compared to the difference in cost of the two types. 
It will be recognised from the general drawing and 
the details of the steelwork reproduced on our 
two-page plate this week and on pages 4 and 5 
that the engineer has succeeded in evolving a 
structure which is not only graceful in design, but 
economical and well suited for its work. 

In addition to the dead-load the external forces 
which the bridge has to sustain are :— 

(i.) A train on each line of way consisting of two 
engines followed by heavy trucks, the whole train 
| having an average weight of 1.40 tons per foot. 
| (ii.) Temperature stresses caused by a total varia- 
| tion of temperature of 60 deg. Fahr. above or 
below the mean temperature. 

(iii.) Wind stiesses due to a wind pressure of 
39 lb. per square foot on the train and bridge, or 
45 1b. per square foot on the bridge alone. Wind 
pressure is calculated on the entire area of both 
arches, and stresses due to unequal distribution of 
such pressure are allowed for. 

The stresses were calculated by the method given 
by Professor Clerk-Maxwell in the ‘* Encyclopedia 
Britannica,” Art. ** Bridges,” and described in detail 
| by Professor Greene in his book on ‘Graphical 
Determination of Stresses in Structures.’”* 








ultimately selected being that giving the best foun-| separated the main chasm from the zigzag gorges) The principal feature in the total length of 650 ft. 
dation on each side with the minimum of distance | was burst by the pressure of water exerted against | is a main span of 500 ft. from centre to centre of 
bride spanned. cy — on the map, Fig. 1, the | it, and that an entrance was thus forced through) — ___ 

ridge is situated in the gorge issuing from the the weakest part ; so that, as at Niagara, the crest| + « dia Britannica,” Art. “ Bri ” Vol. 4 
chasm into which the water falls, and about 700| has worked its way rearward, though not from the FR, gy tesempo tm ay. = i New 
yards below the cataract; the gorge here being | same cause. This, however, is by the way. The| York: Wiley and Sons. 
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the bearing pins, in the form of an arch with a true | 


parabolic curve, and built asa cantilever from each 
bank. At the southern end there is an ordinary 
lattice-girder span from the bank to the end posts 
of the arch, 87 ft. 6 in. in length; while on the 
northern side there is a corresponding girder span 
of 62ft. 6in. The rise of the main arch is 90 ft., 
and the height above ordinary water-level 382 ft. 
The width at the springing of the arch is 53 ft. 9 in. 


between the centres of booms, at the top 27 ft. 6 in., | 


and between parapets 30 ft. There are two lines of 
rails, although the existing railway track from Cape 
Town to the bridge is only a single line of 3-ft. 6-in. 
gauge. But a width sufficient for a double line 
across the bridge was necessary, in order to provide 
sufficient lateral stability. The total weight of steel 
in the bridge is 1650 tons. The approximate cost, 
including erection, was 70,0001. 

In designing the details, primary consideration 
had to be given to the available means of transit, 
and particularly to the fact that the parts for the 
half of the bridge to be built cantilever-wise from 
the northern shore had to be conveyed across the 
chasm by some temporary expedient. It is true 
there was a ferry four or five miles above the Falls, 
but this system of transport would not only have 
been expensive, but would have involved consider- 
able delay. At an early period in the preparation 
of the design, the idea of building a cableway 
conveyor across the chasm at the site of the works 
was determined upon. In view of this, the maxi- 
mum weight of each item was fixed at 10 tons, 
which, with the weight of the cableway-carrier, 
made a load of 15 tons to be borne by the cable. 

The contract was divided into two parts. One 
included the construction of the bridge in the 
makers’ yard, and the delivery of it on board ship 
in a British port ; the other embraced the erection 
of the bridge on the site. Both contracts connected 
with the bridge were let to the Cleveland Bridge 
and Engineering Company, Limited, Darlington, 
in May, 1903. The arrangements and details con- 
nected with the work of erection, left to the firm 
tendering, were most meritorious. On the advice 
of the engineers, the railway company themselves 
arranged for the transport of the material from a 
British port to the Zambesi, and also for the con- 
struction of the cableway. In this way there were 
eliminated two uncertain elements which might have 
made it difficult for any tirm to prepare an estimate 
with any certainty as to the relation between cost 
and contract price. 

The cableway for transmitting material across 
the chasm was an important element in the success 
of the scheme, from an engineering, and particularly 
from a financial, point of view ; and Mr. Hobson 


105 ft. 


Depth of main arch at bearings 
me me crown ... = = 
Camber of main arch at 60 deg. Fuhr. 9 in. 
Width between centres of main arches 
at top... a ot ca ... 27 ft. 6 in. 
Width between centres of bearings ... 53,, 9,, 
Batter of main arches... ae i lin8 
The main agch is divided int» twenty 
panels of ... Pe és, : 25 ft. 


Spans of approach girders 


62 ft. 6 in. 
Width between centres of girders ... 20 ft. 
Depth of approach girders ... 12 ft. Gin. 





} The end spans are divided into bays ae ren 
Clear width of roadway ... ses 6 30 ft. 


| Brief reference may first be made to the general 
| principles observed in the design of the details of 
'the main arch, reproduced in our two-page plate, 
‘and on pages 4 and 5. Great care was exer- 
|cised to ensure absolute simplicity in all sections. 
| There are no enclosed parts or hidden spaces any- 
|where in the structure. All members have solid 
| plates and angles on the vertical faces, with trans- 
| verse open lattice-work on the top and bottom or 
‘the sides. This lattice-work performs no function 
except to unite the two sides; no stresses come 
|upon it. There can be no condensation of atmo- 
|spheric moisture upon the underside of any mem- 
ber, the air being free to circulate. There are no 
box sections to contain drainage or surface water. 
In the vertical and diagonal members the lattice- 
bars are so disposed that they can be used as rungs 
of a ladder by the painter; indeed, every part of 
the structure is visible to the eye of the painter 
and accessible to his brush. These commendable 
features are clearly shown in Figs. 29 and 30, on 
Plate I., which we publish with our present issue. 
All the ribs are designed on the same principle as 
the members of a stone arch, the surfaces being 
planed true, so that they abut against each other 
accurately ; and as it now stands it is a pure arch 
with two hinges. This is well shown on the engrav- 
ing, Fig. 34, on Plate II. The back stays used for 
erection during the cantilever stage have been re- 
moved. All the cover-plates were designed so that 
the rivets would take all the strain passing through 
each member, the rivets being in number and of 
| aggregate sectional area sufficient for this purpose. 
|. The arch is built in twenty panels, each 26 ft. 
jin length. The main rib is composed of vertical 
plates with angles at top and bottom, and is 
jillustrated in Figs. 5 and 6, on our two-page 
plate, and Figs. 18 to 21, on page 4. The depth 
of the rib is 3 ft., and the width 2 ft. 10 in. 
The two sides of each member are securely united 
at three points by means of diaphragms composed 
of solid web-plates with angles. The diaphragms 
| prevent the two sides from getting out of square 








--- 87 ft. Gin. and) Sith butt-joints between the ends of the ribs or 


| chords, but also with sufficient rivets and covers to 
take the entire stress independently of the butt- 








gave it full consideration. In deciding that it|or from parting, while ties at top and bottom 
should not be a part of the contract let to the | ensure the maintenance of alignment and prevent 
builders, the engineers had another reason besides | buckling, uniting the whole into one column. 
that of uncertainty in the preparation of estimates | The vertical main plates are 1 in. thick through- 
for the construction and guarantees of date of |out the whole arch, and the main angles are 
completion of the bridge in its position. The|6 in. by 6 in. by 1 in. On the outer side of the 
railway company desired that the construction of | main plates there are two plates 2 ft. wide, the 
the line should be advanced northwards of the Falls | total thickness of these varying from 14 in. to 
even before the bridge was completed, in order to}1) in. 

expedite the development of the country, and par-' The top boom (Figs. 22 to 28, on page 5) of the 
ticularly the opening-up of the extensive copper | main arch is made on the same principle as the rib, 
and other mineral deposits existing at Broken Hill, | but is only 2 ft. 6in. in depth, although of the 
350 miles north of the Falls. With this end in|same width as the rib—2 ft. 8 in. This is also 
view, it was decided to make the cableway of | fitted with internal diaphragms, and is braced on 
sufficient capacity to transmit over the chasm not | the top and bottom with lattice-bars. 

only the material required for the erection of the| The posts (Figs. 7, 8, and 9) are of similar 
northern half of the arch spanning the chasm, but | section, consisting of two plates, each 1 ft. 8 in. 
also the rails, sleepers, rolling-stock, and construc- | apart, with four angles. In the case of the end- 
tion material generally for the railway track north- | posts the width of the plates is 2 ft. 6 in. ; 2 ft. 
wards. This involved a cableway capable of trans- | for those adjacent to the end-posts and 1 ft. 9 in. 
mitting 200 tons per day, although the total amount | for the remainder. These posts are jointed in the 
of bridge material to be passed to the north bank | line of the horizontal strut shown on the general 
was only about 800 tons—i.e., one-half of the|view, Fig. 2. The details reproduced as typical 
total weight of the completed bridge. We have |are those of the third post from each shore. 
already illustrated and described the cableway| The diagonals (Figs. 16 and 17, page 4) consist 
(see ENGIneERING, vol. Ixxvii., page 572), but|of two plates, 2 ft. wide, with four angles, 4 in. by 
when we come to deal with the erection of the |3 in., with a thickness varying according to the 
bridge on the site, we shall have something to say | stress. The angles in this case are turned inwards, 
regarding the experience in working with this in order to simplify the connection with the plates 
method of transmitting materials. on the booms. 

For the present we shall confine ourselves to a The question of vibration has been carefully con- 
description of the constructional steelwork, as pre- sidered in the arrangement of the diagonals, and 
pared at the Cleveland Company’s works at Dar- all the members have been stiffened so as to counter- 
lington ; and first we may tabulate the leading act any tendency in this direction. Ordinarily, the 
dimensions of the bridge, as shown on the general diagonals are in tension and therefore cannot 
drawings on the two-page plate (Figs. 2 to 4), and! buckle; but in view of their great length they 
the typical sections (Figs. 5 and 6). might vibrate ; and, in order to prevent this, the 

Span of main arch two plates are tied together at both edges by lattice- 
| bracing (Fig. 17). The diagonal illustrated in 





500 ft. 


Rise of crown __... as pe = 00 ,, 





third panel, being adjacent therefore to the third 
post illustrated in Figs. 8 and 9. The centre dia- 
gonals, which are subject to heavy reverse stresses, 
consist of plates 2 ft. 4 in. wide, with four angles 
of 4in. by 4in. by}in. The lattice-bracing is of 


; @ correspondingly-heavier type. 


The intersections (Figs. 10 to 14) are arranged 


joint. The connections are well shown also in Figs. 
29 and 30, on Plate I. It was specified that the 
butt-joints should be accurately planed to the exact 
calculated angle for each joint. This angle differs 
in every instance, owing to the curve of the arch 
being a parabola, and not a segment of a circle. 
The length between the joints of the 25-ft. panels 
was specified not to vary more than ;}, in. from the 
calculated length, and the utmost effort was made 
by the engineers to attain exactitude. All the rivets 
were made easily accessible for mechanical closing: 
an arrangement which would have been impossible 
had top and bottom plates been adopted for any of 
the members. 

With a view to simplifying the erection, and to 
secure accuracy in alignment, a forged-steel pin 
was arranged for at the point of intersection of each 
vertical and diagonal with the arched members of 
the ribs. The pin was designed to be of the least 
possible section, being about 3 ft. long and 2 in. in 
diameter. It was important to minimise the weight, 
because the pin had to be inserted at a critical 
moment in the work of erection, and in an awkward 
position. At the same time, strength was equally 
important. The dimensions were therefore fixed 
upon so that, although the weight did not exceed 
3U lb., the sectional area would be of sufficient 
strength to carry the whole panel. The form of 
pin is shown on Fig. 15 on the two-page plate. 
‘The threaded point was fitted temporarily with a 
screwed-on cone, to protect the thread while the 
pin was being hammered through the bearing, and 
toact as a guide. When the cone was subsequently 
removed, the nut could be turned in position with- 
out any of the holding power having been lost. 
This system proved an enormous advantage, as, 
after the pin had been inserted, it was not neces- 
sary to wait until all the rivets in the one particular 
panel had been closed before proceeding with the 
work of erecting the next panel. 

While deferring the description of the remaining 
members of the main arch, and also of the skew- 
back and base-plate—one of the most interesting 
parts of the structure—as well as of the erection of 
the bridge, until we reproduce the drawings, we 
publish several engravings prepared from photo- 
graphs, some of them taken at the yard of the 
Cleveland Company at Darlington, and the others 
at the Zambesi River. 

In order to eliminate the possibility of any error 
in the construction of the members or in the corres- 
pondence of the poles for field connections, the 
engineers provided for the erection of the whole of 
the bridge in small sections on the contractor’s pre- 
mises. The whole of the first panel of the bridge, 
complete with vertical and lateral bracing, formed 
one section ; another included the second and third 
panels on each side of the arch ; the rib and chord 
members were afterwards re-erected in connection 
with the wind bracing ; the fourth, fifth, and sixth 
panels were dealt with in the same way; and the 
remainder of the bridge--i.e., the eight central 
panels— were erected complete. The great practical 
difficulties that would have been occasioned by any 
error in one of the bridge members justified such 
elaborate precautions; nevertheless, it would be 
impossible to achieve greater perfection than did 
the Cleveland Bridge Company in constructing the 
work : every member of the bridge, when erected 
in their yard, occupying its place with wonderful 
accuracy. 

On Plate I. there are two illustrations from 
photographs taken in the builders’ yard. Fig. 29 
illustrates the eight panels in the centre of the 
bridge, the curved bottom boom of the arch being 
at the top for convenience in erection, while the 
top bottom is on the floor. This view gives a very 
good idea of the parabola, and of the convenience 
of the lattice construction of the booms, posts, and 
diagonals. Fig. 30 shows the second and third 
panels of the arch, reckoning from the shore, lying 
on their sides in the builders’ yard. The top and 
bottom booms, posts, and diagonals here shown in 








perspective are those illustrated in detail by the 


Figs. 16 and 17 is 64 ft. long, and is located in the 
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drawings reproduced on the two-page p'ate and 
on pages 4 and 5. These photographs will assist 
the reader in understanding much that we have 
written, and will convey to the average mind a 
fuller conception of the great size of the structure 
even than the dimensioned drawings. 

Qn Plate IL. there are reproduced two photo- 
graphs, also taken at the Cleveland Company’s 
Works, illustrative of the connections. Fig. 31 shows 
a joint in one of the ribs at the centre of the arch, 
and Fig. 32 a typical connection in the chord. In 
both cases again the constructional work is in- 
verted, the curved boom being shown at the top in 
both illustrations, with the vertical posts, wind 
and diagonal bracings, &c. When the work was 
actually erected at the Victoria Falls, all the mem- 
bers went together with perfect accuracy. Figs. 33 
and 34 are photographs of the actual bridge during 
the process of erection. 


(To be continued.) 








THE GENTLE ART OF HUSTLING. 
By Frank FIevpen. 


‘*Must be a good hustler.” What an ejacula- 
tion of scorn and contempt would the average 
British engineering shop or machinist foreman a 
few years ago have uttered on seeing this sentence 
interwoven in the ‘‘ Wanted” column of an engi- 
neering journal or daily newspaper. Even now, 
when so much of the Americanising methods have 
been introduced into many of our works, it carries 
an ill-odour with it to our more or less tender 
dictionary palate. When our young mechanic or 
engineer first sees the word, he pictures some huge 
monster of physical inhumanity, whose possession 
of brute force far outweighs his mental capacity or 
attainments, let loose in a woiks where each 
employé is in daily or hourly fear of coming under 
the terrifying ban of one who rules by curses if not 
by blows, where reason is entirely absent, where 
mistakes or blunders are never forgiven, and where 
brute force always triumphs over and effaces any 
finer feelings that a man may possess. The dic- 
tionary meaning of the term tends to this exagge- 
rated idea. To hustle is ‘‘ to crowd upon so as to 
shove about roughly ; to push or elbow out or about 
rudely ; to jostle ’— vide our standard dictionaries. 
But what a mistaken idea this is of a successful 
hustler. For the wrong application of this term 
we must condemn our American brethren, for in 
this, as in many other words, an exaggerated term 
is used by them where a more modest and strictly 
truthful word could have been chosen. While one 
must admit the very arbitrary and dangerous 
ground walked on when criticising the applica- 
tion of words or terms, it is important that 
false ideas should not be formed. The success- 
ful hustler may be mild or rough in manner; 
he may be physically a giant—very often he is 
the opposite; he may choose his words with 
the highest refinement of culture, or he may be- 
sprinkle them with coarse expletives. There are 
scores—nay, hundreds, if not thousands—of suc. 
cessful hustlers, of whom probably not two are 
exactly alike in disposition or in method. The 
question then comes, ‘‘ What constitutes a good 
hustler?” as the word is ordinarily employed and 
understood in engineering circles ; and though it 
admits of several answers, possibly the truth will 
be spoken by saying that the successful hustler is 
he who gets the best out of the men and materials 
under his charge. 

Hustling is not an end in itself, but simply a 
means to an end. It is no new American idea; the 
ancient Egyptians practised it, and were evidently 
very zealous in its application to the brick trade in 
carrying out Pharoah’s order of ‘‘ More bricks, 
cheaper materials.” From that time up to the pre- 
sent it has been in a varied state of existence. 
Certainly, as competition has become keener, just 
so much has the hustler become more necessary. 
Although our engineering forefathers were not 
invariably strangers to the practice, yet it had not 
become the highly-organised institution that it now 
is. In those days the engineer very often was 
judged, not altogether from the time it took to 
complete a certain piece of work, as he was from his 
versatility of practice; and it was more a case of 
the possibility of an engineer or an engineering firm 
being able to tackle a certain job than it was the 
actual number of hours neptek though, of course, 
value for money was not an unknown axiom. The 
reason of this is not far to seek. Specialisation 








was almost unknown; very often no reliable data! 
could be got together as to the actual cost of a 
similar previous job, if, as was seldom the case, an 
exactly similar job had really been done. 

An engineering artisan had to be something of 
a carpenter, mason, millwright, boiler - maker, 
machinist, and a dozen other allied trades, which 
are now rigidly split up into their own branches. 

The engineering shop of those days held its doors 
widely open to receive any job in which the baser 
metals played a part. Consequently, it was im- 
practicable to state a time to a fine limit in which 
a certain job could be completed. Again, the 
craftsman had more inclination for some branch 
or branches than others, and a very satisfactory 
accomplishment in these had to be set against the 
misfortunes he might be subjected to, and the slow- 
ness of completion in others, yet it was essential 
that he should be employed on any and every job 
that turned up. 

‘Contrast this with present-day practice in stan- 
dardised and repetition works, where the times for 
any and every job are booked and tabulated to the 
exact minute ; where the same patterns have been 
in use for years ; where methods have been adopted 
for preventing almost all possibility of error or mis- 
calculation ; where the speed and feed of every tool 
is known and adhered to; where the artisan is given, 
not an approximate possible time that he might 
be able to keep to, but a definite time that the work 
has actually tuken before ; where each man is kept 
to some division or subdivision of operations week 
in and week out, and, in some cases, year in and year 
out. Contrast past practice with this, and it needs 
no apology for the attendant modern methods of 
supervision ; in fact, one is an outgrowth of the 
other. 

What, then, is the actual position of the modern 
hustler ? Naturally, it varies in different works. 
In some shops, or, rather, in most shops, the fore- 
man in charge of each department takes the respon- 
sibility, in addition to giving out the work and 
general supervision. Very often he is chosen, 
not for any mental attainments, or even good 
craftsmanship, but because he possesses a strict 
sense of duty, the qualities of a good disciplinarian, 
methodical in routine, and withal the appetite for 
production and the courage necessary to spur 
even good hands on to better attainments. He 
must for ever keep things up at concert pitch. He 
must be able to quickly weed out the shirker and 
make-belief, and instal in his place the man who 
can get through his work, do it well, and show a 
good output. The man who will scamp his work, and 
merely aim at getting it through, regardless of the 
quality of his workmanship ; the dodger who works 
when stood over and slackens off when vigilance is 
relaxed ; the honest though misguided worker who 
will persist in putting unnecessary finish on his 
work ; he who cannot discriminate where extreme 
accuracy is essential, and where a rough approxima- 
tion only is required—these are a few who must be 
either drilled and re-drilled into shape, or, being 
past redemption, transplanted to a more congenial 
atmosphere. 

The merely theoretically clever engineer, or even 
clever practical engineer, is not by this virtue alone 
a successful hustler, or manager, though these are 
useful qualifications. The man who will not be 
bamboozled when a workman grumbles at his tools 
rather than get the best he can out of them ; who 
will insist on receiving from other departments 
the necessary supplies so as to be able to always 
feed his men ; a will suggest a slight alteration 
in patterns, whereby work can be cut out; who 
knows what each man is engaged on and how long 
he is likely to be with it; and who has always a 
job in hand awaiting each workman under his 
charge ; and who possesses withal an unquench- 
able enthusiasm to improve the output each week, 
or month, or quarter. Thisisthe man who makes 
one type of successful hustler. 

Different shops and different districts demand 
different methods and degrees of hustling. Where 
a certain shop or district has been accustomed to 
very rigid rules ; where leakages have been closely 
scrutinised, and where the employés have been 
submitted to close examination with respect to 
their individual outputs, and where the men 
have grown up accustomed to criticism in case of 
laxity, and have been governed by the law of the 
survival of the fittest, innovations may be intro- 
duced which would be disastrous in other shops, 
where each man has been allowed his own time and 


hands for quicker despatch have been ignored or 
repelled at the hands of his foreman or manager, 
and where youth has been assiduously taught that 
he is greatest who can retain his berth while doing 
the minimum of work in the maximum of time. 

Happily, these ideas are being gradually dis- 
pelled, and one is not without hope that some day 
the British engineer artisan will not only pride 
himself on a first-class job (and in whatever sho 
or district he is to be found this pride is inculcated, 
even among the black sheep of the flock), but will 
come to learn that quick despatch means expansive, 
not congested, markets. 

Scores of examples could be given of the accom- 
plishments achieved by the modern hustler which 
more than justify his existence. Agricultural 
machinery, textile machinery, machine-tools—these 
and a host of others owe their widespread use not 
a little to the man who, in his own particular 
sphere, was able to reduce the cost to the level of 
the public purse. 

He is most successful who, being something of a 
student of human nature, can suit his methods to 
each individual case. Some men require a little 
persuasion, which, if properly used, need not cause 
a loss of prestige on the part of him who uses it. 
More forcible methods have to be used with some 
hands. They need something more positive to aim 
at. Their best results are obtained when told they 
must accomplish a certain result in a certain time 
without any excuses. These are some of the most 
difficult hands to manage. Owing to their natural 
disposition in some cases, and in others to the loose 
nature of their previous training and oversight, 
they have an almost natural aptitude to run their 
machines at too low a speed, or to spend an exorbi- 
tant amount of time in a lot of unnecessary prepara- 
tion. Unless prevented, they will discuss the pros 
atid cons of the job with their fellow-workmen ; 
they will walk round the job, get a large amount of 
unnecessary tools and tackle about them, and in 
other ways consume a great deal of their own and 
other people’s time in totally wasteful preliminaries. 
They are not exactly lazy ; they would be indignant 
if such a suggest’on were made, and not without 
some amount of reason, They are guilty of mis- 
placed energy—a common cause of a great deal of 
lost time and wasted efforts in nearly all our shops. 
Attempt to show them by discussion or argument 
that they are doing things which are superfluous, 
and they will waste your time as well as theirs. Tell 
them the job must be done in a set time, and they 
do it, and their own conviction is secured where 
hours of argument would be lost on them. 

In some shops the competitive spirit is largely 
fostered, and a great deal of success has been 
attained thereby. To be sure, the trade unions 
have an extra long coffin-nail for this crime. Yet 
in many union shops it is bearing good fruits, and 
must do if encouraged by the hustler. Healthy 
competition between one man and another has 
aroused the natural instinct, more in some cases 
than anything else would have done. Union or no 
union, he is a proud man who after weeks and 
months of continuous striving has honestly managed 
to go one better than the best man in his depart- 
ment ; and though his victory is not hailed with 
manifest delight by his fellow-men, yet deep down 
in their hearts they have a wholesome respect and 
admiration for him. Not only individually, but 
collectively has this natural instinct been deve- 
loped. One department will boast of its accom- 
plishments as compared with another department 
in the same works. One works will compare itself 
with another works in the same district. Right 
along the line this goes on, until we have nation 
comparing notes with nation. 

Very often a reminder of what has previously 
been accomplished by a man will spur him to attain 
that for which abuse would be fatal. 

Encouragement is effected by a judicious recog- 
nition of a guod attainment. We are all human, 
and the best of us is — by a cheerful word or 
sign of appreciation. Nothing kills ambition for 
the best and highest attainments so much as lack 
of appreciation. A foreman or manager who will 
not trouble himself about the individual results of 
the men under his charge is not only useless in 
getting the backslider up to the mark, but is a 
positive check on those (the cream of our artisans) 
who are willing and even anxious to beat past 
efforts and results. It is quite possible to go to 
extremes either way. To fawn on a man and 
exaggerate his qualifications to him simply results 





methods ; where suggestions from occasional new 





in a loss of prestige and contempt ; and unless tact 
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thoroughly satisfying his creditors ; while he who 
moves with the times, and suffers no lagging, is he 
whom, for want of a better term, the world desig- 
nates a hustler. 

Any method, then, or any machine which helps 
to keep us abreast of the times is, more or less, a 
hustling device. In fact, one is tempted to say 
(with apologies) :—‘‘ All the world’s a hustle, and 
all the tescosastel) men and women merely hustlers.” 
It is, perhaps, unnecessary to say, then, that mere 
brute force is not an ideal hustling method. Neither 
is he the successful hustler who runs at breakneck 
speed without looking for obstacles, and is there- 
fore tripped up with the slightest stumbling- 
block. 

Piece-work and bonus systems are examples of 
hustling, and are typical of scores of other systems 
and methods, the principle underlying them being 
to constantly attempt to improve on past perform- 
ances, and thereby get a greater reward ; and em- 
ohasis needs to be laid on this latter point. Our 
British employers have one very common failing 
as compared with their American brethren. The 
axiom which a large number seem to accept is that 
a comparatively big wage is not economy; and 
while they are quite willing that American or any 
other modern methods should be introduced, they 
give very little thought to the accompanying factors. 
A large outlay on a machine-tool is considered both 
justifiable and commendable if its resuits bring 
increased economy of production; but mention a 
large outlay in salaries, and although the results 
may be—as they very often actually are—ten or 
fifty times greater than those from the tool, our 
engineering principals lose interest. While in 
many cases the fact that one’s reputation a3 a good 
hustler does not prejudice an overseer or manager 
in the eyes of the men, it often happens that he is 
the object of a great deal of animus. The relative con- 
ditions of the United States and Great Britain are 
vastly different. We are naturally and intuitively 
slower to accept changes and alter our methods or 
increase our pace than the born Yankee, and the 
feeling that it is somewhat infra dig. for a trained 
engineer to hustle is one which is pcssessed to a 
greater extent than is generally admitted. 

Certainly, the merely shop-policeman type of 
hustler, with bounce in place of brains, would 
receive a very short shrift over here compared with 
the toleration exhibited in the States. There can 
be no doubt that the qualifications required in our 
general engineering works, where a first-class, all- 
round, practical training must go hand-in-hand 
with the necessary amount of tact or push, are 
greater than those required in the average Yankee 
shop, and yet the salaries paid there to the principal 
superintendents are beyond comparison to those 
of a number of our British works, where the inside 
manager is put on the same rate as the chief clerk 
or cashier. The fact that so many of the American 
shops are managed by Britishers is sufficient proof 
that hustling can be successfully done when the 
results are sufficiently appreciated. 

There are several reasons why the Yankee has 
been able to set the pace, and that hustling has 
become such a sine quad non of his engineering 
attainments. The climate, the speculative charac- 
ter of the people, the specialisation which he has 
carried to such a large extent—these and many 
others are the reasons for his present position of 
hustling and quick-delivery specialist. His works 
are not so old as ours, and consequently bis tools are 
more modern, run quicker, and all the accompany- 
ing factors are arranged to facilitate and harmonise. 
He runs his cranes at a quicker speed ; his hoists 
are as speedy again as ours; the drawing-oftice 
staff are hustled, the clerks are hustled, the typists, 
and even the ubiquitous office-boy is infected by 
the universal spirit surrounding his works. Small 
wonder, then, that when one of our British-trained 
engineers gets into the American shop, he soon for- 
gets the old conservative notion that the greater 
his output the less chance of work for his mate. 
That the lesson is quickly learnt is proved by the 
fact that by his well-balanced judgment he so soon 
assumes the reins of management. 

Our surroundings have much to answer for in our 
ie difficulty of successfully attaining the 

ankee standard of hustling. The mere fact of 
speeding a travelling-crane, or replacing an old type 
by a modern make, has been the means of greatly 
assisting a hustle. A well-managed stores, where 
a minimum of red-tape, time-wasting, exasperating 
preliminaries are required in getting materials 
delivered into the works, is another very useful 





requisite. (uick means of communication between 
one department and another, a good stock of tools 
always on hand and kept in good repair, the adop- 
tion of those labour-saving devices which are most 
applicable to the particular class of work dealt 
with—these are all great helps to the hustler. 

An instance illustrating the difficulty of the 
hustler with respect to the importance of the 
above points came under the writer's notice some 
time ago. A lathe under the charge of a hustler 
was, in his opinion, being run at too slow a speed. 
The belt was put on the next faster speed, and 
began to slip. The belt-repairer was sent for, and 
he tightened it up. The machine was started up, 
and the belt broke (it was rather an old one). 
Upon applying to the stores for a new piece to 
either repair or replace the old one, the hustler 
was told there was none in stock, and it would take 
two days to get a new length. On the grounds of 
economy (!) stock was never kept up in belting, 
although there were dozens of machines on which 
it was employed. All this time the machine-man, 
who certainly required hustling, was casting those 
voluminous glances round to his fellow-workmen 
which, when seen, are so guaranteed to raise the 
ire of a hustler and discourage him. The result 
was that the belt had to be put back on the old 
speed until such time as the new one could arrive, 
leaving the turner, for the time being, in the posi- 
tion of victor in the argument. This is only one, 
and not the best, of these instances which crop u 
continually, and make the life of a hustler far from 
being a happy one. 

To sum up, then, the successful hustler for a 
general engineering works must possess more than 
the average amount of brains, must be strong, both 
physically and mentally, possessed of indomit- 
able perseverance, able to suit his methods to the 
class of men he has to deal with, and must have a 
knowledge of the ultimate requirements of the pro- 
duction he is engaged on and the uses to which it 
will be put. He should be possessed of great 
breadth of mind, and should keep himself thoroughly 
posted up in machine-tool developments and 
practice, and should possess withal an insatiable 
desire for an ever-increasing and efficient output. 

Enough has been said, perhaps, to justify the 
existence of what has been spoken of as a brutal 
curse, but which, when judged fairly, and all the 
circumstances considered, will prove a useful insti- 
tution in helping us to maintain our position in the 
front rank of the engineering world, to wit, the 
hustler. 








THE ROYAL AGRICULTURAL 
SOCIETY’S SHOW. 
(Concluded from page 816 of vol. lxxix.) 

NEVER since the first publication, in 1852, of 
the number of visitors attending the Royal Agri- 
cultural Show has the attendance been so small 
as in the present year, only 23,913 persons being 
admitted. In the records of over fifty years we 
find that the nearest approach to it was in the 
year 1856, at Chelmsford, when the visitors num- 
bered 32,982, and the Society sustained a loss of 
1982!. From 1852 to 1857 the attendance was 
fairly steady, and ranged between 32,982 in the 
former year to 37,342 in the latter. Since that time 
until now there has never been any approach to 
these small figures, and we think that, if anything 
had been needed to convince the Council of the 
Society that further attempts to hold the Show at 
Park Royal will not succeed, this collapse will 
demonstrate it. Last year, as we all know, was 
bad, the attendance being 52,930, and the loss 
69201. ; what the loss this year is, with an attend- 
ance not up to half what it was in 1904, we shall 
know before long. This year the Society is, of 
course, protected by the special call made upon 
members for a guarantee fund against loss; but 
the subscribers to this fund are ‘hardly likely, in 
the face of the stern facts before them, to risk any 
more money in supporting shows held at Park 
Royal. Whether it would be to their own interest 
to do so for the benefit of land and agriculture, 
from which some of them derive their rents, is 
another question. In any case a crisis has been 
reached in the affairs of the Royal Agricultural 
Society, which will require good management to 
meet, and the course of events with regard to the 
Show will be watched with much interest. 





have been due to the weather, for although rain fell 
on the morning of the last day, it did not amount 
to very much, and the afternoon was fine. The 
weather on the opening day and the one following 
was brilliant, and yet the attendance was poor. 
Had the Show not been good in itself, it would 
have been easier to understand the reduced attend- 
ance ; but it is generally acknowledged that it was 
one of the best on record, and was, on two days, 
patronised by Royalty. We can only, therefore, 
conclude that Park Royal is not in itself a suitable 
place whereat to hold the Royal Agricultural Show. 
The following have been the takings at the entrance 
turnstiles during the week :— ‘ ss 
> & 4G. 

345 2 6 
960 10 0 
432 2 6 
21417 0 
285 6 0 


Tuesday... 
Wednesday... 
Thursday 
Thursday 
Friday 


Total 


2,769 visitors at 23. 6. 
7,684 ue . Od. 
3457 | 6 

. Se = 
5,7 ” . : = 


... 23,913 visitors 
O1L-ENGInNeEs. 
Messrs. Richmond and Chandler, Limited, of the 
Globe Works, Manchester, showed at their stand 
a 7-horse-power portable oil-engine built much on 
the lines of the original ‘‘ Trusty” engine, but 
with a number of important modifications in detail. 
The heating lamp is now made a fixture, so that 
it cannot be upset. The air pressure above the oil 
is maintained by a small pump worked by the 


= 223818 0 


P| engine, and can be adjusted to any desired degree 


by a valve. A thermometer is also fitted to the 
vaporiser, so that an attendant has no excuse for 
trying to start with a cold vaporiser. The engine in 
question was built by Messrs. Drake and Fletcher, 
of Maidstone. 

Messrs. G. H. Innes and Uo., Station Iron 
Works, Hitchin, Herts, had on view several 
‘* Rational ” oil-engines not exhibited before. This 
type of engine starts on petrol, and runs on 
paraffin, and it is said to work with equal effici- 
ency on both. The ignition is electrical high- 
tension, and a half turn of the fly-wheel is sufficient 
to start the engine on petrol. After running a few 
minutes the petrol can be turned off and the 
paraffin turned on. 

A small and neat oil-engine and three-throw pump 
combined was shown by Messrs. Blackstone and Co , 
Limited, at their stand. The engine was rated at 
2 horse power, and the pump was stated to deliver 
2200 gallons per hour under a head of 100 ft. It 
was driven through reduction-gearing, the pinion 
of which was arranged to slide out of mesb, so that 
when not required for pumping, the engine could 
be used for other purposes, 


IMPLEMENTS. 


Messrs. Bamford and Sons, Leighton Iron 
Works, Uttoxeter, had a very fine show, among 
the machines exhibited being « ‘‘new implement” 
for chaff-cutting. In this machine the process is en- 
tirely automatic, and can easily be worked by an 
ordinary labourer. The hay, after passing through 
the chaff-cutter, falls on a revolving perforated 
drum, to which is connected a powerful suction-fan, 
which removes all dust, dirt, and other objection- 
able matter, and carries it to a suitable receptacle, 
where it is collected. The chaff is carried by 
means of an inclined revolving spiral conveyor over 
a series of sieves Of suitable size, a perfectly even 
sample of chaff being produced. The carvings are 
deposited on a web, and are automatically fed into 
the machine. Sieves of various meshes may be 
used, so that any desired sample can be produced, 
three or four minutes being all the time necessary 
for the changing of the sieves. The machine 
can be used as a dust-extractor, or sifter only if 
desired. For this machine the makers were 
awarded the Society’s silver medal. The other new 
implement at this stand is similar to the one just 
described, only of a different size and without so 
many ‘parts. On view here there is also a fine 
collection of haymakers, grinding-mills, mowers, 
horse-rakes, &c. 

In the New Implement class, Messrs. Blackstone 
and Co., Limited, of the Rutland Works, Stam- 
ford, showed a horse-rake and a swath-turner, for 
which they received one of the two silver medals 
awarded for new implements by the Society this 
year. The latter has independently-driven 1 otary 
fliers, carried in front of the travelling-wheels ; each 
flier consists of a number of curved steel tines. They 


It is not easy to understand fully why there | can be set to any width to suit the mower, and can 


should have been sucha tremendous drop in the | follow either a right or a left-hand mower. 
It could not ! will turn two or three swaths into one, as required, 


attendance from that of last year. 


They 
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and will work in any ground. The special feature 
of the horse-rake lies in the fact that the rake can 
be locked in any position up to 10 in. above the 
ground ; when locked, a limited up-and-down motion 
is possible for each tine, but the position of the tines 
as a group is fixed. The tines are further arranged 
in three sets, with the object of telescoping in the 
machine when travelling. To this end the central 
set of tines turns up above the axle, whilst the 
other two telescope in underneath it. This rake 
received the society’s silver medal. 

Messrs. Ruston, Proctor, and Co. exhibited as 
‘‘new implements” two thrashing-machines. Of 
these, one was fitted with a safety device at the 
feed-hopper to prevent an attendant being drawn 
into the machine by accident. To this end the hopper 
is pivoted and fitted with springs stiff enough to 
carry, without yielding, the weight of the trusses fed 
into the machine. Should the attendant, however, 
stumble and fall into the hopper, the springs yield 
and the motion of the hopper releases a trigger 
which causes a brake to be applied to the moving 
parts, and at the same time throws into position a 
fender, closing the opening from the hopper into 








way. In the machine shown by Martin’s Culti- 
vator Company, of the Lincolnshire Iron Works, 
Stamford, the swath is turned by rakes. These 
have not a simple circular motion, but are 
‘*feathered”” like a paddle-wheel, so that the 


forks lift up from the hay almost perpendicu- | 
larly. This feature is claimed to be specially | 


valuable where it is necessary to work in a high 
wind. 

At the stand of Messrs. E. H. Bentall and Co., 
Limited, of Heybridge, near Maldon, a new im- 
plement in the shape of a lage chaff-cutter was 
shown. The machine is rated as being capable 
of cutting 3 tons an hour to } in. chaff. A special 
feature is the bottom jaw, which is supported on 
‘** breaking-pieces”’ which give way and save the 
rest of the machine in case of hard foreign matters 
being inadvertently fed into the machine. The 
‘* breaking-pieces” are curved cast-iron rods, and 
can thus be very cheaply replaced, and they are, 
of course, arranged so that they can be very easily 
and rapidly renewed. They are strong enough 
jnot to break when ash staves 1 in. square in 
‘section are fed into the machine, but will give, if, 








MERRYWEATHER’s Hicu- 


the machine. The other machine has been specially 
built for Argentina, where it is usual to thrash the 
wheat as gathered without first stacking it. The 
machine accordingly is fitted with an elevator, on 
which the trusses may be flung anyhow, when they 
will still pass properly into the machine. This 
clevator and feeding device is operated through a 
centrifugal clutch, which grips only when the 
machine is running at its proper. speed, and hence 
the machine cannot be choked at starting up, when 
the speed would be insufficient to properly thrash 
the grain. Both machines are fitted with dust-proof 
ring lubricated swivel bearings to all shafting. | 
These “bearings will run for fully six weeks with- 
out requiring a fresh supply of oil. 
_ Several swath-turners were entered by different 
firms in the New Implement class. _No fixity of 
practice in the making of the machines is yet appa- 
rent, the diversity in practice being very marked. 
In that shown by Mr. T. M. Jarmain, serrated plates 
are used for turning the swaths. The special fea- 
ture of the machine lies, however, in the arrange- 
ment of the two drums. Generally these are both | 


Pressure Hor-Spraver. 


as sometimes happeus, an iron crowbar or spanner 
|falls into the machine. An additional safety 
}device is a spring clutch on the driving shaft 
which yields in case of the machine meeting with 
an excessive resistance. The belt-shifter completely 
encircles the driving-pulley ; an arrangement which 
permits of the driving-belt being led off at any 
angle as may be convenient. Three changes of 
feed are provided for, as well fis a reverse. The 
latter is quicker than any of the forward feeds, so 
that when choking occurs the feed can be very 
quickly freed again: The same firm, in addition | 
to a number of large hand-power grinding-machines, 
also show a small one for domestic use, which is 
proving of great value in the colonies. These 
machines grind fine, and can thus be used to reduce 
wheat to flour, as well as for all other kinds of 
domestic grinding. 

A very ingenious labour-saving appliance was | 
to be seen at the stand of Messrs. Sycamore 
and Son, Ramsey, Huntingdon. It was entered 
as a ‘‘new implement,” and is known as the | 
Neaverson potato-planter. There are not many 





sows artificial manure, and then fills up the furrow. 
These operations, although they follow each other 
in succession on the ground, are all going on at the 
same time. The width of the rowsand the distance 
between the sets is adjustable. The machine in 
its four-fold capacity is capable of completing all 
the operations mentioned at the rate of 5 acres 
per day. 

The American implement-makers are, as usual, 
well represented at the Show, but their exhibits 
this year embody no important novelties. The 
McCormick Harvesting Machine Company, Limited, 
of 71, Southwark-street, S.E., show some largo 
harvesters, two of which take a 6 ft. cut, but can, 
nevertheless, be arranged for transport, so as to 
pass easily through a farm-gate of ordinary width. 
The famous Canadian firm of Massey-Harris have 
also a large and varied display, but, like their 
American rivals, entered no new implements. 


WINDMILIs AND Pumrs. 

There was the usual display of wind-engines 
at the Show, but with one or two exceptions there 
was nothing deserving of special notice. We ob- 
served, however, that Messrs. R. Warner, of 
97, Qucen Victoria-street, E.C., had an entirely 
new design on view. This firm, always noted for 
the good workmanship and strength that they put 
into their wind-engines, had adhered for a long 
time to their original construction of mill, in 
spite of the fact that, during the last few years, 
there has been great competition among makers, 
and great advances have been made. This 
year, however, Messrs. R. Warner and Co. have 
produced an article that comprises high-class 
workmanship and modern design. As we intend, 
however, shortly to give a fuller account of this 
windmill, together with engravings, we will not 
dwell upon it further at present. We noticed also 
small improvements about the wind-engines of 
other makers, more particularly, perhaps, in the 
direction of additional strength. Messrs. Rickman 
and Co., 13, Walbrook, London, E.C., have very 
much improved the method of bracing the towers 
of their ‘‘Canadian Imperial” wind pumping-engince. 
Messrs. Thomas and Son, 64, Broad-street, Wor- 
cester; Messrs. E. and H. Roberts, Limited, 
Deanshanger Iron Works, Stony Stratford, Bucks; 
and Messrs. John 8. Millar, of Annan, Dumfries- 
shire, were also well represented. No progress 
appears to have been made in the application of 
wind power to other objects than pumping, and it 
is, perhaps, most unlikely that this will ever 
be commercially possible, though from a purely 
mechanical point of view the problem presents no 
special difficulties. 

At all agricultural shows there is, of course, an 
amount of inflammable material, which, being often 
rather exposed, makes the risk of fire consideyable, 
andrenders it necessary to have awell-organised body 
of men on the spot, with proper appliances, who 
can cope at once with any outbreak that may occur. 
This year a)l the needful arrangement for fire-pre- 
vention were put into the hands of Messrs. Merry- 
weather and Sons, Limited, Greenwich - road, 
S.E., who supplied steam and manual fire engines, 
hose, and other appliances, and had firemen 
stationed on duty at the fire-staticn. 

Tn addition to this the firm had a stand at which 
different kinds of pumps and fittings were exhi- 
bited. Among these was a ‘‘ Novelty” petrol- 
motor spraying and watering-engine. This machine 
we illustrate on this page, our engraving being 
reproduced from a photograph. The apparatus 
consists of a tank holding 35 gallons of insecticide. 
A two-wheeled barrow carries this tank, ard also a 





powerful little petrol motor-driven double barrel 
pump, which is driven through woim-gear, tho 
thrust of the worm being taken by ball-bearings. 
The pump can draw water from a pond or other 
source of supply and fill its own tank. Insecticide 
can then be mixed with the water, and the pump 
wil] supply three or four hop-washing or fruit- 
spraying nozz'es simultaneously. The appliance 
can also be used for fire purpescs and for ordinary 
watering, and will throw over 30 gallons per minute 
from a nozzle about # in. in diameter. 

In our notice of the Show last year we described 


a petrol-driven pump by the same makers, which 


was designed for a similar purpose to the one just 


it the back of the machine, but in Mr. Jarmain’s | potato-planters on the market, and this one ought, | referred to, but in that case it was adapted for 
exhibit one is in front and the other behind the |on account of the advantages it possesses, to stand | working at a much lower pressure. For certain 
'a good chance of success. It has keen desigued | kinds of work it has been found that it is not easy 
in the draught, and also that a machine can be! with the object of effecting four purposes: it| to produce a fine enough spray unless the pressure 


axle. The maker claims a reduction of 25 per cent. 


made narrow enough to pass through a 7-ft. gate- draws out its own furrows, plants the potatoes, | of the liquid is about 80 lb. to the square inch. 
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BRAKE-GEAR FOR ELECTRIC MOTORS. 


CONSTRUCTED BY MESSRS. LAURENCE SCOTT AND CO., LIMITED, ENGINEERS, NORWICH. 

































(For Description, see Page 10.) 
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For this reason the high-pressure apparatus ex _ 
hibited at Park Royal this year was constructed, ins a 5 ee 
and appears to answer the purpose admirably, the 
insecticide falling on the plants in the form of a 
very fine mist. 





i The Safety Water-Elevator Company, of 104, 
} Leadenhall-street, E.C., exhibited as a ‘‘ new im. 
‘ plement” a well gear, consisting of a couple of 
buckets attached to apo sides of a windlass in 

the usual way. The buckets are of a special pat- 


tern, each having a large valve at the bottom. 
This valve is opened by a stop when a bucket is in 
its uppermost position. The water then eecaping 
from the bucket is caught in a channel and directe 
tou spout. The whole top of the well, with the 
gearing, is cased in, preventing the admission of 
dust and dirt to the well. A ratchet prevents the 
running back of the windlass if the handle is 
released, whatever the position of the buckets. 
Messrs. Duke and Ockenden, of 126, Southwark- 
street, S.E., showed as a new implement a modi- 
fication of their ‘‘ Dando” diaphragm pump, 
described in connection with their exhibit last year. 
The new pump is double-acting, but is otherwise | 
not essentially different from that previously de- | 
scribed. A similar pump, arranged for being | 
worked by power, is also on view at this stand. 








Darry MACHINERY, 


The exhibits in this department were, as usual, 
numerous, and mostly of a high standard, but, 
with some exceptions, merit no special notice. 

A new implement was to be seen at the stand of 
the Wolseley Sheep-Shearing Machine Company, | 
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Limited, Sydney Works, Aston Manor, Birming. 
ham, which merited attention on account both of 
the excellent workmanship it displayed, and the 
special points of design belonging to it. This was 
the Wolseley Pedersen cream - separator, which 
is entirely of British make, and it is claimed for 
it that it is easy to turn, compact, simple, and | 
durable. The bowl, which is the vital part, has | 
several features which commend themselves. It 
sits loosely on a ball-head spindle, and is there- | 
fore able to move in any direction, finding 
its own centre. A key is fitted in the seat- 
ings, which key engages in a slot in the ball- 
head spindle. This ensures that there shall be 
no slipping, and that-the speed shall always be 
maintained. There are no tubes in the bowl, and 
the plates or discs are made of spun aluminium. 
They are few in number, and, being very light, 
enable the bow] to run very easily. The advantages | 
of using aluminium are that it will not rust, and 
plates made of it are so light that one of the 
plates can be removed without altering the balance 
of the machine. There is a large space provided 
in the bowl for the collection of dirt and separator 
mud, and the machine will therefore run a long 
time without fear of clogging. The cream can be 
made, either thick or thin, while the machine is 
running. It is claimed that this separator, owing 
to the care that is exercised in its construction, 
is the easiest to drive of any in the market. It is 
made in sizes having a guaranteed capacity of from 
20 to 80 gallons per hour, the large sizes being 
driven by power. 

Messrs. Burmeister and Wain, Limited, 12, 
Coleman-street, E.C., had a ‘‘ new implement ” on 
view, which consisted of a milk-can made entirely 
of one piece, with T-shaped bottom hoop. The 
lid is also made in one piece. The advantages 
claimed for this mode of construction are that there 
are no projections or ledges inside the tin, which 
form corners difficult to clean. These vessels are 
tinned after they are constructed, and are very 
fine examples of workmanship. 

In this department there were a great variety of 
churns and such-like appliances, but there was 
nothing about them requiring special notice. 





MISCELLANEOUS. 





_ Messrs. Selig, Sonnenthal, and Co., of 85, Queen | 
Victoria-street, E.C., showed a whole series of new | 
implements in the shape of useful hand tools, 

( suitable not only for estate use, but likely to prove 
j equally valuable at many engineering works. | 





Dooce 


Fig. 5. 





a 


fcnemege: 





Oo 








_ 





esac) 


the chain are formed on the handle of the tool 
and not on the jaws, thus avoiding the side 
strain liable to arise in the latter case. Another 
simple but highly useful article was a pipe-bending 
tool, by the aid of which it is easy to bend pipes to 
any desired radius, the only additional appliance 
needed being a vice to hold the pipe whilst it is 
being operated on. Brass and copper pipes are 
very readily bent to any desired template by means 
of the tool, which, for pipes of from 1in. to 2 in. in 
diameter weighs only 9 lb., whilst the smaller size 
weighs 2? lb., so that the tool is easily carried. 
Bicycle tubing can also be easily bent cold, as also 
can gas-piping, provided only that the quality of 
the pipe is sufficiently good to stand the opera- 
tion without cracking. Rings and Spirals are 
easily made. A ratchet brace, working on both 
forward and return strokes, was also exhibited, 
this tool being further fitted with a self-acting feed. 
An attachment for this was also shown, consisting 
of a telescopic stretcher, by which the drill can be 
extended up to a length of 47 in. The packing 
blocks frequently required when the distance 
between the drill-point and the point of support is 
too great are thus done away with. A steady rest, 
consisting of a ring revolving in a bearing, is also 
shown. An article of any shape can be gripped and 
centred in the ring, so that with this rest it is 
possible to turn journals at any point on a slender 
square or hexagonal shaft. An expanding boring 
head suitable for use with a drilling-machine was 
also exhibited. The cutters are of very simple 
form, and can be adjusted to size by a pair of 
internal cams. 

Messrs. Thomas Robinson and Son, Limited, 
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! Amongst them was a new pattern of asmith’s tongs, exhibited a selection of their well-known milling 
cach of which is capable of replacing three or four | machinery, and also a completely-equipped flour- 
q ordinary tongs. e jaws are shaped so as to grip| mill. 
firmly articles of any form, whether angular, oval,| Messrs. W. and T. Avery, Limited, of the Soho 
‘at, or round. Another useful tool shown was the | Foundry, Birmingham, have this year a very large 
‘‘Sundale” pipe-wrench. This is of the chain and interesting exhibit, ranging from a railway- 
pattern with the special feature that the hooks for | wagon platform weighing-maching, with a capacity 
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of 20 tons, down to a chemical balance turning to 
one-thousandth of a grain with an ounce in each 
pan. A very fine balance, designed to weigh up to 
500 ounces, and turning under this load with half a 
grain, which has been constructed for the Board 
of Standards, was also on view. The ‘‘ new imple- 
ment” at this stand was a cattle-weighing machine, 
showing on a dial the weight of the animal on 
the platform. No springs are used in this 
machine, but positive weights only, so that the 
reliability of the indications is invariable. A 
counter is fitted which registers automatically 
the number of animals weighed... This counter 
only acts if the weight on the platform exceeds a 
certain limit, which can be altered as desired, but is 
generally fixed at 4 cwt., so that if a drover walked 
across the machine, his weight being less than the 
limit, the counter would not be actuated. To 
mechanical engineers the object of most interest on 
the stand isa machine for making impact tests on 
notched bars. The bars are held in a vice and are 
struck by a pendulum weight. The height to which 
the pendulum rises after breaking the bar is re- 
corded, or, rather, a pointer moving over a scale 
shows directly the actual energy expended in break- 
ing the bar. 

Mr. H. R. Marsden, Soho Foundry, Leeds, has 
some of his fine stone-breakers on view, one of 
which gained the silver medal last year. There is 
also a Blake-Marsden stone-breaker with hand- 
hammer action. This is mounted on wheels, and 
is fitted with an elevator and overhead screening 
apparatus, which is self-contained. This machine 
will deliver into carts or trucks at the rate of 80 
to 100 tons of macadam per day. 

The Hadfield Steel Foundry Company, Limited, 
East Hecla Works, Tinsley, Sheffield, also exhibit 
a very fine stone-crushing, screening, and elevating 
plant, which was in ENGInEeRING on October 
28, 1904. The chief advantages claimed for it 
are its lightness and durability. Its weight is 
only about half that of the usual form of ma- 
chine made of cast iron, but it is said to be about 
three times as strong. The jaws, cheek-plates, and 
toggle-plates are made of Hadfield’s ‘‘ Era” manga- 
nese steel, the wearing properties of which are well 
known. The jaws are made much thinner than is 
possible with chilled iron, and, owing to the wearing 
properties of the material, the cost of renewal in 
jaws is much reduced. The frame is made of 

adfield’s toughened cast steel, and will with- 
stand the enormous strains to which machines 
of this kind are subjected. The same firm also 
exhibit wheels and axles for tramways, and parts 
of elevators. 

One of the most interesting departments of the 
Show was that devoted to forestry exhibits. In 
England, for many decades past, forestry has been 
worse than neglected, since unaided Nature would 
have poodueed better results than have been attaincd 
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by the so-called skilled foresters of the past. The 
fine trees still existing are almost all relics of ancient 
forests, where the trees grew under natural con- 
ditions. To obtain good timber, it is absolutely 
essential that the trees shall not be too widely 
spaced. The fatal effects of thin planting were 
capitally illustrated by samples of Scotch fir cut 
from trees of the same kind, in the one case planted 
originally 3 ft. apart, and in the other 4 ft. apart. 
Ia the former case the branches thrown out near 
ground level remain small, and as the tree grows 
are almost wholly absorbed into the parent 
trunk, leaving traces of their previous existence 
at the centre of the latter only. With the widely- 
planted trees these early branches are comparable 
in size with the main trunk, and these stout 
branches are never absorbed, so that when such 
trees are cut up into planks these are full of 
knots. » Another difficulty met with in getting good 
English timber is the reluctance of owners to 
sanction the cutting down of a fine tree, which, 
accordingly, is left to fail by gradual decay instead 
of ‘being turned to a useful purpose and replaced 
by younger growth. Nevertheless, some very fine 
specimens of English-grown timber were exhibited, 
no less than 157 varieties being furnished from 
Tatton Park~alone. Other interesting exhibits 
illustrated the diseases of trees and the damage 
done by badly-executed pruning. 

Only two silver medals were awarded this year, 
one to Messrs. Blackstone and Co., Limited, of 
Stamford, and the other to Messrs. Bamford and 
Sons, of Uttoxeter. The machines for which these 
medals were awarded have been mentioned in our 
notice, 








BRAKE GEAR FOR ELECTRIC MOTORS. 

Messrs. Laurence Scott and Co., Limited, of Nor- 
wich, have recently designed a new form of brake gear 
for use with electric motors, and we illustrate its appli- 
cation to an electric winding gear and an ordinar 
motor respectively in Figs. 1 nol 2, page 8. As will 
be seen from the illustrations, a pair of brake shoes are 
held _— opposite sides of a drum on the motor- 
shaft by the tension of one or more spiral springs. 
These shoes are connected by levers to movable cast- 
steel plates, which form part of the magnetic circuit 
of the motor. When no current is supplied to the 
motor the springs hold the brakes ‘‘ on,” the steel 
castings being then kept by the levers a slight dis- 
tance from the framing of the motor. By reference to 
the illustrations on page 9, which show the details 
of construction of a95 brake horse-power haulage-motor 
for 500 volts at 430 revolutions per minute, the opera- 
tion of the brake will be rendered clear. The greater 
part of the iron is removed from around the roots of 
two of the pole-pieces, so that the magnetic flux meets 
with a gap of high reluctance, and s by preference 
through the cast-steel plates, which are situated oppo- 
site the gaps. These plates, therefore, close in to the 
sides of the motor immediately current is switched on, 
holding off the brakes and bridging the gaps in the 
magnetic circuit. 

In the case of a series motor, if the current falls, the 
brakes will gradually come on again, and prevent the 
machine from attaining an excessive s As, how- 
ever, a small fraction of the full-load current is suffi- 
cient to keep the brakes off, they do not interfere with 
the speed variation, which is so valuable a feature in 
series motors for general lifting purposes. The amount 
of the ‘‘ holding-off” current can be varied according 
to circumstances, and with a slow-speed motor, alwa 
recommended by Messrs. Scott for lifting purposes, the 
brakes are not arranged to go on until the speed of the 
motor has increased to about three times its normal. 
With high-speed motors this would not be safe, so 
that the brakes are caused to go on with a larger 
fraction of the full-load current. 

The latest improvement in these brakes is the 
arrangement shown in the illustrations enabling them 
to be taken off by hand when required. In Fig. 5 it 
will be seen that a pair of levers, hinged at their lower 
ends, engage the steel plates in the middle, and at 
their upper ends are linked to a toggle in the centre of 
the framing. The toggle is operated bya hand or foot- 
lever. When itis desired that the entire control of the 
motor should be effected by a single handle, a similar 
system of levers is employed, operated by a cam on the 
reversing controller. The cam has a slow rise, so that 
as the controller is moved into its lowering position 
the brakes are gradually taken off before current is 
switched on. If, when the brakes are off, the load 
does not start itself, the controller is moved one step 
further, switching current on to the motor through a 
resistance. 

The steel plates generally work the brakes directly 
through a swivel joint, which ensures an even pressure, 
as in Fig. 2; but in some motors it is found 
more convenjent to transmit the motion through a 





horizontal shaft. This latter arrangement is illustrated 
in Fig. 1, which represents a winding gear supplied to 
the Dutch East Indies, and designed to raise 10 cwt. 
at a speed of 300 ft. per minute. Here it will be seen 
that the brake is taken off by a cam on the controller, 
as described above, but that the lever on the toggle 
shaft is linked to the cam lever, so that it can be 
raised independently of the controller. Combined 
hand and electrically-operated brakes, as described, 
obviously form a very neat and convenient arrange- 
ment, especially when the controller is fixed on the 
motor, as the safety of the magnetic brake is present 
when lifting, and the convenience of a hand-brake 
retained for lowering, and all with the same handle. 
The same arrangement, with slight modifications, may 
be applied to travelling cranes. 





ROYAL METEOROLOGICAL SOCIETY. 

AN interesting feature in connection with the Agri- 
cultural Education and Forestry Exhibition at the Royal 
Agricultural Society’s recent Show at Park Royal, was 
the section devoted to Meteorology. This section was 
organised by the Royal ng np ee Society, and 
attracted considerable attention. In the ground adjoining 
the Exhibition building a typical climatological station 
was arranged, consisting of an enclosure 20 ft. square, 
with the instruments necessary for the equipment of such 
astation. An interesting exhibition of diagrams, maps, 
photographs, &c., was arranged inside the building, illus- 
trating chiefly the effect of weather on agriculture. 
Among other things, the diagrams illustrated the monthly 
rainfall at Greenwich for ninety years — 1815-1904; 
monthly temperature of air and earth at 1 ft. and 4 ft. in 
various soils ; temperature and rainfall when the crops of 
hay and of wheat were highest and lowest ; distribution of 
rainfall, according to altitude above sea-level ; yield of 
wheat and autumn rainfall ; temperature and barley crop ; 
and maps showing annual distribution of rainfall and 
sunshine. The photographs illustrated clouds, lightning, 
damage by lightning, hail, damage by hail, snow, frost, 
floods ; damage by gales, tornadoes, and whirlwinds. A 
number of instruments—such as barometers, thermo- 
meters, rain-gauges, sunshine recorders, self-recording 
instruments, &c., were also shown. 

Mr. W. Marriott gave a short address each day on 
** Meteorology in Relation to Agriculture.” 

This Exhibition is ee of a scheme which the Council 
of the Royal Meteorological Society are arranging for the 
extension of the knowledge of meteorology among other 
agricultural and scientific societies in various parts of the 
country. 








THE NIPPON YUSEN KAISHA. 

Tue report of the Nippon Yusen Kaisha for the half- 
year, October 1, 1904, to March 31, 1903, covers a period 
when the greater part of the company’s fleet was em- 
ployed in military service, and therefore its operations 
were altogether abnormal. At the half-yearly meeting 
recently held in Tokio, and of which an account is given 
in the newspapers just received from Japan, Mr. Kondo, 
the president, stated that notwithstanding the war, 
they had been able to carry on the business of the 
company with considerable success, mainly because of 
the chartering of foreign steamers. The sum paid by the 
Government for the use of the company’s steamers as 
transports during the period under review amounted to 
5,400,000 yen, against 5,370,000 yen in the geeeeins 
term, showing an increase of only 30,000 yen. The ship- 
ping subsidy during the same period was 527,000 yen, 
against 627,000 in the preceding term, showing a decrease 
of 100,000 yen. At the same time, the expenses of the 
fleet showed a decrease of 750,000 yen, owing to the fact 
that the company’s steamers were so busily occupied 
with military transportation that they could not be fully 
repaired. The chartered foreign steamers in the pre- 
ceding term numbered 20, representing 58,000 tons. In 
the period under review the number increased to 24, and 
their aggregate displacement to 60,000 tons, but the hire 
decreased from 1,670,000 yen to 1,090,000 yen, a saving of 
570,000 yen thus being effected. At the beginning of the 
war, the charter rate for foreign steamers was extremely 
high, but it had lately depreciated, owing to the secure 
retention of the control of the sea by the Japanese Navy. 
The company therefore replaced the steamers chartered 
at high rates by cheaper ones. These circumstances 
were the cause of their profitable business. In the current 
fiscal term, however, the presence of the Baltic Fleet in 
Far Eastern waters would affect the shipping trade to 
some extent, but the company must be determined to 
endure to the last. In conclusion, Mr. Kondo expressed 
his appreciation of the devoted and faithful services of 
the seamen belonging to the Nippon Yusen Kaisha, who 
were facing the perils of the war in a manner worthy of 
an heroic nation. This spirit of duty and self-sacrifice 
was not, however, limi to the Japanese alone. The 
foreign members of the crews on board the company’s 
steamers were also equally worthy of praise on account 
of their efforts on behalf of the country, as well as of the 
company. : : 

There was a t deal of coasting service done during 
the period under review, and as most of the vessels 
belonging to other steamship companies in Japan were 
employed in the military transportation, there was not 
the keen competition that existed in ordinary times, and 
the company’s vessels carried a large amount of for 
each trip. The firm retention of the control of the sea 
and the splendid victories in Manchuria gave rise to 
prosperous trade between Japan and Chinese and Korean 
ports, especially between Yokohama and Shanghai. But 





the exportation of beans and bean cake, the principal 
exports from Niuchwang, was slight, owing to the 
Russian requisition of these articles. The agricultural 
products of Korea were directly exported to Manchuria, 
in consequence of which their import to Japan decreased. 
The company’s services to Vladivostok, Gensan, Port 
Arthur, and Tairen remained suspended. The European 
service of the company was suspended, but since May of 
last year a four-weekly service has m carried on by 
means of a contract with Messrs. Bucknall Brothers 
and the British Pacific Steam Navigation Company, 
which companies placed six of their steamers on the 
service. The American service was partially and the 
Australian and Bombay services wholly suspended. For 
the latter, however, the company effected an arrange- 
ment with other steamship companies, by which aa f 
cotton was brought to Japan at the rates originally fixed, 
and thus the requirements of the Japanese cotton-mills 
were fully met. The gross receipts during the term were 
10,727,458.68 yen, and the gross expenditure 6,857,024.638 
yen, leaving a balance of 3,870,434.042 yen. After de- 
ducting from this sum 850,000 yen for repairs of vessels 
on the military service and of recovering their losses, 
1,518,346.035 yen as reserves according to the company’s 
regulations, and 16,426.200 yen towards the sinking fund 
for premises, there remained a net profit of 1,485,661.807 
ee to which has to be added the sum of 974,263,879 yen, 

ance brought forward from the last account, making a 
total of 2,459,925.676 yen. 








MASONRY DAMS. 
To THE EpiTor oF ENGINEERING. ; 

Sir,—A complete solution of the problems considered 
by Mr. L. W. Atcherley in your issue of March 31, 
page 414, and by Professor Unwin in your issue of 
April 21, page 513, can be obtained very simply. 

t must be ised, however, that the boundary 
conditions assumed by both these writers are not neces- 
sarily even approximately those existing in practice, on 
account of the neglect of the conditions to ke satisfied 
along the base of the dam. The present solution pro- 
bably gives some approximation to the stresses near the 
vertex of a dam of triangular section ; but as the condi- 
tions along the base of the dam are not taken into 
account, no value whatever can be attached to the solu- 
tion for points near the bottom, where it is of vital 
importance to determine them. This remark applies to 
all solutions of the problem which have yet been pub- 
lished. I obtained this solution in 1896, when designing 
a concrete dam for the town of Wodonga, Victoria ; but 
it was in polar co-ordinates. The simpler form in which 
it is here presented is due to Mr. J. H. Michell. 

The whole question is best dealt with by his ‘‘ Method 
for the Direct Determination of Stress in an Elastic 
Solid ” (Proceedings of the London Mathematical Society, 
vol. xxxi., Nos. 685 and 686, April, 1899); but this method 
had not been developed when my solution was obtained. 

The process is as follows :— 

Taking rectangular axes O z, O y, as in the figure, the 
axis Ox being the water face—supposed vertical for sim- 
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plicity—and calling P, Q the tensions parallel to O x, O y, 
and V the shear at any point, the stress equations are 

ae av 
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daz 7 dy ‘ J 
in which the stresses must be so related as to satisfy St. 
Venant’s strain relation— 

eyy 4 Sex =Czn 

or its equivalent in terms of the stresses 
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(2) 
where 
oe 3X + Qu 
~ 2(\ + ) 
and \ u are elastic constants of the material.* 
Assume that the stresses are linear functions of x and 
y, so that (2) is satisfied identically—i.e., write 
P=Azr+B y) 
=Cr+Dy; 
=Ez+ Fy} 
where the arbitrary constants must be determined so that 
P, 9. V shall satisfy equation (1) and also the boundary 
conditions— 


1. Along Oz, (y = 0) 


* See Mr. Michell’s paper, page 102, 


(P + Q) + const., 


(3) 
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where ¢ is the density of water. 
2. Along the outer boundary, 
y=xtana H=G=0 
where H, G are the components of the applied traction 


over this boundary—i.c., if 7, m are the direction cosines 
of the normal at any point of the boundary, 
of} 


H=Pl+Vm= - Psina+Vcosa= 
G=Vl+Qm=-—Vsina + Qcosa = 
Substituting from (3) in (1) we find that we must have 
A+F=-gp\ 
D+E=0 f (6) 


Substituting from (3) in (4), putting y = 0, we find that 
we must have 
C= -ge\ 


E=0 j : ; - (7) 
Substituting from (3) in (5), and putting y = m tan a, 
we find that we must have ~ 
A =g (oe coi? a~—p) 1 
B =gcota(» —2« cot? a)J 
From (6) and (7) 
D=E=9 
F = — go cot? a. 


ae ced, 
=0 


(8) 


Hence, finally, the required solution is 
P = gx (¢ cot? a-p) + 9 y crt a (p—2-0 cot? a) | 
Q=-g¢ex 
V=-gcycotta 
The Be i aera os can readily be written down if re- 
quired. 
The stress in the material along the outer face y = 2 tana 
is a simple compression amounting per unit area to 


(9) 


g o x cosec? a (10) 

There is no tension at any point near this boundary, as 
suggested by Mr. Atcherley, though there is, of course, a 
shear over either a vertical or a horizontal plane near the 
boundary. 

The defect in the above solution is that it leads to pre- 
scribed values of the displacements wu, v at all points of 
the base of the dam, whereas we should be able to make 
the displacements satisfy given conditions along the base, 
C.9., U = v = O throughout. 

The above solution is now quite superseded by a new 
solution, by Mr. J. H. Michell, which is not yet pub- 
lished. He supposes the dam to consist of an infinite 
triangular wedge of the material of which OA B is a 
part section. ver one face O A, which for simplicity we 
may suppose to be vertical, he supposes water pressure to 
be applied from O in the water surface to A at thestream- 
bed Soa of the dam, while the rest of the face O A—i.e., 
below A—and the whole of the outer face are free from 
applied force. The material within the circular sector 
OA Bis sup to be heavy, while that below the base 
AB is regarded as weightless. 

With these data Mr. Michell gives the complete solu- 
tion for the stress at any point of thedam. Clearly in 
this case the bottom conditions are of small consequence, 
the stresses and, therefore, also the displacements at 
points at some little distance below AB are quite 
negligible. 

The brilliancy of the conception of this solution will, 
no doubt, be appreciated by any who, like myself, have 
been striving for years to obtain a satisfactory treatment 
of this problem. 

Mr. Michell’s work will be published in due course. 


Yours, &c., 
Melbourne, May 29, 1905. B. A. Smiru. 


To THE EpitorR or ENGINEERING. 

Sir,—A short time ago a paper appeared in the 
‘*Drapers’ Company’s Research Memoirs” on ‘‘ Some 
Disregarded Points in the Stability of vay stony Se 
by L. W. Atcherly, with some assistance from Professor 
Karl Pearson. I cannot agree with the objections which 
are urged against the existing theory, and I therefore offer 
a few criticisms. 

The mathematical discussion starts from the assump- 
tons :— 

1. That the distribution of pressure over a ‘horizontal 
section is linear. 

2. That the distribution of shearing force is parabolic, 
being a maximum in the centre and zero at the ~— 

The first of these assumptions is one which is largely 
adopted in engineering practice, and may be accepted as 
a first approximation. 

The law assumed for the distribution of shearing force, 
however, is a remarkable one, and we pr to consider 
the reasons advanced in favour of it. The following 
objections are urged against the existing theory :— 

1. That it leaves us in doubt as to the actual distribu- 
tion of shearing stress over any horizontal cross-section. 
2. That in actually constructed dams the angle of fric- 
mn exceeds 30 deg. 

The first objection neglects the fact that if the shearing 
force be increased up to the point of rupture, the distri- 
ation of shearing force approximates to the distribution 
{ pressure, till at the moment of rupture the ratio 

|etween the shearing force and the pressure is everywhere 
qual to the angle of friction. This leads us to suppose 

hat the distribution of shearing force will be approxi- 
ately proportional to the distribution of pressure. It 
ible that objections may be u against this dis- 


oe 


tribution of shearing force, but they are not brought 





pero the assumed angle of friction errs on the side of 
safety. 

The subsequent ment that any theory which gives 
a means of determining the stresses in vertical sections is 
preferable to one that does not, seems to uire the 
proviso that the results obtained should receive some 
support from experience. 

t us admit, however, that the frictional theory is 
open to objection, and that the dam should be consid 
as a single mass. If we make this assumption, we must 
also assume that the dam and the underlying rock form:a 
single mass, though we may suppose they are of different 
materials and differ in mayer 

The surface conditions at the flank require that the 
pressure should be parallel to the surface, so that if s be 
the shearing force and y the vertical pressure, 

v/s = m, 
where m is the inclination of the flank. 

Let this relation hold good fora distance dx from the 
tip. It follows that the pressure on a vertical section at 
a distance d « from the tip is uniform and the load- point 
is at the centre. The line of resistance for vertical sec- 
tions therefore passes through the tip of the tail. How 
is this reconciled with Equation XIX., which asserts 
that the line of resistance is given by the hyperbola 


Be 2 Qo(d +b) —4x2(2bdm + Qo) 
y ~ 3a P, b-4ha 2 


Again, it is stated, on page 18 of the paper, that the 
vented shearing-force at the tip of the fall e sume 6 tons 
per square foot. How is this reconciled with the assump- 
tion that the horizontal shearing force is zero? 

It may farther be pointed out that the existence of a 
tension in the base of the dam involves the existence 
of a corresponding tension in the strata underlying the 
dam. I think this tension will be found to be incon- 
sistent with the assumed distribution of shearing force. 

The new theory is, therefore, shown to suffer from more 
serious mathematical difficulties than the old one, and we 
must seek its justification in some other direction. .We 
turn, therefore, to the experiments on models. 

These are held to show :— 

1. That a tension exists in a horizontal direction near 
the tail. 

2. That the resistance to shearing of the dam in vertical 
sections is insufficient. 

It is stated that the model constructed in vertical sec- 
tions withstood a pressure of 3 1b. before collapsing, and 
since such a structure is quite incapable of withstanding 
any tension whatever, it is shown that no tension exists 
till the pressure reaches 3 Ib. 

Again, if we were to double the coefficient of friction 
by means of sandpaper or some such expedient, we should 
find that the model would resist a pressure of 61b. This 
proves that the resistance to shearing is insufficient, but 
does not prove the existence of tension. On the con. 
trary, it shows that tension can only occur after the dam 
has failed by shearing. 

This leads us to consider the resistance to shearing of 
masonry structures. In considering this question the 
author of the paper has been misled by the rule that the 
angle of friction should not exceed 30 deg. or 36 deg. as 
the case may This rule only applies to the joints. 

In a horizontal direction the joints are continuous, and 
the resistance to shearing is the resistance of the joints; 
but in other directions the joints are not continuous, and 
failure can only occur through the shearing of a portion 
of the stone. In the usual method of construction the 
stones in each horizontal layer ‘‘ break joint” with those 
in the layers immediately above and below it, so that 
fracture in a vertical direction can only follow a joint for 
half the distance. 

If the resistance to shearing of vertical sections be 
computed from these considerations, I have no doubt 
that the strength of existing dams will be found to be 


ample. 
Cairo, June 18, 1905. 


K. E. Epceworru. 








SHEARING STRESSES IN WALLS SUB- 
JECTED TO HORIZONTAL THRUST. 
To THE Epitor or ENGINEERING. 

Sir,—In Mr. Dilley’s letter on the above subject, in 
ENGINEERING of June 30, he says that when a specimen of 
stone is crushed, it is found that it fails by shearing along 
a plane making an angle of 30 deg. with the line of direc- 
= of pressure, and he goes on to draw conclusions from 
this. 

Does Mr. Dilley not know that French and German 
investigators have shown that this method of failure is 
due to the particular circumstances of the tests, and that 
if the friction at the bearing ends is reduced sufficiently 
by lubrication, the test specimen will fail by splitting in 
lines parallel to the direction of pressure ? 

I am, Sir, your obedient servant, o 
AIRO. 








ELECTRIC TRACTION ON RAILWAYS. 
To tHe Eprrorn or ENGINEERING. 

Sir.—In Encrvgerine of May 26, at the end of an 
article on ‘‘Electric Traction on Railways,” there is a 
comparison between the watt-consumption of 50 watt- 
hours per ton-mile on the Valtellina Railway with three- 
phase current, and that of 56 watt-hours per ton-mile on 
the Spindlersfelde Railway with single-phase current. 

Your contributor assumes, from the paper of Messrs. 
Donati and Novi, that the said watt-consumption on the 
Valtellina Railway was taken on a level piece of line. 
This is a mistake, as it is distinctly stated in the report 


of Messrs. Donati and Novi that the tests mentioned 





forward in the paper under consideration. 
The second bie 


objection against existing theory only shows 


were effected on a long stretch of the line, on which 


—as will be remembered by all English engineers who 
visited the Valtellina Railway with the Institution of 
Electrical Engineers—severe ients and curves do pre- 
—— whereas the Spindlersfelde Railway is quite 
evel. 

In comparing the two results above mentioned it must 
also be kept in view that the maximum speed on the 
Valtellina Ridsey is considerably higher than that on the 
Spindlersfelde line. 

Yours truly, 
Budapest, June 26, 1905. Ganz anp Co., LiwiTEp. 


P.S.—The mistake of your contributor is probably 
accounted for by the statement of the Italian report, 

ing :—*‘. . ilconsumo medio tonn-km. su di un percorso 
comprendente salite, discese, curve, gallerie, stazioni e 
fermate, ma tale che i punti di arrivo e partenze siano 
allo stesso levello . . .”—i.e, “‘the consumption per ton- 
kilometre on a section of line. havin ients, slopes, 
curves, tunnels, stations and stops, the two ends of the 
run being, however, at the same level . . .” . 








Tue LATE Jonn Kyie.—We regret to announce the 
death of Mr. John Kyle, which took.place.at Churchill 
House, Dover, on the 24th ult. Mr. Kyle was sixty-seven 
any age, and his death occurred suddenly. He was 

rn in 1838, educated at Glasgow, and served his pupil- 
age from 1853 to 1857 as a civil engineer with -the firm of 

essr3. Bell and Miller,. M.. Inst. .C.E.,\ of that: city. 
From 1857 to 1864. he was principal assistant to the firm ; 
the construction, among other things, of séven+lip-docks 
from 600 to 1200 tons each, engaging his attention during 
the time. He was also occupied.on. Greenock. Albert 
Harbour Works, the extension of Messrs.°Juhn Scott and 
Son’s graving dock, and various: ther undertakings.. A 
= variety of work -claimed~ Mr. : Kyle’s attention 

tween 1864 and 1873, for, during that time» he: was 
engaged as chief engineer to the Lundy: Grinite Com. 
pany on the construction of new works for the shipment 
and working of granite ;.as.well as later, resident-@ngineer 
on the Albert Bridge works for the corporation of Glasgow: 
The construction of ironwork in ‘connection withthe 
Waverley Bridge and the Waverley pussenger station of 
the North British Railway Company, Edinburgh; the 
Glasgow new gas works at Dawsholm and Dalmarnock ; 
the Ottawa Bridge, Canada; and several other under- 
takings were carried out under his supervision. In 1873 
Mr. Kyle went abroad, having been appointed resident 
and executive engineer on the Colombo Breakwater and 
Harbour Works for the late Sir John Coode, M. Inst. 
C.E. In 1885 he retired for about a year’s rest; but 
in 1886 the Cart Navigation Trust, Paisley, had him 
for its resident engineer on the construction of a new 
harbour, &c. From 1888 to 1892 he was district resident 
engineer on the Manchester and Salford Docks; and, 
later, district engineer of the Barton Section swing 
aqueduct and swing road-bridges for the Manchester 
Ship Canal. This latter work being completed, Mr. 
Kyle went to Dover, where from 1892 till 1902 he was 
resident engineer on the Prince of Wales’ Pier and 
Breakwater for Messrs. e, Son, and Matthews. 
Mr. Kyle was a member of the Institution of Civil En- 
gineers, having joined in 1873. To this Society he con- 
tributed several papers, for one of which he received the 
Telford Premium. He was buried at St. James’s Ceme- 
tery, Dover, on the 27th ult. 





Honours ror Encineers.—Our readers will have noted 
with pleasure the well-merited knighthoods announced 
in the list of birthday honours as conferred on a number 
of gentlemen either engineers themselves or intimately 
connected with the engineering industries. Professor 
Kennedy’s career is well known to our readers, but we 
may be excused for recalling here some of the many 
services for which engineers were indebted to him. His 
researches on the strength of riveted joints, made many 
years ago for the Institution of Mechanical Enginee 
were of the utmost importance, establishing as they di 
the great superiority of machine as compared with hand- 
riveting. hese were followed by his well known eco- 
nomy trials of marine engines, which are almost the onl 
trials both accurate and complete of such engines whic 
have ever been carried out. 7 conjunction with the late 
Mr. Bryan Donkin, Professor Kennedy also conducted a 
most valuable series of trials on the efficiency of land boilers. 
It has, moreover, to be remembered that the mechanical 
laboratories now generally attached to our engineerin 
colleges are modelled to a very large degree on that whic 
he established at University College over twenty years 
ago. Since leaving University College Professor Kennedy 
has been the engineer responsible for many very impor- 
tant electric lighting undertakings, and also of the 
Waterloo and City Railway, whilst he also served on 
the Committee on Naval Boilers. He has, moreover, 
filled the presidental chair of the Institution of Mecha- 
nical cy cern Mr. Boverton wood, another of 
the new knights, is well known to engineers as ‘‘ the 
expert” on petroleum, and as such has frequently 
been of service to the Home Office. A knighthood has 
also been conferred on Mr. J. Clifton Robinson, to 
whose initiative and organising powers the population 
of West London isso deeply indebted for the iinprovement 
and extension of its means of transport. A fourth an- 
nouncement which will interest engineers is that confer- 
ring a K.C.B. on Mr. Phillip Watts, our present able 
Director of Naval Construction. Though not an engineer 
himself, few men are better known to agricultural engi- 
neers than Sir Jacob Wilson, Director of the Royal 
Agriculture Society, who has been appointed a Knight 
Commander of the Victorian Order. Another interest. 
ing appointment is that of Lord Rayleigh, who has 





made a Privy Counciller. 
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300-H.-P. DOUBLE-PISTON (FRANCOIS TYPE) COMPOUND CONDENSING ENGINE. 


CONSTRUCTED BY THE 





SOCIETE ANONYME JOHN COCKERILL, 


SERAING, BELGIUM. 























Tue engine we illustrate on the present and opposite 
pages has been built by the Cockerill Company, of 
Seraing, and forms part of that company’s exhibits at 
Liége. This engine, to which we briefly referred in our 

receding issue, when dealing with the meetings of the 
Mechanical Engineers at Liege, is of the Frangois 
type, with double cylinders, twin compound, con- 

ensing, with steam distribution by piston-valves ; it 
develops 300 horse-power when running at a speed of 
140 revolutions. Its principal dimensions are :— 


Diameter of high-pressure 
cylinder... sie “ 
Diameter of low-pressure 

cylinder wt cons abe Ee on) 
Stroke ... 0.750 ,, (29.52 ,, ) 


The object of the double piston is to extend the 
advantageous effect of steam-jacketing, as usually 
carried out, to the inside walls of the cylinders and 
to the piston surfaces, the steam jackets being in free 
communication with the s between the pistons. 
Each cylinder has two main valves, which act alter- 


0.375 m. (14.76 in.) 





nately for steam admission and exhaust, through a 
single port placed at the lowest part of the cylinder, 
a small inside valve placed within the main piston- 
valve acting for cut-off, under the action of the 
overnor. The valve arrangement is illustrated in 
ig. 4, while Fig 5, on page 14, shows the details to a 
larger scale. e propose to deal more fully with this 
engine in a future issue, when we hope to give the 
results of a series of steam-consumption tests which 
have been carried out with it. 








THE RYKNIELD LIGHT MOTOR-VAN. 
On page 16 we illustrate a petrol-driven light de- 
livery-van manufactured by the Ryknield Engine 
Company at their works at Burton-on-Trent. Fig. 1 
is a side elevation, Fig. 2 a plan of the chdssis, and 
Fig. 3 a part plan showing the transmission gear. 
he load of the van in running order is 21 cwt., 
and a load of 20 cwt., exclusive of driver, can be taken 
up an incline of 1 in 20 at top speed, whilst an u 
gradient of 1 in 9 can be ascended on the low speed. 


The two speeds are 44 and 10 miles an hour respec- 
tively. The engine has two cylinders, 4 in. in dia- 
meter, with a 6-in. stroke, and will exert 12 brake 
horse - power. The inlet- valves are mechanically 
operated, being worked from the same cam-shaft as 
the exhaust-valves. By unscrewing one nut and re- 
moving a bar the whole of the valves are exposed. 
Ignition is by a low-tension magneto machine worked 
from the main shaft. The spark is advanced or 
retarded by sliding-levers on cams worked from the 
dashboard. The engine is fitted with a governor 
worked from the secondary shaft, the action being 
cut out when needed by the accelerator pedal. The 
radiator is of the ‘‘ Loyal” type, the circulation of 
water being maintained by a valveless pump. 

Power is transmitted by the usual leather-lined 
clutch to the change-speed gear, and from thence by a 
Cardan shaft, with double universal joints, to the bevel 
differential. The latter, as shown in Figs. 2 and 3, is 
carried partly on the axle and partly on the cross 
member of a triangular frame. bn each end of the 





differential is a spur-pinion, which meshes with a wheel 
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bolted to the road wheel, and in this way both road 
wheels are driven. The arrangement of the drive is 
such that no abnormal stresses are put on the trans- 
mission gear, owing to any position of the road wheels 
through uneven road surface. 

The body is carried on the underframe, which is of 
the pressed-steel type, by laminated springs, with 
forged steel hangers and brackets. The axles are of 
mild steel, with ened bearings running in phosphor- 
bronze bushes. Steering is effected by the ordinary 
Ackerman device, the connections being of more than 
ordinary strength. 

The change-speed arrangement is effected by the 
ball lever, shown in Fig. 1, page 16, which pushes 
against a solid block into each gear, and is so 
arranged as to prevent the driver overrunning the 
gear or getting into the wrong position. There are 
two descriptions of brakes—one fitted on the differ- 
ential, the other being of the expanding type. and 
fitted in drums on the road-wheels. Sufficient petrol 
is carried for a run of 120 miles. 

These vans are — and constructed throughout 
at the company’s works at Burton-on-Trent, and, with 
the exception of the magnet and the carburettor, the 
whole is of British manufacture. 

This firm also manufacture a 12-horse-power touring 
car, a three-cylinder 15-horse-power car, and a four- 
cylinder 24-horse-power chdssis, to which various 
forms of body are fitted. 





Hieu-Capacity Trucks.—The North-Eastern Railway 
Company is considering the introduction of a new type 
of high-capacity wagon for dealing with bulky articles, 
in which there 1s a large traffic between certain points of 
the system. Hitherto the highest capaci 's vehicle 
in use has been the 15-ton box-wagon, which was intro- 
duced soon after the return of the traffic officers from 
America three years since; and it is now desired to 
utilise a wagon of nearly double that cubic capacity, in 
order that greater expedition — be attained in loading 
and handling, and economy obtained in working by 
increasing the load while reducing the tare weight. The 
new type of wagon will be 40 ft. long over all, and it will 
be carried on two four-wheel bogies. It will be fitted 
with both vacuum and Westinghouse brakes in duplicate, 
and will have, on each side, two double doors about 5 ft. 
wide. The wagons are to be 8 ft. wide and 12 ft. 3 in. 
from the rail-level ; the roofs are to be fitted with two 
sliding tops, in order that the contents may be raised 
directly from the interior by hoists where necessary. 


INSTITUTION OF NavaL ARcHITECTS.—The summer 
meeting of the Institution of Naval Architects will take 
place in London, on Wednesday, Thursday, and Friday, 
July 19 to 21. Eight papers have been contributed, and 
will be read on the morning and evening of Wednesday, 
and the morning of Thursday, July 19 and 20. On Wed- 
nesday afternoon (July 19) there will be alternative ex- 
cursions to the works of Messrs. Siemens Bros. and Co., 
Limited, Woolwich; Messrs. Vickers Sons and Maxim, 
Limited, Erith; and Messrs. J. and E. Hall and Co., 
Limited, Dartford. On Thursday (July 20) the directors 
of the P. and O, Steamship Morag ! will entertain 
members at luncheon on the R.M.S. India at Tilbury 
Docks. There will also be alternative visits to H.M.S. 
Black Prince, now being fitted out at the Victoria Dock 
by the Thames Ironworks Company ; to the works of 

essrs. Yarrow and Co., Poplar; and to the works of 
Messrs. Thornycroft and Co., Chiswick. In the evening 
there will be a conversazione at the Royal United Service 
Institution Museum. Friday (July 21) will be spent in 
visiting Portsmouth Dockyard. 


Tue Late Mr. THomas Lister.—We have to announce 
the death of Mr. Thomas Lister, architect and engineer, 
which took place at his house, Morton, Gainsborough, on 
the 18th ult. Mr. Lister had reached the advanced age 
of 95 years at the time of his death, and had been in fail- 
ing health for some time. He was born at Wath, near 
Doncaster, and came of a family of engineers, his grand- 
fathers on both sides having carried out dock and canal 
work towards the end of the 18th coneety. In the early 
days of railways he was connected with the Stephensons, 
and acted as engineer in their railway construction con- 
tracts. The Grand Junction Ruilway, as well as several 
sections of the North Midland and of the Manchester, 
Sheffield, and Lincolnshire Railways, were carried out 
under his superintendence. Other work of his included 
the Sheffield and Rotherham Railway, the line from 
Southampton to Andover, that from Blisworth to Oundle, 
and a branch from Blackburn to Preston. In some of 
these undertakings considerable cifficulties were encoun- 
tered and successfully overcome. Later on, Mr. Lister 
was eng , under the late Sir John Fowler, on the 
construction of the canal across the Island of South 
Beveland, Holland. He erected the Sheepbridge Iron 
Works in 1857; and in 1864, while engineer to the Gains- 
vorough urban authorities, he built the Gainsborough 
Water Works. Not long after this, in 1867, he me 
architect and surveyor to Messrs. Marshall, Sons, and 
Oo., Limited, of a which position he retained 
till within a few years of his death. During the later 

rtion of his life he practised as an architect. Amongst 

is many occupations, Mr. Lister found time to be a 
colliery proprietor; Whittington, in Derbyshire, being 
his place of residence while interesting himself in matters 
connected therewith. 


NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday, when the 
pig-iron market opened, business was again very quiet, 
and the turnover was barely 6000 tons of Cleveland 
warrants. The prices were 45s. 6d. cash, 45s. 8d. one 
month, and 46s. three months. In the afternoon forward 
business was neglected, and the dealings were confined to 
cash iron. Cleveland warrants were done at 453. 6d. cash, 
and Standard foundry iron at 44s. 1d. cash. The total 
turnover was 6500 tons. On Friday morning the market 
was much as usual, and about 5000 tons of Cleveland 
warrants changed hands at 453. 61. cash and four days, 
45s. 8d. one month, and 453. 1ld. three months. In the 
afternoon the market was rather easier in tone, and 
Cleveland warrants were 4d. down, and this only after a 
spell of nearly three weeks at 45s. 6d. cash. The trans- 
actions were 7000 tons at 45s. 54d. cash and 45s. 74d. one 
month, but included in that amount was some Standard 
foundry iron at 43s. 9d. cash. At the close of the session the 
cash price for Cleveland had recovered to 45s. 6d. sellers, 
but forward iron was 45s. 74d. one month sellers, which 
was ld. down on the closing price of the morning. When 
the market opened on Monday morning business was 
very quiet, but the turnover of 5500 tons nearly all 
changed hands just before the session closed. The trans- 
actions were all in Cleveland warrants, which opened 
steady at 453. 54d. cash, but firmed to 45s. 6d., and closed 
with sellers at 45s. 64d. Forward iron was done at 
45s. 10d. three months. Hematite iron was offered at 
55s. 9d. cash, and Standard foundry iron at 44s. cash. 
In the afternoon the market was steady, and 6000 tons 
of Cleveland warrants changed hands at 45s. (id. cash 
and 45s. 8}d. one month. Another 1000 tons was 
done at 453. 94d. for September 19. The closing 
quotations were 45s. 64d. cash and 45s, 84d. one 
month sellers, buyers being at 4d. less in each case. 
On Tuesday morning the market was ~~ and the busi- 
ness done was only some 3500 tons of Cleveland warrants 
at 45s. 54d. cash and 45s. 8d. one month and twenty-seven 
days. The prices show a reduction of 4d. on the pre- 
vious day’s closing quotations. The settling prices were: 
—Scotch, 49s. 44d. ; Cleveland, 45s. 6d. ; Cumberland, 
55s. 6d. ; and Standard foundry, 44s. 10d. The after- 
noon session was very like the morning, and 4000 tons of 
Cleveland warrants changed hands at 45s. 54d. cash and 
45s. 8d. one month. Forward iron was dealt in at 
45s. 104d. three months, and the quantity was 1000 tons. 
When the market opened to-day (Wednesday), the tone 


tons changed hands. The cash price was again 
453. 54d., but forward iron was rather firmer-—45s. 84d. 
one month; dealin also took place at 45s. 7d. 
thirteen and fifteen days. Three months’ iron was quoted 
at 46s., but buyers would only offer 45s. 104d. In the 
afternoon there were no transactions of any kind, and 
prices were nominally steady at 45s. 6d. cash and 45s. 84d. 
one month sellers. The market quotations for makers’ 
(No. 1) iron are as follows:—Clyde, 56s. Calder, 
ene ary te oo 57s. 3 Pe —_ (all 
ship at Glasgow); Glengarnock (shipped at ros- 
san), 57s.; Shotts (shipped at Leith), 58s. ; io (shipped 
at Grangemouth), 57s. 6d. 


Clyde Shipbuilding.—The large number of orders for 
new ships, placed in the early months of this year, have 
certainly helped to keep the majority of the Clyde yards 
fairly well employed. Nevertheless, the builders in the 
upper reaches would gladly welcome the placing of a few 
more contracts with them. During last month new con- 
tracts were very scarce, but the output in respect of 
tonnage of boats launched during the first six months of 








was quietly steady for Cleveland warrants, and 5000) 


! 
| 





this year was the largest for the past ten years. In| any other process, such as the electric and oxy-hydrogen ; 
June the launches on the Clyde numbered nineteen, | and it has, we understand, been largely adopted in France, 
with q total tonnage of 41,880, as against twenty-two! Spain, Italy, Belgium, and Germany. 


VALVE-GEAR OF 300-H.-P. FRANCOIS COMPOUND ENGINE. 


(For Description, see Puge 12. 


vessels launched, aggregating 26,095 tons, in June, 1904. 
The following are a few of the larger vessels launched last 
month:—The steamer Mendl, 4600 tons, by Messrs. 
Stephen and Sons, Linthouse, for Messrs. Elder, Demp- 
ster, and Co. ; the Ashburton, 4400 tons, by Messrs. D. 
and W. Henderson, for Messrs. Bethel], Gwyn, and Co., 
London; the Glenlyon, 4100 tons, by Messrs. Scotts’ 
Shipbuilding and snenaesing Company, for Messrs. 
Gardiner and Co., Glasgow; the Hillmere, 4000 tons, by 
Messrs. Russell and Co., for Messrs. Hugh Evans and 
Co., Liverpool ; the Baron Cawdor, 3900 tons, by Messrs. 
A. Rodger and Co., for Messrs. Hogarth and Co., 
Ardrossan ; the Sydland, 3300 tons, by the Grangemouth 
and Greenock Dockyard Company, for Messrs. A. Bas- 
trom and Son, Gothenburg; the Francesca, 3100 tons, 
by Messrs. Russell and Co., for Messrs. Fratelli, Cos- 
tellich, and Co., Trieste ; the Cetus, 3000 tons, by Messrs. 
Simons and Co., for the Natal Government. Of the 
other vessels launched, three were between 2000 and 3000 
tons, and the remainder were smaller. 


Sulphate of Ammonia. —For the first six months of this 
a the production of sulphate of ammonia has n 
ully equalled by the consumption. Prices have ruled 
fairly high, and have been nearly 5 per cent. higher than 
last year’s values. No important development on the 
side of production falls to be recorded. At the present 
time the demand is not quite so brisk, and sulphate has 
shown easier signs, the value having fallen to 12/. 11s. 3d. 
~ ton for prompt business. Some parcels, however, 
ave been done at 12/. 12s. 6d. per ton. The quantity 
shipped last week from Leith Harbour was 153 tons. 


Scotch Steel Trade.—Business in the steel trade is just 
now fairly good, as consumers are pushing for delivery 
before the annual holidays commence, and this is keeping 
both plate and -_ ‘mills well employed. There has 

n an absence of anything much in the way of new 
business, but great hopes are being entertained of some 
good — coming from Japan in the near future. 
One local firm of structural engineers—Messrs. Brownlie 
and Murray, of Possilpark—have been successful in 
securing a large order for steel-framed buildings for engi- 
neering workshops in Japan. Several hundred tons of 
steel will be required in the execution of the contract. 








Oxy-ACETYLENE WELDING OF METALS.—We have been 
informed by Brins’ Oxygen Company, Limited, Elverton- 
street, Westminster, that, on the 12th, 13th, and 14th of 
this month, between the hours of 10 a.m. and 5 p.m., at 
their works, publicdemonstrations of welding with the Oxy- 
Acetylene Fouché blow-pipe will be given by Monsieur 
Hublin, one of the directors of the Society for the Applica- 
tion of Acetylene, of Paris. The Fouché blow-pipe has 
now been before the public for about two years, during 
which time it has been very successful. The experience 


| already gained seems to show that a very extended appli- 


cation of acetylene may be expected in the production 
of high temperatures. The Fouché blow-pipe is likely to 
attract much attention, for it uses acetylene at the pres- 
sure at which it is produced by any ordinary generator. 
As a means of welding it is said to give results, on the 
score of economy, considerably better than is the case with 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Sheffield University.—At a meeting of the Court of 
Governors of the newly-constituted Sheffield University 
a resolution was ag authorising the Council to offer 
the position of Vice-Chancellor to Sir Charles Eliot, 
K.C.M.G., C.B., late Commissioner for the British East 
Africa Protectorate. Sir Charles, who was born in 1864, 
and educated at Cheltenham College, had a distinguished 
career at Oxford, where he was a scholar of Balliol, and 
won the Hertford, Boden (Sanskrit), Ireland, Craven, 
and Derby Scholarships, and the Syriac Prize. He was 
attached to several embassies in Europe, and was Secre- 
tary of the British Embassy in Washington before his 
appointment in 1900 as Commissioner and Commander-in- 
Chief of the British East Africa Protectorate—a t 
which he resigned last year as a protest against the land 
policy imposed from London. Sir Charles resides at Tri- 
angle, near Halifax. It was quite understood that Sir 
Charles would accept the position, and it has since been 
unofficially reported that he had done so. 


Mr. William Jessop.—The death occurred on Monday, 
at his residence at Bradfield, near Sheffield, of Mr. William 
Jessop, at the comparatively early age of forty-eight. He 
was the only son of the late Mr. Thomas Jessop, who was 
a principal in building P. the famous steel works of 
William Jessop and Co., Limited, pe anges and took 
a prominent part in corporation and other public duties. 

r. Jessop succeeded his father as chairman of the com- 
pany, a position he held until a few years ago, when he 
retired on account of ill-health, He was much more 
inclined to country pursuits, and took no part in public 
affairs. He was a kind-hearted generous man, and had 
hosts of friends. 


Tron and Steel Trades.—The week has brought com- 
paratively little change in the iron trade. Buying con- 
tinues to go on rather more freely, and prices are steady; 
but the volume of business so far is somewhat restricted. 
Some of the older firms in the steel and file trades report 
that they are doing rather more business, and that pros- 
pects are more encouraging than they were at this time 
last year. In a few cases they are doing fairly good 
trade with Russia, not only in steel and files, but in other 
classes of goods. It is felt, however, that they are run- 
ning considerable risk financially, and the utmost care is 
taken in accepting orders. A very large amount of work 
is in hand on behalf of Japan, alike in war, railway, and 
other classes of material. China is for some classes of 
goods a very fair customer. 


The South Yorkshire Coal Trade.—At a large number 
of works in the city and neighbourhood stocktaking is 
going on, and the consumption of fuel has been seriously 
affected. The tonnage going forward is comparatively 
small. A fair business is still being done in steam coal, 
but in household qualities it is growing less. The demand 
for slacks and other common qualities is not as pressing 
as it was, although trade is fairly good. The coke trade 
is well maintained, and prices are fully supported. Steel 
cokes are making 24s. to 253. per ton. 





Tue INSTITUTION OF CrviL ENGINEERS. —The President, 
Sir Guilford Molesworth, K.C.I.E , and Lady Molesworth 
held conversazioni at the Institution of Civil Engineers, 
Great George-street, on Wednesday and Thursday last, 
over a thousand guests being present on each occasion. 
As usual, there was a fine selection of paintings on view, 
and some capital music was provided. In the reading- 
room Sir William Abney had a most interesting series of 
landscape photographs illustrating developments in colour 
photograp There was no large display of models this 
year ; though one was shown illustrating the nature of the 
resistance of a masonry dam. 


PrrRsoNAL.—Messrs. Wood and Crawford, Mechanical 
and Electrical Engineers, Sheffield, have taken more 
suitable premises in Queen -street, Sheffield, and are 
making a speciality of their improved conveying and 
elevating and screening machinery, and all the auxiliary 
machinery appertaining thereto. They have recently 
obtained the sole right of manufacture of Ford's patent 
heating furnace. They also undertake electrical en- 
gineering in all its branches.—In view of the extension 
of his consulting practice, Mr. Morgan Williams, 39, 
Victoria-street, S.W., has taken into partnership Mr. 
Harold W. Couzens, M. Inst. E.E., and the business of 
the firm will henceforward be carried on under the title 
of Messrs. Morgan Williams and Couzens.—Mr. William 
T. Bell has been elected a director of Messrs. Robey and 
Co., Limited, engineers, Lincoln, on the retirement of 
Mr. John Richardson. 





ConTracts.—Messrs. Brownlie and Murray, Limited, 
structural engineers, Possilpark, Glasgow, have n 
Successful in securing a large order for steel-framed 
buildings for engineering workshops in Japan. Several 
hundred tons of steel will be required in the execution 
of the contract..-The Sheepbridge Coal and Iron Com- 
pany, Limited, Chesterfield, have received a large order 
for 24in. pipes for the Manchester Corporation. They 
are also about to commence manufacture upon another 
large order for 20-in. to 30-in. pipes for the Derwent 
Valley Water Board.—The following. electric lighting 
work is to be carried out during the Long Vacation at 
Oxford under the supervision of Mr. Morgan Williams, 
M. Inst. C.E., consulting engineer to the University :— 
The Indian Institute and the University Museum ; con- 
tractors, Messrs. Hill, Upton, and Co.; the Bodleian 
Library (Camera); contractors, Messrs. W. 8. Benson 
and Co.; new Examination Schools (Extensions) ; con- 
tractors, Messrs, Lucy and Co, 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade,—Yesterday there was only 
a thin attendance on ’Change, quite a number of the 
habitués being absent holiday-making. The tone of the 
market was fairly cheerful, but there was very little 
doing, what transactions were recorded being small lots 
for early delivery, traders showing no disposition to 
commit themselves on forward account. At the same 
time, a general impression appeared to prevail that a 
good autumn demand will be experienced. Quotations 
for Cleveland pig iron were stationary. No. 3 g.m.b. 
still stood at 45s. 6d. f.o.b.; No. 1 was 47s.; No. 4 
foundry, 43s. 6d.; grey forge, 42s.; mottled, 41s. 6d.; 
and white, 41s. East Coast hematite pig, though by 
no means too plentiful, showed a downward movement. 
Merchants ha 
standing this they offered mixed 
early delivery, and rather pressed sales at that figure. 
No. 1 was also reduced 3d. by second hands, who offered 
it at 54s. 3d. Many of the leading makers, however, 
adhered to 54s. and 54s. 6d. respectively. No. 4 forge 
hematite was steady at 51s. 6d. Spanish ore was still 
firm, despite attempts on the part of buyers to force the 
price down. Rubio of 50 per cent. quality was 15s. 9d. 
ex-ship Tees, and it was reported that some difficulty 
was found in getting regular delivery. Little buying 
was reported, several firms having purchased what they 
need over the third quarter of the year. To-day the only 
change in the market was in Middlesbrough warrants, 
= price of which was 45s. 54d., or 4d. below yesterday’s 
close. 


Manufactured Iron and Stecl.—A good deal of work is 
being turned out in several branches of the manufactured 
iron and steel trades, and quotations for some descrip- 
tions may be raised at any time. A few orders for rail- 
way material have recently been secured, and at the 
Clarence Works a 6000 tons contract for the East India 
Railway has just been put in hand. The new mill at the 
Britannia Works has not ne been started, owing to 
trouble with the men. Market quotations stand :—Com- 
mon iron bars, 6/. 7s. 6d.; best bars, 6/. 17s. 6d.; iron 
ship-plates, 6/. 2s. 6d.; iron ship-angles, 62. 7s. 6d. ; steel 
bars, 6/. 5s.; steel ship-plates, 5/. 17s. 6d.; steel ship- 
angles, 5/. 10s.; steel joists, 5/. 7s. 6d.; steel sheets 
(singles), 7/. 53.; and steel sheets (doubles), 7/. 15s.—all 
less the customary 24 percent. Cast-iron railway chairs 
are 3/. 10s.; and heavy sections of steel rails, 5/. 5s.— 
both net cash at works. . 


Shi; ts of Iron and Steel.—Shipments of iron and 
steel last month were fairly satisfactory, reaching 129,732 
tons, of which 82,801 tons were pig iron, 14,799 tons 
manufactured iron, and 32,132 tons steel. The total 
clearances last month were 18,419 tons more than those 
of May, and 21,308 tons above the clearances for June 
last year. Of the 49,319 tons of pig iron sent to foreigners 
last month, Germany took 11,907 tons; Italy, 6038 tons ; 
Denmark, 5396 tons; France, 3761 tons; Sweden, 3760 
tons; United States, 3705 tons; and Japan, 3000 tons. 
Out of the 33,482 tons of pig despatched to coastwise 
customers, Scotland was by far the largest buyer, receiv- 
ing 20,450 tons. Of the manufactured iron shipped, 10,087 
tons went abroad, and 4712 tons coastwise, India pur- 
chasing the most—viz., 5129 tons. The steel cleared was 
made up of 25,866 tons sent foreign, and 6266 tons coast- 
wise, Canada taking the greatest quantity—7785 tens— 
and India being a good second, receiving 7055 tons. 


Coal and Coke.—Fuel keeps fairly steady. Bunker coal 
is fairly well taken up, but it is rather easier in price. 
Unscreened Durhams are quoted 7s. 9d. f.o.b. As is 
usual at this time of year, gas-coal is very quiet. Coking 
coal is very strong. Coke fully maintains its value, in spite 
of the efforts of consumers to reduce it. Average blast- 
— qualities stand at 15s. 6d. delivered at Tees-side 
works, 








Dustin Corporation Exxcrriciry Works.—The 
Pigeon House generating plant having been completed 
by the General Fleetric , B ameee , Limited, was formally 
handed over on the 26th ult. to the Dublin Corporation. 


CaNnaDIAN GEOLOGICALSURVEY.—The Geological Survey 
of the Dominion Government will, this year, Tove several 
erg in the field, ar ag my BP mp parts of the North- 
est. Special attention is being given to an investiga- 
tion of the coal-fields of British Columbia. Dr. Ellis has 
been working on the Nicola coal-fields; and having finished 
in the Nicola region, he has now gone to Graham Island, 
in the Queen Charlotte group, where he will spend the 
remainder of the summer; while Dr. Poole will spend 
several weeks on Vancouver Island. Mr. D, W. Dowling, 
who did good work in the Rocky Mountain region last 
ear, and discovered several promising fields, will continue 
is explorations in the same regions this summer. In the 
Rossland district an examination of all the mines will be 
made by Mr. R. W. Brock, after which he will go to the 
Laxdean district, and will thoroughly explore that 
region. Dr. Daly, Mr. J. M. estean, and Mr. W. 
Spreadborough will explore the country adjacent to the 
boundary line between British Columbia and the State of 
Washington. Mr. R. G eConnell has left for the 
Yukon territory. He will devote himself first to the 
Kluani district and the Alsek. Later on he will proceed 
to the Burwash diggings in the Mount St. Elias range, 


not much iron to dispose of, but notwith- | 
numbers at 53s. 9d. for | 


NOTES FROM THE SOUTH-WEST. 


Cardif.—The demand for large steam coal has been 
almost exclusively for shipment ; the best qualities have 
made 12s, 6d. to 13s. per ton, while secondary descrip. 
tions have anne 1ls. 6d. to 128. 3d. per ton. The best 
ordinary household coal has been quoted at 12s. 6d. to 
133. 6d. per ton, while secondary descriptions have made 
102. 6d. to 11s. ton; No. 3 Rhondda large bas been 

uoted at 13s. aa. per ton. Patent fuel and coke have 
shown scarcely any change. Foundry coke has been 
quoted at 17s. to 183. per ton, and furnace ditto at 16s. 
to 163. 3d. per ton. As regards iron ore, rubio and 
Almeria have made 13s, 9d. to 143. per ton, upon a basis 
of 50 per cent. of iron, and charges including freight 
insurance, &c., to Cardiff or Newport. 


The Cylla Valley.—On Thursday the first sod was cut 
of a new pit at Panalltau, in the Cylla Valley, for the 
Powell Duffryn Company. The Cylla Valley is a branch 
of the Rhymney Valley. The pit is expected to reach a 
depth of 800 yards. 


Newport Docks.—Some time ago the proprietors of the 
Newport {Alesina obtained powers for. exten- 
sions, and a contract has been let to Messrs. Easton, Gibb, 
and Son. The contractors’ plant for usein the work has been 
brought to Newport in the steamship Arrival. The exten- 
sions, which will be taken in hand immediately, will cover 
13 acres, and will include a diversion of part of the Ebbw, 
and the construction of four shutes. per some 
3;000,000 cubic yards of earth and mud will be removed, 
half of which will be carried away to sea, the remainder 
being used for banking and other pu The work 
will occupy 18 months, and the contract is about 

Dowlais.—The output of the Goat Mill has continued 
large, the mill having been employed about evenly upon 
home and foreign orders. The production of steel 
sleepers upon foreign account has attained a good aggre- 
gate. The Big Mill, which has been re-lighted, has been 
well employed ; the yield has included colliery rails, fish- 

lates, &c. The engineering and other shops have been 
con. There have been large deliveries of Spanish ores. 


Cardiff Coal Shipments.— The shipments of coal (foreign 
and coastwise) from Cardiff during the half-year just 
ended show a heavy decrease, attributable to the loss of 
the demand from the war, and a partial diversion of trade 
tothe North of England and other coal markets. The 
actual figures are not yet available, but the total exports 
for the Customs’ port, which includes Barry and Penarth, 
will not excced 8,450,000 tons, as compared with 9,114,198 
tons in the corresponding period of 1904. The Barry 
docks lost about 500,000 tons, while the diminution at the 
Bute docks is some 100,000 tons. 


The Swansea Valley.—The output of tin-plate has fallen 
off of late, but this has been due to warm weather. The 
total output of steel bar for tin-plate manufacture has 
been about an average, and prices have continued firm. 
The collieries have been doing somewhat better, but there 
is still room for further improvement. 


Water Supply of Taunton.—On Thursday a new storage 
reservoir, capable of holding 120,000, gallons, was 
formally opened by the Mayor (Mr. J. Lewis). The 
reservoir is situated at Luxhay, on the Blackdown Hills, 
about 8 miles from Taunton, the other reservoirs being 
at Blagdon and Leigh. The Luxhay reservoir will have 
a water area of 17 acres when filled, with a depth of 
water of 57 ft. The land cost 5824/., and the contract 
amounted to 22,653/. 








SPEED ON AMERICAN RaiLways.—The east-bound flyer 
of the New York, Central, and Hudson River Railroad 
ran, the other day, the 9604 miles from Chicago to New 
York in 956 minutes. The schedule time allowed for the 
run is 1080 minutes. In its special effort the east-bound 
flyer ran the 9604 miles as follows :—Chicago to Elkhart, 
101 miles, 89 minutes; Elkhart to Toledo, 1334 miles, 122 
minutes; Toledo to Cleveland, 107? miles, 104 minutes ; 
Cleveland to East Buffalo, 182 miles, 175 minutes; East 
Buffalo to Syracuse, 1454 miles, 153 minutes ; Syracuse to 
Albany, 147 miles, 158 minutes; and Albany to New 
York, 143 miles, 155 minutes. 


BIRMINGHAM AND Mip_anD TRAMWaAyYs.—The report 
of the directors of this company for the past year states 


that the revenue from all sources was 108, After 
expenses chargeable to revenue, ne repairs and 
maintenance, had been met, thereremained a balance of 
35,9497. Of this balance debenture interest and the divi- 


dend accruing on the 5b per cent, preference shares ab- 
sorbed 14,997/., leaving a nce of 20,952/. still available. 
The directors recommended that 19,250/. of this amount 
should be applied in payment of a dividend on the pre- 
ferred ordinary shares at the rate of oe cent. per annum, 
leaving 1702/. to be carried forward. The directors add that 
the company’s traffic suffered during the pent year, in 
consequence of the dislocation occasioned by the recon- 
struction of the lines for electric traction. The work has, 
however, now been completed, and the receipts have in- 
cr During the past year the main line from 
Birmingham to Dudley, and branch lines to West Brom- 
wich, were reconstructed for electric traction, and ex- 
tensions in Smethwick and Rowley Regis were carried 
out. A power-house for the supply Of energy to the 
tramwaya, and for public i lighting, and the 





leaving Mr. McLaren, his assistant, in the region west 
of Whitehorse. Mr. J. Keel has instructions to cover | 
pe agg ny adjacent to the north branch of the Stewart ; | 
while 
Stewart, and down the Peel] to the delta of the Mackenzie. 


supply of energy to factories and works in the Smethwick 
district, was erected during the year, together with trans- 
forming-stations in Birmingham and Oldbury. The 


Mr. C. Camsell will work from the sources of the | expenditure made on capital account for the year was 


160, 9134. 
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A HOME FOR ENGINEERING 
SCIENCE. 

WE believe it is an accepted convention of the 
clerical profession that, after due lapse of time, a 
discourse may be redelivered without transgressing 
the dictates of propriety. We venture to claim a 
similar privilege by opening up again a question to 
which we referred over twenty-eight years ago. 
That éarries us back to the year 1877, a period 
memorable for technical institutions, for it was then 
the Institution of Mechanical Engineers migrated 
from Birmingham to London—thus becoming a 
national in place of a provincial society—and the 
Institution of Civil Engineers instituted the order 
of Associate Members. Middle-aged and elderly 
engineers will remember the excited controversy 
these changes occasioned, whilst those of a more 
recent generation may find echoes of the turmoil 
reverberating amongst our ancient columns. 

The passage we wish to again bring forward—for 
we do not propose to redeliver the whole discourse 
—was in regard to a proposal contained in the 
inaugural address of the late Sir William Siemens, 
then Dr. C. W. Siemens, the newly-elected Presi- 
dent of the Iron and Steel Institute. Comment- 
ing on this address, we wrote* as follows :— 

‘*Dr. Siemens concluded his interesting and 
valuable address by a proposal which will find an 
appreciative response not only among the members 
of the Iron and Steel Institute, but from members 
of all institutions which have for their object the 
advancement of applied science. Dr. Siemens’ 
proposal is that the Iron and Steel Institute should 
‘join efforts with all kindred institutions for the 
erection of a joint building representing the applied 
science of the country as completely as Burlington 
House represents pure science’; and he suggests 
that the new building might accommodate the 
Institution of Civil Engineers, the Institution of 
Mechanical Engineers, the Institution of Naval 
Architects, the Society of Telegraph Engineers, and 
the Iron and Steel Institute. 

‘*Such a proposal is well worthy of the serious 
attention and the energetic carrying out of all who 
are interested in the objects of any of these institu- 
tions, and in the advancement of applied science. 
And as it is to applied science that Great Britain 
owes its wealth and proud position among the 
nations of the earth, we hope that the new temple 
in her honour will be worthy of the benefits she has 
conferred upon this country.” 

What was the nature of the ‘‘ serious attention ” 
that this proposal received will be within the 
memory of those who took an interest in the pro- 
posal at the time; there is no good in ripping 
open old sores, and it will suffice to say that the 
energy we anticipated was chiefly exercised in 
thwarting, rather than carrying out, the proposal. 
Now, after 28 years, a later President of the Iron 
and Steel Institute again brings forward the same 
suggestion—a suggestion, we may add, which has 
during the past few years been frequently discussed, 
more or less privately, amongst leading members of 
our profession. In his inaugural address, delivered 
at the last meeting, Mr. Hadfield asked, ‘‘ Why 
we should not have a central home for the 
engineering societies which have done so much for 
British engineering, and have been the prototypes 
of similar institutions in most parts of the civilised 
world?” Wemay well echo, ‘‘ Why not?” and we 
think that few reasons can now be advanced in 
reply, or, at any rate, few and inconclusive in com- 
parison with the many and great advantages that 





* See ENGINEERING, vol. xxiii., page 234. 





would accrue to engineering by the creation of such 
an establishment. 
There is no use in ignoring the fact that engi- 


*| neering as a profession, and engineers as a body, 


do not hold that place in the public estimation 
that is legitimately due to the importance of their 
work. It is the baldest truism to say that the 
whole material fabric of existing civilisation is based 
on the.labours of the engineer. We do not ask more 
recognition for our own side than is justly its due. 
We recognise that there is not one of the leading 
professions, nor one of the great industries, that 
could be withdrawn from the activities of the 
nation without dealing a most serious blow to the 
whole structure of national prosperity ; but we do 
claim that if, by some unimagined calamity, all 
engineers were removed from our midst, such a 
catastrophe would cause more sudden and irre- 
parable disaster than would follow upon the loss of 
any other section of the community. And yet 
how little recognition do engineers receive from 
the State, or even from society. Now and then a 
big bridge is built,.which affords suitable matter 
for pictures in the illustrated papers, and some 
one is knighted ; or, perhaps, a new kind of war 
vessel supplies writers in the daily Press with 
a subject for picturesque descriptions, and the 
designer, for a day or two, will share with actors, 
cricketers, and minor politicians, the attention 
that can be spared for smaller lions. The Church, 
the Bar, the Navy, and the Army, down to 
their huinblest members, claim social distinction 
as a matter of course. The Universities return 
members to Parliament. The leading engineering 
institutions would afford a parliamentary consti- 
tuency unrivalled in all the world for experience, 
judgment, and sound political acumen. Architec- 
ture has its Royal Institution ; the leading engi- 
neering society is simply the Institution of Civil 
Engineers. Pure science—like the yacht clubs—- 
is also ‘‘ Royal ;” so are statisticians in their cor- 
porate capacity. Lawyers are made peers almost 
in batches; soldiers only less frequently, and 
brewers very often. We have had two engineer 
peers, one of whom was created after he had gained 
vast wealth and had acquired great influence in an 
important district of the country. It is true that 
a good many leading engineers have received knight- 
hoods, and a few have been made baronets; but a 
perusal of the lists of knights bachelors of recent 
years, and a comparison of the claims to recogni- 
tion of the engineerg included in such lists with 
those of the majority of the men with whom they 
are associated, does not tend to evoke an over- 
whelming feeling of gratitude. 

Fortunately, engineers are in less need of labels 
than most men. Unlike those of some other pro- 
fessions, their work speaks for them, being tried 
by a standard that is unerring and impartial—the 
immutable laws of Nature. 

It is useless in the present day to expect changes 
of a revolutionary character—such as our remarks 
may appear to suggest— however closely they may 
conform to the rules of common-sense ; and if engi- 
neers have lacked that public recognition which is 
their due, they have, perhaps, themselves largely to 
thank. There may have been in the past a want of 
cohesion and unity of purpose among them. They 
have not ‘‘hung together” in the way the parsons, 
lawyers, soldiers, and doctors have done when ad- 
vancing their respective interests. 

The opportunity that was lost twenty-eight years 
ago seems to have come round again ; and, perhaps, 
the more liberal and enlightened spirit of the 
present day may render fruitful a proposition that: 
was formerly barren. The times seem propitious 
for a suggestion. The house of the Institution 
of Civil Engineers is likely to be soon required for 
Government offices ; and the Institution of Mecha- 
nical Engineers has, during the past few years, 
developed at so rapid a rate that it bids fair to soon 
outgrow the admirably-situated building it so 
recently erected for its home. This building it 
could no doubt dispose of, if necessary, at a price 
that would leave a substantial profit. e Iron and 
Steel Institute has been considering the advisability 
of securing a more worthy home than the present 
first-floor rooms in Victoria-street ; the Institution of 
Naval Architects is nearing the end of its lease 
of the two rooms in Adelphi Terrace; and the 
Institution of Electrical Engineers, with its large 
membership, cannot be said to be housed in a 
manner appropriate to the importance of the ever- 
growing interests this society represents. 

The aggregate roll of these five institutions 
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comprises about 22,000 names, including students 
and graduates. This is according to recent returns, 
but as the membership of our technical institutions 
is constantly increasing, the above total, and the 
figures that follow, do not represent with strict 
accuracy the full complement at the present mo- 
ment; for instance, the total number on the roll 
of the Institution of Civil Engineers now probably 
equals, if it does not exceed, 8000 persons. The 
following shows the strength of each of the Insti- 
tutions named, according to the latest returns we 
have available. 


Members | 











Students 
, and Asso- 
a fs Associate ciates, = Total. 
Members. | ances. 
Institution of Civil En- 
gineers.. lai es 6,386 270 1207 7,863 
Institution of Mecha- 
nical Engineers os 4,100 | 72 509 4,672 
Iron and Steel Institute 2,000 | sc ie 2,000 
Institution of Nava) 
Architects .. « 1,124 495 @®) 1,619 
Institution of Electrical 
Engineers... 2,720 1°35 1322 5,677 
16,330 | 38672 3029 21,831 


A large number of members belong to more than 
one of the Institutions, so that the combined roll 
does not represent an equal number of individuals. 
Often those on the council of one of these societies 
act on the governing body of another ; for instance, 
the late President of the Institution of Civil Engi- 
neers was just previously President of the Institu- 
tion of Mechanical Engineers, and has been for 
many years a vice-president and most prominent 
Member of the Institution of Naval Architects. 
The President of the Iron and Steel Institute is a 
member of Council of the Institution of Civil Engi- 
neers ; the President of the Institution of Mechani- 
cal Engineers is a past-president of the Iron and 
Steel Institute ; and, in fact, a very large number 
of our most prominent engineers are on the execu- 
tive body of more than one of the five institutions 
named. This fact should make easy the task of 
smoothing down difficulties that must necessarily 
arise in uniting the institutions for the common 

ood. 

. The building that would form a becoming home 
for the, combined engineering societies should be 
one that from its size and architectural features 
would be entitled to rank among the leading public 
edifices of London. Although the different insti- 
tutions would thus be housed under one roof, and 
although there would be certain features of the 
building which they would share in common, yet 
the offices of each society should be as distinct as 
they are at present, and, of course, there would be 
no interference with the management or inde- 
pendence of the different bodies. 

There would, however, as we have already said, 
be a good deal of accommodation which might be 
used in common with advantage to all concerned. 
The building would doubtless comprise one large 
central hall suitable for public functions and im- 
portant social events. There should be at least 
three lecture halls, capable of comfortably seating 
from 200 to 400 persons, and a smaller hall suitable 
for meetings of students. The library should be a 
leading feature of the scheme, and might be made 
worthy of British engineering if it were supported 
by the institutions jointly. It should be placed 
under the control of a thoroughly competent 
librarian, with a technical staff. The library, with 
convenient reading-rooms, should be open until 
10 o'clock at least five nights a week. There might 
also be a scheme for lending books tomembers. A 
nucleus for this could be formed by the duplicate 
copies of books in the possession of the five insti- 
tutions. Writing-rooms should be provided and 
associated with telephone accommodation, and there 
should, in connection with these rooms, be a good 
supply of directories and other books of reference. 
It would, of course, be understood that the rooms 
of the building should not in any way be used as 
offices for individual members ; but doubtless this 
would be sufficiently guarded against by the fact 
that only those belonging to the subscribing institu- 
tions would be admitted ; even if the good sense 
of members, and the vigilance of the managing com- 
mittee and its subordinates, were not sufticient to 
guard against such an abuse. 

In regard to the question of finance there would, 
we feel assured, be no difficulty in procuring the 
capital needed for the erection and equipment of a 
building worthy of the occasion, The ease with 


which the Institution of Mechanical Engineers| From this it appears that twenty-seven ships are 
raised money for the erection of its present home | classed as of ‘‘ comparatively small fighting value,” 
in Storey’s-gate is a recent example in point. It is| but their armaments have not been surrendered. 
true that this Institution had a large accumulated | Four of these vessels are of the line, the most 
capital ; and possibly the older and richer societies | important being the Sanspariel—a ship which 
might do more than those less favourably placed :| only the other day, as it seems, we considered 
but, in any case, the scheme should be easily self-| one of the triumphs of modern armourclad design. 
supporting. |She was completed in July, 1891, and cost, with 

Doubtless the best plan would be to form a/ guns, 853,320/. There are also on this list four 
syndicate, the capital being raised by debentures, first-class and ten second-class cruisers, besides 
the associated institutions having, in their cor-| smaller craft. Many of these vessels date from 


porate capacity, the first option of subscribing to|the ‘nineties; the most modern having been 





the building fund. After that, the subscription 
should be thrown open to members. Each society 
would be charged a rental for the offices it occupied 
exclusively, whilst a charge proportional to mem- 
bership would be made to each institution respec- 
tively for what might be described as the ‘‘ general 
accommodation,” consisting of use of the great 
hall, lecture-rooms, the library, and other rooms 
common to all. 

The syndicate would conveniently be managed 
by a committee consisting of the presidents for the 
time being of the associated societies, and, say, 
five elected members, who should hold office for 
three years and be eligible for re-election. The 
chairman and vice-chairman of the committee 
might probably be advantageously chosen from 
the elected members of the committee. The 
mode of election should be arranged in accordance 
with the financial interests of the voters. The 
rents charged ought to cover all expenses, a slight 
margin being provided. This might be allowed to 
accumulate for a time, until there was a sufficient 
reserve, after which the surplus might be utilised 
for purposes of research, or in some other way for 
the benefit of engineering science. 

We put these suggestions forward not as being 
in any way final or complete, but rather as a basis 
for discussion. That a scheme of the nature sug- 
gested so many years ago by the late Sir William 
Siemens—who, in addition, made a generous offer 
of support—and now brought forward again by his 
successor in office, Mr. R. A. Hadfield, would be 
to the advantage of engineering science and the 
engineering industry of the country, we are con- 
vinced. In the past the societies we have named 
have been largely dependent upon the generous 
hospitality of the parent Institution for a meeting- 
place, but they are growing too big to occupy such 
a dependent position. The Institution of Mecha- 
nical Engineers arrived at this conclusion a few 

ears ago, and their determin&tion to provide a 

ome of their own has proved a most complete 
success. The Naval Architects have been dependent 
upon the Society of Arts for a meeting-place, but 
there is every prospect that that often inadequate 
theatre will not be long available. In_ short, 
changes are inevitable, and the time is ripe for 
engineers of all classes to combine for their mutual 
advantage. 








THE SHIPBUILDING VOTE. 


Tue Navy Estimates were again brought before 
the House of Commons on Thursday of last week, 
June 29, when the sum of 2,768,3001. was duly 
voted, after a debate which commenced before 3 
in the afternoon,sand was not brought to a close 
until nearly midnight. The 4,816,900/. required 
for matériel, and the 7,827,8001. for contract work, 
were also voted at the same time. Fifteen and a 
half millions were thus disposed of in nine hours ; 
fairly rapid work, but it is difficult to see how the 
interests of the Navy, or of the tax-payer, could 


of those delivered. 

The debate on the presentation of the votes was, 
like all naval debates, of a discursive nature. 
Naturally, a good deal of adverse criticism centred 


procedure which has distinguished recent Govern- 
ment policy. Much of the discussion was of a nature 
chiefly polemical ; but we must remember that it is 
the function of an opposition to oppose, and had 
the other side been in power, no doubt Mr. Prety- 
man would have said very much the same things 
that Mr. Robertson said, and Mr. Robertson would 
have replied in very much the same way that Mr. 
Pretyman did. 


of effective war vessels. 





have been served by further speeches of the nature | 


round the wholesale disposal of old war-ships, a | 


|completed in 1899. A table next follows in which 
are the names of thirty-six ships classed as ‘‘ avail- 
|able for subsidiary purposes of war.” It includes 
|two second-class and two third-class cruisers, the 
irest being sloops, gun- boats, and a surveying 
| ship. 

The next table in the return comprises the obso- 
ete vessels to be sold. There are eighty names in 
all, and they range from the ironclads Alexandra, 
| of 1877, and the Superb, acquired in 1880, down to 
‘the Belvidera, of 1810—presumably the 36-gun 
|frigate which played a prominent part in the war 
with America of 1812—and the Havannabh, of 1811, 
|or the Mercury, completed in 1826; the latter had 
been doing useful work in her old age as a coal- 
hulk. Among the four other ironclads in this list 
is the Sultan ; and the thought willoccur how much 
better it would have been to have left her to rest 
where she once was, at the bottom of the sea, 
for it cost over 200,0001. to float and refit her—and 
there is the Dreadnought, the ironclad marvel of 
1879. The other two are the Iron Duke, of 1871, 
and the Simoon (late Monarch), of 1869. 

The argument against disposing of, or putting on 
the shelf, some of these ships is that they might 
be very useful for subsidiary operations of naval 
warfare, or would even play a leading part when 
our own and our enemy’s more modern vessels 
had been driven to refit after a naval battle. In 
an article in Blackwood’s Magazine it is pointed 
out by an anonymous writer that the Warspite, 
now condemned as obsolete, is’a sister vessel to 
the Russian battleship Admiral Nakhemoff ; whilst 
the Australia and Galatea, also placed on the obso- 
lete list of vessels for sale, may be classed as equal 
with the Russian ships Dimitri Donskoi and Vla- 
dimir Monomakh. We are also reminded that the 
Arethusa, Severn, and Mersey are each fully a 
match for the Japanese Naniwa or the Takachiho 
—two vessels which completed the defeat of the 
Rurik. 

These undoubtedly are facts which might point 
towards the retention of the British ships, although 
the actual performance of the Russian vessels hardly 
supports this view. No doubt, however, the lesson 
to be drawn from the operations in the Japanese 
seas might have been vastly different had the Russian 
ships been as well prepared for the contest as 
those of their enemy, and had the Russian sailors 
been fighting, like their opponents, for their 
country’s national existence. We must not, there- 
fore, lay too much stress on the Far Eastern 
example ; but it is quite to the point to consider 
whether, in place of the ships mentioned, the 
Russian Admiral would not have preferred even a 
smaller number of more modern vessels. We 
must take personnel as well as matériel into account. 
No nation can have an unlimited number of trained 
seamen, and if a part of our limited supply of 
sailors were locked up in ineffective ships, they 
might, on the day of battle, be at a disadvantage, 
|leading to defeat. It is easy to say: ‘‘We 
|have these ships, why not keep them for emer- 
gencies?”” The answer is that they cost money to 
keep up; they must have crews, or part crews, 
allotted to them; their machinery, fittings, and 
general arrangements are different from those of 
more modern vessels; and weak, slow ships, if 
called upon to act with a fleet, are often more 
| hindrance than help. 
| It will be evident from what has been said that 
| this question affords boundless field for argument ; 
|and it cannot be brought to a conclusion without 
/more figures than we have at our command. It 
is a question of finance applied to the probable 
chances of war. What is the cost of a ship’s com- 
|pany ? What is the cost of the ship? Under what 
conditions is it most likely to fight? If ships’ 





We do not propose repeating all the details of crews cost nothing to train and maintain, it would 
the programme which resulted in such an unpre- | be wise to keep even our Sultans, Superbs, Dread- 
cedented number of ships being struck off the roll | noughts, and Warspites, to be let loose when the 
The official statement | stronger vessels of the enemy had been disabled by 
may be found in a Parliamentary paper (74-1). | our best ships. But, as the maintenance of officers 
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and men is a very costly affair, had we not better 
spend our money in building and manning modern 
ships, fewer in number, so that they might take 
their place in the first operations of a war, and 
make a decisive engagement in our favour more 
assured ? 

The question may be thus stated, but that is not 
to decide it. The Board of Admiralty, which has 
the fullest knowledge, has decided in the way above 
outlined ; Sir William White, who has made these 
questions the study of his lifetime, whose informa- 
tion upon the composition of British and foreign 
navies is most complete, and whose genius is known 
to all, is of a contrary opinion. There is, naturally, 
awise medium. But where is the dividing line to be 
drawn? The public would be glad of some facts, 
so that they might form an opinion of their own, 
even if only a vague opinion. 

We have little hope that such details will be 
forthcoming, for officialdom delights in obscurity. 
An example was brought forward during the 
debate of last week. Mr. Robertson in his speech 
pointed out that no information had been vouch- 
safed to the House as to the designs of new ships, 
whilst details had been given in our columns. We 
will give an extract from the report of his speech. 


I wish to point out that a journal, ENGINEERING, has 
already openly divulged important particulars which 
have been denied to the House of Commons. A month 
ago this journal gave us some of the leading details 
about the new battleships. It stated that the new type 
of battleship is going to have a speed of 21 knots, an 
armament of ten 12-in. guns, a displacement of 18,000 
tons, and turbine machinery. I think we have a right to 
know from the Admiralty whether these details are true 
or not. We ought to be told plainly whether ENcIngER- 
ING gives a correct account of the new type of battleship. 
In ard to the four new cruisers, ENGINEERING stated 
that they were to have a speed of 25 knots, and that in 
their general character they were to be the nearest approx- 
imation to a battleship of any cruisers yet built. I want 
to know from the Secretary of the Admiralty whether that 
statement is correct or not. In regard to the new ocean- 
going experimental destroyer, the same fe says that 
it is going to have a speed of 36 knots. I will not now go 
through the whole of the details which were conveyed to 
the public by this professional journal connec with 
engineering,~ but I will ask the honourable gentleman to 
tell us, on behalf of the Admiralty, are these statements 
published in ENGINEERING true or not; and will he sup- 
plement them by giving the House of Commons further 
information ? 


The complaint Mr. Robertson makes as to the 
lack of information given to the House of Commons 
is well founded, as has been pointed out more than 
once in our columns. Formerly, the elements of 
design of new ships were given officially either 
in the Navy Estimates, in the First Lord’s state- 
ment, or in a speech introducing the discussion on 
the Navy Estimates, so that members of the House 
of Commons knew for what purpose they were 
voting the large sums demanded from the country. 
Now that there is a designs committee—in the 
heterogeneous composition of which there may 
reasonably be supposed to exist differences of 
opinion—it is more than ever necessary that the 
public should know something about proposed 
vessels. It was in conformity with this view that 
we have published from time to time such general 
facts as to leading elements in naval construction as 
have appeared justifiable in the interests of the 
taxpayer, while at the same time carefully guarding 
the welfare of the Navy. We do not believe that 
we have published any statement which can have 
affected the Admiralty policy or been inimical to 
the interests of the country. We have carefully re- 
frained from publishing details which would have 
been helpful to possible competitors in the race for 
naval power. At the same time, when the financial 
demands of the Navy are increasing, the taxpayer 
should have such facts as will satisfy him that his 
money is being well spent. Uninformed confidence 
is never lasting. 

Mr. Pretyman, who has at all times shown a 
thorough grasp of his intricate subject, and who 
has greatly assisted, by his progressive attitude, 
the recent commendable advances in Admiralty 
policy, was compelled by the exigencies of the 
situation to fall back on the tactical defence, ‘‘ that 
it is against the interests of the nation to make them 
public.” That would be an excellent reason if the 
designs could be really kept secret, but everyone 
who has had anything to do with these matters 
knows that this is impossible. Directly tenders for 
ships or their machinery are issued, the knowledge 
of designs must pass into the hands of a very large 
number of persons, both in the Admiralty and 
dockyards and in private works ; and interest in the 





Navy is so intense—and very properly and fortu- 
nately so—that every possible source of leakage is 
sought for by inquirers. 

Moreover, foreign governments have agents 
whose especial duty is to find out what is going on. 
Some of these gentlemen are official, and some 
unofficial ; but all are remarkably astute, and the 
organisation for getting facts is very perfect and 
very effectual. Is it necessary or desirable, under 
these circumstances, to deny to Parliament and the 
country information respecting the Navy which is 
well known to be at the command of foreign 
governments ? 

Mr. Robertson appears to have been under the 
impression that the particulars we gave in our 
article were obtained officially. Mr. Pretyman 
replied that the details were ‘‘ unauthorised,” but 
had, of course, to admit their general accuracy. 
We claim no credit for following carefully every 
question associated with warship design, and it 
should not be altogether surprising that we are 
able, at times, to have an intelligent anticipation 
of events. The trend of naval opinion is well 
known:to those who take the trouble to follow it, 
and when a naval officer belongs to a certain school, 
his views on the form a warship should take, need 
not be much in dovbt. We may add that the bulk 
of naval opinion has been, for some time past, 
strongly in favour of more gun-power than has 
lately characterised designs. Admiral Fisher and 
the Director of Naval Construction, Sir Philip 
Watts—whose elevation to the rank of a Knight- 
Commander of the Order of the Bath will give 
general satisfaction—have shown at all times a 
strong inclination in favour of increased offensive 
power, and we cannot be alone in that knowledge 
of which Mr. Robertson seems to complain when 
he credits us with ‘‘ an acquaintance with the views 
of Admiral Fisher and Mr. Watts.” Such acquaint- 
ance as we have has been obtained from these 
public pronouncements ; and we may state clearly 
—although we should have thought it unnecessary 
to do so had it not been for Mr. Robertson’s ques- 
tion—that our information, or inspiration, has been 
in no sense official. 

In speaking of the accuracy of our statements, 
Mr. Pretyman said that they ‘‘ were correct in some 

rticulars, and were incorrect in others.” That 
is the usual Parliamentary formula. He continued, 
that ‘‘a statement appearing in a newspaper, how- 
ever important, is totally different from a statement 
made across the floor of the House.” This is, of 
course, true; there is generally a very wide differ- 
ence. Statements in newspapers—at any rate, 
technical newspapers—are made with the simple 
purpose of informing. Of course, no design of any 
warship can be said to be settled until the contract 
is signed, and often not even then, as contractors 
know to their cost ; but time will show how far our 
anticipation has been intelligent and how far the 
reverse, and the latter might be justified as regards 
negative inaccuracy by the information we withheld. 








THE PROGRESS OF TECHNICAL 
TRAINING. 

THE admirable address delivered by Dr. Alex- 
ander B. W. Kennedy on Thursday of last week, 
before the Union Society of University College, 
brings very forcibly home to us the progress that 
has been made in ‘*The Academic Side of Tech- 
nical Training ”’—to adopt the title of the address 
—within the career of men still in the prime of 
intellectual activity. We print the address on 
another page, and few of our readers will, we are 
sure, fail to peruse it, so our remarks may be brief. 
We will, however, first most heartily congratulate 
the author of the address on the well-deserved 
honour that has been accorded to him. The 
announcement in the Press, on the day following 
the delivery of the address, that the King had con- 
ferred upon Dr. Kennedy the honour of knight- 
hood will have been a source of pleasure to every 
engineer, and to a great many who are not engi- 
neers. We feel assured that we express the feel- 
ing of the whole engineering profession in wishing 
that Sir Alexander Kennedy may continue for 
many years to enjoy the position he has so honour- 
ably won. 

Dr. Kennedy told us last week of his first con- 
nection with University College, when he took the 
position of Professor of Engineering ; and many 
younger men will learn with surprise how difficult 
it was in those days to find any one who would 
suitably occupy the Chair. With this limited field 


of selection the College was, indeed, fortunate in 
its choice, as a large number of engineers now 
in active work would gladly testify. This was in 
1874, two years after Rankine's death, and grace- 
ful reference was made in the address to the good 
work done by the great engineering professor who 
occupied the Chair of Engineering at Glasgow 
between 1855 and 1872. We all know Rankine as 
an engineer, a physicist, and a mathematician, but 
Dr. onnedy introduced him in a guise which to 
some, at least, may be new—that of a poet. He 
made some rhymes on the metric system, and put 
into the mouth of an imaginary individual, who 
evidently was not supposed to have had a technical 
education, the following lines :— 
Some talk of millimetres, and some of kil 
And some of decilitres to measure beer and drams ; 
But I’m a British workman, too old to go to school, 
So by pounds I’ll eat, and by quarts I'll drink, and 
I'll work by my three-foot rule. 


It is significant that Rankine should have attri- 
buted this resistance to change to an ordinary 
workman, who placed ‘‘ beer and drams ”—eating 
by pounds and drinking by quarts—before his 
work, and who was too antiquated to learn any- 
thing fresh. We have to thank Sir Alexander 
Kennedy for a quotation which enables this light 
to be thrown on the subject. 

The details given in the address of the early his- 
tory of the teaching of engineering at University 
College are of great interest; but as they are 
repeated in the address we now print, further refer- 
ence need not here be made to them. We may, 
however, add that Vignoles, who occupied ‘‘the 
first actual Chair of Civil Engineering,” and who 
became later a most distinguished engineer, may 
also be claimed as one of the early technical jour- 
nalists ; for it was he who, as representative of The 
Mechanics’ Magazine, attended the ever-famous 
trials of locomotives at Rainhill, and wrote an 
admirable report of the proceedings, which may 
still be read by those who possess these early 
volumes of technical literature. 

The account of the establishment of the first 
engineering laboratory, the first cost of which was 
about 5001., shows how rapidly ideas have advanced 
in this direction, especially when a comparison is 
made with such perfectly equipped and costly 
establishments as those at Manchester and in some 
other manufacturing centres. The contrast between 
the teaching staff of then and now is no less strik- 
ing. In-1874 the Professor of Engineering at Uni- 
versity College had to do not only the work now done 
by the three existing professors, but the entire work 
of the whole of their assistants. Of course, the 
classes in those days were extremely small compared 
to the classes of to-day, when young men crowd 
into the technical colleges in numbers that make 
one wonder how there can be found for all of them 
positions that will at all compensate for the time 
and money spent on their education. 

Dr. Kennedy’s remarks on the trend of academic 
training are worthy of all attention by engineers, 
for no one has had more experience on the subject 
than he. He recognises that ‘tthe best engineer 
is not the man who knows his own business only 
and narrowly ;” but he asks that ‘‘ the engineer 
should not be looked on as the mere by-product of 
the training, but as the chief result to which other 
things are to be subordinated.” That, to our mind, 
puts the case very justly in its true light. The 
man who knows absolutely nothing but engineering, 
however profound his knowledge may be on that 
subject, is not likely to succeed; for he will be too 
narrow to bring his knowledge to a good market. 
On the other hand, the time of pupilage is too 
short, and there is so much to learn that the 
student who spends his time and energies on sub- 
jects that will not help him in his profession—and 
there are many such in the curricula of our schools 
—is seriously handicapped in his career. 

The concluding part of the address is in some 
respects the most important. An excellent sug- 
gestion is put forward that past students of the 
College who have distinguished themselves in their 
career should give existing students the benefit of 
their experience by lecturing on those branches of 
the profession in which they had specialised. In 
this way the free breath of practical work would be 
introduced into the academic atmosphere. It 
would doubtless be a tax on the practising engi- 
neer, but we think well enough of the craft to be 
sure that it is a tax that would be cheerfully paid. 


rammes, 





The other way in which practical work should be 
made to keep classes what the Americans call 
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‘*live” is also referred to. This is the somewhat 
vexed question of private consulting work under- 
taken by professors. There is, of course, much to 
be said on both sides. If private consulting work 
does not result in the neglect of instruction— which 
is, or at any rate should be, the professor’s chief 
aim so long as he remains a professor—then there 
is little, if anything at all, to be said against it, and 
much in its favour ; but if it leads to the, perhaps, 
somewhat monotonous task of teaching being rele- 
gated to the background, and a few of the brightest 
or more pliable students being made use of as 
assistants in dealing with outside work, then the 
system is pernicious, and the resources of a teaching 
establishment are being diverted from their legiti- 
mate purpose. 








THE AMERICAN STEEL INDUSTRY. 

Tue annual statistical reports of the American 
Iron and Steel Association have long been recog- 
nised as exceptionally comprehensive and complete, 
and the new issue just published falls in no degree 
behind its predecessors. The value of the tabu- 
lated figures is, as usual, enhanced by an excel- 
lently-written commentary on the general status of 
the trade during the past year. For the greater 
part of this time the depression which became 
evident about the middle of the previous year, con- 
tinued, but in the autumn there were symptoms of 
revival, which continued during the winter; so that 
the prospects for the present year are bright. 
Nevertheless, the recovery last autumn was insufli- 
cient to counterbalance the lessened production of 
the earlier months; so that the final figures for the 
year 1904 show that the amount of iron ore 
mined was only 27,600,000 tons, as against 


35,019,308 tons in 1903. Coal also fell off, the |! 


figures for 1904 being 314,421,255 tons, as against 
upwards of 319,000,000 tons in the previous year. 
The output of coke, as was to be anticipated, 
diminished to a relatively greater degree, being 
23,621,520 short tons, as compared with 25,262,360 
tons. The price naturally also diminished, and at 
one time was as little as 14 dols. per short ton paid 
for Connellsville furnace coke, This is equivalent to 
about 7s. per English ton. The maximum price for 
the best foundry coke during the year was never 
more than 15s. 8d. per English ton, and this has 
since fallen greatly. Of pig iron there was an 
output of 16,497,053 tons, which was mainly 
converted into steel, the output of which was 
13,859,887 tons. This steel was almost wholly 
converted into rolled sections, the tonnage of which 
amounted to 12,013,381 tons, and of this total 
2,284,711 tons were represented by rails. The 
exports of iron and steel were greater than in 
the previous year, being valued at 1284 million 
dollars, instead of 99 million dollars. 

The United States Steel Corporation produced 
38 per cent. of the total iron ore, and 36.6 per cent. 
of the total output of coke. Their proportion of 
finished and semi-finished products was even 
greater, since they made 44.3 per cent. of the pig 
iron and 70.5 per cent. of the spiegeleisen, ferro- 
manganese, and ferro-phosphorus ; whilst their pro- 
portion of the steel ingots and castings was 61 per 
cent., and of finished rolled products 47.8 per cent., 
and at the same time they accounted for over two- 
thirds of the total output of wire nails. The Cana- 
dian iron trade, which is also dealt with in this report, 
showed better figures than in 1903, the output being 
270,942 tons of pig, which was over 5000 more than 
in the previous year, but still much below the boom 
figures of 1902, when Canadian blast-furnaces turned 
out 319,537 tons, of pig iron. The figures of Cana- 
dian steel production are somewhat anomalous. 
There was a considerable diminution in the output 
of ingots, accompanied by a large increase in the 
weight rolled. Thus the preduction of steel ingots 
was 148,784 tons, in place ot 181,514 tons in 1903, 
whilst the weight rolled in 1904 was 180,038 
tons, as against but 129,516 tons in 1903. The 
discrepancy is doubtless due to the use of im- 
ported ingots, and also to the production of re- 
rolled sections. The Dominion can now boast of 
possessing 18 distinct rolling-mills and steel works ; 
of which nine are located in Ontario, five in 
Quebec, and three in Nova Scotia. Other works 
are, moreover, in course of completion, so that a 
steady increase in the Canadian output may be 
confidently anticipated. 

It is of interest to compare the American figures 
with those of this country and Germany. Our out- 
put of pig in 1904 was 8,562,658 tons, or 248,546 


tons less than in the previous year. Of steel we 
= 5,026,879 tons, mostly by the acid open- 
earth process. To this should be added, perhaps, 
100,000 tons of crucible steel, representing, of 
course, a relatively high money value. In coal 
roduction we are now also far below the United 
tates, our figures for 1904 being 232,411,784 tons. 
Germany produced 169,448,272 tons of coal, about 
one-third being lignite. Of pig, 10,103,941 metric 
tons were produced ; and of steel ingots, 8,930,291 
metric tons ; so that in this matter England now 
takes but third place. A very large proportion of 
the German output was, however, made by the basic 
Bessemer process, only 2,828,306 tons being open- 
hearth steel ; and of this, again, only 130,346 tons 
were made by the acid processs ; whereas the British 
output of acid open-hearth steel was 3,245,346 tons. 
The following table, which we reproduce from 
the report, gives the world’s output of pig iron for 
the year 1903, which is the latest for which com- 
plete figures are available :— 


Pig Iron. Steel. 
Countries. 
o | Per- | g | Per- 
é Production. cent- | ¢ | Production.) cent- 
age. | > | age. 

















| tons tons | 
United States ..|1903) 18,009,252 | 38.84 |1903) 14,534,978 | 40.55 
Great Britain ..'1903) 8,935,063 19.27 1903, 5,134,101*| 14.32 
Germany and | 





Luxemburg ..'/1903) 10,085,634 | 21.75 1903 8,801,515 | 24.55 
France .. --/1903; 2,840,517 | 6.13 1903) 1,885,000 | 5.26 
Belgium .. 1908} 1,216,500 | 2.63 /1903) 969,230 | 2.70 
Austria- | | 

Hungaryt .. 1903) 1,428,158 | 3.08 1902, 1,193,000§| 3.33 
Russia and Fin- | | 

land .. _—.. 1908] 2,453,953 | 5.29 /1908) 2,374,650 | 6.63 
Sweden .. .|1908) 506,825 1.09 |1903) 318,897 | 0.89 
Spain ..  ..,1903| 302,657 | 0.65 |1903| 199,642 | 0.56 
taly a . - |1903) 75,279} | 0.16 1903) 187,361 0.52 
Dominion of | | 

Canada . - |1903) 265,418 0.57 |1903) 181,514 0.51 
Other countries) te 

(about) ../1908} 248,744 | 0.54 1908] 66,112 | 0.18 











Total | 46,868,000 |100.00) — | 35,846,000 | 100.00 


* Does not include direct steel castings. 

t Includes Bosnia and Herzegovina. 

t Not including blast-furnace castings. 

§ Estimated. Official figures wanting. 

The American Iron and Steel Association has 

always taken a keen interest in political and tariff 
matters ; and the present report is prefaced with a 
letter to the President, in which any attempt to 
modify the drastic provisions of the Dingley Act is 
strongly deprecated. 








LAUNCH OF THE BATTLESHIP 
“ KATORI.” 

Tue launch of the Japanese battleship Katori, 
which we described at length in last week’s issue 
(page 829), from the Naval Construction Works of 
Messrs. Vickers Sons and Maxim, Barrow-in-Fur- 
ness, was one of the most successful functions of 
the kind of which we have had experience. Every 
element was suggestive of , and the Prince 
Arisugawa, in speaking at the lunch which followed, 
was undoubtedly influenced by his environment. 
It is true that an inspection of the ‘* extensive and 
well-planned construction works,” which he could 
not help admiring as the ‘‘very cradle of the 
— battleship Mikasa, of which the Japanese 

avy is most proud, and on top of which the 
flag of Admiral Togo now flies,” revealed evi- 
dences of the concentration of skill in the evolu- 
tion and manufacture of destructive weapons. But, 
as time and again has been pointed out, and once 
again by his Imperial Highness, such battleships 
as the Katori constitute ‘‘one of the most efficient 
guarantees in maintaining peace ;” so that from 
this point of view the products of such companies 
as the Vickers are of the utmost value in promot- 
ing the peace of the world. The possession of an 
effective fleet adds weight to the words of the 
diplomatist, and ‘‘ upholds the national dignity ;” 
while at the same time the possession of such 
appalling instruments of destruction brings with 
it to the mind of the statesman such a responsibility 
as to influence his actions in the direction of peace. 

The practice of the Japanese in dispensing with 
the usual christening ceremony, preferring the 
liberation of flocks of pigeons from a balloon sus- 
pended from the bow of the ship, while symbolical 
of some of the ancient rites of the Japanese, is 
also suggestive of peace. As the immense balloon, 
which is shown on our engraving opposite, opened 





out, scattering confetti amongst the spectators, and 
leaving the pigeons free to cirele round the vessel 





during her whole progress down the ways, the 
effect in the bright sunshine was regarded by the 
assembled crowd as a happy omen. In view of this, 
we wish that our great naval construction works 
could be continuously employed, for all nations, 
in producing such implements as would ensure 
constant 

The Katori was exceptionally heavy on the occa- 
sion of her launch. Immediately after the launch 
the displacement was 9170 tons ; but in addition 
there was the cradle, an exceptionally strong struc- 
ture of iron girders, timber poppits, and sliding 
ways. The total moving weight was 9400 tons. The 
sliding and permanent ways, however, were 7 ft. 
wide, so that the load per square foot was reduced 
to about 24 tons, which is comparatively low. 
The declivity allowed was most accurately calcu- 
lated, as the ship moved instantly the Princess 
Arisugawa had liberated the dog-shores by means 
of the usual guillotine arrangement ; and the time 
occupied from the first movement until the bow of 
the vessel dipped in the water was 51 seconds. The 
drag-chains Teoreht the ship up in a very short 
time, the bow being only about 200 ft. from the 
end of the ways. The vessel was afterwards towed 
to the fitting-out basin, where at once was com- 
menced the lifting of the boilers, machinery, and 
gun-mountings on board, as these were ready for 
fitting into the vessel. The Katori, however, cannot 
be delivered until after the termination of the 
present war between Russia and Japan. 








AN IMPERIAL COLLEGE OF APPLIED 
SCIENCE. 

Tue Committee which was appointed last year 
to inquire into the present and future work of the 
Royal College of Science and School of Mines have 
just published a preliminary report, in which is 
outlined a scheme for establishing in London an 
Imperial College of Applied Science, somewhat on 
the lines of the great German school at Charlotten- 
burg. To this end they propose that the School 
of Mines, the Royal College of Science, and the 
Central Technical College should be amalgamated, 
and supplemented by the erection at South Ken- 
sington of additional lecture-rooms and laboratories. 
At the same time, the new institution might, they 
consider, be easily worked in co-operation with the 
other schools of Applied Science in London, such 
as those at University and King’s Colleges. The 
new laboratories are presumably to be devoted to 
research work, since admission to them is to be 
granted only to students who have had a prelimi- 
nary training at the Royal Schools, the Central 
Technical College, or other establishments ; but 
it is sincerely to be hoped that this arrangement 
will not lead to a restriction in the amount of the 
research work already carried out at these establish- 
ments. As matters stand, the best men now leaving 
these schools are fully equal to the German product 
in a grasp of principles, and are generally superior 
in initiative, which over-education has so often a 
tendency to destroy, causing a man to rely on 
authority and precedent instead of his own common- 
sense. The shortness of the usual course in this 
country has, however, long been felt as a drawback. 
Considering the large proportion of students which 
enter our technical schools with but the slightest 
previous knowledge of mathematics and science, 
the ordinary three years’ course is barely sufli- 
cient to impart to them a decent knowledge of 
mathematical and mechanical principles. If this 
were supplemented by a fourth year’s course, 
devoted entirely to original research, both the 
student himself and the industries of the country 
would be materially benefited. Of course, in many 
cases students take a post-graduate course of this 
kind even now; but there would be many advan- 
tages in making this practice the rule rather than 
the exception, and it is presumably some arrange- 
ment of this kind which is contemplated by the 
committee. 

The scheme recommended involves, necessarily, a 
considerable capital expenditure and a large annual 
outlay for maintenance. It is understood that the 
Commissioners of the 1851 Exhibition will provide 
four acres of land for the erection of the new build- 
ings, which, with their equipment, will cost at least 
100,000/. It is greatly to be hoped that but little 
will be wasted in mere architectural display. The 
Cavendish Laboratory at Cambridge is very far 
from being an imposing structure, but, never- 
theless, ranks second to none in the importance, 
and, above all, the originality, of the work therein 
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accomplished. Unfortunately, whilst but one man | rate importance, having an interest hardly exceed-| India may very well be dealt with at the new 
in a hundred can fairly appreciate the significance | ing that of a set of statistical tables. The number | institution, which, being situated in the Metropolis, 
of such researches, the other ninety-nine have full|of men in a country capable of making really | will for this reason have special attractions for 
confidence in their judgment as architectural critics ; | substantial advances in science is always limited ; Colonial students. Apparently it is proposed also 





and are interested, accordingly, more in a building 
itself than in the quality of the work done. The 
naval authorities, it must in justice be stated, have 
risen superior to this common failing ; and in their 
new schools at Osborne have shown themselves 
strictly utilitarian. 

Through the generosity of Messrs. Wernher, 
Beit, and Co.; the sum needed for the erection and 
equipment of the new buildings is already assured ; 
but the Committee hope that the Government and 
County Council will considerably supplement the 
funds now received annually for maintenance from 
the City and Guilds of London and other sources. 
The grants now made by the Guilds will, it is 
hoped, be continued; and in view of the leading 
part which these bodies have hitherto played in 
establishing a respectable system of technical 
education in the country, it may confidently be 
expected that they will not be found wanting in 
the future. 

The total sum thus needed annually is not 
stated, but at the most the demand on the national 
purse will be but a small fraction of that cheer- 
fully granted in Germany. For our own part, 
we sometimes doubt whether the funds there 
supplied are not somewhat excessive. So far 
as work of the first importance is concerned, the 
output of original work in this country is at the 
least fully equal to that of Germany, where an 
immense amount of time and money is annually 
expended on researches of quite second or third- 


| and if facilities for research are in excess of the! to specialise in a number of engineering subjects, 


really capable men available, the average quality 
| of the output must diminish. 
| In an attempt to amalgamate existing institu- 


loften a difficult one to satisfactorily solve. 


} 
| tions, the question of management and control is | that specialisation 
The great an extent, as, for a young man, an extended 


| such as railway, dock, and hydraulic engineering, 
| electric traction; lighting, telegraphy, and electro- 
chemistry. It is, however, greatly to be hoped 
will not be carried to too 


|Committee are opposed to vesting the control | knowledge of principles is in the long run more 


| wholly in the hands of the Education Department ; 
but if, as suggested, the Treasury provides a large 
proportion of the annual cost, it is, of course, only 
right that the Government should be well repre- 
sented on the governing body. The plan suggested 








important than an intimate acquaintance with a 
single special field. A combination of the two is, 
no doubt, more desirable still, and possibly this 
is the object in view, the knowledge of principles 
being attained in a preliminary three years’ course 


is that each of the component institutions should | at one or other of the existing engineering schools ; 
have its special managing committee, the work of |a special course of study in one or other of the 
the different institutions being co-ordinated under | subjects noted being subsequently undertaken, If 
the direction of a central board of control, the | the plans of the Committee are realised, the Empire 
members of which should be drawn from different | will for the first time be in possession of a school 


sources. As matters stand, the Council of the 
City and Guilds of London Institute include 
certain of the great scientific and engineering 
societies, as well as the direct representatives of 
the different Guilds and the Corporation. On the 
Central Board the interests of pure science are to 
be adequately represented—a provision which will 
be generally welcomed. 

As regards the special branches of technology to 
be studied at South Kensington, it is recognised 
that certain branches of metallurgy and mining may 
be more conveniently taken at certain provincial 
centres ; but, on the other hand, the mining and 
metallurgy of metals produced in the Colonies or 





|of applied science commensurate with the impor- 


|tance of its mining, metallurgical, and manufac- 


| turing industries. 

There are obvious advantages, of course, in 
locating the school in the Metropolis, and thus 
in touch with the great scientific collections and 
with important commercial and industrial under- 
|takings. From a social standpoint, however, the 
| place is not free from drawbacks. London is huge, 
and the students will naturally reside in all quarters 
of it, and thus lack that intercourse after hours 
which forms so pleasant a retrospect in after years 
to old students at the smaller German universities 
and our own Oxford and Cambridge. 
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ELECTRIC TRAMWAY AND RAILWAY 
EXHIBITION. 


Tue Electric Tramway and Railway Exhibition 
was opened on Monday last, July 3, by the 
Right em the Earl of Derby, K.G., there being 
an inaugural luncheon, which was presided over by 
the Chairman of the Exhibition Committee, Mr. 
James W. Courtenay. This Exhibition, which 
will remain open until July 14, is promoted by 
The Tramway and Railway World, and we may 
congratulate our contemporary upon having suc- 
ceeded in getting together an excellent oe 
of tramway appliances. There are altogether about 
160 exhibits ; and, although some of the leading 
firms engaged in the supply of electric appliances 
for tramway and railway work are absent, on the 
whole the display may be said to bea representative 
one. In our present account we propose only to 
notice briefly some of the exhib A large 


its. 
number, naturally, do not call for attention, from 
the fact that they possess no features that would 
be novel to our readers. 

One of the principal exhibits which meets the 
visitor on entering the Hall is that of the Brush 
Electrical Engineering Company. They show two 
types of tramcar. One of these is the same as a 
number that have been built for the Belfast Tram- 
ways. A new feature is the arrangement for 
ventilation, which is put outside the control of the 
passengers. These cars haye spiral staircases and 
folding steps, as recommended by the Board of 
Trade. The second is a bogie-car, built for the 
Rochdale Corporation Tramways. It is fitted with 
an equal-wheel bogie-truck, an example of the 
latter also being shown with electrical apparatus 
fitted complete. This type of truck was illustrated 
and described in TracTION AND TRANSMISSION for 
October, 1904. Other types of truck are also 
shown. There is an example of Leech’s patent 
sanding gear, in which the working parts are above 
the level of the floor of the car, and are thus re- 
moved from splashing or getting wet. A traction 


armature which rotates, relatively to the shaft, at 
a speed corresponding to half the supply-circuit 
frequency ; that is to say, at the same speed as the 
shaft. As the converter armature is so connected 
to the rotor that the rotating field in the armature 
revolves in an opposite direction to the shaft, it is 
evident that this field is motionless ; consequently 
the machine at this speed operates as a synchronous 
motor. As the motor rotates at a speed corres- 
ponding to half the primary frequency, half the 
electrical energy supplied to the induction motor 
is converted into mechanical energy, and trans- 
mitted, by means of the shaft, to the converter ; 
while the other half of the energy supplied is 
transferred to the rotor winding, and thereby to 
the converter commutator, in the form of electrical 
energy. The induction motor thus operates half 
as motor and half as transformer, while the con- 
verter operates half as continuous-current generator 
and half as rotary-converter. 

On the same stand is shown a three-phase con- 
tinuous-current traction equipment. It consists of 
a truck fitted with two 135-horse-power motors, 
and has been specially designed to operate the 
inter-urban line, at London,’ Ontario, about 30 
miles in length. This line has been equipped by 
Messrs. Bruce Peebles and Co. on the three- 
phase system at'1100 volts. The town has, how- 
ever, an existing 500-volt service, and it was 
necessary, therefore, that the motors should be 
able to run on continuous current ; they have 
accordingly been designed with that end in view. 
These motors have a distributed winding similar 
to that of an ordinary three-phase induction motor, 
and an armature with commutator and slip-rings 
wound similarly to a series-wound continuous-cur- 
rent armature on the two-circuit principle. When 
running on continuous current, the motors are 
controlled in the same way as a pair of standard 
500-volt traction motors. When running on three- 
phase current, however, the brushes are lifted off 
the commutator, this being operated from the 
driver’s stand. The motors are started ‘‘in 





motor is also shown. Another exhibit on the 
same stand is Driver’s leakage indicator, by which 
the fact of the trolley base becoming dangerously 
alive through leakage is indicated by means of 
a semaphore, on which are the words ‘‘ Trolley 
base alive;” an electric bell is also rung at the 
same time. The same firm also exhibita radial axle 
truck. This form of truck has been likened to a 
pair of two-wheeled bogies. The play of the axles 
enab!es them to be placed 2 ft. further apart, so as 
to reduce the overhang of the car, as compared to 
the ordinary saibeule four-wheeled cars. It is 


claimed that this arrangement gets rid of the ‘‘grind- 
ing, rumbling, and squeaking,” as the axles yield 
to the resistance of the grooved rail instead of 


having to be violently jolted round the curve. By 
experiments made it has been found that, whilst 
the rigid-axle truck consumes 0.754 unit per car- 
mile, in the case of the radial truck the con- 
sumption of electric energy is 0.664 unit per 
car-mile. 

On an adjoining stand Messrs. Bruce Peebles 
and Co., of Edinburgh, show a large ‘‘ motor con- 
verter” of 400 kilowatts, which will convert from 
6600 volts three-phase current to 550 volts con- 
tinuous-current. This is one of ten sets ordered by 
the Great Western eel te ae for convert- 
ing current from the Park Royal Power-Station for 
supply to the continuous-current locomotives of the 
Great Western Railway, which run in conjunction 
with the Metropolitan District Railway. The 
makers claim that the construction combines the 
advantages of both rotary converter and motor- 
generator, while avoiding the defects of both. The 
manufacturers give the following description of the 
apparatus :—It consists of an ordinary alternating- 
current induction motor and a’ rotary converter, 
having their shafts rigidly coupled. The secondary 
winding of the induction motor and the armature 
winding of the rotary converter are in parallel. 
When the motor and converter have the same | 
number of poles—which is the simplest case—the 
rotor and armature rotate at a corresponding speed 
to half the frequency of the primary circuit ; thus, 
the rotating tield induced in the rotor by the 

rimary circuit rotates, relatively to the rotor, at 
alf the frequency of the supply circuit, and there- 
fore induces in the rotor windings an electromo- 
tive force, also of half the frequency of the supply 
current. This pAarwntienr cc yon drives the cur- 
rent through the armature winding of the rotary 


| cascade,” and afterwards cut into parallel, giving 
the same character of acceleration as two continuous- 
current motors in series parallel. Standard tram- 
car motors and controllers are also shown. 

The most extensive stand in the Show is that of 
the Traction Corporation, Limited, of 16, Great 
George-street, Westminster. Here has been erected 
for the purposes of practical operation the Kings- 
land mechanical surface-contact system, a section 
of tramway track 100 ft. long having been laid 
down. It was not, however, in operation at the 
time of our visit. A series of contacts are placed in 
the centre of the track, current being collected by 
a skate or collector suspended from the axles or 
some other convenient points on the truck. The 
contacts, which are only 34 in. high, are connected 
to the surface main through the medium of a 
mechanical switch, which is operated by two arms 
or strikers suspended from the front and rear axles 
of the truck, and running through aslot in a shallow 
conduit of the depth of the running rail. The 
switches are so placed that the levers project up 
into the shallow conduit, thereby obstructing the 
free passage of the operating arms mounted on the 
car ; the former are thrown over alternately by the 
front and rear arms closing and opening the circuit 
to the stud at each operation.. The arrangement 
can be adapted for giving a double service on a 
single line of track. 

On the same stand the Hardy Patent Pick Com- 
pany, of Sheffield, have a good collection of mining 
tools and contractors’ appliances, consisting of rock- 
drills, mine-drill steel, picks, shovels, hammers, 
crowbars, tiles, saws, &c. 

On an adjoining stand, Mason’s Gas-Power Com- 
pany, Limited, of Levenshulme, Manchester, of 
which Mr. William Beardmore, of Parkhead Forge, 
Glasgow, is chairman, show the Duff- Whitfield con- 
tinuous gas-producer. With this producer clean 
may be obtained from bituminous coal slack. This 
is effected by bringing down the tarry vapours, and 
introducing them into the hotter part of the furnace. 
We have already noticed this producer (see Ener- 
NEERING, vol. lxxviii., page 540), and hope to give 
further particulars of its working at a future date. 

Messrs. Crossley Brothers, of Manchester, also 
show a suction-producer, which is supplying gas to 
one of their engines working on the stand. This 
apparatus we described in our last issue (page 545 
of vol. lxxix.), but the following details may be 
added :— Being a suction-producer, the forward 





converter, so that a rotating field is set up in the 


motion of the piston of the engine draws air and 





steam through the peer. and when the engine 
governor cuts out the charge coal is not consumed. 
With the ordinary arrangement, when the engine 
governor cuts out a number of charges steam con- 
tinues to be raised ; this fills the steam spaces, and 
the subsequent charge would be exceedingly inflam- 
mable ; moreover, the fire would be cooled, and the 
gas, produced at a lower temperature, would be of 
a different quality. To get over this difficulty, in 
the Crossley producer there are one or more cocks 
opening from the saturator into the open air, the 
steam escaping at light loads. The makers state 
that with anthracite at 2ls. 4d. the cost of fuel 
per brake horse-power is ,4d. per hour. This 
figure is based on the guarantee that at the full 
load on the engine the producer will not consume 
more than § 1b. per brake horse-power per hour. 
It has been shown by test that a consumption of 
0.7 lb. per brake horse-power has been reached. 
On this stand is shown an engine capable of de- 
veloping 49 effective horse-power with ordinary 
gas and 39 effective horse-power with producer gas. 
Another engine, capable of developing 16 effective 
horse-power as &@ maximum with ordinary town 
gas, and of 12.5 effective horse-power with suction 
gas, is exhibited. 

An important stand in the Exhibition is that 
contributed by Hadfield’s Steel Foundry Company, 
Limited, of Sheffield. Hadfield’s improved points 
of 100 ft., 200 ft., and 250 ft. radius, and of 
toughened cast steel, are shown. These are fitted 
with ‘‘Era” manganese steel insets. Points of 
solid construction, of Hadfield’s ‘‘ Era” manganese 
steel, such as supplied to the London County 
Council and other corporations, are also shown. 
These points are supplied in any length up to 16 ft.; 
the ——— being that the tongues are the 
same width at the base for their full length, being 
so designed that the maximum strength consistent 
with smooth running may be obtained. These 
tongues are always made of ‘‘Era’”’ manganese 
steel. Several types of crossings are shown, 
including those of iron-bound construction with 
‘*Era” manganese steel insets ; also crossings of 
solid ‘‘ Era” manganese steel are exhibited. An 
interesting exhibit on this stand is Parr’s automatic 
electrical point controller. The apparatus consists 
of an electric motor, placed in a box beside the 
track. This motor drives a train of spur gear- 
wheels, actuating the rail point through a hauling- 
rod and link. The motor will rotate in either 
direction to give the required direction of the 
points, and is set in motion by means of a switch, 
which actuates an electro-magnet. Current is con- 
veyed to the motor from the overhead wire, or from 
the conductor of the ground conduit, according to 
which system is in use. here is an insulated 
metal shoe or slide fixed beneath the underside of 
the conductor. This shoe is insulated from the 
conductor, and is in connection with a _ wire, 
which acts as a return conductor from the small 
motor in the box. When, therefore, the trolley 
comes in contact with the shoe, the trolley is re- 
moved from the conductor, and the circuit is com- 
pleted from the trolley-wire through the motor in 
the box, back through the return conductor, down 
the trolley, and through the motor in the car, and 
thence to earth, and the switching-motor is thus 
put into action. If the driver of the car finds the 
points are right for the direction he has to go, he 
puts the controller in the neutral position, and the 
circuit is not completed, so that the switching- 
motor does not work ; if, on the other hand, the 
points are required to be shifted, the controller is 
so placed that return current passes through the 
car-motors. In this way the points can be worked 
by electrical power from the car. Sufficient current 
is taken for actuating the motor if the ordinary car 
controller is only at the first notch; this is an 
important — with cars approaching a dangerous 
junction. It can also be arranged that the points 
cannot be taken by the car at above a certain pre- 
determined speed. The controller will work equally 
well at all pressures between 300 and 600 volts. 
The device has been in use, or is being installed, on 
the Leeds, Bradford, and Sheffield Corporation 
tramways, whilst other applications to large tram- 
way systems are in contemplation. The apparatus 
was first applied to the Leeds City Tramways, at 
what is described as ‘‘ probably one of the busiest 
junctions of the United Kingdom,” there being a 
minimum of 90 cars through per hour for 19} hours 
out of the 24-hours’ day. The Hadfield Company 
also show car-wheels, a model of Le Rossignol’s 
unbroken main-line cross-over, and an ingenious 
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petrol and electric rail-grinding apparatus, besides 
various classes of tramway tools. 

Another Sheffield exhibit is that of Messrs. 
W. 8. Laycock, Limited, of Victoria Works, Mill- 
houses, who show a number of tramway and rail- 
way appliances ; amongst them a self-lubricating 
trolley wheel, wherein the centre is bored out to 
form a box, in which is packed woul and horsehair. 
The wool acts for retaining the lubricant, whilst the 
horsehair keeps the whole mass open and springy. 
This arrangement is said to have the important effect 
of rendering the trolley wheels noiseless. Fourteen 
thousand miles have been run with one of these 
trolley wheels without fresh lubrication. The same 
packing is used for axle-boxes on all kinds of roll- 
ing stock. On the same stand are shown electric 
heaters for tram-cars, automatic couplers, and venti- 
lating appliances ; amongst them a suspended fan 
in which the whole apparatus revolves on its axis, 
so that it describes a circle while the fan is itself 
revolving. In this way more efficient ventilation 
is secured, the fan having a double action instead 
of always driving a current of air in one direction. 
A number of other interesting objects are shown 
on this stand. 

Messrs. Brecknell, Munro, and Rogers, of 
Bristol, show, amongst other things, Tierney and 
Malone’s track-point, by means of which points are 
operated from the car. The apparatus consists of 
two solenoids in water-tight cases, one on either 
side of the tongue. These solenoids are operated 
by the trolley-head closing the circuit from the 
trolley wire through the solenoid to the rail; at the 
same time signal lamps are moved, so that the 
motor-man can see what points are open. 

Messrs. Pollock and Macnab, Limited, of Bred- 
bury, near Manchester, have a show of machine- 
tools, amongst them a powerful wheel-turning and 
grinding lathe suitable for operating on car-wheels. 
There are two pillar slide-rests, which will carry 
either emery wheels or ordinary cutting tools, as 
required, and will take wheels from 18 in. to 34 in. 
in diameter and 4 ft. 84 in. gauge. There is also 
an ordinary slide-rest, which can be fitted for 
general lathe work. The reverse motions are con- 
veniently placed at the operating position on the 
slide-rest. The head-stock has a four-speed cone, 
the gears being cut from the solid. A crane is 
fitted for lifting the work into the lathe. On the 
same stand is shown a shaping-machine, driven by 
two friction clutches, and a radial drilling-machine, 
designed for use with high-speed steel, the arm 
swinging on ball-bearings top and bottom. 

On a neighbouring stand Raworth’s Traction 
Patents, Limited, of 2, Queen’s-gate, S.W., exhibit 
the automatic regenerative control associated with 
Mr. Raworth’s name. The object of this system is 
to take advantage of the energy stored in the 
moving vehicle when running down-hill. A motor 
with a strong shunt-field is employed, the strength 
of the field being controlled by a rheostat. Such a 
motor will run at definite speeds corresponding 
with definite field strength, the speed varying in. 
versely with the strength of the field. When the 
car is running down-hill, the electromotive force of 
the motors rises above that of the overhead line, 
and the motors, working as generators, send back 
energy into the trolley wire. The system has been 
fitted on the Devonport tramways ; and it was found 
by experiment: that the regenerative cars were 
operated at an economy 25 per cent. greater than 
that of the ordinary cars. These were average 
results obtained under everyday working condi- 
tions, but a maximum recovery equal to 50 per 
cent. was obtained in descending a hill with a grade 
oflin 12. An incidental advantage, but one of not 
inconsiderable financial importance, is the saving 
in brake-shoes that is effected by the motor thus 
acting as a generator, and becoming in itself a 
brake. Examples of brake-shoes are shown on the 

stand at the Exhibition. One brake-block which 
had been employed in connection with the Raworth 
system had been in use for 26,000 miles, and is 
very little worn; whilst an ordinary brake-block 
that had run 1000 miles is almost worn out. A 
full account of the Raworth system will be found 
in Traction aND TRANSMISSION for 1904. 

Limits of space prevent us from dealing with 
iuany other important subjects in our present issue, 
but we hope to notice them next week. Amongst 
other exhibits, however, may be mentioned the 
following. The Stirling Boiler Company, Limited, 
of Motherwell, show models of the Stirling boiler. 
Messrs. Babcock and Wilcox, of Farringdon-street 
and Renfrew, exhibit the silent gravity bucket- 
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conveyor for coal, coke, and ashes; this is shown 
in operation. They also exhibit a model of one 
of their water-tube boilers, and a model of a 
mechanical chain-grate stoker. Models are also 
shown of softening and purifying plant, tube- 
cleaners, &c. McPhail and Simpson’s Dry Steam 
Patents Company, of Wakefield, have a good ex- 
hibit, showing the construction of their indepen- 
dently-fired superheater, parts of flue superheaters, 
and other examples of their well-known work. 
The Callender Cable and Construction Company, of 
Belvedere, Kent, show some of their latest designs 
of feeder-pillars, junction-boxes, &c., for use on 
tramway systems, and also various descriptions of 
cable. Callender’s standard solid system of lay- 
ing cables is also illustrated, as well as feeder- 
pillars and a large assortment of electric cables 
of all kinds for use on tramways or for electric 
lighting. Messrs. Kelvin and James White, 
Limited, of Victoria-street, Westminster, have a 
small, but exceedingly interesting, show, consisting 
of the various electrical appliances and instruments 
invented by Lord Kelvin ; amongst them is Lord 
Kelvin’s ampere-gauges, his multicellular electro- 
static voltmeters, his astatic wattmeter, recording 
instruments for direct currents, and other testing 
instruments. These, though of great interest, it 
would be impossible to deal- with in a general 
article of this nature. Messrs. Nalder Brothers 
and Thompson, Limited, of Queen-street, Cheap- 
side, and Dalston, also exhibit a number of elec- 
trical measuring instruments. Messrs. Meldrum 
Brothers, Limited, of Temperley, near Manchester, 
show in operation an example of Meldrum’s 
‘* Koker ” mechanical stoker, combined with their 
forced-draught device ; a Meldrum furnace is also 
shown, and a model of their well-known refuse- 
destructors. Messrs. Elliot Brothers, of Lewis- 
ham, have a very interesting exhibit of indicating 
instruments for continuous and alternating cur- 
rents. They also show switches, galvanometers, 
Wheatstone bridges, speed indicators, and other ap- 
pliances of alike nature. Messrs. Charles Churchill 
and Co., Limited, of Leonard-street, Finsbury, 
show a Bullard mill, a Brown and Sharpe gear- 
cutting machine, a Warner and Swasey 8-in. turret- 
lathe, portable rail-saws, portable grinders and 
drilling-machines, slotting and other machine-tools. 
Messrs. Clarkson, Limited, of Chelmsford, show 
their paraffin burner and semi-flash boiler; as well 
as a pair of steam-engines with the Clarkson system 
of lubrication and pumping arrangements. The 
British Griftin Chilled Iron and Steel Company, of 
Barrow-in-Furness, show a number of railway 
wheels, axles, chilled-iron and steel-tyred tramway 
wheels, besides wheel sections and smaller wheels. 


(To be continued.) 











NOTES. 
Tue Errects oF THE War vron Ruestan 
INDUsTRY. 

Some little time ago a lecture on the above 
subject was delivered before one of the technical 
societies of Russia, and some of the points raised 
are possessed of considerable interest. Atten- 
tion was drawn to the somewhat important 
changes which had taken place in the industry 
of Russia of late years. Some ten years ago, an 
immense impetus was given to Russian industry : 
an impetus in many ways natural and rational. 
The financial state of the people had improved 
through many years of peace, and money circulated 
freely. The fixing of customs tariffs extending 
over a number of years also tended to improve 
and consolidate matters, as did the stability of 
the exchange of the rouble. Both home and 
foreign money was, under such circumstances, easily 
available for the industry. Old factories were 
materially extended and numerous new concerns 
were started, many of which had for their object 
the manufacture of articles which had hitherto been 
imported. It would be useless to deny that this 
movement in Russian industries soon developed 
into a promoting fever, with the usual results, 
that undertakings were boomed and shares palmed 
off for the sole benefit of the financiers. Of the 
many mistakes of calculation when starting new 
works one of the most frequent was the insufficiency 
of working capital, resulting from costs generally 
being put too low, whereby such undertaking were 
handicapped from the outset. Another unfavour- 


able circumstance was the inability of demand 
or consumption to keep pace with the increased 











supply; which fact tended to lower the prices, and to 
make it impossible for the works to carry their out- 
put to the calculated total. The outcome of all 
these unfavourable conditions was a rapid decline 
| of the value of industrial shares, and an almost com- 
| plete holding aloof by capitalists; a number of 
|failures of both new and old works ultimately 
‘resulting. In the beginning of the year 1903 a 
general improvement seemed to spring up, which 
lasted during the whole of the year, and gave 
rise to hopes of enduring prosperity and complete 
recovery of Russian industries. The war, however, 
shattered all such hopes. A great war always 
produces a strong demand for war material in 
the broad sense of the word: arms, ammunition, 
ships, railway material, and what thereto apper- 
tains, clothing, provisions, &c.; all of which have 
to be delivered at short notice and in large 
uantities, In consequence, the works which the 
overnment entrusts with such contracts become 
very busy; but whether this pressure of work 
materially benefits them is another question. It 
should be remembered that exceptional conditions 
generally go with contracts arising out of such 
exceptional circumstances. The shortness of time 
at the disposal of the works often necessitates the 
extension of plant and the erection of new build- 
ings, and the pressure for delivery often compels the 
works to obtain such plant from abroad, which again 
means such heavy costs, that the profits on the 
contracts cannot, as a rule, cover them ; in other 
words, after the completion of the contract the 
works often find themselves burdened with plant 
for which they have no further use, and which 
represents dead capital. Another bad effect of the 
war is that large districts, as Siberia and the Far 
East, are closed, both for the selling of manufactured 
goods and the purchase of raw materials. The 
stoppage of building and equipping or extending 
factories materially affects such works as go in 
for this trade. Then there is a marked depreciation 
in the value of works and shares ; and although the 
list of baneful effects of the war has already become 
a fairly long one, and comprises the more essential 
factors, it does not by any means exhaust it. 


PeTroLeuM IN Mesopotamia. 

According to a recent official report from Bagdad, 
the Anatolian Railway Company has been autho- 
rised to undertake borings for petroleum in various 
parts of Mesopotamia, and the Deutsche Bank is 
understood to be interested in this move. Rich 
springs have been discovered in the vicinity of 
the Tigris, north of Samarra, in the province of 
Bagdad, as well as in the neighbourhood of Hit, 
on the Euphrates. Due exploitation of these de- 
posits has hitherto been interfered with by 
numerous brigands, making the country insecure ; 
but in the Kerkuk district conditions are under- 
stood to be more favourable. Four springs are 
known to exist south of the town of Kerkuk, and 
north of this place ten springs are being worked 
by the natives in a primitive manner. Petro- 
leum is also found east of Kerkuk; and at 
Mendeli, close to the Persian frontier, both coal 
and petroleum are to be found. This coal has 
been tried on board the Tigris steamers, but was 
found to be too bituminous ; the petroleum is being 
used for lighting purposes in the district. At Kasr- 
Shirin extensive borings ‘have been carried on by 
an English syndicate, but the results so far do not 
ns to be satisfactory. The report in question 
holds that, although the petroleum deposits have 
not been rationally exploited so far, there is every 
reason to believe that they are very extensive ; but 
they are not likely to become of great practical 
importance until the Bagdad railway is ready, and 
the shipping on the Tigris has been satisfactorily 
arranged. 








Brooke Moror-Omnipuses.—Messrs. J. W. Brooke 

and Co., Limited, Adrian Iron Works, Lowestoft, have 
sent us particulars of a motor char-a-banc they have re- 
cently completed forshipment to Bombay. It is equipped 
with one of their 15 to 20 horse- power four-cylinder motors, 
low-tension magneto-ignition, and has four speeds and a 
reverse, the s s being obtained by gears of the Pan- 
hard type. The power is then carried through chains to 
the back wheels, which are provided with twin Sirdar 
| tyres; the front wheels have single Sirdar tyres. The 
| vehicle is built for twenty-five passengers, The body is 
| throughout of teak. The canopy is made sufficiently 
strong to carry luggage, and is fitted with curtains to 
| protect the passengers ; there is in addition a glass screen 
|in front of the driver. The top speed is twenty miles 
|per hour, and with a test-load of thirty people it suc- 
| ceeded in climbing a gradient of 1 in 8 in comfort. 
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MISCELLANEA. 


AccorRDING to the Railroad Gazette, the speed records 
attained on the Berlin-Zossen military railway have been 
considerably beaten by the 18-hour train between New 
York and Chicago run by the Pennsylvania Railroad Com- 
pany. It is stated that on June 12 the West-bound train 
covered three miles near Ada, Ohio, in 85 seconds, making 
an average of 284 seconds per mile, or a speed of 127 
thiles per hour. The highest speed reached in the Berlin- 
Zossen runs was 117.3 miles per hour. The East-bound 
train on the Pennsylvania Railroad, whilst it has not 
equalled the record above given, has nevertheless made 
some remarkably fine runs, four consecutive miles being 
done in 38, 37, 37, and 38 seconds per mile respectively. 

The Commercial Intelligence Branch of the Board of 
Trade has been notified by His jesty’s Consul at 
Amsterdam that tenders will be received up to July 19 
by the Netherlands Ministry for the Colonies for the 
supply of the following material :—Contract No. Suri- 
nam VII. — The metal su tructure, with appurten- 
ances, for ten bridges of fo metres opening. tract 
No. 395.—Four carriage frames on cradle-trucks, with 
combined hand and automatic vacuum brake; sixteen 
cradle-trucks and other reserve parts for the above-men- 
tioned carriage frames and appurtenances, quite complete. 
Further particulars may be obtained from the bookseller, 
Mart. Nijhoff, The Hague, on payment of 1 florin for 
for Contract Surinam VIL., and of 6 florins for Contract 
No. 396 (1s. 8d. and 10s. respectively). 


We note that Messrs. Mather and Platt, Limited, of 
Salford, are taking up the manufacture of the Zoelly 
steam-turbine, introduced by Messrs. Escher, Wyss, and 
Co., of Zurich. This turbine, it will be remembered, is 
identical in principle with the Rateau turbine, but differs 
in mechanical details. The latter is remarkable as being 
almost entirely ‘‘boiler-smith’s work,” and the Zoelly 
turbine differs from it in making a larger call on the re- 
sources of the machine-shop, and in the arrangement of 
the governor gear. Being of the impulse type, it is, of 
course, thermodynamically inferior to the reaction type 
introduced by Parsons ; but it is probable that the loss by 
leakage is greater with reaction than with the impulse 
wheels ; and there is, moreover, a considerable reduction 
in the number of buckets needed to develop a given 
power. We learn that Zoelly turbines equivalent to 
over 30,000 horse-power are either at work or on order. 
The first one built has been at work for some months at 
the Central station at Mulhausen. 


Some interesting tests of the relative strengths of wooden 
and steel .“~ wheels have recently been made by 
Mr. F. S. Edge. The wooden wheel was fitted to a 
spindle supported at both ends, and secured in a Denison 
tensile-testing machine. A tyre was fitted, and the pull 
applied to the road tread of the wheel in a line parallel 
to the axle, and opposite in direction to the dishing—that 
is to say, the strain sapoementet to that which occurs to 
the outside wheel when the car goes rapidly round a 
corner. The results were as follows :— 


Pull. a, “ited Set. 
Lb. n. 
422 18 
795 -46 

1316 1.08 

1670 1.66 

1733 1.92 


At 1733lb. one of the spokes cracked very slightly. The 
pull was then peteely increased to 1806lb., the cracking 
increasing. he weight was then taken off, and the 
permanent set found to be 0.26 in. The weight was then 
run up to 1840 lb., and two other spokes cracked badly, 
and it was clear that the wheel would not again sustain 
this pull. The latter was reduced to 1000 Ib., and gradually 
increased to 1628 lb. Further cracking took place. The 
load was again reduced to 1000 1b,, and at last increased 
up to 1400 1b., when further extension was not accom- 
panied by any increase in pull. The wire wheels (front) 
weighed 27.51b., while the wooden wheels weighed 29 lb., 
or 5.5 per cent. more. The wooden wheel cracked in the 
spokes at 1840 lb., and they were tested’in what was con- 
sidered to be their strongest direction—viz., towards the 
apex of the a. A symmetrical wire wheel, on the 
other hand, stood 2025 lb., or just over 10 per cent. more 
than the wooden wheel, while the estimated strength of 
a dished wire wheel in its strongest direction, based on 
a series of experiments, was 2400 lb., or 30.1 per cent. 
stronger than the wooden wheels. The wire wheels in 
uestion were made we waprnegy figeeed in the hubs, and 
there is very little doubt that 3 Ib. at least could be got 
out of them without getting near the “see point ; the 
weight would thus be reduced to 244lb, The question of 
ir should also tell favourably in the case of the wire 
wheel, as the replacement of a spoke after a smash is 
quite feasible from the roadside punt of view. Of course, 
static tests of this character are not entirely conclusive 
as to the relative values of the two types of wheel on the 
road. In the early days of heavy motor-car building 
wire wheels were found incapable of standing the vibra- 
tion consequent to running over sets, whilst on macadam 
they proved superior to the wooden wheel. Of course, 
in the case of a pleasure car the use of pneumatic tyres 
would tend to eliminate the vibration, which ved to 
have such serious effects. On the other hand, the multi- 
plicity of spokes makes the suspension wheel difficult to 
clean, and it is possible that ere long disc wheels may 
come into favour largely on this account. They have 
ready been tried in America. 





oun CaRRON io. Te more — from the upon 
mpany one of their guide- containi jicu 
of their steamship poh oe between London med Sootland, 


DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 


(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 
APRIL. May. JUNE. 
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_ In the accompanying diagrams each vertical line are a market day, and each horizontal 
line represents 1s. in the case of tin plates, hematite, Scotch, and Cleveland iron, and 1I. in all 
other cases. The price of quicksilver is per bottle, the contents of which vary in weight from 
70 Ib. to 80 1b. The metal prices are per ton. Heavy steel rails are to Middlesbrough quotations. 
Tin plates are per box of I.C. cokes. 





and descriptive notes on the places of interest which form | Robert Paterson, Master. Mounting fourteen twelve- 
part of the tours they organise. Copy of an advertise- | pounders, and men answerable. ... The Carron vessels 
ment is given which appeared in the Edinburgh Adver- are fitted out in the most complete manner for defence, at 
tiser of March, 1779, and referred to the Company’s sail- | a very considerable expence, and are well provided with 
ing ship service of that early date. The following is an | small arms. . . .” As the present Carron Company adds, 
abstract of the advertisement in question :—‘‘ At Carron, | ‘‘ the perils of the sea in those days were perils indeed !” 





r Ca 
for London. To sail March 5th, 1779. The Glasgow, | The tours now provided for should prove most enjoyable. 
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CONSTRUCTED BY THE 


SINGLE-PHASE ELECTRIC 


WESTINGHOUSE 


ELECTRIC AND 


LOCOMOTIVE. 


MANUFACTURING 


COMPANY, PITTSBURG, U.S.A. 





STINGMOUSE 
ELECTRIC & MANUFACTURI? 





Or the many interesting exhibits of railway appli- 
ances prepared for the inspection of the delegates to 
the International Railway Congress, probably the 
most novel, and certainly the most important in its 
bearing on the use of electricity as a motive power for | 
heavy railroad service, was the Westinghouse-Baldwin | 
single-phase alternating-current locomotive, shown in 
operation, May 16, on the Interworks Railway at 
East Pittsburg, first running light and then hauling a 
train of fifty new steel gondola cars, weighing approxi- 
mately 1200 tons. 

From the various details which are given below it 
will be seen that a number of new features are em- | 








required in heavy direct-curreut traction-work, was | tion work ; and now that the first important step has 
the sight of so large a locomotive accelerating a 1200- | been taken, should certainly prove the forerunner of 
ton train over a third of a mile in length, and receiv- | the use of electric traction on main-line railways, which 


ing its entire power supply trom a single No. 000 
trolley-wire. 

The 6600-volt current is collected from the trolley 
wire by a pneumatically-operated pantagraph trolley 
on each half of the locomotive, and is carried through 
a suitable oil-switch and circuit-breaker to an auto- 
transformer in each cab. These transformers reduce 
the voltage to 325 for use at the motors. The trolleys 
may be raised or lowered from the cab by a suitable 
air-valve, 


bodied in the construction of this locomotive, and that | The three motors on each half of the locomotives 
claims of priority may be made for it in a number of| are connected permanently in parallel, and are con- | 
respects. It is, for instance, the largest alternating: | trolled by means of an induction regulator, which, | 
current locomotive in the world, the largest to be | under the direction of the operator, varies the voltage | 


operated by single-phase current, and it is equipped | at the motors from about 140 to 325, The induction 


with six of the largest single-phase motors ever built. 
It is the first alternating-current locomotive for use in 
America, and is designed for the highest trolley voltage 
ever used in that country. This locomotive is also the 
largest ever operated by means of overhead trolleys, is 
the first on which forced ventilation is used in the 
motors, and is unique in many other similar ways. 

The weight of the locomotive complete is 135 tons. 
It is built in two portions, each having one six-wheel 
truck with rigid wheel-base. These are coupled 
together, and are intended to operate normally as a 
single unit ; but each half may be operated separately 
if desired. The locomotive is approximately 45 ft. 
long over all, and 9 ft. 8 in. wide. The total height 
above the rail with trolleys lowered is 17 ft. The 
wheels are 60 in. in diameter, and are mounted on 8-in. 
axles, with 6 ft. 4 in. between centres. The side 
frames of the truck are of cast steel, and are spring- 
supported-in the usual manner; the weight on the 
two inside axles of each truck being equalised. The 
cabs are built of sheet steel, with angle-iron supports, 
and the entire cab as a whole is removable from the 
truck. 

Each axle carries a 225-horse-power single-phase 


series motor of the single-reduction type, making a | 
One side of | 


total of six motors for the locomotive. 
each motor is supported directly on the axle, and the 
other is suspend 
tive body. The motors are of the same general con- 
Struction as the standard Westinghouse alternating- 
current railway motors of smaller size. They are so 
arranged that forced ventilation may be used, and 
increased output thus secured. 

The locomotive is designed for a current of 25 
cycles, and a trolley voltage of 6600; and one of the 
most striking points of the exhibition, to those who 
have been accustomed to the enormous currents 





by spiral springs from the locomo- | 


| regulators are driven by small series motors of the| 


same general type as the main motors. Both regu- 
lators are controlled by the multiple-unit system from 
|a master-switch at either end. They may be stopped 
|at any desired point in their travel, and thus the 
locomotive may be run at any speed with the same} 
facility and economy as a steam locomotive. 

Forced ventilation is used with the auto-transformers 
and induction regulators as well as with the motors, | 
the necessary air being supplied by suitable motor- | 
driven blowers. Motor-driven air - compressors are | 
also used. 

The locomotive is designed for slow-speed freight | 
service, this type having been chosen because the 
design of series alternating-current motors for very 
slow-speed service presents many more problems and 
is much more difficult than the design of equal capa- 
|cities for the ordinary conditions. This problem 
| having been solved, the production of similar locomo- 
| tives for passenger service becomes a relatively simple 
|matter. With the motors working at nominal full- 
|load output, the locomotive will develop a draw-bar 

pull of 50,000 lb. at a speed of approximately 10 miles 
|per hour. On several occasions, however, when haul- 
ing the fifty-car train referred to above, steady draw- 
bar pulls of from 60,000 lb. to 65,000 lb. have been 
recorded on the dynamometer car, and momentary 
efforts as high as 100,000 lb. have been obtained with 
|no sign of slipping of the wheels. With lighter loads 
|the locomotive may be run at higher. speeds up to a 
| maximum of about 30 miles per hour. 

| The successful completion of so large and powerful 
|an alternating-current locomotive, without the usual 
| series of developments eae any See 
|sizes which is ordinarily required when so great a 
| problem is undertaken, marks a distinct advance in 
| the production of electrical apparatus for heavy trac- | 


| 








has so long been looked for. 


INDUSTRIAL NOTES. 

THE growth of factory and workshop inspection, as 
compared with a quarter of a century ago, is almost 
ainfully evident in the huge reports issued by the 
Jome Office. A small thin volume was formerly suffi- 
cient to record the principal doings of the Chief and all 
his subordinates ; now the Annual Report has grown 
into a large volume. Inspection under the Alkali 
Acts is reported on separately in another publication, 
while the reports as to coal and other mines were 
always distinct and separate. It is generally admitted 
now that inspection is essential to the well-being of 
the workpeople ; but it has been pressed and extended 
to such a degree that in some cases it becomes irksome 
to all concerned, most of all to the employers. In most 
of the great mills and factories in connection with the 
textile trades, in which inspection was first imposed, 
there has grown up mutual confidence between the 





|employers and the. factory inspector; in these in- 


spection is almost formal, as the well-known pro- 
visions of the Acts are generally effectively carried 
out. In most cases where large industries are con- 
cerned, the extra precautions required by the Acts 
have resulted in diminished costs, because accidents 
are now prevented. The prevention of accidents 
which cause injury to workpeopleé also prevents injury 
to property, and losses by stoppages, so that the final 
result is not so disastrous to employers as many feared 
it would be. But in any case, the workers have 
cause to be thankful that legislation has stepped in 
to avert accidents, to preserve health, and render 
employment less hazardous than it was in the good 
old times when no such protection was afforded. 

It is just possible that employers have greater 
difficulty in dealing with lady inspectors than with 
men ; certainly the lady inspectors have difficulties 
enough, especially in workshops and work-rooms 
under the workshops sections of the Acts. It is a very 
different thing to inspect workshops to what it is to in- 
spect large and well-ventilated factories where many 
hundreds are employed. In London especially, parti- 
cularly in what is called ‘‘ the season,” the anxiety is 
to turn out as much work as possible in the fewest 
possible hours. In many cases the accommodation is far 
short of the requirements; but customers must be 
served, and they bargain for the earliest delivery of the 
goodstheyorder. Underthesecircumstances the trades- 
people put on pressure, and the employés are often 
only too ready to work late, and break the statutory 
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rules in order to oblige their employers, and to earn 
extra wages when there is the chance. It is often an 
unpleasant task for the inspector to pry into secrets 
in order to bring the employer to book, but it has to 
be done if the law is to be carried out and its provisions 
enforced. One instance is given in the report of a large 
London establishment where every effort was made to 
evade the law by the use of rooms, other than the ordi- 
nary work-rooms, to which the inspector had no access, 
or only by the use of means which ought not to be 
required when engaged upon a purely legal duty. Over. 
time and nightwork are not the only things com- 
plained of. Lack of ventilation is a common offence, 
and too often there are complaints of cold rooms. 
Light and warmth are needed for workwomen and 
girls, and so also is ventilation without draughts—not 
alwaysan easy matter. The life of the lady inspector 
is not an easy one; sometimes it is a very disagree- 
able one. But the law has to be carried out, and 
women are not easily deceived when they once scent 
an evil. Laundries are also rather trying ; RK poe a 
because they have only been recently included in the 
Factory and Workshop Acts. It is not the employers 
only who break or seek to break the law, for the 
workers often violate its provisions and defend their 
action. 

There are, altogether, nine wae | inspectors. The 
following table is given to show the extent of their 
work in 1903 and 1904 :— 

1904. 
2,100 
3,776 


1903. 

Number of factories visited ... 1,911 
eS workshops visited 3,459 
other visits ps 2,272 2.519 
os miles travelled 43,412 47,671 


Miss ‘Anderson explains the reason why the nine 
inspectors paid only about 8000 visits in the course of 
the year. The object in view is, she says, to make 
each visit thorough. The number of male inspectors 
is 152, and these, the Chief Inspector says, visit, on 
an average, 1000 factories or other places under the 
Act in each working day. How it is done is not very 
clearly explained. It is quite evident that each visit 
cannot, in Miss Anderson’s sense, be thorough. Hence 
the cry is for more inspectors—this from the workers ; 
employers would, perhaps, be better pleased with 
fewer, and with fewer visits. But all this costs money; 
the tax-payer has to bear the expense. What he 
wants is that, in so far as the law requires it, the in- 
spection shall be efficient for the purposes of the Acts. 

ne lady inspector was specially told off to visit the 
Potteries, and she boasts that she has visited every 
factory in the county under the special rules applying 
to china and earthenware, except Newcastle and Bir- 
mingham. One other lady’s special duty was to in- 
quire into cases of the employment of women — 
pregnancy and after confinement; she investigate 
151 complaints in 23 different towns. Much of the 
work of these inspectors, male and female, is, of neces- 
sity, of a difficult and delicate character ; and some- 
times they find resentment from the workers for inter- 
ference as well as from some of the employers. This 
is inevitable. But, on the whole, they appear to per- 
form their duties with due consideration for all the 
interests and persons involved ; if they did not, we 
should hear of it in Parliament. 


” 


~ 


The industrial situation in Russia is quite as deplor- 
able as the political, in some senses it is worse, for the 
workmen in their desperate struggle for better con- 
ditions are shot down in the squares and thoroughfares 
unarmed. It is true that recently the men, or some 
of them, have obtained bombs and have thrown them 
with some effect among the soldiers ; but they are as 
nothing compared with the rifle, bayonet, sword, and 
machine-guns which are turned upon the workpeople. 
The general strike declared a few days ago led to 
disastrous massacres of men, women, and children ; 
but rage and hunger heeded not that death awaited 
them at every turn. At Lodz, which may be said to 
be the Manchester of Poland, and, indeed, of Russia 

enerally, the whole working population seem to have 
aoe carried away by the demand for a general strike, 
with the result that thousands were killed or wounded 
in the affrays with the military. How a general 
strike is to benefit starving populations is not quite 
clear ; but the idea has taken hold of the masses, and 
all sections of workers in ail the chief industrial 
centres have recourse to strixes with the view of 
obtaining concessions to them as workpeople. With 
the political aspects we have here nothing todo. But 
the two forces—industry and politics—have combined, 
and act, more or less, in concert; hence the outlook is 
gloomy in the extreme. Perhaps never in the world’s 
history has there been more serious complications, 
and more danger to the State. The whole fabric of 
Russian society is convulsed from centre to circum- 
ference. 


The political situation in the Australian Common- 
wealth is precarious by reason of the attitude of the 
old leaders of the two political parties hitherto domi- 
nant in the Australian Colonies, now federated into 
one great state. The disturbing element would appear 





to be the Labour Party, which for a brief space held 
the reins of power. It was proposed to have a coali- 
tion of the old factions for the purpose of fighting the 
socialistic policy of the Labour Party. Now they seem 
to have drifted apart, and each, or a section of each, 
seeks to conciliate the Labour leaders, with the view 
of using them for the support of one section to the 
exclusion of the other. The compact to combine to 
resist socialism has broken down; now it is the 
Fiscal Question, or preferential tariffs, upon which 
the political battle will be fought. The issues are not 
very clear, but it appears that the workman’s vote 
will be solicited on the ground that Australian labour 
is to be paramount throughout the Commonwealth, 
regardless of preferential tariffs or any other, whether 
with the Mother Country or other nations. We are 
not surprised at this attitude. Some of the trades in 
this country try to localise industry to such an extent 
that no contracts shall be given out to persons not 
resident in the district, or, at least, whose works are 
not in the district. This has been to some extent done 
in the case of shipbuilding on the Thames; the same 
efforts have been made in other places than London. 
The idea is to limit human energy and industry, 
instead of widening it. If the idea is reduced to prac- 
tice to any extent, the result will be disastrous to the 
nation as a whole, and ultimately to the special indus- 
try sought to be protected. There is someting to be 
said in favour of local trading, all things being equal ; 
but if they are unequal, it is essentially bad. 


The International Textile Workers’ Congress, held 
at Milan last week, was at times extremely noisy, and 
the specches were unduly protracted. It took three 
hours to arrange the order of procedure, verification 
of delegates, and the appointment of Standing Orders’ 
Committee, auditors, and other officers. There wasa 
long discussion upon the report, in which the speakers 
attacked the secretary ; who, in reply, stated that he 
was ill-supplied with the materials for the report. The 
German delegates led the attack, and wanted the 
headquarters to be removed from England to Germany. 
During the proceedings the German and Austrian dele- 
gates made such long speeches, which had to be trans- 
ated into two other languages, that the English dele- 
gates declared that they would leave the Congress if 
the time of speakers was not limited. One of the 
English delegates complained that instead of being 
trade-union delegates, those of Austria and Germany 
were mostly journalists, while the British section were 
all bond fide members of trade unions. In the discus- 
sion on the eight-hours’ day, the French insisted upon 
a legal eight-hours’ day by Act of Parliament; to this 
the British delegates objected. They held that each 
country must proceed as best it could by degrees, for 
a universal eight-hours’ day by May next year was 
impossible. After a long discussion, a resolution in 
favour of the principle of an eight-hours’ day was 
adopted. One English delegate :etorted upon the 
foreign delegates by saying that long hours were the 
rule where the unions were weak, short hours where 
they were strong—as in England. One of the reasons, 
perhaps, why the Congress was noisy, even to being 
disorderly, was Lecause of the trouble and difficulty 
of having all specches translated into two languages, 
so that all could understand. This occupicd much 
time. These textile trades’ delegates do not seem to 
be well versed in the nature, character, and conditions 
of work in other countrics than their own. 


The House ot Lords rejected the Shops Sunday 
Closing Bill. It is not often that the House of Lords 
condescends to talk shop, as represented by small 
tradespeople, and seldom does it consider their case, 
except from the standpoint of non-traders. 
some reason the Peers refused to assent to this Bill. 
Lord Avebury was the chief promoter, as he was of 
the Bank Holiday. He is a sincere believer in legis- 
lation for the regulation of trade. We are not 
enamoured of over-legislation. But it seems strange 
that while on the Continent there is a dead set against 
any extension of Sunday work, and a strong tendency 
to curtail it, in England there is a tendency to remove 
barriers to Sunday trading. From every point of view 
the cessation of work on one day in seven has been a 
boon to mankind, but events and circumstances seem 
to demand greater laxity in the observance of Sunday 
than heretofire. 


The strike of dockers in Liverpool is one of those 
ill-advised steps which tend to bring trade-unionism 
into disrepute. The origin of the strike appears to 
have been the demand of the men that the foremen 
shall be compelled to be members of the union. 
men would thus control the employers through the 
foremen, and render them powerless in case of any 
disputes. This is unreasonable. Foremen have as a 
first duty to consider their employers. They ought, 
of course, to hold the balance evenly as between the 
parties; but they hold a responsible position, which 
they must not abnegate, even at the dictation of a 
trade-union. The result of this foolish strike appears 
to have been to draw men from other districts to take 


the places of those on strike, under the protection of 
the Shipping Federation. If the dockers will do foolish 
things, they must suffer the*tonsequences. 


The position of the iron and steel trades in the 
Midland districts has undergone but little actual 
change, but the trend of trade is towards continued 
improvement. Reports from Wolverhampton state 
that there is a decidedly stronger tone in the iron 
market ; bars, both marked and unmarked, change 
hands in good lots; there is a marked improvement 
in inquiries for sheets, and for steel inquiries are very 
active at full rates. In the Birmingham district the 
iron market is quiet, but finished iron is steady at 
full rates; and common qualities are rather weak. The 
sheet trade is more active and prices are higher. 
Generally, it issaid, buyers are rather holding back in 
view of the approaching quarterly meetings; but 
specifications upon old contracts are given out more 
freely, and the tone on the whole is better and more 
hopeful for the near future. Some makers have their 
books well filled with orders, but others complain of 
limited demands for material. Makers of best iron 
are doing a steady business, and quotations are 
steady. 


In the Lancashire districts the firmer tone in the 
iron and steel trades of the last few weeks is fully 
maintained. Finished iron is very steady at full 
quoted rates. The demand for structural stcel is 
reported to be very good, and plates and angle-iron 
maintain full rates. Generally, the outlook is brighter 
than for some months past, but the recovery is slow. 


Under the South Wales stecl-workers’ sliding-scale 
award wages have now been reduced to a minimum, 
at which rate they will remain unaltered until such 
times as the state of trade warrants an advance. It 
is somewhat strange that wages in South Wales in the 
iron and steel trades have a tendency to fall to mini- 
mum rates, while in the North of England and in the 
Midlands wages have kept up marvellously well for 
some months past. 


The Board of Conciliation and Arbitration recently 
formed for dealing with the pay of army contractors 
in the boot and shoe trades, as a result of the Raunds 
strike, has unanimously chosen Mr. J. R. Askwith, 
barrister-at-law, as the umpire, and various matters 
are to be referred to him as arbitrator. Doubtless his 
award will be accepted by all parties. 


Some 500 labourers employed on the roads at 
Plaistow left work last week and marched to the 
Stratford Town Hall to protest against the labour- 
saving machinery employed by the contractors fur the 
electric tramways. They object to the ‘‘scarifier,” 
which tears up a number of yards of the road per 
hour. Their protest was disregarded. 








Gotp,—The value of the gold imported into the United 
Kingdom in May was 2,464,717/., as compared with 
2.456,4147. in May, 1904, and 2,134,380/. in May, 103. 
The imports from the principal colonial producing districts 
were :— 

May, 1905. May, 1903. 


Colonial Group. May, 1904. 





£ 
877,931 
144,272 
49,960 


£ 
1,302,926 


£ 
1,665.861 
176,667 


Britiah South Africa 
‘he £09,746 


British India 





But for | 


Australasia .. 296,260 407,927 


It will be observed that the receipts of gold from South 
Africa are steadily expanding, while the deliveries from 
the Antipodes are somewhat falling off. The commercial 
movement of gold in May presented no point of special 
interest. The aggregate imports of gold into the United 
Kingdom in the first five months of this year were 
16,284, 206/., as compared with 13,962,798 in the corres- 
ponding period of 1904, and 10,617,316/. in the corres- 
ponding period of 1903. In these totals, African, Indian, 
and Australasian gold figured as follows :— 


1903. 


Colonial Group. 1905. 1904. 








| British South Africa 


The | 





£ 
4,592,977 
1,071,463 
2,455,653 


£ j 
6,119,483 | 
8,570,737 
1,930,609 | 


£ 
7,9 9,965 
2,941,628 
1,892,998 


British India 
Australasia .. 


As regards the commercial movement of gold, Germany 
sent us 1,733 836/, in the first five months of this year, as 
compared with 1,202,930/, in the corresponding period of 
1904, and 124 525/. in the corresponding period of 1903. 


of gold from the United States have con- 
very limited. The exports of gold from the 
United Kingdom in May were 1,454,072, as compared with 
2,384,663 in May, 1904, and 1,088,709/. in May, 1903. The 
aggregate exports to May 31 of this year were 9,929,435/ , 
as compared with 12,815,141/. and 5,824,974/. in the corres- 
nding periods of 1904 and 1903 respectively. In these 
latter totals the exports to France figured for 4,527,531/., 
4,725,505/., and 669,567/. respectively. 


The receipts 
tinued to fe 
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THE ACADEMIC SIDE OF TECHNICAL 
TRAINING.* 


By Dr. ALEXANDER B. W. Kennepy, F.R.I. 


TurrRTY years ago, withina few months, I gave an open- 
ing address to the Faculties of Arts, Laws, and Science 
of University College, in this room, and took as my sub- 
ject ‘‘The Place of Colleges in Engineering Training.” 
{ was then, I believe, the youngest professor in the 
College, which probably accounted for my choice as 
lecturer. Now, alas! I am thesenior Emeritus Professor 
so far as the Faculty of Science is concerned, and very 
nearly the oldest ex-member of Senate still connected 
with the College. Probably this appearance of antiquity 
is more due to my youth in 1874, when I first came here, 
than to anything else. The fact of the matter was that 
at that time it was exceedingly difficult to find any 
one who would take up the position of an engineering pro- 
fessor ; and doubtless men who were wiser and older than 
myself at the time shrank from the responsibilities which 
a younger man, and one more rash, was ready cheerfully 
to undertake. In promising to give this address to-day, 
I had entirely forgotten the existence of my former 
lecture, and had forgotten especially the fact that its 
subject was so very similar to my present one. I have, 
therefore, read my old address over again with some fear 
and trembling, in case I should find myself about to say 
things in 1905 which were altogether at variance with 
our hopes and opinions in 1875. I was glad to find, how- 
ever, that my return to University College and to this 
room was not to be spoilt by any feeling of incon- 
sistency. Although in 1875 neither my colleagues nor 
myself had, in their most sanguine moments, any 
expectation that, in the course of a generation, engineer 
ing and technical training should make such enormous 
strides throughout the country as it has actually made, 
still the general ideas which we put forward then repre- 
sent very closely, on the whole, the lines on which tech- 
nical training in colleges has, in fact, developed. I am 
proud to think that University College should, at that 
early time, have been the means of putting forward the 
essential ideas of a scheme which has since shown itself 
to be so well adapted to the requirements of English 
enginecrs. 

I have put the words ‘‘ technical training ” in the title 
of my address to-day, but in speaking to you I shall, natu- 
rally, speak especially of the training of engineers. I 
think, however, that, mutatis mutandis, what I have to 
say will be applicable to the training required for other 
technical pursuits. Indeed, one of the particular points 
which I wish to make relates to the possibility of our 
adopting certain ideas and procedure at present common 
in connection with medical training, which is, un- 
doubtedly, the oldest and best-developed of all technical 
subjects. 

It is not so very long ago that engineers, at any rate, 
became willing to recognise that technical training had 
an academic side atall. Almost the first, and still un- 
doubtedly the greatest, representative of the academic side 
of our profession was the late W. J. Macquorn Rankine, 
who, alter cighteen years of practical engineering experi- 
ence, became professor of engineering in Glasgow in 1855, 
and held the Chair until his death in 1872; and some of 
whose pupils have occupied, and now occupy, very high 
positions in the profession for which he did so much. 
Perhaps it may be said that Rankine was by nature rather 
a physicist dealing with engineering problems than an 
engineer, in spite of his love for the ‘* three-foot rule,”} 
dealing with engineering problems. But only those of us 
who have had occasion carefully to study his work from 
the point of view of trying to teach subjects similar to his, 
can ever know what an extraordinary physicist he was. 
During the many years when I laboriously tried to follow 
in his steps there were times (or I thought so) when I had 
really original ideas in connection with the scientific side 
of my work, or the way of putting it. I have to confess, 
however, that experience only showed me, over and over 
again, that after I had elaborately found or worked out 
some such idea, I should be certain to find eventually 
that it had been given long before by Rankine. Perhapsit 
would be hidden away in a parenthesis ; anyhow, it would 
probably be treated as if it were of no importance(in spite 
of the importance I had been inclined to attach to it), but 
there it would be all the same. Rankine was one of 
those men who were not only abreast of the scientific 
knowledge of his time, but in many ways great]y in ad- 
vance of it; and many men with pen? 5 of his origi- 
nality, but perhaps with ten times his amount of self- 
assertion, have been able to obtain no mean repute as 
scientific thinkers. 

But, up to the period 1870 to 1880, Rankine’s pupils and 
their contemporaries were not yet old enough to influence 
the body of the engineering profession, and there still 
existed a pronounced dislike on the part of an enormous 
number of engineers to anything academic —a dislike which 
can hardly be realised now by those who see the various 
professional bodies vying with one another in their en- 
deavours to ensure that their members shall have a proper 
and complete scientific training. Before the date I have 
mentioned, both the London Colleges—University and 
King’s—had made some attempts at engineering teach 
ing in a more or less desultory fashion. At the School 
of Mines, Willis lectured on ‘‘ Applied Mechanics,” which 
meant mechanisms only. In Glasgow, Rankine had, 


* An address delivered at University College, London, 
before the Union Society, on June 29, 1905. 


t ‘Some talk of millimetres, and some of kilogrammes, 
And some of décilitres, to measure beer and drams ; 
But I’m a British workman, too old to go to school ; 
So by pounds I'll eat, and by quarts I'll drink, 

and I'l) work by my three-foot rule.” 








as I have said, been working for years; and in Edin-; 


burgh an Engineering Chair had been recently estab- 
lished ; but nowhere was there anything which would 
now be considered as a systematised course of instruc- 
tion for engineering students. The connection of Uni- 
versity College, in particular, with engineering training 
of sorts dates from as far back as its very foundation, 
when a ‘Department of Engineering and the Applica- 
tion of Mechanical Philosophy to the Arts” is mentioned 
as among those to be instituted. A Mr. Millington was 
appointed Professor, but there is no record as to whether 
he had any classes. In 1835-6 the Professor of Natural 
Philosophy (Mr. Ritchie) instituted certain courses in Civil 
Engineering, but the first actual Chair of Civil Engineering 
was founded in 1839-40, and held by Mr. C. B. Vignoles, 
who for three years gave courses of evening lectures. 
Mr. Vignoles, as may be remembered, became later on a 
most distinguished engineer, and was, in 1869, the Pre- 
sident of the Institution of Civil Engineers. After an 
interval of two years, Mr. Harman wis commenced 
evening lectures on ‘‘ Civil Engineering,” which continued 
until 1859; and during a portion of the same period Mr. 
Eaton Hodgkinson, who was well known in his time as 
an early experimenter on the strength of materials, gave 
lectures on ‘‘ Mechanical Engineering ” for two months 
in the year; and Mr. Bennet Woodcroft, afterwards at 
the Patent Office, lectured for some time on ‘‘ Machi- 
nery.” Dr. William Pole, the late honorary secretary of 
the Institution of Civil Engineers, succeeded Mr. Lewis 
in 1859, and continued to lecture, under a somewhat en- 
larged scheme of day lectures, until 1867, for the greater 
part of which time he was the only lecturer on engineer- 
ing subjects. ‘The late Professor Fleeming Jenkin suc- 
ceeded him, and lectured for two years before his removal 
to Edinburgh, where he afterwards established a very 
important engineering school. Under his immediate 
successor, Professor George Fuller, who left the College 
in 1873 to go to Belfast, the Engineering School of 
University College was for the first time organised in 
something like a complete fashion ; and when I myself 
came tothe College in 1874, although I was still the 
single engineering professor at the College, as my im- 
mediate predecessors had been, I was fortunate enough 
toinherit from Professor Fuller the preliminary work of 
a good many years in organisation and preparation for 
future development. 

Before the time of Fuller the lectures on ‘‘ Engineering ” 
had been at University College, as, I believe, everywhere 
else, of a disconnected kind, and bad not been so arranged 
as to form part of any systematised course intended to 
prepare young men for the engineering profession ; but 
anyone who takes tho trouble to look up the U.C.L. 
Calendar for 1872 will see that the teaching arrangements, 
both in engineering subjects and in science, had by that 
time been already well thought out. 

The College had aiso, during the same early years, de- 
voted considerable attention to architecture, on which 
Dr. Donaldson lectured from 1841 to 1864, and Professor 
Hayter Lewis from that time until 1881, when he was 
succeeded by the late Professor Roger Smith. 

I have said that in the early seventies a considerable 
change seemed to come over the feeling of colleges to- 
wards engineering training. No doubt this was due to 
many causes; partly, perhaps, to the increasing demand 
for such training on the part of young men who wanted 
to enter the engineering profession ; partly, no doubt, it 
was due also to the general outcry about the importance 
of technical education, which had by that time become 
very pronounced, although in the main the technical edu- 
cation spoken and thought of by the public hardly touched 
the academic education of engineers as we now under- 
stand it. Something also must be attributed to the estab- 
lishment by the Institution of Civil Engineers of the class 
of ‘‘students”—the junior members of the Institution 
under 25—and the increasing importance which came to 
be attached to this class as containing the men who were 
afterwards to become the active engineers of the country. 
The student class was created in 1867, and in 1889 there 
followed the establishment of an examination (chiefly 
scientific), as an essential part, although not the whole, of 
the qualification of young men to be elected as students. 
The standard of this examination, and with it the standard 
of entry to the Institution, has been continuously raised 
since that time, and there can be no doubt that in this 
matter the ideas and the work of our friend, Mr. James 
Forrest—then the acting, and still, as we are happy to 
think, the honorary secretary of the Institution of Civil 
Engineers—has bcen of great and lasting importance ; and 
that in this, as in many other respects, the profession 
generally owes a debt to Mr. Forrest which can never be 
repaid, but which, I am glad to believe, is fully recog- 
nised. 

Coming back to University College, of which I may, 
perhaps, here and to-day be allowed to speak more par- 
ticularly, it was in the early ’seventies—as I believe it has 


but with, I fear, much more knowledge of the technical 
side of his business than of the academic, vigorous dis- 
cussion at once commenced as to how to bring college 
work into active touch with technical requirements, and 
how to bring to the College the hundreds of future engi- 
neers who must be longing to be educated in the righ 
way. 

Some year or two before that time, Mr. Dwelshauvers- 
Dery, then a professor at Liéze, and since that time 
Rector of the University of Liége, had met some of m 
colleagues when on a visit to England, and had left with 
them (as I was told) the first suggestion of something 
like an engineering laboratory. Of this I was duly in- 
formed later on, and it struck me at once as representing 
the lines on which we ought to proceed if we were to 
make ei progress. It was, therefore, on these lines that, 
in 1875, I sketched out in this room the probable course 
of future engineering training on its academic side. It 
seems sufficiently evident now, when engineering labora- 
tories are as plentiful as university colleges, that they 
represent an essential part of engineering training; but 
it was by no means evident then, and it was more or less 
of w revolutionary idea that such laboratories could be 
founded and worked, although they would obviously be 
not so very dissimilar from the old chemical laboratories, 
and would be still more closely related to the physical 
laboratories which were then only just coming to the 
front, largely through Professor Carey Foster. There 
had previously been engineering laboratories (like the 
celebrated one of the late Professor Bauschinger, in 
Munich) both in Europe and America; but these had 
been used for research and advanced experiments by 
teachers and scientific men, and not for the actual train- 
ing and experimental practice of students. About the 
same time, however, although unknown to each other, 
the development of laboratories into something like their 
present condition was, I believe, going on in America as 
well as here. 

It fell to me to try and interest the older engineers of 
that time in the scheme, and even to try and collect some 
money from them and to persuade them particularly that, 
although laboratory training would be strictly academic, 
it would still not be inconsistent with the professional 
and practical training which they knew to be so neces- 
sary. The task was not always an easy one; but I found 
my predecessors on the Civil Engineers’ Council, although 
very conservative, quite open to discussion and even con- 
viction, and eventually I obtained their hearty approval. 
To mention only a low of those who signed our first 
‘*Memorial,” and who had, or have since, been Presidents 
of one or other of the great technical institutions, I may 
name Sir William Anderson, Lord Armstrong, Sir Ben- 
jamin Baker, Sir Lowthian Bell, Sir George Bruce, Mr. 
Latimer Clark, Sir John Fowler, Mr. Thomas Hawksley, 
Mr. Jeremiah Head, Mr. Menelaus, Mr. John Penn, Mr. 
John Ramsbottom, Sir William Siemens, and Sir Joseph 
Whitworth; the majority of them, unfortunately, no 
longer with us. 

Perhaps our success in establishing the first little engi- 
neering laboratory in the basement of this building was 
partly due to the extreme modesty of our financial de. 
mands. I believe we started with 500/.; and although I 
do not suggest that it would be desirable for the present 
well-equipped laboratories here and elsewhere to return 
to their original primitive conditions, still, I feel sure 
that what we wanted in funds and apparatus we made 
up in enthusiasm and determination. We—and I speak 
of my old students and myself—had so much to learn, 
were so determined to learn it, and so delighted with the 
novel means at our disposal for learning it, that I doubt if 
ever since that time quite so much good has been got out 
of any laboratory as some of us got out of this one between 
1876 and 1880, 

Looking back on that time, and comparing it with the 
twenty years before, it is most interesting to see how 
very rapidly the idea had spread that some kind of fairly 
complete academic training was desirable in the tech- 
nical professions. In my own profession it was fostered, 
no doubt, by the continually-raised demands of the Insti- 
tution of Civil Engineers upon those who wished to join 
it; an influence which, although exercised directly only 
upon its own members, undoubtedly extended far beyond 
these, and acted favourably on the status of the whole 
profession. No doubt the popularity of engineerin 
laboratory work with the students, and the additiona 
usefulness which it gave them later on, bad also a very 
important popularising influence. 

In 1874 the Professor of Engineering at University 
College—and this practically applies to similar Chairs 
elsewhere—had to do not only with the work which is at 
present done here by Professor Harcourt, Professor 
‘leming, and Professor Cormack, but practically the 
entire work of all the assistants of all of these professors ; 
for I doubt if an assistant to a professor of engineering 
had ever been heard of before that date. (My first classes 





been since—the scene of great activity. Sometimes, 
perhaps, our activity was unduly pugnacious ; and I seem | 
to remember that the best of friends and colleagues some- | 
times had occasion to differ very seriously (as we thought) | 
from each other in reference to matters of College policy, | 


had, I think, from three to six members.) Now, of 
course, engineering teaching generally is systematised 
and subdivided to an extent only comparable with the 
similar arrangements existing in connection with medical 
studies. If anybody is in the least interested in seeing 


which now, looked back upon, seem to have been of very | what an unfortunate professor of engineering was ex- 


small importance. Anyhow, we were certainly very muc 


in earnest, and very determined to carry out ideas which | Calendar of University College for that year. 
Possibly the fact that | back upon the engineering 
before my own appointment to the Chair of Engineering | myself, following very muc 
there had been a whole year’s interregnum—no one being | down b 


we thought were right and useful. 


pected to know in 1874, I recommend the study 7 oe 
ook 
a go which I drew up 
the lines previously laid 
Professor Fuller, with wonder and amazement 


found who could take the Chair — induced somewhat | that I should have ever ventured to talk about so many 


serious searchings of heart as to the causes of the appa- 
rent weakness of the engineering department. Anyhow, 
soon after my arrival, and when my colleagues, Carey 
Foster, Henrici, Clifford, and Hayter Lewis, found that 
they had got hold of a young, impressionable, and enthu- 
siastic colleague with at least a great capacity for work, 


different subjects, and with much admiration at the way 
lin which must have stood the after-lecture cross- 
examination by my students, who, after all, were not 
| so very much younger in those days than myself. It 
was the sort of thing that could only have been done by 
a young man whose enthusiasm was not tempered by 
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discretion; and it is no wonder that at that time candi- 
dates for such engineering chairs were not plentiful. 

Now all the t engineering societies have recog- 
nised formally that no engineering training is complete 
without its academic side; and a very important com- 


mittee, consisting of delegates from the five t engi- | p 


neering societies with Sir William White as President, 
has been at work for some time, formulating their ideas 
as to the nature of the Yee training, and going so 
far as to formulate also ideas as to the preliminary educa- 
tion of young engineers before they commence their aca- 
demic training. I do not wish—or, rather, I do wish very 
much, but it is not my subject to.day—to enter upon the 
very thorny questions involved in what that preliminary 
education ought to be, according to the notions of a grown- 
up engineer. I will say, however—for it is no secret—that 
communications received from many head-masters of our 

reat schools, while not going so far as some of us would 
ike, are yet quite astonishingly radical in their ideas, as 
compared not only with thirty but even with fifteen 
years ago. 

As to the general trend of our academic training, I think 
we engineers are entitled to say that it should be so 
arranged as best to train the best engineers. I put it in 
this way because I mean it to be understood that while on 
the one hand the Lest engineer is certainly not the man 
who knows his own business only and narrowly, on the 
other hand, I think we are entitled to demand that the 
engineer should not be looked upon as the mere by- 
product of the training, but as the chief result to which 
other things are to be subordinated. I think that Univer- 
sity College is not likely to fall into this mistake ; but the 
point has really to be kept in mind in cases where, as here, 
the engineering education is only one branch of the wide 
range of education covered by the whole work of a Uni- 
versity College. 

In saying this, however, I particularly do not mean that 
the academic training of engineers should be laid out 
exactly on superficially-utilitarian lines. The idea of 
giving a young man just as much mathematics, just as 
much physics, or just as much chemistry as the minimum 
that he can professionally —— is not only pernicious, 
but cheutatele fallacious. here is no doubt that the 
only way of knowing a subject up to a certain point, 
in such a fashion that, up to that point, it can be tho- 
roughly utilised, is to study the subject up to some 
point very much further advanced. It is not at all a 
valid objection to the teaching of any particular point 
in mathematics or physics that it is more complicated 
or more advanced than anything which the engineer 
will be likely to require in practice. That, in itself, 
is not an objection at all, because, as I have said, it is 
impossible really to master a scientific subject up to a 
certain—often very elementary—point without having at 
least a superficial knowledge of a much greater extent of 
the subject. But it is desirable—indeed, necessary from 
our point of view—that the advanced work in purely 
scientific subjects should be specially chosen so as best to 
deepen and make certain the knowledge of the earlier 
pony This may be, and almost certainly is, a very 
different thing from choosing it so as to form the best 
basis for still further study of the particular science in 
question. In this connection I must point out—at least, 
as my opinion—that it is a mistake to consider that there 
is only one mathematics or one physics, and that either 
the preparatory work or the whole teaching must neces- 
sarily be the same for everybody—for the man who is to 
devote himself to engineering, or for the man who intends 
to spend his life in physical work. For instance, I think 
an re ten, pape may be allowed to take for granted 
that A times B is equal to B times A (he is always quite 
prepared to believe it), and that it is perfectly reason- 
able to make to him dogmatic, and probably quite 
erroneous, statements as to atoms (let us say), or as to the 
ether, without any of the qualifications which would be 
necessary, supposing the atoms and the ether were to form 
the basis of the man’s future studies. 

It is, no doubt, a noble conscientiousness which some- 
times prevents a man who is in the front rank among 
scientists from making to his students, as quite general, 
statements which he knows to be true only with qualifica- 
tions or limitations. But the case is one in which often 
the general statement, given with authority, will really 
give the student a truer conception of the facts than a 
more accurate statement which is guarded by reasoning 
and explanations which he—that is, the student—cannot 
understand, and will almost certainly misunderstand. As 
a writer in Nature put it a few days ago, referring to the 
theory of quaternions, “‘the truth is that very few 
students are able to rey to the full an absolutely 
logical argument until they have a certain amount of 
practical knowledge imparted to them more or less by 
authority.” 

I can illustrate this easily at my own expense. Years 
ago I read Sir Archibald Geikie's ‘“‘Scenery of the High- 
lands,” for the first time, with gréat delight. Meetin 
Professor Bonney in the Common Room soon after, an 
knowing of the existence of certain logical contro- 
versies, I asked him—perhaps more or less maliciously— 
if I might take Geikie’s ‘‘Geology” as all right. He 
hesitated a moment, and .then said emphatically : ‘‘ It is 
quite right enough for you, anyhow.” 

T have nodoubt that Professor Bonney’s way of putting 
the matter was the perfectly legitimate one ; it is exactly 
the point which I wish to emphasise, and I quote my 
old friend—although at my own expense—as indicating 
exactly the position which a scientific man is entitled to 
take up, and will wisely take up, in dealing with students 
to whom his subject is, in effect, only a secondary one. 

There is one matter in connection with the teaching 
both of mathematics and physics to engineering students 
which I think might well Ses more than is 


generally the case. Whether it is desirable that it should 





be emphasised in dealing with the general student, I do 
not venture to say. I mean, the point that theanswer to 
any question can only be as accurate as the data of that 
question. For the ordinary examination question in 
mathematical physics it is necessary and unavoidable to 
resuppose certain data which in real life are absurd 
and impossible. In the ordinary everyday questions of 
engineering there is nothing more misleading than to take 
for gran’ the data of the examination paper; and a 
very great deal of the disrepute into which mathematical 
work had fallen at one time among engineers was due to 
the fact that, although the average student was able to 
use his methods rightly, he was unable to perceive whether 
they led him to a right result. I think it must be possible, 
even if it is not exactly easy, to point out to the student 
the extent to which the accuracy of his answers is influ- 
enced by the assumptions which he makes. It is, I am 
afraid, too often presumed that the method of work- 
ing out the answer is the chief thing ; ——— it may 

from some particular point of view. But for our pur- 
poses, foolish as it may sound, the method of working 
out the answer is only secondary; the answer itself is 
the chief thing, and we really must have that answer right 
when it finds itself translated into steel or stone. We 
would much sooner have a right answer got by an im. 
perfect method a wrong answer got by the best 
method in the world. And an answer may be wrong in 
two ways: it may be wrong because the data are in 
themselves wrong—that is to say, inapplicable to the 
particular case—or it may be wrong by Seine stated in a 
form much more accurate than the real data will allow 
of ; as when we find the indicated horse-power of engines 
given to six significant figures, when we know perfectly 
well that the fourth must always be doubtful. Tt would 
be most useful if our scientifie professors would discuss 
these points with their students, and show them specially 
the extent to which the methods and theorems of the 
mathematician and the physicist may be properly applied, 
when the only data available for the problems are suc 
as actually are found in practice. It is hardly fair to 
leave the engineering professor to tell his pupils, or to 
leave the engineer to tell his assistants, that the methods 
they are using are quite ——— and the results 
which they are getting obviously inaccurate. This is in 
every way inadvisable, and may lead the otherwise guile- 
less student to discount all his teachers instead of only 
one. Every scientific experimenter knows that it is often 
the most difficult part of his work to say how alterations 
in data or want of knowledge of accuracy in data may 
affect the result ; and I should like much to see this matter 
systematically dealt with by the teachers who have 
actually to do with the scientific or theoretical treatment 
of the questions concerned. If they have any doubt as 
to what is the general nature of the complex engineering 
questions which have to be solved, a letter addressed to 
any engineer in Westminster would bring them the 
fullest information. But, happily, most of the University 
Colleges now have engineers on their Senates, so that the 
— can be had without going outside their own 
walls. * 

I do not intend to say anything here as to the prelimi- 
nary part of the academic teaching of specially engineer- 
ing subjects, including laboratory work. This may be 
subdivided in many ways, according to the individuality 
of the teachers, the arrangement of the staff, and the aims 
of the particular college; and it cannot be said that any 
one way is necessarily better than any other. 

But as to the more advanced part of engineering teach- 
ing in colleges, I want to put forward an idea that I have 
more than once had occasion to express. I should much 
like to see the development of some such connection 
tween old ‘and distinguished students of a college, who 
become later on older and more distinguished engineers, 
and the college at which they have studied, or some other 
college, as exists in the similar case of the medical profes- 
sion. Ido not mean simply, or indeed at all, that, for 
example, University College should ask senior engineers 
in the country, or in Westminster, to give occasional lec- 
tures to their students on special subjects. I do not say 
that such an arrangement may not be useful as an accl- 
dental or occasional thing ; but I mean much more than 
this. The senior engineer (I am afraid I come into this 
category myself now), may have a very large experience, 
and have carried out a great dealof work. But he is pro- 
bably not in touch with the college, or with academic 
work of any sort, nor in touch with students at all; 
and, therefore, while he knows his subject, he may be 
a very unsatisfactory teacher. There are two diffi- 
culties in an older man going straight from _busi- 
ness to lecture. One is that, being out of touch 
with students, he does not understand the diffi- 
culties which present themselves to young men, and 
which have so long ceased to be difficulties to him- 
self, that he has even forgotten their existence. Then, 
secondly, having been for many years accustomed to look 
at his professional work entirely from the non-academic 
side, he really knows too much to be able to lecture about 
anything. He would be too apt to overload his lectures 
with masses of, no doubt, very important statements ; 
which would not be a by men in the student 
stage; and which by themselves would also probably 
involve difficulties of apprehension which would make 
their mere statement to the student useless; a condition 


* I should like to add here my great appreciation of 
such work as has. lately been done by Professor Karl 
Pearson, in the publicatiun of his ‘ Memoirs.” 
There is no scientific worker—as I had much occasion to 
know personally—who is mure thoroughly alive to the 
points which I have just raised than my old and most dis- 
tinguished en the value of whose recent investiga- 
tions has received such cordial recognition from the most 
practical of engineers. 





of affairs exactly comparable with that which I have 
already deprecated on the scientific side of the work. 
My suggestion is, that to get the full benefit from its best 
pupils a college should, if possible, keep in touch with 
them after they have left it. A few years after they have 
left college, and when they have fairly got into the swim 
of professional work—but before they have so much lost 
touch with the difficulties of their college days that they 
no longer appreciate the student’s point of view—they 
might be made to help in teaching by giving lectures on 
the special branches o! a with which they were 
mes: wd and actively familiar. They should do it before 
they have forgotten what they formerly learnt, or have 
had it driven out of their heads by the pressure of other 
ideas, and while college methods and points of view are 
still familiar. They would be men still making their 
way in their profession ; still, let us hope, full of enthu- 
siasm for their work ; and certainly they would be daily 
finding out the differences between actual and academic 
problems. Teaching of this kind could in no way replace 
the general preliminary teaching of engineering subjects 
in the college, which must continue to be given, as it is 
given now, bya professor or professors, the bulk of whose 
time is spent at the college, and who are thoroughly 
in touch with all the students. I confess, however, 
that I hope a time will come when, in any case, pro- 
fessors of engineering will not remain permanently in 
academic harness, but will come out and take their 
place—a most important one—as colleagues among the 
active and leading engineers of the country, and 
will look upon such a ition as that which they 
ought to reach rather than a solely academic posi- 
tion, however eminent. But, in addition to the work 
of the permanent professor or. professors, I believe that 
old students coming back in the fashion I have indicated, 
not in one only, but in several branches of engineering, 
and giving short courses of special lectures to third-year 
students, would very much help both the students and 


h | the rest of the teaching staff. The arrangement would 


also have the very great advantage of bringing about a 
closer and warmer connection between the men who are 
at work in their profession and the colleges where they 
were trained. It would also help to keep the colleges 
themselves in that actual and continual touch with engi- 
neering things and ideas which is so absoJutely essential 
for their continued usefulness. The growth and develop- 
ment of engineering, as of all things technical and 
industrial, is so rapid, so varied, and so continually 
ahead of all text-books, that without personal contact 
of professors and teachers with actual work, the teach- 
ing of a college may —indeed, must inevitably — soon 
fall behind and become out of date. For this reason I 
have strongly advocated, in certain recent cases where I 
have been asked the question, that not only should a 
professor of engineering be allowed to carry on the real 
practice of his profession—I do not mean the giving 
of expert evidence—conjointly with his academic work, 
but that he should be encouraged and pressed to do so. 
This may result in the teacher giving up professorial 
for professional work altogether sooner than he would 
otherwisedo. But if so, the students ‘who have passed 
through his hands are certainly not the losers, however 
much the college may regret the loss. And no doubt the 
more it is found that the academic position forms a step 
in the professional, the more and the better candidates 
will be found for each academic vacancy which occurs. _ 

It will be noticed that the scheme I have outlined is 
closely analogous to the system already general in connec- 
tion with medical training, where the lecturing and pro- 
fessorial staff on the technical side consists almost 


be- | entirely of old students (occasionally from other colleges) 


who are inning to make their way aa or 
who—by the time they have become professors—have 
actually made their way to the highest ranks cf their 
profession. 

In conclusion, I will only add that I can hope for 
nothing better than that, during the next thirty years—at 
the end of which I fear I cannot expect to be again asked 
to lecture here—the advance in the academic side of 
technical training may be as great and as real as it has 
been during the last thirty years ; and that then, as now, 
and as in 1875, University College may in this matter hold 
the advanced position which it has always tried to main- 
tain and deserve. 








CoAL IN THE TRANSVAAL.—The coal production of the 
Transvaal in April was 203,991 tons. This output was 
valued at 67,274l. 


Cars FoR JAPAN.—The Pressed-Steel Car Company, of 
Pittsburg, has received an order for 900 box cars for 
delivery to the Japanese Government, The cars will be 

-ft. gauge, 15 ft. long, and will have a carrying capacity 
of about 7 tons. The Middletown Car Works, Middle- 
town, Pennsylvania, has taken an order for 500 cars for 
the, Imperial Japanese railways. The order is to be 
rushed. 





A Canapian Sup Cana.—A project of a ship canal 
from Georgian Bay to Toronto is again on the tapis. 
Mr. H. C. Spalding addressed the York City Council on 
the subject a tow days ago. His proposal is to build a 
ship canal from a point on Georgian Bay, near Victoria 
Harbour, across to Lake Simcoe. Vessels could then use 
this lake to a second canal, which would utilise the 
channel of the Humber, and terminate in Humber Bay. 
The rise of 131 ft. from Georgian Bay, and the drop of 
nearly 600 ft. from the height of land to Lake Ontario, 
ey +4 would ona, not Aes — oe of 
oc: ut & system rtages, which wou uce 
the cost fm 60,000,000 dels. to about 35,000,000 dols., 
while three-fifths of the time occupied in locking would 
be economised. 
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ELECTRIC WINDING-MACHINES.* 
By Professor Paut Hasets, of Brussels. 
[Translated from the French.] 
(Concluded from page 854 of vol. lxxix.) 
IV.—ELEcTrIcAtLy-DRIVEN WINDING-MACHINES AT THE 

Pit or Str. Nicovas, aT THE CoLLiERTES OF EspEr- 

ANCE AND BONNE-FoRTUNE, MONTEGNEE. 

1. Description of the Installation (Fig. 11, a 
The machine was supplied by the Société Belge d’Elec- 
tricité A.E.G. It is design to draw 500 tonnes 
(492 tons) from a depth of 800 metres (2625 ft.) in 8 hours. 
The loads are:—Four tubs holding 535 kilogrammes 
(1102.3 lb.) of coal, or 750 kilogrammes (1653.4 Ib.) of 
stone; each tub weighs 250 kilogrammes (551.1 Ib.), and 
the cage weighs 1800 kilogrammes (1? tons). The electric 
energy is supplied from the power-station, which was con- 
structed in 1899, at the pit of Espérance, and which 
contains three sets of three-phase generators working 
at 1000 volts, and with a frequency of 44; the output of 
each machine is 200 kilowatts. Two of the sets also 
supply current for pumping, ventilation, picking, &c., at 
the pits of Espérance and St. Nicolas; the third is a 
reserve set. 

The coal is drawn from four underground landing-stages 
at depths of 368 metres (1207 ft.), 342 metres (1122 ft.), 
288 metres (945 ft.), and 185 metres (607 ft.). On account 
of the nature of the deposition of the beds and the extent 
of the field of exploitation, it many eventually be neces- 
sary to draw simultaneously from several seams, which 
will require one or two stoppages during each lift. The 
time spent in unloading the cage at the bank of the pit, 
and simultaneously loading the cage at the bottom landing- 
place, is 30 seconds, and loading the cage at intermediate 
landing-stageg takes 20 seconds, Under these conditions 
the maximum haulage speed need not exceed 12 metres 
(39 ft. 44 in.)in order to draw a total of 500 tonnes (492 
tons) from a depth of 800 metres (2625 ft.). When the 
depth is Jess or the tonnage is smaller, the speed may be 
slower. Local circumstances have led to the adoption of 
a Koepe pulley, with a central groove for a fiat-wire 
rope and two brake-rims, one on each side of the groove. 
The motor and the Koepe pulley are mounted on the 
same shaft; the diameter of the pulley is 3 metres 
(9 ft. 104 in.), and requires, therefore, only a medium size 
motor. The haulage speed is 10 metres (32 ft. 9} in.) 
when the motor makes 64 revolutions per minute. 

Notwithstanding the high frequency. a three-phase 
motor might have been designed for this slow speed. 
Preference has, however, been given to a continuous- 
current motor ; and a motor-generator of the Ilgner type, 
consisting of a three-phase motor and a continuous- 
current generator, has been adopted for the following 
reasons :— 

During the period of acceleration, the three-phase 
motor would have absorbed 615 horse-power—a power 
which the central station would not have been able to 
supply with the present plant. Besides, a three-phase 
motor with a starting rheostat is very wasteful, and the 
loss of power in this case would have been still higher, on 
account of the intermediate stoppages. 

Notwithstanding the conversion of the three-phase 
current, the motor-generator is in this case more econo- 
mical, as it almost entirely prevents any losses during 
acceleration, and the slow speed which must be adopted 
when the haulage is reduced, and also during the night- 
shift. A motor-generator with an Ilgner fly-wheel will 
also equalise the demand on the power-station, no matter 
how the load varies. The power-station will then be 
able to supply the other motors, if the pumping is done 
during the night. 

The haulage motor M (Fig. 12) is a sepiratelv-excited 
continuous-current machine ; its rated power is 320 horse- 
nower at 64 revolutions per minute and at 500 volts. 
It will carry an overload of 40 per cent. for half-an-hour, 
and of 100 per cent. for five minutes. It will reverse 
without moving the carbon brushes, and gives no spark- 
ing even when the voltage is considerably reduced. 

The terminals of the haulage motor are electrically 
connected with the generator G! (Fig. 12, page 30) of the 
Ilgner motor-generator M!—G!, and a maximum current 
release, which acts when the current reaches 1500 amperes, 
is inserted in one of the leads. The output of the con- 
tinuous-current generator, which is separately excited, 
is 650 kilowatts at 500 volts, when making 285 revolu- 
tions per Minute; the rise of temperature, measured by 
the increased resistance, does not exceed 45 deg. The 
carbon brushes have no lead, even when the machine 
is generating the maximum current required by the 
motor. The machine will also generate the current with- 
out sparking, at voltages varying between zero and + 500. 
These results are due to the large proportions of the gene- 
rator, whose power is more than double that of the 
hanlage-motor. 

The generator and the haulage motor are of similar 
design. The cast carcass carries the pole-pieces of 
laminated iron. which are fixed by bolts in such a manner 
that they can be removed laterally without dismounting 
the armature. The field-coils are protected by the carcass, 
and the bobbins are divided into sections for the purpose 
of ventilation. The armature is & drum, the conductors 
being tooled and placed in the grooves of the sheet-iron 
core; the openings between the conductors allow of an 
effective cooling by circulation of air. 

The haulage motor M and the generator G! are both 
excited by a small motor-generator M, — Go, which sup- 
plies a continuous enrrent at 110 volts. This motor gene- 
rator consists of a 27-horse-power asynchronous motor 
—supplied with current from the power-station an 
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making 820 revolutions per minute—and an 18-kilowatt 
continuous-current shunt-generator Ge. 

The armature of the main generator G' is mounted on 
the end of the shaft, which also carries, between its two 
bearings, a fly-whee] of cast steel, 4 metres (13 ft. 14 in.) 
in diameter and weighing 40 tonnes (39.3 tons). The 
rotor of the asynchronous motor M!, which drives the 
Iigner group, is mounted on the other end of the shaft ; 
it will exert 250 horse-power at a continuous run of 285 
revolutions per minute. For the purpose of inserting a 
liquid rheostat in the rotor circuits, on starting the 
machine, the rotor is provided with slip-rings. An electro- 
magnetic brake F, when excited, will generate eddy cur- 


rents in the fly-wheel rim, and will stop the motor- |p 


generator in about a quarter of an hour. Without this 
contrivance it would take several hours to bring the 
machines to a standstill. on account of the large amount 
of energy stored in the fly-wheel. 

The bearings of the motor-generator are lubricated by 
means of rings; the steps are cooled by circulation of 
water from a vessel at a higher level. The water flows 
into the grooves of the bearings and into the reservoir of 
the starting rheostat, and falls into a cistern. A small 
centrifugal pump, worked by a 2-horse-power asynchronous 
motor M,, takes the water back to the high-level vessel. 
The pump can lift 5 litres (1.1 gallon) of water per 
second through a height of 15 metres (49 ft. 24 in.), and 
forces the water as a spray against a cooling screen. 

The reversing of the haulage motor is brought about 
by manipulating the lever L, of a controller, Accord- 
ing to the position of the lever, the following will 
take place:—(1) Simultaneous reversing of the field- 
current of the generator G! and the haulage motor M ; 
(2) reducing the field-current of the haulage motor and 
interrupting the field-circuit of the generator, when 
the motor is stopped ; (3) increasing the field-current of 
the generator progressively, by cutting resistances out, 
and thus causing the voltage of the generator as well 
as the speed of the motor M to increase progressively. 
While the lever L, is turned back towards the position 
“‘stop,” the counter electromotive force generated in 
the haulage motor (driven by the inertia of the moving 
masses) will become higher than the electromotive force 
generated in G!. The motor will become a generator 
and will act as a brake, thereby reducing the period of 
retardation. 

The Koepe pulley K is provided with two brake-rims. 
The brake, which is worked by compressed air, is only 
used by the driver for holding the pulley during the stand- 
still of the machine, and is manipulated by means of a 
lever for admitting the compressed air into the cylinder. 
It also acts as a safety-brake when the three-phase circuit 
is interrupted. An electromagnet E, excited by the 
field-current, will then be demagnetised ; a counterpoise 
will be released and the brake will be brought into action. 
The brake will also act when the maximum release breaks 
the circuit, as the field-circuit will also be interrupted. 
When the cage overshoots the landing-stage, the indicator, 
showing the travelling of the cages, will cause the maxi- 
mum release to break the circuit, and the brake will con- 
sequently be brought into action. The brake may also 
be applied by working the pedal P, which will release a 
counterpoise. 

The retardation is also brought about by the indicator, 
which causes the lever L, to be moved towards the posi- 
tion ‘‘stop” as the cage approaches the pit bank. This 
automatic movement is often limited so as to allow the 
driver to finish the “lift” and to manipulate the machine. 
The compressed air required for the brake is supplied by 
a small compressor driven by a 5-horse-power three-phase 
motor at 120 volts. 

The different machines and apparatus as well as the 
electrical connections are shown in Figs. 11 and, 12, 


2. Description of the Trials and the Results.—The 
haulage machine just described has been submitted toa 
series of trials with the object of giving an account of 
the performance of the Ilgner system ; also of testing the 
consumption guaranteed by the contractor, and finally of 
determining the consumption of energy under actual 
working conditions. Thetrials were made on January 8, 
10, 29, and 30, 1905. 

(a) No-Load Trials.—The difficulty of starting the 
heavy fly-wheel. which squeezes the oil out from the bear- 
ing surfaces, makes it necessary to keep the Ilgner machine 
group in permanent motion. as the haulage machine does 
not stop for very long. The consumption of energy, 
while the Ilgner group is working on no load, has an i1m- 
portant ring on the economy of the system, and it was, 
therefore, decided to determine this consumption. A 
Siemens wattmeter and an electricity-meter were inserted 
in one of the motor-leads (M'), and readings were taken 
every five minutes during a period of 35 minutes, the 
machine making 313 revolutions per minute. According 
to the readings of the wattmeter, which had been specially 
standardised, the consumption was 31.94 kilowatt-hours ; 
the electricity-meter showed a consumption of 30 85 kilo- 
watt-hours. The temperature of the oil on the bearings 
was 30.8 deg. Cent. (87.4 deg. Fahr.). By stopping the 
circulation of water for 44 hours, the temperature of the 
oil on the bearings rose to 45.5 deg. Cent. (113.9 deg. 
Fahr.); under these circumstances, and the shaft 
making 315.5 revolutions per minute, the consump- 
tion according to the wattmeter and the electricity- 
meter was 30.55 kilowatt-hours and 29.82 kilowatt- 
hours respectively. According to another trial, re- 
peated on January 29, the consumption was found to be 
28 kilowatt-hours at a speed of 314 revolutions per 
minute ; the temperature of the oil was 35.7 deg. Cent. 
(96.3 deg. Fahr.). The latter consumption corresponds 
to that guaranteed by the contractor. The efficiency of 
the motor at this reduced load was 0.6; the windage of 
the Ilgner group and the friction between the journals 





_ the bearings absorbed, therefore, about 17 kilowatt- 
ours. 

(b) Passive Resistances in the Pits and in the Haulage 
Motor.—These resistances were determined by giving the 
masses a certain velocity and measuring the height through 
which the useful load was lifted. The energy consumed 
by the passive resistances would then be equal to the 
kinetic energy stored in the moving masses minus the 
work done on the useful load. 

The suspended loads were :— 


460 + 400 860 metres 
(2820 ft.) of rope at 5.6 kg. 
per metre (3.76 lb. per foot) 4,800 kg. (about 10,600 Ib.) 
wo cages with attachments 
at 2100 kg. (4630 lb.) 4,200 kg. (about 9,260 Ib.) 


Eight empty tubs at 250 kg. 

(551 Ib.) we bis ... 2,000kg. (about 4,408 Ib.) 
Four loads of coal at 535 kg. 

(1180 Ib.) 2,140kg. (about 4,7201b.) 





Total ... 13,140 kg. (about 28,988 Ib. ) 


The diameter of the Koepe vulley (reduced by wear) 
was 2.88 metres (9 ft. 5} in.). The moment of inertia of 


‘ 2 
the suspended loads was = ene = 2780 kilo- 


gramme-metres? (65,970 ft.-Ib.?). 
The moments of inertia of the rotating masses were : — 
1. Moment of inertia of the 
Koepe pulley ; ... 630 kg.-m.? (14,950 ft.-Ib.?) 
2. Moment of inertia of the 
motor armature ... — Bee 
3. Moment of inertia of the 
head pulleys 


(5,932 ,, ) 


oda 


.675 ,, 


(16,018 ,,  ) 


- (36,900 ., ) 


The moment of inertia of the masses was thus:—1 = 
2780 + 1555 = 4335 kilogrammetres? (65,970 + 36,900 = 
102.870 Ib. -ft.?). 

The kinetic energy corresponding toa speed of 8 metres 

2 8 





1555 


w, = 5.55, 


1.44 ia” 


w? is or 
= 15.4; hence the kinetic energy = 


(26 ft. 3 in.) per second equals = 
and therefore 
=< = 66,759 kilogramme-metres (482,900 foot-pounds). 
The loads travelled through a height of 29 to 30 metres 
(95 ft. to 98 ft.) after the current had m cut off from 
the motor. The work done by the non-balanced load 
was thus 2140 x 29 = 61,060 kilogramme-metres (441,647 
foot-pounds) to 64,200 kilogramme-metres (464,400 foot- 


pounds). The kinetic energy of the masses is between 
66,759 _ 66759 _ : : 
: = 1.04 and —. = 1,095 times the work done in 
64,200 61,060 


raising the non-balanced loads—i.e., the useful work. 
The resistances in the pits and in the machine are there- 
fore only 4 to 94 per cent. of the useful work. We shall 
see that these figures, which may at first seem rather 
small, agree with other tests. 

(c) Guaranty Trials.—The object of these trials is to 
determine whether the consumption in kilowatts per 
useful horse-power developed by the machine comes within 
that guaran by the contractor. The guaranty had 
been fixed by assuming a haulage of thirty up and down 
journeys per hour; each journey included a loading at 
the bottom landing-stage at a depth of 368 metres 
(1207 ft.), and a stoppage on the way at one of the inter- 
mediate loading-stages, at depths of 342,288 and 185 
metres (1,122,945 ft. and 607 ft.). 

Three series of trials were made on January 10 and 
repeated on January 30; each trial included ten up and 
down journeys, made as quickly as possible. 

Series I. compri journeys with loadings at 368 and 
342 metres (1207 ft. and 1122 ft.). 

Series II. comprised journeys with loadings at 368 and 
288 metres (1207 ft. and 945 ft.). 

Series III. comprised journeys with loadings at 368 and 
185 metres (1207 ft. and 607 ft.). 

At each of these trials the following observations were 
taken every ten seconds. 

1. Readings of the Siemens wattmeter (the same as used 
at the no-load trials), which was inserted in the joined 
circuit of the Ilgner group and the motor generator 
M.G..—These readings were plotted with time as absciseex, 
and the integration of the curve gave the total electric 
energy spent during the test. This energy was also 
determined by means of the electricity meter by taking 
readings at the beginning and at the end of the tests 

The results obtained by these two instruments differ 
only 1 to 3 per cent. 

2. Readings of a Weston ammeter and voltmeter which 
were connected to the same circuits.—From these data 
we may plot the curve of apparent alternating watts; and 
by dividing the watts found by the wattmeter by the 
apparent watts we obtain a curve representing the 
variations of cos of the installation. 

3. Readings of the ammeter in the field circuit.—The 
latter was maintained at 110 volts. 

Recording-instruments give an account of the volts and 
amperes of the continuous current which drives the 
haulage motor. By multiplying the simultaneous volts 
and amperes we obtain the watt curve of continuous 
current, which repesents the power spent at any moment 
during the haulage; and by integrating the correspond- 
ing parts of the curve we determine the energy spent 
during the different parts of the journey. 

The variation of speed of revolution of the Igner group 


‘was shown by a recording speed-indicator. The variation 


of kinetic energy of the group from the beginning to the 
end of each “tal had to be added (algebraically) to the 


consumption of the electric energy found by means of the 
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determine the total expenditure of energy. 
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3 wattmeter, in order to | steam per useful horse-power hour, which is very small | 
| for a winding-machine. It is possible to produce a kilo- | 
watt-hour by a much smaller consumption of steam ; the | 
consumption guaranteed for a steam turbo-alternator 
working at a pressure of 6.5 kilogrammes (14.3 lb.) and 
superheated 300 deg. Cent. (572 deg. Fahr.) is 8.95 kilo- 
| grammes (19.73 lb.). Adopting this figure, we should 
require 14.40 to 16.5 kilogrammes (31.74 lb. to 36.37 1b.) 
of steam per useful horse-power hour, and we may even | 
go below these figures. The electric winding-machine | 1! 

can, therefore, compete with the very best steam winding- | 
machines. Mr. Henry, engineer to the Hasard Collieries, 

has not suce in reducing the consumption below 
18.94 kilogrammes (41.7 1b.) of steam per useful horse- | jj: 
power hour, notwithstanding the best-known improve- 
ments. 











in 


Kilowatts 


The moment of inertia of Trial. 
the rotor of motor M'... 
The moment of inertia of 
fly-wheel... MA: oad 
The moment of inertia of 
the armature of gene- 
ratorG! ... ses ies 
The moment of inertia of 
shaft ae ae + 


Number of 
Up and 


Down 
ful Work 
per Hour 


in H.-P. 
tion per 


Journeys 
|_ per Hour. 
Mean Use- 
Consump- 
Useful 
H.-P. 


65 kg.-m.? (1543 ft.-1b.2) 
1000 


2 





» —- (23,730 ) and 312 m. 


Haulage from stages at depths of 363 m. 
(1207 ft. and 112? ft.). 
28 0.80-0.89 0.4513 81.25 
28 0.855 0.453 £0.00 
Haulage from stages at depths of 363 m. 
(1207 ft. and 945 ft.). 
Jan. 4 25 9.73-0.80 0.413 67.50 
nie as 29 0.85 | 0.429 76.75 
Haulage from stages at depths of 368 m. 


P ° —_ . | (1207 ft. and 607 ft.). 
S ae 2 It will be noticed that the efficiencies R, are very | + 
(m ah )om er: high. If the mean value of R,, 0.855 (from the trials | he a pee 2 
3600 on January 30), be divided by the efficiency of the | ee hiner : 
where n represents the number of revolutions of the , haulage motor, the reciprocal of this quotient will be | — - 
Iigner group, as indicated by the recording speed-indi- | the factor by which the useful power must be multiplied, | saaibes of revolutions made by the Ilgner group were 
cator, in order to obtain the power required by the haulage | read off simultaneously with the readings of the electri- 


1.63 
1.61 


and 288 m. 


Jan. 
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Total I = 123) . 8 
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The variation of kinetic energy = and 185 m. 
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1.81 
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Fig.71. .— Winding- Engine Installation. 
See also Fig. 12, 
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The author does not consider it necessary to publish all l 
the figures and curves obtained by these trials, as their 
number is very considerable. Fig. 13 (page 311) re 
presents the results from three up and down journeys 
of Trial II’, made on January 30. The trials com- 

rised ten complete journeys from landing-stages at 

epths of 368 and 288 metres (1207 ft. and 945 ft.). The 
performance of the Ilgner system is indicated by this | 
diagram ; it will be noticed that the power absorbed by | 
the haulage motor (continuous watts) varies considerably | 
—viz., from zero to about 300 ‘<ilowatts, then falls to| 
200 kilowatts, and returns to zero ; the power supplied by | 
the power-station (alternating watts) varies only between 
110 and 160 kilowatts. 

The results which may bo deduced from these trials 
will be found below, and from these we have determined | 
the officiency R; = ratio of useful power to power sup- | 
plied to the haulage motor (continuous watts) and effi- | 
ciency R, = ratio of useful work to the sum of the energy | 
spent by the alternating current and the kinetic energy 
stored in the Ilgner group. The watts consumed per | 
useful horse-power spent in drawing coal is determined 
by dividing 736 watts by Ry». 

The consumptions given above are slightly smaller than | 
those guaranteed by the contractor. | 

The consumption at the power-station of Espérance is 
11 kilogrammes (24} lb.) of steam per kilowatt-hour ; the 
consumption at the trials would, therefore, be between 
17.75 and 20.3 kilogrammes (39.1 Ib. and 44.75 1b.) of | 
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motor to overcome the useful loads and the passive resist- 
ances. If the efficiency of the haulage motor (neglecting 
0 855 _ 
0.95 

= 1.11. The passive resistances, therefore, 


the field-current) be taken as 0.95, then we have 


0.90 and 1 
0. 


90 


| do not exceed 11 per cent., which agrees fairly well with 


the figure already found above. 

(d) Consumption of Energy under Working Conditions. 
—For the purpose of determining the consumption in 
kilowatts per useful horse-power, the haulage-machine at 
the pits of St. Nicolas has been submitted to a permanent 
set of trials, lasting from January 17 to March 1, 1904. 
The consumption was measured by the electricity meter, 
inserted as in the guaranty trials. The readings were 
taken every day at 6 and 8 a.m.,and at 3and6 p.m. The 


*See R. A. Henry, ‘‘ Etude Théorique ct Expéri- 
mentale de la Machine d’ Extraction;” Revuc Universelle des 
Mines, dc. 4th series, T. VIT., 1904. 
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city-meter, and a record was made of the coal and stones 
drawn during the different intervals of time. By means 
of these data the useful work done by the machine may 
be determined, as well as the mean work per hour. The 
consumption of electric energy, to which is added or sub 
tracted the kinetic energy of the Ilgner group, admit of 
determining the consumption in kilowatts per useful horse- 
power. The large number of results from the trials, 
which lasted over a period of one month and a half, have 
been plotted (Fig. 14, above) by taking as ordinates the 
consumption in kilowatts per useful horse-power, and as 
abscissee the mean useful horse-power given off by the 
machine. The points lie evidently on a hyperbolic 
curve. During the night, when the haulage is less, the 
ordinates are longer on account of the permanent con- 
sumption of the Iigner group. The ordinates will be 
shorter as the haulage mes more active, and will be 
about 2 kilowatts per horse-power between 8 a.m. and 
3p.m. The results from the guaranty trials have als> 
been plotted ; these points lie on the continuation of the 
curve. It may be remarked that the hyperbolic curve 1s 
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similar to that representing the consumption of a steam- 
driven winding- machine. * 

The high consumption during the night may be attri- 
buted to the Ilgner system, and would, therefore, not 
take — if the winding-machine were driven by an 
asynchronous motor; but then one would have to take 
into account the consumption of energy required to keep 
a dynamo at work at the power-station, which should be 
large enough to generate the maximum power required 
for starting the winding-machinery. At the instance of 
the machine at pit No. II. Preussen, the author has 
shown that the variation of consumption of a winding- 
machine driven direct by an asynchronous motor follows 
also a hyperbolic law.t 

The electric winding-machine at St. Nicolas has re- 
placed a steam-driven machine, which was put down in 
1874. According to trials made on February 17, 1903, 


Fig. 13.— Results from Three Up and Down Journeys 




















The rope is a fiat steel rope. The two ropes which 
were weed ot first consisted of six hawsers of four strands 
each, on a core of hemp; each strand contained seven 
wires of 2 millimetres (;°; in.) in diameter. The ropes were 
92 millimetres (3§ in.) wide and 20 millimetres ($} in.) 
thick, weighing about 5.7 kilogrammes per metre (3.8 lb. 
per foot). The wires were of steel, with a breaking 
strength of 145 kilogrammes to 150 kilogrammes (320 1b. 
to 330 1b.), and would bear fourteen bendings over a 
mandrel of 5 millimetres (} in.), and thirty torsions on a 
length of 200 millimetres (7 in.) before rupture. The 
total breaking strength of the rope was 77,750 kilo- 
grammes (76.5 tons). Tho first rope was removed after 
only three months of service, on account of unnecessary 


recaution. It was found by a tensile test that the total 
reaking strength of the weakest part of the rope was 
still 66,000 kilogrammes (145,504 lb.); the second rope 















































ropes. The latter ropes weighed about 4600 kilogrammes 
(10,141 1b.), and cost during later years from 1.65 francs 
to 2 francs per kilogramme (7d. to 8.7ld. per pound). 
Let us adopt the lowest figure: a rope will then cost 
7600 francs (304/.), and two ropes will, therefore, cost 
15,200 francs (608/.}. These ropes last about 26 to 32 
months—say, 30 months on an average. The rope 
expenses per month would therefore be 500 francs (20/.). 
The ropes which were rejected cost 2250 francs (90/.), 
which for a period of four and a half months is 500 francs 
(202.) per month, the same as we found for the aloes ropes. 
One may, however, expect to find the steel ropes more 
economical, as their construction is more suitable for the 

urpose, and may, therefore, last more than four and a 

alf months. A rejected haulage rope may be used as a 
counter rope. 

It may safely be concluded from these trials that the 


Fig.13. —Results from Three Up and Down Journeys. 
30 January, 1905.) 
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(Trial II’. 30 January, 1905.) [ 
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the steam-driven machine consumed 53.1 kilogrammes 
(117 1b.) of steam per useful horse-power hour during the 
period of maximum haulage—from 8 a.m. to3 p.m. By 
installing the electric machine a battery of six boilers, 
working at a pressure of five atmospheres, has been 
abolished. These boilers were in such a bad state that 
they would soon have had to be replaced by new ones. 
Besides being economical in consumption, the electric 
machine has also caused a reduction in wages, as the 
stokers who were dismissed from St. Nicolas have not 
been taken into service at the power-station. As the 
electrically-driven machine is much simpler to manipulate 
than the steam-driven machine, the drivers (two in 
number) needed very little instruction before taking over 
the new machine. The consumption of the accessories is 
very small. 


* 


See R. A. Henry, loc. cit. . 
t See Paul Habete, ‘‘ Les Machines d’Ertraction Elcc- 
ve mae Revue Universelle des Mines, &c., 4° série, T. 





lasted 44 months. It was replaced by a rope consisting 
of seven hawsers of four strands each, on a core of three 
wires of 1.2 millimetres (,); in.) in diameter, each strand 
containing seven wires of 1.8 millimetres(,', in.) in dia- 
meter. The rope, being 110 millimetres (4?} in.) wide and 
18 millimetres (4} in.) thick, weighs about 5.75 kilogrammes 
per metre (3.8 lb. per foot). 


30 torsions on a length of 200 millimetres (7{ in.). The 
1.2-millimetre (j in.) wire would bear 36 bendings, and 
30 torsions on a length of 150 millimetres (53% in. or 
5.9 in.). The total Sonaising: steengte of the rope is 77,000 
kilogrammes (75.8 tons). On account of the small dia- 
meter of the Koepe pulleys it was desirable to give the 
new ropes more flexibility by making them thinner and 
of finer and more ductile wire. 


It is interesting to compare the expenses, with regard 


to ropes, of the Koepe machine with those of the old 
stsam-driven machine with 


bobbins and flat aloes 








The wires are of steel, with | 
a breaking strength of 130 to 135 kilogrammes (286.6 Ib. | 
to 297.6 lb.) ; the 1.8-millimetre (,4-in.) wire would bear | 
18 bendings over a mandrel of 5 millimetres (}? in.), and | 








Absciss@ scale 1 div. = 10 sec. 


| electric haulage machine, even if it is not more economical 


than the best steam-driven machine, is certainly not more 
expensive. The greater facility and safety with which it 
can be manipulated, the canadienne with which it works, 
and its much greater flexibility will often make it prefer- 
able to the steam-driven machine, even in the case where 
transmission of energy is not required. There can be no 
hesitation in the choice between the two systems, when 
the power has to be transmitted from a distance, or, as in 
the case of the pits of St. Nicolas, where the production 
of energy can be centralised at one power station. 








Canapian Paciric Rattway.—The Canadian Pacific 
Railway Company has awarded contracts for the con- 
struction of a line from Toronto to the Magnetawan. 
Grading on 60 miles from the Magnetawan to Sudbury 
has just been completed. A number of surveyin ities 
are at work locating a route from Walkerton to Flesher- 
ton, on the Owen Sound division of the Canadian Pacific, 
and construction is expected to be commenced shortly. 
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THE PHYSICAL SOCIETY OF LONDON. 


Art the meeting of the he Society of London, held 
June 16, 1905, Professor J. H. Poynting, F.R.S., Presi- 
dent, in the chair, a paper, *‘ On the Ratio between the Mean 
Spherical and the Mean Horizontal Candle-Power of In- 
candescent Lamps,” was read by Professor Fleming. This 
paper contains a theoretical deduction from first principles 
of experimental results given by Mr. G. B. Dyke, B.Sc., 
in a paper read before the Physical Society on November 
11, 1904, respecting the ratio of the M.S.C.P. of incande- 
scent electric lamps to the M.H.C.P., taken when the lam 
was rotating round a vertical axis. In the case of nine dif- 
ferent types of electric glow-lamps this ratio was found to 
be a number near 0.78. The author shows, by discussing 
the — case of a linear filament, that the ratio of the 
M.S8.C.P. to the horizontal candle-power for this last case 
must be represented’ by the value 7/4 = 0.785, and hence 
that the constant ratio found experimentally by Mr. Dyke 
necessarily follows as a simple consequence of the fact 
that the light sent out in any direction from each unit of 
length of an incandescent filament varies as the cosine of 
the angle of inclination of the ray to the normal to the 
filament. In the paper it is shown also how a simple 
correcting factor may be obtained for reducing the actual 
horizontal candle-power of a linear filament of finite 
length to the candle-power in the same direction which 
would be found if the elements of the filament were con- 
centrated on the axis of the photometer and all normal to 
it. If p is the angle subtended by any linear filament at the 
photometer-disc. then the expression 4 { cos? ¢ + ¢ cot ¢} 
is the correcting factor which must be applied to correct the 
candle-power of the filament in the sense indicated above. 
From this expression is derived a general expression for 
the ratio of the mean spherical to the mean horizontal 
candle-power of a filament of finite length, when the 
measurements are made at such a distance that the length 
of the filament subtends a sensible angle at the photometer. 
The results of experiments are also described, justifying 
the assumption of the above cosine law of radiation. 

Mr. G. B, Dyke briefly described the experiments which 
had been performed to justify the law. 

Mr. L. Gaster thought that the subject discussed by 
Professor Fleming deserved considerable attention at the 
hands of lamp-manufacturers. Owing to the improve- 
ments made in recent years in the manufacture of incan- 
descent lamps it was advisable, in comparing their relative 
merits, to consider the mean spherical candle- power given 
out, and to determine the total flux of light per watt 
consumed, thereby conveying an accurate meaning as to 
pw efficiency of the lamp as an energy-transforming 

evice. 

Dr. Chree pointed out that the quantity 4 (cos?¢ + ¢ 
cot @) was based on a calculation which supposed the 
photometer-dise exactly opposite an end of the filament, 
and required modification when this was not the case. 
When D// was so large that ¢ was small, higher powers of 
¢ being neglected, the quantity reduced to 1~— 4 ¢?; but 
if the photometer-disc were opposite the centre of the fila- 
ment ¢ had to be replaced by ¢/2 and the departure of 
the quantity from unity was reduced to a quarter. He 
remarked that the quantity 4 (cos? ¢ + ¢cot ¢) had to be 
— as a divisor to the observed illumination to deduce 
what the result would be under the ideal conditions when 
D/i was so large that ¢ was negligible; and he was doubt- 
ful whether the language employed, especially the descrip- 
tion of the — as a ‘correcting factor,” was suff 
ciently free from ambiguity. 

Professor J. A. Fleming said he had tried to impress 
upon lamp-users the advantages of expressing candle- 
power in.terms of the total flux of light per watt con- 
sum Now that a simple relation had been established 
between M.8.C.P. and M.H.C.P., there was no excuse 
for expressing the candle-power of a lamp as its maximum 
horizontal candle-power. 

Dr. H. A. Wilson read a paper on ‘The Electrical 

Conductivity of Flames.” The paper contains an account 
of a series of experiments on the conductivity of a coal- 
gas flume for electricity between platinum electrodes 
immersed in the flame. The variation of the current 
with the distance between the electrodes and the fall of 
potential along the flame are investigated by using a 
special burner producing a long narrow flame. The 
burner consists of a fused quartz tube with a series of 
small holes parallel to its diameter. The electrodes are 
two parallel discs of platinum, one fixed at one end of the 
flame, and the other capable of movement horizontally in 
the flame, so that it can be placed at any desired distance 
from the fixed electrode. _ The current through the flame 
was measu by a moving coil galvanometer, and the 
potential difference between the electrodes by an electro- 
static voltmeter. The quartz-tube burner being a good 
insulator, enables a current to from one end of 
the flame to the other, without fear of any of it going 
through the tube instead of through the flame. It thus 
enables the effect of putting salts into different parts of 
the flame to be easily studied. 
_ Dr. J. A. Fleming said that the paper was of practical 
interest, and described some experiments he had made to 
utilise the properties of flames rendered conducting by 
potassium salts in the construction of a sensitive tele- 
graphic relay. 

Mr. W. Duddell drew attention to the similarity of the 

henomena described to those exhibited by electric arcs. 

e asked the author if he had considered the possibility 


lithium ae conductivity to flames in the order 
named. This order was also the order of the atomic 
weights. He had found that a flame could be used as a 
rectifier when using alternations about 100 periods per 
second, but was not sure whether it would rectify rapidly 
alternating currents. In reply to Dr. Watson, he said 
that the temperature of the electrodes exercised a great 
influence. An increase in the temperature of the electrode 
diminished the drop of potential at the electrode. 

A Is r on ‘‘Contact with Dielectrics” was read by 
Mr. Rollo Appleyard. The object of the paper is to 
examine— 

1. Whether tinfoil electrodes, pressed against a sheet 
of dielectric by india-rubber discs, enable accurate deter- 
minations of dielectric resistance to be made. 

2. The effect upon dielectric resistance of change of 
net on such tin-foil electrodes, in the case of press- 
spahn. 

3. The effect upon dielectric resistance of increase or 
decrease of voltage in the case of press-spahn between 
tin-foil electrodes. 

4. The rate and direction of the change of deflection in 
direct-deflection tests on press-spahn, and to determine 
in how far these changes result from surface conditions, 
and in how far from internal stresses. 

5. The effect of reversals of voltage upon dielectric 
resistance. 

6. The effect of prolonged ‘‘ electrification.” 

7. To indicate the probable limits of accuracy with 
mercury electrodes. 

8. To point out that Price’s guard-wire can be used in 
sheet tests to eliminate leakage over the sheet surface, as 
well as over the instruments. 

Among the conclusions arrived at are the following :— 

(a) Except in the case of homogeneous dielectrics, it is 
misleading to deduce specific values referred to unit cube 
of the material from the results of tests on sheets. 

(b) With tin-foil electrodes the apparent resistance of 
press-spabn diminishes as the 1 increases, and it 
attains a fairly constant value at a load of 400 grammes 
per square centimetre. 

(c) If with tin-foil electrodes the load is gradually 
diminished after a load of 543 grammes per square centi- 
metre, the resistance gradually rises; but the rise is less 
rapid than the diminution in the former case ()). 

d) When the full load with tinfoil electrodes is again 
restored, the resistance falls to its minimum value. 

(e) For small loads, with tin-foil electrodes, the second- 
minute deflection is in general greater than the first- 
minute deflection. As the load increases, a point is 
reached at which these deflections become approximately 
equal. For loads greater than about 360 grammes per 
square centimetre, the first-minute deflection is in general 
greater than the second-minute deflection. 

(f) Increase of voltage, with tin-foil electrodes, espe- 
cially with small loads, behaves like increase of load, 
apparently increasing the contact area, and diminishing 
the observed dielectric resistance. Load, voltage, and 
the normal effect of ‘‘absorption” thus combine to deter- 
mine the ratio of the first-minute deflection to the second- 
minute deflection. 

(g) When mercury electrodes are used, the dielectric- 
resistance, as measured at different voltages, is sensibly 
the same, even for abrupt and great changes of voltage. 

(hk) When mercury electrodes are used, the second-minute 
deflection is in general never ter than the first-minute 
deflection. The inference is that when, with tin-foil 
electrodes, the converse is the case, it arises from im- 
perfect contact, and not from the material itself. 

(7) When mercury electrodes are used, the dielectric 
resistance, as measured with a voltage applied in a given 
direction, is sensibly the same as that measured with the 
voltage reversed, and this equality appears to become 
greater after a few reversals. 

(j) There is a critical load at which tinfoil electrodes 
yield fairly accurate results. With greater loads there is 
danger of crushing the material. With a less load the 
contact is faulty. 

Mr. David Owen, in reference to the variation of appa- 
rent resistance with the volts applied in the case of the 
experiments made by the author where tin foil electrodes 
were used, pointed out that an effect of the same kind 
takes place in the case of the leakage resistance of con- 
densers of paraffined paper and tin-foil. If the insula- 
tion resistance be measured by observing the rate of leak 
of the condenser, the curve of volts and time drops more 
slowly than according to the exponential law. The same 
result is obtained if the current maintained by the appli- 
cation of a steady voltage across the condenser terminals 
is measured by a galvanometer in series. For such a 
condenser a recent test gave an apparent resistance of 
100 megohms for a P. D. of 4 volts, but this value steadily 
dropped with rise of voltage, and was 41 megohms for 
20 volts. Though the voltage here used was much less 
than those applied by the author, the effect in question 
is the same in kind and in degree. 

Mr. A. Campbell said Mr. Appleyard’s paper was an 
interesting contribution to our knowledge of a difficult 
but practically important subject. He had established the 
ad vantages of mercury siscbenlion Mr. Campbell remarked 
that he had used tin-foil and india-rubber electrodes for the 
last 15 years, and mentioned that before they were adopted 
at the National Physical Laboratory for Mr. Rayner’s 
and other work, they were put through a series of tests 
with varying weights, and from the observations a working 





of using a conducting flame as a high voltage r 4 
Also, had the author tried sodium salts, and what were 
their effects compared with those of potassium ? 

Dr. W. Watson asked if the drop of potential at the 
negative electrode depended upon the temperature of the 
electrodes. 

Dr. H. A. Wilson, in reply to Mr. Duddell, said that 
the salts of cesium, rubidium, potassium, sodium, and 





e was chosen which gave tolerably accurate results. 
He had also tried -wires with several kinds of sheets, 
and found that the surface leakage was negligible. In 
Mr. Rayner’s experiments at high temperatures, the 
changes due to a fall of temperature of a few de 
were so enormous that any inaccuracy due to the clamps 
was of trifling importance. Mr. Campbell mentioned 
that when measuring the capacities of thin sheets, tin- 





foil electrodes gave results which in some cases varied 
with the applied pressure. For example, with dry paper 
as dielectric, increase of pressure gave considerable in- 
crease of capacity ; and since in this case the contact does 
not matter, the effect must have been due to the approach 
of the electrodes. If the paper be black-leaded, the 
change of pressure has less effect. He therefore sug- 
gested that in cases where mercury was inconvenient, the 
use of black-lead might be of advantage. 

Dr. H. A. Wilson expressed the opinion that when 
using mercury electrodes the diminution in resistance 
might be due to compression of the dielectric caused by 
the pressure of the mercury, rather than to better contact 
between the mercury and the dielectric. 

Mr. W. A. Price said that the question of insulation 
tests was an important and far-reaching one. Dr. Wilson 
had suggested that the ure of the mercury might 
cause a change of form, but he did not think that pres- 
sures 80 onal would produce any appreciable change. 
The author had shown that provided you obtained good 
contact between the electrodes and thedielectric, you could 
obtain constant values for the insulation resistance. 

Professor W. Cassie suggested that the pressure might 
be applied to the tin-foil electrodes by placing a sheet of 
india-rubber over each of them, or by putting the plate of 
dielectric with its tin-foil electrodes in a flat india-rubber 
bag and pumping out the air under the india-rubber. 
Thus the pressure of the atmosphere would produce a more 
uniform and effective contact of the tin-foil with the 
dielectric. The pressure obtainable in this way might 
have any desi value up to about a kilogramme per 
square centimetre. 

Mr. R. Appleyard, in reply to Mr. Campbell’s sugges- 
tion with regard to the use of black-lead, pointed out that 
it was necessary to guard against moisture. Spurious 
effects might be introduced by electrolytic action. 

The following papers were taken as read :—‘‘ The Pen- 
dulum Accelerometer ; an Instrument for the Direct Mea- 
surement and Recording of Acceleration,”  ! Mr. F. 
Lanchester ; ‘‘.A New Form of Pyknometer,” by Mr. N. 
V. Stanford. 

Mr. Rollo Appleyard exhibited a ‘‘ refractometer” for 
the determination of refractive indices, which can be used 
as an ordinary spectrometer, as an Abbe refractometer, 
or as a Pulfrich refractometer. 








Dock Extension aT Liverpoot.—The Mersey Docks 
and Harbour Board considered at its last weekly meeting 
an important scheme for providing a large extent of 
additional dock accommodation at the north of the exist- 
ing docks. The total estimated cost of the new works 
contemplated is 4,027,500/. It is proposed to provide two 
river entrances, each 130 ft. wide, one vestibule dock 
capable of accommodating ships 1000 ft. long, and two 
other docks for ships 800 ft. long. A considerable extent 
of shedding is also included in the scheme, which con- 
templates the utilisation of 46 acres of water area, and 
the construction of 4500 yards of quays. The chairman 
stated that during the past year the trade of Liverpool 
increased to the extent of nearly 400,000 tons. The plans 
of the proposed works were approved, and it was decided 
to apply - the ry parliamentary powers in the 
next session of Parliament. 








American Coat-Mininc.—The production of coal in 
the United States last year amounted to 351,196,953 tons, 
of a value at the mines of 445,643,528 dols. As compared 
with 1903, these totals exhibit a falling-off of 6,159,463 
tons in quantity and of 58,080,853 dols. in value. It will 
be remembe that prices attained a high average in 
1903, in consequence of a great strike in 1902. The 
average price of the anthracite coal mined and sold in 
1904 was 1.27 dols. per ton, as compared with an average 
of 1.41 dols. per ton in 1903, and an average of 1.22 dols. 
per ton in 1902. In the anthracite-coal trade of the 
United States an interesting current feature is the 
decreasing proportion of large or more profitable sizes 
of coal sent to market, and an equally constant increase in 
the proportion of small or less profitable coal. In 1890, 
77 per cent. of the shipments from the anthracite re- 
gions consisted of sizes larger than pea-coal, and 23 per 
cent. represented the shipments of pea-coal and smaller. 
In 1904 the large sizes made up only 62 per cent. of the 
total, while the small sizes had increased to 38 per cent. 
The recovery of usable coal from the old culm banks by 
washing accounts for some of the increase in the shipments 
of small sizes, and the installation of washeries at the 
breakers for saving the small sizes in the primary 
preparation of the coal has done more. The bitu- 
minous-coal production of the United States of America 
comprises all varieties except Pennsylvania anthracite, 
and includes semi-anthracite and semi-bituminous, 
cannel, splint, and block coal, and brown and_ block 
lignites. A small production of anthracite in Colorado 
and New Mexico is also included in the bituminous out- 
put. Last year the aggregate production of all these 
varieties amounted to 278,040,244 tons, valued at 
306,669,508 dols., as compared with 282,749,348 tons, 
valued at 351,687,933dols. in 1903. The average price per 
ton for all bituminous coal mined and sold, including 
colliery consumption, fell from 1.24 dols. in 1903 to 
1.10 dols. in 1902; while Pennsylvania turned out 
171,073,442 tons of coal in 1904, the output of six other 
leading coal-producing States was :—Alabama, 11,163,194 
tons ; Illinois, 35,990,796 tons ; Indiana, 10,929,908 tons ; 
Kentucky, 7,559.940 tons; Ohio, 24,415,054 tons; and 
West Virginia, 32,332,385 tons. The coal production of 
the United States in 1880 was 76,157,945 tons. In 1890 
the corresponding production had grown to 157,770,963 
tons; and in 1900 it had farther advanced to 269,684,027 
tons. Last year, as we have already stated, it came out 
at 351,196,953 tons. 
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ELECTRICAL APPARATUS. 


2266. Siemens Brothers and Co., Limited, Lon 
don. (Siemens and Halske Aktiengesellschaft, Berlin, Ger- 
many.) Telephone Jacks. [3 Figs.] February 4, 1995.— Ac- 
cording to the present invention, each separate spring and con- 
nections necessary to form a switch or jack are arranged in 
separate holes or cavities contained completely within the strip, 
and therefore closed in the longitudinal direction, and are held 
in place by means of projections, bends, or the like; thus the 
parts can only project from the mouth of the hole, not from the 
side thereof, and the stability of the strip is considerably greater, 
while it is not distorted by the spring pressure. Moreover, the 
loosening of the springs, which occurs with longitudinally open 
slots in consequence of the unavoidable bending of the strips, 
cannot occur in the construction according to this invention. 
The new construction of the strip of spring-jacks makes it pos- 





sible to do without screws, pins, or the like, since it is possible to | 


fasten all the contact springs, as well as the barrels or bush con- 
nections, merely by introducing them into the slot and bending 
tongues to engage the strip; and this fastening is so secure that 
the parts cannot be shifted by repeated insertion of the plug, nor 











can they fail to be properly adjusted in the beginning. Moreover, 
by a simple device, such as a projection in the interior of the 
cavities, a position as effective, durable, and safe as possible may 
be yo for the contact parts. a is a strip of vulcanite formed 
with cavities ) and perforations c,d, d!. The spring contacts f 
have tongues g at their lower ends, and shoulders at the part Ah. 
The contact is fixed in the vulcanite strip by being pushed through 
the perforation c, so that its lower part /! passes through the 

rforation d!, until the shoulders / rest on the upper end of the 
ast-named perforation ; the tongues g are then bent at right 
angles to fasten the spring in place. The bush spring ¢ is also 
inserted through the perforation c, with its lower part passing 
through the perforation d; its upper edge is then burred over as 
at i, and a tongue k is turned back against the wall of the cavity b. 
In the cavity } of the strip is a projection /, against which the 
spring f abuts. A strong tension is thus imparted to the spring 
without bending it too far in the position of rest. The invention 
is obviously not limited to double spring-jacks, the underlying 
principle being applicable to the spring-jacks of all telephone 
systems with corresponding alterations. (Accepted April 26, 


1905.) 

789. The Union  Elektricitats - Gesellschaft, 
Berlin, . Electric Heating Apparatus. 
{1 Fig.) January 14. 1905.—In electrically-propelled vehicles, 


such as railway cars, in which electric heating is employed it 
is advantageous to operate the heaters only when the motors 
are not taking current, or only a small current, from the source 
of supply, and cut out the heaters when the power demand ex- 
ceeds a certain amount. In accordance with this invention this 
condition is fulfilled by connecting the heaters so that they are 
supplied with full current, which automatically diminishes as the 
iotor current increases. The drawing illustrates diagrammati- 
cally the application of the invention in a well-known system of 
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electric propulsion in which transformers and alternating-current 
motors are employed. Referring to the drawing, the heaters h, 
instead of being subjected to the full line pressure E, are ted 


| the motor connected in the high-tension supply circuit. The 
| voltage supplied to the armature is varied in the usual manner. 
| When the motors are not in operation—that is, when the arma- 
| ture circuit K is open—the heaters are subjected to the full 
| secondary voltage e and take their maximum current from the 
system ; but when the circuit K is closed, the voltage of the 
secondary of the series transformers, and therefore the energy 
used by the heaters, becomes less and less as the motors run up to 
speed. When the speed of the motors is reduced, the reverse 
action takes place, and, during braking, when the armature cir- 
cuit is open, the heaters will also take ecergy from the system. 
(Accepted May 3, 1905.) 


3409. Siemens Brothers and Co.. Limited, West- 
minster. (Siemens and Lalske Aktiengesellschast, Berlin, 
Germany.) Multiple Telephone Switchboards. [1 Fiy.) 
February 18, 1905.—In telephone exchanges in which multiple 
switchboards of the upright type are used it is usual to erect 
these boards in a continuous row against the walls of the room. 
In large exchanges, for the purpose of the better utilisation of 
the space, it is, however, preferable to connect them in several 
rows, and this is, in accordance with the present invention, best 
effected by erecting them in parallel rows in such a manner that 
always two rows have their backs against each other, with a pas- 
sage between, soas to leave the cable connections accessible. With 
this arrangement there is a saving of one passage for every two 
rows of boards, and consequently the necessary length of con- 
necting wire is reduced, thereby reducing the first cost of the in- 
stallation, and diminishing the detrimental effect of the electro- 
static capacity of the connecting-cables. The advantage of the 
invention is specially noticeable in exchanges which are divided 
into groups, in so far as, by incorporating the one side of all 
rows, which are formed in accordance with this invention, into 
one group, and the other side into the other group, the con- 
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nections of the subscribers’ wires with the corresponding answer- 
ing-jacks and call-signals in each group can be effected with a 
considerably shorter length of cable than with the hitherto usual 
arrangement of the boards. The invention further allows, by 
arranging each two opposite boards with a common frame, the 
possibility of obtaining a simple construction of the boards with 
an increased strength, whereby the cost of their manufacture, as 
well as erection, is reduced in a considerable degree. The draw- 
ing shows diagrammatically a section through two rows of boards 
arranged in accordance with the present invention, and indicates 
at the same time by way of example a way of constructing the 
common frame. This latter is symmetrically built up of the iron 
girders a, c, d, e, and carries at the outside the jack-boards h 
and the key-boards b, which are accessible to the operator. The 
uprights f serve in the known manner for holding the connecting 
cables, which are not shown. Special backs, which are generally 
required for protecting the cables, are left off for the sake of 
economy ; but the space between the boards, in which the cables 
are free for inspection on either side, is covered by a glass roof 
whereby, in conjunction with the ordinary doors at either end, 
tee). protection is provided against dust, &c. (Accepted May 
3, 1905. 





3510. tase ond . Rochaetwerte Aktiengesell- 
schait, 0 e- 8, rmany. Preventing 
Overchar 7 Eles ric Cables. [1 Fi.) February 20, 


1905. — This invention consists in means for protecting conductors 
| against overcharging, in which a discharge to the earth takes 
| place without the conductor itself being interrupted, but in 
| which, after such a discharge, it is necessary or desirable to 
| change or repair certain parts. It is, of course, felt to be a draw- 
back that the discharge which has taken place is not indicated, 
and where a large number of safety devices are connected to the 
conductor the inspector does not know at which of these devices 
the discharge has taken place. This drawback is most felt in 
safety devices for subterranean cables, in which the safety devices 
are not immediately accessible nor easily inspected. The object 
of the present invention is to form a means forindicating and notify- 
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ing. such discharges. In the drawing a represents an underground 
cable, and b the spark-gap safety devices of any suitable kind, which 
are connected with earthed wiresc. From these wires, behind 
each separate spark-gap, a wire d is branched off, which wire lies 
above or below the ground, all of which wires d lead to a common 
annunciator e provided with a bell or other signalling device. 
Preferably these wires are branched off from the last coils of the 
resistances w inserted in the earthed wires c, with the object of 
diminishing the current strength. A wire is carried to the earth 
from the annunciator e. If a discharge ee at one of the 
safety devices, the difference of potential arising between the 








a @ secondary circuit su plied at a pressure, ¢, which is a fraction 
po line pressure. is pressure ¢ varies with the current 
which is taken by the motors, reaching its full value when the 
recy are taking no current from the line, and falling practically 
: zero when the motors are running at full speed. In the figure 
the heaters are shown connected to the secondary circuit of a 
— transformer t which supplies the motor armatures. Only 
wht _— is shown, for the sake of clearness, the armature of 

ich is represented by A, while B represents the field winding of 


branching point of the re’ tive wire d and the earth-pole E of 
the ‘jator e causes the bell to sound and a nding 
number-flap to drop.: The strength of the current ing into 


lated at will by interposing suitable 


the wires d may be 
‘ay 3, 1905.) 


resistances. (Accepted 


GUNS AND EXPLOSIVES. 


| 9462A. A. T. Dawson and G.T. Buckham, West- 
| minster, on. Gun-Mountings. (2 Figs.) April 25, 
| 1904.—This invention has reference to mountings for recoiling 





guns, and has for its object to provide means for resisting the 
turning moment about the cradle trunnions that arises when the 
gun recoils on firing. Under ordinary conditions, the gun and 
cradle are balanced on the cradle trunnions ; but when the gun 
recoils in the cradle, the action displaces the centre of gravity of 
the system, and occasions a turning moment on the trunnions. 
In quick firing guns, this turning moment is resisted by various 
well-known contrivances, some of which are automatic, and it is 
to the latter class of such contrivances that the present invention 
relates, According to this invention, the automatic contrivance 
comprises a spring-pluoger arrang t a? situated in a recess in 
the underside of the cradle, and having its bottom curved or 
wedge-shaped where it lies in a curved or wedge-sha groove 
in the pedestal of the mounting. At the top of the plunger isa 
roller a5 which bears against the underside of the gun, a small 
notch or the like being formed in the gun for the roller to 
normally rest against. Immediately the gun recoils, it acts to 











depress the said roller, and through it the spring-plunger a”, 
thereby occasioning sufficient friction between the wedge-shaped 
part at the bottom of the plunger and the corresponding part 
of the pedestal to teract the tendency of the gun and 
cradle to move about the trunnions under the influence of the 
longitudinal displacement of the centre of gravity of the system 
when the gun recoils. The plunger is made in two ci 
parts, that are separated by Belleville washers a+ for the — 
of im ing elasticity to the contrivance. The lower of the 
contrivance—i.e., that part which is wedge-shaped—may also be 
provided with a small roller a? carried by a spring-bolt, so that 
when the n is run forward to its firing position after recoil, 
and the roller a° resumes its position in the notch of the gun, 
the spring-bolt will operate to ensure that the wedge-piece is 
lifted out of contact with the corresponding part of the pedestal, 
so that the gun and cradle are free to turn about the trunnions 
during the movements of elevation or depression. (Accepted 
May 3, 1905.) 


LIFTING AND HAULING APPLIANCES. 


1733. C. J. Harcourt, Birmingham. Pulley- 
Blocks. [5 Figs.) January 28, 1905.—This invention relates to 
pulley-blocks of the type employed for effecting the reciprocation 
of screw-threaded stems or spindles, as for opening and closing 
fanlight windows and for other purposes, the o ject being to con- 
struct such pulley-blocks in a ready and convenient manner, and 
of greater efficiency and durability than heretofore. This inven- 
tion comprises the combination with a sheet or stamped metal 
frame or block, of a compound pulley consisting of a central 
screw-box or internally-threaded boss and a cord sheave of brass 
or other metal that may be readily and conveniently cast in iron 
or like moulds, The block is made up from a pair of side plates, 
as a, stamped or pressed from sheet steel or other metal, and 
distance-pieces, as ) and c. The distance-pieces b, stamped or 

ressed from sheet metal, have each an aperture formed there- 

hrough to receive the peg d formed integrally with, but pro- 
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jecting from, a supporting bracket e, a pair of such brackets being 
employed for fixing the complete block in the required position 
for service. The compound pulley in the example illustrated 
consists of a brass sheave, as /, which is cast upon or around a 
boss or central screw g, pecceeety of cast iron, The said boss 
or screw-box g is of sufficient length to project beyond each side 
of the sheave, and such projecting serve to support the 
sheave within the block-frame, the side plates of the latter being 
provided with central eyes or apert large h to permit 
of their passing over or on to the boss ends before ‘the plobes are 
riveted together by means of the respective distance-pieces b and 
ec. The boss or screw-box g is internally threaded to suit the 
screw, as h, which it is required to reciprocate. A cord guide fittiny, 
imay be pivotally mounted on the lower of the two distance- 
pieces c, as illustrated. (Accepted May 3, 1905.) 


MOTOR ROAD VEHICLES. 


13,905. J.C. wich. Automo 
bile Fire- Apparatus. (2 Figs.) June 20, 
1904.—This invention relates to the automobile steam fire-engine for 
which a patent was granted to the present applicant, No. 27,671, 
of 1896, and consists of combining with an engine of this descrip- 
tion a chemical fire-extinguishing apparatus. One method of 
carrying out this invention consists in fixing a chemical cylinder 





of the same description for which a patent was — to the 
present applicant, No. 23,947, of 1899, in a specially shaped com- 
partment in the front portion, and b th the framing of the 





automobile ey The valves and handles for operating 
the cylinder will be allowed to project through the front compart 
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ment, and the acid bottle will be arranged so that access can be 
obtained to it on the removal of the driver’sfootboard. In a suit- 
able position over the hose and implement box of the vehicle is 
arranged a reel of hydraulic pattern for carrying the chemical 
hose, and pened Me y permanently to the chemical cylinder by a 
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suitably shaped pipe. Another method of carrying out the inven- 
tion is to arrange two chemical cylinders side by side, fitted in the 
game manner as above described. A is the chemical cylinder, 
fitted with valves B, B for operating the same. C is the pipe con- 
necting the chemical cylinder with hose, which is wound on the 
hydraulic hose-reel D. (Accepted May 8, 1905.) 


PUMPS. 


10,003. W. Weir, Cathcart, Renfrewshire. Steam- 
e Air-Pumps, [1 Fig.) May 2, 1904.—This invention 

has for its object by a novel construction and combination of 
parts to improve the working of vertical air-pumps of the single- 
acting type when these are driven independently and directly by 
the piston-rods of steam-cylinders, and particularly to overcome 
the defects in working of this type of pump due to the 1 


with the outer ends of the pistons J!, which operate the main valve. 
Boiler steam is admitted to the space between the pistons J} in the 
main valve-chest I and passes thence through an opening into the 
auxiliary valve-chest K. When the auxiliary valve L is moved 
over the port face, it opens one port and piston chamber to ex- 
haust and admits steam through the other to the back of the 
piston J! at the opposite end, so that the pistons and the main 
slide-valve H are er moved over the main port face 
to admit steam to one end of the steam cylinder A ; and when the 
auxiliary valve L is moved in the op te direction, steam is in 





like manner admitted from thejmain valve-chest I to the opposite 
end of the steam cylinder A to reciprocate the piston C an - 
rate the — lunger D. The actuation of the auxiliary valve 
L is effec M means of a valve-rod P extending through a 
stuffing-box in the valve-chest K and connected to one arm M of a 
double bell-crank or T-shaped rocking lever centred on the pump- 
framing N, and whose other arms are fitted at their ends with ad- 
justable inclined parts Q, with which a roller R carried by a boss S 
on the pump piston-rod E comes in contact at each reciprocation, 
so as to tilt the rocking-lever and operate the auxiliary valve. 
(Accepted April 26, 1905.) 


STEAM ENGINES, BOILERS, EVAPORATOBRS, &c. 
15,489. The lis Boiler Syndicate, Limited, 
ratte ele arog 


Glasgow, and G. team-Boilers. 
(2 Figs.) July 12, 1904.—This invention has reference to im- 





and unbalanced loads on the air-pump piston on its upward and 
downward strokes, It is well known that the load on the air- 
pump piston is practically confined to the upward stroke of the 
er and this causes the working of the pump when driven by 
donble-acting steam-cylinders to be unequal and unsatisfactory. 
This invention is applicable to single vertical direct-acting air- 
pumps driven by steam-cylinders fitted with any type of actuating 
steam-valve. According to this invention, there is arranged on 
the underside of the main steam-cylinder D, and in open com- 
munication therewith, a smaller auxiliary cylinder E, which is 
fitted with a piston or plunger B attached to or formed on the 
main cylinder piston-rod L. The top side of the main steam. 
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cylinder, and the lower side of the auxiliary cylinder are in com- 
munication with the steam and exhaust ports of the steam- 
actuating valve. A steam connection is arranged from the main 
steam-supply pipe to the common space between the main and 
auxiliary pistons, so that the underside of the main piston and 
the top side of the auxiliary piston are always subject to the 
steam pressure. The action o/ the pump when fitted with this 
improvement is therefore as follows:—On the upward or dis- 
charge stroke of the air-pump piston N, the underside of the 
main piston C and also both sides of the auxiliary piston B are 
subject to the steam pressure, and in this way the full area of 
the main piston is available to actuate the pump. On the down- 
ward stroke the upper and lower sides of the main piston and 
the upper side of the auxiliary piston are subject to the steam 
pressure, while the lower side of the auxiliary piston is in com- 
munication with the exhaust port. ere is therefore only the 
area of the auxiliary piston available to actuate the pump, and 
the size of this auxiliary piston is accordingly arran to permit 
the pump to make its downward stroke at the speed desired. 
(Accepted May 3, 1905.) 


13,721. W. Drummond and G. W. Drummond, 
Seven, anarkshire. Steam Pumps. [2 Figs.) June 17, 
1904.—This invention relates to steam pampe 


for use particularly 
on locomotives, but also otherwise opens le, and it has for its 
object to provide a single steam-cylinder pump of simple construc- 
tion in which the distribution valve is steam-actuated and con- 
trolled by an auxiliary valve operated from the pump piston-rod. 
In the improved pump the steam and water cylinders A and B 
respectively are arranged in line, and their pistons C and D are 
connected Es piston-rod E carried through stuffing-boxes in the 
usual way, the water cylinder B being provided with inlet and 
discharge valves G and G! and usual connections, while the steam 
cylinder A has the usual steam and exhaust ports or passages a, a 

with a port face, over which is fitted a (-slide or like valve H. 
The slide valve H is located within a valve chest I, having cylin- 
drical ends, in which are fitted pistons J!, J) connected together 
in such wise that the valve H is carried between them ope- 
rated by their reci tion. On the back of the slide-valve chest 
1 is a small valve-chest K, having in it an auxiliary slide.valve L 
fitted on the face of ports communicating with the exhaust and 





pro in and relating to fire-tube steam boilers of the marine 
or like type, and is essentially improvements on Patent No. 5539, 
of 1903, with the object of obtaining a more efficient circulation 
of the water and generation of steam. According to these im- 

ro ts the chamber F located at the front end of the boiler 
has its front plate made in the form of a hollow casing or jacket / 
preferably consisting of two parallel plates at spaced distances 
apart, stayed together to form a water-circulating space. Ourved 
pipes f1 are led internally from the lower part of the boiler on 
each side of the central furnace flue B to about a level with its top 
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t, and pipes f2 connect these outside the shell of boiler like the 
* breeches ” pi to the lower part of the hollow casing or jacket 
J of the front chamber of boiler, or the connection may be made 
internally. The upper part of the hollow casing or jacket is con- 
nected by a series of (J or bent pipes f? with the upper space of 
the boiler above the secondary combustion chamber E. The upper 
part of the jacketed casing / is made'in the form of a hollow water- 
circulating top cover f+, and curved pipes J lead from the outer 
jacketed water space f to same ; while branches J! are connected 
from the hollow top cover f+ to the U-shaped pipes f * leading to 
the weer space of the boiler. A portable or removable door K 
would or may be fitted in jacketed front plates f for access to 
the front chamber F of the boiler, and cleaning-doors may also 
be fitted. (Accepted May 3, 1905.) 


4331. J.McNeil, Lanark. Separating Liquids from 
Vapours. (2 Figs.) March 2, 1905 —This invention has for its 
object to provide an improved simple and effective apparatus for 
separating liquids from vapours; for example, for separating oil 
and water from exhaust steam, or for the prevention of the 
entrainment of liquids being evaporatedin vacuo. The apparatus 
consists of a horizontal cylindrical vessel A provided at its ends 
with a flange for an inlet connection and a flange for an outlet 
connection. A tubular structure passes from inlet to outlet, and 
is divided by a central diaphragm D into two chambers E, F. 
Each of these chambers is provided with a longitudinal aperture 
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G, H of considerable length, the apertures being in the lower 
side of the structure and disposed equidistantly on opposite sides 
of a vertical line passing through its centre. An inclined baffle- 
plate J, which may be perforated, extends longitudinally from 
end to end of the vessel A, thus forming a partition in this 
annular space. A chamber K in which the liquid collects and from 
which it may be drained (through a valve or a steam or vacuum 
trap) by a pipe L is formed in the bottom of the vessel A. A baffie- 
plate M (which may be perforated) is arranged over this pipe, and 
extends more or less from end to end of the vessel, and is carried 
upon knees formed upon the interior surface of the vessel. In 


| from thence passes to the outlet, 





operation the liquid-laden vapour entering the chamber E flows 
out, as indicated by the arrows, through the aperture G, into the 
annular space between the tubular structure and the vessel A; 
and as the space is of considerably ter area than the chamber 
E, the velocity of the vapour is immediately reduced, and its 
liquid contents are therefore deposited upon the internal surface 
of the vessel A and the external surface of the tubular structure. 
After the wor passes into the annular space referred to, it 
swirls around that space, as indicated by the arrows, depositing 
its moisture as it goes, and finally enters the chamber F by the 
aperture H depleted of i isture and in a dry condition, and 





the stream of vapour being 
constrained to flow in the direction indicated by the arrows by 
the inclined baffle-plate J. The liquid deposited on the walls of the 
vessel A and of the tubular structure flows down these walls to the 
chamber K, from which it is discharged by the pipe L through a 
valve or a steam or vacuum trap. (Accepted May 3, 1905.) 


TEXTILE MACHINERY. 

1 . J. Howarth, Smallbridge, near Rochdale, 
and Howard and Bullough, Limited, Accrington. 
Doubling and Winding Frames. (2 Figs.) August 25, 
1904. This invention relates to an improved means or method 
of scavenging the pokers of reciprocating guide-rails of spinuing, 
doubling, and winding frames. The object of this invention is to 
provide an improved clearer or scavenger arrangement to collect 
the fly that gathers on the pokers of the guide-rails, and so pre- 
vent same from getting into and choking up the poker tubes or 
guides. To carry out the object of this invention a circular 
flannel, felt, or other flexible disc or washer is loosely mounted 
upon the poker supporting same by the end of the poker tube or 
guide. The aforesaid disc-washer is provided to collect the fly 
from off the poker at every reciprocation, and as the fly accumu- 
lates on the disc-washer, the s\me may be readily removed by the 
operator. In order to give assistance to the collecting power of 
the disc washer the same isgivena revolving motion, preferably by 
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frictional contact with the adjacent revolving cop or bobbin 
spindle. At C is shown a portion of a spindle supporting rail at a 
place where is situated one of the poker tubes D which forms the 
guide for the poker E, which in turn is the medium for supporting 
and giving the vertical traverse motion to the ring or other guide- 
rail F. The revolving spindle or spindles adjacent to the said re- 
ciprocating poker are shown atG. In order to carry out the object 
of this invention the circular flannel, felt, or other flexible disc or 
washer H is loosely mounted upon the poker E, said washer when 
at rest being at liberty to rest upon the top of the poker-tube D. 
The aforesaid disc washer H is provided to collect the fly from off 
the poker E at every reciprocation, and as the fly accumulates on 
the disc-washer, the same may be readily removed by the operator. 
In order to give assistance to the collecting power of the disc- 
washer H the same is given a revolving motion, preferably by 

frictional contact with the adjacent revolving cop or bobbin- 
spindle or spindles as illustrated at G. (Accepted April 19, 1905.) 


: MISCELLANEOUS. 
8644. J. R. Haggarty, Oswestry, Shropshire. 
Perpetual Calendars. (4 Figs.) April 15, 1904.—This 


invention has for its object a wall calendar in connection with 
which the daily adjustment of the date is rendered unnecessary, 
and the complementary reading of the days of the week and date 
figures of the month can be ascertained at once for any date over 
long periods of time ; and the calendar is so arranged that it is 
impossible to adjust it-so that the complementary reading shall 
be wrong, as a locking device, whereby it is hung up, is provided 
which will only lock when the days of the week and the days of 
the month for the particular year or years shown are correct. 
Hitherto there have been a great number of wall calendars formed 
in which there are three plates, one containing the days of the 
week, another the days of the month and the months, and the 
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third the years, and numerous others in which one or more c! 
these are combined together ; but none are so arranged that each 
month shall show the exact number of days in the month—that 
is, where February shall have only 28 days in ordinary years an: 
29 in leap years, and when April and others shall have only 3° 
days instead of $1, or which will be incapable of showing 40 
incorrect complementary reading of days of the week, month, 
and the year, and it is these two objects for which this invention 
is designed. The invention consists essentially of a frame and 
two discs or rollers, a locking or spring-clip device, and a centra‘ 
tc the discs or rollers can rotate. (Accepted Apri’ 
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ON THE STABILITY OF MASONRY 
DAMS. 


By Karu Pearson, F.R.S., University College, 
London. 


Two papers by Professor W. C. Unwin, and 
some correspondence, have appeared in the pages 
of ENGINEERING relative to the memoir by Mr. 
Atcherley and myself on the stability of masonry 
dams. It is difficult to believe that the correspon- 
dents referred to can possibly have read the memoir 
which they profess to criticise, and it may, there- 
fore, be well to point out the essential considera- 
tions which are necessary to any proper treatment 
of the problem. 

In the Drapers’ Company memoir* in question I 
gave the fundamental differential equation for the 
stresses in a dam of average isotropic material on 
the assumption of the linearity of the stress-strain 
relation. Precisely as in the case of a beam prob- 
lem, the solution of that equation can, in the case 
of each stress, be made to consist of two parts. 

Thus 


Tensional or pressural stress 
Shearing stress im 


= p,+ 

ate 
Here p, is the customary linear expression used in 
the beam solution, and represented usually by say- 
ing that the stress varies as the distance from a 
neutral axis, and p, consists of certain additional 
terms of greater or less magnitude. S, is a para- 
bolic distribution of shear, and §S, consists of addi- 
tional terms which modify this value. When the 
height of the dam is very great as compared with 
the breadth, and the breadth changes continuously, 
and only very gradually, p, and S, are negligible as 
compared with p, and S,. The proof of this is 
practically identical with that given by De Saint 
Venant for a cantilever with an isolated load, and 
by myself for girders with continuous loads. As 
soon as the length of the girder is consider- 
able as compared with the cross-section, the 
terms p, and 8, become insensible as compared 
with p, and §,. Further, p, and S, are additive 
terms of the same order of magnitude. This point 
is fully recognised in our memoir (page 9). 
We write :—‘‘It will be found that (i.) and (iii.) 
[These are equivalent to the usual neutral axis 
assumptions] are not absolutely true even for a high 
vertical wall subject to fluid pressure on the front ; 
there are modifying terms, similar to those first 
introduced into the flexure problem by De Saint 
Venant for an isolated load, and by Pearson for a 
continuous load ; but these terms are of secondary 
importance... .” 

We further go on to state in the very next line 
that if we assume that the tensional or pressure 
stress equals p, only, then the shearing stress cannot 
equal §, only, or that if we assume that the shear- 
ing stress equals S, only, then the pressural stress 
cannot equal p, only. We were not in the least 
unconscious of this fact, as the letter from your 
correspondent, Mr. Mason (ENGINEERING, May 19, 
page 650), might lead non-readers of our memoir 
to suppose. What we did point out was this, that 
p. and S,, the corrective or additive terms, vanished 
in certain extreme cases, and there was no greater 
justification, since they are of the same order, for 
taking p, zero than for taking 8, zero. The actual 
values of p, and S» for any case depend not only on 
the form of the dam, but also on the ‘‘ assumptions 
to be made as to the stresses on the base.” The 
deviations of the true values of the pressure from 
a neutral axis distribution and of the shears 
from a parabolic distribution are unknown, but 
of the same order; and we have no more 
right to put p, zero than to put 8S, zero. What 
we actually did in our memoir was to ask 
whither should we be led if we assumed what 
is actually nearly true for very tall, relatively 
to broad, dams that p, and S, were negligible com- 
pared with p, and §S,. The values of the stresses 
will not then absolutely satisfy the conditions at 
the contour of the dam. But shall we reach a better 
general result .by such a process? Owing to ex- 
periments made before our memoir was written, and 
still more to experiments made since, I am inclined 
to think this investigation was well worth making ; 
it brings out serious defects in the usual theory. 

Now Professor Unwin—I think not having duly 
studied our memoir—writes two papers to show that 


*“On Some Disregarded Points in the Stability of 
Masonry Dams” By L. W. Atcherley, assisted by 
Kar London: Dulau and Co., 


1 Pearson. ho-square. 








if he takes p, = 0, the shear will not reduce to §, ; 
this statement is also made perfectly definitely on 
page 9of our memoir. He further states that fora 
triangular sectioned dam the shear will then be 
given by a straight line, and that for a dam of any 
other shape it might be found graphically with 
more labour (see ENGINEERING, May 12, page 593.)* 

I do not think that any reader of Professor 
Unwin’s paper would understand that we had in our 
memoir already worked out what follows from sup- 
posing the pressure to reduce to p,, and shown that 
the stresses over the base would then: be bolic, 
but the parabola would not be pander tl mer nee 
with zero shears at front and flank of dam ; further, 
that in a special case—that of a triangular dam—this 
parabola reduces to a triangle. 

The only differences between Professor Unwin’s 
and our treatment are :—(i.) That we work out the 
case of any dam form whatever, and show the 
triangle as a special case ; (ii.) that our treatment 
occupies nine lines only instead of ninety ; and (iii.) 
that we show reasons why the solution is not legiti- 
mate. 

The words (page 27) of our memoir are :— 

‘Thus the distribution of shear on the base is 
undoubtedly parabolic if the normal pressures are 
taken to be linear, unless m, =m, [case of triangular 
section], which is actually the case in Lévy’s tri- 
angle solution. 

‘*If the front of the dam be only very slightly 
battered, or take a vertical step before the batter 
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begins, then the shear must vanish at the front as 
well as at the flank, and we conclude that the shear 
on the base will be given by the symmetrical para- 
bola.” 

Professor Unwin suggests that the shear should 
be given by a line with zero shear at the front of 
the base. By using absolutely the same form of 
reasoning as he has done, we showed long pre- 
viously that for any dam other than a triangular 
section the shear is parabolic, and that this parabola 
degenerates into a triangle in the special case when 
the dam section is triangular. It is hard to see what 
new matter Professor Unwin has contributed to 
the subject. Our dam was not triangular, but of 
the Assuan type; we actually calculated out 
(page 27 of our memoir) the shear on the base, 
using the hypothesis that p,=0, the one proposed 
by Professor Unwin, and showed that the resulting 
parabola differed very little from the symmetrical 
form adopted by us in the actual drawings. Of 
course, if the Assuan dam has a vertical step in 
front, as it very probably has, our symmetrical 
parabola would be absolutely correct on the hypo- 
thesis Professor Unwin advocates. In other words, 
had Professor Unwin started, as we did, with the dam 
of general shape, instead of that of triangular shape, 
he would have reached, on his own hypothesis, a 
parabola and not a triangle. We, before Professor 


* Asa matter of fact, any form of dam can be, and was 
shown in our memoir on Unwin’s hypothesis to give a 
parabolic distribution of shear without any need of gra- 
phical treatment. 








Unwin, and Lévy before all of us, had on the p,=0 
hypothesis reached this triangle. The following 
words occur on page 26 of our memoir :— 

‘**It might seem, accordingly, desirable to treat 
the triangular-sectioned dam by a linear shear dis- 
tribution across the base, and the rectangular- 
sectioned by a parabolic distribution. Actual dams 
are, however, neither of these shapes. Even if a 
triangular-shaped dam were cunstructed, the tail 
would be certain in practice to be truncated, and 
the base shear, supposing no batter of the front, 
would then vanish at both front and flank—[i.e., it 
must be symmetrically parabolic, if p, = 0).’ 

It will be clear from these words that we had 
fully dealt with the triangle solution of the triangle- 
sectioned dam, and that nothing that Professor 
Unwin has said on the subject had escaped our 
earlier attention. If his hypothesis is to be 
accepted at all, then for non-triangular dams—that 
is, for all actual dams—the parabola is the proper 
solution. Thus, if I were inclined to accept Pro- 
fessor Unwin’s standpoint as unreservedly correct, 


the parabolic distribution would be proved up to 
the hilt. But this is not my view at all. The 
assumption that p, = Ois not a legitimate one. In 


any form of dam this leads to a parabolic distribu- 
tion of shear and a linear distribution of pressure 
over the base. But we do not know in the least 
what the real stresses are over the base. In solving 
a problem in elasticity we must know all the 
external forces over all the boundaries of the 
material before we can solve the problem. Now 
the stresses over the base of the dam are precisely 
what we do not know. Add to Unwin's triangle 
solution any system of equilibrated pressures and 
shears over the bases, for example, (A) additional 
pressures, and a system of shear given by B—i.e., 
over half the base F G uniform negative shear, and 
over the other half E F uniform positive shear, and 
the system of pressures on the front and zero 
loading on the top and flank will remain unchanged, 
but the internal stresses in the dam will be widely 
changed, because its breadth is comparable with 
its height. This point seems to have ~—e entirely 
overlooked by Lévy, and recently by Unwin in 
repeating his work. As we point out in our 
memoir, Lévy and Unwin’s solution is not an 
exact solution, as they claim it to be. There is no 
exact solution in the theory of elasticity unless the 
loading is known on all the boundaries, and this is 
precisely what we cannot theoretically ascertain in 
the case of the dam. We have discussed this point 
fully in our memoir (page 26), but Professor. Unwin 
has not even referred to it. Itis vital to the whole 
problem ; the unknown stresses on the base actually 
depend on the geological formation of the bottom 
and on the stages in which the dam is built up. 
Without knowledge on these points it is impossible 
to determine either p, or 8,. To put Pp, = 0, and then 
find out what S, is, is wholly illegitimate, because 
we have no more right to suppose p, than to suppose 
S, zero ; they are terms of precisely the same order 
of magnitude. Accordingly, in our memoir we made 
no assumption of this kind ; we took two widely dif- 
ferent cases—that of a parabolic and that of a 
uniform distribution of shear, and showed that in 
both cases there would be tension in the tail of 
the Assuan type dam. We have since found this 
true for the Vyrnwy type of dam. Our object was 
to show that the usual treatment of a dam by con- 
sideration only of its horizontal sections is falla- 
cious, and that its failure is really independent, 
within broad limits, of the actual distribution of 
shear over the base. 

Professor Unwin’s proposal to treat the shear on 
the base as triangular is, I personally think, really 


‘a most dangerous one, because (1) the distribution 


of the shear on his own hypothesis would be para- 
bolic, and not triangular over a dam of the usual 
form ; and (2) it makes the shear a minimum at the 
front—the very place where our model dams indi- 
cate that it is, or very nearly is, a maximum. 

The results of the experiments (in conjunction 
with ©. W. Wheen and A. F. C. Pollard) made in 
my laboratory on this point will, I hope, be shortly 
published; but in the interim, and subject to revi- 
sion, I would indicate the following points :— 

(a) There really is tension in the tail of most 
dams, but it is not of first-class importance, 
because 

(b) The tension in the substratum of a dam is 
much greater than that in the tail ; the substratum, 
and not the dam itself, is the weak point. 

(c) The first rupture takes place in the sub- 
stratum in a plane making an angle of about 45 deg. 
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with the horizon, and passing through the meet of 
the front with the substratum. 

(d) The shear on the base is neither triangular 
nor parabolic in form. The minimum shear is 
towards the centre of the base, the maximum 
nearly at the front, and a secondary maximum 
towards the flank. It is thus certain that the 
hypothesis which supposes the distribution of pres- 
sures over the horizontal sections to be linear is 
wholly erroneous. 

If it were correct, the shear would certainly be 
yarabolic in any dam which is not triangular. A 
et expression for the shear is probably cubical, 
but the matter is still under theoretical and experi- 
mental consideration. There are considerable 
differences between the shear distribution in dams 
of different cross-section, and there is little doubt 
that the actual form of the front and flank at the 
base is a matter of considerable importance in 
determining theoretically the base distribution of 
shear. 

I hope shortly to publish the photographs of the 
strained dams and the actual curves of shear distri- 
bution reached. 

If the views I have given above are substantially 
correct—and I feel pretty contident about them —it 
seems to me that the tensile weakness of the sub- 
stratum of a dam—(neither in our paper nor in any 
other, so far as we are aware, have the stresses in 
the substratum been hitherto considered)—can be 
simply met by placing in the concrete steel bars 
at about 45 deg. to the horizon and transverse to 
the plane of rupture, as shown in experiments. 

Postscript.—Since the above paper was written, a 
third paper by Professor Unwin has appeared in 
Enarneertnc. In the course of that paper he 
reaches absolutely the same result as I have done— 
namely, whatever be the form of front and flank of 
dam, the shear 

=aft+ BP, 


where a and fare constants, and ¢ is the horizontal 
co-ordinate. The mathematician calls this a para- 
bola ; Professor Unwin calls it a parabola together 
with a triangle ; it is, of course, the asymmetrical 
parabola referred to in our memoir and in the 
above discussion. The values of a and fare actu- 
ally given in our memoir for the Assuan type of 
dam (page 27), and shown to differ but little from 
those for the symmetrical parabola. I presume 
that Professor Unwin, having passed through his 
evolution in the course of three long papers, cover- 
ing just the ground of nine lines in our memoir, 
will now see the justification for our further 
point—that he cannot assume p,= 0; in fact, 
there are signs that he is beginning to realise 
this in his third paper. If he fails still to realise 
that his solution is inexact, I must refer him to 
the famous controversy over the boundary con- 
ditions of metal plates, which not only Lord 
Kelvin and Kirchhoff, but engineers like Bous- 
sinesg, De Saint Venant and Lévy helped to clear 
up. Itis just the like difficulty which Lévy has 
again unconsciously fallen into when he claims 
the ‘‘ triangle solution” as exact ; and Unwin has 
followed him when he supposes that p, = 0 leads 
to more exact results than S, = 0. One further 
,0int : Professor Unwin suggests that we have neg- 
fected something in the treatment of the Assuan type 
dam, because the tail receives flank support from 
its being mortised. The dam and the substratum 
must be considered as a whole ; the base of the 
dam, as I term it, is, of course, not the actual base 
of the masonry, which, I suppose, in any actual 
structure would penetrate the rock substratum to 
a variety of different depths at different parts. I 
understand by the base of the dam the purely 
geometrical plane which cuts off the superstructure 
at the ground level. There is not flank support to 
the dam above this level, all such support having 
to reach the superstructure throngh shear dis- 
tributed over this geometrical base. It is the dis- 
tribution of this shear which is the problem, and 
not flank or any other support on the absolutely 
irregular surface between the original rock basis 
and the superposed mass of concrete. Experiment, 
however, shows tension in the substratum below 
this geometrical plane under the tail of the dam 
as well as in the tail itself; so that Professor 
Unwin’s flank support is of small value ; in fact, I 
think he has overlooked the fact that the sub- 
stratum itself is not a ‘‘rigid” material, but rock 
of much the same elastic properties as the dam 
itself. 

That empirical forms of dams have been reached 
which are reasonably stable is undoubted ; but I 





believe that that stability is purely empirical, and 
cannot be demonstrated by ‘‘middle third” rules for 
the horizontal sections. ‘The vertical sections are, 
I hold, weaker than the horizontal, and I conclude 
from our experiments that the substratum is weaker 
than either. The view I should take, therefore, 
would be: Extremely cautious and tentative pro- 
gress in any dam construction going much beyond 
existing experience. Horizontal ‘‘ middle third” 
stability is not, from the theoretical standpoint, a 
safe criterion of what is or is not reasonable in 
dam construction. 








THE HARMONIC ANALYSIS OF 
VALVE MOTIONS. 


By Professor Sirvanus P. TuHompson, F.R.S. 


Every trained engineer knows that any periodic 
movement—that is, every movement which goes 
through regular repetitions of itself in definite 

riods—can be analysed into a set of simple 

armonic motions. While the periodic movement 
of a pendulum is simple, that of many pieces of 
mechanism, such as valve-gears of engines, silent 
feeds of looms, and rapid-return motions of treadle- 
lathes, is complex. The ebb and flow of tides 
furnishes another example of a complex harmonic 
motion. Alternating electric currents furnish 
another example of a periodic quantity which is 
seldom simple, since the rise and fall of the current 
seldom follows a simple sine-function of the time. 

Every engineer who has had occasion to discuss 
the analysis of compound periodic curves by the 
use of Fourier’s series, and to calculate out the 
coefficients of the fundamental term and of the 
higher harmonics, is only too painfully aware of 
the time and labour involved in the calculation. 
Mechanical contrivances, such as the tide-calculat- 
ing machine of Lord Kelvin, and the harmonic 
analysers of Professor Henrici and of Mr. Coradi, 
have, indeed, reduced this labour; but they are 
expensive. 

ecently the writer described to the Physical 
Society a simplified method of harmonic analysis 
suitable for the treatment of such periodic curves 
as those of alternating currents. This method, 
which consisted in taking values of equidistant 
ordinates, and combining them arithmetically 
according to a prescribed schedule, effected a very 
great saving of time. It was not, however, applic- 
able to the case of valve motions, because of the 
following peculiarity :—In the case of alternating 
currents, the only components entering into the 
curves are harmonics of odd orders, all har- 
monics of even orders being absent ; and this 
contributed to simplicity in the analysis. But in 
the case of valve-gears there is always a component 
of the second order, and also a constant term of 
unknown amount. Hence the schedules made out 
for the harmonic analysis of alternating-current 
curves could not be directly used for valve-motion 
curves. 

The author has now modified his procedure to 
meet the case of valve motions, and has arrived 
at the very simple method which will now be 
explained. 


The annexed diagram represents a curve of an 
actual Stephenson’s valve-gear. Let the length for 
one period be taken. The abscissze measured along 
it, representing the successive values in terms of 
angle in the cycle, may be denoted by the symbol x, 
and the corresponding ordinates by y. Then the 
value of any ordinate y is some function of the 
angle x ; and as the curve is obviously not a simple 
sine-curve, the function is not a simple sine or 
cosine function. According to Fourier’s theorem 
it may, however, be expressed in the series :— 

wy = Ay + A, sina + B, cosx + Agsin2 x + 

B,. cos 2x + As sin 32 + B; cos32 +, &e, 
where the symbols Ay, A,, Ay, As, B,, B,, B,, &c., 
are the coefficients of the various terms. Ay, the 
constant term, is simply the mean ordinate of the 
curve. A, and B, are the coefficients of the funda- 





mental sine gnd cosine constituents. A, and B, 
are the coefficients of the harmonic of the second 
order. A, and B, are those of the harmonic of the 
third order. For the analysis of valve motions it 
suftices to carry the analysis only so far as the third 
order terms, the harmonics of the fourth, fifth, and 
all the higher orders being generally so small as to 
be negligible. In other words, valve-motion curves 
present no small ripples in their outline. 

The practical problem is, then, to find the values 
of these seven coefficients, Ay, A,, Ay, As, B,, B., 
and B,. 

Let the base-line of the curve be divided out 
between 0 deg. and 360 deg. into six equal parts, 
and let equidistant ordinates be erected. They are 
denoted as yp, ¥3, Yor Wz, V4, Ys and yg, the last 
being, of course, the same as the first. These ordi- 
nates are then measured off to some convenient 
scale from the drawing, and their values set down 
in the following way, in two rows, and the sums 
and differences are then taken :— 

n 
"% 


Y2 
Y5 


3 
4% 
Sums ales 
Differences 


C2 
Wy 


€3 
Ws 


Here e, stands for the sum of y, and y,, and 1, 
for the difference between v, and y,, and so forth. 
The sums ¢,, e,, &c., contain components of the 
even terms only, both sines and cosines, of the 
harmonic series, while the differences contain com- 
ponents of the odd terms only. From these sums 
and differences we can obtain the values of the 
desired coefficients by the following quotations :— 
= (44 + 2 + ¢3) + 63 
(wy, + We) + 3.464; 
(¢; — ¢o) + 3.464; 
(w, — Wy — 2 wy) + 63 
By = (2 ¢3 -— ¢ — €2) + 6; 
Bs = (w. — w; — ws) + 6. 

The six equations are obtained by writing out in 
terms of the Fourier series the values of each of 
the ordinates ¥,, v2, &c., and then eliminating 
between them. 

The coefficient A, remains to be determined. 
But since the third sine component has zero values 
every 60 deg., where we have taken our ordinates, 
a fresh ordinate must be taken, and for this pur- 
pose an ordinate at 90 deg., called 1), is most con- 
venient. Then we have 

As = Ao + Ai — By — 990. 

A numerical example will show the process. 

the figure the curve has the following values :— 


Hi = 143 4 = 1; Hs = — 11.6; yy = — 2.4; v5 = 9.5; 


Ye = 11; and Yo = 5.0 


Tn 


Arranging we have 


Sums 


Differences 16.4 


so that the equation to the curve is 


y = 3.6 + 1.71sin x — 6.2cosx + 0.32sin 22 — 3.9cos2 x 
+ 4.21 sin3z + 2.45 cos3x. 


The arithmetical work necessary to get out the 
seven coefficients occupies less than five minutes. 
This is a less time than would be required to set 
the wheels of a harmonic analyser. To get out 
these seven coefficients by any of the graphic 
methods in vogue would require about five hours. 








TRADE OF KOREA IN 1904. 

Korea is in a very peculiar position as regards 
the war between Japan and Russia; for while it 
was one of the chief causes of the war, the main 
theatre of operations was at an early date trans- 
ferred to Manchuria, and the greater part of the 
country has had practically no experience of actual 
fighting. Korea, south of a line from Pyeng Yang 
to Wonsan, has, indeed, remained quite untouched 
in the present campaign. North and west of Pyeng 
Yang, as far as Wiju, the actual experience of war 
has been comparatively slight, as the Russian oppo- 
sition to the military advance in this region was 
inconsiderable. In all those districts, consequently, 
trade and agriculture have been practically undis- 
turbed. On the east, however, north of Wonsan, 
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the country was for the greater part of the year in 
Russian occupation ; and north-east, including the 
treaty port of Songchin, remained so at the close of 
December. In the territory under Japanese control 
the war has been of considerable benefit to a large 
section of the population. The exemplary conduct 
of the Japanese troops has prevented any loss or 
damage from their presence, while the demands of 
their commissariat have been very advantageous to 
the farmers, who have disposed of their produce 
better and more easily than by carrying it to the 
ports. Again, the influx of money for military and 
other purposes, and the great employment of labour, 
have proved of considerable pecuniary benefit to 
the Koreans. The price of labour and of staples in- 
creased; while in the ports rents rose considerably. 
In the case of foreign residents, in particular, the 
price of commodities was additionally influenced by 
freight rates, insurance, &c., and rose in some 
cases 50 per cent., or more. In general, it may be 
said that in Korea the war has resulted in an un- 
precedented activity in commerce and industry. 
This activity cannot be gauged by the ordinary 
returns of increased trade alone. The large supplies 
f railway material brought in transports, the numer- 
ous works undertaken by the Japanese, and the 
infiux of money, all contributed to the same end. 

From the latest consular report we learn that 
the total foreign trade of Korea during the year 
1904 amounted to 3,444,1781.,as against 2,827,381I. 
in 1903—an increase of 616,7971., or 21.8 per cent. 
This increase, however, was wholly in the imports, 
the exports showing a decrease, as indicated in the 
following table :— 

Value. 














Imports. Exports. 
£ £ 
1903 .. 1,859,876 967,505 
1904 .. 2,736,383 707,795 
Increase or decrease + 876,507 ~ 259,710 
Net increase .. 616,797 


The figures for the total trade of 1904 are the 
largest yet reached by Korea, those in 1903 having 
beaten the previous record. The Consul states that 
the Korean market is yearly growing more impor- 
tant ; and expresses the opinion that there is good 
reason to suppose that 1904 will not long remain 
a record year. Even as it is, Korea is well worth 
the consideration of British merchants and manu- 
facturers ; and with the prospect of considerable 
increase in the future, it is hoped that, despite 
severe competition, especially from Japan, a good 
share of Korean trade will remain in British 
hands. 

We must refer to the consular report for details 
of the trade done in 1904, the articles imported 
being similar to those of Chinese ports. Cotton 
goods figure as an important item, this branch of 
trade being almost entirely British and Japanese— 
the former nation sending goods valued at 384,549/., 
and the latter at 422,107/. Shirtings, sheetings, 
Japanese piece-goods, and Japanese yarns all show 
considerable increase. The large import of cotton 
goods is probably the most reliable indication of the 
increased prosperity of the Koreans. Woollen goods 
showed an increased import of about 54 per cent., 
but the total amountof the importsis relatively small. 
Metal goods also showed an advance of about 16 per 
cent., principally in iron bars and sheets, steel and 
hardware. In the table of miscellaneous imports 
the increases under the heading of ‘ Clothes, Sake, 
and Tobacco,” point to a certain extent to the 
growing requirements of the increasing Japanese 
population, and, partly also, of the Japanese troops. 
The large increase in the import of railway plant 
and material is due to the activity of the Japanese 
in railway construction. The total import of rail- 
way plant and material, according to the customs 
returns, was 472,951/.; and of this sum probably 
some 200,000. worth was of British origin. The 
energy of railway construction during 1904, how- 
ever, makes these amounts abnormal ; and though, 
till the completion of the railways, imports will 
continue to be large, British trade under that head 
must expect to suffer a decline eventually. 

We have, in previous issues, given some details of 
the Seoul-Fusan Railway, which, although opened 
for traffic at the beginning of this year, is still very 
incomplete in many parts. It is estimated that the 
cost of construction has been about 10,000l. per 
mile, and expenses will be paid when the line earns 
about 1l. per mile per day. As the earnings are 
reported to be already about 15s., the line ought 
shortly to pay expenses at least. By way of com- 
parison, it may be mentioned that during the last 
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half of 1904 the receipts on the Seoul-Chemulpo 


section exceeded 5/. per mile per day. As it is 
possible to make the sea journey from Fusan to 
Chemulpo in under two days, it is unlikely that 
the new railway will be much used for through 
goods traffic, except in the case of valuable or 
perishable articles. As a passenger line, however, 
and as a medium of distribution and collection of 
goods in the interior, the railway has a good pros- 
pect of being a great success. A branch line 
from the treaty port of Masampo has been built 
to join this railway, while another branch line to 
the treaty port of Kunsan is in contemplation. 
The following returns for the Seoul - Chemulpo 
section of the Seoul-Fusan railway give a very 
good indication of the increased commercial activity 
between the capital and its port during 1904 :— 


1901. 1902. 1903. 1904, 
Tons, Tons. Tons, Tons. 

Goods 28,975 56,262 71,854 162,930 
No. No. No. vO. 

Passengers... 354,625 337,919 484,356 707,993 


The work on the Seoul-Wiju line has been 
undertaken by the Japanese military authorities, 
and is being pushed on as rapidly as possible. A sum 
of 1,600,000/., was appropriated in 1904 for the pur- 
pose, and it is stated that upwards of 30,000 coolies 
have been employed on the line. As the country 
to be traversed is easier than that on the Seoul- 
Fusan route, great progress has already been made. 
The section to Pyeng Yang is practically finished, 
and the whole line will doubtless be completed 
during 1905. The distance from Seoul to Wiju is 
about 300 miles ; from the latter place an extension 
across the Yalu River will probably be eventually 
made to connect with the Manchurian railway. 
Another railway has been begun by the Japanese 
military authorities to connect the capital with 
Wonsan, the principal port on the east cvast. 

Prior to the war, the sea communication of Korea 
with Japan was practically in the hands of Japanese 
steamship companies, while the Chinese Eastern 


| Railway Company (Russian) maintained a service 


connecting Dalny, Chemulpo, and Shanghai. The 
war interrupted these services, and a considerable 
number of chartered steamers were employed. The 
total steam shipping entered at Korean ports during 
1904 was 3796 vessels, of 1,294,581 tons, as com- 
pared with 3548 vessels, of 1,643,963 tons, in the 
previous year; an increase in the number of 
steamers, but a considerable decrease in the tonnage. 
This decrease was probably due to the smaller 
average size of many of the vessels which replaced 
the regular Japanese boats when the latter were 
taken off and used as transports. British steamers 
entered during 1904 numbered 53, of 108,694 tons, 
as compared with 7, of 15,115 tons, in 1903. Con- 
siderable though this increase is, the Consul thinks 
it is regrettable that there are still no British 
steamers touching regularly at Korean ports. 








ELECTRIC TRAMWAY AND RAILWAY 
EXHIBITION. 
(Concluded from page 23.) 

In our last issue we gave an account of some of 
the exhibits shown at the Electrical Tramway and 
Railway Exhibition which was opened at the Agri- 
cultural Hall on July 3, and closes to-day. We now 
continue our report of some of the most interesting 
objects exhibited. 

The Ames Crosta Sanitary Engineering Com- 
pany, Limited, of Nottingham and Westminster, 
and the Railway and General Engineering Company, 
Limited, also of Nottingham, have a combined 
stand, on which are a good many interesting objects. 
The most prominent of these is the Brown and 
Crosta tramway rail-grinder. This is an interest- 
ing machine, which we propose illustrating in a 
future issue. 

Amongst the other objects shown on this stand 
the following may be mentioned: —The Ames 
combined anchor-clips and tie-bars for tramway 
rails. In this arrangement the tie-bars are below 
the roadway, and are anchored in the concrete. No 
bolt-holes are required for the rails, the lower flange 
being held between clips. What is known as the 
‘* bull-dog sole-plate” for railway joints is formed 
so that there are two half-round spaces in which 
the concrete is embedded, thus giving very perfect 
anchorage. It is claimed that this arrangement, in 
combination with the grip afforded by the clamps, 
entirely prevents any ‘‘ creeping” on gradients. 
Another appliance for tramway or railway work 
is the self-cleaning trapped drain-box for carrying 


off the water that gets into the groove of the rails. 
There is a complete water-seal—an arrangement 
which is desirable for sanitary reasons. What is 
known as the R. and G, tramway-drainage system 
is also shown on this stand. The whole design 
is worked out to give easy access for cleaning 
and for securing the trapping of sewer - gas. 
Amongst other objects shown is a renewable guard- 
rail, which is attached to the lip of the main rail 
when the latter has become worn and has been 
ground down flush by the machine to which refer- 
ence has already been made. The guard-rail is flush 
with the running rail, and there are therefore 
no projections to interfere with ordinary traffic. 
Another useful apparatus is a point-adjuster, by 
which the wear of points may be taken up by means 
of a wedge and screw. The device is simple, and 
appears to be effective. Aldworth’s trolley-head, 
also shown, is so arranged that in the event of the 
trolley leaving the wire, a projection of the shield 
causes the pole and trolley-head to slide freely under 
cross-wires, thus obviating a not infrequent source 
of danger. 

The Forest City Electric Company, of Manches- 
ter, show rail-bonds built up of flat wire. They 
also have a portable machine by which the solid 
ends of the bonds are fitted into the rail by 
hydraulic pressure, so as to get a secure attachment 
and good conductivity. The terminals of the bonds 
are cast in copper round the flexible circuits, after 
which they are reheated and drop-forged; the 
connection between the parts is, therefore, perfect, 
and they are interchangeable, being of one definite 
size. 

Messrs. Holden and Brooke, Limited, of 119, 
Cannon-street, and West Gorton, Manchester, have 
avery interesting exhibit. The first object to which 
we shall refer is Leinert’s water-meter ; this will 
measure and record the quantity of water it receives, 
the water being weighed, so that the temperature is 
immaterial. On page 38, Figs. 1 and 2, we give illus- 
trations of the apparatus. It consists of two tanks 
of equal size, as shown in the sectional view, Fig. 2. 
These are supported on knife-edges c. It will be 
noticed that the support is not in the centre of the 
length of the tank, as shown in Fig.1. A weight is 
fitted at one end of the tank /, Fig. 1. Water flows 
into either tank alternately by means of the balance- 
shoot B. When the water has reached a given 
height, the excess of weight in front of the knife- 
edges tilts that part of the tank downward, over- 
coming the gravity of the weight b, the tank then 
assuming the position shown in dotted lines in 
Fig. 1. As the tank tilts down, swinging on the 
knife-edges, it submerges the syphon a, and the 
tank is therefore emptied. At the same time tho 
side of the tank tilts the shoot, so that it directs 
the water into the other tank, where the same 
operation takes place. In this way the weight of 
water is measured, whatever its temperature. There 
is an indicator which records the number of times 
each tank tilts. 

A boiler-feed regulator is shown. This is on the 
principle of a Brooke’s trap, acting on the expansion 
and contraction of two metals when steam or water 
from the boiler is brought into contact with them. 
The apparatus operates a piston-valve, by which 
the water supply is either shut off or admitted. 
Brooke’s oil-separator consists of a cylindrical 
vessel, in which are a number of plates, with pro- 
jecting strips set at an angle to the oe The 
steam passes through the narrow parallel passages 
formed by the plates, and the particles of oil are 
caught in the vertical channels formed by the pro- 
jecting strips, the grease being led downward to a 
collecting-chamber, and the steam passing away to 
the main. The apparatus has been fitted at the 
Willesden Metropolitan Lighting Station, the con- 
densed water being found to contain only 0.2 
grain of oil per gallon of water. Brooke’s auto- 
matic discharger, or vacuum trap, is intended for dis- 
charging condensed water, oil from separators, and 
other materials from chambers under vacuum, 
A working model of this apparatus was shown at 
the Exhibition. We illustrate this device in Figs. 
3 and 4, page 38. It consists of a cylindrical vessel, 
into which the condensed water drains, passing 
through the valve A. As the vessel fills up the 
float D rises, and this lifts the falling weight E by 
the connecting mechanism shown. The movement 
of the weight operates the spindle which closes the 
valve C (Fig. 4), this valve being in connection 
with the condenser or vacuum chamber ; at the 
same time an air-valve F (Fig. 4) is opened. As 





the interior of the cylindrical vessel becomes filled 
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with air the valve A is held tightly on its seat by 
atmospheric pressure, the other side being in con- 
nection with the vacuum. The contents of the 
discharger, whether water or oil, will now fall 
freely away by gravity to the outlet-valve B 
(Fig. 3). As soon as the discharger is empty, the 
float sinks, and the weight E falls back to its 
original position. In doing this it closes the 
valve F, shutting the interior off from the atmo- 
sphere, and opening the small valve C, which is in 
connection with the vacuum. The air is then 
drawn away, passing into the condenser, and the 
cycle of operations is repeated, the valve B natur- 
ally being closed by the pressure of the atmosphere 
outside. The apparatus, it will be seen is en- 
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Brooke’s AuToMATIC VacuuM-DISCHARGER. 


tirely automatic in its action. The pocket G 
(Fig. 3), shown in dotted lines, although not 
absolutely necessary, is useful for catching any 
pieces of material which may come down with the 
steam and might prevent the operation of the 
valves A and B. 

An exhaust-steam feed-heater is shown on the 
same stand. This works on what is known as the 
** high velocity” system. The exhaust steam passes 
through a casing, the feed-water to be heated travel- 
ling through a series of straight tubes, the high 
velocity necessary being secured by the tubes being 
placed in series instead of in parallel. It isfound by 
experience that the increased velocity given to the 
water renders the heating surface more effective. 
Another feed-water heater shown works by live 
steam. There is an outer pipe or cylinder con- 
taining a smaller pipe and another yet smaller. 
The inner pipe also forms a passage for steam. 
There is thus an outer annular space through which 
the steam travels, and an inner annular space, of 
small capacity, through which the feed-water 28, 
whilst the axial pipe also contains steam. In this 





way a large heating surface is obtained, the thin 
film of water in the annular space being rapidly 
raised in temperature. It is stated that very con- 
siderable saving of coal may be cheaply attained by 
the application of this feed-heater system. Arrange- 
ments are made for easily withdrawing the inner 
tube for examination or cleansing purposes. 
Brooke’s separator for extracting moisture from 
high-pressure steam is fairly well known, and 
the same remark applies to Brooke’s steam trap. 
There are also exhibited on this stand the ‘‘One 
Movement” self -acting injector—-an ingenious 
arrangement for securing the proper proportions of 
steam and water at different pressures. There is 
also shown an exhaust head in which is a series of 





together—they being on one spindle—the steam 
comes more slowly from its seating, so that there 
is not a full discharge until there is ample area for 
the passage of steam; in this way cutting is pre- 
vented on the ordinary valve. A small amount of 
leakage in the lower valve is of no consequence, as 
it is the upper valve on which dependence is placed 
for shutting off steam. 

Green’s balanced stop-valve is another device 
which we have already illustrated (see Enat- 
NEERING, vol. Ixxvii., page 271). As our readers 
will be aware, it is a double-beat valve of ingenious 
construction, and so devised that a large valve can 
be opened under great pressure by hand-power. 


' Other devices, such as thermo-regulators, automatic 
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Fies. 5 to 8. Reaveti’s AtrR-CoMPRESSOR. 


baffles which arrest condensed water at the end of | 


an exhaust-pipe. The device also acts as a silencer. 
We have already illustrated and described Brooke’s | 
protected seat-valve (see ENGINEERING, vol. lxxix., | 
page 61)—a device for preventing the cutting of the | 
seats of valves by the rush of steam when the valve 
is first opened. For the convenience of our readers, 
however, we again indicate itsaction. Beneath the 
ordinary valve there is a supplemental valve fitting | 
into its seating at a lower angle than the main 
valve. Consequently, when botli valves are lifted | 


starting-gear, injectors, steam-traps, and many other 
things of a like nature are shown on this stand. 
Messrs. Robert W. Blackwell and Co., Limited, 
have a good exhibit of various appliances for elec- 
tric street railways. The most prominent object is 
a motor-driven tower-wagon for repair work. It is 
mounted on a chdssis driven by a petrol-engine of 
22 horse-power. The whole weight of the tele- 
scopic tower-ladder is carried inside the wheel- 


| base, thus giving a very rigid support, and enabling 


two or three nien to work on the top of the platforni 
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when fully extended. Amongst other devices shown 
are mechanical ears for supporting trolley-wires, 
either of curved or round section. It is stated that 
grooved wires are now as cheap as plain round ones. 
The advantage of the mechanical ear is that, instead 
of the wire being ‘‘sweated in” in the usual way, 
it is fixed mechanically by screwing two halves of 
the ear together ; the disadvantage of heating the 
conductor is thus obviated. What is known as 
the ‘‘Tetrad” trolley-ear is also shown, both for 
straight lines and curves. This consists of a long 
metal casting fined down at the ends, so that the 
trolley - wheel can easily slip over it. The con- 
ductor passes through the lower part of the casting, 
and is firmly pressed into a groove in the latter 
by means of the screw in the upper part of the 
ear, the screw thus forcing the conductor into 
intimate contact with the metal of the ear. The 
use of solder is again dispensed with, and if it 
be necessary to take up slack in the wire, this 
is done by setting back the screw, and no heat- 
ing of metal solder is therefore necessary. It 
is claimed that a trolley-wire suspended hy these 
ears will wear three times as long as a wire sus- 
pended by soldered ears ; the work of erecting is also 
reduced. One tower- wagon and two men will 
erect, in a given period, three times as many of 
these ears as one tower-wagon and three men can 
accomplish with ordinary soldered ears. A useful 
device shown on this stand is a fuse which gives 
indication that it is blown, there being a pad which 
is projected through a hole made in the tube when 
the fuse blows. There are also shown automatic 
circuit- breakers for overload, underload, and reverse 
load, as well as limit circuit-breakers for cranes. 

In the yard adjoining the Hall is shown a device 
by which, in the case of a trolley coming off the wire, 
the pole automatically centres itself to the middle 
line of the car, and drops to a lower level than the 
trolley-wire, so that there is no danger of it becom- 
ing entangled with the span wires, or guard wires, 
and bringing them down among the passengers on 
the car. There is also shown on this stand electric 
motor-driven air-compressors and air-brake equip- 
ment. 

The Crosby Steam Gauge and Valve Company 
show a new form of indicator, the spring being 
placed outside the cylinder, and above the moving 
parts, so that it will remain cool under all con- 
ditions. This arrangement is useful for gas-en- 
gines, and for steam-engines using superheated 
steam. The piston also is of larger area, measuring 
one square inch, so that the mechanism carrying 
the pencil is of less comparative weight than in the 
ordinary indicator. The piston takes the form of 
the central zone of a sphere, and it is attached by a 
rod directly to the upper part of the spring. In 
this way it can move freely in the cylinder, what- 
ever the direction of pull of the spring. The 
pencil mechanism is kept directly over the piston 
through a ball-and-socket joint. The rod slides 
through a sleeve attached to the base of the 
pencil mechanism, and there is a parallel motion 
which causes the pencil to move vertically. In 
this way any motion of the piston, due to the 
spring which causes the piston-rod to deviate, will 
not affect the pencil mechanism in its vertical 
course. On the same stand is shown what is 
known as the Crosby reducing-wheel for indicators. 
This device is for reducing the stroke of an 
engine down to that of the indicator drum, a 
series of speed-pulleys being provided in accord- 
ance with the stroke of the engine. The re- 
duction in speed is secured by a pair of bevel 
wheels. On the same stand is shown a pressure- 
gauge with two tube springs, the connections being 
mechanical, so that no soldering is needed. The 
springs used are doubly as strong as those ordinarily 
applied, and permanent set is prevented, even if 
the springs are considerably strained. This gauge 
has been specially designed for high pressures, and 
is said to be extremely sensitive. A special Crosby 
indicator has been introduced for use with gas and 
oil-engines. It is similar in appearance to the indi- 
cator with the external spring, but the pencil lever 
is of stronger section, and a stouter link is pro- 
vided to meet the sudden shock of internal-com- 
bustion engines. An indicator giving continuous 
records is also shown ; there is a paper 6 ft. long, 
and each diagram is taken } in. further back than 
the last, so that twenty-four overlapping dia- 
grams are contained on each foot of paper ; 144 
diagrams can therefore be taken on one strip. 

Messrs. Aiton and Co., of Willesden Junction, 
have an exhibit of steel piping, comprising 9 in, 
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solid-drawn wrought-steel bends, with flanges 
riveted on. There are also 4-in. weldless steel 
branch pieces riveted to the pipe. They also show 
a cast-iron grease-separator, in which the steam is 
brought into contact with flat surfaces set diagonally 
to the direction of flow; oil and water contained 
in the steam are thus caught in the angle formed 
by these surfaces, whence they are conducted to 
square ducts, which lead into suitable receptacles, 
fron which they are drained off. The firm also show 
au exhaust-head and silencer of cast iron, consist- 
ing of a conical cap and curved vanes. The steam 
is given a circular motion, and any water or oil 
that would otherwise escape with it are deposited 
on the outer cylindrical part of the apparatus, 
being carried away by annular channels which sur- 
round the head. One of these silencers, placed on 
the top of the Savoy Hotel, is drained by a 2-in. 
pip2, which discharges full bore the whole time, 
the eduction pipe being 18 in. in diameter. 

Messrs. Edward Bennis and Co., of Bolton, and 
Victoria-street, Westminster, have an extensive 
show of their overhead coal-storage and automatic 
stoker. We hope to deal further with this form of 
apparatus in a forthcoming issue. 

The Société Francaise des Accumulateur Ziegen- 
berg show a motor-car of the racing type—the only 
ew of this description in the Exhibition. The 
arrangement is altogether novel, the motive power 
being obtained by electricity. The batteries which 
are used have negative plates composed of an alloy 
of zinc with mercury. These plates are said to be 
indestructible, and are, roughly, about one-third 
the weight of the ordinary lead batteries for a given 
power. They can be lifted out of position, and 
fresh charged plates be dropped in, the actual time 
which the car is delayed for charging being, there- 
fore, extremely short. There are two motors, of 
about a foot in diameter, and these are placed in 
the centre of the driving wheels, which are the 
front wheels. In the car shown the two motors 
develop 160 horse-power, the speed of the car being 
90 miles on the flat, and the range of operation 
being 218 miles, at an average speed of 33 miles an 
hour, without recharging. The driving wheels are 
about 2 ft. 6 in. in diameter. At slow speed they 
make about 200 revolutions per minute. The fol- 
lowing is the description of the battery given by 
the exhibitors :—‘‘ A large hard-rubber box is 
divided by transverse partitions of the same material 
into six compartments, and the whole box is sus- 
pended in a protecting case of aluminium. The 
positive and negative plates are united in the frame 
on the edge of the casing, and placed on an clastic 
piece of rubber tubing and embedded also in soft 
rubber. The mutual action of the plates with the 
various elements is effected by a system of pressure 
springs fixed to two armatures, each forming a 
termina]. As any head connection is thus avoided, 
no rupture is possible. Instead of being fixed to 
the bottom of the vessel, the plates are suspended 
elastically, and are, therefore, much more proof 
against sudden mechanical shocks than are the plates 
in the usual type of storage battery. High capacity 
is rendered possible by the use of thin zinc plates 
of a much smaller weight than those of lead 
sponge. The lead peroxide plate, made by a 
special agp possesses excellent qualities both 
from the electrical and mechanical point of 
view ; in spite of its great mechanical strength, 
the plate is extremely porous, which obviously 
ensures high capacity. On the other hand, it may 
stand high electric overload up to several hours’ 
short circuit.” We are informed that a large de- 
mand has arisen for this remarkable motor-vehicle; 
260 cars having been ordered in France within the 
last two months. 

Messrs. C. W. Burton, Grittiths, and Co. have a 
good show of machine -tools specially suited for 
tramcar work, amongst them being a rail-saw, which 
will cut at right angles or at an angle of 45 deg. in 
either direction. There is a good double-gap lathe, 
a Garvin universal miller, a drilling-machine, boring 
and turning mills, emery grinders, and other ma- 
chine-tools. 

Messrs. James Prcctor, Limited, of Burnley, 
show their mechanical stoker with moving fire- 
bars. We have on former occasions referred to 
this type of apparatus. In the exhibit at the 
Agricultural Hall the mechanism has been sim- 
plitied from that originally fitted, there being one 
set of gear-wheels in place of three. The chain- 
wheel formerly used has been done away with, and 
there his been substituted an eccentric and rack- 
wheel fur driving the bars; the latter can be kept 


chanism ; this consists of a cam attached to the 





stationary or moved by hand, as required ; whilst | 
four different speeds for mechanical operation can | 
be obtained without altering the speed of the | 
stoker. This makes the apparatus effective for 
different descriptions of fuel. Self-lubrication is 
used throughout, whilst the same mechanism works | 
the shovel and ram for feeding the coal. 

Another mechanical stoker is that of the Triumph | 
Stoker Company, Limited, of Victoria-street, West- 
minster, and Leeds. This is a useful form of 
stoker, the shovel having two arms, and the cams 
for moving the bars are adjustable, so that they 
can be taken off and replaced. With this arrange- | 
ment the bars come forward separately. 

Messrs. Reavell and Co., Limited, of Ipswich, 
have an interesting show of air-compressors suitable | 
for central-station and tramcar-cleaning work. One 
of their quadruplex compressors, motor-driven, is 
alsoshown. In Fig. 5, page 38, we illustrate a port- | 
able compressor. A large number of these machines | 
have, we understand, been supplied for cleaning 
plant byair blast in central stations. The compressor 
has an alternating-current motor fitted to it, but a 
continuous-current motor can be used if necessary. 
An ingenious part of the design is the brake me- 


handle of the machine, so arranged that when the 
handle is lifted, the front wheel is free to run, but 
on dropping the handle the weight of the apparatus 
presses on the wheel, thus forming a most effective 
brake. Another machine is a standard quadruplex 
compressor, which is driven through gearing by an 
electric motor, or can be operated by power pulleys, 
taking the place of the motor; we illustrate an ex- 
ample of the latter in Figs. 6 to 8, page 38. The four 
air-compressing cylinders are placed radially in the 
vertical plane, the four connecting-rods being driven 
by a common crank-pin. The casing contains an 
annular space, through which the cylinders pass, 
and which is used asa water-jacket. Each cylinder 
forms a separate single-acting compressor, and all 
deliver into one passage. As the compressor is run 
at high speeds, a practically continuous delivery. is 
secured. There are no suction-valves, air being 
admitted above each piston through a port con- 
tained in the piston. This port coincides with a 
similar port in the top of each connecting-rod, the 
pas being opened during the suction stroke. 

ear the end of the suction stroke the piston over- 


runs the ports cut through the cylinder wall, thus 
making a direct communication between the cylinder 
and the inside of the compressor casing, which is 


arranged to form a suction chamber. The delivery 
valves are at the outer end of each cylinder; they 
open during the compression stroke, as soon as the 
air has reached the regular delivery pressure, and 
through them the air passes to the delivery belt or 
passage, from which it escapes through openings 
provided. The delivery valves are of steel, and 
are very light, their weight and lift being reduced 
within very narrow limits by the principle em- 
ployed. . The general arrangement of this machine 
is well thought out, especially in regard to taking 





it to pieces for examination and repair. 
Messrs. J. G. Statter, of Cornwall-buildings, 
Birmingham, and 68, Victoria-street, S.W., show, 


amongst other things, a maximum circuit-breaker | 


placed on a feeder-panel, and fitted with an inverse 
time-limit appliance. In case of an overload an 
electro-magnet is energised, and this draws up an 
armature, thus breaking the circuit. The apparatus | 
can be set for different time-limits, being ordinarily | 
arranged to require about five seconds to release 
the breaker with 50 percent. overload. The inverse | 
time element is at zero when the apparatus is set | 
with an overload of four times the normal carrying | 
capacity ; with the load equal to double the normal 
current, the opening takes place in two-and-a-half 
seconds. With 25 per cent. overload, the time 
occupied is about fifteen seconds. The way in 
which the action is delayed is by a disc of metal 
attached to a stem and resting on another fixed 
disc of metal. The two discs have between them 
glycerine or some viscous fluid, and the delay is in 
the separation of the two metal planes. The device 
is said to act with great regularity in regard to the 
time element. The same firm also show a trac- 
tion generator-panel, a traction feeder-panel, regu- 
lating-switches, and other electrical gear. A switch- 
board and its fittings are composed entirely of 
fire-proof material. 

The Commercial Agency of the New South 
Wales Government, whose offices are at 33 and 
35, Eastcheap, London, have an interesting collec- 
tion of hard wood and fancy timbers. They show | 





/ 


black-butt blocks for paving. This wood has ad- 
vantages in its toughness and non-splitting quality, 
so that it wears down very evenly. A fine specimen 
of tallow wood is also shown ; this is likewise a tough 
wood, and is used for paving, as well as for wagon 
construction. Examples are exhibited of sole-bars 
of old wagons which have been twenty-six years in 
use. Iron-bark wood is used largely for piles, and 
stands well in water; part of a pile that had been 
fifty years in the tidal water of Sydney Harbour is 
shown, it being perfectly sound inside. A wood 
called ‘‘ turpentine” is, however, now being largely 
used for submarine work, as it is found to resist 
the teredo. Another wood known as ‘‘spotted 
gum” is largely employed in wheel work, for 
spokes, felloes, &c., examples of these parts being 


'shown. This wood will bend well without splitting. 


The Agency also show a large number of fancy 
woods, notably rosewood, red cedar, red-bean, Kc. 
This is an interesting exhibit, and one well worth 
attention. 

Amongst other exhibits, which we can no more 
than briefly mention, are those of the Empire Roller- 


| Bearing Company, Limited, who show a working 


model of a truck with the roller bearings fitted ; also 


railway and tramway axle-boxes, trolley-bearings, 
,and the like. 
bearings give a reduction in starting effort equal to 
|3 1b. per toa of load. 


It is claimed that ‘‘ Empire ”’ roller- 


Mr. Thomas Chatwin, of 
Great Tindal-street, Birmingham, exhibits engi- 
neers’ small tools, bolt and pipe screwing-machines, 
and an automatic release screwing- machine for 
ower-driving. Messrs. Mountain and Gibson, of 

erry, show a four-wheel electric tramway truck, a 
maximum traction truck, an improved railway 
truck, trolleys, a life-guard, and other tramway appli- 
ances. Messrs. Hurst, Nelson, and Co., Limited, 
of Glasgow, show cars, brakes, railway rolling- 
stock, a 12-ton goods wagon with steel-framed 
wheels, buckets, and pressed-steel parts of railway 
vehicles. The Western Electric Company, of 171, 
Queen Victoria-street, and Woolwich, have a large 
number of electric fittings, consisting of switch- 
boards, switches, fans, small motors, lamps, and 
other objects of a similar nature. Messrs, W. E. 
Jones and Son, of Bournemouth, exhibit, amongst 
other things, a vehicle specially designed fur rais- 
ing and carrying heavy drums loaded with cable. 
The Electric Traction Equipment Company, of 
Birmingham, show a large collection of parts, 
consisting of overhead line material, gear-wheels 
and pinions, feeder - panels, &c. The Motor- 
Car Emporium, of Holland Park-Avenue, W., show 
mechanically-driven vehicles. Messrs. Mellowes 
and Co. have an exhibit of the ‘‘ Eclipse” glazing for 
roofs, a complete roof being shown. 

The Hans Sand-Box Company, of 53, Victoria- 
street, show a device for using wet sand to pre- 
vent slipping of wheels. It consists of a hopper 
suspended on trunnions and having a_ bevelled 
pinion at the bottom. By means of a foot-lever 
the driver rocks the hopper, the sand being jerked 
out in small quantities. The use of wet sand is 
economical, as it is cheaper, and lodges on the 


‘rail more securely, not being blown away when 
|there is a high wind. 


The British Johns Man- 
ville Company, Limited, of 81, Fenchurch-street, 
show a large number of electrical appliances, 
consisting of fuses, trolley-line insulators, pipe- 
coverings, packings, and resistance tubes. W. T. 
Henley’s Telegraph Works Company, Limited, of 
North Woolwich, have a good show of cable sec- 
tions and actual lengths. Millas Karri and 
Jarrah, Limited, have some very good examples of 
wood. Messrs. Miller and Co., of Edinburgh, show 
a well-designed wheel- press, and examples of 
chilled-iron car-wheels, and other castings. Messrs. 
G. C. Milnes, Voss, and Co., of Birkenhead, show 
a trailer-car, trolley-heads, destination-indicators, 
and other appliances. Messrs. I. Frankenburg 
and Sons, Limited, .of Salford, show examples of 
cables. The Sturtevant Engineering Company, 
Limited, of Bankside, show fans and motor-con- 
troller gear. The Cambridge Scientific Instrument 
Company have an interesting show of voltmeters, 
ammeters, pyrometers, and other scientific apps- 
ratus. 

The Powell Wood-Process Company, Limited, of 
28, Fleet-street, exhibit samples of wood treated by 
their process. The timber is impregnated with 
a saccharine solution, either raw sugar, molasses, 
beet or cane sugar, or glucose. It is claimed 
that absolutely green and newly - felled wood 
can be thoroughly seasoned in from one to 
six wecks; that the process renders the timber 
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10-TON OVERHEAD ELECTRIC TRAVELLING CRANE. 
CONSTRUCTED BY THE SOCIETE ANONYME J. GILAIN, TIRLEMONT. 





Fig. 1 
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less liable to combustion, and prevents dry|is 186 ft., the beam 40 ft. 6in., and the depth 10 ft. 
rot ; and that the strength, durability, elasticity, | 
and cohesiveness of the wood are increased, whilst | 


the appearance is improved. There is also, it is 
stated, less tendency to warp, split, shrink, or 
expand. Some very nice-looking examples of wood 
treated by this process were shown on the com- 
pany’s stand. Some specimens of white pine which 
had been ‘‘Powellised” and tested showed an 
increase in tensile strength of 30 per cent. 

Messrs. Charles Winn and Co., of Birming- 
ham, show protectors for gauge - glasses with 
mechanical fixings; also parallel steam valves in 
which tightness is secured by stirrup wedges, which 
are automatically closed by a stop striking on the 
bottom of the valve-casing. Messrs. Edgar Allen 
and Co., of Sheffield, have a large exhibit of points, 
crossings, &c. Messrs. John Baker ard Co., 
Limited, of Rotherham, also have a big show of 
steel - tyred wheels, tyres, axles, and railway 
material. The new Expanded Metal Company, 
of Westminster and West Hartlepool, have an 
interesting exhibit,:in which they show a large 
number of uses to which expanded metal can 
be put. 

There are some other exhibits which might be 
mentioned, but limits of space prevent us from re- 
ferring to many of the articles shown, our notice 
having already extended beyond the usual limit. 
There are, however, a few exhibits which we re- 
serve for future illustrated notice. 








THE SALVAGE OF THE DREDGER 
‘*WALTER BIBBY.” 


Tue three engravings published on page 39 illustrate | 


one of the most difficult salvage operations yet con- 


ducted—the raising of the twin-screw dredger Walter | 


Bibby —which not only sank in one of the Mersey 
docks, but toppled over, ultimately lying past her 
beam-ends—at 113 deg. She was prevented from 
turning bottom upwards by the superstructure, which 
became embedded in the mud and sandstone rock in 


the bottom. This angle, as well as the extent of top 
hamper, very considerably increased the difficulties 
associated with the salvage operations, and, con- 
sequently, the narrative of the procedure is the more 
interesting. 

The Walter Bibby is a dredger of the centre-ladder 
type, discharging upon either side at will. 


Her length 


| 





The ladder has thirty-eight buckets, each weighing 
25 ewt., with 5cwt. links, and pins of 4 cwt. The 
ladder was constructed to dredge to a depth of 45 ft. 
below the water-line, and to raise between 600 and 
700 tons per hour. The engines were of the compound 
surface condensing eee, tavien cylinders 27 in. and 
5lin. in diameter, with a 3-ft. stroke. The boilers, 
two in number, were 10 ft. long and 12 ft. in dia- 
meter. There were independent engines for driving 
the bow and stern winches. The total weight of the 
ship is about 1150 tons, the bucket-ladder alone weigh- 
ing 60 tans. 

At the time of the accident the vessel was chartered 
by the well-known London contractors, Messrs. Pear- 
son and Sons, and was engaged in dredging the old 
dock wall of the Queen’s Dock, at Liverpool. 

During this operation the port buoyancy compart- 







HAWSER 


Fug. 7. 
PONTOON 





Tear i ) “j 


ment on the port side of the centre well was pierced 
by one of the buckets, and the vessel filled on the port 
side and capsized, lying in 22 ft. of water, with a list 
of 113 deg. The task of uprighting and subsequentl 
floating the dredger was entrusted to Captain Fred. 
W. Young, M.I. Mech. E., the well-known salvage 
engineer of the Liverpool Salvage Association ; and a3 
this was probably the most difficult case ever under- 
taken by the Association, nearly the whole of their 
salvage plant was called into requisition, the salvage 
steamers Ranger, Linnet, and Plover being em- 
ployed, with their 9-in. wire hawsers, steam-pumps, 
&e. 

On an examination being made by the divers, it was 
found that in capsizing the buckets had been thrown 
off the rollers, and were lying in a heap at the bottom 
of the dock. An attempt was made by the —— 
steamers Ranger and Linnet to raise the bight of the 
string of buckets, and they were lifted nearly to the 
surface of the water ; but they had become jammed, 








and it was found impossible to disconnect them by 
taking the pins out. They were re-lowered to the 
-bottom of the dock, and it was decided to separate 
them by means of explosives. A 4-lb. charge of gelig- 
nite was placed by the divers on one of the lower 
links, which measured 84 in. by 44 in. thick. The 
charge was fired by the Ranger’s dynamo connections, 
and the lower as well as the upper links were cut 
clean through simultaneously. The operation was 
repeated until a sufficient number of the buckets in the 
chain were released and hoisted up. The Ranger then 
made fast to the lower line of buckets, and towed 
them through the well on to the bottom of the dock, 
where they were afterwards lifted up by a 100-ton 
crane. The ladder was then hoisted into the well by 
the salvage steamers. 

Owing to the lower side of the vessel lying hard on 
the sandstone rock at the bottom of the dock, the con- 
nection of the parbuckling hawsers for tilting the vessel 
on to a level keel was a difficult operation. Eventually 
four 9-in. wire hawsers were placed in position. The 
upper ends of these hawsers were shackled to the keel- 
son in the port buoyancy compartment, that lying upper- 
most, as shown in Fig. 2. The hawsers extended to 
the deck and then right round the vessel, being finally 
made fast to the lifting pontoons belonging tothe Mersey 
Docks and Harbour Board, the Adventure, Enterprise, 
Octopus, and the Association’s salvage steamer Linnet. 
A pair of shear-legs in the form of a tripod, and 
weighing a little over 10 tons, was erected, as shown in 
the engravings, on the high side of the dredger, with a 
heavy casting on the top to take the wire rope for up- 
righting the dredger. The outer end of a 9-in. wire 
hawser was secured by the divers to the top part of the 
superstructure of the dredger, passed over to the top 
of the shear-legs, and thence to the quay, where a 
100-ton purchase was attached to it. A second hawser 
was taken from the lower side of the vessel, and 
attached to a 70 ton purchase on the opposite quay. 
Two powerful steam winches, with 9-in. cylinders, 
were bolted down to the quay, and were driven by 
steam from two portable boilers belonging to the 
12-in. pumps of the Association. 

When everything was in readiness, the water was 
lowered in the dock by the Dock Board, in order to get 
sutticient lift. The four lifting vessels were hove down 
to the dredger at low water, and the shore purchases 
hove taut. Had the uppermost buoyancy chambers 
continued dry, they weal Gove offered great resistance 
in the uprighting operations, and it was, therefore, 
decided as a preliminary to cut holes in the bottom of 
these compartments to admit water as the vessel heeled 
over on this side. When the vessel got righted on an 
even keel, the holes thus pierced would have been 
difficult to close in order to enable the interior to be 
pumped in connection with the refloating of the vessel. 
An ingenious method was devised to meet this end. 
Through the two holes, of 10 in. diameter, cut by the 
pneumatic tools on board the Ranger, a piece of copper 
pipe 10 in. long, with a suitable flange, was inserted 
from the outside, and the flange was bolted to the 
hull. On the inside a hinged lid was fitted to the 
pipe, so that it could be easily closed by the diver 
when the vessel was brought to the upright position. 
When the water was let into the dock again the lifting 
vessels, being fastened down to the outer ends of the 
parbuckling hawsers, took the weight of the ship, which, 
assisted by the shore purchases, easily came upright, 
having then 14 ft. of water on her deck. 

Five steam pumps were placed on board craft lying 
alongside the dredger, mel the water in the dock was 
again lowered ; the suction from the pumps was placed 
in the different compartments, and the bulwarks and 
fractures secured by divers. The vessel was thus 
pumped out and floated and afterwards safely put into 
graving dock. 

Our engravings— prepared from three of a series of 
very effective photographs taken by Messrs. R. and 
H. Robbins, Liverpool—show respectively the posi- 
tion before beginning the righting operations, an 
intermediate stage, and the moment when the vessel 
was dropping over on her upright state on the bottom 
of the dock. This ended probably the most difficult 
salvage operation of modern times, and was only ren- 
dered possible by the very complete equipment of up- 
to-date plant possessed by the Liverpool Salvage Asso- 
ciation and the skill of the officer in charge. Everything 
was carefully estimated and planned, and the result 
was attained without a hitch, exactly as contemplated. 
In order to lower the water in the dock three other 
docks had to be emptied by the Mersey Docks and 
Harbour Board, and numerous steamers and other 
vessels were shifted to other docks, so that they would 
not take the ground. 








10-TON ELECTRIC OVERHEAD TRAVELLER 
AT THE LIEGE EXHIBITION. 

Tur overhead travelling cranes in operation in the 
Machinery Hall at the Vennes Section of the Li¢ge 
Exhibition, with the exception of a 10-ton one, 
14.23 metres (46 ft. 8 in.) in span, are all driven by 
continuous current at 440 volts, supplied by the 
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10-TON OVERHEAD ELECTRIC TRAVELLING-CRANE AT THE LIEGE EXHIBITION. 


CONSTRUCTED BY THE SOCIETE ANONYME DES ATELIERS DE CONSTRUCTION J. J. 
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Exhibition Company. The 10-ton traveller in ques- 
tion has been built by the Société Anonyme des 
Ateliers de Construction J. J. Gilain; it serves one 
of the narrower bays, and is equipped with alternating- 
current motors, At the close of the Exhibition it will 
be erected in one of the shops of the Gilain Works 
at Tirlemont, where alternating current is the form of 
current adopted for power distribution. 

In order to convert the continuous current supplied 
by the Exhibition Company into alternating, one 
solution was to put down a fixed motor-generator set 
on the flooring of the Machinery Hall and distribute 
the current through three wires to the traveller. 
This, however, would have involved alterations in the 
arrangements made by the Exhibition authorities for 
their current supply ; the question of space intervened 
also, and it was decided ultimately to instal a motor- 
generator set directly on the traveller. The 440-volt 
continuous current is supplied by two leads to the 
Shunt motor; it drives a 190-volt 50-period Garbe- 
Lahmeyer alternator. 

The traveller is illustrated in Figs. 1 to 17, on pages 
41 and 42, the present page, and on page 44, which 
show a general view of the traveller in the 15-metre 
(49 ft. 3 in.) span; elevation, plan, and detail parts 
of the traveller frame and traversing crab. The posi- 





| lated type. 


¥ +i es 


tion of the current-con- 
verting set is given in 
Figs. 1 to 3. 

The framing consists of 
two parabolic main plate- 
girders, two lattice inter- 
mediate girders, and two 
end carriages of box sec- 
| tion, fit with the tra- 
velling wheels. The gir- 
ders are 0.750 metre 
(29.52 in.) deep at the 
centre, and 0.320 metre 
(12.59 in.) at the ends. 
The main and lattice gir- 
ders are strongly braced 
together ; a chequered plate foot-bridge is provided 
over the top horizontal bracing. The verticals of the 
lattice girders are extended above the top flange to 
form a railing 0.880 metre (34.64 in.) high. 
| The various speeds per minute are the following :— 
| Lifting, 6 metres (19 ft. 8 in.); travelling, 80 metres 
| (262 ft. 5 in.); traversing, 30 metres (98 ft. 5 in. ). 

These are obtained by three motors of 20, 15, and 
' 4 horse-power, of the Garbe-Lahmeyer ironclad venti- 
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The motor for longitudinal travel is fixed near the 
centre of the span, level with the foot-bridge ; it drives 
two of the four wheels by shafts which run the whole 
length of the traveller. An electro-magnetic brake is 
provided for rapid stoppage. The lifting and travers- 
ing motors are fitted to a strong steel frame, 1.705 
metre (5 ft. 7 in.) long and 1.400 metre (4 ft. 7 in.) wide. 
The motors are shown in Figs. 11 to 17. 

The main features of the traversing crab are the 
following :—All the gearing consists of cylindrical 
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straight-toothed wheels; the drum is of large dia- 
meter, 0.4 metre (15.7 in.) ; the wheel-base is reduced 
to a minimum, 0.95 metre (37.4 in.), as also is the width 
of the crab frame. 

The lifting motor-shaft, as shown in Figs. 12 and 13, 
carries at one end a pulley fitted with an electro- 
magnetic band brake, which acts immediately current 
is cut off from the motor. The mechanism of the crab 
contains four gear sets, which establish a connection 
between the parallel shafts and the lifting motion ; the 
first is that of the motor, and the fourth drives the main 
drum. A third shaft is fitted with a safety ee age 
brake, which holds up the load automatically the 
moment it ceases to be under the action of the liftin 
motor ; this brake consists of two sets of fixed an 
loose plates enclosed in a casing filled with a special 
lubricant. The action of this Sew is perfect when 
it is properly designed, and the composition for lubri- 
cating the plates suitable for the purpose. As already 
stated, the winding drum is given as large a diameter 
as practicable, and is cut with two spiral grooves to 
the right and left ; this ensures an equal distribution 
of the load and a vertical lift. The cable is of gal- 
vanised plough steel, with a breaking strain of 180 kilo- 
grammes per square millimetre (114 tons per square 
inch). It is 15 millimetres (0.59 in.) in diameter, made 
of six strands of 37 wires each, 0.7 millimetre (0.0275 in. ) 
in diameter. The hook rotates on roller bearings ; its 
travel is 10 metres (32 ft. 9 in.), and its shape is that 

rescribed by the Belgian Government for lifting gear. 
lhe crab-traversing gear is fitted close to one of the 
bearing axles; its action is transmitted to the wheels 
by a double set of toothed-wheel gearing. 

Safety cut-outs are provided, which limit the lifting 
of the hook and the travel of the crane, All the 
toothed wheels and pinions are machine cut, of 
steel ; the pinions on the motors are of brass. The 
traveller and crab are carried on cast-iron Griffin 
wheels. The electric equipment is throughout of the 
Garbe-Lahmeyer system, and has been supplied by the 
Ateliers Force et Eclairage, of Brussels. 

The current-collectors are in two vertical series to 
the right and to the left of the crab. The naked 
copper cables are supported inside the traveller, near 
the main girders ; all insulated leads are protected by 
Bergmann sheaths. The driver's cab is fitted with the 
reversing switches, starting rheostat, switchboard, and 
all controlling and safety levers and connections. 





COMPOUND ARTICULATED LOCOMOTIVE 
FOR SOUTH AMERICA. 

We begin the publication, on our two-page plate, 
this week of an interesting series of drawings of com- 
pound locomotives on the articulated system, built for 
the metre-gauge line of the Central Northern Railway 
of the Argentine Republic, by Mr. A. Borsig, of Berlin. 
The drawings given this week include a longitudinal 


















































section and plan of the locomotive, along with the 
various details of cylinders and valves. We intend in 
a future issue to give further drawings, and may 
defer until then our detailed description. But here 
it may be said that the diameter of the cylinders is 
13 in. and 204 in. respectively, with a stroke of 218 in. 
The high-pressure cylinders are fixed to the rear 
frames, which carry the boiler, while the receiver 
between the high-pressure cylinders is fitted witha 
vertical stuffing-box at the rear end, affording the 
necessary lateral movement for the swivelling of the 
engines on curves. At the front end there is a hori- 
zontal stuffing-box to allow for corresponding altera- 
tion in length. The details have been applied to 
goods as well as passenger engines, but all will be de- 
scribed when we give further illustrations. 








CRITICAL NOTES ON PEARSON AND 
ATCHERLEY’S INVESTIGATION INTO 
THE STRESSES IN MASONRY DAMS. 

To THe Epitor or ENGINEERING. 

Sir,—In the paper by Professor Pearson and Mr. 
Atcherley, on ‘‘Some Disregarded Points in the Stability 
of Masonry Dams,” they fail to note that the parabolic 
distribution of shearing stress assumed in their equa- 


tion (iv.) . P 
8 F (1 *) 
2 


2a 
can only be true for walls with vertical sides, and only 
within a certain limit (see ‘‘Shearing Stresses in Walls 
Subjected to Horizontal Thrust,” page 847, issue of 
ENGINEERING of June 30). In this equation S denotes 
the shearing stress at any distance y from the centre, 
and ¢ is the depth of the section, whilst P denotes 
the total shear, and A the area of the section. The dis- 
tribution of shear is then similar to that represented in 
Fig. 1. i 
forraly varying distribution of the normal pressures, the 
shearing stress diagram might also be parabolic, but dis- 
tributed as represented in Figs. 2 or 3. In a battered wall 
the shearing stress can only be zero at the face of the wall 
if the pressure is also zero. It is, therefore, quite un- 
warranted to say that if the distribution of normal stresses 
shown by their equations (i.), (ii.), and (iii.), is valid, 
the distribution of shearing stress shown by their equa- 
tion (iv.), reproduced above, is equally valid. 

Their equations (i.), (ii.), and (1ii.) are as follows :— 


1 
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where ¢ is the depth of the section, c the distance of the 
load point from the centroid of the section, and d the 
distance of the neutral axis from the same point ; whilst Q 
denotes the total thrust, and C and T the respective 
maximum compressive and tensile stresses, 


s= 


exd= 


Cmax . 


In the case of battered walls, assuming a uni- | 


| It is admitted later by Pearson and Atcherley, on 
| page 9 of their paper, that for battered walls their tirst 
| three equations, (i.), (ii.), and (iii.), cannot all be true at the 
| same time; but it is stated that there is as much want of 
| exactness in assuming equations (i.) to (iii.) as in assuming 
| equation (iv.). The truth of this statement is not apparent. 
| It may or may not be true. But the question of what 
| happens to the distribution of pressures and tangential 
| stresses when the total horizontal shearing force approaches 
| the maximum possible total resistance to horizontal shear- 
| ingis unnoticed. The treatment of this question is begun 
in the letter on ‘‘ Shearing Stresses in Walls.” 

The results of Messrs. Pearson and Atcherley’s experi- 
| mentson wooden models are of no value whatever. ‘They 
merely show what is obvious without experiment. In 


| 


| 
| 


|the experiments with the two model dams, made up 
respectively of horizontal and vertical slices of wood, the 
resistance toshearing, both vertically and horizontally, is 
simply the pressure on tfe dividing plane multiplied by 
the coefficient of friction of the w But in the case 
of a masonry structure, which consists of layers of blocks 
breaking joint vertically, the resistance to heulen in the 
vertical direction is much greater than the mere fric- 
| tional resistance: for about half the number of blocks in 
the vertical plane must be sheared through or torn out 
of position before the resistance is overcome. The normal 
| pressure on the vertical plane was less than the normal 
| pressure on the besisentel plone, and therefore the model 
with vertical stratification failed at a less loading than 
the model with horizontal stratification. The opening 
of the joint at the toe of the model dam took place by 
shearing of the vertical sections to the right, and by slid- 
ing of the toe on the base. But the vertical shearing 
resistance in the experiment is, as already stated, not at 
all comparable with the resistance of a structure built 
of blocks. Also the resistance of the toe to movement hori- 
zontally would be much greater in the case of a model built 
of blocks than in the experiment ; for a greater vertical 
shearing force would have been possible on the joint 
which opened out, and therefore a greater pressure 
between the toe and the substratum, and therefore a 
greater frictional resistance to horizontal movement of 
the toe. In the actual structure the toe cannot fail 
by tension at the base without exciting the full fric- 
tional resistance on the underside of the part of the 
toe broken off. Whenever the tension at the base 
of the dam reaches the breaking stress, a crack appears, 
and there is a finite movement of the toe on tke 
substratum. But it is known by frictional experiments 
that no movement can take place without the maximum 
possible frictional resistance being developed. 

! Itis probably true, as stated in the appendix, that the 

















JULY 14, 1905. | 


ENGINEERING. 





45 








shearing stress on a rock substratum is zero at the point 
of the toe, although this is not absolutely certain ; but if 
this is so, then before the toe fails, the pressure at the 
point of the toe must also become zero. It is not neces- 
sary, as seems to be inferred by Messrs. Pearson and 
Atcherley, to design the dam so that the tensile stress 
in the masonry, on the assumptions made by them regard- 
ing tangential stresses on the substratum, shall not exceed 
the tensile strength of the masonry. The assumptions 
were that the distribution of tangential stress on the 
substratum was either parabolic or uniform ; but it would 
be nearer the truth to assume the tangential stress on the 
underside of the portion of toe to the left of the vertical 
plane considered to be the pressure on that portion 
multiplied by the coefficient of friction between dam and 
substratum, making the usual assumption of uniformly 
varying normal pressure over the area of the foundation. 
Probably the actual distribution of normal pressure is of 
the kind shown in Fig. 4. 

The tensile strength of the masonry normal to a vertical 
plane at the base, as well as normal to a horizontal 
plane, is merely the norma] adhesive strength of the 
cementing material. On the vertical plane one or more 
courses above the bottom course, tensional failure will 
take place either by breaking of the stones or by tearing 
of the blocks away from each other by shearing the 
cementing material, depending upon the proportions of 
the blocks, the strength of the stone, and the tangential 
strength of the mortar. If the toe of the dam tends to 
fail by tension in the lower layers it will, nevertheless, be 
safe if the maximum ible frictional resistance on the 
underside of the toe 1s sufficient to preserve equilibrium, 
and the vertical section does not fail by breaking 
of the stones. For if the stones break the shearing 
strength vertically is reduced; but if the blocks merely 
shear over one another slightly when the vertical joints 
open, the vertical shearing strength is only slightly 
reduced. If the latter condition holds, the problem should 
be treated statically rather than by the theory of elas- 
ticity, as suggested by Messrs. Pearson and Atcherley, 
It is ible to reduce the strength of a masonry struc- 
ture by using too strong a cementing material. 

Yours faithfully, 


Cairo. W. J. Drtey. 








SHEARING STRESSES IN WALLS SUB- 
JECTED TO HORIZONTAL THRUST. 
To THe Epitor or ENGINEERING. 

Srr,—Will you permit me to point out to your corre- 
spondent, who subscribes his letter ‘‘ Cairo” (see page 11 
ante), that lubricating the bearings of a compression 
specimen does not eliminate all unknown stresses, and 
that it would be somewhat difficult to derive the shearing 
strength from a specimen which fails under crushing pre- 
cisely in the manner he describes 

The method by which I arrived at the shearing strength 
of stone gives, however, an approximate result, which is 
sufficiently accurate to be an in demonstrating the pos- 
sibly practical importance of the points raised by me. 

If ‘‘Cairo” will read my communication again, he will 
find that only a very rough approximation is necessary for 
my purpose. 

Unless it is contended that the value of shearing 
strength used by me is very inaccurate, my argument, 
that the factor of safety is considerably less than is usually 
supposed, remains untouched. The question of the stresses 
at two surfaces in frictional contact appears to me to have 
a distinct bearing on the matter of the stability of dams 
or other structures subject to side thrust, in addition to 
its general interest, and I venture to think that although 
existing theory requires revision, new theories should 
retain the idea of frictional resistance on horizontal 
sections, 


Yours, &c., 


July 8, 1905. W. J. DILuey. 








INSTITUTION OF JUNIOR ENGINEERS. 
To THE Epitor oF ENGINEERING. 

Srr,—Adverting to the coming-of-age celebration of 
this Institution, and to the paper read by Mr. W. J. 
Tennant (past-chairman), onl referred to in your last 
impression, no better person could have been chosen 
for this purpose. But it naturally precluded him from 
stating what part he had played in its earlier develop- 
ment, and I feel constrained to supply the omission. 
As I joined the Society at the same time, and con- 
tinued his colleague on the Council, succeeded him 
as Vice-Chairman, then as Chairman, I feel so fully 
acquainted with all that passed tu in a position 
to supply the omission. Succinctly, therefore, let me 
state that the Society, in 1886, was a mere handful; 
and it was here Mr. Tennant began to exert that 
influence which virtually meant such an extension as 
to practically found a new Society. He moved and 
pressed upon the Committee that the Society’s existence 
should be brought before the notice of all the engineering 
firms in London. He also was the originator of the 
excursions and visits to works being held at regular 
and frequent intervals, to which is so largely due the 
success of the Society. He was also chiefly responsible 
for the Society taking the plunge of removing its place of 
meeting from its local habitation in Lambeth to West- 
minster ; and it was from this change that in reality the 
Society began seriously to take its = all amongst existing 
institutions. With his joining, and the foundation work 
he did in suggesting and helping to carry out the re- 
erection of this local structure on its broadened and im- 
proved basis, we have the beginning of an enlarged 
nstitution whose celebration has just been held. Others 


tution on sound business lines, but it is probably un- 
necessary to mention any other names. By adding these 
remarks to Mr. Tennant’s paper, I feel that I am only 
a the credit which is his due; although from a 
riendship of over twenty years’ standing, I can vouch he 
would be the last man in the world to acknowledge such 
credit himself. 
Yours faithfully, 
Sipney Boutprne, Past-Chairman. 
28, New Bridge-street, London, E.C., July 10, 1905. 





THE FINANCIAL ASPECT OF THE ELEC- 
TRIFICATION OF STEAM RAILWAYS. 
To THE EpiTor oF ENGINEERING. 

Srr,—In view of the approaching completion of the 
electrification of the London Underground Railways, and 
their opening to the public in their transformed state, it 
may be well to consider the few existing examples of the 
newer motive power, as applied to main-line railways from 
the point of view of finance. 

Public attention has already been drawn to this sub- 
ject with respect to trans-Atlantic and home railways ; 

ut the returns from America are so incomplete that 
their analysis is of no real value, and in this country, 
with the exception of the railway it is now pro to 
review, no returns have been published where the whole 
of the railway has been converted from steam to electric 
traction. The adoption by the North-Eastern Railway 
Company has only been on what is to them a very small 
proportion of their line, and the same remarks apply to 
the Lancashire and Yorkshire Railway eee pe The 
Lancashire and Yorkshire Railway Company publish no 
electrical returns, and the North-Eastern Railway Com- 
pany omit to state what were their takings, on the new 
electrified portion, before the conversion and since. 
Without these vital figures it is impossible to arrive at a 
definite conclusion. 

The Mersey Railway Company’s accounts, however, 
can now be fully analysed, and a direct comparison made, 
as they have abolished the use of steam over the whole of 
their system, and substituted in the place thereof electri- 
city. Full returns are available at the end of each half- 
year to every shareholder, and about August the returns 
for the previous year are tabulated in a parliamentary 
blue-book, which is sold for a nominal sum, and can be 
referred to by anyone interested in the subject: 

The table reproduced gives even more detail than the 
one in the blue-book to be published for 1904. Side by 
side are placed particulars of the December half-year, 
1900, when no electrical work had been undertaken ; and 
December half-year, 1904, when the new system had been 
working eighteen months, and presumably had settled 
down into its normal condition. 


Mersey Railway.— Cust of Steam and Electricity. 
Electricity. Half- 


Year Ended De- 
cember 31, 1904. 


Steam. Half-Year | 
Ended December ¢1, 
1900, 














Per | Per 
Total. Train Total. | Train 
Mile. | | Mile. 
a. | 
Maintenance of ways 
and works .. os 2,8102. 4.51 38,6291. 2.09 
Locomotive power ..| 9,2282. 14.2 9,101. 5.26 
Repair of carriages 
and wagons 31,0972. 1,68 1,291. 0.74 
Trattic expenses &,7301. 13.38 | 11,520. | 6.66 
General charges 2,398. 3.678 | 2, 8587. 1.65 
Rates and taxes 1,271 1.956 | 1,/36l. 0.881 
Government duty, 
law, compensation, 
&e. .. oa . 5641. 0.866 1182, 0.07 
Pumping and venti 
lation os é. 6,8702. 10.55 2,818’. 1.626 
Gross expenditure, 
revenue. ..| 82,0762. 50.6 $2,883. 19.0 
Gross receipts * 89,C491. 60.0 41,7881. | 24.2 
Expensss per passen- | 
a. in pence ie 1.9d. 1.5d. | 
eceipts per passen- 
ger in pence Rs 2.248d. 1.92J. 
Capital expended or | 
carried .. | 2,608,622. 4,066,9507. | 
Passengers + adjust- | 
ment for season 
ticket-ho!ders ., 4,1€9,478 5,199,876 
Interest on extra | 
capital at 34 per 
cent... = - és ee | 25,5202, 14.7 
Expenditure and in- | 
terest “A o 58,4032. 83.7 
Train-miles run 156,450 415,625 


Sundry short summaries of the accounts have appeared 
in the popular Press which are on to give a somewhat 
misleading account of the undertaking; and for the pur- 
pose of correcting this, and laying before the public the 
true state of affairs, the following statement has been 
drawn up. The items of expenditure are fully set forth 
in the table, and may be of interest to railway men; but 
to the ordinary reader it will be quite sufficient to con- 
sider the total working expenses, the total receipts, and 
the net receipts. : 
The gross sum spent for working expenses by electri- 
city was 32,883/., whilst for steam it amounted to 32,975/. 
The gross receipts were 41,788/. for electricity, and 39,049/. 
for steam. The ratio in the two cases being 79 per cent. 
for electricity and 844 per cent. for steam—an improve- 
ment of 54 per cent. in favour of the former. The train- 
mileage has been increased by more than 250 per cent. 
In 1900, 156,450 miles; and in 1904, 415,625 miles were 





after his and my period of chairmanship have contributed 
in no small degree to continuing and placing the Insti-— 





earnings per train-mile, the sum paid for each mile run 
was ls. 7d. by electricity and 4s. 24d. by steam. The re 
ceipts for electric traction per train-mile were, however, 
23., and for steam 5s., whilst the net receipts per train- 
mile were 5d. and 94d. respectively. Unfortunately, the 
increase of og carried is by no means commen- 
surate with the increased train-mileage. Considering the 
sum received for season tickets during each period as 
equivalent to the number of ngers at ordinary fares, 
there were 5,199,976 individuals carried in the electric 
trains against 4,169,478 by steam, so that while it has 
been thought necessary to run 24 times the number of 
trains, the passengers have barely increased one-fourth. 
The expenses per passenger carried in the case of elec- 
tricity = i. and a oe = of steam 1.9d.; but 
against this the receipts have dec r passenger 
from 2.2248d. for steam to 1.9d. for electricity * a profit 
of 0.348d. and 0.4d. 

Briefly, electric passengers cost 1.5d. and paid 1.9d.— 
profit, 0.4d. 
on passengers cost 1.9d. and paid 2.248d.—profit 

From these figures, apart from the extra convenience to 
the public by having five trains running where previously 
there were only two, and by having a well-ventilated 
tunnel in place of one which was previously vitiated by 
smoke and steam, it is clear that electrification has 
effected an economy in working and an increase in re- 
ceipts, but this neglects the all-important factor of addi- 
tional capital expenditure. For the year 1900 the gross 
liabilities stood at 2,608,623/., whereas, for the past half- 
year it had risen to 4,066,950/ , an increase of 1,358,327/.; 
and unless the increased earnings are sufficient to pay 
interest on this sum, the financial standing of the com- 
pany is worse than it was prior to the conversion. 
Assuming so low a rate of interest as 34 per cent., the 
amount of revenue required to pay interest on the capital 
increase is 25,520/., and whereas for the half year in 1900 
there was a balance to the net revenue account of 6074/., 
the (so-called) balance on net revenue account of 8905/. 
in 1904 disappears, and leaves an actual debit on the 
undertaking of 16,615/.; and if this sum is—as it pro- 
perly should be for the purpose of comparison of working 
expenses—added to the working expenditure, the cost per 
train-mile is increased from 1s. 7d. to 2s. 9d.; and taking 
from this the earnings per train-mile of 2s., we are faced 
with the disagreeable fact that on every train-mile run 
there is a loss equal to 9d. 

The above state of affairs does not look too hopeful for 
the extension of main-line electric traction ; and it is par- 
ticularly unfortunate that the first old line to be com- 
pletely converted should have been one which was already 
in the position of a non-dividend paying concern ; and 
that the result would have been to load the company with 
an increase of unremunerative capital in front of the 
unfortunate ordinary shareholders. 

The Metropolitan District Railway is generally in a 
similar ition to the Mersey Railway, and as regards 
dividend on the ordinary stock identical. Will the result 
of the electrification of the District Railway be any more 
beneficial to its shareholders with an additional 8,000,000/. 
of capital, presumably all in front of them ? 

Yours faithfully, 
Joun H. — M. Inst. C.E. 

2, Collingwood-street, Newcastle-upon-Tyne, July 7. 








PrrRsonaL.—Messrs. Witty and Wyatt, Limited, inform 
us that the business carried on by them for the last ten 
ears at No. 20, West Bute-street, Cardiff, has been, as 
rom the Ist inst., registered as a separate company under 
the style of Witty and Wyatt (Cardiff), Limited.—The 
firm Tyler and Duncan, electrical and mechanical engi- 
neers, 20, New Bridge-street, E.C., has been dissolved, 
owing to the latter having accepted an appointment in 
Canada. Mr. Tyler has taken into partnership Mr. 
FE. H. Freeman, A.I.E.E., late of Johannesburg, and 
business will be carried on at the same address under the 
title of Tyler and Freeman.—The reconstruction of 
the firm Fawcett, Preston, and Co., Limited, Phoenix 
Foundry, 17, York-street, Liverpool, has now been com- 
pleted.—We are informed that Mr. Rudolf Brockhaus, 
partner in the firm F. A. Brockhaus, of Leipzig, London, 
and Paris, has severed his connection with the firm, as 
from the lst inst., on which date Rechtsanwalt Dr. Fritz 
Brockhaus has been appointed partner.— Messrs. Oliver, 
Morris, and Ball, Limited, Grosvenor Works, Tunbridge 
Wells, inform us that they have equipped and fitted up 
a large garage and workshops for the repair of cars and 
any other kinds of machinery. 





Messes. Bruce Preestes AND Co., Limirep.—On 
June 29 about 150 of the members of the Municipal 
Electrical Engineers’ Association visited the works of 
Messrs. Bruce Peebles and Co., Limited, at Kast Pilton, 
Edinburgh. They made a tour of inspection through the 
company’s new works, where a number of the latest 
novelties in the way of electrical plant were seen in 
process of manufacture. Great interest was taken in two 
600-kilowatt La Cour motor converter sets, which were 
running on full load in the testing department. One of 
the ten locomotives for the North Wales Electric Power 
Distribution Company for the Portmadoc, Beddgelert, 
and South Snowdon Railway was open for inspection, 
together with one of the equipments which the company 
are building for the South-Western Traction Company, 
of Canada, the motors being specially designed to allow 
the cars to operate in the open country on 1000-volt 
three-phase current, and in the city of London, Ontario, 
on the existing 500-volt continuous-current overhead 
system. Ten of these equipments are in of 
manufacture. One of the new Peebles single - phase 
traction motors was also inspected, besides a large 





run. Expressing the expenses and receipts in costs and 





number of finished machines which are waiting delivery. 
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In modern electric - lighting and power stations, 
where large quantities of fuel are used, one method 
by which marked economy may be gained is the 
adoption of a rapid system of handling coal. An 
extensive plant of the kind has been installed at the 
works of the Metropolitan Electric Supply Company, 
Limited, Acton Lane, Willesden Junction, N.W.. by 
the well-known firm of Messrs. E. Bennis and Co., 
Limited, 28, Victoria-street, London, S.W., and some 
description of this very efficient machinery will be of 
interest to our readers. There are many points about 
the power-house plant at this large Metropolitan 
station that are worthy of notice, but at present we 
will confine ourselves to the methods of coal-handling 
and firing employed there. 
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The installation was designed for handling small 
coal at the rate of from 60 to 80 tons per hour, and 
conveying it from the trucks to the boiler furnaces. 
In this system the loaded wagon, or coal truck, is 
turned over bodily, and its contents fall into a hopper 
built to receive it, and pass thence to a conveyer, 
one of the special features of which is that it entirely 
does away with any form of bucket, the whole of the 
fuel being elevated and conveyed with the Bennis type 
of U-link conveyor. 

Opposite the boiler-house are two main lines of 
railway (Figs. 1 and 2), and a large coal-bunker (70 tons 
capacity) has been built below the coaling lines. Im- 
mediately over the top of this bunker are mounted two 


‘of the Bennis rotary side-truck tippers, which enable 


















































the trucks to be completely turned over to be emptied. 
In the present case there are two™“of these tippers, 
and each of them can have the upper half lifted off 
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(Fig. 3) to allow a locomotive to pass through, the 
arrangement being clearly shown in Fig. 3, above, 
and also in Fig. 4, on page 50, the latter being a 
reproduction froma photograph. The wagon is secured 
in the tipper by cramps which, when tightened up, hold 
it perfectly in place. The cramps are provided with a 
strong compensating mechanism to take up any shock. 
When the wagon has been secured, the attendant, by 
means of a switch, sets a 5-horse-power electric motor 
in operation, which rotates the tipper containing the 
truck, and delivers the fuel into the receiving hopper, 
from which it is taken away by the conveyor. One 
specially interesting point to be noticed in the design 
of this tipper is that by its complete revolution it 
saves trimming, while emptying every ounce of coal. 
It rests on a series of rollers, one side being actuated 
by a reversible electric motor. Each tipper is capable 
of emptying 100 tons of coal per hour. = 

The second point that is worth notice is that the 
tipper rings are so proportioned that their centres 
coincide with the centre of gravity of the truck in end 
elevation. The advantage of this, of course, is obvious, 
little power being required in working the tipper— 
merely sufficient, in fact, to overcome the friction in 
turning. 

The system of conveying may be described as con- 
sisting of a series of chains (Fig. 5) in troughs cast of 
special hard cast iron. The bottom of the trough is 
8 in. thick, and the side 4 in. thick. The cross con- 
veyor is placed immediately beneath the bottom of the 
bunker which receives the coal, and may be seen in 
Fig. 3. It is 38 ft. long. 

The coal passes to this cross conveyor through 
shoots with adjustable cut-off slides, and, after bein 
partly elevated, is delivered on to the main inclin 
elevator-conveyor, which is 106 ft. long. This runs at 
an angle of 30 deg., and raises its load through a height 
of 40 ft.: The fuel is then delivered on to the main 
distributing conveyor, which runs the full length of 
the overhead storage bunkers (Fig. 5). The bottom of 
the distributing conveyor is fitted with ——- and 
cut-off slides at intervals of 3 ft., by which means the 
fuel can be delivered at any of the bunkers above the 
boilers. The inclined conveyor is shown in elevation 
and plan in Figs. 1 and 2, and the upper distributing 
conveyor in perspective in Fig. 5. The length of this 
latter, with its extension, is 395 ft. Each section of 
the conveyor system is driven by means of a sepa- 
rate motor through substantial spur-wheel reduction 
gear. 

A noticeable feature of the arrangement is its sim- 
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SECTION THROUGH BUNKER & BOILER HOUSE. 


| plicity, and the small amount of power necessary to 
| drive it. In brief, the Bennis conveyor may be said 
| to consist, as we have already observed, of a series of 
|chains working in cast-iron troughs, which chains 
| draw the coal from one point to another, delivering it 
eventually to the particular hoppers required by a 
system of slide doors. 

The elevator-conveyor is in this instance shel- 
tered from the weather by galvanised iron sheeting. 
An inquiry as to the power required for the working 
of the entire system of conveyors elicited the fact that 
it is as low as 25 horse-puwer, the capacity of the con- 
veyor being from 60 to 80 tons per hour from the 
receiving hopper to the coal-bunkers. 

Before leaving the description of the conveying 
plant, it may be as well to state that the trough in 
which the [J-shaped chains run is § in. thick, 15 in. 
wide, and 8 in. deep. The chain itself consists of a 
series of U-shaped links made out of 2}-in. by 4-in. 
flats, formed into links of 12-in. pitch, and secured at 
the joints by special j-in. rivets and washers. The 
links are made of Siemens-Martin acid steel of a 
tensile strength of from 28 to 32 tons to the square 
inch, with an elongation of 20 per cent. in. 8 in. 

We will now turn our attention to the mechanical 
stokers which have been fitted to the boilers of the 
Metropolitan Electric Supply Company. They are of 
the well-known Bennis type. Small fuel or slack is 
thrown by hand, or fed by mechanical means, into a 
hopper of about 3 cwt. capacity, of which there are 
two to each Lancashire boiler. Under each hopper is 
a cast-iron feeding-box, in the interior of which there 
is a simple pusher-plate with an adjustable recipro- 
cating motion. The fuel falls in front of the pusher- 
plate, and is forced over a ledge formed by the bottom 
of the feeding-box. 

The weight of the coal so pushed is regulated by 
means of an adjustable cam on the driving shaft, and 
the rate of feed may be noted by the position of the 
cam, and the feed can be regulated from nothing to 
1 ton per hour. The pushed fuel falls on a flat plate, 
from which it is projected on to the fire at regular 
intervals by an — shovel, which is actuated by 
pneumatic gear. This gear consists of a long coiled 
spring enclosed in a cylinder, and pressing on a piston, 
the spring being used to propel the shovel forward. 

The cam which draws back the shovel has four vary- 
ing lifts, and the effect of the motion is to scatter the 
fuel on the fire in four divisions, each about 18 in. long, 
so that, in a 6-ft. furnace, the fuel is thrown on only a 
quarter of the fire at once—an important point where 
smokeless combustion is required. 

As it is necesssary, for the yrnnee consumption of 
the fuel, that the clinker and ash be regularly re- 
moved from the fire, a self-cleaning compressed-air 
furnace is employed, which consists of tubular fire- 
troughs, the length of which varies with that of the 
grate. The upper surface of each fire-trough consists of 








small interlocking grate-bars, in about 2-ft lengths, 
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upon which the fire rests. These fire-troughs all move 
into the fire together about 2 in., and are then drawn 
out, one at a time, by means of cams on a transverse 
shaft. In travelling from the front of the fire to the 
back the coal asin | anincline of more than 3in. By 
this action the clinker and ash is slowly carried to 
the end of the bars, and falls into a closed chamber, 
there gives up its heat to the boiler, and is drawn out 
once or twice every day. The air-spaces between the 
bars being always tree and open, and each tubular fire- 
trough having its own supply of air fed by a minute 
steam jet, the draught is evenly distributed over the 
whole of the grate. The amount of cleaning out 
that is to be done depends largely on the quality of 
the coal used. 

These stokers are excellently adapted for heat pro- 
ducing purposes—furnace work, heating, puddling, 
forging, aa: drying, gas-producing, as well as for 
use in drying kilns, digestors, and evaporators. 

To burn low-grade fuel with the greatest economy, 
to give ample steam from the boilers, and to prevent 
black smoke are the objects which the Bennis stoker 
is designed for, and which are secured at the Willes- 
den Works of the Metropolitan Electric Supply Com- 
pany. In the words of the resident engineer: ‘‘ One 
man can comfortably look after six of the stokers, 
which will burn anything small.” 








New American Rattroap.—A new American railrvad 
of first-class importance is about to be pushed forward 
with all possible rapidity. This is the Western Pacific 
Railroad, which is to extend from Salt Lake City to San 
Francisco, a distance of about 850 miles, with 400 miles 
of branches. The new American network will serve as a 
Pacific Coast outlet of the system of lines controlled by 
the Gould interest. 





Our Locomotive Exports.—The value of the locomo- 
tives exported from the United Kingdom in June was 
173,233/., as compared with 200,605/. in June, 1904, and 
223,600/. in June, 1903. Last month’s total was helped 
up by a good demand for British locomotives on South 
American account, the South American shipments for the 
month being valued at 80,270/., ascompared with 37,769/. 
in June, 1904, and 13,026/. in June, 1903. On the other 
hand, there was a great contraction observable last 
month in the South African demand. 





New AMERICAN Service.—The Hansa liner Molktefels 
is the first arrival at Cape Town in connection with a new 
monthly service of steamships between New York and 
South and East African ports. Formerly the Hansa line 
was affiliated with other New York lines, but it recently 
resolved to withdraw from the other lines for the pu 

of running a monthly service independently. The Molk. 
tefels is to be followed by the Liebenfels and the Kylfels. 
These three steamers are all new vessels of the best type 





of freight boats, and they each carry about 7500 tons 
dead-weight of cargo. 
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NOTES FROM THE NORTH. 

Giascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday the pig-iron 
market was at a complete standstill as regards trans- 
actions. In the morning Cleveland warrants were 
nominally unchanged at 45s. 6d. cash and 453. 9d. one 
month sellers. The settling prices were :—Scotch, 
49s. 44d. ; Cleveland, 452. 6d.; Cumberland, 55:. 44d. ; 
and Standard foundry, 43s. 104d. In the afternoon busi- 
ness was again a blank, but prices showed aslight change. 
Cleveland cash iron was offered by sellers at 453. 6d., the 
same as in the morning; but buyers were at 49s. 54d., 
which was 4d. better than earlier in the day. For- 
ward iron was quoted easier at 453. 84d. sellers, buyers 
being 4d. less. Hematite iron was quoted 553, 7d. 
one month sellers. On Friday morning there was a slight 
improvement in the market, and a small business of 5000 
tons of Cleveland warrants was carried through at the 
usual prices. The dealings took place at 453. 54d. cash, 
45s. 84. one month, and 453. 64d. seventeen days, with one 
lot at 45s. 104d. three months. The afternoon market 
was exceedingly quiet, and only 2500 tons of Cleveland 
warrants changed hands at 453. 54d. cash and 45s. 74d. 
one month. Standard foundry iron was quoted by seliers 
at 44s. cash and 41s. 14d. one month. On Monday 
morning idleness again prevailed, and only one lot of 
Cleveland warrants was done at 45s. ae cash. The 
settling prices were:—Scotch, 49s. 44d.; Cleveland, 
453. 6d.; Cumberland, 553. 447; Standard foundry, 
433. 104d. At the afternoon session the market was 
rather eusier, and 3000 tons of Cleveland warrants were 
dealt in at 453. 5d. cash and 453, 7d. one month. The 
market closed with buyers at these prices, sellers quoting 
a more in each case. When the market opened on 
‘uesday the tone was irregular, and Cleveland warrants 
were done first at 45s. 5d. cash and down to 45s. 4$d., 
but then firmed to 453. 54d. cash, with buyers over at 
that price at the close. Business was also done at 
453. 7d. one month, and the turnover was 6500 tons. In 
the afternoon the tone of the market was — steady, 
and 3000 tons of Cleveland warrants changed hands at 
453. 54d. cash and 45s. 7d. one month. The market closed 
with buyers at these prices and sellers at 453. 6d. cash 
and 45s. 74d. one month. To-day (Wednesday) the tone 
of the market was unchanged, and Cleveland warrants 
opened at 453. 5d. cash and firmed to 45s. 54d., closing 
with buyers at 45s. 5d. and sellers 4d. more for cash. 
Forward iron was done at 45s. 74d. one month and 
453. 94. three months. The total business amounted 
to 5000 tons. In the afternoon the market was very 
quiet, and only one lot of Cleveland warrants changed 
hands at 453. 44d. cash. The closing quotations were 
45s. 5d. cash and 45s. 7d. one month sellers. The market 
quotations for makers’ (No. 1) iron are as follow: — 
Clyde, 563.; Gartsherrie and Summerlee, 56s. 6d.; Calder, 
57s.; Langloan, 603. (all shipped at Glasgow) ; Glengar- 
nock (shipped at Ardrossan), 573.; Shotts (shipped at 

Leith), 58s.; Carron (shipped at Grangemouth), 57s. 6d. 


Sulphate of Ammonia.—The market for this commo- 
dity is at present very quiet, and moves only in a limited 
way. The prices, which have been very good for some 
time, have lately eased off, and are now about 12/. 103. 
per ton for prompt business, Glasgow and Leith. The 
value for forward parcels is 12/. 12s. 6d. per ton. The 
amount shipped last week from Leith was 253 tons. 


Scotch Steel Trade.—A brisk tone is the present pre- 
vailing feature in the local steel trade. Work is being 
pushed. ahead with all possible speed, and mills are all 
running full on contracts, with the intention of getting 
as large a quantity as possible of finished steel turned out 
before closing down for the annual holidays. To-morrow 
(Thursday) afternoon a general stoppage will take place 
in the Glasgow district, but the large steel works are not 
expected to stop operation; until Friday at mid-day. 
Demand for all kinds of steel is more pressing than it 
has mn for some time, although during the past six 
months the turnout has been very good. Makers have 
recently been considering the adeability of advanc- 
ing the price of material by 2s. 6d. per ton; but 
as yet, nothing definite has been arranged. The cur- 
rent prices are :—Angles, 5/. 7s. 6d. r ton; ship- 
plates, 5/. 17s. 6d. per ton; and boiler-plates, 6/. 7s. 6d. 
per ton—all less 5 percent. An advance of 23. 6d. would 
then bring ship-plates to 6/. per ton, and when that takes 
place an advance in the men’s wages would have to be 
considered. If a rise in material could not be maintained, 
which some doubt, then, it is thought, it might be unwise 
to make a change which would involve a disturbance in 
wages, and cause some inconvenience if an early re- 
duction had to follow. Some firms, however, seem 
inclined to take the risk, from the belief that the present 
briskness will be maintained after the holidays. The 
local outlook is just now most encouraging. Last week 
a joint conference was held at Carlisle between the 
Scotch and the North of England steelmakers, princi- 
pally with the view of endeavouring to fix a uniform con- 
tract note for both districts. The matter was left open 
for further consideration. Other matters were also dis- 
cussed, but the existing policy of the two districts remains 
undisturbed. 








NOTES FROM SOUIH YORKSHIRE. 

SHEFFIELD, Wednesday. 

Hull Coal Returns.—-The return showing the amount 
of trade done with Hull in coal during the past six months 
shows a satisfactory increase over the correspondin 
period of last year, and with one exception a substantia 
increase over the bulk accounted for in the first six 
months of any year. The tonnage received from all 
sources for the half-year was 1,759,536 tons, as against 
1,640,736 tons in the same period last year; 1,628,704 








tons in 1903; 1,526,336 tons in 1902; 1,461,563 tons in 
1901; and 1,848,640 tons in 1900, which amount still 
stands as the record. The half-year’s increase—118,800 
tons, or just over 7 per cent.—is accounted for almost 
entirely by the abnormal growth of the ordinary shipping 
traffic of the port. 


Messrs. John Brown and Co.—The annual meeting of 
Messrs. John Brown and Co. was held at Sheffield last 
week. Mr. J. D. Ellis, referring to the position of the 
coal trade, said that during the whole of his ferty years’ 
experience in that industry he had never known it in 
such a horrible condition as at the present time. It was 
most disastrous, and was brought about partly by the 
fact that there was very much more coal being produced 
than there was any demand for, and partly owing to 
wages being very much too high. During the past year 
the firm had delivered to the Cunard Company the 
Caronia, and had now on the stocks a sister-ship—the 
Carmania. The first of these vessels would be driven 
by reciprocating engines, and the second on the tur- 
bine system. ‘They were part of a most interesting 
experiment which would have far-reaching effects on 
the future of shipbuilding. They had also in hand 
another vessel for the Cunard Company, which would 
be, when launched, the largest ship in the world; 
her length over all being 780 ft. Sir Charles McLaren, 
M.P., dwelt at some length on the experiments which 
Messrs. John Brown and Co. had conducted in the 
construction of large turbines for marine propulsion. It 
was the success of these experiments in proving abso- 
lutely the efficiency of the turbine that had induced the 
Government to sanctioa the building of these enormous 
vessels on the turbine system ; and Messrs. John Brown 
and Co. had attained in connection with these engines a 
very high position in the engineering world. 

Iron and Steel Trades.—A decided improvement has 
taken place in the iron and steel trades of the district. 
Inquiries are more numerous, and some very satisfactory 
orders have come to hand for marine and electrical machi- 
nery. Makers of railway material are busy, having on 
their books satisfactory indents for tyres, axles, springs, 
and buffers. The local iron market shows but little move- 
ment. Some slight reductions have been made in both 
Lincolnshire and Derbyshire forge, but hematites main- 
tain their position. 

South Yorkshire Coal Trade.— Business in domestic fuel 
is quiet, and, notwithstanding every effurt to restrict 
them, stocks are increasing rapidly. In steam fuel reports 
are more favourable. An exceptionally heavy export trade 
is being done with the Humber ports, and the require- 
ments of local manufacturers are greater than for many 
months past. Slacks and small coal are in strong demand, 
but there is evidence of weakness in coke. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Yesterday there was only 
a very thin attendance on ’Change, although it was the 
date of the quarterly meeting. Quarterly gatherings, 
however, are numbered with the events of the past so far 
as this district is concerned. An exhibit which attracted 
a good deal of notice was a patent water-cooler shown by 
Mr. E. F. Jarvis, of Bridge-street, Middlesbrough. 
Similar apparatus are in use at several works in the 
district, and they are found to bring about considerable 
economy, for water from the tuyeres, condenser, &c , can, 
by the aid of the cooler, be used over and over again. 
There was very little business doing. A reduction of 
3d. per ton for all qualities of Cleveland pig iron failed 
to tempt buyers to any extent. Both makers and mer- 
chants were quite prepared to do business at the reduced 
rates. No. 3 g.m.b. was thus on sale at 45s. 3d.; No. 1 
at 46s. 9d.; No. 4 foundry, 43s. 3d.; grey forge, 41s. 9d.; 
mottled, 41s. 3d.; and white, 40s. 9d. East’ Coast hema- 
tite pig was rather — but the supply was said to be 
none too plentiful. For early delivery of mixed numbers 
53s. 91. was the market rate, whilst No. 1 was 54s. 3d., 
and No. 4 forge, 51s. 6d. Spanish ore was, if anything, 
a little easier, but dealers as a rule declared that they 
could not afford to lower prices. Rubio (50 per cent.) 
was put at 153. 9d. ex-ship Tees, but there were buyers 
who endeavoured to purchase at 15s. 6d. To-day on 
were no changes in quotations for makers’ iron. Middles- 
brough warrants closed 45s. 44d. cash buyers, or a 4d. 
below yesterday’s figure. They were thus dearer than 
makers’ iron. 


Manufactured Iron and Steel.—Improvement is notice- 
able in one or two branches of the manufactured iron and 
steel industries, and perhaps this is most marked so far 
as the rail trade is concerned. This department, in fact, 
is more active than it has been for a year or two. A lot 
of work is being turned out, and good enquiries are re- 
ported. As yet quotations have not been raised, but an 
advance may be made at anytime. Steel ship-angles have 
been put up Is. 3d. per ton, and steel joists are firmer. 
Market rates stand:—Common iron bars, 6/. 7s. 6d. ; 
best bars, 6/. 17s. 6d.; best best bars, 7/. 7s. 6d. ; 
packing iron, 5/.; iron ship-plates, 6/. 2s. 6d.; iron ship- 
angles, 6/. 7s. 6d. ; iron girder-plates, 6/. 15s ; steel ship- 
plates, 5l. 17s. 6d. ; steel ship-angles, 5/. lls. 3d.; s 

viler-plates, 6/. 17s. 6d.; steel bars, 6/. 5s.; steel sheets 
(singles), 7/. 5s. ; steel sheets (doubles), 7/. 15s.; and gal- 
V d corrugated sheets, 10/. 7s. 64.—all less the cus- 
tomary 24 E cent. Cast-iron railway chairs are 3/. 10s. 
to 3/. 12s. 6d.; heavy steel rails, 5/. 5s.; and steel rail- 
way sleepers, 6/. 7s. 6.—all net cash at works. 


Trade Statistics.—According to returns just issued by 
the Middlesbrough Chamber of Commerce at the end of 
last month, of 81 furnaces built in Middlesbrough, 63 were 











in operation, and produced during the second quarter of 
the year 538,000 tons of pig iron, of which 363,000 tons 
was Cleveland pig, and 175,000 tons hematite, spiegel, 
basic, &c. For the previous quarter the total make was 
510,000 tons, and for the three months ending June 30 
last year 485,000 tons. Imports of foreign iron ore to 
Middlesbrough last quarter reached 479,474 tons, as 
compared with 383.712 tons during the previous quarter, 
and 349,161 tons for the second quarter of 1904. The 
total value of goods other than coal and coke exported 
to foreign and colonial destinations, from Middlesbrough 
during the past three months reached 1,260, 358/., or 63,2241. 
more than for the corresponding quarter of last year. 


Coal and Coke.—Fuel may be described as steady. A 
fairly good demand for bunker coal is reported, but the 
supply is pretty plentiful, and unscreened Durbams are 
7s. 9d. to 83. f.o.b. Coke is in good request, both for 
home use and for shipment. Medium blast-furnace 

ualities remain at 15s. 6d. delivered here. Coke for 
shipment is quoted 16s. 3d. to 16s. 94. f.o.b. 








NOTES FRUM THE SOUTH-WEST. 

Cardiff.—There has only been a moderate demand for 
large steam coal ; the best descriptions have made 12s. 6d. 
to 133. per ton, while secondary qualities have brought 
lls. 6d. to 12s. 3d. per ton. There has been a good 
demand for Monmouthshire semi-bituminous large. ‘The 
house coal trade has been active ; the best ordinary quali- 
ties have made 12s. 6d. to 13s. 6d. per ton, while secon- 
dary descriptions have ranged from 102. 6d. to 11s. per 
ton; No. 3 Rhondda large has brought 13s. 9d. per ton. 
Patent fuel and coke have shown scarcely any change. 
Foundry coke has made 17s. 6d. to 18s., and furnace ditto 
163. to 163. 3d. per ton. As regards iron ore, rubio and 
Almeria have made 13s. 9d. to 14s. per ton, upon a basis 
of 50 per cent. of iron, charges including freight, insur- 
ance, &c , to Cardiff or Newport. 


New Welsh Railway.--The new Diynmawr line was 
opened on Wednesday, and a train was run on that day. 
After this, however, no trains will run until the line is 
completed to the satisfaction of the Board of Trade. 


Dowlais.—The iron and steel works have been in full 
activity. The daily average output of steel rails at the 
Goat Mill has been about 400 tons a shift; a large pro- 
portion has been consigned to Africa, and the remainder 
to home railways. The production of steel rails has 
amounted of late to nearly 4000 tons per week. Large 
lots of steel sleepers have been despatched to South and 
West Africa. The Big Mill has been working full time, 
principally on fish-plates for foreign shipment and home 
account. 


Swansea Harbour.—The trade of Swansea Harbour for 
the first six months of this year shows a falling-off of 
nearly 30,000 tons in the tonnage of vessels, and of over 
10007. in the shipping rates received. In January and 
February the receipts exceeded those of January and 
February, 1904; but during the past four months the 
rates have in each case fallen below those of 1904. 


Electricity at Newport.—The annual statement of the 
Newport Corporation Electricity and Tramway Depart- 
ments has just been issued. The electricity account shows 
a surplus for the year of 394/., and the tramways show a 
deficit of 5957. A number of economies are to be effected 
during the current year, and power current is to be 
charged at 14d. per unit, less a discount of 10 per cent., as 
against the present charge of 14d. per unit net. 


The Swansea Valicy.—The tin-plate trade is not quite so 
active, but 95 out of 102 mills in the valley are at work. 
The yield of steel ingots has been considerably below the 
level of either anny, Hed April. The demand for home- 
rolled tin-bars has been equal to the output. The coal 
trade has continued depressed. 


Timber at Devonport.—Instructions have been received 
at Devonport dockyard to experiment with two new kinds 
of wood which are proposed to be used for shipbuilding 
purposes— viz, Australian teak for backing behind 
armour ; and moa, a New Zealand wood for deck planks. 
Neither of these woods possess the acids which set up 
galvanic action when brought into contact with steel or 
any metallic substance, and lead to the deterioration of 
both. Moa is to be fitted to the Royal Sovereign, and 
the Australian teak to the new cruiser Minotaur. 


Railway Conference.—South Wales has been visited this 
week by the summer conference of the nger super- 
intendents and goods managers of all railways associated 
with the London Clearing-House. Hitherto, these meet- 
ings have been held in Scotland or Ireland, but this year, 
upon the me of Mr. A. Beasley, general manager 
of the Taff Vale Railway, the conference has decided to 
visit Wales, with Cardiff as its headquarters. The 
business meetings were held at the Park Hall during four 
days, commencing on Tuesday. On Wednesday the 
visitors were entertained at luncheon by the Barry Rail- 
way Company ; and afterwards they went for a Channel 
trip on one of the Barry Steamship Company’s steamers. 
On Thursday they were the guests of the Great Western 
Railway Company at Tintern, Symond’s Yat, and Raglan, 
and in the evening they were entertained at dinner by the 
Taff Vale Company in the Park Hall. 


Halts.—An ag in favour of additional stopping- 
places on the Truro and Newquay line, to meet the con- 
venience of villages not directly served by stations, has 
been successful, the Great Western Railway Company 
having decided to erect four halts between Chacewater 
and Newquay. Between the junction and St. Agnes, one 
will be placed near Mount Hawke; two will be erected 
between St. Agnes and Perranporth—viz., at Goon Bell 
and Mithian; and one at Goonhaven, between Perran- 
porth and Shepherds stations. 
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MISCELLANEA. 


In an article describing experiments on ball-bearings 
made at the works of the Société Alsacienne de Con- 
structions Mechaniques, Mr. C. Gézauff states that it is 
impossible with any reasonable sized hub to carry the | 
load on a large automobile wheel on two rows of balls | 
only, and still get reasonable endurance. The Joad to be 
carried on one wheel may be taken as not less than 4 cwt., | 
and the speed as 220 turns per minute. He suggests, 
therefore, that four rows of balls should be used. The 
maximum load (in kilogrammes) which can be carried by 
a ball-bearing without undue wear is, he states, given by 
the formula 

Qn 20 


™m 0.5, 

6000 D 

where n is the number of turns per minute, and D is the 
diameter in centimetres of un imaginary cylinder touching 
the balls internally. 


The continued study of quartz vessels shows that 
fused silica is much more permeable to gases than has 
been assumed. Marcelin Berthelot has experimented 
with tubes of a wall thickness of 0.7 millimetre. They 
became strongly permeable to oxygen and nitrogen at 
temperatures of about 1300 deg. Cent. One-third of the 
oxygen and one-sixth of the nitrogen sealed up in the 
tube passed through the walls in an hour at 1400 deg., 
when the gas was originally under about normal pres- 
sure. The permeability of hydrogen chloride and of 
carbon dioxide hardly shows at all below 1300 deg. But 
for hydrogen the permeability is quite marked at 
800 deg. Cent. When naphthalene was heated in a 
quartz tube up to 1300 deg., carbon was deposited, and 
almost all the hydrogen escaped through the walls; 
instead of 14 cubic centimetres of hydrogen, the vessel 
finally contained only 0.18, and in addition a little 
nitrogen which had entered from outside, as was observed 
also in other experiments. The tubes become perma- 
nently distended under great internal pressures at high 
temperatures. 


Doubts are sometimes expressed as to whether the use 
of superheated steam effects any appreciable saving of 
coal, though the reduction in the weight of steam con- 
sumed is admitted. Some figures due to Mr. Strahl, of 
the Prussian State Railways, and quoted by Mr. H. H 
Vaughan, the superintendent of motive power for the 
Canadian Pacific Railroad, in a paper read before the 
American Railway Master-Mechanics’ Association are, 
therefore, of interest. The figures are as follow :— 





+ 


Superheat. Percentage Saving. 
Deg. Fahr. ater. Coal. 
18 2.5 2 
36 5 3.5 
D4 8 5 
72 10 7 
90 12.5 9 
108 14.5 10 
126 16 12 
144 18.5 13 
162 20.5 14.5 
180 22 16 
198 24 17 
288 34 24 


We have received from Messrs. Morgan and Kidd, of 
Kew Foot-road, Richmond, a very ingenious area-measurer 
due to Mr. R. W. K. Edwards. It consists of a number 
of converging lines engraved on a plate of transparent 
celluloid. Each lineis graduated, and to measure an area 
the plate is placed over it so that the outer lines touch 
the boundaries of the area. The points at which the 
converging lines are cut by the boundaries are then read off 
and tabled. On subtracting, the sum of the readings taken 
on the one side of the line joining the points of contact of 
the boundary with the outer converging lines, from the 
sum of the readings taken on the other side of this 
boundary, the remainder represents the area in square 
inches, Such tests as we have made appear to show an 
error of less than 1 per cent. The graduation of the 
lines is based upon a modification of Simpson’s or Cote’s 
rules. In these which are adapted to rectangular co- 
ordinates the area enclosed by a given boundary is 
obtained by adding together the lengths of a series of 
equidistant intercepts, each multiplied by a certain co- 
efficient. In the radial area scale a similar plan is 
followed, the coefficients being calculated for polar co-ordi- 
nates, and the converging lines are graduated once for all, 
with scales multiplied by the proper coefficients. 


The Jena Glass Works, Schott und Genossen, have 
brought out a new form of the mercury arc lamp, which, 
tirst described by Arons in 1896, has successfully been 
applied for special illumination purposes by Cooper 
fewitt. The mercury arcs abound ‘in ultra-violet rays, 
which are invisible to our-eyes, and useless for ordinary 
illumination. As glass absorbs these ultra-violet rays, 
Heraeus last year tried quartz tubes, which are permeable 
to rays down to220 uu. These tubes are, however, too ex- 
pensive. The new Jenaglass, styled ‘‘uviol,” is permeable 
to rays down to 253 u u, and hence little inferior to quartz 
in this respect. These tubes are titted with two pointed 
carbon electrodes, joined to platinum wires fused on to 
the glass, and they contain the usual small quantity of 
mercury. The tube-holder is fixed to a stand, so that the 
tube can be tilted in any position. As both electrodes are 
of carbon, either of them can be made the lower negative 
pole, which must be covered by mercury; otherwise it 
would soon be destroyed. The are is struck by tilting the 
tube, on whose stand the resistances, &c., of the new 
y lamp are mounted. The rays from these 


uviol-mercur 


logical effects; they irritate the healthy skin, and are | 


supposed to cure lupus and skin diseases. 


On Monday, July 3, there arrived at Paddington 
Station, within an hour-and-a-half of each other, three 
trains, each having accomplished the long run of 254} 
miles from Plymouth without a stop. Two were 
‘*specials,” run in connection with the North German 
Lloyd s.s. Kronprinz Wilhelm ; while the other was the 
daily ‘‘ Limited,” which, as last year, is booked to do 
the journey in 4 hours 25 minutes. The actual times of 
the three trains were as under :— 





Mail sas Boat 
=T Special. Limited. Special. 
h. m. h. m. h. m. 
Plymouth, Millbay crossing dep. 11.57 a.m. a 12.50 p.m. 
Plymouth, North-road * ane 12.35 p.m. 
Paddington .. arr. 4.19 p.m. 4.57 ,, 5.36 ,, 





Average speed. . . 56.3 miles 56.3 miles 51.5 miles 


- her, it is a feat of which any railway might be 

proud. Sandwiched in between these three trains were 

three ordinary expresses, each booked to run over 100 

—_ without stopping, at speeds well over 50 miles an 
our. 


Alt 


An interesting comparison between the tramway ser- 
vices of Boston, Mass., U.S.A., and that of Glasgow, is 
published in a recent issue of the Electrical World and 
Engineer. Both systems serve approximately the same 
population, but at Glasgow the business is in the hands 
of the Municipality, whilst at Boston the lines are 
operated by a private company. The length worked at 
Glasgow amounted (June 30, 1903) to 130 miles of single 
track, constructed at a cost of 21,8947. per mile (inclusive 
of equipment). At Boston the length of track, including 
expensive stretches of overhead or underground construc- 
tion, amounted to 440 miles, the were pom | cost being 
22,964/. per mile. The passengers carried numbered about 
485,000 daily in Glasgow, and about 1,000,000 in Boston. 
In Boston the company operating the lines pays over to 
the public funds in taxes and other obligations 310,000. 
per annum, equal to 13 per cent. of its gross earnings, in 
addition to keeping the railways free from snow and 
maintaining the pavements. In Glasgow the amount 
transferred to the public good, including sinking fund, 
was about 58,800/. per annum, or about 9 per cent. of 
the gross revenue. Wages are, of course, much higher 
in Boston than in Glasgow, and the average fare is 
correspondingly higher also, being 1}d. in place of 1d. 
An attempt is made in the article to show that Boston 
fares are really lower than Glasgow fares, since for 5 cents 
it is possible to travel as much as 20 miles. This kind of 
comparison is not at all uncommon on the other side of 
the Atlantic, but is, of course, far from fair, since it is 
highly improbable that ten passengers daily will make 
use of the privil stated. To properly compare the 
fares, the average distance travelled should in both cases 
be compared with the average fare; but sufficient data 
are not available to permit of this being done. 


The incandescent oil-gas lights fitted to one of the sub- 
urban trains of the London, Brighton, and South Coast 
Railway have proved so satisfactory that the Pintsch’s 
Patent Lighting Company were soon required to equip 
one of the Pullman expresses running between London 
and Brighton. A preliminary trip ofthe first of these 
trains thus equip) was made on Thursday, July 6. 
Each Pullman car is fitted with six lamps, which originally 
had four ordinary gas-jets, giving a lighting of 30 candles 
per lamp, and taking 3? cubic feet of oil-gas per hour. 
These lamps have now been fitted with incandescent 
burners suitable for inverted mantles, and yield 80 candle- 
power each at an expenditure of 1.3 cubic feet of oil-gas 
per hour. The mantle is mounted on a steatite tripod, 
which fits into a circular groove in the reflector. The 
latter is hinged, and the mantle is inserted from the back. 
It can, therefore, be replaced from the interior of the 
car. In spite of the vibration to which the mantles are 
unavoidably subject, they have an average of life of fully 
five weeks. The cost of replacing is only a fraction of the 
saving effected by the uction in the amount of gas 
consumed. This saving cuts both ways; since, in addi- 
tion to the large decrease in the amount of gas used, there 
is also a reduction in the Jabour account, as the same 
reservoirs which would formerly hold enough gas for 
thirty-six hours’ continuous burning, will now suffice for 
seventy-two hours. The pressure at which the gas is 
— is 8in. of water, that in the reservoirs being 
105 lb. per agnece inch when freshly charged. The 
average cost of the gas is about 10s. per 1000 cubic feet, 
taken at ordinary pressure and temperature. We note 
that the first train fitted, which is used in the suburban 
service between London Bridge and Victoria, is about to 
be fitted with by-passes, and the slight extra consumption 
of gas due to the use of them will, we understand, be 
more than compensated for in the longer life of the 
mantles and the reduction of labour in lighting up. 


The London Con of the Royal Institute. of Public 
Health will be held from Wednesday, July 19 next, to 
Tuesday, July 25. The Marquis of Londonderry will act as 
president of the spe and the list of vice-presidents 
includes the names of many prominent public men. A re- 
ception committee has been formed by the mayors of the 
Metropolitan boroughs, under the presidency of the Lord 
Mayor. The meetings of the sections will be held partl 
in the Polytechnic, Regent-street, and partly at King’s 
Coll W.C. The Engineering Section will have as its 
President Sir Alexander Binnie, M.Inst. C.E. Amongst 
the pape 


rs to be read and discussed we may note the 
following :—‘‘River Purification,” by Mr. A. B. 


Storm-Water Filters,” by Mr. Sydney R. Lavecock, 
M. Inst. C.E.; “‘ Discharge of Crude tw. into the Sea,” 
by Mr. G. B. Latham, A.M. Inst. C.E.; ‘‘'The Sewage Puri- 
fication Works of the Richmond Main Sewerage Board,” 
by Mr. W. peiries, A.M. Inst. C.E.; ‘‘ Developments 
in Sewage Disposal,” by Mr. A. P. J. Cotterell, M. Inst. 
C.E ; **The Present Position of the Sewage Problem,” 
by Mr. W. Scott-Moncreiff, F.R. San. I. A number of 
visits to oe of interest in the neighbourhood of the 
Metropolis have also been arranged for. These include 
the County Council sewage works and pumping stations, 
the Vauxhall Bridge, the Staines sewage purification 
works, and the works of the Great Northern, Piccadilly, 
and Brompton Railway, The section on Bacteriology 
and Chemistry will meet at King’s College, the chair 
being occupied by Professor R. Tanner Hewlett, and 
the proceedings will include a discussion on ‘ The 
Relative Value of Chemical and Bacteriological Methods 
for the Examination of Sewage Effiuents.” Further 
details as to the papers and excursions can be obtained 
from the honorary secretary, Mr. James Cantlie, M.A., 
M.B., at the Royal Institute of Public Health, Russell- 
square, : 


On Thursday, June 29, Mr. Sherrard Cowper-Coles 
exhibited at his offices, 82, Victoria-street, S.W., some 
very interesting specimens of iron, copper, aluminium, 
and other metals coated with zinc by his new gal- 
vanising process. The articles to be treated are simply 
heated to a temperature of 500 deg. Fahr. in a 
“bath” of zinc fume. On removal, after a time, 
which varies with the thickness of deposit required, 
but is always small, they are found to be completel 
coated with a layer of zinc, which has, moreover, alloy 
itself with the surface of the metal, into which it pene. 
trates a perceptible distance. In the case of copper, a 
rod of the metal heated as described can be converted 
almost wholly into brass, —- the highest tem- 
perature attained is far below the melting-point of 
either metal. The coating is remarkably uniform, so 
that bolts treated by the process will still fit their nuts, 
whilst hot galvanised bolts have always to be run 
through the dies again before being used, as ‘‘ blobs” 
of zinc are invariably deposited between the threads. 
A great advantage of the process is that the metale 
to be treated require no special cleaning before- 
hand. Hence bolts and nuts can be Sherrardised 
direct as they come from the machine, the oily layer 
with which they are covered having, if anything, rather 
a beneficial action. Works, in which the process is being 
operated on a commercial scale, have m erected at 
Willesden. The retorts in which the articles are heated 
are of iron, and are externally fired. A most peculiar 
feature ot the process lies in the fact that the deposit 
does not take place on the walls of these retorts, which 
have remained quite clean after some months’ work. The 
explanation, according to Mr. Cowper-Coles, lies in the fact 
that the walls are the hottest part of the retort, and that 
consequently the zinc vapour cannot condense on them. 
Attempts are being made to deposit other metals in a 
similar way, and a certain success has been attained with 
copper and with antimony, but the commercial stage 
has not yet been reached with these metals. 


In a paper published in a recent issue of the Journal 
of the Society of Chemical Industry, Professor H. E 
Armstrong, F.R.S., endeavours to elucidate the ‘*Me- 
chanics of Fire.” The combustion of oxygen and 
hyd nm, for instance, is, he asserts, by no means 
the simple matter commonly assumed. Not only has 
it been shown that perfectly pure and dry oxygen will 
not combine with = pure and dry hydrogen, 
but it has further m proved that even a wet mix- 
ture in equivalent quantities of these gases is inex- 
plosive when care is taken to exclude an acid impurity 
such as might be derived from soft glass. In short, ‘‘con- 
ducting ” water, and not water merely, is essential to the 
reaction, which he considers to be really electrolytic in 
character. From this he further concludes that the 
hydrogen peroxide, which is a constant product of the 
reaction, is that primarily formed, water being obtained as 
the result of a secondary reaction. At ordinary tempera- 
ture hydrogen peroxide is unstable, and water is stable, 
but at high temperatures the reverse is the case. Pro- 
fessor Armstrong therefore assumes that in the ordinary 
combustion of hydrogen the process may be represented 


by the equation 
” H H O HOH HO 
. fo , 
H O HX HO 


* 


- + > 
H xX 
where H represents a molecule of hydrogen, oO ome of 


oxygen, acting as ‘‘ electrodes,” and 8 an acid impurity 


forming an electrolyte with the molecule of water. The 
elementary ‘“‘cell” thus constituted is self-depolarising. 
Professor Dixon has found that an excess of H increases 
the rate of combustion, whilst an excess of oxygen or 
water retards it. This Professor Armstrong accounts for 
on the hypothesis that the excess of hydrogen increases 
the rate at which the hydrogen peroxide breaks up; 
whilst, on the other hand, an excess of either oxygen or 
water tends to maintain the existence of this peroxide, 
and thus prevents the depolarisation of the elementary 
**cell,” and further reaction cannot occur till this is 
effected. It is possible that the theories here advanced 
may have an important practical application in respect 
to the now recognised economy of adding a little water 
to the charge of an explosion engine. 








AMERICAN PopuLation.—The population of the United 
States in 1890 was 62,622,000. It is now, after a lapse of 








] 


amps have powerful photo-chemical and also physio- 





cDonald, 
M. Inst. C.E.; “* The Relative Areas of Sewage and 





15 years, estimated at 83,142,000, 
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COAL-CONVEYING PLANT AT THE METROPOLITAN ELECTRIC SUPPLY CO.’S WORKS 
CONSTRUCTED BY MESSRS. E. BENNIS AND CO., LIMITED, ENGINEERS, LONDON. 
(For Description, see Page 46.) 
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Our Rats Aproap.—The exports of rails from the 
United Kingdom have remained about stationary this ar 
rome, ig Le mp creed for “— showed a decided 

ing-off, having amoun to only 43,026 tons, as com- yO 
red with 54,463 tons in June, 1904, and 61,237 tons in MS 
une, 1903. The falling-off in last month’s exports was ce 
due, to some extent, to the weakness of the colonial VPA NTF 
demand, the shipments to the four principal colonial As 
groups having been as follows :— “—- 


Colonial Group. June, 1905. | June, 1904. | June, 1903. 





tons tons tons 
British South Africa = 970 f 18,518 
British India ee » 9426 7 4,366 
Australasia .. RS oa 3330 A 2,154 
Canada x rn a 8271 10,119 17,978 


It will be seen that the four groups took between them 
only 21,997 tons of rails in June, this year, as compared 
with 43,016 tons in June, 1903. The aggregate shipments 
in the first six months of this year were 262,403 tons, as 
compared with 261,365 tons in the first half of 1904, and 
342,489 tons in the first half of 1903. The colonial demand 
figured in these aggregates for the following amounts :— 


Colonial Group. 1905. 1904. 





tons tons 
British South Africa s 7,614 $8,475 
British India ce ..| 96,682 82,850 
Australasia .. é< ‘ 10,654 7,215 
Canada ad . 14,206 22,904 


It will be observed that the deliveries to British South 
Africa, Australasia, and Canada have shown unmistake- 
able weakness this year. On the other hand, some com- 
— has been found in an increased demand on 
ndian account, as well as in larger shipments to the 
Argentine Republic, which took 40,904 tons in the first 
half of this year, as compared with 35,422 tons in the 
first half of 1904, and 21,510 tons in the first half of 1903. 
The value of the rails exported from the United Kingdom 
in the first half of this year was 1,276.847/., as compared 
with 1,297,417/. in the first half of 1904, and 1,849,059/. 
in the first half of 1903. 
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THE QUINQUENNIAL VALUATION 
AND RATEABLE MACHINERY. 

Tue fact that the year 1905 is the year for the 
revision of the valuation list for rating purposes of 
property within the administrative County of 
London must naturally turn the attention of engi- 
neers and others, whose property is within that 
area, to their relations with the rating authorities. 
It would seem that, from a business point of view, 
the valuation list deserves the closest scrutiny ; 
having. regard to the fact that, within the last few 
years, the rates in the Metropolis have increased by 
leaps and bounds. When we learn that when the 
valuation list for the Metropolis was last made up 
(in 1900), some thousands of appeals were entered 
at Quarter Sessions, it will not 4 surprising to find 
the list for 1905 called into serious question. 

The chief point of interest for engineers, at the 
present time, is the question how far machinery—that 
is to say, loose machinery—in a mill or factory may 
be brought into the rating assessment. Committees 
all over the country are rating machinery, in practice 
if not in theory ; and it may be of interest to con- 
sider how far, if at all, it serves any useful purpose 
to appeal against a rate which involves the very 
important consequence that machinery in a mill is 
really assessed to the relief of the poor. 

Let us glance, in the first place, at the statute 
which forms the groundwork of the law of rating. 
The effect of the provisions is that the rateable 
value is based upon a rent which is generally spoken 
of as the hypothetical rent. But it is important to 





9 | notice that, according to the statute, hereditaments 


only are rated. The statute is silent about movable 
chattels. How, then, do chattels, such as movable 
machinery, come into rating at all ? 

We can best explain this seeming anomaly by 
referring at once to the leading case on the subject 
—namely, the case of the Tyne Boiler Works Com- 
pany, Limited, v. Tynemouth Union, which was 
decided in 1885. In that case the gross value 
of the property assessed was 5901. and the rateable 
value was 5011., and it was agreed that the rateable 
values should be thus divided : Land and buildings, 
2801.; machinery, 2211. It was admitted that this 
machinery belonged to the tenant and not the land- 
lord, and it was in regard to the rating of this 
machinery that the appeal was brought. The ma- 
chinery in question included an hydraulic riveting- 
machine, two hand-power travelling-cranes, plate- 
rolls, a flanging-machine, and an hydraulic accumu- 
lator and pumps, all of which were not fastened to 


_|the ground in any way. 


It is provided by the Parochial Assessments 


66 
e7| Act, 1836, 6 and 7, Will. IV., c. 96, s. 1, that 


‘*No rate for the relief of the poor in England 
and Wales shall be allowed by any justices, or be 
of any force, which shall not be made upon an 
estimate of the net annual value of the several 





hereditaments rated thereunto; that is to say, of 
the rent at which the same might reasonably be 
expected to let from year to year, free of all usual 
tenant’s rates and taxes, and tithe commutation 
rent-charge, if any; and deducting therefrom the 
probable average annual cost of the repairs, in- 
surance, and other expenses, if any, necessary to 
maintain them in a state to command such rent. 
Provided always that nothing herein contained 
shall be construed to alter or affect the principles 
or different relative liabilities (if any) according to 
which different kinds of hereditaments are now by 
law rateable.” 

This section was repealed so far as the Metropolis 
is concerned by the Valuation (Metropolis) Act, 
1869. By Section 4 of that Act, however, the 
‘*rateable value” of property in the Metropolis 
means the gross value after deducting iendioom 
the probable annual average cost of the repairs, 
insurance, and other expenses. The ‘‘ gross value” 
is defined to be ‘‘the annual rent which a tenant 
might reasonably be expected, taking one year with 
another, to pay for an hereditament, if the tenant 
undertook to pay all usual tenant’s rates and taxes, 
and tithe commutation rent-charge, if any, and if 
the landlord undertook to bear the cost of the 
repairs and insurance, and the other expenses, if 
any, necessary to maintain the hereditament in a 
state to command the rent.” 

It was contended by the appellants in the Tyne 
boiler case that the machinery and plant were not 
any of them part of the freehold or hereditaments, 
but were chattels ; and that they were not, nor were 
any of them, rateable or to be taken into account as 
enhancing the rateable value of the hereditaments. 
The Assessment Committee, on the other hand, con- 
tended that the machinery and plant were necessary 
to the beneficial occupation of the premises as 
boiler works, that being the purpose to which they 
were appropriated, and ought to be taken into 
consideration as enhancing the rateable value of 
the hereditaments to which they were attached. 
When the case reached the Court of Appeal, Lord 
Esher laid down the following principle, which has 
been acted on ever since "The rule, as I shall 
endeavour to expressit, . . . . is that things which 
are on the premises to be rated, and which are there 
for the purpose of making, and which make them— 
that is, those premises—tit as premises for the par- 
ticular purpose for which they are used, ought 
to be taken into account in ascertaining the value 
of the premises for rating purposes.” Lord Justice 
Lindley, when giving judgment in the same case, 
said :—-‘‘It is, said that you ought, in ascertaining 
the rateable value of these boiler works, to leave 
out of account the whole, or, if not the whole, at 
all events the greater part, of the machinery which 
has been referred to in the special case. I cannot 
agree to that at all. In the first place, as far as I 
can ascertain from the reading of the special case 
and from the photographs, nothing has been included 
here which can be described as loose machinery or 
loose tools, or a thing which a tenant from year to 
year would not take if he were hiring these boiler 
works.” The result of this case was that the 
machinery in question was really brought into 
rating as enhancing the value of the premises. 

So the law was laid down, and so it has been 
applied ever since ; but it is alaw of extraordinarily 
difficult application. One illustration will serve to 
show this. In the case of Crockett and Jones v. the 
Northampton Union (18 T. L. R., 451), the premises 
in question consisted of a boot factory containing 
two classes of machinery. The first class consisted 
of gas-engines, shafting, boilers, and the like, which 
were admittedly part of the freehold. The second 
class consisted of what was termed by the Recorder 
of Northampton ‘‘ tenant’s machinery ;” that is to 
say, it consisted of moveable machines which would 
be purchased from a previous occupier, or provided 
afresh by a succeeding tenant. The Recorder held 
that the No. 2 machinery was to be taken into 
account as enhancing the value of the premises : 
and the only reasonable way to take it into account 
was to make a valuation of such machinery, and that 
such valuation should be based upon the actual 
cost of the machines as applied to the purposes 
for which they were used, making the usual deduc- 
tions. He accordingly made a separate valuation 
of the machinery. The Divisional Court decided 
that the Recorder’s decision was wrong. The 
Chief Justice said :—‘‘I think that the valuation 
ought not to be separate in its ultimate result. 
That you may have to inquire into value in 
order to get at the figures may be possibly 
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true, but the valuation ought to have answered 
to the question put by Lord Esher, M.R. : How 
much is the rateable value of the premises enhanced 
by the presence of this machinery, as it is there 
and intended permanently to remain there? The 
case must go back to the Recorder, in order that he 
may answer the questions in his own way, and assess 
the amount of the enhanced rateable value, if any, 
upon the basis laid down in the Tyne Boiler case.” 
In other words, the Chief Justice has held that it is 
a question of fact in each case for the Recorder, or 
the Quarter Sessions, to decide how far the value of 
premises is enhanced by the machinery which is 
upon them. But how, it is asked, is this valuation 
to be made unless regard is to be had to the value 
of the machinery? It is clear, at any rate, that the 
sifest course for a Recorder to adopt is to give no 
reasons for his decision. The case of Kirby v. 
Hunslet Union, which came before the Recorder of 
Leeds, in March, 1904, involved a question as to the 
rating of the business of a general jobbing engineer. 
None of the machines in question (with one or two 
exceptions) was in any way fixed to the freehold, 
and the appellant admitted that certain shafting 
and an engine were rateable. The respondents had 
made the valuation appealed against by adding to 
the value of the land and buildings 5 per cent. on 
the value of all the machinery, both fixed and un- 
fixed. The main point of dispute was that the 
respondents contended that the rateable value was to 
be determined on the assumption that the hypo- 
thetical tenants’ rent gave him the right to the use 
of the machinery on the premises; while the appel- 
lant contended that the hypothetical tenant would 
have no such right without making further pay- 
ments (in addition to the rent), either to the 
outgoing tenant or to some other person from 
whom the machines were bought. In giving 
judgment, the Recorder said :—‘‘The question 
is not what this tenant has done in the purchase, 
or whose property in this case the machinery is. 
For rating purposes, you must take the premises as 
you find them, permanently equipped as engineer- 
ing works, with all the necessary appliances and 
machines ; as it stands, what isthe rent? And the 
answer to this question shows you the rateable 
value. I am of opinion, therefore, that the principle 
by which the rateable value is to be ascertained in 
this case is that contended for by the respondents— 
namely, that in ascertaining the rent you must take 
into account the value of the machinery as con- 
tributing to the rental value of the freehold ; but in 
saying this I am far from saying that such value is 
to be arrived at by taking the cost or value 
of the machinery, putting a percentage on such 
value, and adding it to the rent. The increase 
and value due to the machinery may and will 
vary in each case, owing to a number of causes 
such as I have indicated.” In the event, the 
learned Recorder found the ordinary ratesble 
value of the buildings without machines to be 211., 
and the enhanced value to be 31l., at which sum he 
rated the premises. This decision has been affirmed 
by the Divisional Court, and, we understand, it is 
to be carried still further. Was the law upon any 
subject ever in such a nebulous condition? The 
Act declares that only hereditaments shall be rated ; 
the Tyne Boiler case declares that machinery shall, 
in effect, be rated : the Northampton case declares 
that the value of the machinery, per se, must not be 
taken into account; while the Leeds case, if upheld, 
will establish the principle that the Court is to make 
a rough estimate of the extent to which rateable 
value is enhanced by the presence of machinery, and 
give judgment accordingly. 

The primary object of this article is to draw 
attention to the fact that the quinquennial assess- 
ment is upon the inhabitants of London; we might 
also put it forward—on the ground that the law is 
in a hopeless state of confusion--in support of the 
Bill laid before Parliament this session, to take 
machinery out of rating altogether. 








THE ECONOMIC CONDITION OF 
JAPAN. 

Tar fifth issue of the ‘‘ Financial and Econo- 
mical Annual of Japan,” for the year 1905, is one 
of the best evidences of the wonderful progress 
which Japan has made in every department of 
national life. Its arrangement and general get-up 
shows most distinctly that the compilers have not 
only got a thorough grasp of the business dealt 
with, but that they also understand the latest 


methods of explaining that business. One of the 


most striking features is the extent to which 
graphical methods are employed for the purpose of 
illustrating the masses of statistics which are given ; 
and thus ordinary readers are able to see at a 
glance the main aspects of thesubjects treated. In 
the first place, there is an excellent map of Japan, 
showing the railway and steamship lines, which in 
itself demonstrates the great progress made during 
the past thirty years in the development of the 
means of communication. The graphical method of 
illustration supplements all the chief tables, and 
the arrangement of this has been by no means an 
easy task in some of the cases ; as, for instance, in 
connection with revenue and expenditure, in 
which the recent changes caused by the war 
are all distinctly shown. That war is rapidly 
developing what seems to be a part of modern 
civilisation — namely, a heavy national debt ; 
although in the case of Japan its amount per 
head of population is still small compared with 
that of some Western countries. One diagram 
shows very distinctly the sources of revenue for 
the extraordinary expenses connected with the 
war, while another shows the amount of domestic 
war loans issued and subscribed, and both afford 
an interesting study. The industrial and commer- 
cial development of the country is shown by a very 
clear series of diagrams, and the same is true of 
the banking business. Railways and shipping are 
also illustrated in an instructive manner ; and no 
doubt this part of the book will be of special 
interest to many of our readers. 

We cannot, of course, enter into details of the 
statistics which are published, but they will be 
found to give a synopsis of many of the figures 
which we have from time to time set forth in this 
journal, and to contain, so far as figures can do it, 
a history of the industrial and commercial develop- 
ment of Japan. Very minute details are given 
regarding everything relating to finance, and these 
are of special importance at the present time. The 
completeness of the information which the Japanese 
give of all their financial conditions is in itself 
~very good evidence that the Japanese Government 
is satisfied with their financial position, and con- 
vinced that they are able to meet all the demands 
which are likely to be made upon them. Full 
details are given of the various loans which have 
been contracted ; and, no doubt, these will be care- 
fully studied, not only by financiers in this and 
other countries, but also by many who have invested 
in them. 

Very complete information is given with regard 
to the development of agriculture, industry, and 
commerce. The figures show that while Western 
industries have made great developments, the oldest 
industry of all—namely, agriculture—has received 
great attention, and that the increase of agricul- 
tural produce has very nearly kept pace with the 
increase of population. The output of tea, how- 
ever, has decreased in recent years, owing, no 
doubt, to the increased production in British India. 
The silk industry has developed to a very con- 
siderable extent. The figures relating to mineral 
products show a great increase in every depart- 
ment. In ten years the output of gold has in- 
creased five times, the amount of copper has almost 
doubled, and iron has more than doubled ; while the 
coal output has increased more than three times. 
A new mining law was enacted in January last, 
which enables holders of mining rights to create 
mining foundations (or securities), with a view 
to the mortgage thereof—an arrangement which 
is likely to bring about great developments in 
mining enterprise; as, no doubt, foreign capita- 
lists will take advantage of it to make investments 
which will not only be profitable to them, but also 
advantageous to the Japanese owners. The tables 
relating to factories show the great variety of indus- 
tries which have been started ; it is, in fact, difficult 
to name any Western industry which is not being 
carried on with more or less success in Japan. 
The wages of the workers have increased from two 
to three times during the past twenty years. This 
is not all clear gain, as the cost of living has very 
much increased ; but, on the whole, there can be 
no doubt that the economic conditions of the work- 
ing classes in Japan have very much improved in 
recent years. At the same time, it must be ad- 
mitted that some of the problems which are to be 
found in all industrial countries are beginning to 
appear. The statistics relating to industrial com- 

nies and foreign trade are very complete, and 
well worthy of study by all who are interested ‘in 





the Far East. A special note is given on the con- 





dition of trade in 1904, the chief points of which, 
however, we have anticipated in some of our pre- 
vious articles. The statistics on banking and the 
money market will appeal to financiers on account 
of their completeness. 

Probably the majority of our readers will be 
interested in the figures relating to railways, steam 
shipping, and shipbuilding, the development of 
each of which has been very remarkable ; but as we 
have from time to time indicated the progress which 
was being made, we need not enter into details 
here. The services of posts, telegraphs, and tele- 
phones are now very complete in Japan, and 
the statistics show that they are being developed 
to meet the increasing industrial and commercial 
requirements of the country. The latter part of 
the book is taken up with statistics relating to 
Formosa (Taiwan); and they show that the Japanese 
are rapidly bringing that island into a state of 
civilisation and developing its resources. As an 
appendix, there is a striking synoptical statement 
showing the arrangement of official business under 
the control of the Minister of State for Finance, 
which illustrates the thorough manner in which 
the Japanese organise everything to which they 
put their hands. Nothing is left to chance in tho 
operations either of peace or war, and this to a 
large extent accounts for their success. The oflicials 
of the Finance Department are to be very much 
congratulated on the manner in which they have 
carried out a very important piece of work, and we 
are sure that the book will be found very useful by 
all who wish to keep themselves acquainted with 
the progress of events in Japan. 








BRITISH COLUMBIAN COAL. 

THE annual report for last year of the Minister 
of Mines for British Columbia shows that, with the 
exception of lode gold, which fell off by 10,800 oz., 
the production of minerals made all-round pro- 
gress, which was especially noticeable in the case 
of lead, the output of that metal being more than 
double the total of 1903. The province made a 
further advance in coal, obtaining 1,253,928 tons, 
as compared with 1,168,194 tons for the previous 
year, in addition to 334,002 tons of coke, as com- 
pared with 165,543 tons. Conditions have not 
been altogether favourable for the mines during 
the last two or three years. The Crow’s Nest Pass 
Collieries have got over the effects of the great 
land slide, and have an unlimited market before 
them, of which they are taking steady advantage. 
The Coast Collieries, on the other hand, have again 
suffered from the invasion of their principal market— 
California—by fuel oil produced in that State itself. 
They may find it necessary to look out for other 
outlets, but the Crow’s Nest mine has matters pretty 
much its own way. America is a steady market, 
and the additional transportation facilities, pro- 
vided by the completion of the Great Northern 
Railway into Morrissey, giving direct communica- 
tion with the United States, coupled with the fact 
that the import duty into the United States of 
67 cents per ton has been removed, would seem to 
guarantee a very much increased output. There 
is a virtually inexhaustible supply of fuel in this 
district. The coal lands cover 250 square miles, 
equal to 147,200 acres, and the officials estimate 
that they contain 22,595,200,000 tons of 2240 lb. 
The seams so far known have, for practical pur- 
poses, been divided in ascending series into—(1) 
The Elk River basin ; bituminous; twelve seams. 
(2) Michel Creek ; bituminous ; seven seams. (3) 
Michel Creek ; cannel coal; fifteen seams. Actual 
work has been confined to the Elk River basin 
seams which outcrop along the mountains on the 
east side of Elk River, from Morrissey Creek to 
above Coal Creek, at a height of from 1600 ft. to 
2500 ft. above the valley of Elk River. The beds 
dip to the east into the mountain at a flat angle. 
The other edge of the basin is said to outcrop 
some 10 miles to the eastward and near the summit 
of the mountains. The cannel coals on Michel 
Creek, as their characterisation would imply, con- 
tain a much larger proportion of volatile combus- 
tible matter, and a smaller proportion of fixed 
carbon. These will have their use principally 
for gas manufacture and for open-grate fires. The 
volatile matter is said to be about 57 per cent. in 
these coals. There is plenty of ‘‘ soft” coal in the 
Elk River basin to oie for all possible require- 
ments for many years to come, for the quantity 





available is put at 16,443,900,000 tons. The im- 
portant collieries in Vancouver Island are the 
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Nanaimo, the Wellington Cranbury and the Well- 
ington Comax ; these are on the east coast. On 
the north-west coast, near Quatsino Sound, coal 
has for years been known to exist. The coal mea- 
sures also occur, and have been somewhat pro- 
spected, at Alert Bay, on the north-east coast, at 
Sooke, at the southern end of the island, and at 
several points on the west coast of the mainland 
opposite the island ; but, so far, none of the dis- 
coveries have received development sufficient to 
show their value. 
Mountains, besides the Crow’s Nest Pass, coal is 
known to abound; the range, from the United 
States boundary northward, has for miles proved 
to be coal-bearing, and large areas have been suffi- 
ciently developed to establish their value. At 
various other parts of the interior, as well as on 
Queen Charlotte Islands, there are coal-measures, 
but enough is in process of development to meet 
all needs for a long time to come. 














THE PRUSSIAN CANAL BILL. 

Tue Prussian Canal projects, which have been so 
hotly contested for many a year, were finally passed 
last April by the Prussian Parliament in a modified 
form. The determined opposition which the Govern- 
ment encountered from the parties, upon whose 
support it can, as a rule, rely, rendered it clear 
that the Bill, which was wrecked in 1901, would not 
be agreed to, nor any money granted for similar 
schemes, before the new commercial treaties, which 
had also kept the country disturbed for a long 
period, had been settled. Broadly speaking, the 
canal question was as follows :—There are some 
highly developed waterways in the industrial 
western portion of the kingdom, and another 
system of less developed, but industrially also less 
exacting waterways in the east, which, apart from 
certain manufacturing centres, depends mainly 
upon agriculture. All the great rivers of the 
country run in a northerly direction ; none of the 
main arteries flow east or west. The Government 
desired to link the two systems. The advan- 
tages seemed obvious, but the opponents prevailed. 
The agrarians—the aristocratic proprietors of the 
large estates—as well as the peasant farmers, ob- 
jected that the importation of agricultural produce 
by cheap waterways would crush them, and that 
the State had more cause to assist struggling agri- 
culture than the wealthy industries. The pro- 
prietors of the Silesian collieries were not anxious 
to have the Ruhr coal— which freight rates had, so 
far, kept out—compete with them directly in the 
eastern districts. Many, indifferent to the canal 
question, wished to wait for the commercial treaties 
before making up their minds to sanction heavy 
expenditure. 

Under these circumstances the Bill, which has 
now been passed, is the old scheme in a strongly 
modified, not to say mutilated, shape. In fact, the 
new Canal Bill only formed the fifth of five water- 
way Bills simultaneously submitted to the Prussian 
Parliament in April, 1904. The Mittelland Canal, 
the great east-western artery, 292 miles in length, 
about which all the agitation turned, has been 
sacrificed. It had been insisted that a con- 
tinuous waterway was imperatively needed, for 
military, industria], and commercial reasons, from 
the junction of the Rhine and Ruhr, vid the 
already completed Dortmund- Ems Canal and 
Minden, across the Weser to Hanover, and to 
Magdeburg on the Elbe. From there the Havel 
river and other canals, to be modernised or newly 
built, were to continue the waterway over to the 
Oder and along the Warthe and Netze, tribu- 
taries of the Oder, over to the Vistula, to the 
eastern frontiers, and the Baltic. Twenty million 
pounds were demanded for this midland canal pro- 
ject some years ago. The actual Bill grants nearly 
17 million pounds. But the western canal system 
will stop at Hanover, and the eastern system will 
begin at Magdeburg, as before, and there will be 
no connecting link. The main advantage, so much 
and so justly dwelt on before, is therefore given up, 
and a good deal of the sound reasoning concerning 
the problem—railways, or canals, or railways and 
canals—loses its force. 

We are more concerned with this reasoning 
than with the uncertain details of the project, 
which we will briefly indicate. From the Rhine, 
somewhere below Ruhrort, the canal is to go east 
for about 25 miles along the Emscher valley to the 
neighbourhood of Herne, on the completed Dort- 
uiund-Ems Canal ; a canal feeder, bringing water 
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from the Lippe, is to enter this latter canal at 
Datteln, and the Lippe is to be regularised. At 
Bevergern the new canal is to branch off the Dort- 
mund-Ems Canal and go east, across the Weser, 
as far as Hanover, a distance of 173 kilometres 
(108 miles), there to stop. In the eastern section, 
Berlin is to be joined bya canal, 66 miles in length, 
to Hohen Saathen on the Oder, which is to be 
regularised ; the Warthe and Netze, and the new 
improvements of the old Bromberg Canal, will then 
continue the waterway over to the Vistula. The 
works on the Havel, Spree, and Oder-Spree Canal 
are classed as agricultural ameliorations. A sum 
of 280 million marks was asked for the whole work. 
Operations are not to be started unless by July, 
1906, at the latest, the provincial and other inte- 
rested authorities have guaranteed certain funds ; 
the consent of these authorities is, however, secured. 
The great canals were projected for vessels of 600 
tons, but will probably be constructed for ships of 
1000 tons. The other four smaller Bills simul- 
taneously submitted to the Prussian Landtag in 
1904 concerned other improvements of the Rivers 
Oder, Havel, Spree, Lausitzer Neisse, and Bober— 
the latter two are tributaries of the Oder; and 71 
million marks have been granted for these purposes. 

Where the Rhine-Herne section is to branch off 
from the Rhine is not quite settled. It will be 
somewhere below Ruhrort, the thriving port on 
the junction of the Rhine and Ruhr. Speculators 
had already made up their minds; but they may be 
disappointed. If, as seems likely, the canal is to 
be built from the first to accommodate three boats 
alongside one another, the total width, including 
two tow-paths, will be 62 metres (203 ft.). There 
will be bridges about 700 metres (nearly half-a- 
mile) apart, and the difference of level of 33 metres 
(108 ft.) is to be overcome by seven locks. As 
in the Ruhr coal - fields, most of the workings 
below ground are now being packed, and as this 
practice may soon become obligatory, not much 
trouble is expected from any depression of the canal 
bottom. The original project suggested a special 
feeder conduit—not a navigable canal—from the 
Ruhr for this section. The Ruhr has no water 
to spare, however, and the Lippe—the northern- 
most of the three Rhine tributaries, Ruhr, Emscher, 
and Lippe—is therefore to be tapped. 

Two additional locks, each of 7 metres rise, will 
be constructed near the famous canal lift at Hen- 
richenburg. On the reach from Miinster to Hanover, 
209 kilometres (130 miles) in length, there will be no 
locks at all—an unparalleled case ; but stop-gates, 
such as have done such good service on the Dort- 
mund-Ems Canal, will be provided in order to isolate 
certain sections when required. The feed-water for 
the summit level will be brought from two reser- 
voirs to be created in the valleys of the Dremel 
and Eder, tributaries of the Upper Weser. Large 
water reservoirs, known as Talsperren, for general 
improvement and water-power and light supply, 
have become popular in Germany ; the greatest so 
far constructed, near Gmiind, in the Eifel Moun- 
tains, is now approaching completion. Whether or 
not the projected regularisation of the Weser from 
Hameln or Minden down to Bremen will be carried 
out, depends upon the co-operation of the State of 
Bremen, which rather resents the mutilation of the 
old project. For particulars of the eastern section 
we refer our readers to our previous article of 
1901.* We have to tender our thanks to Captain 
Coerper, Naval Attaché to the German Embassy, 
who kindly sent us official documents concerning 
the new projects. 

Inland navigation is being promoted all over the 
Continent. This country alone seems, on the 
whole, to be satisfied with leaving her canals in the 
condition of fifty and more years ago, when they 
were models of their kind.t Austria-Hungary is 
ready to expend more than 30 million pounds 
within the next six years on her canals and rivers; 
France is pushing forward ; the vast canal schemes 
of Russia have repeatedly been dwelt upon in our 
columns ; and the State of New York is creating 
a new Lake Erie Canal. The inland navigation of 
Germany has increased from 2.9 milliards (a thou- 
sand million) ton-kilometres in 1875, to 11.5 
milliards in 1900, while the total railway traffic 
increased in the same period from 10.9 to 36.9 
milliard ton-kilometres. In 1875 boats carried 21 
per cent. of all the goods, in 1900 24 per cent.; 





* See ENGINEERING, vol. ]xxi., e 660. : : 

+ These lines were written before the Canals Bill, which 
failed to comply with the Standing Orders, was brought 
before Parliament. 
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and in those twenty-five years the length of the 
railway lines had grown by 87 per cent., while the 
waterways had not been lengthened to any great 
amount. The goods traffic—inland navigation 
only, not reckoning the seaport trade—on the 
Oder increased eightfold in that period up to 1042 
million ton-kilometres; on the Elbe it was 2605 
million ton-kilometres in 1902—four times as much 
as in 1875 ; and the Rhine, which is unsurpassed as 
a high road for trade in Europe, carries now about 
14 million tons of goods between Cologne and 
Emmerich on the Netherlands frontier every year. 

The number and capacity of the steamers en- 
gaged in the inland and coastal trade have trebled 
in the last twenty years of the past century ; 
barges increased in number by 21 per cent., and 
in tonnage by 143 per cent. Only the smallest 
craft, under 100 tons, have diminished. The average 
burden of the inland vessels has gone up from 80 
to 160 tons, and even on the Dortmund-Ems Canal, 
which takes vessels of 600 tons, boats ranging from 
100 to 200 tons are most numerous. 

Berlin, with its 2 million inhabitants, is a huge 
railway terminus and junction; and yet in its goods 
traffic the waterways play almost as important a 
part as the railways. ” 1902 some 8,700,000 tons 
of goods arrived and left by rail, and 7,300,000 
tons passed in and out on boats. The respective 
figures for 1898 were 6.4 million tons by rail and 
5.6 million tons by water. Berlin is hence directly 
interested in the canal projects. 

That the river and canal freights are much lower 
than railway rates need hardly be demonstrated. On 
the Prussian railways 3.55 pfennig (1 pfennig = 
0.12d.) had to be paid on average per ton-kilometre 
in 1901. In special cases this rate was reduced to 
3.01, and for coal to 2.49, pfennig. The average 
rate for 1898 was 3.63 pfennig. ‘The prospective 
freight rates on the new canals will vary between 
1.9 and 1.1 pfennig. In some cases they ought to 
be even lower ; but it will not be wise to rely on 
further concessions. Nearly 30 per cent. of the 
cost of iron production in Westphalia are put down 
to transport expenses. 

The coal transport from Ruhrort up the Rhine 
to Mannheim costs 2.75 marks by the waterway, a 
distance of 352 kilometres (219 miles), and 8 marks 
by rail, 326 kilometres (202 miles). Rice is taken 
from Hamburg to Bodenbach by water, 633 kilo- 
metres (393 miles), for 7 marks ; by rail, 529 kilo- 
metres, it costs 25 marks. Where, however, the 
transport is partly by car and partly by boat, 
the two rates approach one another, and for this 
reason the continuance of the two separated canal 
systems would appear to be a mistake for the 
State. It was pointed out on former occasions that 
the transport of heavy ordnance, ammunition, and 
stores for the army and navy from the manufactur- 
ing districts to the frontiers and coasts would profit- 
ably be effected by the waterway in times of peace 
and, under certain circumstances, even in times 
of war, to relieve the pressure on the railways. 
This advantage is now completely lost. It may 
be mentioned that for military considerations, an- 
other canal route, the almost forgotten so-called 
coast canal, has once more been proposed during 
the late discussions. This route would join tho 
Ems—and thus with the aid of the Dortmund-Ems 
Canal, also the Rhine—Weser and Elbe vid Olden- 
burg and Stade—that is, below and to the north of 
Bremen and Hamburg. The advocate of this 
route—which the old Hansa towns may endorse, 
unless they quarrel over it—urged that torpedo- 
boats could take this route to pass from the Baltic 
to any part of the North Sea. That, however, 
seems to sum up the general case for this route, 
which would not touch any industrial centres, nor 
benefit agriculture much. 

The relief of the railways, just alluded to, isa 
strong argument in favour of a canal policy. In 
the Ruhr coal district the railway network is as 
crowded and complicated as in any part of the 
world. Covering an area of about ;},th of the Ger- 
man Empire, the Ruhr basin accounts for roughly 
one-quarter of its freight traffic. About 100,000 
cars were loaded daily on the railways of the 
Empire in 1902, and 24,000 of these started from 
the railway stations of the Rhenish-Westphalian 
coal district. The one station at Wanne despatched 
about 550 trains daily, and other parts of the king- 
dom complained, not without reason, that the roll- 
ing stock of the State railways becomes blocked on 
the Ruhr. That additional railway lines and en- 
larged shunting stations could not be provided at a 
reasonable expenditure in order to remedy the evil, 
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is generally conceded. The projected canal would 
cut through the northern fringe of the coal-field, 
but following practically the valley of the Emscher 
River, would not occupy much ground that might 
otherwise be utilised. There are several questions 
to be considered under this heading of railway 
relief by the canals. 

The first is, perhaps, Will a canal afford much 
help ? The capacity of a canal depends upon many 
features ; good organisation to begin with. With 
day and night service and the lock dimensions 
projected—that is, pairs of locks 67 or 95 metres 
(220 ft. and 312 ft.) in length, and 9.6 metres 
(3.51 ft.) in width—a traftic of eight million tons 
could be accommodated in a year on the Rhine- 
Herne section, it is calculated. With three 
locks 165 metres (540 ft.) in length, a capacity 
of 16 million tons could be attained. That capa- 
city is anticipated for the Miinster-Hanover sec- 
tion, the continuous reach, free of locks, 209 kilo- 
metres in length. As, however, the total goods 
traftic to be dealt with in the course of a year in the 
Ruhr basin is about 90 million tons, and as that 
figure is likely to rise to 140 millions by the time 
the present canal schemes have been carried out, 
the 16 million tons sent by water would not afford 
much relief to the railways, it has been objected. 
The coal and coke transport of the Ruhr collieries 
amounted in itself to 44 million tons in 1900, 
41 million tons in 1901, 43 million tons in 1902, 
and 47 million tons in 1903. The canal could thus 
not deal with anything like the coal burden even. 

It is probable, however, that a further increase 
in the canal capacity will be secured. The estimates 
provided for vessels of 600 tons, 65 metres in length, 
8 metres in width, and 1.75 metres draught (213 ft., 
26 ft., and 5} ft. respectively). It was pointed out, 
however, that an enlargement (as indicated above) 
of the sections, such as would render the canal 
navigable for boats of 1000 tons—the normal Rhine 
ship tonnage—would increase the cost of construc- 
tion by not more than 15 per cent. The discus- 
sions encouraged the Government to incur the 
higher expenditure; but the question is not de- 
finitely settled. If the larger section were adopted, 
the canals would practically become extensions of 
the Rhine ; a further saving in rates would then be 
possible, but, it has also been urged, the ship- 
owners in Antwerp and Rotterdam would be the 
chief gainers, and the Dortmund-Ems Canal trade 
would decline. 

A second question is whether the State should 
create and foster competition between State rail- 
ways, which do pay, and swell the national revenue, 
and State canals, which have to be subsidised. 
Statistics do not favour the view that the canals 
really enter into objectionable competition with 
the railways. The regularisation of the Lower 
Main raised the traftic on that river from 150,000 
tons in 1886 to 1,275,000 tons in 1902. In the 
same period the railway traffic of Frankfort-on- 
the-Main doubled from 911,000 tons to 1,909,000 
tons. So much has been done in modern years for 
the improvement of Frankfort as a railway terminus, 
however, that this case will be regarded as excep- 
tional. But on the Dortmund-Ems Canal, which 
runs through marshy, sparsely-populated ground, 
the railway traffic has increased parallel with the 
canal traflic. The Elbe-Liibeck-Trave Canal case 
is doubtful; neither the canal trade nor the rail- 
way trade has been brisk, which may, after all, be 
interpreted as demonstrating that either the canal 
was not a necessity, or that the facilities offered are 
as yet—until the harbour and other improvements 
are completed — not sufliciently enticing. The 
heavy goods transport on the local railways did 
diminish, however, during the first ten years after 
improving the Oder and the Oder-Spree Canal, for 
both of which further improvements are now con- 
templated. But, on the whole, the increased 
means of traffic have not damaged the railways 
directly, and, if we look at the great advantages 
which canals confer, State canals cannot be con- 
demned for economical reasons. 

A third question, Who really benefits by the 
reduced rates—the consumer or the manufacturer? 
is not easily decided. In the case above referred 
to of the Main regularisation, the Frankfort Cham- 
ber of Commerce concluded that the consumer had 
profited most. That may or may not be so. Inthe 
end, all such differences tend to adjust themselves, 
and the benefit to trade will probably be general. 

But the whole problem is strongly affected by 
the proposed traffic regulations, and there will 
not be much sympathy with this portion of the 











Pe in this country. Section 18 of the new 
ill reads:—‘‘On the canal from the Rhine to 
the Weser, on the continuation to Hanover, on 
the Lippe Canal, and the branches of these water- 
ways, the Government will provide for a uniform 
State haulage service. Private firms will not be 
permitted to undertake towing on these canals. 
Self-propelled vessels will require special autho- 
risation.” The Bill as originally drafted did not 
demand a State monopoly for canal-boat propul- 
sion. The question was left more or less open, 
but the condition was forced upon the Government 
by the parties who were certainly not friendly to 
the whole scheme. The decision is not surprising, 
of course, in a country where practically the whole 
railway network is Government property and 
under direct Government control. There was, 
however, no necessity for this monopoly, and the 
last word in this matter has not been spoken. 

The technical means of propulsion are not decided 
yet. Attention has been drawn to the successful 
experiments in electrical haulage made by Messrs. 
Siemens and Halske on the Teltow Canal, near 
Berlin. The boats are pulled, not by electric 
launches, but by electric locomotives, running on 
tracks on both banks of the canal. The electrical 
energy consumed in this propulsion is said to be 
only one-third of the energy which electric-boat 
towage would require, and the Siemens-Schuckert- 
Werke have submitted an estimate for this system. 
The traction would, on the great canals, cost about 
0.25 pfennig per ton kilometre, and would be slightly 
more expensive than with steam tugs, assuming a 
moderate canal traftic, but would become relatively 
cheaper with increased traftic. Thesystem is regarded 
favourably for other reasons. The electric lines 
would otherwise be useful for power and light, the 
illumination of the canal would become an accessory 
problem, greater speeds could be tolerated than 
with tug-boats, and—an important point—a re- 
gular canal service, something like railway service, 
could be maintained. 

But certain resolutions, adopted on the recom- 
mendation of the Parliamentary Committee, which 
examined and reported on the Bill according to the 
rules, would appear to frustrate any sound railway 
and canal promotion. Tolls are to be levied on 
regularised rivers—the Rhine appears to be aimed 
at—and an artificial protection barrier is to separate 
the east from the west. Section 6 of the Bill 
stipulates that the difference in the rates now 
existing at Berlin with regard to iron and coal, 
introduced from Silesia on the one side and from 
abroad—England vid Stettin—on the other, should 
be maintained, in spite of the Berlin-Oder Canal 
and the Oder regularisation. This isa characteristic 
achievement of selfish politics, which, we should 
think, would break down if really persisted in. 








NOTES. 

TORSIONAL VIBRATIONS OF SHAFTING. 

In a paper on the ‘‘ Torsional Vibrations of 
Axles and Shafts,” published as a Drapers’ Com- 
ny Research Memoir, Professor Karl Pearson, 
F.R.S., establishes some interesting facts concern- 
ing the sudden application of impulsive torques to 
shafts. The results are pretty much what might 
have been anticipated, the maximum stress in the 
case of a single application being double that ob- 
taining under a statical load. The matter is, 
however, discussed in detail, and it is shown 
that in an ordinary iron and steel shaft the 
wave of torsional stress, started by applying an 
impulsive twist to one end of the shaft, has a 
velocity of 10,000 ft. per second. This wave is 
reflected on reaching the end of the bar, and as a 
consequence passes up and down it until dissipated 
by internal friction. In the case of repeated load- 
ings it is, therefore, theoretically possible by accu- 
rately timing the repetitions of the load to build up 
a wave of stress, the maximum of which is without 
limit, so that any bar might be conceivably broken 
by accurately-timed repetitions of a relatively small 
torque. Professor Pearson suggests that in this ob- 
servation is to be sought an explanation of Wohler’s 
results on fatigue ; but we think that on this point 
and on some other practical points he is mistaken. 
Stress being proportional to strain, the deformation 
accurately measures the stress, even when a load is 
applied impulsively to a bar. In Wohler’s experi- 
ments the deformation was fixed, the bar being 
spring loaded, and the speed of application small, 
being only seventy-two repetitions per minute. 
In no case could the stress be greater than that 








due to the fixed distortion of the bar. It is, of 
course, conceivable that in certain practical ex- 
amples varying torques might coincide with the 
natural periodicity of the shaft, and dangerous 
oscillations be set up. Indeed, as regards bending 
stresses, this does occur in the case of a De Laval 
wheel when running up to speed ; but owing partly 
to the short time during which this critical speed 
lasts, and still more perhaps to the imperfect 
elasticity of the material which ‘‘damps” the 
oscillations, failures from this cause do not occur, 
In one other practical point we also think Professor 
Pearson is misinformed—viz., there is no such 
difference in the elastic modulus of the metal at the 
exterior and the interior of a shaft as he asserts at 
one part of his paper. There may in certain cases 
be great differences in the strength of the metal 
in the two cases, but so far as our information goes, 
this does not extend to the elastic modulus of the 
metal. 


Tue Kine anp METALLURGICAL ENGINEERING. 

Royal ' recognition of industrial enterprise’ is 
beneficial in many ways, not only because it con- 
centrates men’s minds on the enormous importance 
of the subject, but because it stimulates enterprise 
in the right directions ; and it is to be hoped that 
King Edward VII. may find opportunities of paying 
more frequently in the future than in the past 
such visits as that of Wednesday last to the great 
metallurgical metropolis of Britain. In the earlier 
part of his visit he formally inaugurated the 
new university, which has probably the most 
finely equipped metallurgical laboratories of any 
educational institution in the world; and with 
such experienced advisers as Professor W. Ripper, 
Mr. Andrews, and many practical workers in this 
branch of science in the several Sheffield works, 
willing to forward the experimental work by their 
advice and encouragement, we may hope for valu- 
able researches in the Institution so auspiciously 
inaugurated by His Majesty. The King, in two 
of his addresses, enforced the necessity ‘‘ to foster 
that spirit of enterprise which has been so dis- 
tinguished a characteristic of British commerce in 
the past, and to encourage the spread of that tech- 
nical and scientific training which is more than ever 
necessary to enable this country to hold its place in 
the field of commerce amongst the nations of the 
world.” A further acknowledgement of enterprise 
was shown by the visit of the King and Queen to 
the River Don Works of Vickers Sons and Maxim, 
Limited, an honour well merited, since this is one 
of the most progressive concerns in the kingdom. 
The King saw the every-day life of the works, 
visiting first the gun-inspecting department, where 
he saw ordnance of all types and sizes for many 
governments besides his own. Most interesting 
was the first of the 45 calibre 12-in. guns for British 
battleships—the most powerful weapon yet made. 
The immense diameter of the breech end sug- 
gested the 48,000 foot-tons of energy to be de- 
veloped; the beauty of the mechanism and 
the mirror-like polish of the bore were no 
less objects of admiration. An 18-pounder field- 
gun also came in for much attention. A  pas- 
sage through one of the several gun-shops enabled 
the King and Queen to see every operation in the 
machining of a gun; and the striking fact here 
was the absence of noise, although all the tools 
and cranes were at work. This is largely a re- 
sult of most efficient electric driving ; there was 
scarcely a belt visible. The rolling of an armour- 
plate, the casting of an ingot, and other fascinating 
items on the programme greatly interested their 
Majesties, who, on their departure, expressed 
their high appreciation to Colonel Vickers and the 
two other managing directors. 


Tue ACETYLENE BLow-PIre. 


During the past few days Brin’s Oxygen Com- 
pany, Limited, have had on view at their works, 
Elverton-street, S.W., the Fouché ‘acetylene blow- 
pipe, which is claimed to have special advantages 
for the autogenous soldering of iron and steel. 
A special feature of this blow-pipe is that the 
acetylene is fed to it under a pressure of but 5 in. 
or 6 in. of water ; thus all the dangers and difti- 
culties which arise when it is attempted to store the 
gas under pressure are avoided. The oxygen, on 
the other hand, is supplied at a pressure of one 
atmosphere through a reducing-valve of the usual 
type, mounted on an ordinary gas cylinder. A 
water-seal is interpolated in the acetylene main, 
so that the oxygen can under no conditions 
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pass back into the generator by this pipe. The 
blow-pipes are made in a number of standard 
sizes, the smallest of which takes 75 litres (2.7 cubic 
feet) of C, H, and 100 litres (3.5 cubic feet) of 
oxygen per hour, and is suitable for the autogenous 
welding of plates 1 millimetre thick. The largest 
size, on the other hand, with which plates as 
much as 20 millimetres (0.8 in.) thick can be 
readily welded consumes 2200 litres (78 cubic feet) 
of C, H, per hour and 3000 litres of oxygen. The 
supply of oxygen is regulated so as to ensure that 
the flame is of the ‘‘ reducing” type, so that there 
is no possibility of the metal at the weld being 
injured by oxidation. In some experiments made 
in France a 6-in. cylinder of }-in. metal was welded 
by means of the blow-pipe, which is used just as 
the ordinary oxyhydrogen blow-pipe is in the 
‘*burning of lead.” This cylinder was afterwards 
tested to 150 atmospheres without failure. The 
flame is much smaller than the oxyhydrogen flame, 
but also much hotter, the temperature attained at 
the top of the inner cone being about 5400 deg. Fahr. 
If it were not for the necessity of keeping down 
the supply of oxygen, so as to render the flame 
‘*reducing,” a still higher temperature would be 
reached, attaining, perhaps, 7200 deg. Fahr. 
Acetylene, as is well known, is an endothermic 
compound, so that the heat available on the blow- 
pipe is not that due merely to the combustion of its 
constituents, but includes also the large number of 
heat units liberated on the decomposition of the 
gas. A cubic foot of this gas is therefore capable of 
furnishing 1500 British thermal units, as compared 
with about 350 units in the case of H, and 600 
units per foot in the case of ordinary coal gas. The 
blow-pipes used are said to be free from any ten- 
dency to choke up with carbon, remaining clean for 
an indefinite period. The apparatus, we may add, 
is already being used on a large scale in different 
Continental manufacturing establishments, being 
found to be considerably cheaper in working than 
the oxyhydrogen apparatus it replaces. 


SHIPBUILDING TRADE. 


It is gratifying to note that there has been a 
slight improvement in the shipbuilding trade during 
the past quarter, according to statistics prepared 
by Lloyd’s Register of Shipping. From this return, 
just issued, we note that there are in course of 
construction 472 merchant vessels, of 1,301,457 
tons. This is quite 250,000 tons more thar at the 
beginning of the year. Throughout last year the ton- 
nage was never over 1,000,000 tons, and the present 
condition is 30 per cent. better than at any period 
since the end of 1902. The total, however, has a 
long way to go before it reaches the maximum 
attained in recent years—namely, 1,412,000 tons. 
As regards the increase of 250,000 tons since the 
beginning of the year, 228,000 tons of it is made 
up by new shipping ordered in the United 
Kingdom, so that foreign countries generally 
have not assisted towards the fillip in our trade. 
Germany is still our largest client, and at the 
present time there are being built for owners 
in that country eight vessels, of 53,270 tons, as 
compared with three vessels, of 34,450 tons, six 
months ago. Holland takes the second place, with 
two vessels, of 20,800 tons; Norway third, with seven 
vessels, of 20,280 tons; Austria-Hungary fourth, 
with five vessels, of 19,059 tons ; Sweden fifth, with 
four vessels, of 11,720 tons ; Portugal sixth, with 
two vessels of 10,800 tons ; and Denmark seventh, 
with six vessels, of 9836 tons. For the Colonies 
there are being built fourteen vessels, of 20,264 
tons. One of the striking facts is that five vessels 
are in course of construction of over 20,000 tons, 
with three others between that figure and 15,000 
tons; but there is no sailing ship on the list of 
over 500 tons. The improvement in trade is 
widely distributed throughout the kingdom, Sun- 
derland alone having a less tonnage than at 
the beginning of the year ; but here the decrease 
is only about 4 per cent. On the Clyde there 
has been a marked improvement. At Glasgow 
the tonnage is 269,656 tons—42,000 tons more than 
at the beginning of the year, and 89,000 tons more 
than a year ago. At Greenock there are 199,161 tons 
in course of construction, which is 61,000 tons more 
than at the beginning of the year, while the in- 
crease on the total of a year ago is 76,000 tons. 
At Middlesbrough the total of January is exactly 
doubled, but the 88,817 tons of shipping now 
in course of construction is only 4300 tons more 
than a year ago. Newcastle has profited to 
the extent of nearly 25 per cent., the quota, 





259,918 tons, being 57,000 tons more than at the 
beginning of the year. At Hartlepool there has 
been an increase from 49,617 tons in January to 
63,350 tons now. In the case of Sunderland the 
decrease has been from 166,362 tons in January to 
160,386 tons in June ; but the total is better now 
than during any period last year. There has been 
a good recovery in the case of Belfast, where the 
total had decreased last year; now it is 208,525 
tons, which is 40,000 tons more than a year ago. 


Toe Mancuverine or Tursine STEAMERS. 


While it has been admitted, practically on all 
hands, that the steam-turbine has considerable 
advantages over the reciprocating engine for ship 
propulsion, and that it is almost certain to be very 
widely adopted for high-speed vessels, there con- 
tinues to linger some doubt as to facility in stop- 
ping and starting, reversing, and generally of 
manceuvring turbine - driven steamers into piers 
and confined harbours. This doubt should be 
largely dissipated by the results of the official trials 
of the Dieppe, built for the London, Brighton, and 
South Coast Railway and the Western Railway of 
France, for service between Newhaven and Dieppe. 
The trials which were carried out between the two 
ports named were interesting more for the novel 
requirements in respect of stopping and manceu- 
vring than for their speed; but in this latter re- 
spect the performance of the steamer was certainly 
remarkable, in view particularly of the fact that 
the length of hull was limited, owing to the tortuous 
nature of the channel within Die Harbour. 
This required that the length Fm not exceed 
281 ft. on the load-line. Fortunately, a scheme 
has now been approved, which, when carried out, 
will straighten the crooked paths. In the mean- 
time the dimensions of the Dieppe had to be as 
follow :—Length over all, 282 ft. ; length on the 
water-line, 280 ft. 6 in.; breadth, 34 ft. 8 in. ; 
depth, 14 ft. 6 in. On trial the mean draught 
was 9 ft. 3in., and the displacement 1360 tons. 
The vessel was required, to make the double 
passage within such time as necessitated a speed 
of 21.19 knots. The run to the French port 
on Thursday, the 6th inst., was made at the 
average of 21.523 knots, and the return voyage, on 
the following day, at 21.764 knots, giving a mean 
speed for the double run—nearly 130 sea-miles—of 
21.523 knots. When we come to describe this 
vessel fully, we shall give the details of engine per- 
formance, &c. In the meantime, it may be said 
that the three shafts, each fitted with single screws, 
and operated—the centre shaft by a high-pressure 
turbine, and the two side shafts by low-pressure 
turbines—run at a mean speed of about 640 revolu- 
tions per minute. As we have already indicated, 
however, the interesting features were the rapidity 
with which full speed could be realised, and the 
time taken to reverse. Moving away from the 
quay, only the low-pressure wing-shafts and pro- 
pellers were in use, as this greatly facilitated 
manceuvring. When the vessel had got into the 
centre of the harbour, and the order was given, 
‘*Full speed ahead,” barely 24 minutes elapsed 
before the high-pressure turbine was running at a 
speed of over 600 revolutions per minute. From 
the time that the vessel left Dieppe Quay until she 
was passing the lightship at the entrance to the 
harbour only four minutes elapsed, notwithstand- 
ing the tortuous nature of the harbour ; this of 
itself is a very satisfactory performance in respect 
of manceuvring. Before the vessel had entered 
Dieppe, the contract required that when running 
at a speed of 12 knots she was to stop within 100 
metres. Two boats had been moored to mark this 
distance, and for two miles in advance of the first 
boat the Dieppe’s turbines ran at the rate of revo- 
lution which previous performance on the measured 
mile had determined as necessary to give a speed 
of 12 knots ; within six seconds of the order, ‘‘ Full 
speed astern,” the turbines were running astern, 
and in 41 seconds the ship herself was moving 
astern ; the distance traversed from the time the 
order was given to reverse until the ship began to 
go astern being 100 yards : several yards less than 
the requirements of the contract. Thus, as regards 
speed and manceuvring, every condition of the 
contract was fully satisfied. 


Tue Water Suppty or Ecyrr ror Perennial 
IRRIGATION, 
It has long been recognised that the amount of 


land in Egypt suited for perennial irrigation is far 
in excess of what it is at present possible to 


irrigate. One of the original plans for a dam 
across the Nile provided for a storage capacity 
of 3700 million cubic metres, the site chosen 
being just above the Temple of Phile. Owing 
to the depth of the foundations required, this plan 
had to be rejected, and instead of this, the dam, 
as is well known, was constructed at Assouan. 
Here it was originally proposed to impound an equal 
quantity of water to that above-mentioned, but the 
selfish outcry raised by archzeologists and others led 
to the construction of a dam impounding only 1065 
million cubic metres. Even to construct this 
smaller reservoir the authorities had to proceed by 
stealth, and the contract was signed and the work 
commenced before the general public were allowed 
to know anything about it. e base of the dam 
was intended to be sufticiently wide to admit of the 
raising of the crest at a later date, so that the 
present storage capacity might be doubled. This 
project, as is well known, has been postponed, in 
view of some doubts which have been expressed as 
to the stability of the dam when thus heightened. 
There is reason to believe that these doubts have 
no sound foundation, so that in all probability the 
increased storage capacity may be available before the 
lapse of many more years. Even so, however, the 
total quantity stored will be only some 2000 million 
cubic metres; and in average years the amount 
required to irrigate the whole of the Nile Valley 
below Assouan is stated by Sir William Will- 
cocks as 5663 million cubic metres during average 
low Niles. To provide the quantity lacking, several 
schemes have been examined, including the im- 
ae of 3000 million cubic metres in the Wady 

yan depression. This plan, however, seems 
available only if more water can be obtained from 
the Assouan Reservoir. Sir William Garstin has 
proposed to canalise the Nile through the sudd 
country, where the enormous discharge from the 
Equatorial lakes is now almost wholly wasted 
by evaporation. It has been some time recognised, 
however, that from a purely engineering stand- 
point the best solution of the problem would be 
to construct regulating works at the outlet from 
Lake Tsana-in Abyssinia. This plan, we believe, 
originated with Mr. Russel Aitken some seven or 
eight years ago; and in a memorandum recently 
prepared he sets forth in detail the advantages of 
the plan. He claims that by the construction of a 
dam only 26 ft. high some 25,000 million cubic 
metres of water could be here impounded, which 
would suffice not only to perennially irrigate the 
whole Nile valley in average years, but would do 
so also in years of minimum low Nile, when he 
estimates that the demand will be fully 13,000 
million metres. Mr. Aitken also claims that in 
the official report on the Tsana basin the rainfall 
has been greatly under-estimated, since in hilly 
countries of this kind the rainfall on the moun- 
tains is very much in excess of that at a lower 
level. Mr. Aitken states that his :Indian experi- 
ence shows that the fall on the hills is more than 
three times what it is at the level of the lake; so 
that there would be no difficulty in filling up the 
lake even in years of minimum rainfall. It is true 
that Lake Tsana is in Abyssinia, which is a foreign 
country, with which complications might arise. 
It should not, however, be beyond the powers of 
the Foreign Office, acting as the common friend of 
both Abyssinia and Egypt, to make an arrange- 
ment which would safeguard the interests of both 
countries, and render the arrangement profitable to 
each. The subject is of sufficient importance to 
warrant the sending out of a special committee to 
negotiate the terms on the spot. 








BraziLiAn Rattways.—The State of Rio de Janeiro has 
mer a concession for a line from Rio Dourado to the 
yar of San Yoas. The line, which is to be on a 3-ft. 4-in., 
or metre gauge, will be 124 miles in length. It is to be 
completed within 21 months from May, 1 





Br.ciANn Raits.—The exports of steel rails from Belgium 
in the first three months of this year were 44,460 tons, as 
compared with 69,683 tons in the corresponding period of 
1904. The exports of iron rails were 61 tons, as compared 
with 451 tons. 


Messrs. Krurp.—In consequence of the great increase 
of business, the Krupp Company has found it necessary 
to increase its working staff from 24,000 to 30,000. This in- 
crease has occasioned some inconvenience as regards house 
accommodation, and it has been found necessary to erect 
temporary barracks for new-comers. The pressure upon 





the Krupp Company has arisen from heavy artillery con- 
tracts for Germany, Russia, Japan, and Turkey. 
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ENGINEERING. [JULY 14, 1905. 





DOUBLE-PISTON FRANCOIS ENGINES. 
Previous to building their double-piston steam- 





engines on the designs illustrated in our last issue 


(see page 12 ante), the Cockerill Company carried out 
exhaustive trials, in order to test the principle. The 
first trials were made in March, 1902, by Mr. Vincotte, 
on a disused Corliss type of engine which had been 
modified for the purpose. The engine at first was not 
connected to a condensing plant, and among the figures 
which ruled at this early period we may mention the 
following : — 


Average boiler pressure .. Fe 11.14 atmos. 
(163.7 lb. per sq. in.) 


31.95 deg. Cent. 


(57.5 deg. Fahr.) 
Steam consumption per indi 

cated horse-power hour 7.642 kg. (16.8 Ib.) 

In concluding his report to the Cockerill Company, 
Mr. Vingotte stated that the results given by this 
engine were the best he had ever obtained, working 
non-condensing ; he called attention to the importance 
of superheat in reducing steam consumption, giving 
as examples for comparison several of the figures he 
obtained at the six independent trials he had carried 
out; and he recommended the company to persevere 
with the principle of a double piston, and to take steps 
to carry out trials with a system of steam-distribution 
allowing of higher speeds, 
The engine on which the trials had been made was 

& single-cylinder engine, the principal dimensions of 
which were as follow :— 


Average superheat 


.. 0.370 m, (14.56 in.) 
- 0.700 ,, (27.55 ,, ) 
2.9 per cent. 


Piston diameter ... 
Stroke ns ‘ia 
Clearance in volume 


The clearance area was 3.293 times the piston area in 
front, and 4.856 times that area at the rear. The 
work was absorbed in the usual way, by a brake fitted 
with a dial. There being no condenser, the steam con- 
sumption was measured at the boiler, and the trials 
were carried over six to seven hours each, in order to 
eliminate as far as practicable all errors due to a pos- 
sible difference in the weight of water contained in the 
boiler at the commencement and at the end of the 
trials. Every care was, of course, taken to cause the 
water-level and the pressure to be the same at the con- 
clusion of the trials as at the commencement. 

The engine in question was fitted with a condenser, 
and further trials were made under these new condi- 
tions on July 28 to 30, and August 26, 1903, by Pro- 
fessor Hubert, of the Liége University. An 
abstract of the results obtained is set forth in the 
annexed table. The figures above given of Mr. 
Vingotte’s trials, with those in Tables I, and II., apply 
to the Continental horse-power. The first trial was 
made with saturated steam ; in the three others the 
steam was slightly superheated. 

The vacuum, as will be noticed, was not satisfactory, 
except during the trial of August 26, when it was 
slightly better, the air-pump—an old one in the first 
place--having been repaired. The work of the engine 
was measured by taking, every four minutes on August 
26, and every five minutes on the former days, two 
diagrams on both sides of the piston. The indicator- 
springs had been carefully calibrated, using steam for 
pressures above one atmosphere, and an air-pump for 
pressures under that limit. In calculating the work 
done, scale errors and the dilatation of the cylinder 
were taken into account. 

The results thus obtained, although the installation 
was comparatively of a primitive nature, led the 
Cockerill Company to design the type of engine we 
illustrated in our preceding issue. 

The cylinders, as shown in Figs. 2 and 3, on 
page 13 ante, are each made in two parts, connected 
together end to end by an outer jacket, the annular 
space between which and the cylinders serves as a 
steam-jacket. The cylinder-covers, it will be seen, 
are also thoroughly jacketed. The two portions of 
the cylinders have a gap between them ; this allows 
for any differential expansion of the jacket and liner, 
and through it steam can enter the space between 
the two pistons. These, it will be noted, are mounted 
on asingle rod, and thus are really equivalent to a 
single hollow and steam-jacketed piston. The admis- 
sion of steam to the space between the two pistons 
ensures the thorough heating of the cylinder-wall, 
both inside and out. Drainage is well provided for, 
so that it is impossible for water to collect in the 
space between the pistons. To ensure that the jacket 
is always filled with live steam, the supply to both 
ends of the cylinder is drawn through the jacket. The 
valves, page 14 ante, are of the piston type, and placed 
so as to ensure a proper drainage of the cylinder. 
There is both a main valve and a cut-off valve. The 
latter works inside the main valve, and is operated by 
a trip-gear, which ensurcs an exceedingly smart cut-off. 
This cut-off is, of course, varied by the governor in 
the usual way. There is, as indicated, a valve at each 


9 


jacket from entering the cylinder. The extension of | 
the inside lining of the valve-chest at the upper part | 
has the same object. 


densing—built by the Cockerill Company was sup- 
plied to the Vieille Montagne Works. 
dimensions of this engine are the following :— 





TABLE I.—Tests mavg, tn 1903, By Proressor H. Husert on A SINGLE-CYLINDER CONDENSING ENGINE AT 
THE COCKERILL ComPANy’s WORKS. 


Date of tests .. July 28 July 29 July 30 August 26 
Commencing at 10.35 a.m. 10.25 a.m, 10.40 a.m. | 11.15 a.m. 
Concluding at .. io ke i - 2.35 p.m. 2.25 p.m. 2.40 p.m. 3.15 p.m. 
Total number of revolutions of engine ..| 24,329 24,402 24,640 24,442 
Average speed per minute .. ie | 101.28 101.36 | 101.84 


102.38 J 
10.143 kilog. per sq. cm. | 10.180 kilog. per sq. cm. 
(149.10 Ib. per sq. in.) | (149.64 Ib. per sq. in.) 
219.2 deg. Cent. 222.1 deg. Cent. 
(427.5 deg. Fahr.) (433.5 deg. Fahr.) 
179.49 deg. Cent. 179.65 deg. Cent. 


10.105 kilog. per sq. cm. 

(148.54 Ib. per sq. in.) 
218.43 deg. Cent. 
(424.5 deg. Fahr.) 
179.34 deg. Cent. 


».|3.984 kilog. per sq. cm. 
| (131.86 lb. per sq. in.) 
a 174.07 deg. Cent. 


(345.2 deg. Fahr.) 
Temperature of saturated steam at above} 174.29 deg. Cent. 


Average pressure at stop-valve 


Temperature at stop-valve .. 





(22.75 in. mercury) (22.99 in. mercury) 
. .|0.2298 kilog. per sq.cm. |0.2220 kilog. per ¢q. cm. 
| (3.37 lb. per sq. in.) | (3.26 lb. per sq. in.) 
62.87 deg. Cent. | 62.86 deg. Cent. 
(145 deg. Fahr.) (145 deg. Fahr.) 
. .|0.2309 kilog. per sq. cm. |0.2308 kilog. per sq. cm 
(3.394 Ib. per sq. in.) | (3,392 lb. per sq. in.) 
40.8 deg. Cent. | 43.7 deg. Cent. 
(105 deg. Fahr.) (109.9 deg. Fahr.) 


pressure | (345.3 deg. Fahr.) (355.3 deg. Fahr.) (355.4 deg. Fahr.) (356 deg. Fahr.) 

Superheat “a ee os 39.09 deg. Cent. 39.71 deg. Cent. 42.45 deg. Cent. 

| (70 deg. Fah.) (71 deg. Fahr. ) (76 deg. Fahr.) 

Vacuum . ‘il 578 millimetres 584 millimetres 590 millimetres | 665 millimetres 
} 


(23.22 in. mercury) (26.18 in. mercury) 
0.2150 kilog. per eq. cm. 0.1340 kilog. persq. cm. 
(3.16 lb. per sq. in.) | (1.97 Ib. per sq. in.) 
61.80 deg. Cent. 52.10 deg. Cent. 
(143 deg. Fahr.) | (125.7 deg. Fahr.) 
|).2200 kilog. per sq. cm. |0.1387 kilog. persq. cin. 

| (3.23 Ib. per eq. in.) | (2.03 1b. per sq. in.) 
39.8 deg. Cent. 38.4 deg. Cent. 
(103.8 deg. Fahr.) 


Corresponding pressure 





Steam temperature at exhaust 


Corresponding pressure 





Temperature of water from condenser ..| 


| (101 deg. Fahr.) 


front ..| 2.769 kilog. per sq. cm, |2.798 oe: per sq. i oa per sq. oF | (ans hee per sq. cm. 
, (40.7 Ib. per sq. in.) | 41.13 Ib. per sq. in.) | (32.8 per sq. in.) | (40.3 1b. per sq. in.) 
Average indicated pressure rear ..|2.785 kilog. per sq. cm, |2.781 kilog. per sq. em. |2.046 kilog. per sq. cm.) ?.638 kilog. per sq. cm 
‘ | (40.9 lb. per sq. in.) | (40.8 1b. persq.in.) | (80 1b. coke in.) (38.7 are in.) 
° ront a 0.1031 | 0.09826 | 0.05272 07754 
Average cut-off, percent. {rear | 0.1104 0.10208 | 0,049°5 0.080:6 
: front . | 45.095 45.65 36. 44.95 
Indicated horse-power rear .| 47.337 47.39 35.22 45.17 
Total indicated horse-power | 92.48 3.04 71.51 90.12 
» Water consumption | 2514.089 litres 2261.72 litres 1817.473 litres 2053.49 litres 
(5531 Ib ) (4990 Ib.) H 3980 Ib.) (4520 Ib.) 
Water consumption per hour .| 628.522 litres 563.67 litres | 453.111 litres 513.37 litres 
(1370 Ib.) (1240 Ib.) | 0 Ib. (1130 Ib.) 
»» condensed in jacket per hour A 43.537 litres 23.626 litres | 23.634 litres 19.820 litres 
(95.5 Ib.) (50.5 Ib.) (50.5 Ib.) (43.5 Ib.) 
Consumption per horse-power hour 6.796 kilogs. 6.058 kilogs. | 6.336 kilogs. 5.696 kilogs. 
(14.95 Ib.) (13,32 Ib.) | (13.98 Ib.) (12.58 Ib.) 





TABLE II.—Tests mang, 1n 1904, spy Proresson H. Huspert on A Dovusie-Piston ComPpouND CONDENSING 
SrTKAM-ENGINE ConsTRUCTED BY THE COCKERILL COMPANY FOR THE VIEILLE MONTAGNE WORKS. 


| | | | 
August 7 October 30 





























Date of tests August 2 August 6 August 7 October 30 December 2 
Commencing at 5.42 p.m. 5 a.m. 845a.m. 11.10 a.m. 8.55 a.m 19.15 a.m. 
Concluding at .. = we os} WUGR- os 6 ss 9.45 ,, 12.10 p.m. 955 ,, ILS » 
Speed... es revs. per min 122.03 120.33 119.6 118.03 122 121.667 123 
Average cut-off. . = “ aad cent. 16.2 18.4 19.1 39.1 15.7 11.2 
High-pressure cylinder . 127.425 133.622 144.946 194. 206 107.068 94.657 13.73 
Indicated | Low-pressure cylinder .. 75.463 89.034 100.01 154.421 81.626 | 69.330 10.05 
Horse-power 
Total .. we 202.838 222.656 | 245.747 318.627 188.69 | 163.987 23.78 
Total consumption of water. . --| 1100kg. 1218.65 kg. | 1408.4 kg. | 2114.55 kg. 96Lkg. | 867.5 k¢ 
| (24201b.) | (2681 1b.) | (3098 1b.) | (4652 1b.) | (21141b.) | (1908 1b.) 
Consumption per horse-power hour . | 5.422 kg. 5.473 kg. 6.731 kg. 6.065 kg. 5.092 kg. 5.296 kg. 
(11.92 1b.) | (12.04 1b.) | 12.61b.) | (13.341. | (11.21b.) | (11.65 1b.) 
Barometric pressure .. ..| 759mm. 753mm. | 755mm. | 755 mm. 764.5 mm. | 764.5 mm. 
| (29.88 in.) (29.84 in.) | (29.72 in.) | (29.72 in.) | (80.09 in.) | (30.09 in.) | 
Diagram pressure ..| 8.980 kg. 9.740 kg. | 9.086 kg. 9.680 kz. | 9.200 kg. 8.850 kg. 
| per sq. cm. per sq. cm. | per sq. cm. | persq. cm. | persq. cm. | per sq. cm. 
(132 Ib. (143.1 Ib. (133.5 lb. | (142.2 Ih. (135.2 Ib. (i3ulb | 
| persq. in.) per sq. in.) | per sq. in.) | persq. in.)|! per sq.in.) | per sq. in.) 
Vacuum-mercurial gauge ..| 666.4mm. 665.3mm. | 674.1mm. 639.7 mm. | 703.3mm. | 709.5 mm. 
| (26.2¢in.)  (26.19in.) | (26.54in.) (25.17 in.) | (27.83in.) | (27.93 in.) 
Temperature at inlet valve .. ..|193.7 dg. ©. | 211.7 dg. ©. | 214.1 dg.C. 216.4 dg. C. 179.52 dg C.|178.22 dg. C. 
| (380 dg. F.) | (412 dg. F.) | (418 dg. F.) (420 dg. F.) | (3856 dg. F.) |(353 dg. F.) 
Temperature of saturated steam, corre- {| 178.8dg. O. 182.07 dg O. | 182.48 dg. C.'181.74 dg. C. 179.44 dg. C.|178.23 dg. C 
sponding to diagram pressure \| (354 dg. F.) (359.7 dg. F.)| (361 dg. F.) | (859 dg. F.) (356 dg. F.) | (353 dg. F.) 
Temperature of circulating water ..| 26 dey. C. |27.8 deg. C | 25.5 deg. C.|27.8 deg. OC. |16.8 deg. C. |16.5 deg. C. 


\(78.8 deg. F.)| (81 deg. F.) | (73 deg. F.) | (2 deg. F.) (62 deg. F.)|\(61.7 deg. F.) 
|" 43 deg. ©. | 46.8 deg. C. | 47.95 deg. C.|56.7 deg. C. 32deg. C. 31.2 deg. C. 


Temperature of condensed steam ; | 
(109.4 dg. F.)\(116. dg. F.)|(118.3 dg. F.)|(134 deg. F.) (89.6 deg. F.)| (88 deg. F.) 


: TF | O.382atm. | 0.179 atm. | 0.338 atm. | 0.932 atm. 0.130 atm. —0.008 atm. 

Pressure at low-pressure cylinder f) aie per | (2.51b. per | (4.81b. per |(13.2 Ib. per (1.81b. per (—0.11]b. p. 
poawrer sq. in.) sq. in.) sq. in.) |  &q. =) sa. a) a? ie.) 

: 3389.8 cals. 3442 cals. | 3607.2cals. (3772.1 cals. 3204 cals. 334.5 cals. 

Heat expended, reckoning heat of con- / (13 999 heat (13,423 heat|(14,0€8 heat |(14,711 heat (12,495 heat (13,004 heal 

_ — units) units) units) units) units) units) 

Theoretic consumption—Rankine cycle ... 4.08 kg. 3.88 kg. 3.78 kg. 4.05 kg. 3.70 kg. 3.70 kg. 
(8.86 Ib.) (8 53 Ib.) (8.31 Ib.) (8.91 Ib.) (3.14 1b.) (8.14 Ib. 


7 per cent,70 per cent. 


Actual efficiency of engine .. ., 74 per cent. 71 per cent. |66 per cent. 66.8 percent 72. 
| { 


ends, the supply, as stated, being always drawn| very satisfactory figures of the other trials, were 
through the jacket. A steam-trap is connected to the | due, in the opinion of Professor Hubert, not only to 
bottom of each valve-chest, thus preventing any pos- | the heating of the piston, but also to the other qualities 
sibility of water collecting at the dead end. | of the engine, which he enumerates as follow :— 

The cut-off can be varied by the governor between! 1, Small volume of clearance. 

0 and 60 per cent. of the stroke, the engine maintain-| 9, Small area of clearance; being 3.96, the piston 
ing a speed exceeding 120 revolutions per minute. A area at the rear, and 3.40 in front, for the high-pres- 
similar device is fitted to the low-pressure cylinder | sure cylinder, and 2.97 and 2.94 for the low-pressure 
when it is desired to regulate the cut-off by the| cylinder. : 

governor for both cylinders. The shape given the| “3. Complete steam-jacketing extended to the piston. 
cylinder-ends facilitates the ejection of the water | 4. Good design and perfect tightness of the steam 
that might happen to be inside the cylinder at the/ distribution gear ; absence of wire-drawing. 

cut-off. Further, the shape given the bottom part of| 5, Compounding without intermediate receiver, 
the valve-chest, which is completed by an automatic | which the large volume of the low-pressure cylinder 
blow-off cock, prevents the water condensed in the | jacket renders unnecessary. 

6. Comparatively high speed. 

7. High mechanical efficiency ; empty running only 
absorbed 23.78 horse-power, while the normal load for 
| which the engine was designed was 265 horse-power, 

ith the possibility of an extension to 400 horse-power. 


| Wi 
The principal | Professor Hubert adds that, given these results, the 
: 2 : is : | engine would beat all previous records by using even a 
Diameter of high-pressure piston 0.375 m. (14.76 in.) | slight superheat. 
» low-pressure piston 0.650 ,, (25.59 ,, ) | The above is an abstract of a paper read by Professor 
one hay ee - _ -» 0.750 ,, (29.525) | Hubert before the Liége Engineers’ Association, on 
It was tested on August 2, 6, and 7, October 30,and| May 7 last, and which will be given in the issue of 


One of the first engines of this type—surface-con- 


December 2, 1904, by Professor H. Hubert, and the| the Revue Universelle des Mines, de la Métallurgie, 





end of each cylinder, operated by eccentrics mounted 
on a side shaft driven by mitre-gearing from the crank- 


shaft. ‘The steam can enter the main valve from both | those of the first trial of October 30. These, and the, his lecture. 


results he obtained are given in Table II., above. 


| &c., for the present month. We have to thank Pro- 
As will be seen, the most favourable results were | fessor Hubert for the advance proofs he has sent us of 
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STEAM TRIALS OF H.M.S. ‘‘ FORESIGHT.” 


THE scout Foresight—the second of the vessels of 
this type, built by the Fairfield Shipbuilding and 
Engineering Company -—has concluded her official 
trials with most satisfactory results. This vessel is 
in all respects the same as the Forward, which com- 
pleted her trials in May last ; and as we then entered 
into details of the design of the ship and her machinery 
(see ENGINEERING, vol. lxxix., page 633), we need not 
refer further to this matter than to say that the length 
of the vessel between perpendiculars is 365 ft., and the 
bean 38 ft. 9in. The designed displacement is 2945 
tons when the vessel has a draught of 14 ft. 5in. The 
machinery is of the four-cylinder triple-expansion 
type, designed to develop 16,500 horse-power ; but, 
as will presently be shown, the Foresight, like her 
sister-ship the Forward, exceeded the required speed, 
the power being only 14,300 horse-power, while in the 
Forward it was 15,000 horse-power. The boilers are 
of the modified Thornycroft type, with 42,960 square 
feet of tube surface and 752.4 square feet of grate area. 

The first trial consisted in a coal consumption test 
of 98 hours’ duration at an economical cruising speed, 
and, as in the case of the Forward, 104 knots was found 
to be the most satisfactory rate. This speed, as is 
shown in Table I., was realised for 810 horse-power ; 
the rate of coal consumption being 2.5 1b., which is an 
improvement on the Forward. In that vessel the power 
was 29 indicated horse-power greater, and the coal con- 
sumption 0.16 lb. per unit higher. 


TaBLe I.—Results of 96-Hours’ Coal-Consumption Trial 
of H.M.S. ‘* Foresight,” June 24, 25, 26, and 27, 1905, 
at 10.552 Knots’ Speed. 


Draught :—Forward, 13 ft. 2} in.; aft, 14 ft. 104 in. 


| 


—_— o. Port. 
Mean steam in boilers .. - = .. 167]b. 167 Ib. 
“a at engines (high-pressure re- 
ceiver) ig “- on xe a 50 ,, 53 ,, 
Mean air-pressure in stokeholds nil nil 
», Cut-off in high-pressure cylinder 33 p.c. 33 p.c. 
.» vacuum .. ny 66 es 25 in. 23.8 in 
», revolutions per minute .. rhe 80 47 80.16 
High .. ... 15.751b. 17.4 Ib 
Mean pressure in cylinders — —ee * ” - ve 
, ” oe ” 
Low, aft | & + eee * ae 
High .. ..| 161 166 
Indicated horse-power_ .. — — = = 
Low, aft “3 7 59 
Total indicated horse-power 402 403 
G :oss total indicated horse-power 810 
Coal per indicated horse-power per hour .. 2.5 Ib. 


Water loss per 1000 indicated horse-power 

per 24hours.. on os es 
Indicated horse-power on mile 
Speed, mean of 24 runs on mile 
93 hours 


oe 3.56 tons 
829 
10.697 knots 
.552 ,, 


As a consequence of the reduced consumption the 
coal to be carried on the full-power trial was consider- 


ably less, so that the displacement was much below | 


that designed for. Loaded with coal to enable her to run 
at 104 knots for 1500 miles at the rate of coal consump- 
tion and the power mentioned, the vessel proceeded on 
June 30 on her full-power test, which was to consist 
of six runs over the measured mile at Skelmorlie, 
steaming for 64 hours afterwards, making 8 hours in 
all, at a guaranteed rate of 25 knots. This result was 
easily realised, the air pressure in the stokeholds 
throughout the trials being between 1 in. to 1} in., 
while the cut-off at the high-pressure engines was at 
60 per cent. of the stroke. As shown in Table IL, 
the engines worked at practically 211 revolutions, and 
averaged 14,330 indicated horse-power, the mean speed 
being 25.224 knots. 


Taste I1.—H.M.S. “‘ Foresight.” Six Runson Measured 
Mile at Full Speed, June 30, 1905. 


! 
Indicated Horse- 











Run. Revolutions. Speed. Power. 
knots 

1 206.7 25.175 13,723 

2 214.0 25.14 14,956 

3 211.2 25.46 14,732 

4 2112 25.035 14,770 

5 208.7 25.316 14,029 

6 207.5 24.76 13,772 
Mean 210.99 25.224 14,330 


This is slightly better than in the case of the For- 
ward, which for 15,000 horse-power gave 25.286 
knots. The difference, however, is probably accounted 
for by the less amount of coal required to be carried 
in the bunkers, so that when the bunkers are carry- 
ing their full load the vessel will casily exceed 
her speed, while giving a much greater radius of 
action. In Table III. the result of the engine’s per- 
formance, not only on the six runs over the measured 


TABLE III.—-Results of Full-Power Eight-Hours’ Trial of 
H.M.S. ** Foresight,” June 30, 1905. 





Mean of Subse- 
quent 6} Hours 
of Trial. 


} Mean of Six 

} | Runs on 
Measured Mile. 
| | | 
| Port. | Star- 











Star- 
board. board. Port. 
Mean steam in boilers. . --| 2451b.  2451b. | 245 1b. , 245 Ib. 
~ » at engines (high-| 
pressure receiver) .. . 1280.5,, 229,, |2828,, | 232 ,, 
Mean air-pressure in stoke-| 
holds .. is ° oo) Oh lin. l4in. | 14in 
Mean cut-off in high-pressure 
cylinder Pe we +» G0p.c. | 60p.c. | 60 pc. 60 p.c. 
Mean vacuum .. - .. 25in, | 25in. | Win. 24.7 in 
» revolutions per minute 210.1 | 2096 21 210 
High .. -. 107.6 Ib. | 110 1b. |107.4 1b. 110 Ib. 
Mean pressure } Intermediate 33.4 ,, | 33.4,, | 32.6,, 32.5 ,, 
in cylinders Low, forward 14.4 ,, 14.0,, | 1438,, | 145 ,, 
Low, aft 14.3 ,, | 14.6,, | 145,, | 15.0 ,, 
High .. --| 26738 | 2734 27381 
Indicated Intermediate, 2131 | 2129 2114 
horse-power } Low, forward, 1175 1136 1167 1169 
Low, aft 1161 1191 1179 1210 
Total indicated horse-power| 7140 | 7190 7129 | 7179 
—_— — > Gay 2 
Gross total indicated horse-| 
power os ‘e as 14,330 14,308 
Total loss of water for all 
8 hours.. 5.17 tons 


Water loss per 1000 indicated| 
_ horse-power per 24 hours ..| 1.08 ,, 
Spee we et 25.224 knots 25.123 knots 





Throughout the whole six hours the vessel steamed 
very easily, while the loss of water was only about 
1 ton per 1000 horse-power per 24 hours, as compared 
with 2.71 tons in the case of the Forward. 








PHYSICAL SOCIETY OF LONDON. 

At the meeting of the Physical Society of London, held 
June 30, Dr. R. T. Glazebrook, F.R.S., Past-President, 
in the chair, a paper on ‘‘ The Comparison of Electric 
Fields by Means of an Oscillating Electric Needle” was 
read by Mr. D. Owen. This paper describes experiments 
which show how an ‘‘electric needle” may used to 
measure electric fields in a manner similar to that in which 
a magnetic field is measured by an oscillating magnetic 
needle. The needles used were cylindrical in form, of 
aluminium or of brass, and were suspended by quartz 
fibres 3 in. or 4 in. in length. The couple on the needle 
when disturbed from the direction of the field is propor- 
tional to the square of the field strength. For small dis- 
placements the needle vibrates isochronously, the fre- 
quency being proportional to the electric force. It may 
be used in alternating as well as in steady fields, and may 
be applied toillustrate many of the laws of electrostatics. 
The disturbing effect of the needle upon the field is con- 
sidered ; in particular its effect when placed ina yniform 
field. It is shown by experiments that the disturbing 
effect falls off rapidly with the distance from the needle, 
and is inappreciable (in the case of a needle 14 centi- 
metres long) at a distance of twice the length of the 
needle. With regard to the effect of the dimensions of 
the needle upon the frequency (for given field), while 
the restoring couple decreases rapidly with decrease 
of size, yet the moment of inertia decreases more 
|rapidly, so that the smaller the needle the greater 
the frequency and also the smaller the disturbing effect. 
The shielding effect of some dielectric materials was ex- 
amined in the following way :—A needle was suspended 
centrally in the uniform field between a pair of parallel 
plates. A thin-walled cylinder of the dielectric was placed 
around the needle, and the shielding action denoted by a 
fall in frequencey of theneedle. Glass and mica were 
found to effect perfect shielding. Ordinary paper shields ; 
but when thoroughly dried by heat, the electric field is 
transmitted undiminished, my to fall off to zero after a 
minute or two’s exposure to the air. Dry paver soaked 
in melted paraffin-wax transmits the field perfectly, and 
for an indefinite time. The paper concludes by pointing 
out that an electric needle suspended between a pair of 
parallel plates forms a simple means of measuring high 
voltages, since the frequency of vibration is simply pro- 
portional to the voltage between the plates. 

Professor R. W. Wood read a paper on ‘‘ The Magneto- 
Optics of Sodium Vapour and the Rotatory Dispersion 
Formula.” It has been shown in a previous paper that 
the vapour of metallic sodium is an ideal substance for 
| investigating the effect of a strong absorption band on the 
| magnetic rotation of the plane of polarisation. The pre- 
liminary work was not very satisfactory, as the method 
employed did not admit of very accurate determinations 
of the wave-lengths. Improvements in the methods of 
observation and design of the apparatus have been accom- 

nied by an increase in accuracy, and accurate readings 
cave been obtained for as many as nine different values of 
|X between D, and Do. Rotations as t as 1440 deg. 
| (four complete revolutions) have actually been observed, 
| and this with a 10-centimetre column of not very dense 
| vapour in a field of 2000 C.G.S. units. In the present 
| paper the magneto-optics of the vapour for light travelling 
along the lines of force are discussed. The sodium was 
heated in a tube of thin steel, the ends of which pro- 
jected from the helices of the magnet. It was found 
that the field strength within the steel tube did not 
| ditfer greatly from that obtained when glass tubes were 
used. A short piece of small brass tubing is bra 
into one end of the steel tube, through which the steel 
tube is exhausted. A good vacuum is eseential, all traces 





| 


mile, but on the subsequent 6}-hours’ trial, are set out, | of rotation disappearing in hydrogen or nitrogen at atmo- 





spheric pressure. Light from an arc-lamp made parallel 
by a lens is ed through a Nicol’s prism, the steel tube, 
and a second Nicol, after which it is brought to a focus 
upon the slit of a spectroscope by means of a second lens. 
In the present case a concave grating of 14 ft. radius was 
used instead of a spectroscope, the observations being 
made both visually and by means of photography. The 
paper then describes the phenomena which are presented 
when the sodium vapour is formed in the magnetic field. 
In the case of very dense vapours the rotation has been 
measured over a considerable range of wave-lengths— 
namely, throughout the region comprised between \ = 5840 
and A=5922. The rotation constant of D. was found to 
be about double that of D,. Drude, in his ‘‘ Lehrbuch 
der Optik,” has given two formule for the magnetic 
rotatory dispersion, the first of which, developed from the 
ppg of molecular currents, calls for an anomalous 
effect on crossing the band, and does not apply to sodium 
vapour. The second, develo from the Hall effect hy- 
pothesis, predicts rotations of similar sign and equal mag- 
nitude for wave-lengths symmetrically situated in the 
spectrum, with respect to the centre of the absorption- 
band. Itseems likely that the molecular currents play 
some part, and that the formula built up on the hypo- 
thesis of the Hall effect is incomplete. However, the 
latter formula represents the rotation outside of the D 
lines with great accuracy, while between the lines it 
gives in some cases a curve which is elevated some- 
what above the experimental curve. The paper con- 
cludes with an account of the bright-line spectrum 
produced by magnetic rotation which presents itself 
when the Nicol’s prisms of the apparatus are crossed. 
The spectrum, which at first could only be seen with 
difficulty, was finally obtained of such brilliancy that it 
could be photographed with a 14-ft. concave grating. A 
good vacuum was found to be an essential condition, the 
presence of inert gases causing a faintness of the lines. 

Mr. A. Campbell asked if the apparatus could be used 
to measure magnetic fields. 

Professor R. W. Wood said there would be difficulty in 
determining the density of the vapour. It could be used, 
however, to determine the density of the vapour from a 
knowledge of the magnetic field. 

Professor R. W. Wood read a paper on “ The Fluores- 
cence of Sodium Vapour.” The fluorescence of sodium 
vapour has been investigated by allowing light of various 
wave-lengths to illuminate the vapour, and then studying 
the light emitted with a spectroscope. Approximately 
homogeneous light of any desired wave-length is obtained 
by means of a monochromatic illuminator. Some sodium 
is placed in a horizontal steel tube fitted with steel ends, 
in one of which is a circular aperture bored just above 
the centre. The tube is heated, and the vapour rises 
until it reaches the hole. The light from the mono- 
chromatic illuminator passes through the hole and falls 
upon the vapour. The fluorescent light is then observed 
by means of a spectroscope either visually or by photo- 
graphy. It is essential that the incident light should 
not traverse an appreciable amount of the vapour, or the 
fluorescent effects are masked by those of absorp- 
tion. The bright lines of the fluorescent spectrum 
are by no means the exact complement of the absorption 
spectrum. Very remarkable effects have been observed 
when the vapour is illuminated with a very narrow band 
of approximately homogeneous light, the lines in the 
fluorescent spectrum changing their position and appear- 
ing to dance about with the slightest change in the wave- 
length of the exciting light. The motion is, of course, 
only an illusion, lines disappearing and others reappear- 
ing, like the sparks of a spinthariscope. Stokes’s law is 
violated in a most flagrant manner, bright lines coming 
out on both sides of the excited region. The behaviour 
of the spectrum indicates that we are dealing with a 
number of groups of electrons, each group containing 
a large number of vibrators. The excitation of ene of 
these vibrators sets the whole group going, but does not 
start disturbances in the other groups, 








KIMBERLEY.—An overhead electric tramway from Kim. 
berley to Alexandersfontein has just m completed. 
The line extends from Victoria-crescent, in the centre of 
Kimberley, to the Alexandersfontein Hotel, a distance 
of 6? miles. Current is generated by the De Beers cen- 
tral power-station at Shaheuhere’s Viei. Trains run 
every hour. 





LocoMOTIVES IN THE Unitep States.—The orders 
received for locomotives in the United States in May 
comprised 363 engines, as compared with 125 in May, 1904, 
and 153 in May, 1903. Thea ate number of engines 
ordered in the five months ending May 31, this year, was 
3603, as compared with 674 in the corresponding period of 
1904, and 1609 in the corresponding period of 1903. 





Tue LATE Stk Jacosp WiLson.—Engineers in general, 
and makers of agricultural machinery in particular, will 
have heard with great regret of the death of Sir Jacob 
Wilson, formerly Agricultural Adviser to the Board of 
Agriculture, and for many years Hon. Director of the 
Royal Agricultural Society in its most flourishing days. 
This year, it will be remembered, he was again asked to 
undertake the direction of the Royal Show, in the hope 
that under his experienced management the record of mis- 
fortune at Park Royal might te broken and the meet- 
ing made a financial success. Unfortunately, this result 
was not attained, but the overwork and worry connected 
therewith is thought to be largely responsible for the 
short illness which has had so melancholy a termination. 
The deceased gentleman was in his seventieth year, and 
was created a K.C.V.O. in the last Birthday Honours 
list, a distinction which he has not been destined long to 





enjoy. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, June 27. 

A powNWarp tendency in the prices of iron and 
steel has finally set in, but it does not attract atten- 
tion, nor does it seem to be based upon conditions 
which threaten to alter the underlying facts. A few 
people who have iron to sell are anxious to turn it 
into money ; a few makers of southern foundry have 
made some sale at 50 cents a ton less than two weeks ago, 
in both western and eastern markets. Eastern Penn- 
sylvania furnaces have also shaded prices by 50 cents, in 
1000 ton lots. A sale of 1200 tons of Virginia foundry 
was made to New England buyers at a similar shading. 
These special irons do not fix the prices for the general 
brands. Steel irons are declining in the Mahoning 
and Shenango Valleys. Basic and Bessemer were 
offered a few days ago at 14.50 dols. The statement 
is made that stocks there have accumulated to the 
extent of 100,000 tons ; but if this statement is true, 
the market has not been correc ly informed for some 
time past. The buyers of basic and Bessemer are 
holding off, and the makers will find it difficult to 


make sales at this time, even at 14.50 dols., if the pre- | pressure for material for these purposes will probably | being deepened to 28 ft. 











Fic. 1. 


| ing to 15,000 tons for delivery in the Central West, , 
| some business in steel rails has been taken for 1906 
|delivery. The volume of this business is said to be | 
| 50,000 tons. It is stated that the company which has | 
taken this business is the Tennessee Coal and Iron 
Company. The order for 24,000 tons of structural | 
material, which was given some weeks ago, was signed | 
last week, and the order has been sent to the various | 
mills. The smaller individual requirements are heavy, 
because of the rush in building operations, such as | 
office buildings and warehouses. A contract was | 
placed for 3000 tons for the Claflin building in New | 
York, and an award of contracts will be made this | 
week for 2900 tons for the Engineers’ Club and 6000 
|tons for a building to be erected by the American 
Express Company. As much as 15,000 tons of material | 
will be required for the Plaza Hotel, and for the ex- 
tension of the Trinity Building. The Manhattan 
| Bridge orders, which have been before the public for | 
several weeks, will be finally placed early in July. 
Orders have also been recently placed for marine re- | 
quirements—for river steamers, tugs, and barges. The | 





May to September of next year, the immediate purpose 
of which is to show the resources of the northern pro- 
vinces as regards textile fabrics, and the progress made 
in the mechanical appliances for their manufacture. The 
general agent for Great Britain is Mr. E. Thiroux, 
3, Tudor-street, Ludgate-circus, E.C. 


AvucKLanp (N.Z.).—Certain harbour improvements at 
Auckland (N.Z.), authorised by the New Zealand Parlia- 
ment, are to be considerably varied. The object is to 
construct the whole of a proposed railway wharf, instead 
of only a portion of it, and at the same time to keep the 
expenditure within the 400,000/. authorised to be ex- 
pended. The 400,000/. is to be allocated as follows :— 

ilway wharf, 153,000. ; rock excavation, 8000/. ; west 
reclamation works, 55,000/. ; ferry, jetty, and offices, &c., 
14,000/.; Queen-street Wharf (portion only), 73,0007. ; 
cranes, mains, and capstans (Queen - street Wharf), 
12,000/.; breast-work, front of Seagar’s and west of 
Hobson-street Wharf, 4500/. ; suction dredger, 10,000/. ; 
Northern Jetty, 33,000/.; Calliope Dock, 35,0002. ; and 
contingencies, 2500/. 


THe MancuesteR Sure Canat.—The canal is now 
A new (No. 9) dock has been 


sent production is as much in excess of the market | lead to some importation from abroad, not because the | constructed on a portion of the site formerly occupied by 
requirements as the accumulation of 100,000 tons in| material cannot be had at home, but because nearly | the Manchester racecourse, which was acquired by the 


so short a time would indicate. 
weak in tone for the time being, finished material is 
strong, and there is pending to-day a great deal of 
business which will probably be closed before Satur- 
day. In fact, requirements for structural material 
are so urgent that there is talk of importing some for 
emergency requirements. Several small contracts for 
steel rails in 2000 and 3000-ton lots have been placed. In 
addition to one large order for 15,000 tons for delivery 
in New York, with inquiries for additional lots amount- 


|for early delivery. There is just at present a good | 
| demand for soft steel bars, and the mills are crowded 
with urgent buyers, who wish to have their orders 
delivered in the rotation in which they were placed. 








Tue Tourcotne (France) Exuipition.—It is pro-| 
poe to hold an International Exhibition of the Textile 
ndustries at Tourcoing, in the North of France, from 


While crude iron is | all the structural mills have sold up their capacity | Manchester Ship Canal Company in 1902. The dock is 


2700 ft. long on the centre line, and 250 ft. wide; the 
length of quay-walls is 5445 ft. The depth of water is 
28 ft., and the area of water in the dock 15.5 acres. Five 
transit sheds have been built on the southern side ; the 
total length of the sheds is 2150 ft., and each shed is 
110 ft. in width. A grain-elevator, the capacity of which 
will be 40,000 tons, and other appliances are in course of 
erection. This new dock was opened officially by their 
Majesties King Edward VII. and Queen Alexandra 
yesterday. 
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On the present and opposite pages we illustrate a 
plant of turning and boring-mills erected for the British 
Thomson-Houston Company, of Rugby, by Messrs. 
Smith and Coventry, Limited, of Manchester. The 
machines are for dealing with work varying from 6 ft. 
to 16 ft. in diameter, an consist of three 6-ft. machines, 
one 10-ft. machine, one 12-ft. machine, one 14-ft. 
machine, and one 16-ft. machine ; the smaller machines 
are shown in Fig. 1, and the larger ones in Fig. 2, 
though in these views only six of the machines can be 
seen. They are all built for using high-speed steel, and 
are electrically driven. In the 6-ft. and 10-ft. machines 
the motors are carried at the top of the uprights, but in 
the larger machines, on the base-plate which carries 
the driving-gearing at the side of the machine. Sepa- 
_ motors are used for raising and lowering the cross- 
sudes, 

The larger machines have also double, triple, and 
quadruple gearing, which is connected through a 
triction-clutch to the main driving-shaft. This friction- 
clutch is used so that when starting the machine the 
full load is not thrown on to the motor instantaneously. 
The changes of gearing are effected by sliding claw- 
clutches moved by levers. By means of a variable- 
speed motor and the quadruple gearing, correct speeds 
for turning diameters ranging from 26 in. to 192 in., at 
50 ft. per minute, can be obtained on the 16-ft. machine, 


and slower speeds for boring. A suitable ms is pro- | 


vided for each of the other machines. The feeds are 
all positive, and can be changed instantaneously. In 
these machines all the gearing is cut from the solid, 








Fic. 2. 


all speeds. 
As an illustration of the work done on these machines 


state that when using a high-speed tool in one head | 
on their turbine bucket wheels of cast steel, weighing | 
32 cwt. each, their common practice is to take a cut | 
4 in. deep, with #y-in. traverse, at a cutting speed of | 
54 ft. per minute. 

The electrical equipment of the 16-ft. mill consists | 
of a British Thomson-Houston standard partially- 
enclosed variable-speed D.B. 10 motor, having an out- 
put of 25 horse-power at 500 volts, at a speed of 
630 revolutions per minute. 

The motor-starting panel is equipped with a 3-pole 
knife-switch having a circuit-breaker of the well-known 
standard British Thomson-Houston M.Q. type. The 
machine is operated by means of a controller, in series 
with the armature, having five points forward, and a 
reverse, in series with the resistance made up of four 
P.R. type resistance boxes. The speed variation to be 
pra di by means of this controller ranges from 
15 per cent. to 20 per cent., while the machine can be 
run light at 5, 1.7, 0.54 revolutions per minute. A 
similar equipment is installed with the 14-ft. mill. On 
the 12-ft., in place of the controller, a field rheostat is 
used, and, consequently, there is an addition of a| 
| motor-starting rheostat on the panel. 
| The power is at present derived from a direct-current 
| 500-volt two-wire system, but this is shortly to be con- 
| verted toa three-wire system, giving two voltages—i.c., 








LIMITED, ENGINEERS, 


and perfect smoothness of running thereby obtained at | 


the British Thomson-Houston Company, Limited, | 


MANCHESTER. 





500 and 250 volts, with which the motors can be 
operated at will, consequently doubling the number of 
speeds available. 

The jobs done on these machines vary from 500 kilo- 
watt generator frames, weighing 10 tons, down to 
light segmental bronze castings of large radius. 








Mrintnc Macuinery.—The external demand for British 
machinery has been fairly good this year, although it has 
shown less activity than might perhaps have been antici- 
pated. The value of the exports in June was 57,939/., as 


|compared with 58,827/. in June, 1904, and 70,081/. in 


June, 1903. In the half year ending June 30 the ship- 
ments came out at 417,914/., as compa with 439,333/. in 
the corresponding period of 1904, and 359,999/. in the 
corresponding period of 1903. The South African demand 
for British mining machinery has been distinctly dis- 
appointing this year. The eral colonial demand has 
moved on as follows during the first halves of the last 
three years :— 





Colonial Group. 1905. 1904. 1903. 
£ £ £ 
British South Africa 127,314 210,935 160,836 
British India oe oe 19,365 34,982 30,441 
Australasia .. 57,763 28,529 40, 


The value of the mining machinery exported from the 
United Kingdom to South America in the first half of 
this year was 18,042/., as compared with 20,769/. in the 
first half of 1904, and 10,482/. in the first half of 1903. The 
shipments made to the United States were very small. 
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INDUSTRIAL NOTES. 


Tue sixth annual report of the General Federation 
of Trade Unions fully justifies the existence of that 
body. It was feared when it started that it would 
become an aggressive body, and that labour disputes 
and strikes would be on the increase; the contrary 
has been the case. It is not pretended that the Fede- 
ration deserves all the credit for the comparative 
absence of labour disputes, but the facts show 
that it has not fostered them. The total income 
last year was 29,282/. 5s.; the expenditure was 
8508/. 12s. 6d.; leaving a balance to the good of 
20,7731. 12s. 6d. This amount, added to the balance 
in hand on March 31, 1904, makes the reserve fund 
at date—March 31, 1905—119,656/. 13s. lld. The 
contributions per member were reduced in the first 
quarter of this year—the fourth quarter of the report ; 
and yet the balance in hand is steadily accumulating. 
“The absence of strikes accounts for this. But it 
is also pointed out that the excellent investments 
of the Federation enable it, from interest and divi- 
dends alone, to pay its way as regards manage- 
ment expenses, rent, staff, and other general ex- 
penditure. The total amount received as interest 
and dividends last year was 3545/. lls. 1ld., equal 
to nearly one-half of the aggregate expenditure. 
Less than 3d. per member per year was required 
to meet the total expenditure. It is notified that 
the Federation has transferred its banking account 
to the Co-operative Wholesale Bank, and it is stated 
that the transfer has been in every way beneficial. 
The membership of the Federation continues to 
increase ; eight new unions have federated durin 
the year, the total number of unions now affiliate 
being 92. The aggregate membership is stated to be 
400,250. There are some powerful unions outside of 
the Federation, but the tendency is rather for new 
unions to join than for the old unions to break away. 
The desire of the council obviously is to attract the 
societies that are still non-affiliated. The reduction 
of contributions tends in this direction. So long as it 
maintains its position as a peaceful agent, employers 
will not object to its action. But in all cases the 
union, whose members are on strike, is responsible 
for the dispute, not the body which helps to finance 
the strike. 

The report glances retrospectively over the six years 
that have elapsed since the Seduction was constituted, 
referring to ‘‘ the phases, crises, attacks upon, and 
appreciations of, trade-unionism during that period.” 
It * been a critical time, and the Federation has not 
been able to avert the blows to the unions, which have 
come thick and fast upon them. What is called in 
the report ‘‘Penrhynism” was not averted, and it 
succeeded in beating the quarrymen in North Wales. 
‘Taff Valeism” was also successful, not only in that 
particular case, but in several serious succeeding ones, 
and no Bill has yet been carried to amend the law. 
The report scoffs at the Tariff Reformers who assert 
that trade-unionists are protectionists ; it alleges that 
they are certainly not, in the sense attributed to 
them; but admits that they seek to protect labour 
and the workers. On the question of unemployment 
the Federation only deals with the economic side of 
it, leaving the political side to the Labotr’ Represen- 
tation Committee, and to the Parliamentary Com- 
mittee of the Trades Union Congress. But the 
Federation suggests the formation of a National 
Labour Advisory Board, to consist of three members 
of each of the three organisations named, to confer 
together on the subject. The Federation has re- 
pos a not to take any further part in the Inter- 
national Socialist Congresses, on the ground that it is 
not within the province of the Federation ; but it con- 
tinues its representation at the International Trades 
Union Congresses. The report gives an excellent 
portrait of the ex-Mayor of Cardiff in his robes of 
office, he being one of the local organisers of the 
annual meeting and conference held in Cardiff last 
week—on July 6 and 7. The Mayor of Cardiff wel- 
comed and entertained the delegates. 





The July number of the Amalgamated Engineers’ 
Journal shows further improvement in the state of 
trade; the total number of unemployed has fallen 
from 6500 in January to nearly 4500 at July 1—a 
decrease of about 2000, and che trend is toa lower 
level. Still the figures are high, though not so high 
as in 1904. As compared with the same month in 
1903, the curve-line registers about 1000 more. It is 
reported that Messrs. Hornsby, of Grantham, have 
given an advance in wages, the rate now being for 
engineers 35s. per week. The result of the voting on 
the Clyde is that the men are in favour of weekly 
payments by 2691 votes, against 117 for the continu- 
ance of the present system of fortnightly pay. The 
overtime question is now before the body of the mem- 
bers, but there is by no means uniformity of opinion 
on the subject. ne of the members writing on 
this topic says:—‘‘The abolition of overtime, in- 
creased wages, or any other minor reforms will 
not solve the unemployed problem, or any of the 








many social problems now demanding solution.” The 
letter ends thus :—‘‘ Trade-unionism conducted on the 
lines it has hitherto been is absolutely useless, and 
only serves to perpetuate the ignorance and attendant 
miseries with which we are now surrounded.” Strange 
letter from a trade-unionist in the journal of the 

reat pioneer society. The writer believes only in 

arliamentary action, and, singularly enough, he 
believes that such action is possible only by trade- 
unionism. The unemployed question, and the annual 
ie ge of co-operators, occupy the foremost position 
in the editorials. On the former subject the writer 
thinks it possible to so amend the Unemployed Bill as 
to make it useful to the working classes. The co- 
operative movement is culogised as far as it goes, but 
it is thought that it might go further, and work in 
other directions. There are useful articles on ‘‘ Labour 
in vy, aml ‘* International Trade,” the ‘‘ Work- 
men’s Compensation Act,” and a further instalment of 
brief biographies of the Labour candidates at the next 
General Election. 





The report of the Iron-Founders states that the 
rate of improvement in trade reported in the last 
number is not maintained ; still, there is further im- 
provement. The number on donation benefit is de- 
creased by 55, but there is an increase of 33 on the 
sick list. There is a decrease of 15 of other unem- 
ployed members, and of 20 on dispute benefit. The 
net decrease is 62 on the various benefits. There 
was a further decrease of funds to the extent of 
6371. 15s. 1d., but there were extra payments in the 
month. It is notified that shops are closed to the 
members in 17 towns, and the report states that there 
must be others not notified in the list. The total 
number on the various benefits was 3066 ; last month, 
3128. Of these, only three were on dispute benefit. 
On donation benefit there were 1220; on sick benefit, 
472; on superannuation benefit, 1218; other unem- 
ployed, 153. There was a decrease under each head 
except the sick list. The total cost of all benefits 
was at the rate of 978/. 3s. 6d. per week, or nearly 
ls. ld. per member per week. The total cash balance 
in hand was 84,194/. 12s. 2d.; at the same date a year 
ago it was 97,9417. ls. The table of the state of trade 
shows up better than the figures quoted seem to in- 
dicate. There was an increase of two places in which 
trade was very good, and of six where it was good ; 
in two it was improving. It was declared to be bad 
in 23 places last month ; in this month only 13 so re- 
ported ; there was also a decrease from 13 to 11 in the 
places where trade was reported as very bad. This 
would seem to indicate that the outlook is better than 
a mere statement of the facts indicates. There is 
a strike at Gateshead against non-union men being 
employed by one firm. It had been a ‘‘ mixed” shop, 
in which union and non-union men worked together ; 
but the union men thought that they would force the 
firm to employ only union men. The strike is now 
in its ninth week, but the firm shows no sign of 
giving way. A special appeal is made to the branches 
to give extra help to the men on strike, who think it 
possible to win. 





The Ironworkers’ Journal for July contains a report 
of a sub-council meeting at which two cases of 
great importance were discussed. In both there 
was a demand for a reduction in wages on practically 
the same pleas—namely, that the wages paid did not 
leave a sufficient margin of profit to enable the firms 
in question to compete effectually with other firms 
in the same branch of trade. In one case an English 
firm complained that they could not compete with 
Scottish firms in the same branch, in another that 
German competition beat them in the market. 
The officials of the men’s association expressed their 
willingness to investigate any case of higher rates 
in comparison with the rates of wages paid else- 
where for the same work; it was decided that 
the men could not consent to accept a reduction 
in wages to enable the firms in question to accept 
orders below the current rates ; for if they did, other 
employers would put forward similar pleas, and hence 
wages would be reduced all round. The men affected 
were ordered to be supported out of the funds of the 
association. It appears that the firm alluded to are 
not members of the Conciliation Board, or the matters 
would have been dealt with in the ordinary way by 
the Standing Committee of the board. A list is given 
of a group of twenty-two large firms or concerns in 
which the margin of net profits, dividends and amounts 
carried ferenel are given; in only seven was there any 
reduction in the rates on ordinary capital, while in 
three cases the dividend was larger in 1904 than in 
1903. It is indicated that the results of trading 
have not been so disastrous as many seem to imagine, 
and the outlook is far more favourable than it was in 
the early part of this year. 





The report of the National Union of Boot and Shoe 
Operatives says ;—‘‘ We are pleased to be able to say 
that trade during the past month showed a decided 








improvement.” This is very satisfactory, for this 
particular industry has had a long spell of bad trade 
and lack of employment in most centres. It is also 
most satisfactory to find that labour disputes in the 
month were ‘‘conspicuous by their absence.” The 
dispute in the Army boot district of Northamptonshire 
has been settled. It is stated that the dispute lasted 
thirteen weeks, and cost the union 2064/. 7s. 7d., 
besides contributions voluntarily subscribed by the 
branches. It is thought that the arrangement made 
will form the basis of future rates, and that labour 
troubles will not again occur over the War Office con- 
tracts. The report adds:—‘‘ They (the operatives) 
have at last placed the Government boot work on 
somethirg like a fair and equitable basis.” Mr. 
Councillor Gribble, who acted as strike-manager and 
organised the march to London, had an offer to 
become manager to a co-operative boot factory, and 
has accepted. 





The Durham Miners’ Association's Monthly Circudur 
deals exhaustively with the coal tax, the debate in 
Parliament thereupon, and its effects upon the in- 
dustry and the wages of the miners. It is wholly 
condemnatory of the tax. The Compensation Com- 
mittee had to deal with thirty accident cases in the 
month, nine having fatal results. Most of the ques- 
tions were settled. Others were referred back for 
information and consideration. Mr. Burt’s pamphlet 
on ‘‘ Chinese Labour in the Transvaal” is reviewed and 
commended. 





The Postmaster-General, Lord Stanley, administered 
a most severe rebuke to the postal employés during 
the debate in the House of Commons on the Post Office 
Vote in the Civil Service Estimates last week. He 
accused the organised workers of the several depart- 
ments of being ‘‘ blackmailers” and ‘‘ blood-suckers.” 
The accusation is not likely to allay the agitation for 
increased pay and better conditions. On the con- 
trary, the terms of denunciation are likely to produce 
more friction and irritation. Other parts of his 
speech were not only pertinent, but valuable, inasmuch 
as the comparisons made would seem to indicate that 
the postal employés, as compared with other Civil 
servants, are not so badly off as the workers allege. 
But only an exhaustive analysis could settle this point. 
That the Federation of Postal Employés, and other 
organised bodies on their behalf, have been incessant 
in their agitation, and not always well advised as to 
methods and means, must be admitted. The claim put 
torward by some of the leaders to the effect that the 
surplus earnings of the Post Office, to the extent of 
4,000,000/., should go to the employés and staff is 
simply preposterous. The Post Office is the centre of 
the greatest activity in connection with commerce and 
trade, and of all the social relations of our every-day 
life. But the servants may not, therefore, dictate to 
the Government and to the country what terms they 
like. They are not the only branch of the public 
service which seek to influence the House of Com- 
mons on matters of salary, conditions of employment, 
promotion, &c. 





The ‘‘ great demonstration” in Hyde Park upun 
the Unemployed Bill, and generally the unemployed 

uestion, tak place on Sunday last, the 9th instant. 

here were ten platforms in the park, formed like a 
crescent, stretching from the Marble Arch end towards 
Hyde Park Corner. The preliminary procession started 
from the Thames Embankment. One feature in the 
procession was the contingent of about 2000 men, verit- 
able unemployed workers, every care being taken to 
exclude loafers. The resolution was of such a character 
that, while approving of the Government Bill, it laid 
down details of such a character as to render it im- 
possible for the Bill with those principles embodied to 
pass the House of Commons. The demonstration, 
therefore, may be said to have helped to kill the 
measure which it approved. 


In view of the quarterly meetings taking place this 
week, the iron and steel trades were dull, without the 
least animation. Yet in finished iron there was a 
steady business, both in the Midlands and in the Lan- 
cashire districts, but buyers did not go beyond present 
requirements. It is evident that the long-looked-for 
spurt has not yet taken place, though the iron and 
steel and other metal-using industries have improved. 
It is hoped that the mre | of the quarterly meetings 
will be generally advantageous both to employers and 
to workmen. 





The action of the unionist miners in South Wales in 
striking against non-union men had a curious ending 
in the case of the 1300 men who came out at the 
Brollia mines, Aberdare. After a few days the union 
men notified the management that they were prepared 
to resume work, as the non-unionists had joined the 
union. They were then informed that the pits would 
not be restarted, and that no date could be given 
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when work would be resumed. This was a surprise ; 
the strike has eventuated in a lock-out. 

In another case in South Wales where the union 
men refused to go down the pit with non-union men, 
the management summoned the whole batch for breach 
of contract in not giving the proper notice. The court 
fined each man 5s. as damages instead of 6s., as asked 
by the company. Surely Welshmen ought by this time 
to know that breach of contract is not only illegal, 
but is costly to the men and to their union. 


The Liverpool dockers’ strike was varied in its 
incidents last week. A batch of free labourers im- 
ported from Glasgow after a brief experience ceased 
work, and demanded their pay. Then, upon refusal, 
they gave the 24 hours’ notice as stipulated by the 
agreement. Pay was again withheld on the ground 
they had broken their contract. The men thereupon 
became threatening, and their leaders were expelled 
from the docks by the police. There was, it seems, a 
riot, and a large body of constables were called in to 
quell it. 





The wages dispute in the Lancashire cotton trade 
appears to have been settled, and a threatened strike 
averted. In some districts the employers, it is alleged, 
tried to postpone the advance, or a portion of it, from 
July to September, but it seems that the attitude of 
the operatives was such that a settlement was effected. 

The strike of textile workers in Denmark is confined 
to the mills owned by the Manufacturers’ Association, 
about 400 being out. At all the other mills work con- 
tinues as usual. - 


A conference has been arranged between the cab- 
proprietors and the Cabmen’s Union as to the renewal 
of the agreement of a year ago. The masters declare 
that it is impossible to go on under existing conditions. 
The subjects for consideration are (1) rates and dates ; 
(2) extension of radius ; (3) cheaper fares; and (4) use 
of taxameters. It is now the time for London cabmen 
to negotiate terms. Motor-cars and motor-cabs have 
come to stay, and the older conditions of London cab- 
life are doomed. It is, indeed, time. The profits are 
not large, the pay to the men is low, and the perpetual 
difficulty about fares is disastrous toall. The crawlers 
are a nuisance to drivers of all other vehicles, and even 
more so to foot passengers, who hate to see a string of 
empty cabs that will not take a short sixpenny fare. 








Tue Heattu Resorts DevELOPMENT AssOcIATION.— 
This Association, whose offices are at 2, Gray’s Inn- 
road, ‘E.C., have sent us specimen copies of four illus- 
trated pamphlets they have published, on Rhyl, Malvern, 
Bexhill and Southend. A copy of any of the pamphlets 
will be sent free on application by post-card to the town 
clerk of the respective boroughs. 

Matcoim Istanp.—Work is to be commenced at once 
on the construction of a lighthouse on Malcolm Island, 
British Columbia, similar to another on Discovery Island. 
The new lighthouse is one which mariners have long been 
anxious to secure. It will be of the No. 6 order, and will 
be a valuable aid to seamen coming into the waters 
between Vancouver Island and the mainland, with the 
intervening archipelago from Queen Charlotte Sound, and 
also to north-tound mariners, who will make out the light 
as they approach Alert Bay. 

Rattway Coat-Mininc.—The Madrid, Saragossa, and 
Alicante Railway Company work the Réunion and 
Guadalquiver coal-mines. These mines produced, in 1904, 
156,100 tons of coal, increased to 173,352 tons by the stock 
brought forward from 1903. The 173,352 tons were dealt 
with as follows:—Burnt by the company’s locomotives, 
95,120 tons ; devoted to the production of agglomerates, 
47,182 tons; used by the machinery of the mines, 22,337 
tons ; sold to the public, 7349 tons; stock in hand at the 
close of 1904, 1364 tons. 

Tur New Tyne Bripce.—Sufficient progress has now 
been made with the new high-level bridge over the Tyne 
to induce expectations that it will be completed by 
January, 1907. The whole of the foundations are com- 
pleted. The three piers of granite in the river bed go 
down to a depth of 70 ft. below high water. Not only 
are the foundations completed, but the-south and centre 
piers have also been finished, while the remaining pier 
on the north side has been built up to some 30 ft. 
ibove high-water mark. All the north approaches are 
finished. Railway communication has been carried 
through the Forth Goods Station at the first-storey 
level by steel girders resting on brick piers, the piers 
being carried below the cellar foundations of the 
warehouse. Pottery-lane has had to be crossed where 
the railway emerges from the warehouse, and a straight 
viaduct of ten arches, each 24 ft. in width, carries it to 
the abutment of the first span of the bridge. On the 
south side wooden staging now connects the Gateshead 
abutment with the first river pier, and the work of putting 
together the girders is being carried on busily. When 
this span is bridged wooden staging will be erected 
between the south and centre piers, and the girders wil! 
be launched from Gateshead and ually built across 
to the north side. The weight of the steel girders, brac- 
ings, parapets, &c., used in the main spans will be about 
0000 tons. On the land span on the south side all the 

virders are finished. 











INDIAN RAILWAY PROPERTY. 


THE interest attached to Indian railway property 
continues to be principally centred in the Bombay, 
Baroda, and Central India and the Madras systems, 
which are approaching the end of their independent 
financial existence, as the Secretary of State for India 
in Council has for some time past had an eye 
upon them with a view to their absorption into 
the growing State network of British India. It 
is satisfactory to note that the Bombay, Baroda, 
and Central India Railway is closing its career 
in a cheery and satisfactory fashion, as the dividend 
upon its stock for 1904 will amount to 6/. 10s. per 
cent. per annum, as compared with 6/. 6s. per cent. 
per annum in 1903. The price at which the system is 
to be taken over has been, at any rate, provisionally 
fixed at 154/. 15s. 5d. per 100/. ordinary stock. The 
question which remains to be determined is how this 
154/. 153. 5d. per 100/. stock is to be paid, whether in 
cash or by the creation of an annuity for 48 years and 
four months, being the remainder of the term of 99 
years for which the company’s original contract was 
made. The entire capital expended by the Bombay, 
Baroda, and Central India Railway to the close of 
1904 was 10,956,903. The capital raised to the same 
date amounted to 10,905,191/., the difference of 51,712/. 
having been advanced by the Secretary of State. The 
capital expended during the past half-year upon way 
and works was 9936/.; upon rolling-stock and plant, 
2888/.; upon bridges, &c., 489/ ; and upon the Baroda 
and Godbra chord, 8636/7. The length of line owned 
by the Bombay, Baroda, and Central India Railway 
properly so called is 504 miles ; but the company works 
1817 miles for the Anglo-Indian Government, and 594 
miles for certain native States ; so that altogether it 
has 2915 miles of line under its control. Of this 
mileage, 828 miles are on a 5-ft. 6-in. gauge, 1954 
miles upon metre gauge, and the balance upon a 
2-ft. 6-in. gauge. The confusion of gauges indicated 
by these figures is, of course, very regrettable. It 
may be noted that the ratio of the working expenses 
to the traffic receipts declined in the second half of 
last year to 48.83 per cent., as compared with 55.87 
per cent. in the corresponding period of 1903. The 
number of locomotives upon the Bombay, Baroda, 
ard Central India Railway at the close of 1904 
was 204, of which forty were tank-engines, and 164 
tender engines. The number of vehicles in use in 
the coaching department at the same date was 506, 
while the number of goods vehicles was 5174. It 
may be interesting to note that the latter total 
was made up as follows :—Cylindrical oil-tanks, 15 ; 
iron covered goods wagons, 1404 ; wooden covered 
goods wagons, 1167; iron high-sided wagons, 1003; 
iron medium-sized wagons, 443 ; iron low-sided bogie- 
trucks, 105; iron low-sided ordinary trucks, 85; 
pilot wagons, 14; salt wagons, 150; powder-vans, 6 ; 
tools or stores vans, 7; iron six-wheel trucks, 101; 
wooden six-wheel truck, 1 ; wooden timber-trucks, 20 
travelling oil-tanks,5; travelling water-tanks, 21 ; 
travelling goods trucks, 8 ; accident cranes, 4; brake- 
vans, 134; ballast-wagons, 478; plough brakes for 
ballast trains, 2; and oil-delivery van, 1. 

The purchase of the Madras Railway by the 
Anglo-Indian Government is expected to take place 
in 1907. Meanwhile the traffic of the company con- 
tinues to increase satisfactorily, the gross revenue 
for 1904 having been 1,227,702/., while that for 
1903 was 1,131,497/. ; that for 1902, 1,070,853/. ; and 
that for 1901, 1,050,168/7. The main-line capital at 
the close of 1904 was 11,696,216/., and the net revenue 
for the year was 560,146/., showing a return of 
4l. 15s. 9d. percent. perannum. The steady improve- 
ment in the position of the company is shown in the 
fact that while this return was obtained in 1904, 
the corresponding return ten years previously was 
only 4/. ls. 4d. per cent. per annum, and twenty 
years previously only 2/. 6s. ld. per cent. per 
annum. Like the Bombay, Baroda, and Central 
India Railway, the Madras Railway has tacked a 
number of lines on to its original undertaking. The 
main-line comprises 844 miles, but the extent of 
the lines worked and controlled by the company at 
the close of 1904 was altogether 1490 miles, the prin- 
cipal addition aang a north-east line which forms the 
southern portion of the East Coast State system, and 
which comprises 494 miles. There are also gauge 
confusions upon the lines controlled by the Madras 
Railway, some of them being upon a metre gauge. 
The further expenditure on capital account in the 
second half of last year was 41,462/., this total being 
made up as follows :—Alterations and additions to 
stations and station yards, 23,636/.; working stock, 
2944/.; plant, 1163/.; loop-line connecting Washer- 
mapet with new station at Basin-road, 9938/. ; and 
minor items, 3781/. It is noticed that the develop- 
ment of passenger traffic upon the Madras Railway has 
been adversely affected by a recent outbreak of plague. 
The facilities now afforded for passenger traffic are 
considerably greater than in fofmer years, and long- 
distance passenger traffic has responded to some 
extent. But apart from the prohibition of fairs and 








other gatherings to which people naturally resort, the 
inconvenience caused by the requirements of passports 
and plague examination are such that few travel unless 
they are obliged. In some cases a passenger going to 
the next station has to take out a passport and report 
himself for ten days after his return, and the effect 
of this in discouraging short-distance travelling is 
very marked. The working expenses upon the main 
line of the Madras Railway have been increasing of 
late. Inu the second half of 1901 they amoun to 
266,677/.; in the second half of 1902 they rose to 
290,925/.; in the second half of 1903, to 341,210/.; and 
in the second half of 1904, to 345,372/7. In the second 
half of last year the outlay for maintenance was 
20,6202. more than in the corresponding period of 
1903. Heavier renewals accounted for the bulk of 
this increase. During the past half-year 34.29 miles 
of road were rencwed with new bull-headed steel 
rails, and 28.17 miles with second-hand steel and 
iron rails, as against 29.62 miles and 38.13 miles 
respectively in the corresponding period of 1903. 
The outlay in the locomotive department was some- 
what less, the management Covtan reverted to 
the old renewal programme of two engines per half- 
year, while in the corresponding period of 1903 four 
engines were renewed, and unusually heavy general 
repairs carried out. The outlay on capital account 
upon lines open for traffic stood at the close of 1904 at 
9,840,864/., to which should be added 1,561,687/. for 
working stock. In addition to these items an expen- 
diture of 540,411/. has been made upon the Calicut 
and Azikhal extension, and 17,786/. upon the Arcot 
and Ranipet branch. 

The expenditure made on capital account by the 
Indian Midland Railway to the close of 1904 was 
8,664,621/., of which 7,000,271/. was on lines open for 
traffic, and 1,664,350/. for working stock. The com- 
papy enjoys a guarantee of interest at the rate of 4 per 
cent. per annum from the Anglo-Indian Treasury, but 
it does not earn at present any surplus revenue. The 
ratio of the working expenses to the traffic receipts 
stood in 1904 at 49.93 per cent., as compared with 
49.36 per cent. in 1903. 








PATENTS OF 1904. 

Spectra interest centres about the annual report* of 
the Comptroller-General of the Patent Office, as it 
deals with the last work done under the old pro- 
cedure. . 

The excess of new cases over those expiring in 1904 
is slightly over 2000, this being the year’s increase in 
existing patents. Of the 29,000 (odd) applications 
which were made during the year, 15,000 were sealed, 
which gives a decrease of about 3 per cent. in com- 
parison with the year 1903. The total number of 
applications from abroad is practically unaltered, the 
figures for Germany, France, and the United States— 
the countries from which the bulk of the 10,000 foreign 
applications comes—having maintained the numbers 
to which they have kept fairly constant for the last 
four years. The applications under the International 
Convention have more than doubled in number, this 
increase being largely due to the recent accession of 
Germany to the Convention. It is of some interest to 
note that the figure for Russia has fallen by nearly 
50 per cent. 

As regards the actual subject-matter of the inven- 
tions, one is not surprised to note a very substantial 
increase in Class 110 (Rotary Engines, &c.), although 
the fact that turbines have increased during the 
year by more than 80 per cent. would not, perhaps, 
have been anticipated. Air and gas-engines have 
increased by nearly 30 per cent., affording yet another 
indication of the approach to the machine which will 
embody the turning moment of the turbine with the 
thermalefficiency of internal combustion. The electrical 
classes show, on the whole, a distinct decrease, dy- 
namos constituting the only exception to this. Electro- 
lysis, which has waned for some years, remains at last 
year’s figure; but in view of the attention recently 
paid to the Asiatic aluminium deposits, it would appear 
unsafe to prophecy in this connection. 

Mercury vapour lamps have increased, as have gas 
lamps and gas manufacture and purification. 

An analysis of the inventions of 1903 relating to 
motor-cycles and motor-cars shows 67 per cent. of 
these cases to be of British origin. Motor-cycles have 
increased by 36 per cent. Class 127 (Sugar) has fallen 
off by 40 per cent., and the chemical classes have also 
dropped, together with iron, steel, metals, and alloys. 

A new and interesting feature of the report is a dia- 
gram showing the progress during the last 50 years of 
inventions relating to locomotion on rails and roads. 
The advent of the pneumatic tyre and the tremendous 
cycle boom of 1896-7 are beers out with great clear- 
ness. 

In view of the new régime under the Patents Act 
of 1902, a word or two as to the financial side may 


* Twenty-Second rw of the Comptroller-General of 
Patents, Designs, and Trade Marks, with appendices, for 
the year 1904, 
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not be out of place. The surplus of receipts over 
expenditure in 1903 was, roughly, 125,000/. For 
1904 it was only 38,000/., the chief item causing the 
difference being an outlay of some 56,000J. for a site 
for the new offices to accommodate the increment of 
the staff. A further large sum has been expended in 
material for the search now made under the terms of 
the Act. The year’s salaries totalled 81,000/. 

The magnitude and complexity of classifying the 
matter protected during the prescribed period of fifty 
years may be estimated in some degree from the fact 
that the abridgment volumes alone for this period 
will, when completed, form a library of nearly 1200 
books. The search material in hand at present amounts 
to nearly 800,000 cards, on which are secured the 
specifications with the corresponding abridgments and 
drawings, these being subdivided into some 4500 files 
of varying magnitude. 








THE STRENGTH OF COLUMNS.* 


By Professor W. E. Litty, Member, of Trinity College, 
Dublin. 

Tue design of a column of a given length to carry a 
given load involves the determination of the area and 
radius of gyration of its cross-section, and thus indirectly 
of its thickness. The formule in general use do not 
take into consideration the ratio to be adopted between 
these quantities, it being left to the designer to assume 
empirically some values which seem most suitable under 
the circumstances. Considered from a theoretical point 
of view, there is for every column of given length and 
load a definite area and radius of gyrat'on for the most 
economical cross-section, and any } deere from these 
involves waste of material. For instance, take the case 
of a hollow mild-steel column of circular cross-section ; if 
the diameter is large and the thickness small, the column 
fails by wrinkling of the sides of the column or by secon- 
dary flexure ; if the diameter is small and the thickness 
great, it fails by primary flexure or bending ; hence there 
is some diameter and thickness which will give the most 
economical result. The experiments contained in this 
paper were carried out with a view of determining ex- 
perimentally the conditions under which failure takes 
place either by primary or secondary flexure, and to ob- 
tain indirectly some definite information as to the values 
of the areas and radii of gyration of the economic cross- 
sections, 

For this purpose it was decided to test a number of 
mild-steel tubes similar to those now so generally used in 
cycle construction, and of as nearly as possible a uniform 
quality throughout. A consignment of these was ob- 
tained, of which the following Table I. gives particu- 
lars of the diameters and gauges of the tubes that were 


tested :-— 
Tas_e I. 


External | 


Diameter. Thickness, Standard Wire Gane. 


in. 
4 
8 


The experiments were carried out in the Engineering 
Laboratory of Trinity Coll Dublin, on a 10-ton Wick- 
steed testing-machine of the vertical type. Unfortu- 
nately, owing to the small size of the machine, it was 
impossible to make the experiments as complete as the 
author could have wished ; it was decided for this reason 
to limit the investigation for the present to round-ended 
columns, with a view of, in the near future, continuing the 
ar nae on columns with fixed ends, when a machine 
of larger size will be available. 

The tubes were prepared for testing in the following 
manner :—The dimensions of the tube having been ascer- 
tained, measured lengths were cut off ; these were then 
trued up in the lathe to ensure straightness, the ends at 
the same time being faced off square: Hard-steel round- 
ended pins with square shoulders were fitted to the ends 
of the tubes, as shown in Fig. 1; they were then ready 
for testing. 

The mode of testing was to place the tube vertically in 
the testing-machine, the round ends bearing on steel 
discs, as shown in me 1, the surfaces being very slightly 
concave to enable the specimen to be easily adjusted. 
The test was then carried out in the usual manner and 
the load producing failure noted. 

The number of experiments catried out on various 
lengths of tubing exceeded 800 ; of these only a selection 
is given in Figs. 2 to 8 (page 63), which bear more directly 
on the investigation. 

he author considers that no useful purpose would be 
served by giving more of the results of these experiments 
in detail. As was to be expected, owing to the variations 
that occurred in the quality of the material, some dif- 
ference was shown in a few cases from the results as 
given, more especially on the short lengths tested. The 
results of these were averaged, giving a close approxima- 
tion to the curves of the tubes shown in Figs 2 to 10 


(page 63) 
he data given on the diagrams, Figs. 2 to 8, refer to 
the individual tubes tested. On the base line values of /, 


_“ Paper read before the Institution of Mechanical 
Engineers, June 21, 1905. 





the length, divided by p the radius of gyration are 
plotted, the breaking load for these values being plotted 
vertically. The numerical values of the diameter = d, 
standard wire gauge = g, area Of cross-section = A, radius 
of gyration = p, and the thickness = ¢ of the tube, are 
iven on each diagram respectively. The curves in 
Fig. 9 show the influence of the thickness in deter- 
mining the load which produces failure; they have 
been deduced from the curves shown in Figs. 2 to 8, 
the diameter and thickness of the tube being varied 
and the area of the cross-section kept constant, the 
uppermost curve of the series being for the limiting 
case when the tube becomes a solid bar. If, now, the 
curves in Fig. 9 be plotted with the base line representing 
length, and the breaking load for these values vertically, 
a series of curves is obtained, as shown in Fig. 10; from 
the inspection of these the influence of the diameter 
and thickness upon the length is very clearly shown, and 
from which it will seen that the economic ratio 
of the diameter and thickness for a given cross-section 
depends upon the length of the column. 
he breaking strength to tension of several specimens 
cut from the tubes under test was determined, giving 
results which varied from 62,000 lb. to 85,000 Ib. per 
square inch; the average of these tests was nearly 
72.000 lb. per square inch. 

The determination of thestrength to compression of the 
mild-steel tubing—that is, the strength of very short 
specimens—was a matter of some difficulty, owing to the 
bulging and upsetting of the specimens when thick, and 
to the wrinkling or doubling up of the specimens when 
thin ; the average of the breaking strengths to compres- 
sion was 80,000 lb. per square inch. This value has 
been adopted throughout in plotting the curves in 
Figs. 9 and 10. 

Experiments were also made for the determination of 
Young’s modulus of elasticity, giving an average value 


Fig. 1. TUBE READY FOR TESTING, FITTED WITH HARD STEEL. PIN 
ANDO BEARING ON STEEL DISC. 




















of 30,000,000 Ib. per square inch; this value has been 
ae throughout in plotting the curves in Figs. 9 
and 10. 

The following phenomena were observed during the 
carrying out of the tests. 

That for all columns there is a certain value of //p, 
beyond which the failure is sensibly due to elastic bend- 
ing, the load producing failure varying inversely as the 
square of the length. 

That as the value of p/t increased the value of J/p 
increased for the load producing failure by elastic bend- 
ing the curves in Fig. 9 show this. 

hen the failure of the column takes place by secon- 
dary flexure for a large range of the length, there is little 
variation in the breaking load. Hodgkinson in his ex- 
periments on wrought-iron columns has previously re- 
marked on this. 

As the load approached the breaking load, there was 
on the short lengths a decided yielding of the tube 
before failure. 

Before proceeding to the discussion of the results of 
the experiments as given on the diagrams, some of the 
formule in general use for the design of columns will be 
examined; of these, Eiiler’s and the Rankine-Gordon 
formulz are the most important. 


rEKI 
eo 


where P = the load on the column. 
E = Young’s modulus of elasticity. 
I = moment inertia of the cross-section. 
1 = length of column. 


This formula, derived by Eiiler from the theory of 
elasticity, is only applicable to columns which fail by 
elastic bending—that is, to long columns. For practical 
columns with the usual ratio of //p it fails to give the 
breaking load. As will be seen from the tests of the 
tubes in Figs. 2 to 8, it applies with a fair degree of 
accuracy to long columns, the influence of the ratio p/t 
causing but little variation in the strength. The experi- 
ments of Christiet on long columns lead to a similar con- 
clusion. 

Rankine-Gordon formula? 


Kiiler’s formula* P = 


* A proof of this formula. is given in Rankine’s 
° Applied Mechanics.” ; 
+ Proceedings, American Society of Civil Engineers, 


+ A proof of this formula is given in Rankine’s “ Civil 
Engineering.” 





fA 


l+e (- y 
p 
where f = about two-thirds the compressive strength of 


the material, for wrought-iron = 36,000 Ib. 
A = area of the cross-section. 


1 $ 
c= for columns with round ends, 


= for columns with fixed ends. 


P= 


i= length of column. ; 
p = radius of gyration of the cross-section. 


This formula gives approximately the breaking load 
for both short and long columns, the value of f and c 
being determined from experiments. For short columns 
the strength depends mostly on f, the strength of the 
material, the value of ¢ (//p)? being small, and for long 
columns the strength depends on elastic bending—that 
is, the term c (//p)? involving the modulus of elasticity. 

The formula takes no account of the ratio p/t, nor does 
it in any way point out the most economical values of 
lip to be used, the ratios adopted in practice being the 
result of experience. 

On the diagram (Fig. 9) the breaking load for the 
tubes calculated from Kiiler’s formula is shown, for 
values of //p > 120 for the solid bar to values of //p_ 
240 for the thinnest tubing the failure is sensibly elastic, 
and that the experiments are practically in accordance 
with the values as calculated. In all cases of long columns 
some elastic deflection was apparent before failure ; the 
columns were then in a state of equilibrium, and it was 
not till the deflections exceeded a certain amount that 
collapse took place. 

It has already been remarked that the curves shown 
in Fig. 9 were, for purposes of comparison, drawn so as to 
refer to tubes of constant cross-section. The manner of 
deducing these curves from the curves in Figs. 2 to8 
was as follows :—The Rankine-Gordon formula was used 
in the form 


by giving suitable values to f curves similar to those 
shown in Fig. 9 were obtained. From a critical exami- 
nation of these curves, it was evident that the value of 
f depended on the failure of the tube by secondary 
flexure. Now the experiments show that this secondary 
flexure does not depend on the length of the column, but 
only on the thickness and the radius of gyration. 

To determine by analysis from the mathematical 
theory of elasticity the variation of the strength in terms 
of these quantities is a complex problem which has not 
hitherto been solved. It was, therefore, attacked by an 
induction process from the experiments; from the in- 
spection of the values obtained it was evident that the 
load producing failure was less when the diameter was 
varied ani the thickness constant, and greater when 
the thickness was varied and the mean diameter constant, 
showing that the strength depended in some way on the 
ratio p/t; by plotting values of p/t and the breaking load 
the following formula was obtained :— 


_ F 


f= - 
1+ Key 
t 
where 


F = the strength of the material to compression. 
k =a constant for mild steel = ,\. 

When p/t approaches the limiting value of 0.5 for the 
solid bar, the value of f is sensibly equal to F. This 
formula closely gives the required values, and appears to 
be of the correct form, for it shows that the probable 
value of f, if deduced from the mathematical theory of 
elasticity, would be of the form 


=B(<), 


B being some constant depending on Young’s modulus of 
elasticity. J ; ‘ 
Substituting for f in the Rankine-Gordon formula, it 
now takes the form 
= - F = 
fran PVs z\2) 
(i+a( 2) } [i+e() 


¥ 

A 
putting k=,), and c = 5,45 for columns with round ends 

= P Ss - F 
2 i\2 
A {1 +e(4) } {2+ ovro(5) j 
_ This formula was used to determine the curves shown 
in Fig. 9, the value of F used being 72,000 lb. per square 
inch, which may be considered as being sensibly the 
strength to compression of the material. 
TaBe Il.—Particulars of Tubes shown in Figs. 9 and 10, 
on opposite page. 
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These curves having been determined, the remaining 
curves, showing the actual failure of the columns, were 
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plotted from the curves in Figs. 2and 8. They relate to 
tubes of the following sizes and of constant cross-section 
of 6.12 square inch. 

The curves shown in Fig. 10 were derived from the curves 
in Fig. 9, as already described. The diagram, Fig. 9, 
thus obtained may be used for mild-steel columns with 
round ends having the same ratio of l/p and p/t. 

The formula takes into consideration both the primary 
and ee flexure of the column. Since the column 
can fail in either of these two ways, it will be of maximum 
strength when the strength to primary flexure is equal to 
that for secondary flexure. Now the diagrams show the 
variation of p/t with the length for a constant cross-sec- 
tion, and the question at once arises if the ratio between 
these quantities can be put in a simple form so as to be of 
practical use. 

In Fig. 9 the economic values of J/p and p/t were plotted 
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from the curves in Fig. 10, giving the dotted curve as 
shown ; this curve may be considered approximately to 
be a parabola, having the equation 


2’ = 1000 (£ - 05 ) 


for the usual values of //p in practice the term 0.5 can be 


Let A be the area of the cross-section, d the mean 
diameter of the column; then 7 dt = A approximately. 


Also p = a ; hence t = a9 approximately. Substi- 
9p 
tuting in the previous equation 
ios 
= 94! 


for hollow circular columns and for other cross-sections 


a 
Pum. s+ « @ 


h being a constant depending on the value of p/t of the 
cross-section required. 
This equation shows that p varies as V / if the area of 
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and wrought iron ; the constants for wrought iron given 
by Rankine are f = 36,000 Ib. and ¢ = 5,55 for columns 
with round ends. Assuming the strength of the wrought 
iron to compression to be 24 to 25 tons per square inch, 
this formula gives a value of d/t of about 16 and for p/t of 
5.5 to6. Now these constants were derived from Hodg- 
kinson’s experiments on columns, of which the ave 

ratio of d/t was approximately 16; hence the formula 
may be looked upon as being confirmed by these experi- 
ments. For the ordinary ratios of p/t in practice the 
Rankine-Gordon formula gives fair results; it does not, 
however, apply with the same accuracy to solid bars or 
columns in Thich the ratio of p/t is large; this will be 
evident from the inspection of the curves in Fig. 9, one 
of these for which f = 42,000 lb. gives good average values, 
the remaining curves giving values which are either too 
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high or too low respectively for values of //p, at which 
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the cross-section is constant. Now A represents the area | 
of the cross-section, and is sup to be known; to 

determine it values of p and //p for the economic section | 
were plotted, giving the curve as shown in Fig. 9, the | 
equation of which is approximately | 


P_ F 
ag 2 . ; . 3 
A 1+ sise( 4) all 

p 


By substituting for A from equation (2) a cubic is | 
obtained giving the value of p in terms of P and / and 
the constants; this equation does not admit of easy 


) | solution, and it is better to proceed by a tentative method. 


Assume a probable value of //p for the column, usually 
about sixty to ninety for the ordinary run of columns, and 
solving equation (3), the value obtained is 


P 
A=2to3—, 
F | 
where P is the load on the column, and F the breaking 
strength to compression of the material; this must be 
divided by the factor of safety for the practical column, | 


giving 
) | 
where 8 = the factor of safety. 
Substituting for A in equation (2) the economic values | 
can be immediately determined. 

he dimensions of the column having been thus ascer- 
tained, the value of the safe loads P can be checked by | 
the general formula, owing to the curves of the formula | 
not coinciding with the curves of the actual failure of . he | 
columns; the value obtained will, in general, be less tl.un | 
P, an error on the side of safety. 

The experimental work on columns hitherto carried out 
has been incomplete, owing to the limited range of the 
experiments ; this has led to considerable diversity of 
opinion, more especially by American observers, as to the 
value of the constants that should be used in the Rankine- | 


PS 


A =2to3 
93 (A 


of 


failure takes place by elastic bending. This discrepancy 
arises from the fact that in the formula p varies directly 
with f—that is, the load which a column will carry is sup- 
posed to be proportional to the strength of the ssholel : 
this is not true for long columns; itis the modulus of 
elasticity which governs its strength, and it is the constant 
ce which involves this quantity. Now there is not much 
difference between the modulus of elasticity of wrought 
iron and mild steel; hence the load which produces 
elastic failure will not differ much for either material. 
The experiments of Christie and others confirm this. It 
has already been remarked that Eiiler’s formula is sen- 
sibly true for long struts. Granting this, it would be 
more logical to assume that 
SA 
1+ e( s ) 
p 


at 
fi 

for some particular value of //p, in which the failure takes 

place by elastic bending ; this gives 


per Fuck -($)) 

lark i] 3 

= ( f —m ) 
rE 


where m is some particular value of //p. If this is done 
fairly accurate values for the curves shown in Fig. 9 can 
be determined from the equation 


roe f l—a\2 
9=14(49-*)(>") 


where m and a are constants and the value of 
F 


f=142%(4) 


For the present the author is of the opinion that it is 








Gordon formula. This is to be expected in view of the | better to use the more well-known form of the Rankine- 
results of this investigation, many of the experiments | Gordon formula, already given, until more experimental 
being made on columns of different proportions, the | data has been obtained for the determination of the con- 
results varied giving different values for the constants in | stants in the above formule. 

each care. In the literature of the subject referred to at the end of 
The general formula applies to columns of mild steel’ this pauper, various formule are given for determining the 


p 
omitted, giving the simplified form 


are P= ro05 Ft. (1) 

This equation applies to the column of hollow circular 
cross-section ; for columns of other cross-sections the 
constant ;y'55 requires to be slightly modified. 
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strength of columns, none of which takes into consideration 
the economic values of the radius of gyration and thickness 
fora givenlength. Tested by the direct appeal to experi- 
ment, this investigation shows that the values obtained 
from their use can only apply to comparatively few cases. 
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Tur DurHaAm Coat Trape.—The quantity of coal raised 
last year in South Durham, Westmoreland, and the North 
Riding of Yorkshire, from pits worked under the Coal 
Mines Regulation Act, was 30,225,348 tons, showing a 
decrease of 27,585 tons as compared with 1903. There 
were 73 coal-cutting machines at work last year in South 
Durham ; of these, 42 were worked by electricity and 31 
by compressed air. The total quantity of coal cut by 
these machines was 508,392 tons, showing an increase of 
164,980 tons of machine-worked coal as compared witb 
1903. The number of persons employed in and about 
coal.mines in the Durham district last year was 91,291, 
showing an increase of 999 as compared with 1903. The 
total of 91,291 included 661 persons employed in sinking 
operations. There were 106 fatal accidents in the district 
in 1904, and these accidents resulted in the deaths of 107 
persons. The number of non-fatal accidents was 395, in- 
volving injuries to 412 persons. In 1903 the number of 
non-fatal accidents was 413, and 433 persons were injured. 
Of the fatal accidents 54 were due to falls of roofs, occa- 
sioning 55 deaths; while four of the fatal accidents and 24 
of the non-fatal accidents were occasioned by explosions. 


Coat IN Russia.—The complete Russian statistics are 
a long time in making their appearance, but otherwise 
they are satisfactory enough, | exhaustive, and pos- 
sessed of considerable interest. During 1901 the aggre- 
gate output of coal proper (exclusive of anthracite) 
amounted to 922,972,040 poods, or 15,119,427 tons, against 
14,870,316 tons the previous year, showing an increase of 
249,111 tons ; whilst the increase in 1900 against the pre- 
vious year amounted to 2,166,858 tons. Of the various 
mining districts, the Donetz basin heads the list with 
599,023,376 poods of coal proper and 75,788,000 poods of 
anthracite, Poland beingnext with 250,814,634 poods ; then 
* comes the Ural district with 30,227,385 poods, the Moscow 
district with 14,982,210 poods, and East Siberia with 
19,477,320 poods. The latter and the Moscow district 
show a material increase compared with the previous 
year. The mines with the largest output are found in 
the Donetz basin—viz., the New Russian Company, with 
43,855,000 poods, and the Korssern Company, with 
38,111,000 poods—although the Polish Georg mine was 
just ahead of the latter in 1901, its output being 
38,660,000 poods. The production of coal in Russia is 
continuously increasing, as will appear from the following 
table, which comprises all kinds of coal :— 

Poods. 
424,053,000 
464,818,000 
534,941,000 
555,463,000 
572,500,000 

2,928,000 


(6,820,000 tons) 
(7,500,000 
(8,600,000 
(8,920,000 
(9,200,000 
(11,000,000 
(12,200,000 
(13,800,000 


1892 
1893 
1804 
1895 
1896 
1897 
1898 76 
1899 853, 36,000 

1900 986,327,600 (15,910,000 

1901 : 1,008,952,000 (16,160,000 
In the year 1887 the output only amounted to 267,000,000 
poods. During the ten years dealt with above the output 
of the Donetz basin has increased 204.5 per cent., and that 
of the Dombrowo (Poland) basin 45.8 per cent. During 
the year 1901 the railways accounted for 30.9 per cent. of 
the coal under the control of the Charkow Transport 
Regulation Committee, metallurgical industries for 26.8 
yer cent., private consumption for 19.4 per cent., sugar 
Lootevian for 6.94 per cent., manufacturers of machinery 
for 5.2 per cent., steamers for 4.5 per cent., &c. Within 
the metallurgical industry seven large establishments 
accounted for 85 per cent. of the whole, and six drew their 
coal supply from their own mines. 





HEAT INSULATION. 
Notes on Heat Insulation, Particularly with Regard to 
Materials used in Furnace-Construction.* 
By R. 8S. Hutton and J. R. Bearp. 
Introduction.—The importance of a knowledge of the 
heat conductivity of the materials used for the bricks or 
linings of furnaces scarcely needs to be emphasised. There 
is no doubt that « careful study of this subject would 


enable a very large saving to be effected in the fuel or | 


other heating costs in many experimental and industrial 
furnaces. 

The manufacturer and purchaser of refractory products 
both seem to ignore the necessity for accurately deter- 
mining the quality of their material so far as its heat- 
insulating power is concerned. Their specifications are 
confined to other properties, but it is doubtful if any of 
them are of greater economic importance than the tos 
conductivity. 

So far as laboratory crucible and muffle furnaces are 
concerned Mr. H. H. Cunynghamet has recently shown 
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Fig, 1.—APPARATUS OF LEES AND CHORLTON FOR MEASUREMENT OF 
TuerMAL Conpuctivity or Bap Conpuctors. 


originally designed for round tiles or plates of material 
but these have to be of uniform thickness, and 11.4 centi- 
metres diameter ; and the shaping of bricks is not easily 
accomplished in the laboratory. A sketch of the appa- 
ratus 1s given in Fig. 1. It consists essentially of two 
thick metal discs, between which the material is placed, 
whose thermal] conductivity has to be measured. The 
upper disc is surmounted with a steam-jacket, whilst the 
lower one is allowed to cool by free conduction and radia- 
tion. Three thermometers are used : one to give the tem- 
perature of the upper, the second that of the lower disc, 
whilst the third gives the temperature of the surrounding 
air. The thermometers are inserted into radial holes 
| drilled in the discs, and thus denote their temperature 
| with fair accuracy. When steam is passed through the 
| steam-jacket, the temperature of the upper disc is raised 
to nearly 100 deg. Cent., heat flows through the material 
experimented on, and thus raises the temperature of the 
lower disc above that of the surrounding air. The lower 
| disc loses heat by conduction and radiation to the air. 
| Eventually a steady state is reached when this loss of 
| heat is equal to the heat received through the material 
| experimented on. 

The following equation enables the thermal conduc- 
| tivity (K) to be calculated from the result of such an 
experiment, provided h;, the external conductivity or 
‘*emissivity,” has been previously determined. 


-. ae . . ph 
FS ~ 
K Rofo (my +h + Be b), 


where ¢), fz, and t; are the temperatures indicated by 
the thermometers T,, T:, and TT; respectively, and 6 
denotes the thickness of the layer of powder. 

The value of h, is determined in a separate experiment 
from the rate of cooling of the lower disc at different 
temperatures. 

In all the experiments here recorded the thickness was 
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Fig.3. 


A=round discs of brass on which the substance under investi- - 


gation is placed ; it is suspended from a horizontal support by 
three strings. The disc is 11.4 centimetres in diameter and 1.3 
centimetres thick. The powders are kept in position by a thin 
ring of red fibre, which, in the present work, was about 0.36 
centimetre high. 

B=upper disc of brass of same dimensions as A. It is sur- 
mounted by the steam-box 8, which is covered with felt to 
diminish the loss of heat. 

A and B are provided with projecting pegs, the distance apart 
of which gives a measure of the thickness of insulating material. 

T, isa thermometer registering the temperature of the air; it 
is provided with a screen to protect it from radiated heat from 
the lower disc. 

T» and T; indicate the temperatures of the lower and upper 
dise respectively; they are inserted into radial holes drilled in the 
brass. 
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Fig. 3.—Curves showing relative insulating power of some 
materials at high temperatures. 
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Fie, 2.—APPARATUS USED FoR THE COMPARISON 


or Heat INsuLators at Hien TEMPERATURES. 


A, B.—Unglazed porcelain tube with heating coil of nickel wire wound on its central portion. 
The porcelain tube is kept in position at the centre of the cylinder of sheet iron OC, C, O, C by washers of asbestos 


card D, Dj. 
W, W, is the water-jacket surrounding the cylinder C. 


P is a thermo-electric pyrometer by which the temperature is measured. ; ; : 
The granular insulating material under test fills the space between the porcelain tube and the sheet-iron cylinder. 


how greatly the efficiency can be improved by the adoption 
of better insulation. 

Despite this lack of knowledge, the measurement of 
thermal conductivities of such materials is by no means 
difficult to carry out—at any rate, to within an accuracy 
of 2or3 percent. C. H. Lees and J. D. Chorlton} have 
specially designed a simple apparatus for measuring the 
~ me insulation of bad conductors. We are indebted 
to Dr. Lees, who very kindly lent the apparatus, and also 
gave much valuable advice in carrying out the experi- 
ments. 


Measurement of Thermal Conductivities of Granular | 


Materials up to 100 deg. Cent.—All the substances dealt 
with have been either in the state of well-defined granular 

wders ; or in some few cases, where bricks have been 
examined, these were previously broken up and finely 
powdered. The apparatus of Lees and Chorlton was 


* Paper read before the Faraday Society, Monday, 
July 3, 1905. 

+ Journal of the Society of Arts, vol. lii., page 72, Dec- 
ember 11, 1903; also ENGIneERING, December 11. 1903. 

} Philosophical Magazine, June, 1896. 
pages 495 to 503. 


(5) Vol. xii, | 
\ 


| practically the same (0.360 centimetre), and as in nearly 
|all cases the thermal conductivities were much of the 
|same order, the term in the bracket was very nearly 
'constant and equal to 0.00045 in all cases, except with 

kieselguhr and light magnesia, where 0.00044 is the value 
| adopted. 

Relative Value of Different Heat-Insulating Materials at 
| High Temperatures.—It is not advisable to choose a 
| material suitable for furnace uses from the above data 
| alone. 
| Firstly, it is always necessary to know the general 
effect upon the substance under investigation of such 
temperatures as are likely to be experienced. Several, 
even amongst those materials mentioned in the table, are 
unsuitable for subjecting to high temperature on account 
of the physical changes, such as shrinkage, which they 
undergo. Chemical action, especially oxidation, also 
renders many insulators unsuitable for a large number of 
| purposes. 

Secondly, having by such considerations excluded all 
| unsuitable materials from the choice, it becomes neces- 
|sary to compare the relative efficiency of those which 
|remain under conditions more nearly approaching those 
experienced in practice. : 

he following experiments were carried out with a view 
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Thickness 
in Centi- Temperatures. = 
Substance.* metres. sis 
a ts. to. t). K. 
Sand. White Calais..| 0.360 98.4 | 81.0 | 182  .00060 
Carborundum (fine) .. 0.363 98.7 | 78.8 | 18.3 -00050 
3 (coarse)} 0.358 987) 79.6/| 18.7 .00051 
Quartz “enamel” .. 0.362 99.38 | 75.4 | 21.7 -00036 
~ fused -" 0.362 98.9 | 74.9 | 17.4 -00039 
Firebrickt bs ..| 0.363 98.7 | 69.2 | 20.3 .00028 
Retort graphite ..| 0.363 100.0 | 76.6) 19.6 .00040 
Lime... “ es 0.363 98.1 70.1 | 208 -00029 
Magnesia-fused ah 0.356 93.7 | 78.6 | 20.0 .00087 
Magnesia, ‘‘ mabor” 
brick .. is wi 0.360 99.7 80.0} 188  .00050 
Magnesia, calcined 
Greek .. wa * 0.365 99.3 783 20.4 -00015 
Magnesia, calcined 
“veitsch” .. - 0.366 99.7 | 73.9 | 20.0 -00034 
Magnesia, Pattinson’s 
light calcined “is 0.363 98.0 | 58.5 | 19.7 -00616 
Kieselguhr (infusorial 
earth).. ee oe 0.366 97.9 53.9 | 17.7 -00013 


* Most of these granular powders just passed through a sieve 
with 600 meshes per square centimetre. 

+ Different makes of firebrick will obviously vary greatly 
according to chemical composition and physical character. 





to testing in as simple a manner as possible the behaviour 
of various refractory materials at comparatively high tem- 
peratures. 

The method employed, although it does not directly 
lend itself to the accurate measurement of the absolute 
conductivities, ai any rate offers a practical means for 
making comparative tests. 

Description of Apparatus.—A modified form of elec- 
trically-heated tube-furnace wasemployed. An unglazed 
porcelain tube with a heating coil of nickel wire is sup- 
ported at the centre of a cylindrical water-cooled enclosure, 
the space between the heating coil and the inner wall of 
the enclosure being filled with the granular material under 
investigation (see Fig. 2). The electric energy expended 
in the wire is kept constant over a considerable period 
by careful adjustment of an external resistance and con- 
stant observation of a precision wattmeter. The tem- 
perature at the centre of the porcelain tube is noted at 
regular intervals, and from the observations a curve is 
plotted to show the relation between the rise of tempera- 
ture and the time during which the heating has been in 
progress. The temperature of the water flowing through 
the external jacket was kept fairly constant ; generally it 
varied some 2 deg. Cent. 

In such an experiment it would require a very long 
time for the temperature to attain a constant value. It 
was therefore found preferable, after the rate of increase 
in temperature had become rather slow, to reduce the 
power by a small but definite amount. Under these 
conditions the temperature falls, at first very rapidly, 
but soon reaches a constant value, or, at any rate, falls so 
slowly as to be almost negligible. It is from a comparison 
of the heating curve; with different materials, and the 
same expenditure of power, and particularly from the 
nearly horizontal portion of the curves with lower ex- 
penditure, that valuable conclusions can be drawn. 

The diagram (Fig. 3) on the opposite page illustrates 
some of the results obtained. 

In the case of firebrick, carborundum, and sand, the 
preliminary heating was effected with 300 watts, and 
after the lapse of about two hours the power was reduced 
to 250 watts, being kept constant at this for a period 
of 14 to 2 hours, by which time the temperature had 
become almost constant. The curves for kieselguhr 
(infusorial earth)* and light magnesia clearly show the 
very much smaller conductivity of these materials. 

With these two substances the preliminary heating was 
effected with an expenditure of only 150 watts ; but de- 
spite this, the rise in temperature is more rapid than with 
any of the other materials mentioned. 

Unfortunately, neither light magnesia nor infusorial 
earth can withstand any high temperatures for long with- 
out losing their efficiency to a considerable extent. Bot 
substances exhibit large shrinkage at high temperature, 
and their chief uses are likely to be limited to external 
jacketing of furnaces lined with some more permanent, 
but less good, insulator. 

To more thoroughly test the above method of comparing 
the relative efficiency of different materials at high tem- 
peratures it was thought advisable to see what influence 
the preliminary heating might have on the results. 

Two similar experiments were therefore carried out 
with various substances. In the first case the preliminary 
stage of the heating was effected with 300 watts, and in 
the second with 250 watts. In both cases the power was 
subsequently reduced to 200 watts, and then to 150. ‘The 
results showed that in all those cases in which no per- 
manent alteration is brought about in the materials under 
test the horizontal portions of the curve are practically 
identical, whatever the preliminary treatment ~ been. 

In earlier experiments, in which no water-cooling had 
been used to maintain constant the temperature of the 
outer jacket of the enclosure, some anomalous results 
were obtained. 

General Conclusions.—The above results will, it is 
hoped, prove of value to those who have to deal with 
refractory materials. The subject seems to have been 
much neglected, considering that the thermal conductivity 
of such substances is the characteristic property which is 
really applied in their many uses. 

Whilst bricks and generally jacketing materials for 


*Cf. F. A. J. Fitzgerald, ‘‘ Electrochemical Industry,” 
Vol. iii., page 55, 1905. 


furnaces should be of low thermal conductivity, it is of no 
less importance to choose crucibles, retorts, and other 
containing vessels which are heated externally, of as high 
conductivity as is feasible in conjunction with their other 
necessary qualities. Such methods as have been de- 
scribed are equally applicable to this latter case. 

By a judicious use of the different materials and a 
stratified form of construction, it should be possible use- 
fully to employ such excellent insulators as infusorial 
earth without risk of the damage which is inevitable if 
they be permanently subjected to too high a tempera- 
ture. 

The above experiments have been carried out in the 
Physical Laboratories of the Manchester University. 








LAUNCHES AND TRIAL TRIPS. 


the 27th ult., after a very successful trial trip. T 


helm Torkildsen, of Bergen, who was present during the 
trials. She is 375 ft. in length, 51 ft. beam, and ey a 
constructed to attain the highest class in Lloyd’s Register 
and in the Norwegian Veritas Classification Society. 
Her engines, which are of the triple-expansion type, 
together with her boilers, have also n constructed b 

Messrs. Swan, Hunter, and Wigham Richardson, Limited, 
and on the trial trip worked without the slightest hitch. 





On Friday, the 30th ult., the steel screw-steamer Bal- 
lochmyle, which has been built to the order of the Kyle 
Transport Company, Limited, Liverpool, by Messrs. 
Craig, Taylor, and Co., Stockton-on-Tees, left the Tees 
for her trial trip, which proved thoroughly satisfactory, a 
speed of 12 knots being attained. The dimensions of 
the vessel are 351 ft. by 47 ft. 6 in. by 26 ft. depth, 
moulded. She is of the single-deck type, and is built of 
steel. Her engines, which worked with the greatest 
smoothness, have been constructed by Messrs. Richard- 
sons, Westgarth, and Co., Limited, Middlesbrough, the 
cylinders being 24in., 40in., and 65 in. in diameter, with 
a 45-in. stroke, steam being supplied by two large steel 
boilers working at 1801b. pressure, with large evaporator, 
patent feed-heater, &c. 





The s.s. Chr. Knudsen, which has been built by Sir 
Raylton Dixon and Co., Limited, Cleveland Dockyard, 
Middlesbrough, proceeded to sea on Saturday, the Ist 
inst., from the yard of the builders. She is built to the 
order of Statsrad Gunnar Knudsen, of Porsgrund, on 
behalf of Messrs. Aktieselskabet Borgestad, of Borgestad, 
near Porsgrund, Norway. The vessel measures 360 ft. by 
51 ft. 24 in. by 28 ft. 10 in., and will carry nearly 7000 
tons on 22 ft. 7 in. draught. She embodies some unusual 
features, being a perfect self-trimmer, requiring no hand- 
trimming at all, her holds being entirely unobstructed by 
any beams, pillars, or even web frames, which advantage 
is arrived-at by her great fore and aft structural strength 
through the use of cantilever frames supporting the water- 
ballast tanks at the top sides under deck in the wings. 
These accordingly constitute strong box-girders, and 
consequently do not require any pillaring whatever. This 
enables the hatchways to be made, as is the case in this 
steamer, 30 ft. wide and practically any length. Another 
important advantage of this type is that the space en- 
closed in these top-side water-ballast tanks is not measured 
by the Board of Trade for tonnage register, and the Suez 
Canal authorities have also conceded that the space 
shall not be measured for tonnage in the Suez Canal cer- 
tificate. These top-side tanks, along with double bottom 
and ks, contain over 2000 tons, giving full immersion 
of the prepeller when in ballast trim. The vessel is 
fitted with engines placed aft, and made by the North- 
Eastern Marine Engineering Company, of Sunderland, 
having cylinders 26 in., 42in., and 70 in. in diameter, 
with a 48-in. stroke, designed for steam at 180 lb. pres- 
sure, and giving about 2000 indicated horse-power. There 
are two single-ended boilers, measuring 15 ft. by 11 ft. 
6 in., and fitted with Howden’s system of forced draught, 


h | which will give her a speed in ballast-going condition 


of over 11 knots. Her trial trip was in every way suc- 
cessful. 





On Monday, the 3rd inst., Messrs. Craig, Taylor, and 
Co., launched from their Thornaby Shipbuilding Yard, 
Thornaby-on-Tees, a single-deck screw steamer the Kara 
Sea, of the following dimensions :—291 ft. by 42 ft. by 
20 ft. 7in. She is built of steel, to the highest class in 
Lloyd’s, under special survey. Her engines have been 
constructed by the North-Eastern Marine Engineering 
Company, Limited, the cylinders being 21 in., 35 in., and 
57 in. in diameter, with a 39-in. stroke. Steam will be 
supplied by two large steel boilers working at 160 lb. 
ressure. She has been built to the order of Messrs. 

nders, Wake, and Co., London. 


Messrs. John Reid and Co., Limited, shipbuilders, 
Whiteinch, Glasgow, launched on Tuesday, the 4th inst., 
a steel screw steam-yacht the Warrior, for Mr. Philip 
Herbert, of London. The vessel has been specially 
designed as a fishing yacht, and is of the following 
dimensions :—Length, 105 ft. ; m, 20 ft.; Thames 

acht measurement, about 165 tons. The machinery has 

n fitted by Messrs. Allan, Anderson, and Co., of 
Glasgow. 





There was launched from the north yard of Messrs. 
Workman, Clark, and Co., Limited, Belfast, on Tuesday, 
the 4th inst., a twin-screw steamer named the Delta, 
built by them for the Peninsular and Oriental Steam 








Navigation Company. The Delta has a gross tonnage of 





Tue Christian Bors sailed from the Tyne on king 
e 


vessel has been built by Messrs. Swan, Hunter, and | 
Wigham Richardson, Limited, to the order of Mr. Vil- | 





over 8000 tons, and has been specially designed for her 
owners’ trade to India and China, The machinery, con- 
sisting of two sets of quadruple expansion-engines, with 
two double-ended and four single-ended steel multitu- 
bular boilers, has been constructed by Messrs. Workman, 
Clark, and Co., Limited, at their Queen’s-road Works. 


On Tuesday, the 4th inst., Messrs. Ropner and Sons, 
Stockton-on-Tees, launched from their yard a steel screw 
steamer, the Stagpool, of the following dimensions :— 
Length, 366 ft.; breadth, 53 ft.; and depth, 30 ft. 4 in. 
The vessel has been built to the order of Messrs. R. Ropner 
and Co., West Hartlepool, and is fitted with the builders’ 
patent improved trunk deck, having a tier of hold beams 
in addition to the complete trunk deck. The engines will 
be of the triple-expansion type, built by Messrs. Blair and 
Co., Limited, of about 1850 indicated horse-power, steam 
being supplied by two extra large main boilers at a work- 
ing pressure of 180 lb. per equate inch. 





There was launched from the yard of Earle’s Ship- 
building and Engineering Company, Limited, Hull, on 
Tuesday, the 4th inst., the Arran, a steam fleeter built to 
the order of the Hull Steam Fishing and Ice Company, 
Limited. This is the third of six vessels of this type to be 
built by Earle’s Company for thesame firm. Herdimen- 
sions are 108 ft. 4 in. by 21 ft. 6 in. by 11 ft. 6 in. depth 
of hoid. She has been built to Lloyd’s requirements, and 
is provided with the usual trawling outfit for this class of 
vessel. The machinery will consist of a set of triple- 
expansion engines having cylinders 10 in., 17 in., and 
28 in. in diameter, with a 21-in. stroke, steam being sup- 
plied by a single-ended cylindrical boiler working at a 
pressure of 185 lb. per square inch. 


There was launched from the shipyard of Messrs. Coch- 
rane and Sons, shipbuilders, Selby, on Tuesday, the 4th 
inst., the Romilly, a steel screw trawler, the principal 
dimensions of which are 117 ft. by 21 ft. Gin. by 11 ft. 9 in. 
depth of hold. The vessel has been built to the order of 
Mr. J. L. Green, of Grimsby, and will be fitted with 
powerful triple-expansion engines by Messrs. C. D. 
Holmes and Co., of Hull. 





On Tuesday, the 4th inst.,. the steel screw-steamer 
Kirnwood, built by Messrs. R. Craggs and Sons, Limited, 
Tees my Middlesbrough, for the Constantine and 
Pickering Steamship Company, of Middlesbrough, pro- 
ceeded to sea for her official trials. The results were pro- 
nounced entirely satisfactory to all concerned, the vessel 
attaining a speed of 11? knots. The vessel has been 
built to Lloyd’s highest class and to the owners’ special 
specifications. The machinery has been built and fitted 
by Messrs. Blair and Co., Limited, of Stockton-on-Tees, 
and the engines have cylinders 234 in., 39 in., and 64 in. 
in diameter, with a 42-in. stroke, steam being supplied by 
two large single-ended boilers working at 160 lb. pressure 
to the square inch, 


The South-Eastern and Chatham Railway Company, 
through Captain Dixon, their marine superintendent, 
introduced the turbine-steamer to the Channel service. 
Their first boat was the Dumbarton-built vessel the 
heey and so successful was her performance on service 
that her owners, on a single season’s results, decided to 
add to their fleet two similar ships. Messrs. William 
Denny and Brothers have now completed both of these 
steamers ; the first, the Onward, was delivered some 
months ago, and now her sister-ship, the Invicta, has 
entered upon the service between Dover and Calais. In 
oa they are 310 ft., with a moulded breadth of 40 ft., 
and a depth of 24ft.6in. The propelling machiner 
consists of three Parsons turbines, which, along with 
the boilers and auxiliary machinery, were constructed 
and fitted by Messrs. Dene and Co., Dumbarton. 
The speed trials of the ship on the Clyde were in every 
way successful. On a double run on the measured mile 
a speed of 22.935 knots, or practically 23 knots, was at- 
tained. When the steamer again went down the Firth 
on a four hours’ continuous trial, the contract required 
a speed on this run of 21 knots with one of her six boilers 
out of action. A speed of 21.85 knots was maintained. 





On Friday, the 7th inst., the steel screw - steamer 
Ashburton ran her trials on the Firth of Clyde. This 
vessel has been built and engined by Messrs. David and 
William Henderson and Co., Limited, Meadowside 
Works, Glasgow, to the order of Messrs. Bethell, Gwyn, 
and Co., London, and is of the following dimensions :— 
Length over all, 405 ft.; breadth, 50 ft.; depth, moulded, 
29 ft. 2 in.; gross tonnage, 4445 tons ; built to 100 Class A 1 
in Lloyd’s Registry, three-deck rule. She has a Board of 
Trade passenger certificate, and is fitted up to comply 
with the Hamburg regulations. The machinery consists 
of a set of triple-expansion engines, having cylinders 
26 in., 44 in., and 73 in. in diameter, with a stroke of 
48 in., and three single-ended boilers working at a pres- 
sure of 200 lb. per square inch. After adjustment of com- 
passes, &@ mean 8 of nearly 144 knots was attained. 








ARGENTINE RAILwAys.—Messrs. Lavalle have obtained 
a concession for a narrow-gauge line between Buenos 
Ayres and Carhue, a distance of 500 miles. The Trans- 
Andine Railway Company has been authorised to prolong 
its line from Las Cucoas to the mouth of the tunnel to 
be bored through the summit of the Andes. The Buenos 
Ayres Great Southern Railway Company has hired from 
the Buenos Ayres and Rosario Railway Company six 
aot! J six-coupled goods engines and a number of goods 
trucks, 
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CATALOGUES. 


Tue Aktiengesellschaft der Eisen und Stahlwerke von 
Georg Fischer, of Schaffhausen, Switzerland, have issued 
a circular in German showing their chain-hook with 
double hold. The. hook is split, the chain is made to 
surround the load, the hock holding on to any link above 
the load. Among the advantages claimed, the principal is 
a larger margin of safety. 

Messrs. Dickson and Mann, Limited, Bathville Steel 
Works, Armadale Station, N.B., and 7, East India- 
avenue, E.C., who have made a speciality of coal-washing, 
separating, and picking plants, have sent us their pam- 
phlet showing the installations they have put down at a 
number of British collieries. They have also supplied 
Natal and Indian coal-niines. 

Messrs. James Archdale and Co., Limited, Manchester 
Works, Birmingham, have issued a supplementary cata- 
logue of general and special machine-tools, showing their 
new types of radial drilling-machines, planing, milling, 
and profiling machines, and lathes. They call attention 
- to their improved saddle and tail stock, which ensures a 
greater accuracy of cut and less friction on the slides and 
guide-screw. 

Mr. Ad. Ahlers, of Whitley Bay, near Newcastle-on- 
Tyne, has sent us his catalogue giving prices of his 
noiseless, raw-hide, paper, and fibre pinions. These are 
manufactured in a great number of sizes and shapes to 
meet all pur Ss. 

Messrs. Ashworth, Son, and Co., Midland Iron Works, 
Watergate, Dewsbury, show on a sheet their weighbridge 
and steel-yard ; they manufacture these in all sizes, to 
weigh from 5 to 100 tons, 

The Tierney pneumatic tools, which are manufactured 
by Sir W. G. Armstrong, Whitworth, and Co., Limited, 
form the subject of a circular sent us by the Globe Pneu- 
matic Engineering Company, Limited, 150, Queen Vic- 
toria street, E.C. 

Messrs. Cowans, Limited, Springfield-lane, Salford, 
Manchester, have issued two leaflets showing their circuit- 
breakers and reverse-current cut-outs. Both are manu- 
factured in seven sizes, for a normal capacity of 250 to 
3000 amperes. 

We have received from the Unbreakable Pulley and 
Mill Gearing Company, Limited., Hyde Road Engineer- 
ing Works, West Gorton, Manchester, a copy of the 
thirteenth edition of their catalogue, which opens with an 
interesting treatise on the economical transmission of 
power. This will prove a useful reference book for engi- 
neers and designers. 

Messrs. Forrestt and Co., Limited, of Wyvenhoe, 
Essex, have published a pape containing views of a 
large number of ships and boats of different types which 
they have built for British service and foreign navies. 
The particulars given cover a great number of different 


types. 

Tiree. Tangyes, Limited, Cornwall Works, Birming- 
ham, have sent us their pamphlets describing their 
special steam and Duplex pumps. Details concernin 
the various patterns built and their duty are detailed 
with great care. 

Messrs. Lassen and Hiort, 52, Queen Victoria-street, 
E.C., issue a pamphlet relating to the Brunn-Lowener 
patent, automatic water -softener and chemical-grease 
extractor. They have, they state, 1500 of these ma- 
chines at work in various parts of the world, 60 of 
which are in London alone. The same firm have sent 
us a pamphlet on the British oil-separator (Hooper’s 
patent) a number of which are in service in London 
electric stations. 

Pamphlets 178 to 180 of the British Thomson-Houston 
Company’s series deal with voltage-regulators for alter- 
nating and continuous-current rari generating 
and sub-station switch gear; and the B.T.H. Meridian 
lamp. The voltage-regulators are automatic, and their 
action is independent of speed changes and variations 
in load. The curves and diagrams of connections given 
in Pamphlet 178 will be found of interest. 

We have received a series of lists and booklets from 
Messrs. Siemens Brothers and Co., Limited, York Man- 
sion, York-street, S.W., describing the Murnau Ober- 
Ammergau single-phase railway installation ; the ‘‘ Vilex” 
water-tight electric bell ; the electric steering gear of the 
turbine steamer Manxman ; the G. and G. A. motors; B. 
and B. A. machines; meter-testing boards for central 
stations; and their price-list of arc-lamp carbons. 

Messrs. Pawling and Harnischfeger, of Milwaukee, 
Wis., have sent us a copy of the seventh edition of their 
crane catalogue, which illustrates a large variety of tra- 
velling-cranes. 

The Ingersoll-Sergeant Drill Company, 1144, Queen 
Victoria-street, E.C., publish a new issue of their cata- 
logue of air-compressors, which covers a wide range of 
types and sizes, for plants of every description. The 
machines are designed for pressures varying from 151b. to 
4000 lb. per square inch, anc capacities of from 28 to 8000 
cubic feet of free air per minute. The Ingersoll-Sergeant 
compressors supplied to the Simplon Tunnel works were 
found most serviceable machines, and were preferred to 
the other types put down. 

We have received from the Consett Iron Company, 
Limited, Consett, Durham, a ae es particulars 
of their various manufactures and rolled material. 

Messrs. W. and T. Avery, Limited, of the Soho 
Foundry, Birmingham, send us a copy of their new cata- 
logue of testing-machines. These they make in all sizes 
and for all purposes — from small yarn and small 
cement-testing machines up to 150-ton machines for the 

urpose of testing iron and steel. Two types of these 

tter are made, one pattern being a single and the other 
a compound-lever machine. Amongst the special ma- 
chines we note one for impact testing by means of a pen 
dulum, the rise of which, after breaking the specimen, 








is automatically recorded, making it easy to determine 
the precise amount of energy absorbed in breaking the 
specimen. Indeed, a scale fixed to the instrument permits 
of this quantity being read off direct without calculation. 

e have received from Messrs. Davies, Turner, and 
Co., Limited, of 52, Lime-street, E.C., a copy of their 
exceedingly valuable hand-book on export freight rates 
for small parcels between the principal cities of our 
colonies and of foreign countries. The hand-book also 
contains information as to the custom charges to be 
provided for in different cases, and as to the articles 
admitted free. 

Messrs. Mavor and Coulson, Limited, 47, Queen-street, 
Mile End, Glasgow, forward us a date-card illustrating 
their ‘‘ Pick-Quick ” electrically-driven coal-cutter, and 
giving particulars as to its working. 

Messrs. Reid and Adie, Abertay Works, Tayport, Fife, 
issue a list illustrating and describing oil-separators and 
their applications. 

Messrs. Dixon Brothers and Hutchinson, Limited, 
Southampton, have issued a pamphlet giving particulars 
and useful hints with reference to motor-boats. 

The Electrical and Ordnance Accessories Company, 
Limited, Stellite Works, Birmingham, publish a leafiet 
dealing with their new electrically-driven A.P. fan, suit- 
able for use in any position. This has been specially 
designed to meet Admiralty requirements. The same 
company issue a pamphlet describing their small com- 
bined table fans and air filters and deodorisers. The air 
as it is drawn through this apparatus by the fans is 
washed by means of a water spray, and, thus purified, 
is returned to the room. The firm also supply ordinary 
electric fans. 

We have received from Messrs. Peckett and Sons, 
Atlas Locomotive Works, Bristol, an abridged illustrated 
list of the tank engines they build suitable for collieries, 
contractors, and works. It contains general data and 
illustrations of fifteen different types, with their principal 
dimensions. 

Air-compressors, their construction, details, duty, and 
working, are fully dealt with in a catalogue recentl 
issued 7 Messrs. Reavell and Co.. Limited, Ranelag 
Works, Ipswich. The single-stage compressors are built 
for motor or belt driving for working pressures of from 
70 lb. to 100 Ib. per square inch, in twenty-four sizes ; and 
the two-stage machinery in thirteen sizes, for pressures 
ranging from 80 lb. to 120 lb. The firm have built a 
number of compressors driven by gas and oil-engines. 
The working parts are shown in detail in outline engrav- 
ings; the method followed for taking the compressor 
rapidly to pieces is also illustrated. 

The Electrical Company, Limited, of 122 and 125, 
Charing Cross-road, , have sent us pamphlets 
describing their small electric fans, and also their portable 
electric drilling machines. The largest size takes ;'; horse- 
power, and weighs 19 Ib., whilst it is capable of drilling 
holes iniron up to § in. indiameter. In another pamphlet 
particulars are given of the firm’s double tariff meters 
and contact clocks. 

Messrs. T. Ryder and Son, of the Turner Bridge Iron 
Works, Tonge, Bolton, have sent us a copy of their new 
catalogue of forging-machines. These machines were 
originally developed for forging the rollers and spindles 
used in textile machinery. The latter are taken direct 
from the machine to the grinding-wheels, no machining 
being needed. The machines have, however, now found 
a wider field of usefulness, being adopted in engineering 
works of every kind, amongst others, by motor-car 
builders. They will forge all materials from copper to 
high-speed steel, and do not require skilled labour to 
operate them. They are essentially swaging-machines, 
the metal being formed to shape in sw: the upper 
one of which is reciprocated by an eccentric shaft revolv- 
ing at 800 to 1000 revolutions per minate. 

essrs. Mather and Platt, Limited, have just published 
a booklet describing a type of fire-resisting door they are 
now making. This consists of a hearting of three thick- 
nesses of wood, this hearting being protected on each 
side by a layer of uralite, outside of which again is fixed 
a facing of tin plate. These doors are 30 per cent. lighter 
than iron, and will not buckle even when subjected to the 
most intense heat. 

The C. W. Hunt Company, of 45, Broadway, New 
York, have issued a clearly written and capitally illus 
trated pamphlet dealing with Manilla ropes and their 
application to the transmission of power. For this pur- 
pose the firm supply a special kind of rope impregnated 
with graphite, which reduces the internal friction between 
the fibres. 

The Wellman-Seaver-Morgan Company, of Cleveland, 
Ohio, U.S.A., have sent us a copy of their excellently 

rinted catalogue of machinery for ore-handling. The 
ulett unloading-machines made by this ——e are 
used at the United States Steel Corporation’s Ss at 
Conneaut. A full description of these machines is given 
in the catalogue, and some details are — from an 
American contemporary on this page. The company’s 
mphlet also contains particulars of the conveying 
ridges used for adding to or taking from the ore or lime. 
stone piles at steel works. Amongst the other machinery 
nated. we note car-dumpers built to handle ore-cars of 
the largest size. 

Messrs. W. R. Dell and Son, of 26, Mark-lane, E.C., 
have sent us a copy of their new catalogue of rice-mill 
machinery for thrashing, hulling, and rling rice, with 
all accessories. The catalogue is excellently illustrated, 
and its usefulness is increased by the statement of prices 
in every case. 








Cuitian Iron Ork.—A discovery of iron ore is reported 
to have been made at Cifuncho Bay, in the department of 
Taltal. The ore is said to contain 73 per cent. of iron. 





BOILER-OWNERS AND THE FACTORY 
ACT 


Two cases have recently occurred in relation to the 
above Act, the particulars of which may be of interest to 
boiler-owners. 

A firm of builders in the Potteries were summoned by 
the Inspector of Factories for a breach of Section 11 of 
the Factory Act, inasmuch as they had not, it was stated, 
maintained the safety-valve of a vertical steam boiler on 
their premises in gi working condition as required 
by the provisions of the Act, because it permitted the 
boiler to be worked at a pressure greater dn the maxi- 
mum certified as safe. r. Walmsley, H.M. Inspector 
of Factories, said that the boiler wassupposed to work at 
not more than 45lb. pressure, but the lever was weighted 
to 53 Ib., and the boiler was actually working at that 
pressure. 

Mr. E. A. Werner, Inspector under the Act, said that 
on visiting the defendants’ premises on February 1, he 
found the boiler certificate stated that the boiler was only 
safe at 45 lb., but on examining it he found the gauge at 
53 1b. The attendant said he had only been at the boiler 
about a week, and did not know how much it was licensed 
to carry. There were special remarks on the certificate, 
with a view to prevent the boiler being worked to an ex- 
cessive pressure. 

The defendants admitted the offence, and were reminded 
by the Stipendiary that the matter was a serious one, as 
the boiler had been worked at a pressure which was dan- 
gerous to every one around. Further, he would remind 
them that the certificate distinctly pointed out that the 
extra length of lever should be cut off so that the pres- 
sure of 45 lb. could not be exceeded. Mr. Challinor, one 
of the defendants, said that the reason this had not 
been done was because the boiler had been standing idle, 
and the matter was overlooked. The pressure of 45 lb. 
was quite sufficient for their work, and it had never 
been exceeded previously to the Inspector’s visit. 

Mr. Werner said the defendants had been duly cau- 
tioned, but nothing had been done. In reply to the Sti- 
pendiary, it was stated that there were not many people 
working round the boiler, which was placed in an open 
yard, and the engineman was the only one who had to be 
close to it. 

The Stipendiary said it was a lucky thing for the de- 
fendants that the excessive pressure was discovered by 
the Inspector. If the boiler had been blown up, it was 
just possible that the defendants might have been charged 
with manslaughter. It was a most serious offence, inas- 
much as the lives of the people in the locality had been 
risked. The defendants were ordered to pay 10/. and costs. 

In another case, a firm of potters were summoned for 
certain F pry sg of the Act, one of them being that 
they had not kept the certificate of boiler examination in 
the register as required. It was pleaded that the matter 
had been overlooked, that the offence was a technical one, 
that the boiler was new, and had been examined last 
December, and that no risk had been caused to anyone. 

The Stipendiary said that the secretary to the firm did 
his duty by sending the boiler certificate to the manager, 
who had, however, committed a breach of the Act in regard 
to its non-insertion in the register. The defendants 
were ordered to pay 5/. and costs. 








British CoLuMBIAN SiLver.—Silver was produced in 
British Columbia last year to the amount of 3,222,481 oz., 
valued at 1,719,516 dols. The output of 1904 showed an 
increase of 226,277 oz. as compared with that of 1903; 
this _was principally due to the re-opening of the 
St. Eugene mine in East Kootenay. 

Org-HANDLING PLant.—The Iron Age publishes an in- 
teresting description of the ore-handling “plant at the 
Conneaut Docks, Ohio. It is at this point that the Lake 
ore-vessels deliver their cargoes, which are then forwarded 
to Pittsburg by the Pittsburg, Bessemer, and Lake Erie 
Railroad. When possible, the ores are transferred direct 
from the ships to the railway cars, but at other times they 
are stored in pits or heaps to await removal when cars are 
available. The railway has a single track only, and has a 
capacity of about 640 forty-ton cars per day. This is now 
too small in comparison with the dock facilities. Of these 
docks there are four, and in 1904 the amount of ore handled 
was over four million tons, although the working season was 
shortened by a strike. From five-eighths to three-fourths 
of the total work is done at one dock, at which 9945 tons 
have on occasion been unloaded from a steamer in 44 hours. 
Fifty men were in this instance employed in the hold as 
shovellers. Whilst this isthe record for speed, it is not that 
for economy. The best result in this respect was the 
unloading of a cargo of 9206 tons in 154 hours, at a total 
cost of but little more than 20/. The labour cost in this 
instance was only 46s. 10d. There are two kinds of un- 
loading machines at these docks, four being worked by 
hydraulic power and four electrically. The hydraulic 
machines have buckets which, when open, measure 22 ft. 
from tip to tip, and remove at each filling 8 to 10 
tons of ore. The machines work best at the start, when 
the average bucket-load may be as much as 11 tons, the 
round trip being made in about one minute. The last of 
the cargo takes longer to remove, as time is lost between 
loads in scraping up the ore so that it may be reached by 
the bucket. For this work eight shovellers are needed 
for each machine. The average rate for the whole cargo 
is about 200 to 250 tons per machine per hour, though 
during the first hour as much as 680 tons has been lifted. 
The electrical machines have 5-ton buckets, and each 
machine, without any aid from shovellers, can remove 
75 per cent. of the total cargo at the rate of 150 tons per 
hour. For the remainder the assistance of shovellers is 
needed, there being five of these to each machine: 
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ComprLep sy W. LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS OF 1888—1902. 


The number of views given in the Specification Drawings is stated 
in each case ; where none are mentioned, the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, 
&c., of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Ofice, Sale 

ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 8d. 

he date of the advertisement of the tance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

<Any person may, at any time within two months from the date of 
the advertisement of the tance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grou mentioned in the Acts. 


ELECTRICAL APPARATUS. 


27,199. Siemens Brothers and Co., Limited, West- 
minster. (Siemens -Schuckertwerke G.m.b.H., Berlin, Ger- 
many.) Dynamo-Electric Machines. [2 Figs.) Dec- 
ember 13, 1904.—This invention has for its object a method of 
accelerating the excitation of electrical machines by the use of a 
current of high initial strength without involving the use of any 
switch mechanism. According to the method constituting the 
present invention, the pressure available for excitation is arranged 
to be greater than is necessary to provide the normal exciting 
-current, the excess pressure when the current has reached its 
steady value being absorbed by an external resistance of small 
inductance, preferably permanently in series with the exciting 
coils. The total inductance of the circuit being thus propor- 
tionately smaller, as compared with its ohmic resistance, than that 
of the field coils, the initial exciting current will be greater and 
will more rapidly reach its full value after the exciting circuit is 
completed, or the exciting pressure applied. The arrangement 
is of particular value in electrical-power plants in which large 
masses are to be accelerated quickly or their direction of motion 
reversed quickly, such as electrically-driven reversible roller- 
amills, ships’ steering-gear, gun-laying mechanisms, hauling-motors 
for mines, and other mechanisms included in the above category, 
the driving of which is effected by means of starting-machines. 


fx 





‘These starting-machines are, as is known, employed in such 
manner that the electro-motor to be started or regulated is 
included in the circuit of the starting-current generator, where- 
upon the pressure of the current-generator is varied between zero 
and a maximum value, this being effeeted by varying the excita- 
tion of the starting-current generator. The field-coils a of the 
continuous-current generator b are connected with the exciting 
-circuit through a suitable reverser c. The exciting circuit, which 
in the shunt-wound machine is connected across the terminals d, 
d! of the generator, and in the independently-excited machine 
with a suitable source of current, includes in addition to the field- 
coils a a resistance e of small inductance, and also preferably an 
adjusting rheostat f. In the external circuit is a continuous- 
current reversible motor g, which is geared to the machine to be 
driven. In both cases the pressure available in the exciting 
circuit is arranged to be considerably greater than would be 
required to produce the normal exciting current in the field-coils 
a, the excess pressure being absorbed by the coil of small induc- 
tance e. As a result, when the available electromotive force is 
impressed on the exciting circuit, both the initial current and the 
rate of increase of that current is greater than would be the case 
if an electromotive force capable of producing the same steady 
current as the field coils were applied directly to those coils. 
v(Accepted May 10, 1905.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


4062. T. F. Rene, London. Sparking - Plugs. 
‘(2 Figs.) February 27, 1905.—This invention relates to sparking- 
plugs. The plug is fixed in a suitable part of the engine, so that 
the end of a central insulated conducting-wire, or contact-piece 
contained in it, projects into the inflammable mixture of air and 
gas or oil-vapour which is to be fired, the exposed end of the con- 
-ducting-wire being, at the proper time (which may be varied as 
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desired), brought into contact with, or suddenly separated from, 
an arm or lever turning upon a centre and actuated by a cam or 
equivalent device moved by the engine. ais the metal conduct- 
ing-wire which is fitted into a tube b of any suitable material fitted 
centrally in an external plug ¢ of any non-conducting, material, 
but preferably made of a large number of thin discs of mica com- 
pressed strongly together, and held by washers or flanges d, d! fixed 
upon the ends of the tube b. The central wire is screwed for the 








whole or part of its length at e, and near its other end is provided 
with a strong flange /, so that when it is inserted in the insulated 
plug ¢ it can be held firmly in its place by a nut g screwed against 
the flange d, with or without the intervention of a thin washer, a 
second lock-nut h being screwed upon the end of the central wire 
a. One of the conducting-wires from the magneto-electric ma- 
chine is connected to the end of the wire, being gripped or held 
preferably between the nuts or equivalent means. Projecting 
from the other end of the central conducting-wire a is a contact- 
pin or stud i, against which a contact lever is pressed, and is 
suddenly removed when required, as above described, so that a 
spark passes between them, and the explosive mixture is fired, 
the contact lever being then brought back into contact with the 
stud i. If the stud i is broken or injured, the central wire can be 
taken out by simply unscrewing the nuts, anda fresh one inserted 
in its place, and tightened by the nuts, no adjustment being re- 
quired, the conducting-wire supplying the electricity being re- 


moved from the broken central wire, and refixed upon the fresh | 


one. The central wire may be held or tightened in the tube by a 
wire of suitable material wound round the thread of the screwed 
part. (Accepted May 10, 1905.) 


16,895. A. G. Bloxam, London. (W. H. Bradley, Belle- 
vue, Allegheny, Pennsylvania, U.S.A.) Gas - Producers. 
(3 Figs.] August 2, 1904.—By this invention the shell of a gas- 
producer terminates at its lower end in a trough, constituting a 
water seal, across which trough, at the middle thereof, is pre- 
ferably a wall or partition arranged to direct the ashes towards 
the ends of the = in the direction in which the trough 
extends, such as by being made angular in cross-section or other- 
wise inclined in the required directions. Above this wall, sub- 
stantially at right angles thereto, are suitably supported wind- 
pipes, preferably built up of cast-metal sections with strengthen- 
ing flanges. These pipes are perforated for discharge of air and 
steam into the producer, and extend longitudinally of the trough. 
The masonry shell 2 of the —- is provided at top with the 
usual charging hopper and gas outlet. These are not shown. 
Beneath this shell is a trough 3 adapted to contain water and to 
constitute a water seal. Across the trough, at the middle thereof, 
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is preferably a wall or partition 4, angular in cross-section, so that 
it sheds the ashes towards the ends of the producer in the direc- 
tion in which the trough extends. Above this wall or partition 4 
and at right angles thereto are wind-pipes 5, 6 supported by cross- 
girders 7, and preferably constituted of cast-metal sections, having 
interna! and external strengthening flanges8. These wind pipes 
are perforated for the discharge of air and steam into the producer 
and are provided with air and steam inlet pipes 9. The wind-pipes 
extend in the direction of the trough 8, and the ashes discharged 
from the producer are drawn out in the water trough in a direc- 
tion parallel with the pi This renders the producer very easy 
to clear ; and the use of the elevated pipes thus not only facili- 
tates the distribution of air within the producer and makes its 
action more regular, but renders it much easier to tend and 
keep in working order than has been the case with producers 
heretofore known. The producer is also very rapid in its action, 
and is otherwise of great efficiency. (Accepted May 10, 1905.) 


13,236. J. H. Sheldrake, London. Gas-Washer 
Scrubbers. (3 Figs.) June 11, 1904.—This invention consists 
in improvements upon known and old revolving gas-washing sur- 
faces, and operates upon the gas differently than heretofore, by 
causing the gas to take a less direct and a much greater travel to 
and fro in its horizontal course through the washing and scrub- 
bing material, and so increasing the efficiency of the apparatus 











without adding pressure. The zigzag and horizontal and for- 
ward travel provided accomplishes an important and desirable 
object by preventing the gas short-circuiting by passing from one 
chamber to another without coming in contact with the washing 
medium. In carrying out the invention a flanged projecting 
pipe e is fixed to the stationary division-plate A, around the 
centre opening of the washer scrubbers of the rotary type ; 
and to the revolving frame-plate b, which carries the washing 





| device is also fixed another similar flanged ipe d, which overlaps 

| the pipe e. The space between these Ganged pipes is occupied by a 

| flexible materal, such as a ring of brushes c. These brushes, as 

they revolve with the frame-plate to which they are bolted, are 
wetted by immersion in the liquor contained in the tank below, 
and the gas passing through the fibre is washed. Should the 
shaft ¢ sink or move longitudinally, the gas cannot escape un- 
washed, as the flexible material or fibre is always in contact with 
the outer side of the stationary flanged pipe e, around which it 
revolves. The space between the revolving and stationary flanged 
pipes may be varied to suit the circumstances of the case, as a 
greater or less length or width of fibre may be advantageously 
used. The invention can with advantage be utilised as a com- 
plete washer scrubber without intervention of any other Lge 
surface ; or it may be used, as set out, as simply adaptable to, an 
in connection with, any known washing device for the prevention 
of slip of gas as described. (Accepted May 10, 1905.) 


13,517. J. Dunlop, Handsworth, and noch, 
Limited, Witton, Birmingham. Gas - P ucing 
| Plant. (2 Figs.) June 15, 1904.—This invention relates to gas- 
Ss plant in which the fuel is entirely consumed by com- 
| bustion in a mixture of steam and atmospheric air in a closed 
| generator or producer of the well-known cupola type, and more 
| especially to that particular type of plant in which the mixture 
| of steam and atmospheric air is drawn through the generator by 
| the ee gegen during ch ng strokes of the pistons in the 
| cylinders of the motors to which the plant supplies gas. The 
| action of the plant is as follows :—A fire is lighted on the hearth 

e of the generator A, and air is blown into the outside pipe p by 

the hand-driven fan 9, a regulating plate on the pipe p being 
| closed while the fan is operated. The air to the ash-pit 
| Of the generator by way of the pipe o, the branch /, and the 
| jacket j ; the air thence passes through the fire, and finally leaves 
| the plant by way of the cock on top of the gas-cooler B. In its 

passage through the jacket j the air mixes with steam rising 
| from the water, and passes therewith through the fire. As soon 
| a8 the quality of the gas escaping from the cock on the top of the 
| gas-cooler is suitable for operating the motor, the cock is closed, 
; and the motor put into operation. When this is done, the inlet 
| of the fan is closed and the plate is opened a definite amount, so 
| that by the action of the motor piston, when making charging 
| strokes, a quantity of air will pass the plate to produce the gas. 
| According to the extent of the opening past the plate, a greater 
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or lesser degree of vacuum will exist in the jacket j, and this will 
cause water to be drawn into the jacket through the water 
regulator ¢, in greater or lesser amount, as the case may be. By 
raising or lowering a tube in the water-regulator the quantity of 
water may be regulated so that the same quantity will be drawn into 
the jacket each charging stroke of the motor piston, and it will 
be understood from the construction that water will only be 
drawn in during charging strokes; that is to my 2 as soon as the 
level of the water in the vessel ¢ falls below the lower end of the 
tube, air will enter the tube, and by this means the quantity of 
water entering will be regulated exactly in accordance with the 
work to be done by the motor, and consequently also the pro- 
portions of steam and air in the mixture passing through the 
generator will be such as to maintain a uniform quality of gas 
production, There is, however, the possibility of the fire in the 
generator A burning dully if the motor is operating very light 
loads ; that is to say, when charging strokes take place at com- 
paratively long intervals only. To prevent this the air and gas 
regulator © acts as follows :—During charging strokes the vacuum 
in compartment }! causes the plunger g! to be lowered, and so 
| partially cuts off the supply of air through triangular slots. 
| This has the effect of still further increasing the vacuum in com- 
| partment )!, with the result that a — draught is exerted 
| on tly 





the dull fire, and it is consequently brought up to a suitable 
| temperature for gas-making ; thus, the greater the resistance 
offered to the peomee of steam and air through the fire, the 
greater will be the draught exerted by the motor to produce gas. 
(Accepted May 10, 1905.) 


| MACHINE AND OTHER TOOLS, SHAFTING, &c. 
| 11,956. H.S. Massey, Openshaw Manchester, and 





W. H. Snow, Stratford, x. eumatic-Power 
|Hammers. [7 Figs.) May 26, 1904,—In the pneumatic-power 
| hammer illustrated in the drawing, a is the hammer-cylinder and 

b is the pump-cylinder, c is the hammer-piston, and d is the pump- 

piston. The hammer-piston ¢ is connected by a piston-rod ¢ to 
| the tup or hammer-head, and the pump-piston d is furnished 
| with a tubular trunk or shank g, and connected by a connecting- 
|rod A to the crank of the crank-shaft of the pneumatic-power 
hammer, substantially as in repens vive d hammers of the 
kind to which the invention relates as already constructed, one 
example of such pneumatic-power hammers being illustrated in 

the drawings accompanying the Specification No. 14,022, of 1900. 
On the top of the pump-cylinder } is placed a small single- 
acting air-pump or auxiliary feed-pump, the cylinder j of 
which is formed in the cover of the pump-cylinder .b. The 
piston k of the said air-pump is formed in one piece with the 
piston d. / and m are respectively the inlet valve and the 
outlet valve of the feed-pump. The inlet valve / is provided, 
as shown, with a stem entering a hole in the adjacent valve- 
cover by which it is guided, and is provided with a spring by 
which it is made to act in conjunction with a seating formed 
at one end of a short tube n, closed at one end and formed around 
its circumference with openings. The outlet valve m, which is 
provided with a stem, as shown, to enter a hole in the adjacent 
valve-cover, and so guide the said valve, and is provided with a 
spring by which it is made to act in conjunction with a seating 
formed in the entrance to the passage 0, leading into a chamber p 
formed around the cylinder j, so that the action of the feed-pump 
erdinarily pumps air into the chamber p. The chamber p is fur- 
nished with two outlet valves g, which are guided by stems 7, to 
enter holes in the adjacent valve covers, and are furnished with 
springs or other means enabling them to act as one-way valves, 
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the valve ¢ allowing air to pass from the chamber p into a passage 
s into the upper part of the pump-cylinder 6, but not in the re- 
verse direction, and the valve 7 allowing air to pass from the 
chamber p into a e t, and so to the lower part of the pump- 
cylinder b, but not in the reverse direction. e action of the 
said air-pump thus forces air into the chamber 7p, so that in the 
ordinary working of the hammer, whenever the pressure above or 
below the pump-piston d falls: below that in the chamber p, air will 
flow through the corresponding valve q or 7 into the upper or 
lower part of the pump-cylinder l, so that the minimum pressure 
in the pump-cylinder } is kept very nearly up to the maximum 
pressure obt d in the chamb To regulate the pressure to 
which the air is pumped into the chamber p a cupw is made to 
surround and be moved when requisite over the tube 7, so as 




















(u.956) 


to close more or less the inlet openings thereof. The cup u is 
furnished with a plunger or stem extending into the chamber p, 
so that when sufficient pressure is attained in the chamber p the 
pressure acting on the plunger or stem v will lift the cup u and 
close the openings around the circumference of the tube n, thereby 
throttling or completely cutting off the supply of air to the air- 
pump cylinder j, for the time being and until the pressure in the 
chamber p falling allows the cup uv to descend and uncover par- 
tially or wholly the inlet openings of the tube n, so that the air- 
pump may work again or more fully. The cup wu therefore acts as 
a regulator to keep the pressure of the air in the chamber p fairly 
constant ; the size of the stem v and the weight of the cup uv are 
proportioned so that the desired pressure of air may be maintained 
in the chamber v. (Accepted May 10, 1905.) 


STEAM ENGINES, BOILERS, EVAPORATORS, é&c, 


10,582. H. Schofield and O. P. Macfarlane, London. 
Flues or Furnaces, (2 Figs.) May 9, 1904.—According to 
this invention there is fitted behind the ordinary fire-bridge an 
additional inclined deflector or baffle, formed of firebrick or 
other suitable material, so arranged as to permit the gases to flow 
freely over it without obstructing the draught. As the smoke 
and heavier unburnt portions of the furnace gases pass over the 
fire-bridge they naturally tend to sink to the bottom of the flue; 
but on meeting the inclined deflector they are thrown upward 
again, and caused to mingle with the intensely-hot gases at the 
top of the flue or furnace. They are thereby thoroughly ignited 
and consumed, thus ensuring practically perfect combustion and 
an absence of smoke. a is part of the boiler, ) is one of the 
flues or furnaces thereof, and ¢ is the ordinary fire-bridge, these 
parts being all of any convenient construction, as usual. The 
inclined deflector is indicated at d. It may be made of any suit- 
able material, and forms, as it were, a second fire-bridge, situated, 
for instance, midway along the flue. As shown, it is arranged at 
an incline, say, of 45 deg., and is suitably fixed across the flue in 
any convenient way so as to leave a sufficient space for the flow 








of gases above it, as at ¢, such space in this instance being of a 
crescent shape, and being in area approximately equal to, or some- 
what larger than, the space above the ordinary fire-bridge c. The 
deflector may be made up of fire-brick slabs, blocks, or sections. 
These sections may be arranged upon a backing of any convenient 
kind, such as an iron supporting-frame f, Which may, if desired, 
be adjustable in width and depth. The front surface of the de- 
flector has grooves, furrows, or corrugations g, extending, say, 
from top to bottom thereof, so that they lie longitudinally or in 
the direction of the flow of the gases. The pu’ of these grooves 
or corrugations is to increase the amount of heating or contact 
surface. / is an air-inlet pipe which may be employed, if neces- 
sary, for drawing a quantity of fresh air from under the fire-bars 
toa point near the deflector, in order to supply more oxygen for 
the combustion of any unburnt gases at this point. This addi. 
tional supply of air may be obtained in any other convenient way 
however, the ‘pipe h being shown merely as an example. It will 
be readily understood that the space between the fire-bridge and 
the deflector also forms a very efficient combustion-chamber, and 
it is impossible for the heavy gases to be sucked away too 
rapidly by the draught without being properly burnt, as often 
occurs in ordinary flues. (Accepted May 10, 1905.) 

11,147. W. H. Owen, Wolstanton, Staffs. Steam- 
Generators. [4 Figs.) May 14, 1904.—The improved gene- 
rator comprises a shell or cylindrical portion provided with 





furnace flues, arranged, for instance, after the manner of those 
in a cylindrical marine or Scotch boiler, and having in combina- 
tion with it a water-tube portion, comprising one or more groups 
or batteries of water tubes, amongst which pass the products of 
combustion. The water tubes are preferably connected between 
suitable headers in any convenient way—say, after the manner 
of those of a water-tube boiler of the small-tube type—and a suit- 
able combustion-chamber is arranged between the said shell or 
cylindrical portion and the water-tube portion. a@ is the shell 
or body of the cylindrical portion of the generator, which, it will 
be seen, somewhat resembles a marine boiler, and may be similarly 
constructed, but in this case differs from it in having no return 
tubes. » are the furnaces or furnace flues, which in the example 
shown are three in number. They are arranged parallel with the 
axis of the shell, and may becorrugated or otherwise as desired. 
These furnaces extend near to the water level, or much closer 
thereto than is usual in marine boilers, the space usually occu- 
pied by the return tubes being occupied by the upper furnaces. 
Toenable the furnaces to be fitted more closely together, they 
may be placed at different levels and arranged to alternate with 
each other, or, so that, in other words, they overlap each other 
in plan. The fire-bridge c is placed near the back of the shell a, 
so that the grate d takesup practically the whole length of the 
furnace b, instead of only occupying the front part thereof, as 
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usual in internal furnaces or flues. In this way the grate area 
available in the generator igs made extremely large relatively to 
the water capacity in the shell a. e¢ are the water tubes which 
are arranged behind the shell a in a suitable sheet-metal casing 
J, provided where necessary witha refractory lining g, and having 
a space h between the shell a and the tubes e to form a combus- 
tion chamber. The tubes are arranged in transverse rows, 
although in some cases the groups of tubes may be arranged longi- 
tudinally or otherwise. Each battery, or group of tubes, is con- 
nected at its upper and lower ends respectively with a transverse 
upper or crown header or drum i, and with a lower or base 
header or drum j. The headers may be so arranged that the 
tubes are either vertical or inclined as desired, and they are 
approximately at or near the same levels as the corresponding 
parts of the shell a, so that the same water level exists in the 
two portions of the generator. The top headers or drums /, 
which may be of such a size as to allow the tubes e to be passed 
through them into position for fitting, have their steam spaces 
connected by tubes k, k! with the steam space of the shell a, 
whilst the first group of tubes (that adjacent to the combustion 
chamber) has the water space in its upper header connected with 
that in the shell by a row of pipes J, and has its lower header 
connected with the shell, say, by two large circulation pipes m. 
Both lower headers are also connected by pipes n. (Accepted 
May 10, 1905.) 


14,858. R. De ter and So: Limited, J. W. 
,and J. Radcliffe. Feed-Hoppers. [1 Fig.) 

July 2, 1904.—This invention is particularly applicable to feeding 
hoppers which travel up an inclined way to the point of discharge. 
The object of the invention is to permit of a free discharge of the 
contents of the hopper into a furnace or other chamber through 
an aperture which is normally closed. According to the present 
improvements the hopper is provided with a sliding bottom or 
base-plate, which, on arrival at the feeding aperture, is > 
by a fixed catch or projection on the rail or hoist up which the 
hopper travels, or on the furnace, in such manner that the body 
of the hopper passes on and allows its contents to be discharged. 
The hopper is also provided with a catch or projection adapted 
to engage with the lid or cover of the furnace, so as to carry such 


lid upwards in front of the hopper, thereby leaving the furnace 
open to receive the contents of the hopper. a indicates the 
hopper, which is provided with webs b for carrying the axles of 
wheels d, on which the hopper travels upon rails f extending 
upwards from the position where the hopper receives its charge 
to a point above the shoot or mouth of the furnace. The sliding 
bottom g of the hopper is normally retained in its closed position 
by means of the step on the trigger h, which trigger is pivoted to 
the hopper. A fixed catch or projection i, which is shown as 
being carried upon a stud or shaft j suitably supported on the 
rail or otherwise, is adapted to engage the trigger A upon the 
hopper reaching a certain height, and lift the said trigger into 
the position shown in dotted lines, thereby releasing the slide g 
from the hopper. Working on the same shaft j is a weighted 
catch or detent m, and on the slide g is a boss or projection », 





which, after passing over the detent m, falls or rests thereupon 
when the slide g is released from the trigger h as previously men- 
tioned, the function of this detent m being to prevent the slide g 
from slipping down to the bottom of the rails / before the return 
of the hopper. At the front or upper end of the slide g is a pro- 
jection p, which, by engaging with the projection g on the inlet 
of the furnace k, would stay the upward progress of the slide in 
case the said slide failed to become detached from the hopper at 
the proper time. On the front of the hopper a is a projection v 
adapted to engage with a projection s upon the lid or cover t of 
the furnace inlet, and thus to push the said lid ¢ open as the 
open bottom of the hopper arrives above the shoot or mouth of 
the furnace, so as to permit of the discharge of the contents of 
the hopper. On the ag commencing its return journey, the 
lid, being released, slides back by gravity or otherwise into its 
former position, closing the crown or mouth of the furnace, and 
at the same time the backward movement of the hopper rein- 
states the sliding bottom or base-plate thereof into its normal 
position, and the hopper returns ready for another load. (Ac- 
cepted May 10, 1905.) 


TEXTILE MACHINERY 


11,869. J. Barbour, Belfast. Spinning and Twist- 
ing Frames, [2 Figs.) May 25, 1905.—This invention relates 
to the class of spinning and twisting-frames on which the drag 
is applied to the bobbins by drag-bands and weights, and as now 
constructed the drag or friction is applied to one side only of 
each bobbin as each band is attached to a fixed notch in the 
back edge of the bobbin-lifter, and presses on one side of the 
bobbin in crossing the bobbin-lifter, and thence passes over the 
front edge of the bobbin-lffter, and the necessary tension is 
obtained by the drag weight. According to this invention, two 
drag-bands 1 with their weights 2 are attached by studs or pins 
3, or otherwise, to the bobbin-lifter 4, and at opposite sides of the 
bobbins 5 and spindles 6. In crossing the bobbin-lifter 4 the 
drag-bands 1 are made to press equally on opposite sides of the 
bobbin 5, and instead of passing over the usual notches for 
regulating the drag in the bobbin-lifter sides, they are passed 
over and received in notches or projections 7 in the movable 


S¥6 


Fig.1 


slides 8, which are carried on the front and back edges of the 
bobbin-lifter 4 respectively, and are free to move in the direction 
of the bobbin-lifter’s length. The front and back edges of the 
bobbin-lifter 4 are serrated for the reception of a steel pin fixed 
in each slide 8, and by means of which the slides are held in 
their adjusted position. The slides 8 are mounted on, or con- 
nected by, cross-levers 9 pivoted to the underside of the lifter 4, 
so that movement given to the slide 8 on the front edge of the 
bobbin-lifter 4 erty a corresponding movement in the opposite 
direction to the slide 8 on the back edge of the bobbin-lifter 4 
and vice versé. The pressure of the drag-bands 1 is adjusted by 
the movement of these slides 8, and the necessary friction between 
the an aed 1 and bobbins 5 is obtained equally and simul- 
taneously on opposite sides of the bobbin, thus avoiding the side 
pressure between the bobbin 5 and spindle 6, obviating the fric- 
tion and consequent loss: of power, reducing wear, and producing 
a more regular and sensitive drag. (Accepted May 3, 1905.) 








Gas at NortincHamM.—The Gas Committee of the 
Nottingham City Council reports that during the past 
year the consumption of gas decreased to the extent of 
5.14 per cent., or 102,000,000 cubic feet. The adoption 
of incandescent lighting was largely responsible for the 
decrease. The system has been adopted by the Lighting 
Committee of the Nottingham Council for public lighting 
and the reduction of the quantity of gas thus consumed 
amounted to 21,000,000 cubic feet during 1904, involving 
a saving of about 2000/.; private consumers are also 
largely adopting the incandescent system. Another 
cause of the decrease in last year’s gas consumption 
was bad trade. In one case alone the consumption 
declined to the extent of upwards of 3,000,000 cubic 
feet. Repairs of mains were unusually heavy in 1904. 
The profit realised from residuals was 15,000/. less last 
wd than in 1903; this was due to a fall in prices and 

ness of trade. The expenditure was 29,000/. less last 
year, there having m a saving of 21,500/., or nearly 
ls. 3d. per ton, in the cost of the coal consumed. The 
result of last year’s trading was a gross profit of nearly 
92,000/., or 50002. less than in 1903. After providing for 
interest, annuities, sinking fund, &c., there remained 
31,6457. at the disposal ate Council. Of this sum the 
Committee states that 27,0007. will be handed to the 
Finance Committee in aid of the general district rate, 
while 4645/7. will be carried to the capital and annuity 
redemption fund. The profit made on the capital em- 
ployed last year was 8} per cent. The Commitiee, in 
conclusion, states that some thirty years have now elapsed 
since the local gas-works were ra bo over by the Notting- 
ham Corporation, and during that period 540,000/. has 
been paid over to the rate fund and 220,000/. to the 
reserve fund. 
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THE DEFLECTION OF CONTINUOUS 
RAIL-BEARERS. 


By Max am Enpe, M. Inst. C.E. 


Continuous rail-bearers are used in railway 
bridges for the distribution of the pressure from a 
rolling load upon several cross-girders, relieving 
thereby the cross-girder nearest to the load from 
pressure. The deflection of the rail-bearer is the 
measure of the resulting load on the cross-girder, 
and the calculation of this deflection is, therefore, 
the principal part of the calculation of strength of 
the platform. The range of the distributing effect 
is practically very moderate, and if the cross- 
girders are far apart, uo material advantage can be 
gained by making the rail-bearers continuous. But 
it is often expedient, or even necessary, to put the 
cross - girders closer together ; and sometimes, 
especially when transverse trough flooring is used 
in place of the cross-girders, continuous rail-bearers 
become indispensable. Usually they are not built 
between, but are simply put upon the cross-girders, 
and have the form of a trough, at the bottom of 
which lies the longitudinal wooden sleeper. In 
road bridges, where longitudinal trough flooring is 
used to hold the concrete, the trough flooring would 
also distribute the pressure from the rolling load ; 
and the relief of the trough flooring, as well as of 
the cross girders, from stress, found by calculating 
the deflection of the whole, is sometimes worth 
taking into account. 

In the following discussion it will be assumed 
that the rail-bearer has a uniform support instead 
of one at regular intervals by cross-girders. The 
moment of inertia of the section of the cross-girder 
is imagined to be divided into an infinite number 
of parts, which are distributed over the adjoining 
spaces. A support made of rectapgular trough 
flooring, over which the rail-bearer runs, would 
respond to this assumption more accurately than 
one where the cross-girders are, for example, 4 ft. 
apart; but it will be shown by examples, cal- 
culated also on the base of the real condition of 
the support, that the results do not differ appre- 
ciably for practical purposes. Cases which respond 
to the above assumption more accurately would be 
a railway sleeper resting on elastic soil and loaded 
at the two rails, or a beam or bed-plate on an 
elastic wall distributing the load at the base of a 
column, while the rails as beams resting on cross- 
sleepers would be a case similar to that of a rail- 
bearer resting on elastic cross-girders. It should, 
however, be mentioned that a uniform support in 
the above sense is not.quite the same thing as an 
elastic support continuous longitudinally, like the 
elastic wall just mentioned. 

We imagine the uniform distribution of the 
cross-girders over the adjoining spaces b to be so 
that the moment of inertia of their section, I ., is 


spread equally over : on each side. Accordingly, 


if the end cross-girder has a moment of inertia n 
times that of an ordinary one, there would at the end 
of the rail-bearer a surplus of (n — 4) I, be left over, 
and if R is the reaction of an ordinary cross-girder, 


and consequently r= its reaction per unit of 


length, the surplus reaction at the end would be 
(n—4) R. 

The deflection of a cross-girder of uniform section 
under the rail-bearer, Fig. 1, is 


iD om 3 24 2 ed 
u ouu u 
y= z:* 


3E 1. 
Or putting 
__. 2 web 
u Sue + 2w af : . w 
= fR ,pi El : = El 2 
Y= EL? Manis vi) y. (2) 


where I, is the moment of inertia of the cross- 
girder, E the modulus of elasticity of the mate- 
rial, R the upward reaction, and P - R the amount 
of load transmitted by the rail-bearer to the adjoin- 
ing cross-girders. The surplus resistance at the 
end would be 

EL. 


(n — 4) 7 


(3) 
*y=%-7= | M, (2, + uw - w) da, + 
‘a El. J, 

-—w 1 ww 

= Mz dz - — M, x, d 2, where M = 

EI, 0 E I. [ 

R wand M, = R (u-w). 


According to the theory of bending we have the 
bending moment in a point « of the rail-bearer 


2 
M=EIGY pro =e 


where I is its moment of inertia. We have the 
shearing force at x 
ga@Migi®?¥. . . & 
d «x d x 
and the upward pressure at x 
-re@S opr %y |. 
dex d x 
Putting this into (2) we have 
lass |, i 
d x4 lbs 
Solving this equation we find 


y =e—*(A cosax + Bsinaz) + e*(Ccosax + 
Dsinazx) . ‘ ; (8*) 


where e is the base of natural logarithms, a a given 
constant—viz., 


M.. iL ° 4 = To « 
02/3 to = Tos ‘I 


and where A, B, C, D are constants dependent on 


Fig. 1. 
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faser ef --- ----------- J, 
the position of the luad P and on other conditions. 
Differentiating (8) we find 
oF =ae-% [ - A)cosax —-(B+ A)sinax | + 
aet [ + D)cosax +(D —- C)sinaz | (8a) 
d?y _ 
dx 
EI2a®e**(Dcosax —-Csinaz) . (8B) 


M=EI E I2a?e—2x(Asinaz — Bcosaz) + 


* The integral of equation (7) : s+ cy = 0, 


or its general form 


4 3 2 
at Yt a, Hy 4,4 y , a, tY +ay =0, 
dx dx dx dx 
where a = 1; a; = ag = a3 = 0; ay = ¢; is 


y = Ce ™* + Cgc” + Cre 7 + Ope ™*, 
where 1, 2, Ws, wy are the four roots of the equa- 
tion 

awt+ a, w® + ag u®? + aywt+a, = 0, £.e., 
wi=-e; w= Ve. /—1 
= 3 MAC. WV . 
oe Fe ° / P ‘ 
4K — 1 is imaginary (./— 1 = ¢), but has a trigonome- 
trical value: 

/={ = cos (1+2m)7r + ide (1 + 2m) 

\ n n 
where n = 4 and m any four consecutive numbers, say, 
0, 1, 2, 3, which, when put in, give 


1 


( 7 © 4 
cos — +7sin = (1 + #) 
ee 4 4 /2 
-—cos ™ +isin ™ =—(-1+4%) 1; 
4 4 /2 
. 4 Cc 
putting for convenience : v/s = 4, 
w = (1+ i)a; we =(1— i)a; w= —(1l—-ia; 
wy = — (1 + i)a, 


y= Cletiez + Cie il-daz + Qye—Q-oxr + 
Cye—Ut+iax 


tax oa 
+ =cosax+t+isinaz. 


and with e 
y =e -**! cosa x (C3 + Cy) + sin ax (i Cz - ¢ Cy) 


+ee| cosa x (C; + C,) + sina x (tC, — i C,) |- 





This, with constants A, B, C, and D, is equation (8). 


dy 
dx 


B(cosa + sinaz) | + EI 2a%e* [ D (cos ax - 


S=EI = EL 2a%e-*| A (cosa ~ sina2) + 


sina x) — C(cosax + sinaz) | : (8c) 
4 
-r=EI SH EI 4ate—**(— A cos az — Bsinaz) + 


EI 4ate**(— Ccoosax — Dainaz) (8D) 
Putting in the last equation for 4 a‘ its value 


€ 


P ° 4 “ae 
from (9), and comparing it to (8), we find =~ 


ris y, which proves the correctness of the series of 
derivations. 

Dividing (8 D) by (8) we get (2). The expression 
f yd signifies any portion of the superficial area 
formed by a curve of deflection, such as shown in 
Fig. 2, and according to (2) it would also represent 
a sum of resistances rda—i.e., a shearing force ; 
and, in fact, if we integrate the expression (8) for y, 
we get with (2) the equation (8c). The whole area 
in Fig. 2 would represent the sum of «ll resistances 
—ie., P; and, therefore, the areas formed by the 
various deflection curves shown hereafter, e g., 
Fig. 9, willbe the same. It should only be observed 
that at the ends a rectangle should be added having 
(n — 4) bas its base, and y; as its height. 

Equations (8) will be found sufficient to calculate 
the constants A, B, C, D, and with them also y, M, 
and S for any given conditions of elasticity of the 
platform and any position of the load P, as will be 
shown. The curve of deflections y, fur example, 
will in this way be determined. If those given 
conditions should change at any point x, new con- 
stants A, B, C, D would have to ™ calculated, and 
the curve beyond x corresponding to them would 
have also to fulfil the condition that it joins the 
former curve, and that, for example, at x the y of 
the two curves must be the same. 

Each such condition gives a new equation, and 
in this way the necessary number of equations for 
the calculation of the constants can always be 
obtained. ' 

CALCULATION OF CONSTANTS. 
Case I. 

The platform has a length L ; the end cross-girders 
have n times the resisting capacity of the intermediate 
cross-girders; P is at the distance 1 from the left. 
The position of the rail-bearer before deflection is 
in OO,. Symbols on the right of P have the 
index 1; those on the left have no index (see 
Fig. 2). The conditions of the case are as follow :— 

At P, i.e., for « = o and x, = o we must have 


y=; 24 = -2%, M=M,and8+8, =P. 
dx dx, 


Accordingly we obtain 


From (8) A + C = A; + Cj. 
. (84)B-A+C+D= —- B, + A,—C, —D,. 
» (88) D—B=D, — B,. 
» (8)A+B-—-C+D+A, +B, -C,+D,= 
P 
2a ET 
From these equations the following four are 
deduced :— 
A-C,=A,-C=B + D, = B, + D = 
P 
8a El 

Further conditions of the case are :- 

That at «=/ and at x, =1, the momentsare nil, and 
the shearing forces are the surplus resistances 
(n—4) R and (n, — 4) Rrespectively. Using (2) and 
(9) the latter can be written :— 

& =4a4(n-4)0 EI m and Si, =4a4 (n,-4) DEL yi, 

Then we find from (8c) 

(cos al —sin al) (A é-«+D e#) +(cos al+sin al) 


(10a, 108, 10c, 100). 


Be-"—C ev)=2(n—h)ubm . . (10k) 
(cos al, — sin al,) (A, e- a + D, e#,)+(cos al, + sin al,) 
(B, e- 44, —C, €%)=2(n;—4) adm, . . (10r) 


where y, and y,, are to be taken from (8) by put- 
ting there / and /, respectively for « and x. 
From (88) with M=0 we find 


e—* (A sin al—B cos al) + e* (D cos al - 


C sin al) =0 (10a) 
e - a; (A, sin al, - B, cos al,) + e%, (D, cos al; — 
C, sin a, = 0 . . + (10H) 


The eight equations (10) are, clearly, sufficient to 





calculate the eight constants. When they are found, 
the ordinates at any point x or x, can be calcu- 
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lated— viz., the ordinates of the curve of deflection ' 
from (8), those of the curve of moments from (8B), 
and those of the curve of shearing forces from (8c). 

This is the most general of those cases, where 
the conditions of elasticity of the platform are uni- 
form between the end cross-girders. All the con- 
stants may have different values. 

If another uniform system is joined at x, = 1, 
new constants will prevail beyond /,, to be calculated 
in a similar way as those on each side of P ; and if, 
moreover, the rail-bearer should have an expansion 
joint at /, incapable of transmitting a moment, there 
would, analogous to the four conditions at P, be 
the following four at /, :— 


”1 = ¥2; M, = M,=0; 8, = —- 82 
Case ITI. 


l=mo;h=nm. 
Hence e—@ = e—al =0; etl = et) =~, This 
- into (8) would make y = © whena =o. As, 


owever, y must then be nil, C and D, as also C, 


and D,, must be nil. Then we find from (10a to 


10p) :— 
P 
A=B=A,=B,= .—-,_;C=0; D=0;) 
8a* KL 
C, =0; D, =0. 
Case ITI. 
1=0;4 


(11) 


nN. 


We have 
(0c): - A+ D=0; (10x): 24+D-C= 
2(n — 4)ab(A +C). 
D=x#A;024%2 2(n - $)ab 4 
1+2(n —4)ab 
further: C,;=0; D, =0 
and (L0A to 10p) 


A=B 3; A, =A+O;B,=0. 


Case IV. 
l =a given length; 1, = ». 
C, =0 H D, =0 
(10a to 10p): A= B 
B,=A-D. 
(10a): e-@ A (sin al 
sin al)=0. ‘ ‘ ; ‘ ; ; 
(10c): e~# 2 A cos al+ e” [D (cos al— sinal) — 
C (cos a+ sin 7m 2(n—4) ab[e-” A (cosal 
+ sin al) + e*' (Ccosal + Dsin al)] = 0 
Case V. 
2=0; = agiven length. 


~ Sa3 EI 


i? - é : 
= 3; A, =AtO; 
SHEL 


- cos al) + eal (D cos al “+ (13) 


We have 
(10g) : 

(l0c): B=D ff P . . ‘ 
A+2B—-C=2(n—})ab(A+C) . 

(104 to as A-C,=A,-C=B+D,=B,+ 


A+D+ B-C=2(n-4)a0(A + C) 


Bal Ei ° 
(10H): e aya, sin al, — B, co3al,) + ct (D, cos 
al, -C, sin al) ; 


— 41 ap 691) é 


(10): (cos al, — sin a’,) (Aye 
- al, m= ©, 74) a, 


(cos al, + sin al;) (By e 
2(n—-4)ab le — ah; (A, co3a/, + By sinal,) 





+ eth (C,cosal, + Dy sina) | =0@ 


Case VI. 
l= 1, =agiven length; n = n). 
The symmetry of the structure gives 
A, = A; B, =B; C, =C; D, =D, and 


ay =(Qand S = F when x =0. This into (8a) and 


(8c) gives 
B-A+C+D=0, 

P A % 
iwE1  AtBtD Cc 

Hence 

P P 

D = -B;C=A- — : 

e 3K _— 8a EI 
We have also the equations (10#) and (10c) 


(To be continued.) 





THE NAVAL, SHIPPING, AND 
FISHERIES EXHIBITION. 

Tue Exhibition which this year forms one of 
the annual series which have been held for some 
time past at Earl’s Court is officially described 
as being devoted to ‘* Naval, Shipping, and 
Fisheries.” In regard to the Fisheries Section, it 
will suffice to say that there are a large number 


making nets; there is also mentioned in the 
catalogue a collection of fish pictures, which 
doubtless prove instructive to those interested in 
the subject. The Exhibition is, however, just now 
specially deserving of notice from the fact that it 
has been visited by a number of the members of 
the Institution of Naval Architects in the course of 
the meeting held this week. 

In the Industrial Section there is a fine collection 
of ship models, contributed by the various ship- 
building and ship-owning firms. The majority of 
these are very beautiful specimens of the model- 
maker’s art, and we should have a good deal to say 
about them had we not, from time to time, described 
in these columns the most important of the actual 
vessels themselves, or their prototypes. Another 
imposing feature of the Exhibition is formed by 
the fine exhibits of the big companies, such 
as Armstrong's and Vickers’, who supply war 
material for the Navy. These, however excellent 
in themselves, are largely ‘‘ show exhibits,” and 
though possibly there may be some novel fea- 
tures among them, no effort appears to have been 
made to inform visitors of the nature of the objects 
shown ; they are just there to be looked at and ad- 
mired from the outside. Indeed, it may be said 
that the Exhibition is organised on what is gene- 
rally known as ‘‘ popular” lines. There are Cana- 
dian Indians in their village, a so-called *‘ flying- 
machine,” the great wheel, water-shoots, round- 
abouts, a fairy grotto, and other entertainments, 
such as delight the average Londoner and his 
country cousins. 

In the building known as the ‘‘Queen’s Palace” and 
in the Imperial Court there are a few exhibits that 
may be noticed. The first of these is on the stand 
of Messrs. Siebe, Gorman, and Co., of 187, West- 
minster Bridge-road, who show in the Imperial 
Court some refrigerating machinery, which we 
illustrate in Figs. 1 and 2 on the opposite page. The 
essential difference between this system, known 
as the ‘‘Clothel” system, and others more ordi- 
narily used consists in the application of a refri- 
gerating agent, which reliquefies at low pressure, 
and for this reason a rotary type of compressor can 
be used. Jn the apparatus we now illustrate the 
compressor is driven by an electric motor ; at the 
Exhibition, however, a gas-engine is used. The 
apparatus also consists of a refrigerator, in which 
the chemical is evaporated and the heat absorbed. 
There is a condenser where the chemical is com- 
pressed, the heat due to compression absorbed, and 
the material reliquefied. The compressor is shown in 
our illustration, Fig. 1, in the foreground ; Fig. 2 
shows more clearly the gearing for driving the com- 
pressor and the pumps, shown in front, employed 
for circulating the condensing water or refrigerating 
vehicle. There is an expansion valve, by which 
the flow of the liquefied gas is regulated in its 
return to the refrigerator. The chief point of 
novelty about the machine, as already stated, lies 
in the refrigerating agent used, which is ethyl 
chloride (C,H;Cl). This substance is reliquefied 
under a pressure of 15 lb. to the square inch, with 
condensing water at 65deg. Fahr. The advantages 
of this low pressure will be obvious. Moreover, 
ethyl chloride is a neutral chemical, and therefore 
has no corrosive action upon metals. There is, of 
course, less liability of escape of the vapour than 
with other agents, in which much higher pressures 
have to be used. Further, it is possible to work 
in the presence of fumes, should there be a levkage. 
‘** Clothel ” is said to be the most stable chemical 
known for refrigerating purposes. Its critical tem- 
perature is high—namely, 365 deg. Fahr.—and no 
permanent gases are formed in the machine. Being 
a chloride, it has nothing in common with either air 
or water, and no chemical change takes place if 
these substances should by accident be introduced 
into the apparatus. The low pressure at which it 
liquefies also makes it applicable to tropical 
climates, where only high temperatures of water 
for the condenser are to be obtained. The 
‘*Clothel” is more especially adapted for installa- 
tions of moderate size for domestic use, the manu- 
facturers making a speciality of small refrigerating 
machines of 10 tons and less. Although the ethyl 
chloride is more expensive at first cost than some 
other agents, such as ammonia, it is claimed that 
in the long run it is cheaper to use on account of 
the smaller amount of leakage that takes place, 
owing to the lower pressure used. We annex a 
table given us by the inventor of the machine, in 
— the vapour pressures of ethyl chloride are 
stated :— 





of stuffed fish in glass cases, and some girls 





Ethyl-Ch!oride Vapour Pressures. 
Deg. Fahr. Absolute. Pounds per Square Inch. 
— 22 2.18 


The Long-Arm System Company, of 39, Vic 
toria-street, show in the ‘‘ Queen’s Palace” a work- 
ing example of their system of electrically operating 
bulkhead doors. The doors used are specially 
made for the purpose, and slide—either vertically 
or horizontally, according to the type required— 
in a heavy cast-steel frame, fastened to the bulk- 
head. The doors are of cast steel, with brass seat- 
ing-strips. The door-frames attached to the bulk- 
head are of open-work, so as to permit the escape 
of coal or other substances that might lodge in the 
space in which the doors slide. In order to keep 
the doors firmly against the bulkhead frames, 
and thus render them water-tight, they are made 
to close by rollers, in place of simply pressing 
against fixed bevelled surfaces, as is usual with 
other forms of water-tight doors. This arrange- 
ment has been devised to prevent the doors and 
the frames sticking together, and making opening 
difficult ; also, coal and other material will not 
become jammed in the opening. Each door is fitted 
with an electrical motor, which opens and closes 
it by means of gearing actuated by a worm, there 
being a worm-rack on the door. The end thrust 
is taken up by roller bearings. A helical spring 
exerts a thrust on the bearings, and when the 
thrust exerted by the door exceeds the force due 
to the reaction of the spring, current is cut off 
from the motor by suitable mechanism. In this 
way, when the door is closed, or any obstruction 
prevents it being closed, the current is cut off; 
also, when the door is fully open, and abuts on the 
bulkhead stop, current is cut off. The doors can 
be operated by hand if necessary. 

It will be evident that by means of suitable 
electrical connections the doors can be closed from 
a central station, which would preferably be placed 
on the bridge, so as to be within reach of the 
officer in charge. At the same time, there being 
a controller on each door, any single door can be 
opened or closed by a man on the spot. This 
might be necessary to allow of the escape of persons 
enclosed in a compartment, or to prevent anyone 
being caught by the door in closing. When the 
handle of the controller on the door is released, 
the action continues, and the closing of the door 
is completed. In this way the door may be opened 
on the spot any number of times, and will close 
again automatically so long as the officer on the 
bridge maintains the general closed position. The 
whole system is put into operation from the central 
station by the officer in charge releasing a catch. 
This in turn releases a powerful spring that, by 
means of suitable gearing, closes the circuits of the 
motors on the doors. There is at the central 
station a hand mechanism which can be used as an 
alternative to the automatic device. The whole of 
the motors are not, however, started at once, as 
that, with ordinary installations, would probably 
make too heavy a demand forcurrent. Each door 
when shut closes the circuit for another door, and 
thus the danger of an extreme over-load is obviated. 
There is also a system for indicating, by means of 
small incandescent lamps, which doors are open 
and which are closed, so that the officer in charge 
may know exactly the condition of affairs. 

It will be gathered from our brief description 
that the ‘‘ Long-Arm” system has been very care- 
fully and thoroughly worked out. The great sea 
danger in the present day is from collision between 
vessels that can head in any direction indepen- 
dently of wind ; the risk of a well-found steamer 
being embayed or driven ashore is small, but the 
swift vessels that crowd the ocean, still more the 
narrow seas, are constantly passing each other, so 
that the danger of collision is ever present, and in 
the case of fog this becomes a matter of acute 
anxiety to passengers, if not to the ship’s company. 
The system of submarine signalling described by 
Mr. J. B. Millet at the spring meeting of the 
Institution of Naval Architects, combined with this 
arrangement for closing water-tight doors and 
hatches from a central station, should reduce the 
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risk of collision to a point almost negligible for 
vessels navigated with due skill and care. 

Andrews’ Governor Patents, Limited, of Lower- 
road, Deptford, exhibit in the ‘‘Queen’s Palace ” 
(we feel it necessary to put the designation of this 
not very ornate building within quotation marks) 
the governor they manufacture. It is designed for 
marine purposes, rolling-mills, and other heavy 
work. It is claimed that ‘‘the action is instanta- 
neous, though without shock, and the governing of 
the engine is perfect to within 3 per cent. above 
or below.” The arrangement appears to have some 
special features, if not altogether novel in principle. 
A pair of pumps is mounted in a convenient posi- 
tion, the plungers being actuated by some recipro- 
cating part of the engine. The pumps draw from 
a small tank and force the fluid that is pumped into 
a cylindrical vessel fitted with a piston and piston- 
rod. There is a passage leading from the bottom of 
the cylindrical vessel to the tank. A regulating- 
valve is placed in this passage. Under normal con- 
ditions of running, when the speed-of the engine is 
not excessive, the fluid is simply pumped from the 
tank and back again ; but when the speed of the 
engines and, consequently, that of the governor 
pump is exceeded, the delivery passage will not 
pass the fluid without a rise of pressure taking 
place in the cylindrical vesse]. The piston in the 
latter accordingly rises, and it then closes the 
valve in the return passage to the tank, thus in- 
creasing the pressure in the cylinder. At the same 
time the throttle-valve of the engine to be governed 
is closed. 

Messrs. “Lilley and Son, of 10, London-street, 
E.C., exhibit an electric-lighted compass in a 
standard binnacle. It is similar tothe Sir William 
Thomson compass, but is somewhat deeper, thus 
allowing room beneath the card for a regulated 
incandescent lamp covered by a ground-glass disc. 
by this arrangement the compass-card can be 
illuminated to a-required degree, so that whilst 
the helmsman is not dazzled by a strong glare, 
he can give additional light when needed. This 
compass is suspended by corrugated nickel strips. 
These give sufficient elasticity, and are not liable 
to perish, 

_Mr, E. E. Wigzell, of Billiter-street, exhibits a 
simple sounding-machine, the sounding line being 
vt six-strand wire and covered with a fibre coating 
treated with waterproof material. The line is not 
liable to kink, so that tension can be released. The 





sounding-rod consists of a brass tube containing 














a piston. The increasing pressure as the rod 
descends presses the piston back against a spring, 
and a small indicator, held by a ratchet arrange- 
ment, shows how far the piston has moved, thus 
indicating the depth of water. 

Messrs. A. G. Taylor and Co., of 17, Poland- 
street, W., show some useful tools suitable for 
motor-boat equipment, amongst them being what is 
described as the ‘* Quick-Grip” spanner. It takes 
the form of a pair of pliers with jaws that are 
square and approximately parallel. It is an espe- 
cially handy tool for running over machinery to see 
if the nuts are all tight, but naturally would not be 
so suitable for setting-up tight on the thread. It 
would save time in running up the nut, the last 
turn being taken by a fixed jaw spanner. On the 
same stand is shown a neat projector for a light of 
200 candle-power, useful in motor-boat work, for 
picking up moorings or navigating in crowded 
waters at night. 

Colonel G. Ranking, of 31, Suffolk House, Lau- 
rence Pountney-hill, has a practical exhibit of his 
boat - disengaging gear, showing it fitted to a 
dinghy. This device has the merit of simplicity. 
A gun-metal chock is fitted to the thwart of the 
boat at the part where the hook engages with the 
boat tackle. This chock has a flat horizontal 
surface and an inclined surface ; it can be made to 
perform a partial revolution in a horizontal plane 
by pulling a line attached for the purpose. The 
engaging-hook is made to swivel in a horizontal 
plane. Its shank is projected beyond the axis, and 
ends in a roller. When the hook is engaged, the 
roller rests on the flat horizontal surface, and cannot 
slip through the eye ; but when the chock is caused 
to revolve, so as to bring the inclined surface under 
the roller, the latter falls, and this allows the hook 
to slip out of the ring in which it has been engaged. 
There are many boat-releasing hooks, but this is 
one of the simplest. 

Another boat-lowering device is shown by Messrs. 
Thompson Brothers, of 155, Fenchurch-street. It 
consists of an arrangement for swinging out the 
davits. There is a spiral inclined plane, which 
takes the form of a metal casting fitted to the deck. 
The heel of the davit is supported by this casting, 
and when the boat is released the davit is allowed 
to slide downwards, being guided in turning by 
the spiral, so that the boat swings outboard, first 
one end and then the other, passing between the 
davits in the usual way. In the model shown the 





Fic. 2. 


Messrs. J. Walker and Co., of Garford-street, E., 
have an exhibit of their packing, which is notable 
if only from the fact that they *‘ quite confidently 
assert that fully two-thirds of the steamships 
trading out of our own home ports of London, 
Liverpool, Glasgow, Cardiff, Newcastle-on-Tyne, 
&c., are using Messrs. James Walker and Co.’s 
‘Lion’ (Patent) Packings in their engine-rooms.” 
The packing is composed of asbestos cloth, treated 
so that steam causes it to expand, with “pins” 
of metal let in to give a metallic wearing face. 
This is made in plain rings, or with deep-grooved 
section, in spirals, either plain or grooved, and in 
other required forms. This packing is said to be 
specially suitable for high-pressure steam ; it is also 
used for hydraulic work, steam-hammers, and for 
other similar purposes. 

Saunders’ Launch-Building Syndicate, of Cowes, 
and Goring - on - Thames, have a very highly- 
finished motor-boat, similar to, if not the same 
as, the one shown at the Motor-Car Show at 
Olympia in the earlier part of the year. This boat 
is 40 ft. long and 6 ft. wide. She is composed of 
three skins of teak and mahogany, the planking 
being sewn together by copper wire. On the out- 
side the stitches are countersunk, the countersink- 
ing and the holes for the sewing being made by 
portable electric drills, of the same type as used by 
dentists in stopping teeth. The boat seems almost 
too beautiful to use ; the seats, we are informed, cost 
1001. ; after learning this the full price of the boat at 
12501. does not seem excessive ; although it is over 
311. per foot run, or close on 10001. a ton ; for the 
complete boat, with the 1001. chairs, sewn wooden 
awning, and machinery complete,’ only weighs 
26 cwt. The hull is hollowed up at the stern, in 
the manner of the tunnel. boats, so as to give im- 
mersion to the propeller without carrying it below 
the keel, the draught being but 9in. The engine 
is a four-cylinder petrol motor by Napier, and will 
drive the boat 14 miles an hour. Probably this is 
the most exquisite launch yet built. 

Messrs. Thomas Firth and Sons, of Sheffield, 
show a number of projectiles and small tools of 
various kinds. Their exhibit is hardly commensurate 
with the importance of the firm, as compared with 
that of the other big steel-makers’ shows. Messrs. 
Seebohm and Dieckstahl, Limited, of Dannemora 
Works, Sheffield, exhibit fractures and sections 
showing the different kinds of steel they manufac- 
ture. Messrs. Armstrong and Co., of Newcastle, 





device acts very perfectly and with great quickness. 





exhibit a steel boat made in sections, the skin being 
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pressed to shape and jointed by three transverse 
riveted seams. Messrs. Jno. Neil and Co., of 
Burnham-on-Crouch, exhibit an oil-engine and a 
reversing propeller. Messrs. Henry Hughes and 
Son, of Fenchurch-street, have a good exhibit of 
nautical instruments. The Cape Asbestos Company, 
of 8, Minories, show asbestos goods; Messrs. 
Jennings, Limited, sanitary appliances; Messrs. 
Kelvin and White, standard compasses and sound- 
ing-machines ; Messrs. W. L. Beyers and Co., of 
Sunderland, stockless anchors; ard Kermode’s 
Liquid Fuel Company, of Liverpool, the Kermode 
system of burning liquid fuel. In this building, 
besides other exhibits we have not mentioned, there 
are several models; one, from Pennsylvania, of an 
electrically-propelled ship intended to cross the 
Atlantic at 50 miles an hour ! 

Leaving the ‘‘ Queen's Palace,” we pass to the 
Imperial Court, where there are a few exhibits of 
more or less interest from an engineering point of 
view. The Linde British Refrigerating Company, 
of 35, Queen Victoria-street, have installed an 
electrically-driven marine type of carbonic acid 
refrigerating and ice-making plant. Messrs. Davy, 
Paxman, and Co., of 78, Queen Victoria-street, 
and Colchester, have a good show of gas-engines 
anda suction-producer. Messrs. Hobdell, Way, and 
Co., of 63, Crutched Friars, show some machine-tools 
and engine fittings; the Pulsometer Engineering 
Company, of Reading, show an ice-making machine 
in action, as well as pumps, steam sirens, and a 
diving equipment. Messrs. Babcock and Wilcox, 
of 30, Farringdon-street, show water-tube boilers 
and a bucket-conveyor. Messrs. J. I. Thornycroft 
and Co., of Chiswick, exhibit two sets of launch- 
engines, petrol-motors, and parts of engines, be- 
sides a three-bladed propeller for adestroyer. This 
firm has also other exhibits in different parts of the 
Exhibition. Normandy’s Marine Aerated Fresh 
Water Company, of Victoria Dock-road, show 
their well-known distilling apparatus. The Stirling 
Boiler Company, of 25, Victoria-street, have full- 
sized Stirling Fete in section ; Messrs. Green- 
wood and Batley, of Leeds, exhibit an 18-in. torpedo, 
electrically-driven tools, dynamos, anda De Laval 
steam-turbine. Finally, Messrs. Crossley Brothers, 
of Manchester, show gas-engines with dynamos, 
oil-engines, and a suction- producer. 








SAFETY APPLIANCES FOR COTTON. 
SPINNING MULES.—No. ITI.* 
By J. H. Crasrrer. 


CaRRIAGE- WHEELS. 

For the purpose of attenuating the cotton yarn 
in a spinning-mule the carriage containing the 
spindles is made to traverse over a space of about 
63 in. This traversing motion is effected by placing 


the carriage on a series of wheels known as “ car- | 


riage-wheels” or ‘‘ carriage-bowls” (Fig. 1, page 


* The previous articles cautcot in our issues of 
Devember 2, 1904, page 470, and March 3, 1905, page 2€8, 
of oar last volume. 


Fic. 19. Jenny-Gate with CovERED WHEEL. 
72). The carriage- wheel has an average dia- 
meter of 15 in,; the width of its edge is ? in. to 
1 in., including a groove } in. deep and $ in. broad. 
This slot engages with the narrow edge of a rolled 
steel plate known as a ‘‘ slip,” which is secured to 
the floor of the mule room by screwed bearings, and 
rises to the height of 3 in. to4in. Latterly an 
attempt has been made to reduce the height of the 
slip above the floor from 3 in. to1lin.; the effort 
has been appreciated by employers and workers. 
The carriage-wheels travel along the slips at the 
rate of 5 in. per second on the outward run of the 
carriage. When this returns to the roller-beam, on 
its inward run, the wheels travel at the rate of 
20 in. per second. 

The number of wheels on each mule must neces- 
sarily vary with the length of the carriage. Speak- 
ing generally, we have a pair of wheels—one at the 
front and the other at the back of the carriage— 
for every seventy-five spindles; so that under a 
carriage of 672 spindles we may have nine pairs of 
wheels running along nineslips. Briefly, then, we 
have here all the main items on which to base our 
present considerations. 

We find that in an average mule of 1300 spindles, 
with 1,3, in. distance between them, the average 
weight of a mule-carriage will approximate to 
4 tons. From this we may therefore obtain the 
downward pressure exerted by each wheel. Taking, 
as before, a carriage of 672 spindles, with nine slips, 
we have the total weight distributed with fair 
uniformity over 9 x 2 = 18 wheels. Hence 





4 tons + 18 = 497 lb. represents the pressure 


Fic. 20. WHeEEL Entirety Coverer. 
younger or “‘ little” piecer’s business to clean ; he is, 
in fact, essentially a ‘‘little cleaner” rather than a 
‘little piecer.” It is his duty to clean the carriage- 
wheel of a mule while it is in motion. Owing to 
the slow traverse of the wheel, the minder does not 
regard the wheel in itself as being the least dan- 
gerous, and instructs his piecer to clean off all dust 
and loose cotton fibres (cotton-fly) with a hand- 
brush and cleaning-cloth. The stopping of the 
machine for this cleaning would occupy some con- 
siderable part of the minder’s valuable time ; and, 
considering that he is paid by the ‘‘ piece ”—by the 
amount of weft or twist he produces—the stoppage 
would mean the loss of a few shillings per week— 
equivalent to 5 per cent of his earnings. The 
minder is therefore much averse to stopping his 
mule, except from strictly unavoidable causes. 

Cleaning the upper part of the wheel does not 
involve much risk, but it will be clear that when a 
boy is using his cleaning-cloth near the lower part 
of the wheel, his risks of accident are increasing 
momentarily ; and it frequently happens that the 
cleaning-cloth, which is firmly held in his hand, is 
caught between the carriage-wheel and the slip. 
Before he can disengage his hand from the cloth 
his fingers are there too; the result is that his 
finger-ends are crushed under the wheel by the 
weight already indicated, and the presence of the 
rectangular flange on the wheel-edge does not im- 
prove the accident; the wheel-edge crushes, but 
the flange also cuts the finger—much like a small 
guillotine—on the upper edge of the slip. 

Further, it is the boy’s duty (Fig. 3) to keep 





exerted by an individual wheel. In considerations | these slips clean whether the carriage-wheel is in 
as to the fencing of carriage-wheels this is an| motion or not. If patches of dirt or cotton-fly 
important item, which appears to have been greatly | lodge on the slip, the wheel passes over them and 
overlooked. Speed, and speed only, has been held | attaches them by its pressure to the slip ; the slip 
up to view. But we cannot too carefully bear in | itself thus becomes slightly uneven ; but this want 
mind this particular, as it is, more than any other, | of uniformity in the slip-level is quite sufficient to 
the chief factor when injuries are inflicted by these | affect the requisite uniformity of the yarn. If the 
wheels, | slip is not kept clean and smooth, defects are sure 
The speed of the wheel may not be compara- | to ensue at the expense of the minder. The little 
tively great in its outward run ; but the speed and | piecer has, therefore, a keen eye on these slips, in 
weight combined make the wheel of a mule-carriage | obedience to strict injunctions, and picks off with 
a formidable factor of danger to children's fingers | his fingers any pieces of fly he might detect. 
and toes, and, in fact, to any part of the limbs.| If the wheel has passed over the fly for a few 
When the wheel is on the inward run at the | times, the latter becomes adherent to the slip, and 





rate of 20 in. per second, the element of danger is | is not dissociated from it in a moment. Possibly 
relatively increased ; and the more severe accidents | the wheel may be on its outward run; a boy notices 
have actually occurred at the back of the mule in | some fly on a slip, and assumes he has enough time 
|the length of about 1 ft., which the wheel there | to remove it ; but the fly is not all removed on his 
| traverses at this increased speed. True, the acci- | first attempt, and as he endeavours to complete his 
| dents at the back of the mule have been fewer in| task the wheel is upon him, and his index finger 
|number than the accidents on the front wheels, | is trapped between the wheel flange and the slip. 
from the circumstance that the workers are at the | This has frequently occurred. 
| front of the mule-carriage during the greater period; Let us look, now, at another instance which is 
| of their employment. too often styled ‘‘a pure accident.” It will be 
It will naturally be asked, ‘‘ How do these acci-| understood that while at work the piecer’s on); 
'dents happen generally?” The minder in charge covering is his shirt and trousers; where very fine 
| of a spinning-mule delegates the duties of cleaning | counts are spun and the temperature ranges from 
the machine largely to his two subordinates, who | 90 deg. Fahr. to 100 deg. Fahr., the trousers are 
|are known as “piecers.” These are boys and | cast aside and the boy works in the only shirt h: 
young men—occasionally girls are employed—vary- | wears from week-end to week-end. The feet ar 
ing in age from twelve to twenty-five. It is the! always uncovered ; clogs would be useless, owin:; 
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to the intensely greasy floor; boots would share 
the same objection ; and slippers, however pliable, 
receive no favour from spinners. Further, the 
minders are so accustomed to climbing over the 
machine (sometimes when in motion) that bare feet 
to them means less risk than any improvised foot- 
covering, and the little piecer naturally follows 
suit in the matter of having bare feet. 

We have already shown that slips are 3 in. to 
4 in. high from the floor. Of these there may be 
34—that is, nine to each of the two longer mule- 
carriages, and eight to each of the shorter carriages 
—in each space between two mules. Hence, in 
each of these spaces, or ‘‘ jenny-gates,’’ where the 
piecer has to walk several miles per day, he must 
exercise great care to avoid tripping over one or 
another of these 34 slips. That he should strike 
his toes against the slip occasionally goes without 
saying ; but an accident more severe often happens 
when, owing to lack of light on the floor of the 
mule-room, he stumbles over a slip and his limb 
is contused or lacerated under the approaching 
wheel. Again, it is a common occurrence for the 
paste used by spinners to be spilt in the jenny- 
gate ; a boy in his passage from one part of the 
mule to another slips on this paste and is thrown 
down (Fig. 4); naturally he throws out his hands 
to save himself; his hand falls on the wheel-slip ; 
the next moment, before he has the least oppor- 
tunity of pulling himself up, the wheel passes 
over his fingers. The boy is not in the least degree 
contributory to the accident which has _ befallen 
him. It is contended that the injuries from car- 
riage-wheel accidents are trivial, infrequent, and 
do not involve loss of work or wages. This assump- 
tion is a mistaken one. It can hardly be said 
that an injury is trivial which reduces the finger 
end to a pulp, and involves acute pain for several 
days and nights at least. This is the mildest form 
the accident takes, and it is not always possible 
to say what such an injury may bring in its train. 
The statement, too often made, that carriage- wheels 
injure finger-nails only is obviously wrong. Out of 
fifty such accidents known to the writer, there is 
not a single instance which concerned the finger- 
nail only. The persons injured were nearly all 
between twelve and fifteen years of age, and the 
injuries inflicted were severe contusions and lacera- 
tions, or actual loss of parts of fingers or toes. 
From such injuries loss of work and wages follows 
as alogical sequence. In the cases referred to the 
loss of work sustained was from two to eight weeks. 
When one or two weeks’ loss of work ensued, this 
meant total loss of wages, and in the other cases 
the loss of earnings would be considerable—to a 
piecer. 

We have, therefore, a case for protective appli- 
cation. How can it be done? 

The crucial part to be considered is the point 
where the carriage-wheel in its motion impinges 
on the slip. This is the dangerous part ; this is 
the part to which safety appliances should be re- 
ferred. 

Good methods are many and various; some 
occupiers prefer guards very different from those of 
others. There is ample scope. 

Guards divide themselves into two classes :— 

1. Those which are attached to the wheel- bearer 
and are suspended between the wheel and slip. 

2. Those which rest on the slip and have no 
attachment whatever. 

The guards of the first class are bolted to the 
under-side of the wheel-bearer, stretch along the 
side of the lowest peripheral part of the wheel, and 
are so fixed that the guard-front has an interval of 
i; in. to $ in. above the slip. Illustrations of this 
form of guard are seen in Fig. 5, page 72, where the 
front is perpendicular ; in Fig. 6, where the front 
is made angular with the slip ; and in Fig. 7, where 
the front is lipped to the immediate contour of the 
wheel-edge. If the space between the guard-front 
und the slip does not exceed } in., it will clearly 
prevent trapping of fingers and toes by the wheel ; 
these digits will be merely moved along the slip. 
This guard is particularly applicable where the slip 
is 8o short that the wheel itself travels to its ex- 
treme points. 

The guards of the second class are placed on the 
‘lip with their sides overlapping, and the wheel is 
lifted into the recess between the sides of the 
guard. This guard is therefore impelled backward 
and forward by the wheel itself, and this type is 
often preferred when the wheel does not travel 
to the extreme ends of the slip. 


of cast iron, and embraces under its front and 
back portions a small roller, which travels along the 
slip with a minimum amount of friction as it is 
propelled by the wheel. 

The form shown in Figs. 9, 10, and 11 consists 
of side-plates of sheet-steel with bevelled pieces of 
lignum-vitze bolted at each end between the plates. 
The wood, being exceedingly hard, is moved by the 
wheel with very little friction, and effectively 
covers the space between the wheel and the slip. 
That these guards are lasting may be gathered from 
the fact that several years’ use does not in any way 
reduce the efficacy of the guard. I recently had 
one removed which had worked for five years con- 
tinuously (Fig. 12, page 73); the amount of wear 
had not reached } in. 

I just now mentioned the attempts to reduce the 
height of the slip to 1 in.; but another praise- 
worthy effort has been made, and is in practical 
operation at several cotton-mills, to eliminate the 
slip altogether, and to substitute flat rolled plates 
instead. This is an innovation little considered 
practically until recently. The danger, as will be 
seen in Fig. 13, of stumbling over high slips is 
entirely prevented ; and where, as in this instance, 
new mills are prepared during construction for 
wheel-plates instead of slips, the adoption of these 
plates is both advisable and economical. 

Even in the older mills the idea is not imprac- 
ticable, as will be seen from a reference to Figs. 14 
and 15. In these cases it will be seen that the 
ordinary floor-boards have been partially cut out, 
and new flanking-boards substituted, which contain 
the slip sunk between them. 

In Fig. 16 we have another recent endeavour to 
clear the slips by using a wheel-plate with a guarded 
wheel running on it, this wheel having a plain 
edge. Where no slips are intended to be used, it 
will be obvious that a flanged wheel is unnecessary. 

A novel form of guard is illustrated in Figs. 
14 and 17, where the front of the wheel edge 
is entirely covered with a curved plate, which is 
attached to the guard below and keeps it in 
permanent position. In Fig. 17 a small brush is 
provided on the front of the guard to keep the slip 
clear of fly and dirt. 

Where the cleaning of the wheel as a whole is to 
be obviated, the whole wheel has been covered, as 
in Figs. 18, 19, and 20, page 74, where brushes 
also are attached to keep the slip clean. 








BRIDGE OVER THE RIVER ZAMBESI 
AT VICTORIA FALLS, RHODESIA, 


(Continued from page 3.) 

We continue this week the publication of our 
series of illustrations of the bridge which has just 
been completed over the River Zambesi, at the 
Victoria Falls, Rhodesia. In our previous article 
we illustrated and described some of the impor- 
tant members of the arch of 500-ft. span, which 
constitutes the main feature of the bridge— 
typical vertical posts, the diagonal stays, the top 
and bottom booms, and their connections. We 
now propose to continue our description of the 
other members of this arch, including the cross- 
girders carrying the permanent way, the decking 
and the wind-bracing, as well as that very impor- 
tant item the main bearing with the end-posts. 
We still defer until a future issue the narrative of 
the erection of the bridge on its site, with the de- 
scription of other details. 

The arch girder lies in a plane, at an inclination 
of 1 in 8 from the perpendicular, and the seat of 
the cross-girders to carry the permanent way is 
attached to the top boom, the bottom of the seating 
being bevelled to correspond to the angle, as shown 
in Fig. 6 on the two-page plate accompanying our 
issue of the 7th inst., and in detail in Fig. 35 on 
page 76. This makes a beautifully simple arrange- 
ment, especially satisfactory for erection under 
exceptional difficulties, because the girders were 
thus formed of standard dimensions, the seatings 
being uniform on each side throughout the whole 
length of the bridge. This detail, simple as it ap- 
pears, largely contributed to the expedition with 
which the bridge was erected. The cross-girders are 
placed 12 ft. 6 in. apart, so that there are two for 
each bay. The idea of having only one girder 
at each post was considered, as there would have 
been a certain convenience in carrying the cross- 
girders only over the uprights of the structure; but 
it was decided to have intermediate girders, so as to 
shorten the span of the rail-bearers, and enable 


lines to be employed on the bridge. The cross- 
girders (Figs. 3 to 38) are of the simple plate type, 
2 ft. 6 in. deep over the angles and 30 ft. long. 

The two tracks carried by these girders are at 
10 ft. 10 in. centres, and each rail is laid in a 
trough composed of two steel channels and two in- 
side angles (Figs. 39 to 41). The two inner channels 
are connected together at the top by means of a 
plate which serves both as a foot-way and as a tie to 
the rail-bearers ; at the same time it serves to catch 
the cinders from the engine ash-box (Fig. 35), 
Plates are not used under the timber rail-bearers, 
because they would prevent adequate ventilation 
of the timber, and would also require holes for 
the insertion of the fastenings of the bolts. In 
order to prevent warping of the timber, experience 
showed it to be desirable to provide clips on the 
underside of the bolts, in order to hold the timber 
close down to its bed (Fig. 41). The timber used 
is hard Karri, and it rests upon the angles fixed 
into the trough, the bolts fastening the rails pass- 
ing through the timber. The timber is cut on the 
surface to give the rail a cant of 1 in 20, to suit 
the cone of the tyres. This also enables the timber 
to be drained to one side, where a groove has been 
formed communicating with holes in the channel- 
bar cut for this purpose ; the space between the 
timber and the channels is filled with asphalte, 
The construction, which is fully illustrated in 
Figs. 39 to 41, further provides a guard on both 
sides of each rail against dangers from derailment. 

For the deck of the bridge (Figs. 38 to 40, and 42) 
there are placed, transverse to the line of rail, T 
bars for carrying the timber platform. These trans- 
verse 7 bars are attached to the rail-bearers, and 
are at 6-ft. 3-in. intervals, which is also the span 
of the timber planking. This latter is in widths 
of 9 in. by 3 in. thick (Fig. 42). The decking is 
level with the top of the rail-bearers, so that the 
whole surface of the bridge forms an effective foot- 
way outside the track. The timbers, which are of 
pitch-pine, have been creosoted, and also covered 
with Stockholm tar, not only as a preservative, but 
to enable the gravel overlying them to adhere 
effectively. In this way the timber is protected 
not only from heat, but also from damp. It is in 
contemplation also to fill up the rail troughing to 
within 1 in. of rail-level with gravel. This is an 
important element not always realised in tropical 
and semi-tropical countries, because the alterna- 
tions of heat and wet have a most destructive effect 
on timber, the wet causing it to swell, while the 
heat, rapidly following, makes it shrink and split. 

The parapet (Figs. 35 and 43 to 46) is of simple 
and effective design. The end of each cross- 
girder is utilised for the attachment of a strong 
channel-iron, 8 in. by 24 in., erected vertically. 
These.make posts of great holding strength for the 
parapet, as the attachment to the girders is 2 ft. 
deep. On the tops of the channels there is a 5-in. 
by 3-in. T iron, which makes a suitable finish. 
On the top of the cross-girder, and attached to the 
channel, is a plate 12 in. deep, which serves also 
for carrying the T bearers for the timber decking. 
Intermediate channels 5 in. by 2 in. are fixed to 
the same plate, and the top hand-rail and various 
members are braced together by diagonal bars. 
The panels thus formed, 5 ft. 8 in. by 4 ft. deep, 
are filled with expanded metal, forming a diamond 
lattice-work of 6 in. mesh from end to end of the 
bridge ; and the general appearance is light, not- 
withstanding the great strength. 

There are two, distinct systems of horizontal 
wind-bracing, in addition to one arranged vertically. 
The upper system of wind-bracing immediately 
under the cross-girders is divided into practically 
square panels at 25-ft. centres, corresponding, there- 
fore, with the vertical members of thearch. This is 
illustrated in Figs. 51 to 54, page 78. Each diagonal 
of this bracing is composed of two members—to 
and bottom—braced together with flat bars. Eac 
boom is com d of two angles, which vary in 
dimensions, being reduced towards the centre. At 
the point of intersection one diagonal is divided 
and joined with a cover-plate to the other. The 
cross-girders themselves form an additional column 
of the system of wind-bracing at each bay, although 
they are not really recognised as forming part of 
the system. The upper system of wind-bracing at 
the first bay is illustrated by Fig. 52. The con- 
nection at the end of the arch is shown in detail in 
Fig. 54. 

The lower system of horizontal bracing (Figs. 55 
to 57) is attached to the bottom, or arched, 








In the type shown in Fig. 8, the guard is made 


the standard type in use throughout the Rhodesian 


boom, being divided into twenty-five bays, varying 
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1 varies from 50 ft. at the bottom to 27 ft. 6 in. at 
the top of the posts. 

The main bearings constitute the chief feature 
in the design, and the one to which Mr. Hobson 
devoted the greatest attention. The problem was 
to prepare a means whereby the stresses coming 
through the main rib of the arch would be collected 
and concentrated upon a straight line at right angles 
to the thrust of the arch, the straight line being the 
centre line of the hinge-pin or bearing upon which 
the whole of the bridge rests. From this centre 
line the whole of the stresses have to be redis- 
tributed through the steel bearing, base-plates and 
concrete monolith on to the rock. As the calcu- 
lated thrust which passes through each of the four 
hinged bearings amounts to 1600 tons, it will be 
seen that something of a very substantial nature, 
thoroughly reliable in every way, had to be devised. 
Moreover, the units of its construction had to be of 
a weight convenient for transportation to the site, 
both in respect of handling and of lowering into a 
position most difficult of access. In the design of 
the bearings a primary consideration also was to 
distribute the loads as uniformly as possible over 
the various members which had to bear them. The 
size of each hinge-pin is 12 in. in diameter, and 
it is made from a solid steel forging 5 ft. 10 in. in 
length, with a hole 3 in. in diameter subsequently 
bored through it. 

The base-plate, triangular-shaped seating, pin 
and skew-back, forming together the bearing for 
the bridge, may appear of small dimensions as 
compared with the me span which they support ; 
but appearances are deceitful here as often. The 
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span is composed of what might be termed hollow 
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members, whereas the bearing is to a large extent 
of solid construction, and is made up of the strongest 
and toughest materials obtainable. We reproduce 





a. -+e Oe -- 2:65" 











Cx) 























‘Wa Revs. i 


he- =~ 2! 6"----11/0"+---2'8"— 


(earnky ! 


in width from 53 ft. 9 in. at the springing to 30 ft. 
at the centres. 


each member. 
bracing is the same as in the upper system ; but, 


in order to reduce the columnar length, subsidiary 
struts were introduced to halve the unsupported 
length of the main members. Special difficulty was 
experienced in making the connections with the 


main boom of the arch, owing to its inclination. 
The boom is at an angle of 1 in 8 to the vertical, 


while the bracing was at right angles to a vertical 
The connecting-plates, therefore, had to be 
formed with a set, and were bent to the required 


plane. 


angle. 


The vertical bracing in the case of the longer 
members is divided into two or three panels, which 
correspond with the height of the horizontal struts 
There are three panels in 
A typical case of vertical bracing is 
that which occurs at the third post, Fig. 7 on the 
two-page plate published with our issue of the 7th 
inst., where the width at the bottom is over 45 ft., 
The horizontal 
struts are composed of four angles, the corners of 
which are to the outside of the strut, and they are all 


for the main girders. 
the end-post. 


and the vertical height 72 ft. 6 in. 


This variation naturally involved 
laborious calculation to determine the length of 
The general construction of the 


a photograph of the structure on page 79, and in 
Fig. 88 on the same page a perspective drawing, 
which will assist the reader in following the details 
published on the two-page plate. It will be seen that 
the flat plate on which the end-post and the bottom 
of the arched boom are fixed has been bent to the 
correct angles. The support of the plate at these 
angles is by means of pillars, each formed of solid 
ae and to minimise any tendency to buckling, | steel forgings, representing practically a colossal 

orizontal bracing between the posts is provided. | rolled beam, the flanges of which are not parallel 
The end-posts have a total height of 105 ft., but | one to the other, the lower one being horizontal and 
twe intermediate horizontal struts are introduced, | resting on a saddle over the pin, while the upper one 
so as to divide this into columnar lengths of about | is set to the correct inclination to give the proper 
35 ft. These struts also serve to support the long | direction to the curved boom of the arch ; while in 
diagonal ties, and obviate any sagging or vibration. | the case of the pillar supporting the end-post the 
The illustrations, Figs. 49 and 50, show the strut|top is inclined at 1 in 8, to the main 
and tie at the third bay. The strut consists of two! vertical end-post. The function of these pillars 
12-in. by 3}-in. channels, the general principle of | with the heavy plate bent over them is most im- 
having no top and bottom plates being here again| portant, as the entire thrust of the arch passing 
adhered to. The two channels are braced together | through the hollow rectangular section of the lower 
in the manner adopted in the other members of the | boom, 3 ft. by 2 ft. 10 in., is by one of them con- 
bridge; and, therefore, act as struts as well as ties. | centrated and transmitted evenly and uniformly 
To provide additional supports for the diagonals, | throughout a line of about 6 ft. in length at right 
especially during the process of erection, raking angles to the direction of thrust, a similar duty 
struts are provided from the point where the dia-| being performed by the other on behalf of the 
gonal meets the horizontal strut to the wind-bracing | end-post. No element of doubt could, therefore, 
strut between the posts (Figs. 47 and 48). The| be allowed to enter, either as to the form or 
advantage of this was the greater, in view of the | the system of manufacture of these pillars ; and, 
exceptional width of the lattice - bracing, which | consequently, the details, which we shall refer to 
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braced together, bottom and sides, by lattice-bars, 
making a strut of a light appearance. The diagonal 
bracing at this point is formed of two inverted T’s, 
braced together with lattice-bars. 

In order to shorten the columnar length of the 
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later, are of considerable interest. The bearing- 
pin. itself, which has been so proportioned as to! ‘THE ZAMBESI BRIDGE; DETAILS OF WIND BRACING 
limit the pressure to 2} tons per square inch, ? 
is of forged steel; it is “earried on a triangalar- ] Fig. 51. 
shaped pedestal of peculiar construction. This 
pedestal is built up of six solid plates, united ty 7. } | { i 
together by means of channel-bars placed back to j 
back, and bent at the top, forming a semicircle of 
the same radius as the cup which holds the pin ; 
while at the bottom they are made square, to serve 
as a base. This pedestal is riveted to a plate 1 in. 
thick and 5ft. 6 in. square; each division, there- 
fore, supports one-sixth of the maximum thrust of 
1600 tons. The bottom of this pedestal being of 
too small an area to distribute the load on the con- 
crete foundation within safe limits, a base-plate, 
11 ft. 6 in. by 6 ft. 6 in., has been provided. The 
effect of this was to reduce the load on the concrete 
to 20 tons per square foot. 

Turning now to a consideration of the details of 
this interesting structure, it may be stated that the 
concrete foundations were carried down to the solid 
rock, necessitating on the south side a very extensive 
amount of work, owing to the presence of boulders 
and débris deposited by the river on its old course 
overlying the site of the foundations. The form 
and other details of the concrete base will naturally 
fall to be dealt with when we come to describe the 
erection of the bridge. In designing the concrete 
base, it was decided, for convenience of the setting- 
out of the structure to be carried by it, that part 
of the base should be made absolutely level, forming 
an angle with the sloping part, as shown in Fig. 88 
on page 79. The angle thus formed on the surface of 
the concrete was in exact aligninent with the centre 
of the pin ; thus, in setting out the pin on the site, 
it was easy to ascertain its correct position. 

The base-plate (Figs. 70 to 72 on the two-page 
plate) is composed of seven rolled-steel joists, plated 
at the top and bottom, the top plate being 1 in. | 
thick, and 7 ft. 10 in. by 6 ft. 1 in. The joists | 
are themselves 10 ft. 8 in. long by 7 in. wide, weigh- 
ing 75 lb. to the lineal foot. The flanges through- | 
out are thoroughly riveted to the top and bottom 
plates. The centres of the joists correspond with | 
the compartments in the triangular pedestal above, | 
which, as we have already indicated, is also built | 
up of plates. Great care was taken to make the) 
base-plate perfectly true and out of winding, by | 
all surfaces being planed after the work had been | 
riveted, as it was recognised that this one setting | 
gave the direction and correct distance for the main | 
bearing-pin. Thus the base-plate was put on and} 
carefully adjusted as to level, distance, elevation, 
&c., by means of wedges; and when absolute 
accuracy had been attained, neat cement grout was 
put in under pressure over the area through a series 
of pipes located there for the purpose. In this 
way the position of the base-plate was not only 
accurate, but rigid. The pipes for the distribution 
of this cement grout are shown in dotted lines on 
the plan and section of the base-plate. 

The triangular pedestal (Figs. 63 to 68 and 77 
and 79) has six plates, each 1 in. thick, and set 
at. 1l-in. centres. The compartments between the 
plates are filled in with channels, back to back, 
10 in. in width, making a stiff steel construction 
about 3 tons in weight. The outside edges of 
the plates are further stiffened by angles. The 
end surface of the pedestal was planed to the true 
surface after being riveted, and the upper curved 
cavity, where the pin rests, was machined true to 
receive the bearing for the pin. This bearing is a 
steel forging in the form of a half-tube, which itself 
is turned inside and out. The thickness of the 
meta! is 2in., the length of the tube being 5 ft. 8 in. 
The tube was secured by 1-in. countersunk headed 
bolts to the channels composing the stiffeners of 


the pedestals, Fig. 67 showing the end connection. e 5:2. -wes' 2-3 F—) 

Fig. 68 shows the oval bolt holes for vertical adjust- 

ment. The tube is recessec in the centre, with a \/ MAL 
groove to correspond with a projection in the middle Vy 
of the length of the bearing-pin, to constitute a check ; at ~3xi Fock, = “1! 443"*% 
against any considerable lateral movement of the r 
entire span resting on the pin (Fig. 62). At each eer 
end there is provision made for a ring or clip, to | 





n 



































Asp 


~ 10 8-——~—~~— 47-0473! 


74 -@° 


i o' 1p —He-3 1j--+3 1p-+ 








a ———as 


“LE BUARZA*VS 


ke 
——— 25'9-—— 


5¢ Gusset 





12: ¢-————— 








____ waa! 


BOTTOM FLANGE 














3 14-40-3' 13 -+; 























ot . 
7% — a ee AM 


Wa 


* 





a 
ie 


\ i 

... ero 
a 

) arn 


a 5 
FS 
ole 





Res 
































for a ri é OGirders with, Maint! sues 
enclose the pin and prevent its slipping out of its | 4 ayy FSS 


socket through mishap during erection. This ring is esa" ‘ie a 


24 in. wide and 14 in. thick, the outside diameter ol 

being 18 in.; this is shown in Fig. 80. The ring IRV AVAVAVAVL=TAV, 4 | ‘i 
is kept in position by means of washers and a = 

bolt, which passes through the hole bored out of 7 
the main bearing-pin. As a matter of fact, this . Li WenSi 


precautionary measure might easily have been dis- 
pensed with, but affords one more indication of the 
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THE ZAMBESI BRIDGE; THE 





absolute care with which every possibility was 
anticipated. In order to take the vertical thrust 
of the half-arch during its erection by the canti- 
lever process, a plate 1 in. thick and 14 in. wide 
was riveted with four rows of 1-in. diameter rivets 
on the top of the base-plate (Figs. 71 and 72). 
lhe triangular pedestal was supported against this 
by wedge-packings (Fig. 69), which permitted of 
adjustment in the span or level of the pedestal 
after the base-plate was placed in position. 
Immediately above the pin there is a massive 
forged-steel saddle, supporting the bases of the 
pillars carrying the plates, to which the ends of the 
curved boom and vertical posts of the bridge are 
secured, All the surfaces of this saddle were 
machined true, the inner surface to suit the circular 
pin, and the outer surface to give the correct angular 
direction to the pillars. The dimensions of the 
saddle and its form are shown in Fig. 76 and 78. 











MAIN BEARING. 


| The saddle has a groove turned in it, corresponding 


to that in the seating below the pin. 

The pillar for carrying the load of the end-post is 
a steel forging, 5 ft. 3in. long at the base, 3 ft. 6 in. 
wide at the top, and 2 ft. high at the centre. The 
thickness of the web is 2}in. This pillar is fas- 
tened to the saddle by thirteen studs, each 1} in. 
in diameter. The pillar which carries the pressure 
from the rib of the arch is of heavier construction, 
having a web 4% in. thick. It is fastened to the 
saddle by fourteen studs, 1} in. in diameter. The 
upper surfaces of these pillars were carefully planed 
to give the exact inclination to the end members of 
the arch ; beyond this point’ all the joints in the 
arch itself are perfectly square to this plane. These 
pillars are illustrated in Figs. 73 to 75 and 81 to 87. 

Securely fastened to the tops of these pillars is 
a heavy plate, 1} in. thick, bent to an angle con- 
forming to the set of the top of the pillars. The 


outer edges of these are supported by 14-in. 
steel plates, fastened by 8-in. by 6-in. by {-in. 
angles on both sides of the pillars, reinforcing the 
flanges and extending beyond them to the outer 
|; edges of the plates. These webs thus form mas- 
sive brackets, which stiffen both the webs of the 
pillars and the outer edges of the plates. Holes 
are drilled in the upper surface to provide for bolts 
securing the bottom members to the arch, and also 
to the bottom of the end-posts. A hole, 5 in. in 
diameter, is drilled in the webs, through which 
cement will ultimately be forced to fill the space 
between the pillars in order to prevent corrosion 
of their surface, or of the surface of the webs and 
plate above. This plate and the brackets is shown 
in detail in Figs. 73 and 74 and 81 to 87. 

The end-post next to the foundation, which is an 
interesting part of the structure, is illustrated on the 
two-page plate (Figs. 58 to 60). It consists of two 
main members, each built up of two webs 2 ft. 6 in. 
wide and 1 in. thick, with four angles 6 in. by 6 in. 
by 1 in., forming the front and back ; while the top 
and bottom consist, as in the other members of the 
structure, of lattice-work, formed of angles 3 in. 
by 24 in. by 2 in., secured to the main angles of 
each post by 1-in. diameter rivets. The two end- 
posts are braced together with a heavy system of 
lattice-work. About 12 ft. 6 in. from the top there 
is a strong lattice-girder 6 ft. in depth, which serves 
the very important purpose of supporting the ends 
of the shore-spans, which are 12 ft. 6 in. deep. 
This method was adopted not only because of its 
simplicity, but also its economy. In some struc- 
tures of a similar nature the girders of such 
shore-spans coincide with the splayed posts of 
the arch, and are secured to the tops of the 
posts. But here it was decided that there should 
be this independent support to make the girders 
of the shore-spans parallel to each other, and of 
the minimum distance apart—namely, 20 ft. This 
gives not only sufficient width for the two lines 
of rails, but also a footpath on each side. The 
shore-spans are thus entirely clear of the members 
constituting the arch of the bridge, and their 
supporting girder at the same time confers the 
further advantage of adding material to the lat- 
tice-bracing between the two end-posts. The top 
ends of the posts are further supported against 
lateral movement by a strut consisting of two 
channels, 8 in. by 3 in. by 19 lb., tied together by 
flat bars on the central posts of the girder carrying 
the shore-spans ; the remainder of the depth of the 
posts is divided into three panels, in which cross- 
bracing is built. The diagonal members of this 
cross-bracing consists of two channels, 8 in. by 
3 in. by 19 lb.; while the horizontal members are 
of open square section, made up of four angles, 
3 in. by 3 in. by 4 in., fastened together with 
lattice-work. In order to distribute the pressure 
at the base throughout the bearing, the section is 
slightly reinforced with 7 in. by 5 in. by 3 in. 
angles, riveted to each side of each web, as shown 
in Fig. 59. At the end the posts are fastened to 
the top of the bearings by thirty-two bolts, each 
1} in. in diameter. For convenience of shipment, 
the length of the end-posts was divided into three 
sections, the joints being carefully machined to 
make accurate butts ; and, in addition, cover-plates 
and angles are provided sufficient to take the entire 
stress. : 


(To be continued.) 








CuTLErRY.—The value of the cutlery exported from the 
United Kingdom in June was 53,819/., as compared with 
57,1622. in June, 1904, and 55,115/. in June, 1903. The 
Australasian market is the best external outlet for 
our cutlery ; the Canadian market is also by no means 
an insignificant one. It is satisfactory to find that the 
demand for British cutlery has not altogether died out in 
the United States, notwithstanding the great develop- 
ment of American hardware manufacture. The aggre- 
gate value of the cutlery exported to June 30, this year, 
was 322,496/., as compared with 327,374/. in the first half 
of 1904, and 330,696/. in the first half of 1903. The 
exports to the four principal groups of colonies figured in 
these totals for the following amounts : — 





Colonial Group. 1905. 1904. 1903. 

£ £ £ 
British South Afric 21,749 29,344 66,249 
British India se 34,582 $2,374 31,551 
Australasia .. 65,805 64,520 47,412 
Canada 43,810 41,558 39,198 


The United States took British cutlery in the first helf of 
this year to the value of 37,739/., as compared with 
38,9307. in the first half of 1904, and 46,029/. in the first 





half of 1903. 
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100-HORSE-POWER “HOYOIS” ENGINE AT THE LIEGE EXHIBITION. 
CONSTRUCTED BY THE SOCIETE ANONYME “ENERGIE,” MARCINELLE, BELGIUM. 
(For Description, see opposite Page.) 
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Fig.4. 
Section A.B. (Fig.5) 
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PLANING-MACHINE FOR LOCOMOTIVE FRAME PLATES. 


CONSTRUCTED BY 


MESSRS. 


JOSHUA BUCKTON AND ©CO., 


LIMITED, 


SNGINEERS, LEEDS. 




















_ Tue photographs reproduced on Plate IIL, pub-|a machine with a stationary table—namely, that one | inlet and exhaust valves allows of a high speed for the 
lished with our present issue, and on the present | piece of work may be being set at one end of the table | engine, while lessening wear and all risks of the 


page, illustrate a very fine planing-machine designed | while another piece of work is being planed at the 
and although the area of shop space 
occupied by a machine with moving head is no less 


and constructed by Messrs. Joshua Buckton and Co., 
Limited, of Leeds, to the order of Messrs. Robert 
Stephenson and Co., Limited, Darlington. The machine 
planes 40 ft. long by 6 ft. wide by 4 ft. high. The 
table with the work is stationary, while the tool- 
carrying standards provided with cross-slides move 
upon guides arranged on each side of the table and 
below its level, as shown. The moving head is 
actuated by two parallel screws, which drive it at 
40 ft. per minute. There is no idle return stroke to 
the machine, the tool-boxes being fitted with Wick- 


steed’s patent double - cutting tool-holders ; thus | 


neither time nor power are consumed by an idle return 
stroke. 

The saving by the double-cutting principle would 
be the same even with a planing-machine of short 
stroke, only it is more readily appreciated when the 
stroke is long, and it can be explained in plainer 
figures. For instance, it is obvious that all the tools 
of this machine cover a length of 40 ft. per minute and 
a surface of 40 ft. multiplied by the width of the com- 
bined feeds. If, however, after each cutting stroke of 
the machine, it had a quick idle return at 120 ft. per 
minute, occupying 20 seconds, then the effective length 
of cut would be 40 ft. in 80 seconds, so that the quick- 
return machine would only cut equal to 30 ft. 
minute; whereas the double-cutting machine cuts 40 ft. 
per minute. The corollary of this proposition is that 
if only half the work of the shop would lend itself to 
be cut on both strokes, a machine cutting both ways 
at 40 ft. per minute for half its time, and for the other 
half of its time making a cutting stroke at 40 ft. per 
minute, with an idle return stroke at 40 ft. per minute, 
the whole work of the shop would be done at the 
average cutting speed of 30 ft. per minute—viz., 
exactly equal to the effective work of the quick-return 
machine. This would leave the double - cutting 
machine, although only utilised on both strokes for 
half the work in the shop, with a clear gain from the 
— of all the power required to drive a quick idle 
stroke. 

Looking at the problem from another point of view, 
and assuming a quick-return machine to be speeded to 
cut at 53ft. per minute, and return at 160 ft. per 


minute, such machine would at these speeds do the | 


same amount of work per minute as a double-cutting 
machine cutting on both strokes at 40 ft. per minute ; 
but the machine s ed to cut at 53ft., and return 
at 160 ft., would obviously suffer more from wear and 
tear and consume more power, besides greatly reducing 
the endurance of the tools. 

The purpose of the machine illustrated is primarily 
that of planing the surfaces of locomotive frame-plates, 
but besides this, it is designed for planing locomotive 
cylinders cast in pairs ; and there is this advantage in 


r | 





|other end; 





| than the area of shop space occupied by a machine 
| with a moving table, yet it may often happen that 
| breadth of shop space is more available than great 
| length, and in such cases the advantage of the moving 
| tool-slide is obvious. 

| Messrs. Stephenson and Co. speak highly of the 
steady cuts taken by this machine, of its handiness of 
| control, and the moderate amount of power that is re- 
quired to drive it. 








| THE “HOYOIS” STEAM-ENGINE. 
| Tue Société Anonyme “ Energie,” of Marcinelle, 
exhibit in the Machinery Hall at the Li¢ge Exhibition, 
|in the bay adjoining the boiler shed, an engine of 
|their construction, of the ‘‘ Hoyois” system, illus- 
trated in Figs. 1 to 8, on the opposite page, which 
|show an elevation and plan of the engine, sections 
|through the cylinder, and details of the inlet and 
| exhaust valves. 
| This, as will be seen, is a single-cylinder engine, the 
| principal dimensions of which are the following :— 
0.400 m. (15.74 in.) 
Stroke ... 0.550 ,, (21.65 ,, ) 
| When running at a speed of 120 revolutions, and 
| using steam at a pressure of 8 atmospheres (117 lb. per 
| square inch), it develops 100 horse-power. The steam 
inlet is through horizontal balanced valves fitted in 
| the cylinder ends at the top, and operated by the 
| ‘* Hoyois” system of cam gearing from a counter- 
ishaft. The trip-gear is regulated by an automatic 
|and rapid-acting dashpot governor ; the stress on the 
|trip-gear for raising the valves is practically negli. 
| gible, there is thus no reaction on the governor, which 
maintains a high degree of sensitiveness and regulates 
|the cut-off in exact proportion to the load on the 
—. The inlet valve - chest is shown in Fig. 4, 
and an inlet valve in Fig. 8. As will be seen, this is 
a double-beat valve of special construction, completely 
contained in the valve-chest, and in which an outer 
cylindrical seating slides on an inside fixed casing. 
he steam enters the cylinder direct from the valve- 
|chest and normally to the piston; clearance is 
reduced to a minimum. Exhaust is also normal 
to the piston, through grid-iron valves fitted in 
the lower half of the cylinder ends, and which 
ensure the complete evacuation of condensed steain 
at each stroke. These valves are shown in Figs. 5 
and 6, and to a larger scale in Fig. 7; they are 
operated by separate eee Sas that working the 
inlet-valves, the sliding grid being towards the inside 
|of the cylinder. The very small travel of both the 


Diameter of cylinder 





|mechanism getting out of order; the working parts 
|are few in number, this facilitating maintenance and 
|reducing lubrication. The steam inlet gear being 
separate from that working the exhaust, makes it pos- 
sible to lengthen the cut-off to about 80 per cent. of 
the stroke, and to vary the effective pressure at will. 
This increases in a large measure the variations in 
power of the engine, and renders it particularly suit- 
|able for rolling-mill driving and other work in which a 
sudden overload has to be taken occasionally, either at 
starting or in the course of arun. The cylinder wall 
and ends are jacketed with live steam ; the cylinder is 
cast in one piece with its jacket, and to this are bolted 
the ends, as shown in Figs. 4 and 5. Condensed 
steam from the jacket is exhausted through an auto- 
matic drain-cock. In case of an accident to the 
governor or to a steam valve, steam would be cut-off 
automatically. The air-pump, of the usual type, is 
in the rear of the cylinder, and is worked by an exten- 
sion of the piston-rod. 








180-TON SHEER-LEGS AT CHATHAM 
DOCKYARD. 

Tue large sheer-legs recently erected at Chatham 
Dockyard by Messrs. Day, Summers, and Co., Limited, 
Northam Iron Works, Southampton, were success- 
fully tested on April 29, when a load of 180 tons 
was lifted and run out to the maximum overhang of 
64 ft. from the perpendicular, and was brought 
inboard again with the greatest ease. These sheers 
are believed to be the largest in the world, and the 
following particulars give some idea of their import- 
ance. 

The three legs (see illustrations on page 84, and on 
Plate 1V.) are constructed on the hollow-spindle prin- 
ciple originally adopted by the firm when they first 
introduced their system of steam traversing sheer- 
legs. The front legs are 160 ft. high, and 5 ft. in dia- 
meter at the centre, tapering away to 3 ft. at the ends. 
Each of these legs weighs 44 tons. The back leg is 
210 ft. long and 6 ft. in diameter in the centre, taper- 
ing away to 3 ft. at the ends; this leg weighs 53 tons. 
The back leg is moved in and out by a large screw, 
85 ft. long by 114 in. in diameter, and weighing over 
11 tons, which is worked by a set of steam-engines. 
There are three hoisting winches, each driven by its 
own set of steam-engines. Two of these winches are 
each capable of lifting 90 tons, and the 180 tons test- 
load was lifted simultaneously by these winches with 
the greatest ease, the rate of hoist of each winch, with 
90 tons weight suspended, being over 10 ft. per 
minute. 

There is also an inhaul winch worked by a separate 
engine, and there are two boilers to supply steam to 
the various engines. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, July 11. 


Tue largest order for fabricated steel reported 
within a week has been received from the Philadelphia 
Rapid Transit Company; it calls for 8000 tons of 
material, and was given by the American Bridge Com- 
pany. The total requirements of this local transporta- 
tion company will reach probably 20,000 tons. Several 
good-sized orders for steel rails have also been booked, 
and the Spokane Northern and Great Northern 
Railroads have ordered 18,000 tons and 15,000 tons 
respectively. There are inquiries which will terminate 
in orders before Saturday, from one Western and two 
Eastern roads, which will aggregate between 35,000 
and 45,000 tons. Outside of these orders there has 
been but little actual business, although there are 
numerous inquiries for crude iron and finished mate- 
rial, most of which will probably result in business 
within the next few days. 

The market is regarded as comparatively strong. 
Steel plates are quite active, especially in small 
lots for small engineering plants, including boiler- 
makers and tank-makers. Billets have begun to 
weaken — that is, they can be purchased now 
without paying such excessive premiums as hereto- 
fore. They will soon be down to the official prices. 
Demand is quite active, but producing capacity 
has been strained for so long that the market re- 
quirements can be pretty evenly maintained. Buyers 
of pig iron along the Atlantic have within the past 
week bought in all about 20,000 tons of special irons, 
or irons suitable for specific uses, and which is to be 
delivered to suit the convenience of customers from 
now till the close of the year. 

The activity of inquiry is due to the fact, or rather 
to the belief, that prices may rebound a little, and 
large consumers are anxious to secure supplies before 
reactionary influences manifest themselves. Sales of 
7000 tons of Alabama foundry have been made for 
forward delivery. and the southern furnace people 
feel quite well pleased with the amount of business 
that they ure doing week by week, and the amount 
of business which is opening up through the avenue of 
inquiry. While this is the midsummer season, when 
dulness is anticipated, iron is selling every day, and 
there are inquiries which indicate that August will be 
quite active. Old material is also selling very well, 
and the larger railway systems are offering their 
accumulations of scra 

The Pennsylvania 


Railroad Company wants to sell 
10,000 tons of scrap that has been accumulating 
for months; the Baltimore and Ohio Railroad Com- 
pany has 12,000 tons for sale; and other Atlantic 
Coast roads have scrap to sell, making an aggregate of 
40,000 tons of railroad scrap, which will not remain 


on the market very long. According to the present 
market indications the makers of foundry iron will 
have very little difficulty in disposing of all the iron 
they will be able to make during the next six months. 
The consumption is increasing rather than standing 
still, and a careful estimate made of the producing 
capacity warrants the belief that all of the desirable 
foundry iron made in the country will find ready 
market at strong prices. 








AMERICAN Street Rattways.—There has just been 
issued by the McGraw Publishing Company, of New 
York, a very comprehensive review of American street 
railway investments, intended specially for bankers, 
brokers, capitalists, investors, and railway company’s 
offices. Under the heading of each State there is given 
a record of the tramways or street railway companies, 
with a review of their equipment, and particularly of 
the financial intromissions during the past three, four, or 
five years, so that any one at a glance may ascertain the 
financial status of any company as disclosed in the 

ance-sheet. The gross receipts of the companies 
dealt with, which are summarised at the beginning of 
the work, amounted last year to 524 millions sterling, of 
which nearly 40 millions were raised by 43 companies, 
each of which had a gross income of over 200,000/. The 
other 362 companies only took about 13 millions sterling. 


British Export Trape.—An asscciation, under the 
name of the Manufacturers’ Association of Great Britain, 
is now being formed for the assistance and development 
of British trade in oversea markets. It will be purely 
national in character ; and, thougna not trading on its own 
behalf, or mae commissions on sales effected through 
its agency, will do all in its power to assist its members in 
establishing or maintaining their export trade. The 
Association will publish or distribute lists of the leading 
British manufacturers, with ticulars of their pro- 
ductions, in four languages ; will compile for its members 
a register of the principal foreign merchants ; will supply 
information as to the commercial standing of foreign 
merchants ; and furnish particulars of shipping and railway 
rates to all parts of the world. A trained staff will deal 
with technical and commercial matters in any language on 
behalf of the members, and undertake the t ation of 
catalogues, specifications, &c. Further ticulars ma 
he obtained of the Secretary, Orchard House, 2 and 4, 
Great Smith-street, Westminster, S. W. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was very active, and there was quite a 
ood business done. The transactions were confined to 
leveland warrants, and amounted to 13,000 tons. The 


prices were :— 45s. 44d., 453. 34d., 45s. 5d., and 45s. 44d. | 
| ing delays to commercial travellers in examining their 


cash, and 453. 64d. and 45s. 6d. one month, while 
some iron changed hands at 453. 54d. twenty-two days, 
and forward iron was 45s. 74d. three months. 
market closed with sellers at 45s. 4\d. cash, and 
45s. 7d. one month. There was no afternoon session 
owing to the Annual Fair Holidays, and the market 
remained closed on Monday. When business was com- 
menced on Tuesday morning the tone of the market was 
firm, and prices were the same as when the market 
closed on Thursday. The transactions consisted of 5500 
tons of Cleveland warrants, which were done at 45s. 44d. 
cash and 45s. 7d.one month. The closing quotations were 
45s. 5d. cash and 45s. 74d. one month sellers, and the sett- 
ling prices were:—Scotch, 49s. 44d.; Cleveland, 45s. 44d.; 
Cumberland, 55s. 44d.; Standard foundry, 433. 9d. In 
the afternoon the market was fairly quiet, and the turn- 
over was only some 1500 tons of Cleveland warrants. The 
tone was rather easier for forward iron, but unchanged 
for cash iron, the prices being 453. 44d. cash, and 453. 63d. 
one month. When the market opened to-day (Wednes- 
day) the tone was easy, and business very quiet. The 
only dealing was one lot of Cleveland warrants at 45s. 4d. 
ah and at the close sellers’ prices were 45s. 4d. cash 
and 45s. 7d. one month. The settling prices were:— 
Scotch, 49s. 44d.; Cleveland, 45s. 3d.; Cumberland, 
55s. 4d Standard foundry, 43s. 9d. In the after- 
noon the tone was easier, and the volume of business was 
much better, as 5500 tons of Cleveland warrants changed 
hands at 45s. 34d., 45s. 3d., and 45s. 34d. cash, and 
453. 6d. one month, closing with sellers at 45s. 4d. cash 
and 45s. 64d. one month. Standard foundry iron was 
quoted at the close by sellers at 43s. 9d. cash and 43s. 11d. 
one month, but no transactions took place, buyers only 
offering 43s. 6d. cash. The market quotations for makers’ 
(No. 1) iron are as follow:—Clyde, 563.; Gartsherrie 
-_ pe gee > 6d. ; oa 57s. ; ian — 60s. 
(all ship at asgow); Glengarnock (ship at 
Ardrossan), 57s.; Shotts (shipped at Leith), 58s.; Carron 
(shipped at Grangemouth), 57s. 6d. 

Sulphate of Ammonia.—Owing to general stoppage of 
work in and around Glasgow for the Annual Fair Holi- 
days, very little can be said about sulphate of ammonia 
this week. The price is round about last week’s quota- 
ac na snp 12/. 10s. per ton prompt, and 12/. 12s, 6d. 
per ton for forward business, Glasgow and Leith. The 
shipments last week from Leith Harbour were 543 tons. 


Scotch Steel Trade.—The steel trade is at present in 
much the same condition as reported last week. All the 
local works are just now closed for holidays, and business 
is practically at a standstill. Work will not be resumed 
in some cases until near the end of the month, as the 
machinery, having been running so hard for the past six 
months, requires a lot of overhauling. 


New Clyde Shipbuilding Yard.—The construction of 
the Clydebank Dock has necessitated Messrs. Napier and 
Miller, shipbuilders, Yoker, to look out for a new site. 
A splendid piece of ground has been secured at Old Kil- 

trick, to the east of Erskine Ferry, and operations will 

commenced at once. Messrs. James Goldie and Son, 
of St. Enoch-square, Glasgow, who have recently con- 
structed Messrs. Beardmore’s new yard at Dalmuir, have 
secured the contract. 





Contracts.—The Empire Roller-Bearings Company 
have secured the order for 196 axle-boxes fitted with their 
roller-bearings, for twenty-four ie coaches to be u 
in suburban traffic on the Burma Railways.—The British 
Electric Plant Company, Limited, of Alloa, have obtained 
an order from the Falkirk Corporation for the complete 

uipment of electric motors for their new gas works. 
The current will be supplied from the Falkirk Corpora- 
tion Electric Supply Station. 


DeatH or Mr. C. A. O11s.—The death is announced 
of Mr. C. A, Otis, sen., a founder of the Otis Iron and 
Steel Company, now the Otis Steel Company, Limited. 
Mr. Otis died at Cleveland, Ohio, at the residence of his 
son, aged 78. He was born at Bloomfield, Ohio. When 
he was nine years old his parents removed to Cleveland. 
For a time he associated with his father in banking 
business; but in 1853, at the age of 26, he turned his 
attention to the a industry. Shortly after 
the Civil War he went to Europe to learn the Siemens- 
Martin process of making steel, and on his return he 
arranged to use the process in America on a royalty basis. 
In 1872 Mr. Otis began building the largest open-hearth 
steel plant in the United States. In the Otis Iron and 
Steel Company, which he started at this time, he was 
associated with Messrs. E. B. Thomas, J. K. Bole, T. 
Jopling, and 8S. T. Wellman. He was president of this 
company until 1889, when it was sold to a syndicate in 
E = ao | His relationship with those in his employment 
was of the closest nature. Of 2000 men employed at the 
Otis Works, he knew the larger part by name. If any 
differences arose he adjus them; and if any of the 
men fell sick he made provision for their families. As a 
result, there never was a strike at these works. In 1904 
Mr. Otis retired from active business. He had large 
interests in the West, particularly in New Mexico, where 
he was engaged in the development of irrigation in the 
Pecop Valley. Locally he was interested in the Standard 
Sewing-Machine Company, the American Steel Screw 
Company, the Society for Savings, and the Cleveland 
Electric Railway Company. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Sheffield Chamber of Commerce.—At a meeting of the 
Sheffield Chamber of Commerce, held on Monday, a 
letter was read from the Board of Trade, inquiring 
whether the Sheffield Chamber had any complaint to 
make of the action of Continental governments in caus- 


samples, as such complaints had been made to the Board 
of Trade. The letter stated that the custom on the 
Continent is for the traveller to have his samples examined 
and certified as to weights, values, &c., and plombed 
(little red seals attached) at his own Custom House before 
starting, and these certificates enable the samples to be 
passed at once in the neighbouring country—e.g., Bel- 
gium into ng and Germany into France, and 
so on. The traveller also carries a pass signed by 
the firm in whose emp!oy he is, by himself, and by 
his own Customs official. The British traveller with- 
out these is said to be subdject to serious delays. It 
was decided that members of the Chamber engaged 
in the cutlery, silver, and electro-plate trades should have 
copies of the communication forwarded to them. It was 
stated that one of the members of the Chamber had had 
goods destroyed by fire during the recent disturbances 
in Odessa, and he had communicated with the Chamber 
as to whether they would assist him to obtain compensa- 
tion for the loss sustained. After consideration, the 
Chamber decided to bring the matter before the Foreign 
= in order to support the claim which has been 
made. 


Iron and Steel Trades.—The iron market remains prac- 
tically in the same condition as it has been for some 
weeks. There has been a further weakening in prices for 
hematites of 1s. per ton, and quotations now are :—West 
Coast hematites, 65s. to 66s. per ton; East Coast ditto, 
60s. to 61s. ; Lincolnshire No. 3 foundry, 47s. to 47s. 6d.; 
forge ditto, 45s. 6d. ; Derbyshire No. 3 foundry, 47s. 6d.; 
forge ditto, 43s. 6d. to 44s. ; bars, 6/7. 10s. ; sheets, 8/. 10s. 
to 8/. 15s. Stocks of pig iron are low, and makers are 
chiefly employed in filling orders on their books. The 
finished iron works are almost dependent on what comes 
in from day to day to keep the machinery going, and at 
present there is no = of any considerable amount 
of business coming in. Steel makers are being kept fairly 
well employed, and the trade, taking it all round, is in a 
much better state than it was at this time last year. The 
outlook is also more hopeful. The demand for all kinds 
of railway material is on the increase, and some works 
are very well off, particularly on lines received from 
Japan. 


South Yorkshire Coal Trade.—It is reported that mer- 
chants in London and some of the Southern counties are 
beginning to lay down stocks, the present being exceed- 
ingly favourable for buying. The , venom however, for 
house coal all round is remarkably quiet, especially for the 
best qualities. There has been no increase in the con- 
sumption in the large works. A very heavy tonnage of 
steam coal is still going to the ports, and the railway com- 
panies are taking freely under their contracts. There is 
no falling off in the demand for slacks, steam-nuts, and 
other common coal, and prices are very firm. The demand 
for best cokes for steel-smelting purposes is well main- 
tained, but there is not so much doing in blast-furnace 
qualities. 








University oF LIVERPOOL: APPOINTMENT OF PRO- 
FESSOR OF ENGINEERING.—At a meeting of the Council 
of the University, held on the 18th inst., Professor Wil- 
liam H. Watkinson, M. Inst. C.E., M. I. Mech. E., 
M. Inst. E.E., of the Glasgow and West of Scotland 
Technical College, was elected Harrison Professor of 
Professor Hele-Shaw. 
Professor Watkinson is a native of Keighley, Yorkshire, 
where he served his mee gr ang | to the practical side 
of engineering, and obtained the foundation part of his 
scientific training in the well-known Technical School 
there. After completing his apprenticeship, he worked 
for some time as draughtsman in an engineering works at 
Bradford, and subsequently he was principal assistant in 
an engineering works at Glasgow. In 1882 he resigned this 
appointment to enter ow University, where he 
remained until May, 1888, with the exception of thirteen 
months, during which he assisted Sir William Thomson 
(Lord Kelvin) in superintending the manufacture and lay- 
ing of the trans-Atlantic cables. While at Glasgow Uni- 
versity Mr. Watkinson devoted himself mainly to experi- 
mental work under Lord Kelvin, but he also went through 
the complete course of training in civil engineering under 
the late Professor James Thomson. Shortly after entering 
the University he was awarded a Thomson Scholarship, 
and subsequently he was appointed assistant to Lord 
Kelvin. During this time he also obtained a Whitworth 
Scholarship. In May, 1888, Mr. Watkinson was ap- 
pointed to the charge of the engineering department in 
the Central Science Schools, Sheffield, where, during his 
64 years’ stay, he devoted a considerable amount of time 
to experimental work in different branches of engineering 
science, attracting large numbers of students to all his 
classes. Twelve years ago Mr. Watkinson was elected 
to the newly-established professorship of steam engineer- 
ing in the Glasgow and West of Scotland Technical 
College, where, ides developing the lecture courses 
connected with his department, he has established one 
of the most important heat-engine laboratories in the 
kingdom. During recent years Professor Watkinson 
has devoted a considerable amount of time to research 
work in connection with water-tube boilers, superheaters, 
steam-turbines, gas-engines, gas-producers, and has com- 
municated some of the results to various scientific 
societies. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland: Iron Trade.—Yesterday there was a 
fairly large attendance on ‘Change here, but the market 
was lifeless. Few transactions were recorded, and what 
business was done was in small lots for early delivery, 
buyers of pig iron holding to the belief that quotations 
would be lowered in the near future. Mr. Wm. Gill, after 
an absence of close on twenty years from Tees-side, was 
on ’Change, and was warmly welcomed by many old 
friends. Prior to 1879, he was general manager for the 
once well-known firm of Messrs. Hopkins, Jilkes, and 
Co., of Middlesbrough. Nearly twenty years ago he left 
for New Zealand, where he has been in business ever 
since. Heisnow ona holiday in England. No. 3g.m.b. was 
yesterday on sale at 453. 3d. f.o.b., both makers and 
merchants offering the ruling quality at that price. 
No. 1 was 46s. 9d.; No. 4 foundry, 43s.; grey forge, 
41s. 9d. ; mottled, 41s. 34. ; and white, 41s. Fast Coast 
hematite was cheaper than a week ago, notwithstanding 
that it was none too plentiful, and that the articles pro- 
duced by consumers were said to be stiffening in price. 
A drop of 3d. in No. 1 and mixed numbers, and of 6d. 
in forge hematite, was reported. Thus No. 1 was 
5is.; mixed numbers, 53s. 6d.; and No. 4 forge, 5ls. 
—all for early delivery. Asa matter of fact, merchants 
were rather pressing sales at these figures, notwithstand- 
ing that ~— were not in a position to dispose of a 
great deal. Spanish ore showed a downward movement, 
despite the effort of sellers to keep up the prices. Rubio 
(50 per cent. quality) was 15s. 6d. ex-ship Tees, and buyers 
reported that they had no difficulty in purchasing at that 
figure. There was little business doing, however, con- 
sumers having satisfied their wants for the present, and 
some of them, in fact, having bought sufficient to meet 
their needs to the end of the year. To-day there was 
nothing new in the market. Middlesbrough warrants 
closed 45s. 34d. cash buyers. 


Manufactured Iron and Steel.—In these two important 
branches of the staple industry there is not much new 
of moment. Slight improvements are noticeable, but 
quotations have not been raised. Shipbuilders give a 
better account of their business, and this has naturally 
strengthened plates and angles. Railway material is 
also firmer, and, in fact, steel-rail makers are busier 
than they have been for some years past. The fol- 
lowing are the market quotations: —Common iron 
bars, 6/. 7s. 6d.; best bars, 62. 17s. 6d.; iron ship- 
plates, 6. 23. 6d.; iron ship-angles, 6/. 7s. 6d.; iron ship- 
rivets, 7/. 7s. 6d.; steel ship-plates, 5/. 17s. 6d.; steel ship- 
angles, 5/. 11s. 3d.; steel bars, 6/. 53.; steel joists, 
5/. 7s. 6d. to 52. 103.; steel sheets (singles), 7/. 5s.; and 
steel sheets (doubles), 77. 15s.—all less the customary 
24 per cent. discount. Heavy steel rails are 5/. 53.; steel 
tram rails, 5/. 15s.; and cast-iron railway chairs, 3/. 10s. 
to 3/, 12s. 6d. net at works. 


Coal and Coke.—Coal is rather dull. Bunkers are 
plentiful, and unscreened Durhams are 7s. 3d. to 7s. 9d. 
f.o.b. Gas coal is still quiet, but the consumption is now 
beginning to slightly increase. Manufacturing coal is in 
fairly good request, and quotations are steady. Coking 
coal is firm. Coke, both for home use and for shipment, 
is in good demand. Medium blast-furnace kinds stand 
at 15s. 6d. delivered here, and export coke is 16s. 3d. to 
16s. 91. f.o.b. 








Lioyp’s Recorp or Wrecks.—There has been issued 
this week by Lloyd’s Register of British and Foreign 
Shipping a return of vessels totally lost, condemned, 
&e., + a the last quarter of 1904, the delay in publica- 
tion being due to the ditficulty of collecting information 
from all the seas. The total ships thus removed from 
the world’s fleet is 193 vessels, of 146,334 tons, which is 
rather under than over the average. Of the total, 70 
vessels, of 91,979 tons gross, were steamers, and 123, of 
54,355 tons, were sailing ships. It will be noted that the 
average size of the sailing pol was comparatively small, 
and 109, of 39,614 tons, were built of wood or were of com- 
»osite construction, only four, of 335i tons, being of steel. 
* the case of steamers, however, two-thirds of the total 
tonnage was represented by steel steamers; while the 
number of wooden or composite steamers was ten, of 3784 
tons. Wrecks, pure and simple, account for the greater pro- 
portion of the loss; the number thus accounted for being 
117 vessels, of 103,299 tons, 70 per cent. of this total 
being steamships. The next most frequent source of loss 
is ships abandoned at sea, the total here being 22, of 
12,568 tons; and it is not surprising to note that nearly 
75 per cent. of this total is accounted for by sailing ships 
which through age and inability to stand up against 
a gale very frequently come to grief. Fires accounted 
for twelve vessels, of 8336 tons, and here, curiously 
enough, the greater proportion (six vessels, of 5429 tons) 
were sailing ships. In collisions, however, steamers 
mostly predominate, the total number being fifteen, of 
8918 tons. There were seven sailing ships and three 
steamers recorded as missing. As regards the ratio 
of vessels lost to the total owned by the respective 
nations, it is gratifying to find that the United 
Kingdom still occupies a very favourable position, in 
view especially of the fact that the fleet consists of 9236 
vessels, of 15,391,000 tons. Of this tonnage only 0.34 per 
cent. was lost during the quarter. Denmark has the un- 
enviable distinction of topping the list with 0.91; Norway 
comes second with 0.69, E ain third with 0.68, Sweden 
fourth with 0.65; then follow the United States with 

60, Germany with 0.57, Russia 0.48, Holland 0.43, 


Italy 0.23, and France 0.08. 








NOTES FROM THE SOUTH-WEST. 


Cardif.—The demand for large steam coal has been 
dull, and transactions for immediate shipment at previous 
prices have been supported; but there have been few 
inquiries in connection with deliveries at distant dates. 
Small steam coal has been in good demand, especially 
bunker qualities. The best large steam coal has made 
12s. 6d. to 133. per ton, while secondary qualities have 
ranged from 1ls. 6d. to 12s. 3d. per ton. House coal 
has shown scarcely any change ; the best ordinary quali- 
ties have made 12s. 6d. to 13s. 6d. per ton, while secon- 
dary descriptions have ranged from 10s. 6d. to 11s. per 
ton; No. 3 Rhondda large has brought 133. 9d. per ton. 
Foundry coke has ranged from 17s. 6d. to 18s. per ton; 
furnace ditto from 163. to 16s. 3d.-per ton. As regards 
iron ore, rubio and Almeria have made 133. 9d. to 14s. 
per ton, upon a basis of 50 per cent. of iron, and charges 
including freight, insurance, &c., to Cardiff or Newport. 


Burry.—The aggregate exports from Barry in the first 
half of this year amounted to 4,443,817 tons, while the 
aggregate imports were 183,907 tons, making a grand 
total of 4,627,726 tons, and showing a decrease of 381,093 
tons as compared with the corresponding period of 1904. 


Dowlais.—The output of the Goat Mill last week was 
4000 tons, nearly the whole of which was absorbed by 
foreign orders. The Sleeper Mill effected a good average 
production. The Big Mill was actively engaged on small 
colliery rails and fish-plates. 


South Wales Coal and Iron.—The exports of coal— 
foreign and coastwise—from the six principal Welsh 
ports—Cardiff, Newport, Swansea, Port Talbot, Neath, 
and Llanelly—in June were 1,910,891 tons, as compared 
with 2,177,180 tons in June, 1904. The exports from 
Cardiff were 1,272,012 tons, as compared with 1,489,934 
tons; from Newport, 323,133 tons, as compared with 
375,703 tons; from Swansea, 170,360 tons, as compared 
with 187,565 tons; from Port Talbot, 87,129 tons, as com- 
pared with 74,135 tons; from Neath, 27,138 tons, as 
compared with 23,185 tons; and from Llanelly, 31,119 
tons, as compared with 26,658 tons. The exports of iron 
and steel from the six ports in June were 17,693 tons; of 
coke, 5497 tons; and of patent fuel, 113,204 tons. The 
aggregate exports of coal from Cardiff in the first six 
months of this year were 8,426,305 tons; from Newport, 
1,987,909 tons; from Swansea, 992,831 tons; from Port 
Talbot, 529,385 tons; from Neath, 153,451 tons; and 
from Llanelly, 145,430 tons. The corresponding ship- 
ments in the corresponding half of 1904 were :—Carditf, 
9,114,198 tons; from Newport, 2,010,227 tons; from 
Swansea, 979,344 tons ; from Port Talbot, 472,936 tons; 
from Neath, 141,906 tons ; and from Llanelly, 142,934 
tons. The aggregate exports of iron and steel from 
the six ports in the first half of this year were :— 
Cardiff, 42,234 tons, as compared with 27,671 tons; New- 
port, 38,182 tons, ascompared with 14,390 tons ; Swansea, 
12,053 tons, as compared with 10,114 tons; and Port 
Talbot, Neath, and Llanelly, nil in each year. The 
aggregate exports of coke were:—Cardiff, 27,696 tons, as 
compared with 22,358 tons ; Newport, 9448 tons, as com- 
pared with 9158 tons; Swansea, 5923 tons, as compared 
with 12,664 tons; Port Talbot, 8717 tons, as compared 
with 6743 tons ; and Neath and Llanelly, nil in each year. 
The aggregate exports of patent fuel were :—Cardiff, 
197,821 tons, as compared with 267,840 tons ; Newport, 
41,060 tons, as compared with 23,527 tons; Swansea, 
257,565 tons, as compared with 289,096 tons ; Port Talbot, 
54,125 tons, as compared with 67,601 tons; and Neath 
and Llanelly, nil in each year. 


Welsh Anthracite.—A new company will be registered 
during the next few days to acquire the Cawdor and 
Garnant Collieries, Carmarthenshire, from Messrs. D. 
Jones and Sons. Mr. T. 1D. Jones, Glangarnant, the 
senior partner of Messrs. David Jones and Sons, will con- 
tinue to retain a large interest in the concern. The pre- 
sent daily output of both collieries amounts to about 
500 tons. The new company contemplates trebling this 
within two months. 








PrersonaL. — At the Northumberland Agricultural 
Society’s Show, Berwick-on-T weed, the new patent swath- 
turner and collector, manufactured by Messrs. Blackstone 
and Co., of Stamford, won the first prize silver medal for 
the best new implement in theShow. This was the only 
medal awarded.—Messrs. Dorman and Smith, electrical 
engineers, of Salford, point out that the electric switch 
used by His Majesty the King to open the new dock at 
Manchester on the 13th inst. was made for the Ship 
Canal Company by them. The actual switch was one 
of their standard *‘C” type.—Messrsa. Andrew Barclay, 
Sons, and Co., Limited, locomotive engineers, Kilmar- 
nock, have appointed Mr. John Cawley, 13, Victoria- 
street, Westminster, as London agent, to deal with their 
locomotive business in London. 

AMERICAN PrTROLEUM.—There was a great increase in 
the yield of American petroleum last year, the out-turn 
for the twelve months having been 117,063,421 barrels, as 
compared with 100,461,337 barrels in 1903. The value of 
last year’s yield was estimated at 101,170,466 dols., as 
compared with 94,694,050 dols. in 1903. The petroleum 
poodetion of California last year was 20,649,434 barrels, 
as compared with 24,382,472 barrels in 1903; that of 
Indiana, 11,339,124 barrels, as compared with 9,186,411 
barrels ; that of Louisiana, 2,941,419 barrels, as compared 
with 917,771 barrels; that of Ohio, 18,876,631 barrels, as 
compared with 20,480,286 barrels; that of Pennsylvania, 
11,300,792 barrels, as compared with 11,355,156 coaaie: 
that of Texas, 22,241,413 barrels, as compared with 
17,955,572 barrels ; and that of West Virginia, 12,644,686 
barrels, as comparcd with 12,899,395 barrels. 


MISCELLANEA. 


A NEw explosive termed ‘* Vigorite” has recently been 
tested in Bavaria. It was invented by Professor Schultz 
and Mr. Gehre, and a new type of nitrous compound is 
employed in its manufacture. This compound, when 
combined with saltpetre, gives extraordinary results. 
The explosive is not affected by friction or impact, and 
is not influenced by damp or frost. When ignited in the 
open air it does not explode, but burns slowly. During 
the tests comparisons were made with gelatinous explo- 
sives, dynamite, special black powders, &c. The results 
showed that vigorite is about ten times more powerful 
than the most violent explosive. Works will before long 
be constructed at Lohr-on-the-Main for its manufacture. 


It is reported by the Office of Administration of 
Isthmian Canal Affairs that at the end of June the 
number of persons employed on the Panama Canal was 
9702. Of these, 1493 were what are known as “ gold” 
employés, being paid in United States money, and 
having certain perquisites. They are practically all 
Americans. There were 8209 “silver” employés who are 
paid in pesos, cr native Panama dollars, and who have 
not the perquisites of the gold members. Practically all 
of these are natives of the isthmus, or of the adjacent 
West Indian Islands. During May there were six deaths 
from yellow fever on the isthmus, two canal em- 
ployés and four Americans without employment being 
among the number. In June yellow fever claimed nine 
victims, four of whom were canal employés, the others 
being French, Spanish, and Italian unemployed. 


According to Mr. J. O. Handy, the chief chemist of 
the Pittsburg Testing Laboratory, water-softening plants 
for boiler installations cost from 4 dols. to 5 dols. per 
horse-power for installations up to 1000 horse-power ; 
from 3 dols. to 4 dols. for 2000 to 5000 horse-power ; and 
from 1.20 dols. to 2 dols. for 5000 to 15,000 horse-power. 
He states that the cheapest waters to soften are those 
containing carbonate of lime and magnesia only, the treat- 
ment of which costs 2 cents per 1000 United States 
gallons containing 1.42 lb. of carbonate of lime. The 
cost of removing the same quantity of magnesia is 
0.48 cent. Sulphate of lime costs 1.2 cents per 1000 
gallons to extract, and sulphate of magnesia 1.36 cents 
per 1000 gallons. The best type of softener is said to be 
one built in the form of towers, and discharging the 
softened water into service tanks at a level of a few feet 
below the point at which the hard water is received. 


According to the American Electrician, a peculiar effect 
on patients while being electrically treated has, under 
certain conditions, been observed. it appears that while 
under treatment the hands and faces of the patients 
would sometimes become black, especially if the weather 
were cold ; and on a thorough examination being made, it 
was found that this peculiar condition only occurred when 
the chair on which the patient was seated was positive 
and the crown of the head negative. In the room were 
open fire-places, and in them were placed oil-heaters to 
keep the room warm; and it was discovered that the 
minute carbon particles given off by the burning oil in 
these lamps, although too minute to be visible in the air, 
was the cause of the hands and faces of the patients 
becoming dark. When the polarity of the chair and the 
crown Of the head were reversed the phenomenon could 
not be obtained, nor could it be produced on days when 
the oil-stoves were not burning. 


The famous Arctic explorer Lieutenant Peary intends 
this summer to start on another voyage in search of the 
North Pole. The steamship in which he is to make the 
attempt is the Roosevelt, which has been built in Maine 
expressly for the voyage. The hull of the vessel is of 
oak, with heavily-braced oak and hard pine timber. The 
hull has been constructed by Messrs. feKey and Dicks, 
Buckport, Me., and the machinery by the Portland Com- 
pany, Portland, Me. The length of the ship is 180 ft., 
and the breadth 32 ft. She has three masts, and is rigged 
as an ordinary three-masted schooner. Under ordinary 
conditions it is intended to use the sails alone, but auxiliary 
steam power may be used when required, either to in- 
crease the speed or to force the vessel through the ice- 
floes. The engine-power is sufficient to enable the vessel 
to proceed under steam at a good rate of speed, without 
any dependence on the sails, if such a course should be 
necessary. The hull is very heavily constructed ro as to 
enable it to resist all pressure, and the cross-braces, 
|which are spaced about 3 ft. apart, start at the bow 


and extend aft as far as the boilers, which are 
slightly astern of the middle of the mt Tie keel 
is of 16-in, square oak, and the timber used to 





brace the bow is 16 in. by 24 in. onk Outside of 
|the bow, in the vicinity of the water-line, there is 
jan extra thickness of 3-in. planking, which is covered 
| with $-in. boiler plate. The main engimes are xbout 1400 
horse- power, and are of the usual compound marine type. 
| The cylinders are 24 in. and 52 in. in diameter, and 30-in. 
stroke. The propeller-shaft is 12 in. in diameter, and 
carries a four-bladed propeller 8 ft. in diameter ; and pro- 
vision is made for removing two of the blades, since two- 
bladed propellers are considered safer and more effective 
than four-bladed for ice-breaking. There is a single Scotch 
boiler, 10 ft. in diameter and 12 ft. long, with three fur- 
naces. There are also two Almy water-tube boilers. 








ARGENTINE Raitways.—The Argentine executive has 
approved the cons ruction of a medium-gauge railway be- 
tween the port of Goya, in the province of Corrientes, and 
San Miguel. The cost is estimated at about 1,500,000. 
Work is progressing on the Pacific Railway high-level 
line, and the entrance of the line into Buenos Ayres is 





beginning to assume definite shape and form. 
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LONDON TRAFFIC, 

Tue Blue-Book Cd. 2597, presented to both 
Houses of Parliament by command of His Majesty 
this week, deals with a problem that more nearly 
affects the health, prosperity, and comfort of Lon- 
doners than most subjects treated upon in Govern- 
ment publications. or the dwellers in big cities, 
there is hardly a riddle latter-day civilisation pro- 
pounds that is more difficult to solve than how to 
move men and goods expeditiously from place to 
place ; and there are, perhaps, few problems that 
carry more penalties through remaining unsolved. 
The baffling part of this entanglement is that the 
more that is done to unravel it the more involved 
it becomes. 

When George Stephenson, and those who thought 
and worked with him, were striving to introduce 
the locomotive steam-engine, they were sure that 
the transit problem was—or would be if they 
were allowed their way—for ever put to rest. (No 
doubt much the same thing was said when the 
wheel-barrow, probably the parent of all wheeled 
vehicles, was invented.) But the railway, in place 
of being a disperser and distributor, was found to 
lead to aggregation ; so that in time there was not 
room, in London at least, for houses for men to live 
in or to do their business in, nor for roads for them 
to move aboutupon. Then, after some years, came 
Sir John Fowler and the Underground Railway, 
the old Metropolitan ; and once again the problem 
was said to be solved. But it turned out that the 
more people moved about beneath the surface the 
more there seemed to be in the streets. Cabs and 
omnibuses multiplied tenfold, new roads were 
made, old ones were widened, but still we were 
jostling each other off the pavements, or blocking 
the roads with cabs and carriages. A few more 
years passed, and Mr. Greathead introduced his 
tunnelling shield, which enabled deep-tunnel rail- 
ways to be expeditiously constructed ; and another 
perfect solution of the urban traffic question was 
advertised. The whole of the solid substance of 
the earth, below the sewers and water-pipes, was 
at our disposal ; we could burrow anywhere 
in the virgin soil, making galleries of communica- 
tion from point to point, with the freedom of the 
mole ; and with little more respect for the sacred 
rights of property, if some publicists had had their 
own way. e now have some tubes completed, 
and more are in progress, yet the roadways and pave- 
ments are more crowded than ever with passengers 
riding or afoot. ’ 

To come down to the present day, the latest 
‘solution ” is the electric tram or the motor-bus. 
London is a good deal behindhand in regard to the 
former, and the latter is too much in its infancy for 
us to be able to judge of its effect. All that one can 
say at present is that neither the electric trams nor 
the motor-buses have hadany appreciable effect in 
relieving the congested state of traffic ; some say 
they have an entirely opposite effect. 

Which way, then, can we look for a true solution 
of the problem how to lessen the density of the 
throng? Probably M. Jules Verne or Mr. Wells, 
with that courageous contempt for sordid mecha- 
nical difficulties, which is the delightful privilege of 
the romancist, would say ‘‘ Flying Machines”; and 
indeed we believe that by one, if not by both, of 


g9 | these pleasant writers, flying trains, or flying buses, 


have been promised for the use of posterity. But 
we, who cannot claim the same enviable freedom 
from the trammels of physical detail, which is the 
prerogative of more entertaining writers, in ap- 





gravity of air, and of men and merchandise respec- 
tively ; and we conclude that, even with a source 
of power light in weight to a degree hardly yet 
imagined, the load to be carried, and the platform 
to support it, would be out of all proportion too 
great for a system of useful transportation, out- 
side the realms of sport or war. 

The fact is, the density of the throng, the crowd 
of cities, will never be lessened so long as cities 
prosper and civilisation advances. The more facili- 
ties we give for travel, the more will men travel, 
and the more the possibility for them to run against 
each other. Primitive man, who produces all things 
he needs for existence within pand’s reach, as it 
were, jostles no one, neither is he the cause of 
jostling amongst others. But the city dweller, 
whose bread comes from one end of the earth, his 
beef from another, his clothing from every quarter 
of the globe—who, in short, sets thousands of 
people in motion, who uses the whole network of 
communications throughout the world, concen- 
trates all these activities to a focus at the centre 
where he lives. Therefore, as civilisation increases 
—and it has meant hitherto a multiplication of 
desires, or, as we say, of needs—so must trans- 
port, both of men and materials, increase. 

The main cause of jostling, however, is the 
natural desire for fresh air and open surroundings, 
It is the morning and evening exodus and advent 

tween home and the centre of business that is 
the chief movement for which provision has to be 
made. In London at least, and in all large com- 
mercial cities to an ever-increasing degree, nearly 
everyone employed lives at a distance which neces- 
sitates some means of transport, and nearly every- 
one wants to travel at the same time. A large 
number of these people—clerks and others—do not 
leave their offices throughout the day ; but many 
have to move about, and the number of these is so 
great that the city streets are crowded to an extent 
that seriously delays business. There is one means 
by which this inconvenience might be lessened; 
for a time, perhaps, quite removed. If we had in 
London a telephone system equal to that of other 
cities, a great deal of business that now entails a 
personal visit between two negotiators might be 
conducted without either person leaving the office, 
Of course, a great deal is done in this way at, 
present, but there is much room for improvement ; 
the telephone in London is too often more a means 
of worry and annoyance than anything else. 

It is very certain, though seldom recognised to 
the full extent, that the difficulty of communica- 
tion in London is an inconvenience in the conduct 
of business, such as must handicap us to a con- 
siderable extent in our competition with foreign 
rivals. If a merchant has to take a cab to go a 
mile in order to settle a bargain, and his cab is 
blocked for a considerable time by a string of omni- 
buses, or has to crawl behind a lot of heavy drays, 
it stands to reason he is not able to do as much 
business in the day as one who can, as in most 
American cities, jump on an electric car and be 
carried quickly to his destination. In New York 
the natural geographical formation enormously 
increases the difficulty of the transit problem ; 
and the ‘‘sky-scrapers,” with their twenty and 
more stories, make concentration more intense ; yet 
it is there generally easier to move about during 
the day than in London. 

Obstacles to locomotion not only directly affect 
principals, but also those they employ, so that 
more messengers, more buyers and sellers, more 
outdoor clerks, and, in fact, more outdoor assistants 
of all kinds have to be employed, and the wages 
for all those constitute a charge on goods bought 
and sold. The vital importance of more rapid 
transit is, therefore, very evident, and for this 
reason the Report of the Royal Commission on the 
Means of Locomotion and Transport is worthy of 
study by all who take an interest in public affairs. 
The Blue-Book issued this week consists of 147 
folio pages, including an index. It is but the 
first of eight volumes, seven of which, therefore, 
remain to be published. These will contain minutes 
of evidence, appendices on various branches of the 
subject, explanatory diagrams, ing &c. The 
price of the — volume is 3s. 3d., and it can, 
of course, be obtained from the usual official 
publishers. 

The first volume gives us the opinions of the 
Commissioners, and will prove the most interest- 
ing of the series; but those who more closely 
follow these quéstions will be glad to get at first 
hand the evidence of witnesses examined, and thus 





proaching this problem have to consider the specific 
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be able to form their own opinions. The Com- 
mission consisted of Sir David Miller Barbour 
(Chairman), the Earl of Cawdor (who resigned on 
being appointed First Lord of the Admiralty), 
Viscount Cobham, Lord Ribblesdale, Sir Joseph 
C. Dimsdale, Sir John P. Dickson-Poynder, Sir 
R. T. Reid, Sir John Wolfe-Barry, Sir F. J. S. 
Hopwood, Sir G. C. T. Bartley, Sir G. 8. Gibb, 
Mr. C. S. Murdoch, and Mr. Felix Schuster. 
Mr. Lynden Macassey acted as Secretary to the 
Commission, and is to be congratulated on the 
excellent form in which the report has been pro- 
duced, so far as the secretarial work is concerned. 

The Commission held 112 meetings, and many 
sub - committee meetings, 134 witnesses being 
examined. A special expert Advisory Buard of 
engineers was appointed to give assistance in 
technical matters. One of the members of the 
Commission, Sir John Wolfe-Barry, presided over 
this Board, the other members being Sir Benjamin 
Baker and Mr. William Barclay Parsons. The 
latter is, as is well known, the chief engineer to 
the Board of Rapid Transit Railroad Commission 
of the City of New York. Mr. Parsons is also 
well acquainted with London, and his experience 
in New York must have given additional value to 
the assistance he rendered to the Board. Con- 
sidering the important part mechanical traction 
now plays in street traffic—an importance that 

romises to overshadow all other means of street 
ocomotion in the near future—we think it is to 
be regretted that a mechanical engineer was not 
added to the Board. 

The Chairman of the Commission, Sir D. M. 
Barbour, Lord Ribblesdale, Sir J. Dickson-Poynder, 
Sir G. T. Bartley, and Sir G. 8S. Gibb, together 
with the Secretary, Mr. Macassey, made a voyage 
to America, where they visited New York, Boston, 
Philadelphia, and Washington for the purpose of 
informing themselves personally upon the arrange- 
ments for transit in those cities. 

The report is not unanimous. Sir George Bartley 
presents a separate memorandum ; whilst Sir 
Joseph Dimsdale and Sir George Gibb, although 
they sign the report, add each a note setting forth 
their views on points in which they differ from their 
colleagues. 

The time at our disposal does not permit us now 
to review the findings of the Commission at any 
length ; and we propose returning to the subject in 
a future issue, when we have been able to more 
thoroughly examine the conclusions arrived at by 
the Commissioners. The report takes a general 
view of the subject, the Commissioners not pass- 
ing judgment upon particular schemes for transport 
that have been brought before Parliament. They 
decide, also, that a detinite and permanent con- 
clusion is not possible, as there is no finality as 
to the best means of locomotion and transport. 
They advise, therefore, that a series of separate 
and distinct inquiries should subsequently be 
undertaken. The area included in the inquiry 
comprised that known as ‘‘ Greater London,” a dis- 
trict of 692 square miles. The population was in 
1901 6} millions, and the number of rides per 
capita by all local means of transport, excluding 
trunk lines, was 200. In New York the corre- 
sponding number of rides was 300, and in Berlin 
270. The Londoner is therefore less ‘‘ locomo- 
tive” than the resident of the German and American 
cities mentioned. 

A part of the report which deals with re-housing 
schemes already undertaken is both interesting 
and instructive. We defer its consideration, how- 
ever, for the present, but we may state that the 
Commission arrive at the conclusion that it is not 
practicable to re-house the working classes in the 
central districts at economic rents. It naturally 
follows, seeing the already congested state of 
morning and evening traffic, that new streets, or 
enlarged existing streets, or now railways, must be 
provided, and it is this part of the problem with 
which the report mainly deals. 

The Commission advise that main avenues should 
be 140 ft. wide from house to house ; first-class 
arterial streets, 100 ft. ; ;second-class_ streets, 
80 ft. ; third-class streets, 60 ft. ; and fourth-class 
streets, 40 ft. to 50 ft. wide. 

The chief features they propose are two main 
avenues through London, one 4} miles from west to 
east, to connect Bayswater-road with Whitechapel ; 
the other 44 miles from north to south, to connect 
Holloway with the Elephant and Castle. Each of 
these avenues would be 140 ft. in width from house 
to house, with subways for water and other mains. 





There would be four lines of tramway on the 
surface, and four lines of railway below the surface 
for express and local-stopping trains. The east 
and west avenue, with its subways, railways, and 
tramways, is estimated to cost approximately 
15,550,0001., and the north and south avenue 
8,550,000/. net. Supposing a sum of 30 millions 
would accomplish the work, it would probably need 
1,100,0001. to 1,200,000/. a year to cover interest 
and sinking fund on the borrowed money. In 
return for the outlay there would be 9 route miles, 
or 36 track miles of tramway, and the same length 
of underground railway. These should bring in con- 
siderable profit. 

In addition to the two new streets mentioned it 
is suggested that Euston and Marylebone-roads 
should be widened ; also that Constitution Hill, 
Princes - street, Westminster, Wandsworth-road, 
Bayswater, Hammersmith, Fulham, and King’s- 
roads should be widened. Brentford High-street 
should also be widened, or else a parallel relief 
street should be constructed. In dealing with 
cross-traflic, it is suggested, as typical methods of 
treatment, that from Blackfriars Bridge a viaduct 
might be constructed over Ludgate Circus to Far. 
ringdon-street. This would involve widening Black- 
friars Bridge and Farringdon - street, and would 
cost 700,0001. A viaduct might be built from 
the hill of Wellington-street, across the Strand, 
to the north end of Waterloo Bridge. The cost of 
this work is estimated at 325,0001. A third sug- 
gestion is intended to relieve Piccadilly by a sunken 
road from Berkeley-street, passing under Picca- 
dilly. No estimate of the cost of the latter is given. 
Other places where works are needed for the relief 
of traffic are at the Marble Arch, the ends of 
Tottenham Court-road, Piccadilly-circus, Oxford- 
circus, and the Elephant and Castle. This list, it 
is said, is by no means exhaustive. 

Several tramway routes are dealt with, and the 
desirability of connecting up different systems is 
dwelt upon. In parts of the City the value of land 
is so great that widening of tho roads for tramway 
purposes is not to be thought of, and in such places 
the Advisory Board recommend the construction 
of subways. In most parts, however, it is con- 
sidered that it would be as cheap to widen the 
streets as to construct subways. 

The suggestions—they are not, it must be re- 
membered, to be taken as definite proposals—put 
forward by the Royal Commission are, as will be 
seen, of heroic proportions, and would involve the 
spending of sums that may well make the ratepayer 
wince in anticipation of the suggested dip into 
his pocket. No doubt the expenditure would be 
spread over a long period; but, in any case, it 
would necessarily be heavy, even at first. It is 
desirable, however, to consider this question 
from a business point of view. London is, in fact, 
a vast producing centre; we may liken it to a 
manufactory where things are produced that are 
not always tangible, but which, none the less, 
form an important part of the nation’s commercial 
activities and her assets. 

No provident manager of a big producing esta: 
blishment, with the threat of competition before 
him, allows his plant and premises to become 
antiquated or be insufficient for the proper conduct 
of the business, and the people of the Metropolis, 
and, indeed, of all other towns, should view their 
city in the same light. Colossal as the sums 
mentioned are, they are small compared to the 
wealth spent by many trading firms in keeping 
up their works and offices, taking the respec- 
tive. size of the undertakings into account. We 
all grumble at paying rates or taxes, too often 
looking at them as only a burden from which we 
get no adequate reward, whilst we cheerfully 
lavish on our private ends sums that bring us far 
less valuable returns. As to whether the expen- 
diture shadowed forth by the Commission is suffi- 
cient or not, is a matter upon which we are not able 
to express a definite opinion, as we have not the 
figures upon which they based their calculations. 
But we certainly suspect that it is inadequate. 
Possibly ‘*‘ betterment” and ‘‘ recoupment” might 
recover a part of the cost eventually ; but these 
are always speculative sources, as the County 
Council has found. The construction of these 
new avenues would shift the centre of gravity of 
business in London, but exactly how it would be 
affected it is impossible to predict. As an illus- 
tration, the Embankment has not gathered the 
traffic that was expected. 

It may be said without fear of contradiction 





that means of transit is one of the most essen- 
tial features for the rapid and economical trans- 
action of business; and if London falls behind 
in this respect, it must have a prejudicial effect 
on the commercial prosperity of the nation at 
large, and of the Metropolis in particular. At the 
present time London is the greatest commercial 
centre in the world, but her supremacy in many 
fields is being attacked; or rather, one should 
say, that other cities are fast developing their 
resources in a manner that will enable them to 
bring to bear serious rivalry. While we are still 
rich, while we are making money yearly in a 
manner that, in spite of periods of comparative 
depression, enables us to spend millions upon 
<a yearly in luxuries and pleasures, it be- 
hoves us to put our working facilities in order, so 
that we may possess every reasonable advantage in 
the struggle for supremacy that each year grows 
more and more strenuous. 

Given that the wisdom is proved for spending 
these large sums on the improvement of London, 
the question arises how best to ensure that the 
money should be judiciously and economically laid 
out. On this side of the question the Commis 
sioners’ report has also something to say. They 
advise the establishment of a ‘‘ Traftic Board,” to 
make a yearly report to Parliament ; an excellent 
idea, as it brings to bear the most effectual check 
on the spending of public money—public criticism. 
The Board would consist of a chairman, and from 
two to four other members; but it is considered 
that three members in all would be the best 
number. No member of the Board should have 
interests that would conflict with the proper dis- 
charge of his duties, and it is considered essential 
that all should be capable men of business, and 
able, if necessary, to devote their whole time to 
the work of the Board. They would, of course, be 
salaried officials, and should receive adequate pay 
to secure thoroughly competent men. ‘The func- 
tions of this Board would be of an advisory and 
semi-judicial character, and would, therefore, not 
involve the exercise of executive or legislative 
duties. Their most important function would be 
the preliminary examination, before consideration 
by Parliament, of Bills seeking statutory powers 
for the construction or extension of works affecting 
the means of locomotion and transport in ‘‘ Greater 
London.” 

Although this proposed Board would not have 
directly executive or legislative authority, its 
members would undoubtedly have a_ powerful 
influence on executive and legislative procedure ; 
perhaps far more than many nominally directly 
entrusted with such functions. There is already in 
New York a body not altogether dissimilar in prac- 
tical effect to the proposed Traffic Board, and its 
influence is said to have been most beneficial in 
the development of the transit facilities of a city 
very difficult to provide for in regard to locomotion. 








THE GALBRAITH ELECTRIC IRON 
AND STEEL FURNACE. 

WHILE electro-metallurgy cannot, on the whole, 
be said to be advancing at an accelerated rate, the 
electric smelting of iron and steel is regarded as 
hopeful. Nobody desires to replace the blast-fur-» 
naces of the British Isles, where iron ore, coal, and 
limestone occur in such convenient proximity, by 
electric furnaces ; but where water-power is avail- 
able, and blast-furnace coke is not, electric smelt- 
ing may be commercially successful. Further, 
steel, equal, it is alleged, in all respects to the 
best Sheffield crucible steel, can be produced in 
electric furnaces at considerably lower costs. There 
is an ever-increasing demand for rich alloys, ferro- 
chromes, ferro-silicons, ferro-tungstens, &c., which 
can only be prepared in the electric furnace. 
Several types of electric iron furnaces may be dis- 
tinguished. In the induction furnace of Kjellin 
the iron, contained in an annular groove, forms the 
secondary of a high - frequency circuit, whose 
primary coil surrounds the groove ; only high-class 
materials are applied, and an excellent steel is pro- 
duced, but the efficiency is not high. As there are 
no electrodes, all possibility of contamination of the 
metal by the impurities in the electrodes is ex- 
cluded. Stassano utilises only the radiated heat of 
arcs playing above the fused mass. Héroult, Keller, 
and others let the electrodes dip into the slag, but 
not into the fused metal. There is, therefore, no 
contamination either, and a very good steel is pro- 
duced. Heéroult was really the first who brought 
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electrically-prepared steel on the market. Some of 
the furnaces of this latter type may be classed both 
as arc and as resistance furnaces. The Ruthenburg 
furnace so far represents a type of its own. The 
object is to melt magnetic iron sand, difficult to 
deal with in ordinary furnaces, into beans suitable 
for further treatment, while at the same time 
eliminating some of the impurities. At Messrs. 
Cowles works, at Lockport, New York, U.S.A., 
Ruthenburg has for some years experimented 
with two slowly-revolving water-cooled cylinders, 
serving both as magnetic poles and as electrodes 
for currents of 500 amperes at 100 volts. The ore, 
held in the narrow gap between the poles by mag- 
netic attraction, is melted by the current, drops 
into a pit, meets reducing gases on its way, and is 
found in the shape of beans, which, it is claimed, 
have lost most of the sulphur and phosphorus of 
the ores. The report of the Commission, consisting 
of Dr. Haane], Mr. C. E. Brown, and Mr. F. W. 
Harbord, which studied the various electric iron 
processes on behalf of the Canadian Government, 
is, however, not favourable to this process. It is 
vointed out that the ore loses its magnetism just 
balese melting, and that neither an effective agglo- 
meration, nor a reduction of the fine material, is 
obtained. 

A successful treatment of iron sand would be an 
important step in advance. Iron sands abound in 
many localities. The term is used both for grainy 
magnetite—a combination of iron oxides corre- 
sponding more or less to the formula Fe,O,—and 
for the ore known to the mineralogist as mena- 
chanite (from Menachan, in Cornwall), and by other 
names, an oxide of iron and titanium, with 30 and 
more per cent. of the latter. Both the ores are either 
too compact for direct reduction, or so finely divided 
that they trickle through the furnace, and most 
attempts to transform these ores into briquettes 
have failed. Grdndsal and Mathesius are said, how- 
ever, to have succeeded, each in his own way, in 
making suitable iron-sand briquettes. In any case, 
however, the new process which the Galbraith Iron 
and Steel Company, Limited, of Auckland, New 
Zealand, demonstrated at the Brush Electrical Engi- 
neering Company’s works, at Loughborough, Lei- 
cestershire, on Wednesday last, would deserve close 
attention. The main features of this process are 
the following :—The iron-sand mixed with carbon 
is passed through a furnace so as to fall as a shower 
in a zigzag path through a number of carboa grids 
heated by the current, until, melted and reduced, it 
arrives in the receptacle below. The whole furnace 
is sealed, and open only at the feed-hole above, so 
that no air can enter, otherwise the grids, or incan- 
descents, as the inventors, Messrs. J. K. Shirreff 
Galbraith and William Steuart, call them, would be 
burned. The charge is further met on its down- 
ward path by reducing gases. Low potential cur- 
rents are utilised. Neither flux nor fuel, in the 
ordinary sense, is needed, and the iron or steel, 
which collects in the receiver in the shape of beans, 
is said to be free of the titanium contained in the 
ore. An admixture of 1 per cent. would not be 
objected to by metallurgists in most cases ; often 
a higher percentage of titanium could be tolerated, 
and for certain steels some titanium is considered 
a desirable constituent. 

The raw material comes from Taranaki Bay, in 
New Zealand, where it covers miles of the beach. 
This iron-sand has, so far, practically no value, and if 
the inventors do not accomplish more than to trans- 
form the very fine black powder into beans suitable 
for Bessemerising or other treatment, they will have 
achieved an object on which vast sums have, so far, 
been spent in vain. The fine sand is passed through 
magnetic separators. It is very pure, and the 
impure and the purified ore shown differed liardly 
in appearance. We give analyses of the ore and of 
the steel resulting from another less pure sample of 
ore taken from a breakwater :— 





Ore. Steel. 
Per Cent. Per Cent. 

Peroxide of iron 67 04 Carbon by combustion 2.891 

Protoxide of iron .. 30.37 Silicon .. ~ . ae 

Mangauese peroxide 0.22 Sulphur .. 0.189 

Aluminium oxide .. 0.16 Phosphorus 0.453 
Silica .. as -- 0.50 Arsenic .. Nil 

Calcium and mag- Manganese 0.137 
nesium, traces. Copper .. 0.24 

Titanium 1.6 Iron 96.095 
Undetermined 0.3L Titanium Nil 

100 00 100.00 


The titanium percentage may rise to 4 per cent. 


with. The ore was supposed to be free from phos- 
phorus ; the material just now worked on does, 
however, contain some phosphorus. 

The ore is mixed with coal dust and heated, 
for a few minutes only, in a crucible. 
roasting, or preheating, would, in a commercial 
plant, be performed in a rotatory kiln or in some 
other less primitive way. The furnace itself is 
built up of a framing of graphite, holding horizontal 
grids, likewise of graphite; the grid-bars form 
obtuse-angled roofs. Four of these grids are con- 
fined in one tier, and three tiers are arranged 
above one another, so that the charge shower falls, 
in descending, over twelve bars in succession, and, 
finally, into the receiver—an iron box—below. 
Between the bars, or incandescents, interceptors 
are to be placed; these interceptors are of the 
same shape as the incandescents, but they are not 
so thick, and their bars are closer together. In 
this demonstration furnace only one interceptor 
was used, at the very top of the furnace ; through 
this interceptor grid the charge trickled down in 
three streams. The incandescents and interceptors 
are made by the Morgan Crucible Company, of 
Battersea. 

Each incandescent, it will be understood, forms 
a rectangular horizontal frame against the front, 
and the back of which iron bars are pressed. In 
the furnace which formed the subject of Wednes- 
day’s experiment, a good contact between the front 
and the iron was secured with the aid of weighted 
levers ; this pressure forced the backs of the 
grids against the bars at the back. The current 
leads, copper bars, or ribbons, were screwed to the 
iron ; there were twelve circuits, one for each grid. 
Mr. Gardner, who assisted in the experiment, put 
in about a pound of charge per minute, and a cur- 
rent of 100 kilowatts at 18 volts was stated to be 
used. The waste of power and heat in this skeleton 
furnace was, of course, great. But furnaces of 
this type are to be constructed with walls of 
bauxite, and it should be possible to cool the elec- 
trodes with the aid of water-jackets. No figures as 
to the economy of the process can be given under 
the circumstances. Through peep-holes, closed by 
mica, the metal could be seen to trickle down into 
the receiver in big drops, which united to ordinary 
size beans, and further fused together, as the re- 
ceiver was not cooled. Specimens of steel obtained 
in the furnace were exhibited. 

We should only like to make one remark as to 
the power consumption by such melting, or smelting, 
operations. Ruthenburg has claimed to melt his 
ore at an expenditure of heat energy below the 
theoretical figure. That is not inconceivable ; for 
it would suflice to melt a portion of the ore which 
would cake together with other particles. In actual 
practice the charge would pass hot direct from the 
rotatory kiln into the furnace, and the final 
product would be remelted in a crucible or con- 
verter. The carbon percentage, about two in the 
demonstration samples, could more or less be re- 
gulated, if not in the furnace, certainly in the 
converter. The furnace used for the demonstra- 
tion was certainly very experimental ; but it did 
something so far not accomplished, and it may 
perform its work economically. Though it is too 
early yet to express any opinion on this point, we 
heartily wish the inventors success. Mr. Albert 
Robins is secretary of the Galbraith Iron and Steel 
Company, of Auckland, whose London offices are 
at the Cannon-street Hotel, E.C. 








A LONDON AMBULANCE SERVICE. 

Ir is well known that no capital city in the world 
can in any way rival our Metropolis as a centre 
for hospitals supported by voluntary contributions. 
But in one direction philanthropy has been 
lacking—namely, in the provision for promptly 
and efliciently transferring accident cases from the 
public thoroughfare, or from works, to the hospitals. 
London, it is true, has long had the benefit of an 
ever-ready police force, trained in part to render 





first aid, equipped to some extent with hand- 
| ambulances, and having the call upon a few horsed 
jambulances. There are also the Bishoffsheim 
| wheeled litters, distributed since 1890 in various 
|parts of the Metropolis, available both to the 
| police and to private individuals. We have the 
| St. John’s Ambulance Association, which similarly 
| distributes a certain number of appliances in dif- 
| ferent parts of the Metropolis, and has gone as far 


The titanium is supposed to pass into the slag, but | as to post attendants upon these appliances at three 


there are hardly any constituents to form a slag|points—namely, at St. John’s-gate, St. Paul’s 


This 





| Cathedral, and the Duncan Memorial. No doubt 

much useful work has been done by these agencies, 
| but the existing equipment has been quite inade- 
| quate to fulfil the requirements of the Metropolis. 

Cabs and carts are, unfortunately, primarily the 
vehicles for transporting those who require such con- 
veyance ; and, what is more, this unfortunate state 
of affairs has existed whilst cities like Vienna and 
Budapest have enjoyed the most perfect ambulance 
services, based on voluntary effort and subscrip- 
tions. In Vienna this system has been in existence 
since 1881, and in Budapest since 1887.* Again, 
in other cities, both at home and abroad, ambulance 
services have been provided by the local authorities, 
with excellent results and at moderate expense. To- 
day, the City Corporation and the London County 
Council are at last considering the matter, and 
the London County Council have intimated their 
intention to ask for Parliamentary powers, and to 
put forward a specific scheme for mending the evil 
—an action which will be widely approved. 

No money could be better spent, from the rate- 
payers’ point of view, for rich and poor alike are 
constantly subject to street accidents and the 
ordinary accidents of every-day life, and no one 
who has not been a victim can realise the misery 
of the present inadequate service. 

The scheme put forward by the London County 
Council comprises the equipment of a central 
ambulance station near Charing Cross, with seven 
district stations within a radius of 3 miles from 
Charing Cross. The district stations are each to 
be equipped with an electric motor ambulance 
manned by two or three men, whilst at the central 
station there are to be several motor ambulances 
and a larger number of men under a superinten- 
dent. Existing premises are to be rented and 
adapted asambulance stations. The stations are 
to be connected up by telephone, and there 
are to be street call-points for the ambulance, 
similar to fire call-points, about half a mile 
apart. Including the equipment, the capital 
outlay is estimated at 13,000/., and the annual 
expenditure at 96001. It is no doubt wise to com- 
mence the establishment with one central and 
seven district stations only, but there are several 
matters in respect to which the Council’s scheme is 
much too modest. To be really efficient for the 
area indicated—i.e., three miles radius from Charing 
Cross—it is essential that there should be at least 
two ambulances at every district station. It is 
obvious that most of the street accidents occur 
during a limited number of hours, and during these 
hours one ambulance at a station is quite iusuffi- 
cient, although no doubt an effort will be made for 
a call received at an empty station to be passed on 
to an adjoining station for attention. It is essen- 
tial, too, that the ambulance should be accompanied 
by a qualified surgeon or physician. It is a sine 
qué non of a perfect ambulance service that the 
first service rendered should be under skilled 
supervision. It is true, the expense of the esta- 
blishment would be thereby materially increased, 
but really efficient working cannot be otherwise 
obtained. Next comes the question of call-points. 
The distances between points should not exceed a 
quarter of a mile on the average. Further, these 
call-points should be illuminated ; this lighting, 
whilst, of course, adding to the cost of mainten- 
ance, is particularly essential in London, which 
is so subject to long dark winter afternoons and 
fogs. 

The scheme will be welcomed, even as it stands, 
as a first small step. It will be scarcely possible to 
provide London with an adequate service under 
sixteen stations, and in some parts of the Metro- 
polis the stations should be Dut short distances 
from one another. The number of street accidents 
in London cannot be exactly obtained, but are com- 
puted at between 7500 and 10,000 per annum, as 
far as the records of the police go; but there are a 
very large number of street accidents that are not 
recorded by the police or by the hospitals. Aid 
may also be rendered where the accident occurs in 
a factory, or even on private premises, and where 
it becomes a necessity to obtain rapid transmission 
from building to hospital. Inthe best of our great 
works, at our railway termini and docks, trained 
and organised amateur first-aid helpers are gener- 
ally at hand now-a-days, thanks to the work of the 
St. John’s Ambulance Association ; but the first aid 
rendered is yet all too frequently quite inadequate, 
and the meaus of transportation lamentable. The 





* See ENGINEERING, vol. Ixxix., page 562. 
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Vienna service, we believe, deals with some 15,000 
accident cases per annum, and the Budapest ser- 
vice with some 12,000 per annum. The London 
system may ultimately deal with 30,000 per annum. 





THE INSTITUTION OF NAVAL 
ARCHITECTS 

A sUMMER meeting of the Institution of Naval 
Architects commenced in London on Wednesday 
last, the 19th inst., and will conclude to-day, the 
meetings for the reading of papers being held in the 
theatre of the Society of Arts, and the President 
of the Institution, the Right Hon. the Earl of 
Glasgow, occupying the chair during the two morn- 
ing sittin Kight papers were down for read- 
ing and discussion. There were two sittings on 
Wednesday last—one in the morning and one in 
the evening—and another on Thursday morn- 
ing. On Thursday evening there was a conver- 
sazione at the Royal United Service Institution, 
when there was a reception by the President and 
the Council of the Institution of Naval Architects. 
Several visits to works and other places of interest 
had also been arranged. On Wednesday afternoon 
one party travelled down to Woolwich to inspect 
Messrs. Siemens Brothers and Co,’s Telegraph 
Cable and Electrical Instrument Works ; another 
excursion was arranged to the ordnance works of 
Messrs. Vickers Sons and Maxim, at Erith. A third 
party on the same afternoon visited the works of 

essrs. J. and E. Hall, Dartford, where they were 
shown the manufacture of refrigerating machinery. 
Yesterday there were four alternative excursions : 
the first was to Tilbury Docks, where the members 
were entertained at luncheon on board the P. and O. 
steamship India. A visit was also paid to H.M.S. 
Black Prince, built by the Thames Iron Works 
Company, and which is now fitting out in the 
Victoria Docks. Another party travelled down to 
Poplar, where they were shown over the building 
yard and engine works of Messrs. Yarrow and Co. 
A fourth excursion was made to the torpedo-boat 
works of Messrs. John I. Thornycroft and Co. 
To-day is set apart for a visit to Portsmouth Dock- 
yard, the party leaving Waterloo Station by special 
train at 9.15 a.m. 

Honorary VicE-PRESIDENTS. 

On members assembling in the Theatre of the 
Society of Arts on Wednesday morning, the first 
business was the reading, by Mr. Dana, of the list 
of honorary vice-presidents who had been elected 
under the new rule. The names were as follow :— 
H.R.H. George, Prince of Wales, Vice-Admiral ; 
the Right Hon. Earl Spencer, the Right Hon. the 
Earl of Selborne, the Right Hon. Earl Cawdor, 
the Right Hon. Lord George Hamilton, the Right 
Hon. Lord John Hay, Admiral of the Fleet ; the 
Right Hon. Sir John Dalrymple Hay, Bart., Ad- 
miral ; Sir Nathaniel Barnaby, Sir John Glover, 
Sir Andrew Noble, Bart. ; Sir Edward J. Reed, 
Mr. F. K. Barnes, Professor J. H. Cotterill, Mr. 
R. E. Froude, and Mr. Henry Morgan. 


Tactics, STRATEGY, AND SHIPS IN THE 
Days or TRAFALGAR. 


Three papers were down for reading at that sitting. 
There was, however, only time to deal with two 
of them ; the first of these was entitled ‘‘ Tactics 
and Strategy at the Time of Trafalgar,” the author 
being Admiral Sir Cyprian Bridge. The second 
was by the Director of Naval Construction, Sir 
Philip Watts, and was entitled ‘‘ The Ships of the 
Royal Navy as they Existed at the Time of Tra- 
falgar.” ese two papers were read by their 
respective authors, and were discussed together. 
Sir Cyprian Bridge’s contribution we print on 
another page, and we shall shortly also publish Sir 
Philip Watts’s paper. The latter gave a most inte- 
resting description of the ships that existed in the 
Royal Navy 100 years ago. The very full data 
contained in the tables and illustrations accom- 
panying the paper will prove of great value to 
students of naval history. The original sheer 
drawing of Nelson’s Victory was exhibited on the 
walls of the theatre. 

In the course of his remarks, Sir Philip said that 
since the date of Trafalgar ‘‘ steam propulsion in 
all its various forms, shell fire, iron and steel 
armour, steel hulls, breech-loading and rifle guns, 
torpedoes, mines, high explosives, electrical appli- 
ances, and submarines have all been introduced. 
These changes have often threatened, but have 
still left intact, the supremacy of the big gun in 
the big ship as it existed at Trafalgar.” - In con- 





cluding his paper the author said that ‘‘in the old 
days, as now, there was sometimes a strong dis- 
position to discover defects in British ships. Our 
vessels, it was said, sailed slower, carried smaller 
and poorer guns at a less height, and were of 
inferior form to those of the enemy; they were 
designed with finer ends, so that they pitched more 
heavily and even endangered their masts; they 
were more foul than those of the enemy, for they 
were at sea more ; they were older than the enemy, 
for we had not to build so many new ships to re- 
place captured ones. Yet in spite of it all they 
generally brought the enemy to action, and, on the 
whole, they generally beat him. One may hope 
that should need rag | arise, this, too, may be 
repeated in our day.” e select these passages 
from Sir Philip Watts’s paper as they appear to bear 
on certain points that arose in the discussion which 
followed. 

Admiral Sir N. Bowden Smith, who rose at the 
invitation of the President, was the first speaker on 
these two papers. He said that it was appropriate 
in this centenary year of Trafalgar that the state of 
naval affairs 100 years ago should be brought before 
the meeting of the Institution of Naval Architects ; 
but it was impossible to discuss the tactics of those 
days without thinking of what had occurred in Far 
Eastern waters within the last few months. Tra- 
falyar had secured to us a naval peace which had 
already lasted for 100 years, and it was to be hoped 
that the victory of Japan would have a like effect 
on the peace of the world. It was a happy augury 
to this end that the animosities and prejudices 
which existed between ourselves and our always 
gallant neighbours, the French, had quite passed 
away, their place being taken by the kindest inter- 
national feeling between the two peoples. 

The remarks made by Sir Cyprian Bridge ap- 
peared to the speaker to be in disparagement of 
speed ; the gallant Admiral had said that it is 
sometimes claimed in these days that superior 
speed will enable a modern battleship to keep at 
that distance from her opponent which would be 
the best range for her own guns. It has not been 
explained, the author continued, why a range 
which best suits her guns should not be equally 
favourable for the guns of her opponents, unless, 
indeed, the latter is assumed to be weakly armed, 
in which case the distance at which the fastest ship 
might engage her would be a matter of compara- 
tive indifference. After referring to the Battle of 
Trafalgar, the author continued by saying there was 
nothing in the tactics of the time to make it appear 
that, when a fight had once begun, superior speed 
within moderate limits conferred considerable 
tactical advantage in single-ship actions, and still 
less in general fleet actions. The speaker thought 
that the author had possibly alluded only to Tra- 
falgar, when the wind was very light ; but it was to 
be remembered that in his contribution to the 
** Naval Annual” for this year the author also 
spoke of the little value of speed. He (Admiral 
Bowden Smith), however, would like to point out 
what speed did in the latest engagement between 
the Japanese and Russian fleets at the recent battle 
in Far Eastern waters. The accounts which had 
appeared showed that Admiral Togo placed his 
ships just where he liked during the battle, and 
that the time which elapsed before the Russian 
ships were disabled was only 37 minutes. He was 
enabled to detach his armoured cruisers to block 
the passage of escape of the Russian ships, whilst 
he attacked them with his vessels of the line. In 
the newspaper accounts sent by the correspondent 
of the Daily Telegraph it was stated that the 
superior speed of the Japanese ships was the great 
factor in deciding the issue of the battle. One of 
the Russian admirals had also pointed out how he 
had been headed off by superior speed. It was not 
possible to increase the speed of a warship after 
she had been built, and endian sufficient speed 
should be apportioned in the design. It was quite 

ssible, however, to supplement the coal supply 

y attendant vessels. e expressed an earnest 
hope that in future designs of British warships 
8 would not be one of the factors likely to be 
thrown overboard. 

Admiral Sir Edmund Freemantle said that his 
brother officer who had just spoken had said many 
of the things he himself would have said had he 
2 first, and he was more in agreement with 
the speaker than with the author in regard to these 
matters. There were, however, other points in 
which he agreed with the writer of the paper. The 
latter contained an admirable summary of the tactics 





and strategy at the time of Trafalgar, when lessons 
were taught which would never die, and were as 
applicable now as then. Speaking of the number 
of cruisers needed, the speaker stated that in 1805 
Great Britain 445 ; towards the end of 
the war, after the battle of Trafalgar, the number 
of cruisers increased, until in 1814 there were 594. 
This the speaker mentioned in order to show that 
cruising vessels are necessary for the protection of 
commerce, even after a great naval victory. Some 
persons held that it was only necessary to keep up 
plenty of battleships in order to secure command 
of the seas, there being no need to trouble about 
cruisers. Such a view might be formed from a 
hasty generalisation deduced from the writings of 
Mahan, but proof to the contrary was to be found 
in the number of cruisers that were considered to be 
necessary after Trafalgar. The desire for cruisers had 
always been deep in the heart of great naval com- 
manders like Nelson, and the latter had to use his 
battleships for scouting and communications. The 
lack of information led to the fleet being dispersed at 
Trafalgar, and was the reason that an attack was 
made on the formation of line ahead, as the ships 
were too scattered to be formed into line abreast or 
line of bearing. In regard to the desirable size of 
ships, the speaker agreed with Sir Cyprian Bridge 
in the views he expressed. In the old wars it had 
been discovered that a medium-class battleship was 
the best, and all that was wanted now were ships 
big enough to carry the gun of the period, whatever 
size it might be. Anything bigger than was neces- 
sary to carry a sufficient number of guns of the period 
was not to be desired. The Navy needed ships of 
all classes, but the speaker would prefer a small 
number of extremely powerful vessels, the re- 
mainder being ships of reasonable size. What was 
needed was ships enough to concentrate numbers on 
one part of the enemy’s line. Anything that would 
lead to actions in which single ships were opposed 
to single ships—that was to say, of the nature of 
a number of duels—would not be likely to lead to 
decisive results. 

Captain Bacon, R.N., referred to that part of Sir 
Cyprian’s paper in which it was stated that all 
recent developments of man-of-war construction had 
taken the form of producing, or, at any rate, trying 
to produce, a more powerful ship than those of 
earlier date, or belonging to a rival navy. Speaking 
to the meeting as one of naval architects, the author 
said :—If you devise for the ship so produced the 
tactical system for which she is specially adapted, 
you must, in order to be logical, base your system 
on her power of defeating her particular anta- 
gonist. The speaker understood the author to 
mean that the opposite course had been followed, 
but the Admiralty had called together admirals of 
fleets, and the vessels were not built as single 
ships, but with a view to carrying out the tactics 
of a fleet action. The author had gone on 
to say that ‘‘Consequently you must abandon 
the principle of concentration of superior numbers 
against your enemy; and, what is more, must 
be prepared to maintain that such concentration 
on his part against yourself will be ineffectual.” 
The speaker did not see that that followed, for if 
the ships were of large size, and were in themselves 
strong, they would in themselves produce con- 
centration ; he did not think, therefore, that the 
whole battle would be likely to break up into a 
series of duels on account of the size of the 
ships. In regard to the question of speed Captain 
Bacon agreed with the value of studying ancient 
tactics ; but false deductions should never be drawn, 
neither should a conclusion be strained, considering 
the little that was known in detail of the opera- 
tions of the time. With steamships a superiority 
in speed’ gave a superiority for any point of the 
compass. In the old days of masts and sails ships 
could not proceed within 7 points of the wind, and, 
therefore, the total area of action that was benefited 
by superior speed was reduced by 14 points, through 
which the vessels were barred from steering. Also 
in making a comparison in regard to speed, it must 
be remembered that in the old days vessels fought 
at closer action than would be likely at the present 
day. Now it is possible to approach or recede to 
any range that might be selected. In the sailing 
days, when both fleets were on a wind, speed was 
not such an advantage, and the English always 
chose the weather-gauge because they sought the 
battle. There was a better chance for using the 
guns on all decks when the advance was made 
from leeward. That was one of those small factors 
which might be forgotten to-day. Sir Cyprian 
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Bridge had stated that the two-deckers of forty to 
fifty-six guns ‘‘ seemed to have held a nondescript 
position, for no one knew exactly how to employ 
them in war any more than we know how to 
employ our armoured cruisers, as to which it is not 
settled whether they are fit for general actions or 
should be confined to commerce-defending or other 
cruising service.” The speaker would be glad to 
know in what sense the author used the words 
‘‘we.” Did he mean that the country did not 
know how to use armoured cruisers or that the 
Board of Admiralty did not know, or did he use 
the word in the conventional—in the editorial 
manner? Captain Bacon would state at any rate 
that the Navy at large did know how to use 
armoured cruisers. The first duty of these vessels 
was to eat up the weaker ships of the enemy, 
whether they might be auxiliary cruisers or other 
craft. It was, however, no good saying that 
armoured cruisers were not to be used in battle, 
although it might be inexpedient for them to lie in 
the line of battle. 

Admiral Reginald Custance said there were so 
many points to be raised by the paper that it was 
impossible to discuss it adequately in the time at 
the disposal of the meeting. He was in accordance 
with Sir E. Freemantle in much that he had said, 
and that all the lessons of the past in naval warfare 
had a bearing on the present day. It was quite 
immaterial whether vessels were moved by steam or 
sail. A good many critics made much of the un- 
certainty of the wind, but this factor might be 
over-estimated, for it was the human element that 
introduced the greatest feature of uncertainty 
so that other conditions might be overshadowed by 
it. As to the effect of speed, it could only be said 
that we in modern days knew nothing at all about 
it; many arguments were brought forward, but 
they were based on imperfect data. In one case 
which we might give as an instance, a fleet engaged 
in the manceuvres was said to get an advantage 
over its adversary by superior speed ; but in these 
operations guns were not charged with projectiles, 
and as a matter of fact the ships which were said 
to obtain the advantage had to go within range 
of their opponents to get to their position. Often 
in peace operations, meant to simulate warfare, 
ships would manceuvre within range of each other 
for some time, and then a point would arise when 
speed would come into play, offering some advan- 
tage which would be credited to quicker steaming. 
What was needed was experimental data to decide 
these points ; he did not pretend to decide what 
was the value of speed, but we were putting 
millions of pounds into that factor before we had 
proved its advantage. It had been stated that the 
superior speed of the Japanese fleet enabled them 
to head off the Russians; but what absolutely 
crushed the latter was the superior gun-fire of 
their opponents. Speaking of the desirability 
of building very large battleships, in order to obtain 
concentration, he would point out that no ship, 
however large, could stand against the fire of two or 
three battleships concentrated upon it ; therefore, 
the larger the ships the sooner they would be put 
out of action under such conditions. 

Sir William White here asked for an explanation 
of the speaker’s meaning, to which Admiral 
Custance replied that he was prepared to accept 
the case of the Venerable and the new big ships as 
examples. Captain Bacon here said that, in his 
speech, he had not assumed that a larger number 
of small ships could not overcome asmaller number 
of big ships; but he had supposed that the 
numbers were equal. Admiral Custance replied 
that as money was at the root of the whole matter, 
the problem was how best to apply the sum pro- 
vided by the country for the construction and the 
maintenance of the fleet. 

Lord Brassey said he would like to see the Navy 
adequately provided with every type of war vessel 
that modern conditions demanded; he was con- 
vinced of the value of speed, and held that 
our men-of-war should have the most powerful 
guns, and that they should be adequately pro- 
tected. There was high authority for prefer- 
ence for big ships ; but the question was whether 
the guns provided should be put in few ships 
or in a large number of smaller vessels. In both 
cases high speed would be secured. The weight of 
opinion seemed to be that a certain number of the 
larger type could be built, but there were also some 
who were in favour of wider distribution. The most 
powerful ships were vulnerable below the belt, 
either from torpedoes, mines, or submarine boats, 





and they were equally liable to strike the ground. 
Again, there was a personal element to consider. 
Fewer ships meant fewer commanders, and it was a 
question how far it was wise to go in order to 
afford opportunity for command to a less number 
of officers. He was convinced that cruisers were of 
great value for the protection of commerce, and he 
would enter a protest against the too-rapid erasure 
of ships which might be valuable in time of war. 

Sir William White said that the thanks of the 
meeting were especially due to Sir Philip Watts, 
who so willingly accepted the invitation of the 
Council to prepare his paper. Everyone knew 
how fully his time was occupied ; and it must have 
been a great effort to him to turn his mind from 
ships of the present day to those of a past and 
entirely different era. Sir William would not 

speak on points with which he was entirely in 
agreement. He was surprised to hear that the 
metacentric height of the old ships was 12 ft. He 
should have thought from what he remembered that 
it was more likely to be 6 ft. to8 ft. The author 
had given a table of weights, and he thought that 
it would be fair to throw the weight of coal into 
that of the propelling machinery. The cost of 
ships in old days was given by Sir Philip in his 

per: the Royal William, of 1918 tons burthen, 
uilt in 1719, cost about 30,800/., being 16/. per 
ton; the Royal George, of 2021 tons, built 
in 1756, cost 54,7001., or 26.71. per ton. In 
1800 ships-of-the-line cost 21/1. per ton, whilst 
in 1805 the cost had risen to 35.41. per ton. 
The cost of tonnage therefore went up during 
the war. He remembered an old rough esti- 
mate that was used at times with the ancient 
sailing ships, that the cost would be approxi- 
mately 10001. a gun, so that a first-class battle- 
ship of 120 guns would cost 120,000/. In the 
present day as large a sum would, be understood, 
be paid for a destroyer, while 270,0001. would be 
the cost of a scout. This consideration led up to 
the financial side of the question, and it was im- 
possible to get away from the fact that we must 
face a huge increase in cost, because other nations 
had to do the same. He was quite in agreement 
with what Admiral Custance had said about the 
need for experiment to settle points of design, and 
these experiments should be carried as far as it was 
possible to do so under peace conditions. But, he 
would ask, were we to stand still in the meantime 
while such experiments were in progress, or should 
we proceed in the light of what we knew, being 
guided by the balance of opinion expressed by 
those who had most experience of the subject, and 
were best acquainted with what had been done 
abroad ? He stood by the principle that this country 
should have individual power in its ships, combined 
with numbers. That was the only safe course to 
pursue in a matter on which our national existence as 
an empire depended. He would point out as a 
matter of fact that this country had not built a 
single ship that had cost more than a correspond- 
ing ship for a foreign navy. Sir Cyprian Bridge 
had said that the increased size of ships accounted 
for the fewer number. But what would he say 
in regard to other countries? Captain Bacon, in 
his speech, had referred to the fact that naval 
officers had been consulted lately in the design 
of battleships, as if it were a new form of pro- 
cedure. is mind was carried back by this 
remark of the gallant Captain to sixteen years 
ago, when, in that room, he had described the 
action taken by the Admiralty in bringing out 
the new design of the Royal Sovereign class of 
battleships, when all the officers in command of 
fleets had been consulted, and the whole thing 
from first to last had been discussed in detail point 
by point. Throughout his experience as Director 
of Naval Construction the same procedure had 
been followed ; sometimes he saw in the papers 
that he had been credited with introducing all 
manner of features in the design of a warship, and it 
was thought that the Director of Naval Construction 
settled every point. Nothing was further from the 
truth than that. 

Turning to the remarks in Sir Cyprian Bridge’s 
paper on the question of tactics, Sir William said 
e felt that he was approaching ground that was 
almost sacred. The question, however, at present 
under discussion was being dealt with on the records 
of past events. He had read a great deal on this 
subject, and he would say that while he agreed with 
the gallant Admiral (the author) that the teachings 
of history were invaluable, he would point out that 
it was necessary to allow for changes that had been 





brought about by the efflux of time. He made this 
remark because he did not think such a course was 
followed on all occasions. For instance, it was said 
that speed and sea-keeping power were not affected 
by size in the old days. That might be true 
within reasonable limit, but these qualities were now 
very largely affected by size. Coal endurance was 
another factor influenced by the dimensions of 
the vessel. In the old days there was no question 
of protection, and between ships of the line scant- 
lings were the same, whether they were large or 
small, There was the capacity for more powerful 
armaments in the big ships, and if the same number 
of guns were distributed in a large number of vessels, 
the aggregate cost would be increased. The larger 
ships gave a steadier gun platform. Again, as to 
armament, the greater range and power of guns gave 
a concentration which took a new form to that of the 
old days. Formerly ships fought at close quarters, 
but now the range would be from three to four 
miles, so that concentration meant very little 
indeed. In regard to speed, until those conclusive 
experiments were made which Admiral Custance 
had so wisely suggested, would it not be policy for 
us to have something up our sleeve? So many 
things tended to degrade speed ; and for his part, 
he considered it worth paying for, unless the price 
were unreasonable. In strategy, at any rate, speed 
was the most important element, whatever it might 
be in tactics. He was not disposed to agree with what 
had been said about the larger ship having no better 
chance of escape from under-water attack than the 
smaller one. The comparative area of damage would 
be smaller with a big ship, and if she were 
adequately subdivided, there would be greater 
chance of keeping her afloat. There were many 
reasons why the old 74-gun ship was preferred to 
the three-decker, but under modern conditions 
these did not necessarily apply. In conclusion, he 
hoped that, until evidence was produced showing 
the desirability of a contrary policy, we should keep 
on building ships of large size, and, he would add, 
in sufficient numbers. 

Sir John Hay considered a question of cost 
ought not to influence the country so far as the 
building of ships large enough for the work they 
have to do was concerned. And it was to be re- 
membered that the larger the vessel the greater 
her power. Every ton added to the offensive 
qualities of a man-of-war. He considered that 
ships could not be built too big to be effective, and 
speed was one of the greatest advantages a man-of- 
war should possess. 

Mr. Stromeyer had seen the logs of battleshi 
engaged at Trafalgar, and pointed out that the 
confusion as to time at which events occurred during 
the battle was, no doubt, due to there being no 
clocks on board, the time being marked by the 
hour-glass. He had prepared a table based on the 
average of the different times at which events hap- 

ened as recorded in the ship’s log, and from this 
S had made a curve which gave what he assumed 
to be the correct time. 

Sir Cyprian Bridge, in replying to the discussion, 
said it was well known that there was a difference in 
the records of time during the battle, and that there 
were no clocks on board war vessels in those days. 
Indeed, it was only after he had been in the ser- 
vice some time that clocks were introduced ; the 
officers keeping time by the half hours. He pointed 
out that he had not given expression to any opinion 
about the value of speed, but had simply stated 
certain facts. He would add that he had collected 
all the fresh telegrams relating to the battle in the 
Far East, and had found it utterly impossible, with- 
out further information, to form an adequate idea 
of the course of the operations. He was also sur- 
prised that Captain Bacon should have been of 
opinion that the consultation of admirals for the 
preparation of designs was a new feature. He was 
Director of Naval Intelligence at the time referred 
to by Sir William White, and he could say that not 
a step was taken without the representation of 
opinion of officers in command of the fleet. Cap- 
tain Bacon had referred to the concentration of 
an equal number of big ships and small ships.. He 
thought it was unnecessary for anyone to say that 
with equal numbers the big ships would have the 
advantage. 

Sir Philip Watts also very briefly replied, thanking 
those present for the attention paid to his paper. 


CLASSIFICATION OF MERCHANT SHIPPING. 


The remaining paper set down for reading at Wed- 
nesday morning’s sitting was an interesting contri- 
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bution by Mr. H. J. Cornish, chief ship surveyor to 
Lloyd’s Register, and entitled ‘‘ The Classification 
of Merchant Shipping, illustrated by a Short His- 
tory of Lloyd’s Register.” This memoir will form a 
most valuable source of information to all who may 
have to write on the history of merchant shipping. 
It was, however, not of a nature likely to lead to 
discussion, and as the time had arrived for adjourn- 
ment, the paper was, by Mr. Cornish’s request, 
taken as read, 

The sitting was then adjourned till 8 o’clock the 
same evening, when, in the absence of Lord 
Glasgow, the chair was taken by Sir John Durston. 


Mopet EXPERIMENTS. 

The first paper read at this sitting was by 
Lieut.-Colonel G. Rota, of the Royal Italian Navy, 
and was entitled ‘‘ Experiments with Models of 
Constant Length and Form of Cross-Sections, but 
with Varying Breadth and Draught.” This paper 
we shall print in full in a subsequent issue. 

The only remarks offered upon this paper were 
those communicated in writing by Sir William 
White, who said that the Institution was indebted 
to Colonel Rota and to His Excellency the Italian 
Minister of Marine, for the valuable experimental 
information which the paper contained. It fur- 
nished a fresh illustration of the great practical 
importance of pure research work conducted in a 
tank such as the Institution desired to establish at 
the National Physical Laboratory, as soon as the 
mecessary funds could be obtained. Colonel Rota, 
the writer said, had already laid the Institution under 
a debt of gratitude by the communication of his 
results in regard to the influence of depth of water 
upon resistance experienced by a ship at a given 
a In the contribution under consideration, Sir 

illiam said, the researches were restricted to a 
definite inquiry upon a point suggested by Mr. 
R. KE. Froude’s paper of last year; but it was a 
point of considerable practical value to naval archi- 
tects. Not infrequently, in working out the design, 
it was important to know how the resistance would 
be ee if the ratio of beam to draught was 
varied, the curve of transverse areas being kept 
unaltered. Colonel Rota had been careful to say 
that his experiments only dealt with the special 
case, and that further investigation would be neces- 
sary before any generalisation could be safely 
attempted. Even under those limitations his 
inquiry had increased our knowledge substan- 
tially, and had suggested that the range within 
which the resistance remained practically con- 
stant, while the ratio of beam to draught was 
varied, was well worthy of the consideration of 
other experimentalists. The plea with which 
Colonel Rota concluded his paper for the publica- 
tion of results of purely scientific experiments on 
resistance, in order that general knowledge might 
be advanced, was one that must command universal 
assent. 


THe INFLUENCE OF DeptH or WATER ON 
SPEED OF VESSELS, 

The two remaining papers taken at this meeting 
were contributed by Mv. Harold Yarrow and Mr. 
W. W. Marriner respectively. The first was 
entitled ‘‘ Experiments on the Effect of Depth of 
Water on Speed, having Special Reference to 
Destroyers Recently Built.” The title of Mr. 
Marriner’s paper was ‘‘ Deductions from Recent 
and Former Experiments on the Influence of the 
Depth of Water on Speed.” These two papers 
were read consecutively and discussed together. 
We print them both in another part of our present 
issue, and may therefore at once proceed to the 
discussion. 

A letter from Sir William White was first read 
by the secretary. The writer said these two 
papers constituted valuable additions to the litera- 
ture of the subject with which they dealt, and 
Messrs. Yarrow deserved th» special thanks of 
the Institution for their generosity in placing 
on record such a mass of information obtained 
by means of long and costly experiments. Mr. 
Harold Yarrow’s paper was the first contribution 
which the Institution had received from one of its 
students, and he hoped that the example set would 
be followed by other students. The broad general 
conclusions deducible from these trials absolutely 
agreed with those obtained from the experiments 
previously made by Captain Rasmussen, Colonel 
Rota, Herr Popper, and others. The curious 
‘‘humps” and changes of curvature occurring in 
the curves of resistance and horse-power, where 





certain speeds were reached in certain depths of 
water, were well-known features, and marked con- 
ditions to be avoided in steam trials. But the 
scale and extent of the trials and the ranges of 
speed covered went far beyond what had hitherto 
been available. Mr. Harold Yarrow was, he knew, 
well aware of the important effect produced on 
resistance by the acceleration or retardation of 
speed produced by changes in the depth of water 
in which a vessel ran, and he did not regard his 
data for variations of power, when running 
in the river, as more than valuable illustra- 
tions of the influence of change in depth. 
Much more detailed and troublesome trials, Sir 
William continued, would be needed to produce 
exact results, and they would have only small 
practical value when obtained. Mr. Harold 
Yarrow also recognised that ‘‘coeflicients of pro- 
pulsion ”—ratios of effective to indicated horse- 
power—were not constant for all speeds, although 
that assumption was used in constructing Fig. 3 
of the paper. He (Sir William) noted, with 
great regret, that Messrs. Yarrow had to go to 
Germany for the model experiments, and he trusted 
that that fact might furnish a fresh inceutive 
towards the establishment of a research tank at the 
National Physical Laboratory. In one direction he 
thought the model experiments might be carried 
further with advantage—namely, by running the 
models with model screws working behind and 
giving the proper thrust. It would then be seen 
whether the influence of the propellers introduced 
any important or sensible effect—a point mentioned 
in Mr. Harold Yarrow’s paper. The conclud- 
ing recommendation, as to the desirability of 
establishing a deep-water measured mile near 
the Thames, Sir William heartily endorsed. 
The only satisfactory measured mile for trials 
at high speeds was that at Skelmorlie, and years 
ago he had published facts showing the great 
advantage the deep water there gave to Clyde 
builders. At the same time he gave examples of 
the gain in speed obtained off the Tyne by running 
further from the coast or at high tide, and so gain- 
ing greater depth of water. In the public interest 
he hoped effect would be given to the recommenda- 
tion made, and he suggested that the Institution 
should give its formal and corporate support thereto 
by resolution, to be forwarded to the Admiralty. 

Sir William also thought that Mr. Marriner’s 
paper, and his deductions from past and present 
experiments, deserved the closest attention. His 
summary of trials and of theoretical investigations 
on the laws of wave motion in deep and shallow 
water would be most useful for reference. Previous 
investigators had recognised that on shallow water 
the humps in resistance curves occurred at speeds 
which suggested the existence of waves of translation; 
but Mr. Marriner indicated how the change from 
trochoidal or deep-water waves might occur; and 
his sketches were very instructive. The writer did 
not quite agree with Mr. Marriner in the import- 
ance he attached to the comparative narrowness of 
the tank. Mr. R. E. Froude, however, was much 
better able to express a definite opinion on that 
point. He recalled a case where a torpedo vessel 
obtained an extraordinarily good speed for the 
power developed when the trials were run directly 
over a very narrow but deep channel situated in a 
stretch of water generally very shallow. On one 

int he entirely agreed with Mr. Marriner, and he 
(Sir William) had reached that conclusion many 
years ago—namely, that ‘‘ the critical combinations 
of depth and speed do not depend on the size of the 
vessel” to any important extent. No doubt a ship 
of great draught, in relation to available depth of 
water, experienced greater relative resistance than 
one of much shallower draught. But that was not 
so important a feature as others to which Mr. 
Marriner called attention. Mr. Marriner was to 
be congratulated on a thorough suggestive and 
painstaking piece of work. 

The first speaker in the discussion was Mr. A. F. 
Yarrow, who said that Sir William White had 
drawn two morals from the papers. One was the 
value of a tank for the use of British shipbuilders, 
and the other was the need of a measured mile near 
the Thames, such as would meet modern require- 
ments. He would like to confirm the conclusion 
which Sir William White had come to—that the 
present investigation indicated in the clearest pos- 
sible manner the need for an experimental tank, 
as without the tank experiments his firm would 
never have been able to have carried out their 
trials successfully on the Maplins with their last 





two destroyers, built for the Government. It 
seemed to him thoroughly wrong that for such in- 
vestigations English builders had to go to foreign 
countries, because no such facilities existed in their 
own. It would be in the recollection of the members 
that an effort was made to start a tank for the use 
of shipbuilders in this country, but the object was 
never carried out through want of co-operation. He 
had reckoned that the amount uselessly expended 
in fruitless trials by the firms on the East Coast, 
the cost involved by one London firm in sending 
their boats round to the Clyde for trial, and the 
cost to his firm in putting up mile-posts near 
Dover (which they were now quite prepared to 
sell at half-price) would have covered the cost of 
at least two tanks. One could not, he thought, 
have a better example of the value of tank experi- 
ments. All the accumulated expenses named repre- 
sented money actually wasted, and for which no 
equivalent whatever was obtained ; and he could 
not help feeling that the absence of co-operation on 
the part of the shipbuilders and shipowners in 
this country, and their failure to assist in establish- 
ing a national tank, showed a great want of interest 
in their profession, a great want of patriotism 
and a lack of business aptitude in neglecting what 
was best for their future interests. That, the 
speaker said, was moral No. 1: and he next came 
to moral No. 2. At the present time, from the 
papers they had listened to, it was self-evident that 
the speed trials as now carried on were untrust- 
worthy. It was quite possible that two ships 
might be tried, and one vessel might give a better 
result than the other; and, of course, for future 
constructions one would follow the lines of the 
vessel that gave the better result. But that better 
result might have been obtained, not through a better 
form, but through more favourable conditions of 
trial, and not only would such trials be unreliable, 
but they would be actually misleading. It was 
very delightful to witness the charming accuracy 
with which official trials were carried out by the 
various Government authorities. The time on the 
miles was taken to the fraction of a second ; it was 
worked out with scrupulous care to three places of 
decimals ; and all the time the element of depth 
was utterly disregarded, although it might involve 
one or even two knots. Mr. Yarrow, in conclu- 
sion, acting on Sir William White’s suggestion, 
submitted the following resolution to the meeting : 
—-‘* That the Admiralty be respectfully urged, in 
the public interest, to erect, in the proximity of 
Chatham and the Thames, a measured mile where 
ample depth may be found, so as to obtain reliable 
data.” 

Sir John Durston pointed out that the resolu- 
tion, if seconded, would go forward to the Ad- 
miralty ; but he thought it well to mention that 
the Controller of the Navy was present, and, doubt- 
less, would speak on the subject. 

Mr. Sydney Barnaby then rose to second the 
resolution, which was carried unanimously when 
put to the meeting by the chairman. 

Mr. J. H. Narbeth, of the Admiralty, then ad- 
dressed the meeting. He thought it would be de- 
sirable to add to the resolution to be presented to 
the Lords of the Admiralty what the desirable depth 
of water should be. It had been suggested that a 
mile should be set up off the Goodwin Sands, and it 
was said that such a mile would be a good mile, 
whilst the Maplins mile was a bad one; but he 
would point out that the currents on the Maplins 
were more constant than on the Goodwins. In 
the latter place the eddies would cause irregulari- 
ties, as a great turmoil of water was induced by 
the Channel tides meeting the North Sea tides, 
and no one could tell at what spot they would 
meet. 

Mr. Barnaby, in speaking on the papers, said 
that Mr. Narbeth had shown one of the diffi- 
culties that surround this question, and what he 
had said was perfectly true. Mr. Yarrow and 
Mr. Marriner had proved the great disadvantages 
shipbuilders on the Thames had to contend with 
by not having a suitable mile ; nevertheless, he felt 
that the results recorded deserved the very serious 
consideration of the Admiralty. The experience of 
his firm (Messrs. John I. Thornycroft and Co.) had 
been very similar to that given by the author of 
the first paper read. They found in trying a vessel 
of the River class on the Maplins that there was 
2 knots difference between high and low water, the 
best result being obtained in shallow water at low 
tide. That was with destroyers, the depth going 
from 8 or 9 fathoms to 13 fathoms. When, however 
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they went to Skelmorlie they obtained a still better 
result to the extent of 1 knot. It had been suggested 
that it would be desirable to find out what was the 
most advantageous shallowness of water in which 
to run trials and to establish a mile there; but he 
would point out that the only safe way then would 
be to have a large number of measured miles for 
different speeds, because ships were not all alike. 
If, however, a deep-water course were selected, say 
about 40 fathoms, that would be fair to all vessels. 
The Institution of Naval Architects had always 
been accustomed to receive most excellent papers 
from the Poplar firm, and Mr. Yarrow had for years 
most generously placed at the disposal of the mem- 
bers of the Institution information obtained at great 
expense and trouble. It was pleasing to see that this 
tradition was likely to be continued, and that they 
might expect admirably prepared contributions 
through another generation. The Institution, he 
was sure, was very gratified to have this paper from 
Mr. Harold Yarrow. As regarded the tank, he was 
quite certain that it was a necessity. Messrs. Denny, 
with great kindness and generosity, had recently 
placed their private tank at the service of his firm 
when they were in a difficulty, and the information 
they obtained by the experiments was of the 
greatest value. 

Mr. R. Saxton White was the next speaker. He 
had recently been interested in the trials of a fast 
channel steamer, and they were very anxious to 
arrive at the right depth of water. For the pur- 
pose in question they found a course off the East 
Coast in which the depth of water was from 25 to 
27 fathoms, and the vessel did what was expected 
without abnormal wave disturbance. In return- 
ing, the pilot was charged to keep as far as possible 
the same course, but, with doubtless the best 
intentions, he cut off a little bit of the corner, 
and brought the ship into about 15 fathoms, with 
the result that there was a distinct change in the 
whole movement of the vessel, and the stern wave 
was found to have changed in character. The 
vessel was then put into deep water again, and 
the former conditions returned. Later on, on the 
first voyage of the steamer into the Mersey, she was 
brought in at low water when running full speed. 
The transverse wave in the shallow water rose 
nearly to the height of the deck—about 10 or 12 ft. 
—and stretched a long distance across the course 
of the vessel. He advised the Captain to slow 
down at once, which he did, with the result that 
the vessel went ahead at an increased speed. On 
another occasion the speaker noticed the same 
thing when steaming a vessel to Belfast. Immedi- 
ately the engines were eased the ship went faster. 

Captain Jackson, the Controller of the Navy, 
said that he had listened to the two papers just 
read with the greatest interest. From practical 
experience with torpedo craft, years ago, he could 
endorse what Mr. Yarrow had said as to the value 
of the stern wave for showing, in a fog, when a 
vessel was getting into shallow water, and he had 
frequently benefited by that observation. As to 
Mr. Yarrow’s proposal that the Admiralty should 
establish a measured mile, there seemed to be a 
great difficulty in arriving at any conclusion in 
regard to this matter ; but if the Institution could 
determine what was a suitable depth for all classes 
of ships, he would be very glad to do all that he 
could to support the resolution. He thought the 
depth hate eve to be something over 30 fathoms, 
and probably over 50, and if such water could be 
found on the East Coast, and marks could be put up 
for a mile, he would be very glad indeed to do all 
he could to help to carry out the proposal. 

Mr. W. H. Whiting, of the Admiralty, said that 
having been associated with Mr. Yarrow in his 
search after a deep-water mile, he took a great deal 
of interest in the papers. He would like first of all 
to endorse what Sir William White had said as to 
the reading of papers by students, and the presen- 
tation of a paper by Mr. Harold Yarrow he looked 
upon as a happy augury. It was characteristic 
of these investigations that they came about, not 
by theoretical research, but as the result of practical 
work. Mr. Yarrow had made experiments of a 
most extensive and costly nature, and the gene- 
rosity with which he had placed the results at the 
service of others would be appreciated by the 
members of the Institution. He (Mr. Whiting) 
had studied the charts and maps for a long time in 
connection with this problem of a satisfactory 
measured mile. There was no course on the East 
Coast at the present time which could be called a 
veally satisfactory deep-water course, and it was 


not till the shores of Scotland were reached that 
there was a good depth. There the deep-water 
courses were fairly satisfactory, but they were 
not convenient for destroyers. The Stokes-Bay 
mile and the Maplin mile also were not suitable 
for destroyers, and the mile at St. Margaret’s Bay, 
where Mr. Yarrow had erected posts at his own 
expense, was not much better. North of the 
Tyne deep water was far from the land; but 
within the last few months a new course had been 
put up by Messrs. Sir W. G. Armstrong, Whit- 
worth, andCo., which might prove of importance for 
trial purposes for the RiverTyne. He concurred that 
the best site for a measured-mile course near the 
Thames was the one which Mr. Yarrow proposed 
outside the Goodwins. There were two objections 
to it: The first was that the tidal currents might 
form a disturbing element ; and the second might 
be that the posts would not stand. The question 
of the tidal currents could not be avoided, and they 
were extremely variable: at the South Goodwin 
buoy there might be a 5-knot tide, while at the 
same time at the East Goodwin buoy the current 
would be from 2 to 2} knots. Ona short course varia- 
tions could, with care, be fairly well eliminated ; 
but to that end it was desirable to carry out the 
runs as quickly as possible. In most other respects 
than those named the suggestion by Mr. Yarrow 
was a good one; but it remained to be proved if 
it were possible to put posts in the Goodwin 
Sands that would stand, although he considered 
there is a reasonable chance of their doing so. 
Most engineers do not agree with that view, 
but he thought they overlooked certain facts. 
Posts driven into sands of that nature had 
usually a large structure to support, and that 
entailed cross-bracing, which the wind and water 
would play upon. With a single post the case 
was different. If this mile could be established, 
it would have an important scientific result. 
He considered that the depth of water on the 
measured-mile course should be sufficient, for the 
bottom would not exert an appreciable influence 
upon the formation of waves by the vessel. That 
seemed to him an ample and suflicient answer. In 
conclusion he wished to thank Mr. Harold Yarrow 
and Mr. Marriner for their admirable papers, and 
trusted the Institution might have many such con- 
tributions from them in the future. 

Professor Biles said it was pleasant to have such 
an interesting paper from so young a member, and 
he hoped the Institution would have further con- 
tributions from students. The paper was a very good 
example of what young people can do if they would 
only make the attempt. Mr. Marriner’s paper was 
also an exceedingly interesting contribution on a 
very difficult subject. He would be glad if the 
authors would add what depth was considered 
desirable for a measured mile. Although shallow 
water might serve for certain vessels, under other 
conditions deep water was needed to get trust- 
worthy results. 

Mr. Harold Yarrow, in replying to the discus- 
sion, said there was not much for him to say, as 
few questions had been asked. In regard to the 
posts standing on the Goodwin Sands, he might 
say that a beacon had been erected on the Sands ; 
and although the beacon itself had disappeared, 
the posts that supported it had remained in position 
for the last fifty years. He would also like to thank 
the Institution for having so favourably received 
his paper. 

r. Marriner, in reply, said that his thanks were 
specially due to Mr. Yarrow for the trouble he 
had taken with his (the speaker’s) paper. He 
had expended more pains over it than he had ever 
done with his own—and that was not a little. Mr. 
Whiting had advanced the proposition that the 
depth of water should be such that the bottom 
should not exert an appreciable influence on the 
formation of waves. To this the speaker would 
add that it might be desirable that the depth 
should correspond to the average depth of water 
round the coast. He wished to add a word as to 
the discrepancies between the results obtained by 
the model in the tank and those recorded with the 
actual vessel. In the tank the wave became a wave 
of translation, and thus helped the boat. What 
Mr. Sydney Barnaby had said regarding the gain of 
a knot at the Skelmorlie mile confirmed this view. 

Sir John Durston, in bringing the meeting to a 
close, proposed a vote of thanks to Mr. Harold 


and to Mr. Marriner for their papers, and he took 








Yarrow—at present their most renowned student— | _ 





that opportunity to congratulate Mr. Yarrow upon! 


the fact of his son having come forward to continue 
the good work of the firm. 

The meeting was then adjourned until the fol- 
lowing morning. 

On Thursday two papers were read and discussed. 
The first was by Mr. J. T. Milton, and was on 
‘*The Failure of Some Large Boiler-Plates ;” and 
the second was by Mr. William Gray, and gave 
‘* 4 Comparison of the Performances of Turbines 
and Reciprocating Engines in the Midland Railway 
Company’s Steamers.” 

We shall give an account of these, and of the 
discussions on them, in our next issue. 


(To be continued.) 








REGENERATIVE CONTROL FOR 
TRAMWAYS. 

THE system of automatic regenerative control for 
tramcars has been referred to by us on several occa- 
sions.* Stated in the briefest manner, it consists in 
the use of shunt-wound motors, in place of series 
motors, on a tramcar. There are many theoretical 
advantages attached to the employment of shunt 
motors, but in the past there have also been practical 
difficulties which more than counterbalanced the 
advantages. It was not until these difficulties were 
got over by the construction and arrangements in- 
troduced by Raworth’s Traction Patents, Limited, of 
2, Queen Anne’s-gate, Westminster, that the inherent 
good qualities of the shunt motor could be rendered 
available on a tramway. As everyone knows, a shunt 
motor has approximately a certain definite speed for a 
given degree of excitation. Load can be put on to such 
a motor, or taken off, without decreasing or increasing 
the speed beyond a trifling amount. The speed is 
practically constant over a wide range of load. If 
all the load be taken off, and an attempt be made 
to drive the motor mechanically at an increased 
speed, it resists the effort, converting the me- 
chanical power applied to it into electrical energy, 
which is delivered on to the line, The — to which 
the motor adheres so constantly depends on the field 
excitation. If the excitation is diminished, by insert- 
ing resistances in the field, the speed increases, and 
rice versd, the practicable range being about 34 to 1, 
or, expressed in speeds of a tramcar, from 4 to 14 miles 
an hour. A car fitted with shunt motors can be set to 
run at any speed within its limits, and will continue at 
that speed; whereas a car fitted with series motors 
must be alternately accelerating and coasting, or else 
must run with wasteful resistances on its main current. 
A consideration of these facts led the City of Bir- 
mingham Tramways Company to equip one of their 
lines with 41 regenerative cars, and last Friday this 
line was thrown open to the inspection of many 
tramway managers and engineers. On that occasion une 
of the company’s committee of management explained 
that they were largely influenced in making their 
decision by the great reduction they foresaw in the 
claims for accidents. The insurance companies had 
steadily increased their premiums until they had 
become oppressive, and AF poems to constitute a heavy 
drain on the tramway company’s finances. It was in 
the hope of reducing this item of their expenses that 
they had adopted the new system; and during their 
period of training the men, and during the four 
months they had been in full working order, their 
expectations had been fully justified. They had had 
other advantages also. Their demands for current 
had fallen to 0.97 unit per car-mile, and they antici- 
pated a substantial saving in wheels, brake-blocks, 
and rails, in consequence of the main portion of the 
braking being done by the motors and not on the 
wheel tyres. 

At the present time the line in question—from 
Birmingham to Yardley, a distance of 4} miles—is 
worked by cars upon which the motors run always in 
series. There is no series-parallel control ; but last 
Friday a new car was on view, equipped with a con- 
troller, externally like the standard controller, which 
puts the motors in parallel when required. This 
naturally gives a wider range of speed than that 
mentioned above, as, under given conditions, motors 
run twice as fast when in — as they do in series, 
This is of advantage on a hilly route, when both speed 
and great torque are required simultaneously, and 
completes the regenerative system by adapting it to 
the series-parallel arrangement. 

At the end of the run the visitors saw the power- 
house, which was most interesting. It contained four 
Diesel oil-engines, of 100 kilowatts each, three of which 
were running. The two months’ service shows that the 
cost of oil per Board of Trade unit is 0.18d., with 
crude Texan oil at 52s. 6d. a ton, while the entire 
works costs are only 0.43d. per unit. It is claimed 
that this figure has never been excelled. The running 
of the station was excellent, the tachometer scarcely 
showing any variation of speed. 


* See ENGINEERING, vol. Ixxviii., page 161 ; and Trac- 
TION AND TRANSMISSION, April, 1904. 
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INDUSTRIAL NOTES. 


Tue notices for the Thirty-EKighth Trades Union 
Congress have been issued, together with the nomi- 
nations for the Parliamentary Committee, for the 
officials, and for the various deputations for which 
delegates have to be appointed ; and also the first 
batch of resolutions to submitted by the various 
trade unions represented at the Congress. There are 
twenty-two nominations for the Parliamentary Com- 
mittee, three for the secretaryship ; twelve for the 
American delegation ; and three for the co-operative 
delegation. One town only is proposed for the next 
Congress—namely, Liverpool. For the Parliamentary 
Committee only twelve are required ; for the secretary- 
ship, one ; for the American delegation, two ; and two 
for the co-operative delegation. It will be seen that 
there is keen competition for all the offices to be filled 
by the Congress. The resolutions submitted contain 
four amendments to the standing orders. The most 
important, perhaps, is that which demands that the 
secretary shall devote the whole of his time to the 
work of the office. The necessity for such an order is 
obvious. If the work to be done is to be done effi- 
ciently, it is imperative that one man’s whole time 
must be given to it. There is also a resolution 
as to the conduct of the secretary, and his removal 
from office if his conduct is not considered to be satis- 
factory. There are eight resolutions relating to the 
Factoryand Workshop Acts; a larger staff is demanded, 
and increased inspectors; it is also demanded that 
** competence ” shall mean one qualified by experience 
in the special trade for which be is appointed. The 
cry is for more inspection and more inspectors ; also 
that the Acts shall be extended to other industries, 
and for a Commission of Inquiry on accidents and 
unhealthy conditions of employment. Special indus- 
tries require special treatment according to the nature 
of the employment, the hours of labour, and the condi- 
tions under which the operatives work. 

The Shop Assistants, &c., Union propose the exten- 
sion of the Truck Acts to the “ living-in” system. 
They propose the abolition of that system by law. 
Workmen’s compensation has brought to the fore 
seven resolutions, of a very varying character. The 
object in most cases is to extend the Act to cases of 
injury to health in trades where chemicals are used. 
Others want it to be extended to all persons ashore or 
afloat. The miners and others engaged in mining 
have down on the agenda four very elaborate ‘resolu- 
tions for amending and extending the provisions of 
the Mines Regulation Acts and other Acts affecting 
workers in or about mines. There are six resolutions 
with respect to steam-engines, boilers, and railway 
Bills. There are eight very elaborate resolutions on 
education, complaining of the increased expenditure 
and demanding popular control. State maintenance 
of children is proposed by several unions. ‘ Com- 
pulsory weighing” is proposed by the iron, steel, anc 
tinplate workers of the United Kingdom. The postal 
employés have five resolutions. There are four on 
trade unions, the Trades Disputes Bill and arbitra- 
tion, and another on industrial conciliation. The Shops 
and Shop-Hours Bill have two resolutions, and wage 
questions eleven resolutions from various unions. 
These raise a variety of questions on several important 
matters. There are six resolutions on the hours of 
labour, some proposing to again raise the question of 
an eight hours’ day by Act of Parliament. There is 
one resolution on old-age pensions, three on the con- 
solidation of labour forces, one on free trade, one on 
Chinese labour, one on housing of the people, and six- 
teen on miscellaneous subjects. These resolutions are 
subject to revision by proposed amendments before the 
— assembles at Hanley in the first week in Sep- 
tember next. 


The monthly report of the Amalgamated Carpenters 
and Joiners has still to deplore the state of trade. 
There has been some seasonal improvement, as is 
always the case about Midsummer, but no general 
improvement is as yet manifest in the building trades, 
In the shipbuilding centres the outlook is better, 
because joiners are required in the later stages of 
shipbuilding, but not till the hull of the ship is built 
are they much in demand. The total membership of 
the union is now 70,437 ; of these, 3904 were on un- 
employed benefit, 1470 on sick benefit, and 1710 on 
superannuation allowance, or ». total of 7084 on the 
three benefits—quite an army of itself. There is a 
proposal in the report for the establishment of concilia- 
tion boards throughout the country for the peaceful 
adjustment of labour disputes in the building trades, 
and the council express their desire that the members 
will give the matter their sympathetic consideration 
and support. In this effort all must wish them suc- 
cess, for, after all, strikes are costly, and not the most 
satisfactory means of settling such disputes. The 
new rules of the society come into operation. Every 
effort is being made to make both the local officials and 
the bulk of the members conversant with the many 
alterations in the revised rules. The character of the 
monthly report is altered, and its scope enlarged, so 


that members may read articles on economical, 
social, political, and technical subjects. It is also 
open for correspondence. The editorial work of the 
general secretary will be greatly extended by this 
change. The council will have to be on the alert 
against attacks upon officials, and also against the 
tendency to libel persons in such correspondence. In 
this report is given the report and balance-sheet of the 
Amalgamated Builders, Limited ; so the members ma 
see how the capital has been expended, the profits 
made, and generally the financial condition of the 
company. It originated with prominent members of 
the Society, the object being to give employment to 
out-of-work members or those on strike. How far ic 
has accomplished its purpose the members will judge. 


The report of the Provincial Association of Cotton 
Spinners shows an increase of membership, the aggre- 
gate of all sections being 14,742—an increase of 19 
in the month, and of 567 on the year. Of the full 
membership, excluding the auxiliary sections, 1057 
were not paying for superannuation benefit. The 
total number of members on the funds was at the rate 
of 3.73 per cent., as compared with 3.71 per cent. in 
the previous month, and 13.43 per cent. in the same 
month a year ago. The improvement in the cotton 
trades has been great, but there are still some probable 
difficulties to be met in the near future caused by the 
‘‘ cornering” of the raw material, mostly in the 
American markets. There were 24 cases of dispute, 
relating to various grievances dealt with in the month 
by the officers of the association, as against 22 in the 
previous month, and 15 in the corresponding month 
of a year ago. The number of accident cases reported 
was 41 ; in the previous month, 44; and in same month 
of last year, 21. These were cases for the association 
only. In addition, there were 22 claims for compen- 
sation under the Compensation Act; these were 
forwarded to the employers. In the previous month 
there were 19 such cases, and a year ago only nine. 
Most of these claims are adjusted and settled by 
mutual arrangement, very few being brought before 
the Courts. The sum of 343/. 17s. 6d. was added to 
the superannuation fund, the total now reached being 
19,082/. 18s. 9d. A vote of the subscribing members 
to that fund is being taken as to the continuance of 
the fund ; those not subscribing are not to vote. The 
council favour the continuance of the fund, and of 
the scheme of superannuation before the association. 





The Trades and Labour Gazette for July contains an 
article on the North Wales slate quarries, started by 
Labour leaders, with trade -union and co-operative 
societies’ funds, and with directors representing those 
bodies. It appears that there has been a good deal of 
discontent with the management of that enterprise, 
and the Trades and Labour Gazette, the organ of 
the London Trades Council, severely condemns the 
whole thing. It alleges that the main principles 
of trade unionism have n violated. In conducting 
the concern it says that trade-union labour has not 
been employed solely, and that the union rates of 
wages have not been paid. It seems that the ‘‘ victims” 
of the Bethesda quarries have not been employed, as 
was intended or promised. These quarries were 
started to show the world how much better the trade- 
unionists could manage such undertakings than could 
private capitalists like Lord Penrhyn. It now seems 
as if the unionists had found themselves obliged to 
borrow the methods of the capitalist class and to 
abandon their own. The Gazette generally supports 
all municipal enterprise, as an advance towards 
socialism, but it never fails to attack any municipal 
body or State department which swerves in the least 
degree from the tenets of trade-unionism. On the 
Unemployed Bill it has spoken severely of its short- 
comings, while it gave a kind of support to the prin- 
ciple of the measure. The reports of trade councils’ 
meetings, in London and the provinces, are the best 
obtainable, and show generally the trend of opinion 
in labour circles upon the political, social, and indus- 
trial questions of the day. 





To a straight-laced puritanical mind the game of 
politics must appear strange indeed. It has to do with 
the most important affairs in human life, and yet it often 
appears to be merely a game of bluff, or, at the best, a 
game of chess, the only object being to take an oppo- 
nent’s piece. On the Unemployed Bill we see the 
movements in the game, though we may not be able 
to even guess at the precise object. When the Bill was 
first produced many saw in it great danger, others 
some good, but very few praised the measure as it stood. 
Those who most wanted the Bill, or professed to want 
it, did not hesitate to pronounce it as inadequate, some 
declared it to be a farce. When it appeared that the 
Government did not intend to p with it, there 
was a clamour for the Bill even if stripped of every- 
thing except the mere machinery, the skeleton as it 
were of the measure itself. Those who have most de- 
nounced the Government for its intention to abandon 








it, only cared for it for the purpose of engrafting upon 
it principles whieh the Government declared it could 


not assent to. Some measure is required. Useful 
labour we cannot afford to waste or neglect, and it is 
pitiful to see able men, willing to work, and yet unable 
to find it. Workhouse relief does not solve the pro- 
blem. 





Matters look rather .“- in the cotton 
industry just at present. The operatives some time 


Y|ago put in a plea foran advance in wages, and were 


induced to postpone action until July. The date has 
been reached, and the workers expected that their 
demands would be conceded, especially as the mills 
and factories were on full time, and the trade generally 
was properous. Meanwhile, however, another crisis 
had happened, and manufacturers saw difficulties in 
front of them which they thought warranted a further 

tponement of the advance demanded. Ata con- 
Gene last week the employers’ representatives 
asked the operatives to postpone their demand for 
three months. To this the operatives’ representatives 
demurred, and hence no conclusion was arrived at. 
It was then decided to consult the constituents of both 
parties before a final decision. Ata meeting of the 
operatives the proposal of the employers was discussed 
at length, when the meeting resolved to reject them. 
It was then resolved to hand in a month’s notice, to 
expire on August 19, when, unless a settlement is 
arrived at, the operatives will cease work at the ex- 
piration of the notices. This will affect the whole of 
the Federation districts, in which some 60,000 work- 
people will be involved. But it is expected that others 
will be involved should a strike take place. The 
principal centres directly affected will be Ashton- 
under-Lyne, Oldham, Stalybridge, Dunkenfield, and 
Droylsden. The operatives’ organisations represented 
at the conference were : The Amalgamated Association 
of Operative Cotton-Spinners, the Amalgamated Asso- 
ciation of Card and Blowing-Room Operatives, and 
the Amalgamated Northern Counties Association, re- 
presenting the warpers, reelers, and winders. The 
employers and operatives have for so long a time been 
used to conciliatory measures that the chances are 
favourable to an amicable settlement. A labour dis- 
pute just now would be very disastrous to all con- 
cerned. 

The Colne and Nelson Textile Trades’ Federation 
have agreed to the offer of the employers of a 5 per 
cent. Sicamees in wages, to commence the first week in 
September. The operatives had demanded an imme- 
diate advance of 5 per cent., and some of the 8000 
weavers affected had even given in their notices to 
stop work last week if the advance were not given. 
But now a labour dispute has been averted. 





The Boiler-Makers and Iron Ship-Builders on the 
North-East Coast have resolved to ask for an advance 
in wages of ls. 6d. per week on time rates, and 5 per 
cent. on piece rates, as they regard the present state 
of trade favourable for the advance. Certainly, trade 
is brisker than it was, but profits are doubtful. 


It is stated that the Operative Bricklayers’ Society 
is not satisfied with the position of affairs on the 
North-East Coast, where the bricklayers are, and for 
some time have been, on strike. Thecost to the union 
was over 3000/. last month, and there seems no indica- 
tion of the men winning. The employers state that 
they have no difficulty in obtaining men. 





The quarterly meeting of the Midland iron trade 
last week made no change in the prices of iron. It 
was well attended by persons from all parts of the 
country, although Manchester people were kept away 
by the royal visit to that city. There was a more 
hopeful feeling at the meeting with regard to the 
future, owing to some extent to the clearing of the 
international situation and the prospects of an excel- 
lent harvest. Inquiries were more numerous; but 
consumers were little inclined to purchase in advance. 
There is a steady inquiry for marked bars at quoted 
rates—8/., but common bars were not much in request. 
Indeed, the price of these has fallen 5s. per ton casing 
the year. The excessively hot weather has reducec 
the output; but except in two or three instances, 
where there are pressing orders on hand, the lessened 
output is not regarded as an unmixed evil. There is 
an improving tendency in the steel trade ; some good 
inquiries were on the market. Local makers have 
well-filled books, and prices generally are firm. It 
would appear that the feeling of hopefulness shown at 
the Midlands meetings is not shared on the Manchester 
’Change ; but, then, the royal visit and the general 
holiday greatly interfered with all kinds of business 
last week. There seems to be a lull in the iron and 
steel trades in Lancashire, except in the galvanised 
branches. 








Toronto.—The Customs revenue collected at Toronto 
in the fiscal year ending June 30, 1905, was 9,594,392 dols., 
as com with 8,185,259 dols. in 1903-4, showing the 








relatively large inerease of 1,409,133 dols: 
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COMBINED AIR-PUMP AND CONDENSER. 


CONSTRUCTED BY MESSRS. 8. 8S. STOTT AND CO., ENGINEERS, HASLINGDEN. 
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WE illustrate above a very simple and‘compact type 
of combined air-pump and condenser specially designed 
for use in connection with factory and other engines, 
where asarule a large quantity of water has to be 
dealt with. As will be gathered from Figs. 1, 2, and 3, 
the air-pump is vertical, the pump-bucket working in 
a barrel, which is formed by a continuation of the 
walls of the condenser. The pump-bucket is a 
simple brass casting containing no valves, and there 
is also nothing in the nature of foot-valves, the 
only valves in the pump being the head-valves 
preventing the return of the water from the hot- 
well. These consist of thick rubber flaps, held by 
their upper edges, and resting, when closed, against 
grids in the usual way. They are held entirely with- 
out the use of bolts or screws, being registered for 
position by dowels cast on their seatings. The cast- 
iron guards, which form backings for the rubber 
valves, also hold the latter to their work, being them- 
selves secured by their ends, which fit into Y-shaped 
recesses provided for the purpose. Any valve may 
therefore be instantly removed, if required, merely 
by lifting the guard-plate out of its ‘kets, for 
which operation no tools are required. The hot-well 
is an annular space formed round the air-pump barrel, 
and is fitted with a light cast-iron cover opposite each 
valve. These covers may be lifted out for inspection of 
the interior, and merely serve to prevent water splash- 
ing over the sides of the hot-well when the pump is 
delivering large quantities of air. 

The combination illustrated maintains the vacuum 
for an engine with cylinders 164 in. and 284 in. in dia- 
meter, and a 36 in. stroke, indicating 340 horse-power 
at 85 revolutions, with 125 1b. boiler pressure. The 
air-pump has a stroke of 13 in., of which 10 in. is 
effective. The bucket speed is 212 ft. per minute, the 
delivery-valve area 126 square inches, and the velocity 
of delivery 582 ft. per minute. The diameters of the 
exhaust branch, overflow, and injection - pipe are, 
respectively, 12in., 9in., and 6in. The very large 
valve area permitted by the arrangement and the 
fewness of the parts will be appreciated upon a study 
of the design. The most noticeable features of the 
ape are the shape of the bucket and the method 

y which foot-valves between the condenser and the 
pump-barrel are eliminated.. The bucket, at the upper 
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end of its stroke, emerges altogether from the barrel | 
roper, it being then guided - a number of bored | 
aces supported from the walls of the condenser and | 
forming extensions of the barrel. When the bucket is 
in this position there is free communication between | 
the condenser and the pump-barrel, and all water will at 
once run down into the latter, being assisted in its pro- 
gress by the curvature given to the condenser shell at 
this part. The condenser is thus effectively drained at 
every stroke. The descent of the bucket first shuts off 
communication between the condenser and pump, and 
then drives out the trapped water through the head- 
valves into the hot-well. Owing to the conical shape 
of the underside of the bucket, it will meet the water 
at high speed without shock, particularly as the air 
and vapour in the hollow any of the cone will act as 
a cushion to the blow; but it is very evident that 
unless this vapour was dispelled before the return of 
the bucket its expansion would seriously interfere 
with the volumetric efficiency of the pump. The 
method of attachment of the bucket to the rod con- 
sists, as will be seen by Fig. 1, of cottering the bucket 
on a parallel enlargement of the rod, tightly against 
a cylindrical head. Under no circumstances can the 
bucket drop off the rod, — it may be removed 
very easily when necessary. The cylindrical head of 
the rod descends into a recess cast for it in the bottom 
cover of the pump. This recess becomes filled with 
water when the Costas is at the top of its stroke, 
and when the bucket approaches ita lowest position the 
water is forced out by the end of the rod, and sweeps 
out all air and vapour from beneath the bucket. The 
indicator diagram given in Fig. 4 was taken from 
the underside of the bucket of an air-pump of the type 
in question, and shows the small amount of work 
expended in maintaining a vacuum of 27 in. in the 
condenser of a certain compoundengine. The sudden 
drop of pressure on the commencement of the up-stroke 
of the bucket shows how effectively the air from 
beneath the bucket has been expelled. The par- 
ticulars of the test are as follow :— 


Particulars of Air-Pump Test ; June 29, 1905, 


Horizontal tandem engine, with 8-in. high-pressure 
cylinder, 14-in. low- pressure cylinder, 24-in. stroke, 
110 revolutions. 
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Air-pump, 12 in. in diameter, 6-in. effective stroke, 
8-in. working stroke, 110 revolutions. 

Temperature of engine-house, 82 deg. 

Temperature of injection water, 80 deg. 

Temperature of overflow water, 104 deg. 

Vacuum by mercury gauge, 27 in. 

Vacuum by absolute gauge, 23 in. 

Capacity of water-tank, 71 gallons. 

Time taken in filling tank, 1 min. 16 sec. 

Height of air-pump above sea-level, 710 ft. 

The mercury gauge is by Casartelli, Manchester. 

The absolute mercury gauge is by the Cambridge 
Scientific Instrument Company, Cambridge. 








————— 
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Nortge.—The valves in connection with cylinders are 
of the D slide type, and had been working some 12 
or 14 years without repairs. The clearance in the 
high-pressure cylinder is assumed ‘as from 8 to 10 
per cent. of the cylinder capacity. 

Three separate Richards indicators were used, one 
for each cylinder, and one for the air-pump, and 
every care was taken to maintain the load stead 
and to ensure the accuracy of the various seed 
ings. 

The engine at the time of the test was indicating 
31 indicated horse-power. The air-pump work indi- 
cated by the card in Fig. 4 is about 0.6 horse-power. 

The small pipe shown as a by- re 
the condenser with the underside of the bucket is fit 
with a cock, which is open when the engine is started, 
and afterwards closed by hand. The object is to 
release the load on the pump which would occur were 
there no vacuum in the condenser. The combined con- 
denser and air-pump is made, under Benn’s patents, by 
Messrs. 8. 8. Stott and Co., Haslingden, near Man. 
chester, who build the apparatus in various sizes and 
types, either driven directly from the engine, or inde- 
a motor or belting. We understand that it is 

ing introduced with much success in connection with 
electric lighting and factory engines, and that specially 
designed pumps of the type are at work exhausting 
acids and vapours in chemical works. When used in 
conjunction with surface-condensers, the condensing 
chamber is reduced in height, and acts as a receiver, 
the pump and valves remaining as before. 


NAVAL STRATEGY AND TACTICS AT THE 
TIME OF TRAFALGAR.* 


By Admiral Sir Cyprian Bripar, G.C.B. 


TuE subject on which I have been invited to read a 
paper, and which is taken as the title of the latter, would 
require for anything like full discussion a much longer 
time than you can be expected to allot to it. To discuss 
it adequately a volume of no diminutive size would be 
necessary. It may, however, be possible to indicate with 
the brevity appropriate to the occasion the main outlines 
of the subject, and to suggest for your consideration 
certain points which, over and above their historical 
interest, may furnish us with valuable guidance at the 
present day. 

In taking account of the conditions of the Trafalgar 
epoch we have to note two distinct, but, of course, closely 
related matters. These are the strategic plan of the 
enemy and the strategic plan adopted to meet it by the 
British. The former of these was described in the House 
of Commons by William Pitt, at the beginning of the 
war, in words which may be used without change at the 

resent time. On May 16, 1803, the war, which had 

mn interrupted by the unstable Peace of Amiens, was 
definitely resumed. The struggle was now to be a war, 
not so much between the United Kingdom and the French 
nation as between the United Kingdom and the great 
Napoleon, wielding more than the resources of France 
alone. Speaking a week after the declaration of war, 
Pitt said that any expectation of success which the enemy 
might have must be based on the supposition that he 
could break the spirit or weaken the determination of 
the country by harassing us with the perpetual appre- 
hension of descents on our coasts; or else that our re- 
sources could be impaired and our credit undermined by 
the effects of an expensive and protracted war. More 
briefly stated, the hostile plan was to invade the United 
Kingdom, ruin our maritime trade, and expel us from 


* Paper read at the Summer Meeting of the oe ae 
of Naval Architects, July 19, 1905. ; 
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our over-sea possessions, especially in the East, from which 
it was supposed our wealth was chiefly derived. The 
plan was comprehensive, but not easily concealed. What 
we had to do was to prevent the invasion of the United 
Kingdom and yaad our trade and our outlying terri- 
tories. As not one of the hostile objects could be attained 
except by making a maritime expedition of some kind— 
that is to say, by an expedition which had to cross re- 
stricted or extensive areas of water—it necessarily followed 
that our moat effective method of defence was the keep- 
ing open of our sea communications. It became neces- 
sary for us to make such arrangements that the mari- 
time patas by which a hostile expedition could approach 
cur home coasts, or hostile cruisers molest our sea-borne 
trade, or hostile squadrons move to tke attack of our 
trans-marine dependencies, should be so defended by our 
Navy that either the enemy would not venture to traverse 
them, or, if he did, that he could be driven off. 

Short as it is, the time at my disposal permits me to 
give a few details. It was fully recogni that defence 
of the United Kingdom against invasion could not be 
recured by naval means alone. As in the times of Queen 
Elizabeth, so in those of George III., no seaman of 
reputation contended that a sufficient land force could be 
dispensed with. Our ablest seamen always held that 
small hostile expeditions could be prepared in secret, and 
might be able to slip through the most complete lines of 
naval defence that we could hope to maintain. It was 
not discovered or alleged till the twentieth century that 
the crew of adinghy could not land in this country in 
the face of the Navy. Therefore an essential feature of 
our defensive strategy was the provision of land forces in 
such numbers that an invader would have no chance of 
succeeding, except he came in strength so great that his 
preparations could not be concealed and his expedition 
could not cross the water unseen. 

As our mercantile marine was to be found in nearly 
every sea, though in greater accumulation in some areas 
than in others, its defence against the assaults of an 
enemy could only be ensured by the virtual ubiquity of 
our cruising force. This, of course, involved the necessity 
of employing a large number of cruisers, and of arranging 
the distribution of them in accordance with the relative 
amount and value of the traffic to be protected from 
molestation in different parts of the ocean. It may be 
mentioned here that the term ‘‘cruiser,” at the time with 
which we are dealing, was not limited to frigates and 
smaller classes of vessel. It included also ships of the 
line, it being the old belief of the British Navy, justified 
by the experience of many campaigns and consecrated by 
the approval of our greatest admirals, that the value of a 
ship of war was directly proportionate to her capacity for 
cruising and keeping the sea. 

If the ocean paths used by our merchant ships—the 
trade routes or sea communications of the Uni King- 
dom with friendly or neutral markets and areas of pro- 
duction—could be kept open by our Navy—that is, made 
so secure that our trade could traverse them with so little 
risk of molestation that it could continue to be carried on 
—it resulted as a matter of courae that no sustained attack 
could be made on our outlying territory. Where this 
was possible was where we had failed to keep open the 
route or line of communications, in which case the par- 
ticular trade following it was, at least temporarily, de- 
stroyed, and the territory to which the route led was 
either cut off or seized. Naturally, when this was per- 
ceived, efforts were made to re-open and keep open the 
endangered or interrupted communication line. 

Napoleon, notwithstanding his supereminent genius, 
made some extraordinary mistakes about warfare on the 
sea. The explanation of this has been given by a highly 
distinguished French admiral. The great Emperor, he 
says, was wanting in exact appreciation of the difficulties 
of naval operations. He never unders that the naval 
officer—alone of all men in the world—must be master of 
two distinct professions. The naval officer must be as 
completely a seaman as an officer in any mercantile 
marine; and, in addition to this, he must as accom- 
plished in the use of the material of war entrusted to his 
charge as the members of any armed force in the world. 
The Emperor's plan for the invasion of the United 
Kingdom was conceived on a grand scale. A great army, 
eventually 130,000 strong, was collected on the coast of 
North-Eastern France, with its headquarters at Bou- 
logne. The numerical strength of this army is worth 
attention. By far the larger part of it was to have made 
the first descent on our territory; the remainder was to 
be a reserve to follow as quickly as possible. It has been 
doubted if Napoleon really meant to invade this country, 
the suggestion being that his collection of an army on the 
shores of the Straits of Dover and the English Channel 
was merely a ‘‘blind” to cover another intended move- 
ment. The overwhelming weight of authoritative opinion 
is in favour of the view that the project of invasion was 
real. Itis highly significant that he considered so large a 
number of troops necessary. It could not have been 
governed by any estimate of the naval obstruction to be 
encountered during the sea of the expedition, 
but only by the amount of the land force likely to be met 
if the disembarkation on our shores could effected. 
The nume-ical suanet in troops which Napoleon thought 
necessary compelled him to make preparations on so 
great a scale that concealment became quite im ible. 
Co uently an important part of his plan was disclosed 
to us betimes, and the threatened locality indicated to 
us within comparatively narrow limits of precision. 

Notwithstanding his failure to appreciate all the diffi- 
culties of naval warfare, the great Emperor had grasped 
one of its leading principles. Before the Peace of Amiens, 
indeed before his campaign in Egypt, and even his im- 
posing ere Ae Italy, he had seen that the invasion 
of the United Kingdom was impracticable without first 
obtaining the command of the sea. His strategic plan, 


therefore, included arrangements to secure this. The 
details of the plan were changed from time to time as 
conditions altered ; but the main object was adhered to 
until the final abandonment of the whole scheme under 
pressure of circumstances, as embodied in Nelson and his 
victorious brothers-in-arms. The gunboats, transport- 
boats, and other small craft, which, to the number of 
many hundreds, filled the ports of North-Eastern France 
and the Netherlands, were not the only naval components 
of the expedition. Fleets of line-of-battle ships were 
essential parts of it, and on their effective action the 
success of the scheme was largely made to depend. 
This feature remained unaltered in principle when, less 
than twelve months before Trafalgar, Spain took part 
in the war as Napoleon’s ally, and brought him a great 
reinforcement of ships and importand assistance in 


money. 

We should not fail to notice that, before he considered 
himself strong enough to undertake the invasion of the 
United Kingdom, Napoleon found it necessary to have 
at his disposal the resources of other countries besides 
France, notwithstanding that by herself France had a 

pulation more than 60 per cent. greater than that of 
Ungland. By the alliance with Spain he had added 
largely to the resources on which he could draw. More- 
over, his strategic position was geographically much im- 
proved. With the exception of that of Portugal, the 
coast of Western Continental Europe, from the Texel to 
Leghorn, and somewhat later to Taranto also, was united 
in hostility to us. This complicated the strategic problem 
which the British Navy had to solve, as it increased the 
number of points to be watched, and it facilitated the 
junction of Napoleon’s Mediterranean naval forces with 
those assembled in his Atlantic ports, by supplying him 
with allied ports of refuge and refit on Spanish territory 
—such as Cartagena or Detie—lateone Toulon and the 
Bay of Biscay. Napoleon therefore enforced upon us, by 
the most convincing of all arguments, the necessity of 
maintaining the British Navy at the ‘‘two-power stan- 
dard” at least. The lesson had been taught us long 
before by Philip I[., who did not venture on an attempt 
at invading this country until he was master of the 
resources of the whole Iberian peninsula, as well as of 
those of the Spanish dominions in Italy, in the Burgun- 
dian heritage, and in the distant regions across the 
Atlantic Ocean. 

At several ports on the long stretch of coast of which 
he was now the master, Napoleon equipped fleets that 
were to unite and win for him the command of the sea 
during a period long enough to permit the unobstructed 

e of his invading army across the water which 
separated the starting-points of his expedition from the 
United Kingdom. Command of the sea, to be won bya 
powerful naval combination, was thus an essential element 
in Napoleon’s strategy in the time of Trafalgar. It was 
not in deciding what was essential that this soldier of 
stupendous ability erred ; it was in choosing the method 
of gaining the essential that he went wrong. The British 
strategy adopted in opposition to that of Napoleon was 

on the acquisition and preservation of the command 
of the sea. Formulated and carried into effect by seamen, 
it differed in some important features from his. We may 
leave out of sight for the moment the special arrange- 
ments made in the English Channel to oppose the move- 
ments of Napoleon’s flotillas of gunboats, transport-boats, 
and other small craft. The British strategy at the time 
of Trafalgar, as far as it was concerned with opposition 
to Napoleon’s sea-going fleets, may be succinctly de- 
scribed as stationing off each of the ports, in which the 
enemy’s forces were lying, a fleet or squadron of suitable 
strength. Though some of our admirals—notably Nelson 
himself—objected to the application of the term ‘ block- 
ade” to their plans, the hostile ships were to this extent 
blockaded—that if they should come out, they would find 
outside their port a British force sufficient to drive them 
in again, or even to defeat them thoroughly and destroy 
them. Beating them, and thus having done with them, 
and not simply shutting them up in harbour, was what 
was desired by our admirals. This necessitated a close 
watch on the hostile ports; and how consistently that 
was maintained let the history of Cornwallis’s command 
off Brest and of Nelson’s off Toulon suffice to tell us. 
The junction of two or more of Napoleon’s fleets would 
have ensured over almost any single British fleet a nume- 
rical superiority that would have rendered the defeat or 
retirement of the latter almost certain. To meet this 
condition the British strategy contemplated the falling 
back, if necessary, of one of our detachments on another, 
which might be carried further, and junction with 
a third detachment be effected. By this step we 
should preserve, if not a numerical superiority over the 
enemy, at least so near an equality of force as to render 
his defeat probable and his serious maltreatment, even if 
undefeated, a certainty. The strategic problem before 
our Navy was, however, not quite so easy as this might 
make it seem. The enemy’s concentration might be 
attempted either towards Brest or towards Toulon. In 
the latter case a superior force might fall upon our Medi- 
terranean Fleet before our watching ships in the Atlantic 
could discover the escape of the enemy’s ships from the 
Atlantic port, or could follow and come up with them. 
Against the probability of this was to be set the reluc- 
tance of Napoleon to carry out an eccentric operation 
which a concentration off Toulon would necessitate, when 
the essence of his scheme was to concentrate in a position 








from which he could obtain naval control of the English 
Channel. 

After the addition of the Spanish Navy to his own, 
Napoleon to some extent modified his strategic arrange- 
ments. The essential feature of the scheme remained 
unaltered. It was to effect the junction of the different 
parts of his naval force and thereupon to dominate the 








situation, by evading the several British fleets or detach- 


ments which were watching his. Before Spain joined him 
in the war, his intention was that his escaping fleets 
should go out into the Atlantic, behind the backs, as it 
were, He the British ships, and then make for the English 
Channel. When he had the aid of Spain, the point of 
junction was to be in the West Indies. : 

The remarkable thing about this was the evident belief 
that the command of the sea might be won without fight- 
ing for it; won, too, from the British Navy, which was 
ready, and, indeed, wished to fight. We now see that 
Napoleon’s naval strategy in the time of Trafalgar, whilst 
it aimed at gaining command of the sea, was based on 
what has been called evasion. The fundamental prin- 
ciple of the British naval strategy of that time was quite 
different. So far from thinking that the contest could be 
settled without one or more battles, the British admirals, 
though nominally blockading his ports, gave the enemy 
every facility for coming out, in order that they might be 
able to bring him to action. Napoleon, on the contrary, 
declared that a battle would be useless, and_ distinctly 
ordered his officers not to tight one. Could it be that, 
when pitted against admirals whose accurate conception 
of the conditions of naval warfare had been over and over 
again tested during the hostilities ended by the Peace of 
Amiens, Napoleon still trusted to the efficacy of methods 
which had proved so successful when he was out-man- 
ceuvring end iatintiating the generals who opposed him 
in North Italy? We can only explain his attitude in the 
campaign of Trafalgar by attributing to him an expecta- 
tion that the British seamen of his day, tried as they had 
been in the fire of many years of war, would succumb to 
his methods as readily as the military formalists of Central 
Europe. 

Napoleon had at his disposal between 70 and 80 French, 
Dutch, and Spanish ships of the line, of which some 67 
were available at the beginning of the Trafalgar campaign. 
In January, 1805, besides other ships of the class in 
distant waters or specially employed, we, on our side, 
had 80 ships of the line in commission. A knowledge of 
this will enable us to form some idea of the chances of 
success that would have attended Napoleon’s concentra- 
tion if it had been effected. To protect the passage of 
his invading expedition across the English Channel, he 
did not depend only on concentrating his more distant 
fleets. In the Texel there were, besides smaller vessels, 
nine sail of the line. Thus the Emperor did what we 
may be sure any future intending invader will not fail to 
do—viz., he provided his expedition with a respectable 
naval escort. The British naval officers of the day, who 
knew what war was, made arrangements to deal with 
this escort. Lord Keith, who commanded in the Downs, 
had under him six sail of the line in addition to many 
frigates and sloops; and there were five more line-of- 
battle ships ready at Spithead if required. 

There had been a demand in the country that the 
defence of our shores against an invading expedition 
should be entrusted to gunboats and what may be called 
coastal small craft and boats. This was resisted by the 
naval officers. Nelson had already said, ‘‘ Our first de- 
fence is close to the enemy’s ports;” thus agreeing with 
a long line of eminent British seamen in their view of our 
strategy. Lord St. Vincent said that ‘‘ Our great reli- 
ance is on the vigilance and activity of our cruisers at 
sea ; any reduction in the number of which, by applying 
them to guard our ports, inlets, and beaches, would, in 
my judgment, tend to our destruction.” These are memo- 
rable words, which we should do well to ponder in these 
days. The Government of the day insisted on having 
the coastal boats; but St. Vincent succeeded in postpon- 
ing the preparation of them till the cruising ships had 
been manned. His plan of defence has been described 
by his biographer as ‘‘a triple line of barricade ; 50-gun 
ships, frigates, sloops-of-war, and gun-vessels upon the 
coast of the enemy; in the Downs opposite France 
another squadron, but of powerful ships of the line, con- 
tinually disposable, to support the former or attack any 
force of the enemy which, it might be imagined possible, 
might slip through the squadron hanging over the coast ; 
and a force on the beach on all the shores of the English 
ports, to render assurance doubly sure.” This last item 
was the one that St. Vincent had been compelled to 
adopt, and he was careful that it should be in addition 
to those measures of defenc3 in the efficacy of which he 
and his brother-seamen believed. Concerning it his 
biographer makes the following remark :—‘‘It is to be 
noted that Lord St. Vincent did not contemplate repell- 
ing an invasion of gunboats by gunboats,” &c. He ob- 
jected to the force of sea-fencibles, or long-shore organisa- 
tion, because he considered it more useful: to have the 
sea-going ships manned. Speaking of this coastal defence 
scheme, he said :—‘‘It would be a good bone for the 
officers to pick, but a very dear one for the country.” 

The defence of our ocean trade entered largely into the 
strategy of the time. An important part was played by 
our fleets and groups of line-of-battle ships, which gave 
usually indirect, but sometimes direct, protection to our 
own merchant vessels, and also to neutral vessels carrying 
commodities to or from British ports. The strategy of 
the tine, the correctness of which was confirmed by long 
belligerent experience, rejected the employment of 4 
restricted number of powerful cruisers, and relied upon 
the practical ubiquity of the defending ships, which 
ubiquity was oaieeen possible by the employment of 
very numerous craft of moderate size. This can be seen 
in the lists of successive years. In January, 1803, the 
number of cruising frigates in commission was 107, and of 
sloops and smaller vessels 139, the total being 246. In 
1804 the numbers were :—Frigates, 108 ; sloops, &c., 181 ; 
with a total of 289. In 1805 the figures had grown to 129 
frigates, 416 sloops, &c., the total being 545. Most of 
these were employed in defending commerce. We all 
know how completely Napoleon’s project of invading 








the United Kingdom was frustrated. It is less well 
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known that the measures for defending our sea-borne 

trade, indicated by the figures just given, were trium- 

hantly successful. Our mercantile marine increased 
} the war—a sure proof that it had been etfectually 
defended. Consequently we may accept it as established 
beyond the possibility of refutation that that branch of 
our naval strategy at the time of Trafalgar, which was 
concerned with the defence of our trade, was rightly con- 
ceived and properly carried into effect. 

As has been stated already, the defence of our sea-borne 
trade, being in practice the keeping open of our ocean 
lines of communication, carried with it the protection, in 

rt at any rate, of our transmarine territories. Napoleon 
held pertinaciously to the belief that British prosperity 
was chiefly due to our position in India. We owe it to 

Captain Maban that we now know that the eminent 

American Fulton—a name of interest to the members of 

this Institution—told Pitt of the belief held abroad that 

‘*the fountains of British wealth are in India and China.” 

In the great scheme of naval concentration, which the 

Emperor devised, se zure of British colonies in the West 

Indies had a definite place. We kept in that quarter, 

and varied as necessary, a force capable of dealing with a 

naval raid, as well as guarding the neighbouring lines of 

communication. In 1803 we had 4 ships of the line in the 

West Indian area; in 1804 we had 6 of the same class; 

and in 1805, while the line-of-battle ships were reduced to 

4, the number of frigates was increased from 9 to 25. 

Whether our Government divined Napoleon’s designs on 

India or not, it took measures to protect our interests 

there. In January, 1804, we had on the Cape of Good 

Hope and the East Indies stations, both together, 6 sail of 

the line, 3 smaller two-deckers, 6 frigates, and 6 sloops, or 

21 ships of war in all. This would have been sufficient to 

ropel a raiding attack made in some strength. By the 

— of 1805 our East Indies force had been increased ; 

and in the year 1805 itself we raised it to a strength of 

41 ships in all, of which 9 were of the line and 17 were 

frigates. Had, therefore, any of the hostile ships managed 

to get to the East Indies from the Atlantic or the 

Mediterranean ports, in which they were being watched 

by our navy, their chances of succeeding in their object 

would have been small indeed. 

When we enter the domain of tactics strictly so-called— 
that is to say when we discuss the proceedings of naval 
forces, whether single ships, cen sy or fleets, in 
hostile contact with one another—we find the time of 
Trafalgar full of instructive episodes. Even with the 
most recent experience of naval warfare vividly present to 
our minds, we can still regard Nelson as the greatest of 
tacticians. Naval tactics may be roughly divided into 
two great classes or sections—viz., the tactics of groups of 
ships—that is to say, fleetactions ; and the tactics of what 
the historian James calls ‘‘ single ship actions” —that is to 
say, fights between two individual ships. In the former 
the achievements of Nelson stand out with incomparable 
brilliancy. It would beimpossible to describe his method 
fully except in a rather lengthy treatise. We may, how- 
ever, say that Nelson was an innovator, and that his 
tactical principles and methods have been generally 
misunderstood down to this very day. If ever there was 
an admiral who was opposed to an unthinking, headlong 
rush at an enemy, it was he. Yet this is the character 
that he still bears in the conception of many. He was, in 
truth, an industrious and patient student of tactics, 
having studied them in what in these days we should call 
a scientific spirit, at an early period, when there was but 
little reason to expect that he would ever be in a position 
to put to a practical test the knowledge that he had 
acguired and the ideas that he had formed. He saw that 
the old battle formation in single line ahead was insuffi- 
cient if you wanted—as he himself always did—to gain 
an overwhelming victory. He also saw that, though an 
improvement on the old formation, Lord Howe’s innova- 
tion of the single line abreast was still a good deal short 
of tactical perfection. Therefore he devised what he 
called, with pardonable elation, the ‘‘ Nelson touch”—the 
attack in successive lines so directed as to overwhelm one 
part of the enemy’s fleet, whilst the other part was pre- 
vented from coming to the assistance of the first, and was 
in its turn overwhelmed or broken up. His object was 
to bring a larger number of his ships against a smaller 
number of the enemy’s. He would ~ this method de- 
stroy the part attacked, suffering in the process so little 
damage himself that with his whole force he would be 
able to deal effectively with the hostile remnant if it 

- ventured to try conclusions with him. It is of the utmost 
importance that we should thoroughly understand Nelson’s 
fundamental tactical principle—viz, the bringing of a 
larger number of ships to fight against a smaller number 
of the enemy’s. There is not, I believe, in the whole of 
the records of Nelson’s opinions and actions a single 
expression tending to show that tactical efficiency was 
considered by him to be due to superiority in size of 
individual ships of the same class, or—as far as matériel 
was concerned—to anything but superior numbers, of 
course at the critical point. He did not require, and did 
not have, more ships in his own fleet than the whole of 
those in the fleet of the enemy. What he wanted was to 
bring to the point of impact, when the fight began, a 
larger number of ships than were to be found in that part 
of the enemy’s line. 

I believe that I am right in saying that, from the date 
of Salamis downwards, history records no decisive naval 
victory in which the victorious fleet has not succeeded in 
concentrating against a relatively weak point in its 
enemy’s formation a greater number of its own ships. I 
know of nothing to show that this has not been the rule 
throughout the ages of which detailed history furnishes us 
with any memorial—no matter what the class of ship, 
what the type of weapon, what the mode of propulsion. 
The rule certainly prevailed in the battle of August 10 
last off Port Arthur, though it was not so overwhelmingly 








decisive as some others. We do not yet know enough of 
the recent sea fight in the Straits of Tsushima to be able 
to describe it in detail; but we do know that at least 
some of the Russian ships were defeated or destroyed 
by a combination of Japanese ships against them. 

Looking back at the tactics in the time of Trafalgar, 
we may see that the history of them confirms the ex- 
perience of earlier wars—viz., that victory does not neces- 
sarily fall to the side which has the biggest ships. It is 
a well-known fact of naval history that generally the 
French ships were larger and the Spanish much Ia r 
than the British ships of corresponding classes. This 
superiority in size certainly did not carry with it victory 
in action. On the other hand, British ships were generally 
bigger than the Dutch ships with which they fought ; 
a it is of ow significance that at Camperdown the 
victory was due not to superiority in the size of indivi- 
dual chien, but, as shown by the different lists of killed 
and wounded, to the act of bringing a larger number 
against a smaller. It remains to be seen how far the 
occurrences in the battle of the Japan Sea will support 
or be opposed to this conclusion; but it may be said 
that there is nothing tending to upset it in the previous 
history of the present war in the Far East. 

I do not know how far I am justified in expatiating on 
this point ; but, as it may help to bring the strategy 
and tactics of the Trafalgar epoch into practical relation 
with the stately science of which in our day this Institu- 
tion is, as it were, the mother-shrine and metropolitical 
temple, you may allow me to dwell upon it a little longer. 
The object aimed at by those who favour great size of 
individual ships is not, of course, magnitude alone. It 
is to turn outa ship which shall be more powerful than 
an individual antagonist. All recent development of 
man-of-war construction has taken the form of producing, 
or, at any rate, trying to produce, a more powerful = 
than those of earlier date, or belonging to a rival navy. 
know the issues that such statements are likely to raise ; 
and I ask you, as naval architects, to bear with me 
patiently when I say what I am going to say. It is this: 
Tf you devise for the ship so produced the tactical system 
for which she is specially adapted, you must, in order to 
be logical, base your system on her power of defeating 
her particular antagonist. Consequently, you must 
abandon the principle of concentration of superior 
numbers against your wag | ; and, what is more, you must 
be prepared to maintain that such concentration on his 
part against yourself would be ineffectual. This will 
compel a reversion to tactical methods which made a 
fleet action a series of duels between pairs of combatants, 
and—a thing to be pondered on seriously—never enabled 
anyone to win a decisive victory on thesea. The position 
will not be made more Jogical if you demand both superior 
size and also superior numbers, use if you adopt the 
tactical system appropriate to one of the things de- 
manded, you will rule out the other. You cannot employ 
two different and opposed tactical systems. 

It is not necessary to the line of argument above indi- 
cated to ignore the merits of the battleship class. Like 
their predecessors, the ships of the line, it is really battle- 
ships which in a naval war dominate the situation. We 
saw that it was so at the time of Trafalgar, and we see 
that it has been so in the war at present in progress—at 
all events, throughout the 1904 campaign. The experience 
of naval war, down to the close of that in which Trafalgar 
was the most impressive event, led to the virtual aban- 
donment of ships of the line* above and below a certain 


* Experience of war, as regards increase in the number 
of medium-sized men-of-war of the different classes, 
tended to the same result in both the French Revolu- 
tionary War (1793 to 1801) and the Napoleonic War which 
began in 1803. a both contests down to the end of 
the Trafalgar year, the ery table will show how 

reat was the development of the line-of-battle ship class 

low the three-decker, and above the 64-gun ship. It 
will also show that there was no development of, but a 
relative decline in the three-deckers and the 64’s, the 
small additions, where there were any, being generally 
due tocaptures from the enemy. The two-deckers not ‘‘ fit 
to lie ina line” were at the end of the Trafalgar year 
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about half what they were when the first period of the 
‘*Great War”. began. When we come to the frigate 
class we find the same result. In the earlier war 11 
frigates of 44 and 40 guns were introduced into our navy. 
It is worth notice that this number was not increased, 
and by the end of the Trafalgar year had, on the con- 
trary, declined to 10. The smallest frigates, of 28 guns, 
were 27 in 1793, and 13 at the end of the Trafalgar year 
On the other hand, the increase in the medium frigate 





class. The 64-gun ships and smaller two-deckers had 
greatly diminished in number, and repetitions of them 
grew more and more rare. It was the same with the 
three-deckers,, which, as the late Admiral Colomb pointed 
out, continued to be built, though in reduced numbers, 
not so much for their tactical efficiency as for the con- 
venient manner in which they met the demands for the 
accommodation required in flag-ships. ‘The tactical con- 
dition which the naval architects of the Trafalgar period 
had to meet was the employment of an increased number 
of two-deckers of the medium classes. 

A fleet of ships of the line as long as it could keep the 
sea—that is, until it had to retreat into port before a 
stronger fleet—controlled a certain area of water. Within 
that area smaller men-of-war as well as friendly merchant 
ships were secure from attack. As the fleet moved 
about, so the area moved with it. Skilful disposition 
and manceuvring added largely to the extent of sea 
within which the maritime interests that the fleet was 
meant to protect would be safe. It seems reasonable to 
expect that it will be the same with modern fleets of 
suitable battleships. 

The tactics of ‘‘single-ship actions” at the time of 
Trafalgar were based upon pure seamanship backed up 
by good gunnery. The Roster a captain handled his ship 
the more likely he was to beat his antagonist. Superior 
speed, where it existed, was used to ‘‘gain the weather 
gauge,” not in order to get a suitable range for the faster 
ship's guns, but to compel her enemy to fight. Superior 
speed was also used to run away, capacity to do which 
was not then, and ought not to be now, reckoned a merit 
in a ship expressly constructed for fighting, not fleeing. 
It is sometimes claimed in these days that superior speed 
will enable a modern ship to keep at a distance from her 
opponent which will be the best range for her own guns. 
It has not been explained why a range which best suits 
her guns should not be equally favourable for the guns of 
her opponent ; unless, indeed, the latter is assumed to be 
weakly armed, in which case the distance at which the 
faster ship might engage her would be a matter of compara- 
tive indifference. There is nothing in the tactics of the 
time of Trafalgar to make it appear that, when a fight 
had once begun, superior speed, of course within 
moderate limits, conferred any considerable tactical 
advantage in ‘‘single-ship actions,” and still less in 
general or fleet actions. Taking up a position ahead 
or astern of a hostile ship, so as to be able to rake her, 
was not facilitated by originally superior speed so much 
as by the more damaged state of the ship to be raked, 
raking, as a rule, occurring rather late in an action, 

A remarkable result of long experience of war made 
itself clearly apparent in the era of Trafalgar. I have 
already alluded to the tendency to restrict the construc- 
tion of the line-of-battle ships to those of the medium 
classes. The same thing may be noticed in the case of 
the frigates. Those of 44, 40, and 28 guns relatively or 
absolutely diminished in number; whilst the number of 
the 38-gun, 36-gun, and 32-gun frigates increased. The 
officers, who had personal experience of many campaigns, 
were able to impress on the naval architects of the day 
the necessity of recognising the sharp distinction that 
really exists between what we should now call the 
‘** battleship ” and what we should now call the “‘ cruiser.” 
In the earlier time there were ships which were inter- 
mediate between the ship of the line and the frigate. 
These were the two-deckers of 56, 54, 50, 44, and even 40 
guns. They had long been regarded as not ‘‘fit to lie in 
a line,” and they were never counted in the frigate classes. 
They seemed to have held a nondescript position, for no 
one knew exactly how to employ them in war any more 
than we now know exactly how to employ our armoured 
cruisers, as to which it is not settled whether they are fit 
for general actions or should be confined to commerce- 
defending or other cruiser service. The two-deckers just 
mentioned were looked upon by the date of Trafalgar as 
forming an unnecessary class of fighting ships. Some 
were employed, chiefly because they existed, on special 
service ; but they were being replaced by true battleships 
on one side and true frigates on the other. 

In conclusion, I would venture to say that the strategical 
and tactical lessons taught by a long series of naval cam- , 
paigns had been mastered by our my! by the time of the 
Trafalgar campaign. The effect of those lessons showed 
itself in our shipbuilding policy, and has been placed on 
permanent record in the history of maritime achievement 
ae of the adaptation of material means to belligerent 
ends. 








Iron MINERALS IN FraNce.—The imports of iron 
minerals into France in the first five months of this 
year amounted to 828,061 tons, as compared with 640,786 
tons in the corresponding period of 1904, and 733,204 tons 
in the corresponding period of 1903. In these totals, 
German iron minerals figured for 625,336 tons, 430,901 
tons, and 470,710 tons respectively ; and Spanish iron 
minerals for 135,974 tons, 150,595 tons, and 196,949 tons 
respectively. 


classes (38, 36, and 32 guns) was very large. From 1793 
to the end of the Trafalgar year the 38-gun frigates in- 
ound from 8 to 50, and the 36-gun frigates from 16 
to 54. 

The liking for three-deckers, professed by some officers 
of Nelson’s time, seems to have been due to a belief, not 
in the merit of their size as such, but in the value of the 
inc’ number of medium guns carried on a ‘‘ middle” 
deck. There is, I blieve, nothing to show that the two- 
deckers—Gibraltar (2185 tons), and Cesar (2003 tons)— 
were considered more formidable than the three-deckers 
—Barfleur (1947 tons), Glory (1944 tons), or Queen (1876 
tons). All these ships were in the same fleet, and fought 
in the same battle. 
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EFFECT OF DEPTH OF WATER ON THE SPEED 


OF TORPEDO DESTROYERS. 




















AustrRiAN Torprevo-Boat Destroyer ‘* Huszar.” 
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THE INFLUENCE OF DEPTH OF WATER 
ON THE SPEED OF DESTROYERS. 
Experiments on the Effect of Depth of Water on Speed, | 


Having failed to get their speed on the Maplin 
measured mile at the mouth of the Thames, Messrs. 
— -” ba — a on ~ cliffs near 
. , : ver, off which they successfu ran their first four 

having Special Reference to Destroyers Recently Built." | destroyers of the Siver class. Although the depth avail- 

By Haroitp Yarrow, Student. able there was not the most suitable, it was better than 

Anout three years ago the British Admiralty placed | that of the Maplins (where there is a depth of 50 ft. at low 
orders with several firms for destroyers of a new type, | Water), and the vessels were able, after the measured 
having heavier scantlings than had been previously | Mile runs had been made, to get into deep water off the 
adopted. These vessels were termed ‘destroyers of the | Goodwin sands very quickly ; thus the greater part of 
River class,” being named after various rivers in Great each trial was made under favourable conditions as 
Britain. Their displacement on trial varied from 550 to og, depth. ’ a 
600 tons, and the stipulated speed was 254 knots. he East Coast firms were in the same difficulty, and 

Calculation, based on previous trials of destroyers, led | after a long series of trials they added to the height of 
to the belief that there would be no difficulty in obtaining | their mile-posts so that they might be seen further from 
this speed with 7000 horse-power. When the trials com- | the shore, where deeper water enabled them to get 
menced, however, there seemed little prospect of the through their trials. believe they found that with a 
speed being realised with the horse-power contemplated. | depth of water of 100 ft., or less, the guaranteed speed 
Progressive trials were made over the Maplin measured | Could not be obtained ; but when the depth was 120 ft., 
mile with the destroyer Usk, and when the speed ap-|0r more, the speed could be realised. These results 
proached that guaranteed, a very small advance of speed |clearly show the importance of depth, and the con- 
was obtained for a considerable increase of power. Other | Clusion we also came to was that a depth of at least 
contractors experienced similar difficulties, except those | 120 ft. was necessary to get the guaranteed result. As 
who ran their trials on the Skelmorlie mile, where there is such a depth of water was not available in the Thames, 
a depth of water of about 40 fathoms, this being far in | ™Y father determined to make further investigations, 
excess of what is available on the Thames or on the East | both by tank experiments and by actual trials with de- 
Coast. As all the boats were nearly identical, the con- | Stroyers themselves. There being no tank in this country 
clusion arrived at was that the variation in results was | available for such experiments to be carried out for private 
due to the difference of depth of water in which the trials | firms, the North German Lloyd were asked to make 
were run. The injurious effect of shallow water on s them in their tank at Bremerhaven, where they had 
has been frequently dealt with by various authorities, | carried out other experiments for us on previous occa- 
including Sir William White in his Manual of Navai | sions. They were furnished with the exact lines of the 
Architecture. destroyer, and were asked to test the resistance of the 

. : vessel at a displacement of 600 tons, and also at 450 tons, 

* Paper read at the Summer Meeting of the Institution | at a depth of 20 ft. and upwards. Fig. 1 (above) shows 

of Naval Architects, July 19, 1905. the results thus obtained of speed and effective horse- 

















came for depths of 20 ft., 30 ft., 45 ft., 60 ft., and 90 ft. 
or the 600-ton displacement: 90 ft. is the greatest con- 
tinuous depth available at the mouth of the Thames, and 
the main object of these experiments was to ascertain 
whether it would be ible to obtain as good, or nearly 
as good, a result on the Thames as elsewhere. 

It will be seen that the most noticeable feature in each 
curve is a distinct hump where the rise of speed is very 
small in comparison with the increase of power, and there 
are places in the curve where the rise of s is great 
in proportion to the increase of power. This was con- 
firmed by a p' ive trial made by us with a destroyer 
of 400 tons (see above), in a depth of 40 ft.; and Fig. 2shows 
that when the pressure was increased'from 100 Ib. to 125 lb. 
there was only 4 knot rise of speed ; but when the pres- 
sure was increased from 125 lb. to 150 lb., a rise of 5 knots 
was obtained. This diagram also shows the inclination 
of the vessel and the approximate height of the stern 
wave ; and it isnoticeable that the marked increase of the 


| inclination. and stern wave occurs at the periods where 
| the power increases so rapidly, but with a very small rise 


of speed. Fig. 3 gives this progressive trial plotted along- 
side corresponding curves found by model experiments. 


| In these curves the effective horse-power is taken as 62 
| per cent. of the indicated horse-power, which percentage 


is not constant for all speeds, but with suitable pro- 
pom should be highest at full power. It will be seen, 

owever, that the humps correspond very closely. From 
Fig. 1 it will be nn that the hump occurs at later 
periods, and is less pronounced when both the depth of 
water and the speed increase. 

There is no doubt that the difficulty at first experienced 
with the trials of the River type of destroyers was due to 
the — of water where the trials were made being such 
that the hump came at a critical point for the speed 
required, and that when the boats were run in deeper 
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Fig.9. 01aG RAM SHEWING BOTTOM OF RIVER, REVS. PER MUINCLINATION OF {iLL AND 
APPROX. HEIGHT OF STERN WAVE,FOR A MEAN SPEED THROU. ‘OF ABOUT 18-9 
DIAGRAM SHEWING BOTTOM OF RIVER, WREys: PER MIN:, INCLINATION KNOTS, AND STEAM PRESSURE /00L88. 
8.0 4 & APPROX: HEIGHT OF STERN VE. FOR A MEAN SPEE Dw. 
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water the hone had not made itself appreciably felt, | attendant controlling the stop-valves on the steam-pipe,| Figs. 6 to 14 (pages 97 and 98) illustrate the results 
though it would have done so at higher speeds. These | a surplus pressure always being maintained in the boilers. | of + i experiments, and are deserving of careful 
model experiments show some interesting features in the | The exact position where these trials were made is shown | study. They show the varying depths of the river, the 
resistance. Based on these, when the depth of water is/|in Fig. 4, e 97. Four tugs were placed at fixed posi- conaictiaie per minute, the inclination of the boat, and 
45 ft. it takes the same power for a speed of 22 knots as/| tions, A, B, C, D, so as to enable the steersman to keep | the approximate height of the wave in relation to the 
for 20 knots. Now, although the engines may be capable|a uniform course each time. The following observa- istern. It will be seen, for example (see Fig. 9), that 
of developing the necessary power for 22 knots, that speed | tions were taken every minute :—The revolutions of the | when working at 100 1b. pressure and at approximately 
might never be attained when running in 45 ft., because, | engines; the inclination of the vessel (read from a 19 knots speed, in passing from a depth of 55 ft. to a 
to get over the hump at 20 knots, the engines would not | 20-ft. level—see Fig. 5); the height of the stern-wave, | shallow of about 24 ft., the resistance was enormously in- 
be able to indicate sufficient power, having in view that above or below the deck at the stern; and indicator | creased, which fact is shown by the revolutions (the pres- 
the revolutions would be less at the slower speed. If, | diagrams twice on each run. All the observers had their | sure of steam being constant) falling from 278 to 250. 
however, the 22 knots were once reached, it could be | watches carefully set at the commencement of the experi- Simultaneously, the inclination of the boat was aug- 
maintained. ; ments, and the time of each observation was recorded on | mented from 24 in. to nearly 5in. in 20 ft., and the 
In basing one’s calculations upon model experiments | cards specially prepared for the purpose. The variations | height of the wave at the stern increased. Referring to 
such as these, it should be observed that the bare models | of revolutions on each run, with a constant pressure, were | Fig. 13, it will be seen that, when working at 180 lb. 
were tried without the propeller, and it is not unreason- | taken as a guide to the resistance, in preference to indi- | pressure and at approximately 27} knots pono | there was 
able to suppose that the action of the propeller might | cator diagrams. In the first place, it is well known that | no increased resistance when running in a depth of from 
have an appreciable effect upon the forms of the curves. | discre neies frequently occur with diagrams; and, | 50 ft. to 19 ft., but the increased resistance occurred at a 
There are other differences between the trials of models | secondly, diagrams poe | not be taken sufficiently often. | depth of about 80 ft. : 
and actual vessels, which will be dealt with in the paper | On the other hand, any increase or reduction of resistance | From the foregoing experiments it follows that, in 
by Mr. Marriner, all of which tend to indicate that for to the vessel would almost instantly show itself by a | selecting a course for a trial, the main point is not neces- 
the purpose of future investigations, ——— those at reduction or increase of the revolutions. For some reasons | sarily to get deep water, if, unfortunately, deep water is 
very high speed, the results obtained with models must be | it would, no doubt, have been better to have had runs | not obtainable, but to aim at adepth in which the position 
accepted with caution. for longer periods over uniform depths, if such could be | of the humpis well clear at the required speed. It should 
At the same time that the model experiments were | found, as it takes a certain amount of time for the boat | be noted that the inclination of the vessel, taken in con- 
being conducted, progressive trials with a destroyer were to settle down under the varying conditions of depth ; | junction with the revolutions, gives a very fair estimate 
made on a course which had been selected at the mouth | but by the system adopted the displacement of the boat, | of the depth of water for depths varying from 20 ft. to 
of the Thames. It was about 7 miles long, and had ‘the state of the boat’s bottom, the state of the weather, | 100 ft., and this might be turned to useful account for 
depths of water varying from 20 ft. to 100 ft, Runs | the condition of the machinery, and the efficiency of the navigating purposes. For example, if the destroyer be 
were made with 40 lb. pressure at the engines, 60 lb., | crew were constant throughout each run; and therefore /running at about 19 knots (Fig. 9), and the officer in 
80 Ib., 100 Ib., 120 Ib., 140 Ib., 160 Ib., 180 1b., and 200 Ib. | the effect of depth could be very accurately recorded by | charge does not desire to go nearer the shore than 24-ft. 
These pressures were very accurately regulated by an | its influence on the revolutions. | depth, immediately the inclination rises to 4} in. in 20 ft, 
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he knows that his limit is being approached. To carry | 
out this method of arriving at the depth successfully, | 
proper data of the characteristics of each vessel must | 
necessarily, in the first place, be obtained. Assuming 
that is done for vessels such as torpedo boats or destroyers, 
the depth of water under the boat can at any time be 
approximately arrived at. 

ig. 15, page 98, illustrates the maximum inclination re- | 
corded during the experiments with the 400-ton destroyer. | 

Although not directly bearing on this subject, it may 
be of interest to the Institution to hear of the efforts | 
which were recently made with a view to induce the | 
Admiralty to arrange for a suitable measured mile off the 
Goodwin Sands, on one side of which, near the East 


'ug.1. CALCULATED CURVES OF SPEED OF ADVANCE 
AND LENGTH OF WAVES IN QIFFERENT . 
DEPTHS OF WATER. 
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EFFECT OF INTERFERENCE 
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<—“« Direction of Advance 


reliable measured mile will be clearly seen; and as there 
isa depth of 180 ft. within a short distance of the Goodwin 
Sands, I respectfully submit that it would be of consider- 
able value if a measured mile were fixed at this spot, as 
it would enable the Admiralty to obtain more accurate 
results for vessels from Chatham, Sheerness, and Ports- 


| mouth, and also for vessels constructed on the Thames. 


In conclusion, I should like to express my great appre- 
ciation and thanks to those of my friends at Poplar who 
have assisted in the foregoing experiments. 








THE INFLUENCE OF DEPTH OF WATER 
ON SPEED. 
Deductions from Recent and Former Experiments on the 
Influence of the Depth of Water on Speed.* 
By W. W. MaARRINER. 
In the paper you have just heard from Mr. H. Yarrow 


' are described some of the experiments which his father 
| has had carried out in order to investigate the influence 
| of the depth of water on speed. With the same object 
| numerous other trials have also been made with all sizes 


of vessels built at Poplar, and at the same time we have 
had the advantage of access to the valuable data con- 
tributed by Lieut.-Colonel G. Rota, R.I.N.; Captain A. 


' Rasmussen, R.D.N.; Naval Constructor Paulus, of the 
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power absorbed in their maintenance, and that they repre- 
sent so much energy continually leaking away from the 
ship, the energy of a wave amy! roportional to the square 
of its height. If we examine Tr, Vanes paper it will 
be seen that the height of the wave at the stern increases 
when the resistance of the ship abnormally increases. 
This is a most important point, and it is not unreasonable 
to assume that anything which tends to reduce the forma- 
tion of waves reduces the loss from wave - making. 
The laws relating to the formation of waves have been 


investigated many eminent men, amongst whom 
the names of the late Mr. Froude, Mr. R. E. Froude, 
Lord Kelvin, Mr. D. W. Taylor, U.S.N., and Pro- 


fessor Horace Lamb may be mentioned. Mr. Froude 
at a very early date pointed out that a ship in its 
passage through the water formed two series of waves 
—one transverse to the line of motion, and the other 
diverging, the diverging waves apparently joining the 
ends of the transverse waves ; and both series are formed, 
firstly at the bow, and then again at the stern. 

Before considering the waves made by a ship, let us 


; APPROXIMATE CHANGES IN THE SHAPE OF THE 
Fig.5. TRANSVERSE WAVES PRODUCED BY A VESSEL 
AS IT PASSES FROM DEEP TO SHALLOW WATER. 
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Goodwin lightship, there is ample depth for getting reli- 
able data of tiials of vessels. 

There appears to be a good deal of mystery as to the 
character of the Sands; and in order to get accurate 
information on the subject, not only were exhaustive 
inquiries made in the neighbourhood as to what had 
occurred on the Sands during the last fifty yeara, but a 
3 in. tube was sunk in them as an experiment. A tube 
was fixed upright in the Sands by being forced down 
Ly a monkey ; it was driven into the sand to a depth 
of 80 ft. There is certainly no difficulty in erecting 
posts on the Sands, and, to judge of their firmness, it 
mnay be stated that the monkey, which weighed 300 lb., 
was allowed to drop 4 ft., and at every blow the tube, | 
towards the end of the operation, was only driven in 
$ in. Unfortunately, the tube was left with a length of 
24 ft. above the surface of the sand,“and this has since 

nm broken off by the continual bending of it, due to the 
action of the waves. 
From the foregoing experiments the importance of a 
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Imperial German Navy; Herr S. Popper, of Pola; Sir 
William White, and Mr. Archibald Denny. 

It has long been known that depth of water greatly 
influences the speed of vessels, and that there were some 
depths at which the resistance was abnormally great. Our 
aim was therefore to find out what would be the worst 
depth for a vessel, so that we could keep clear of the 
point of maximum resistance. In the modern theory the 
total resistance is considered to be made up of three prin- 
cipal parts. 

1. Frictional resistance, due to the gliding of particles 
over the rough bottom of the ship. 

2. Eddy-making resistance. 

3. Surface disturbance, or wave-making resistance. 

The present investigation has reference to the last of | 
these. For the purpose of our inquiry it may be fairly | 
assumed that the size of the waves is a measure of the | 


* Paper read before the Institution of Naval Architects, 
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Wave Formation at Critical SPEED. 


turn our attention to the laws connecting the speeds of 
advance and lengths of waves in open water. By ‘‘length” 
is meant the wave-length, or distance from crest to crest. 
The relation of length to speed of ordinary “‘ repeating ” 
waves in deep water is given by the formula 
(1) 


V2=1.8 L. 


This is shown in diagram 1 by the thick line. 
When we come to waves in shallow water, the equation 
involves the depth, and is much more complicated, 


being 
p, 6.34 
ev . 
L 


V? = 1.8L tan 
(Lamb’s Hydrodynamics). 


(2) 


Where 
V = speed of waves over bottom in knots. 
d = depth in feet. 
L = length in feet. 


On Fig. 1 are also drawn the curves connecting speed 
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of advance and length of wave for various depths; and 
it will be noticed that as the water gets shallower the 
length increases for a given speed, or else for a given 
length the speed decreases. The diagram also shows that 
at each depth there is a speed at which, when closely 
approached, the length increases very rapidly and becomes 
indefinite ; while, if the speed is inc beyond this 
point, there is no corresponding wave-length shown. We 
will call the speed at which the length of the wave 
becomes indefinite for a given depth the “‘ critical” —_ 
for that depth, and the depth at which the length of the 
wave becomes indefinite for a given speed the ‘‘ critical ” 
depth for that speed, Now, if we draw a curve showing 
speed and depth where critical combinations occur, we get 
the one shown as a thick line in Fig. 2, which can be 
represented by the equation 

V2= 113d (3) 


In this equation the speed depends only on the depth. 

This happens to be practically the same equation which 
Scott Russell found for his ‘‘sohitary ” wave in canals. He 
stated this formula as 


(4) 


h = height of wave in feet. 


This points to the probability that the wave at the 
critical speed changes from the ‘‘repeating” to some- 
thing approaching the ‘‘solitary” type. We will call 
the wave in the open sea, which corresponds to the “‘soli- 
tary” wave in canals, the “‘isolated” wave : this term 
was suggested by Professor Horace Lamb. 

Now let us return to the waves accompanying a ship. 
We will firat deal with the transverse waves. The trans- 
verse waves obviously move at the same s as the 
ship, and we should expect the lengths of the waves to 
follow closely the laws given above—i.e., in deep water 
the bow and stern waves will repeat themselves in lengths 
given by the formula for deep water. When the vessel 
gets into shallower water the length of the waves should 
obey the law for shallow water; in other words, they 
should tend to become longer and longer for the sams 
speed as the depth diminishes, until we reach the critical 
depth, when we should have the ‘‘isolated” type. If 
the vessel advances into still shallower water, we should 
get past the critical depth, and arrive at the condition 
when there is no transverse wave that corresponds to the 
speed of advance. 

We will now consider what actually takes place. As 
to the waves getting longer when the vessel runs from 
deep into gradually shoaling water, they do not seem to 
lengthen as rapidly as the curves indicate ; but if they 
do not lengthen as rapidly as the above investigation 
would lead one to suppose, then they are travelling faster 
than their natural s for the length, and they must be, 
as it were, drag along by the boat. The increased 
resistance on approaching the humps, shown by the curves 
in Mr. Yarrow’s paper, points to a possibility of some- 
thing of this kind. : 

Next, the “‘ isolated” wave has distinct characteristics : 
it is non-repeating, and it exists only under certain rela- 
tions of depth and speed. 

1. “It is non-repeating.” In all our experiments we 
noted that at the critical combination of depth and speed 
the wave at the stern, although very big, did not repeat 
itself to any appreciable extent; while ordinary deep 
water stern-waves could be seen repeating themselves 
over and over again. 

2. “It exists only under certain relations of depth and 
speed.” We find that the maximum wave and the corre- 
sponding point of maximum resistance occur very near 
the critical o combination of speed and depth. 

Fig. 3 has been prepared with all the different points 
of maximum resistance, obtained by various experiments, 
dotted on. 

After we pass the critical place, there should be no 
appreciable transverse wave ; and we find from our obser- 
vations that the wave does actually disappear, being re- 
placed by confused water. 
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sented by the humps is to be found at the same depth. 
From all the foregoing it is a fair deduction that the 
waves made by a ship closely follow the laws of waves in 
open water. 

To take a popular view, Figs. 5 to 9 have been prepared 
to show what we may imagine happens to the waves made 
| by each end of the vessel, as the latter advances from 
2 into very shallow water, at a constant speed. 

ig. 5 shows the ordinary transverse waves as formed in 
deep water, exaggerated in height, and these waves 
repeat themselves at regular intervals, the lengths be- 
tween successive crests depending on the speed alone. 

In Figs. 6 and 7 are shown the changes that possibly 
take place in the wave formation when going from deep 
to shallow water. The sea bottom may imagined to 
push the wave bodily up, so that, while in deep water the 
mass of the wave is on 
sea-level, as the water shoals the whole wave is gradually 
raised, until at the critical depth the whole of it is above 
the surface. 

Fig. 8 shows the wave formed at the critical depth for 
the speed, which approaches the “‘isolated” type of wave. 

In Fig. 9, going on into less than the critical depth, 
we can only say that we have observed no regular wave. 

If the vessel were running in a canal with vertical sides, 
this critical depth would be the condition of least resist- 
ance, as the sides of the canal would diminish the loss of 
energy; but on the open sea, as the ends of the waves are 
free, the energy can drain away sideways. 

We have here a possible explanation of the discrepancy 
in the position of the critical speeds, as shown in Fig. 3, 
between the model experiments and the trials with the 
actual vessels, because with the models tried in a tank of 
finite breadth the ‘‘solitary ” wave would be bounded at 
its ends by the vertical walls of the tank. It is probable 
that we should not take as a guide the result obtained by 
a full-speed trial of a destroyer in a channel 445 ft. wide, 
or about half the width of the river at London Bridge; 
yet this is the comparative size of the tank in which the 
models were tried; and the tank having vertical sides 
would not dissipate energy even so much as if it were 
bounded by a shelving shore. It is of interest in this 
connection to consider what would be the effect of running 
in deep water close to a very steep rocky shore on one 
side only. Running alongside a shelving shore is, without 
doubt, a positive disadvantage, on account of the waves 
breaking and dissipating energy, as is self-evident by the 
stirring up of the sand and shingle. 

In the preceding investigation no account has been 
taken of the effect of the interference of the bow wave 
system on the stern wave system. We are all con- 
versant with Froude’s beautiful picture of the waves 
formed by aship, showing how the transverse wave formed 
at the bow is repeated at intervals along the ship ; and 
it will be readily seen that when the bow wave gets to 
the stern it will either help to increase the stern wave, 
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slightly raised above the mean | 








| stern wave, and a very large resultant wave will be 
formed, carrying away a great deal of energy. 

C, D, and E show other cases. 

The conditions illustrated in A and B are often met 
with in the case of to o-boats. For example, in deep 
water, a boat 120 ft. long, going 22 knots, would satisfy 
A, and 154 knots would satisfy B. Or, again, a boat 
240 ft. long would have to go 31 knots to satisfy A, and 
22 knots to satisfy B. 

If the boat, as represented by A, ran on into the 
critical depth for the speed, the resultant wave at the 
stern would start with a minimum height, and would not 
attain any great dimensions, Next, if the boat, as repre- 
sented by B, ran into shallow water, the wave would 
lengthen, as shown in A. If it then ran on into the 
critical depth, the wave would not attain any great dimen- 
sions. Now, on the other hand, if a vessel running as 
shown in C were to advance into shallow water, the 
wave-length would increase and the conditions would 
tend towards that shown in B—i.e., the resultant 
wave would increase in size, and the resistance at the 
critical depth would be greater than if the vessel started 
from a condition when the resultant was diminishing. 

There are intermediate phases between these extremes. 
| A natural deduction from the above is that there are not 
| only critical speeds and depths, at which the resistance 
| greatly increases, but for each ship there is a worst 

critical speed and depth. This is Men from the dia- 
grams of Mr. Yarrow’s paper to be 19 knots, and 34 ft. 
for the vessel experimented on. 

| With reference to the diverging waves formed by a 
| ship, which form an important feature in wave-making 
| resistance, their velocity is much less than the speed of 
| the ship, as it is equal to the component of the velocity 
| of the ship in the direction of the propagation of the 
diverging wave, and the speeds we have attained. at 
resent are not high enough for these waves to anythin 
ike approach the critical speeds for the depths in which 
vessels usually run, The diverging waves apparently 
constitute the principal wave-making resistance at speeds 
beyond the critical combinations of depths and speeds 
which we are considering. Our present knowledge seems 
to point to the following deductions :— 

1. The critical combinations of depth and speed do not 
depend on the size of the vessel. 

2. Of these critical combinations there is for every 
vessel one more serious than the others; and where this 
worst combination occurs depends largely on the length 
of the vessel. 

3. The depth to be avoided is about that given by the 


‘ 2 . ee r 
equation d = bd and the resistance diminishes in both 





aang and lesser depths. Of course, the further away 
trom this bad depth the better, especially on the deep 
side. I have appended three views (Figs. 11, 12, and 13) 





or tend to make it smaller, according as to whether or 
not it is in step with it. The first transverse wave which | 
is formed at the bow is ill-defined, and has its crest only | 
alittle distance from the stem. The transverse wave | 
which is formed by the stern is usually a well-defined 

wave, and has its crest a little distance aft of the stern. 

The distance between the first crest of the bow wave and | 
the first crest of the stern wave is called the wave-making 

length of the vessel, and it varies from 1 to 1.2 times | 
the length of the ship, being smaller in finer vessels. 

This wave-making length must not be confused with the 

length in which either wave repeats itself. 
been prepared to show graphically the effect of the | 
union of the bow and stern waves under various hy- 

pothetical conditions: the thick line shows the resultant 

wave. 

A shows the ship travelling at such a speed that 

the length of the wave formed at the bow is twice the 

wave-making length of the ship; and consequently there 

1s a hollow of the bow wave just where the crest of the | 
stern wave would be, and the result is a very reduced | 
wave or system of waves following the ship. 

B shows the ship travelling at such a speed that | 


the length of the bow wave is equal to the wave-making | 





Fig. 4 shows that for a vessel at two displacements, 
600 and 450 tons respectively, the critical speed as repre- 


length of the ship ; and in this case the second crest of 
the bow wave will come directly over the crest of the! 


Fig. 10 has | h 


illustrating the wave formation as observed, which may 
be of interest. 

My personal thanks are due to Mr. Yarrow for sug- 
gesting that I should contribute the paper I have had 
the honour of reading ; and I should pm like to record 
my great indebtedness to my assistants for their cordial 
co-operation. 








DiscHarGine CoLiiers.—An important alteration is to 
be made at Devonport Dockyard in the method of mgs 
ing the cargoes of colliers brought into the Camber. It 
as been the practice to discharge coal by raising it from 
the hold by a crane, and conveying it to ordinary wagons 
drawn by horses, and then hauling it to the place of 
storage, but this procedure is to be abolished. line of 
rails has been laid from the storage ground at East Lock 
roads round to the Camber jetty-side. Special trucks 
have been constructed, on which are fitted four buckets, 
each capable of holding a ton of coal. These buckets 
will be filled on the ship, and worked to the trucks by 
means of Temperley transporters, and the latter fittings 
will also be fixed at the t Lock-road to empty the 
buckets on to the stacks. It is calculated that the new 
system will result in from 30 to 40 horses and wagons, 
and a | ee pe number of teamsters and labourers, 
being dispensed with. 
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THE DEFLECTION OF CONTINUOUS f= 1, Yo = 57 0.4008 P = 151x0-4008 F _ s.072 F 
RAIL-BEARERS. and from (9) a = 0°2313 e 
By Max am Enns, M. Inst. C.E Against this we have from (16) 
Cal sitet acs acme r= ™ = 1358ft. 1 P P 
(Concluded from page 70.) os = BeK yr A= 5 coy ETO 


Curves oF DEFLECTION. 
Cask IT. 
l=a;sl=a. 
Putting the values (11) into (8) we have 


anu 


ae 
A (cos ax + sin ax) ; i» 
on 8a? El 


y=e— (16) 


For x = 0 we have y = A. 
For x = = we have y = 0°456 \/2. A = 0°6448 A, &e. 


This we put opposite + in Fig. 3, and have the 
foot-scale and the b-scale, as shown. The branch 
of the curve on the right of P is symmetrical to 
that on the left. 

Comparison of the Curve (Fig. 3) to one Obtained 
from a Direct Calculation of a Platform with 
Seven Cross-Girders, P being in the Middle (Fig. 4).— 
We put a tangent on the curve in the middle, 
which, on account of the symmetry, is horizontal, 























(8807 F ) 


from 


We also find : 
(8): 
(8a): =0 


(Sn) : M =0 
(8c): 8 =0 
Fig. 3 shows the curve of deflection. 
zontal scale is for a x in parts of 7. 
also a scale of «x in feet to correspond to it. 
for example, ata point a « = 7, we put 


y =Owhenaz = } 


‘ y 


w, in, 11 w, &e. 


ax = 0, 7, 27, &. 


ax = 47, $m, 37, &. 
ax =47, $7, § m, &e. 

The hori- 
We require 
So, 


” 


r= ¥ ft., 
a 
where, according to (9), 
‘ | 
41bf- 


In order to state a in figures we take the follow- 
ing example :—Distance of cross- girders apart b= 
4 ft.; I. (of i -girder) = = 20 ft.? x in.?; I (of 
rail-bearer) = ft.2 x in.?; u = 8 ft. ; w 





2 ft. 6 in. ; SB from (1) 
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and proceed in the manner stated in the foot-note 
to Fig. 1 (see page 69 ante), considering that 


m + Y= M2 + Yo= 13 + Ys = Yo 
We pot for example : 


The ordinates in Fig. 3 at 0,b, 2b, and 3b, 
according to scale, are :—1 ;.0°55;0°1 ; —0°04, and 
the proportions of R, according to (17), are :—1; 
0°546 ; 0115; —0°09. 

Still closer approximating values would probably 
be obtained if, instead of (11), we had used (15) 
with 





? 
n=n, =1; l=1, =3b=12 ft.; l= cag T = OMe. 














Fig.5. = - 
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cA! / 
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Fig. 6. 
R, R, ‘ P R, 
s ” ; Ls 
T Th 
kh Ste tb hbo 
Phere, 
Case III. 
t=O; 1, = o. 
| First, n = 4.—We find from 12 
‘ P 
D=A; C=3A; B=A@= ; =4A; 
| gat kt* 
| B, =C, =D, =0; 
| and accordingly from (8) 
Yy, = e—4*, A; cosax, (18) 
| When a, = 0: 
m4 =4A. 
The curve is similar to (16)—i.e., to a portion of 
Fig. 3. It crosses the abscissa at al ai oe T, 
| 2 2 2 


| @e. (see Fig 5), and is therefore a distance z 


pecker —_ it. This can also be seen if in 


(6 ax+” Z is put in place of ax. We then 
| find 
fy —axz 
y=e qv2e A cos a x, 
| _ expression is (18) multiplied by a constant. 


| Second, n = 1, i.e., when the end cross-girder 
| is equal the other cross. girders. We have from (12) 
CuS—tby (19) 
1 + ab 


| 
| 
ke 
| 
| 
| 


With a = 0°2313 and b = 4, as before, we have 
C = 1°0777 A; A, = 2°0777 A. The deflection at 
x = 0 is only about one-half of that when n = $. 

Third, n to be so—that the deflection y, = A, is 


equal to y =A in (16)—i.e., A, = A; therefore 
C = 0, and from (12) 
3-2(n—4)ab=0 (20) 








a = 0°2313; b= 4; n= 2°121. 
n= (4 R3+2.5 Ro+R,), and with (2): n= 5 R,.| Taking, as another example, a trough flooring 
SE I Ic | made of plates and Z bars 1 ft. ) = (b=1), Fig. 6, 
In this way we obtain the following equations :— | and a rail-bearer made of two Z bars, so that I 
B I, 1 ‘Ie. Then 
gf 1 (Ri +25 Re +4 Rs) = Ry-R f =131, 
@ Te (2.5R,+8R,+14Rs)=R)-R, . ® bette, rn ra 
3f I a= > = 0°209, 
spp mt i R+Shdeam-Mm . ~ 41bf 
and Ry +2R, +2R,+2R,-P =0 Pan) and the Soot neste, ao thet 


With previous numerical values we have 
3 ‘. 1 


3f I ~ 7-0934" | 

and the result is 
Ry = +0°4698; R, = +0°2571; R, = +0°0546; 

R; = —0°0466 P. ’ 


The deflection at R, is 








a= ~_ft. correspondsto mw. x = 15 ft. 
a 
If the above condition (20) had to be fulfilled, we 


should have 


3-2 (n—4) 0°209 ; n = 7°68. 
But this is not a necessary condition. 


Necessary 
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for practical purposes is that the stresses in the 
end cross-girder, in the next one to it, and in the 
rail-bearer should not be excessive. To test this 
we have to determine the cross- -girder reactions R, 
and R,; and the bending moment in the rail-bearer, 
which is a maximum at 


ax, = Sr, i.e., 2, = 11°25 ft. (see Fig. 6). 

The dimensions of the ordinary cross-girders and 
of the rail-bearer are determined by the condi- 
tions obtaining in Case II. There we have the 
cross-girder reaction 

Re : f 
With 
P 
Wet 


andI, = 


we have 


P 0 1055P, 
Su f 


and from (8b) with « = 0 and conditions Case IL.: 


R= 


M=-EI2@A= - 


if P in tons. 


The dimensions can now be determined. At the 
end we have R, = P - 8,, where S, is the shearing 
force in the rail-bearer. At ax, = 0 we have with 
(8c) and (12) 


So = E I 2a* A), and with A; = A + Cand A = 


R, [: - (1 +S ) P 


1 ft., 


a —1°'196 P in foot-tons 
4a 


P 
s8aK1 
(21a) 


™ , we have the deflection 


At x,- = 
15 


from (8) 
y=(A+C)e~ 


oraxr, = 


Ele 


3h, = ~y. (21B) 
J 


,= ar 


a cos.” 15 


The moment in the rail- sbearer at ax 
is found from (8B) :— 
je Pm 2 sin Rar 
. i 


m=? (1 +o 

4a A 

These are the three conditions to be observed in 

determining the dimensions of the end cross-girder. 
Case IV. 


agiven length; 1, = 


(21c) 


©; n=h. 
7 
> =) &e., 
6 


12 


(a): UC: 
Putting for example al = 0, 


(13) we find :— 


into 


T T T 


1Z 6 a 
1.4016 0.5828 0.2079 
0.8091 0.4792 | 0.2079 


Foral= ..| 0 ¥ 
0.0779 
0.0450 


Cz 3.0000 
D 1.0000 


us 

2 
C= 0.0432 
D= - 0.0432 


Foral= _in§ 7 
0.0056 A 
0.0019 A 


4 
0.0269 
0.0089 





With these values and with B= A, see (13), the 
ordinates of the curve to the left of P can be cal- 
culated from (8), and they have been plotted in 
Fig. 9. In a similar way, any number of ordi- 
nates of the curves to the right of P could be cal- 
culated from 


ax . 
yy=e '(A, cosa a,+B, sina x) . (23) 


A +C and B, = A —D are now deter- 
mined. But it would be much easier to draw the 
curves if it could be shown that they, i.e., (23) or 
Fig. 7, coincide with curves of the form (16) or 
Fig. 8—viz. 


since A, 


y=e "* Ay (cosa ay+ sina x) (24) 


where the zero point is removed a distance a. The 
condition of coincidence is y, = yy when a x, 
ax, +a. Putting this into (24) we have with (23) 

e 21 (A cosaz,4 B, sin x)) lant a) 4) 
[cos (a x, + a)+sin (a e: +a)]. 


A; cos ax, +B, sin az, = € * Ay [cos a2; 
(cos a+¢cin a)+s3in ax, (cos a —sin a)). 


This equation obtains if 


e~* A, (cos a+ sin a), 
; * A, (cos a—sin a), 
from which 


A, + B, =2¢° 
A, —B, =2e° 


Ap cos a, 
Ag sin a, 


and 


tan a - c+D 


2A+0-D’ 


2A+C-D 
3e* 


Ao = 


25) 


cos @ 





These are the conditions of coincidence of the 
curves (23) and (24). We find with values (22) 


‘ 


TT Tv T 


For al on 0 


6 4 
45° 26° 45'20” L1° 44 40” 


0.1499 


12 
36° 287 
0.2500 0.1925 


6.2046 2.9319 1.9318 


37 
Zz 4 
0 34' 10” 50” 


0.0192 0 0.0032 


12' 
0.0012 
1.0816 
In Fig. 9, where these values of A, can be recog- 


nised, the branches of the curves to the left of P, 





1.0152 1.0271 1.0058 





having a horizontal length al, are shown in full 


have been expected from the condition assumed 
for n. 


—viz., A, = 10432. This is the same as in (26), 
where n = 4. There the deflection ata x= al was 
nil, which showed that A, would be the same for 
all values n, or that n would have no influence on 


A, when al, = rs 


The greatest deflection occurs when a 1=* 


Case V. 
2 = 0; 4, = a given length. 
We further assume n = 1, n, 
I. 20; I = 3°33; a = 0°2318; b 
a) 
as before; then al = 0°2313 x 16 r= 


Tv 
This example shall now be calculated by both 
methods. 
For the direct method we have O O (Fig. 10) the 


Fig. 13. 
rt 























i 14738 IU 
| 

















8607.6) 


lines, and those to the right of P, together with 
their supplementary lengths a, are shown dotted. 
(b): l=agiven length ;1,= 0; 3-2(n-—4) ab=0. 
Equations (13) are :— 
e~@! A (sin a/—cos al) + e*’ (D cos a/-—C sin al) = 0. 
e—*! A (cos al + 3sin al) — e*! D (cos al—4 sin a/) + 
e-*! C (4 cos al + sin al) =0. | 
| 
| 


Dividing by e*' cos al, we can write :— 
Ai yoni ih ian el gh ‘ 
e224 A (3 tan al + ied dials tan al) { 

C (4+ tanal)=0 5 : 

We have also | (27) 
» 
! D; 


A -S@EL’ A, = A+C; B, =A 
C,=0;D,=0. 

We find the values in the following table :— 
: ! 5 ere | 


T 7 33 r } 


For al 

Cc 

D = + 1.0 
a = 45°00" 


4 
+0.00449 0 | 
Pe 00449 + 0.001887 
15’ 24” =—0° 3’ 8” 


4 2 
—0.10895  +0.0432 
-0.10395  -0.0432 

~(5° 54’ 51”) 0 

0.25 

1 5512 
1.0 


0.00029 


1.0009 | 
1.0000 | 


Ao = 
A) 


0.00142 


1.0045 
1.0045 


~ 0.03285 0 


0.9067 1.0432 
0.8960 1.0132 


The values A,—i.e., the deflections under the 
load—differ very little from each other, as might | 


| rail-bearer ; the pressures P—R,, —R, 


further, we have five expressions 


‘line of cross-girder supports, and R, . . . R, the 
five reactions ; O, O, the curve of deflection of the 
-R, 
for "example, 


and the four moments M, . M,, 


| M, =— R, a + (P — R,). (b re a) ‘also O; T the 


Then we have 


4) 
v4) 
us) 


FR 
E 


| tangent to the curve at O,. 
— ys = 2(y3 - 23 
— Wg = 3 (U3 — 
~ Wg =4(¥s — 13 


Yo - Ne 
“u- 
Yo — No 


., &e., 


i. 


Yo aa 


1 b 
jand four expressions 7, = E | [M, (26 + x) + 


M, (6 + x) + M,wjde. 
Putting these nine expressions into the three 


| equations, and working out, we find 


f 


3 " - 
EI. ' I (9 Ry + 6R, 4 


R, - 2 Rs + Ry) = sa 3E 
3R, + 0.5R; — 9P) ‘ 
up, (Bi - 3Bs + 2R)= - phy (24 Ry + 15 
R, + 6.5 Ry + LOR; - — 24P) 
f 8R,) = - 
F 1, (Ro ~ 4s + 8Ry) = ~ 3 yyy (42 Ro 4 
R, + 10R, + 15R; - 42P) 
We also have 


24.5 


Ro +R,+R3+R,=P . 
and Rs she + 3R,b +4Ryb =0 
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which five equations give the five reactions as 

follows :— 
Ry, = 0°8427 PP; R, = 6 238P; R,= — 0°0181P ;) 
R; = - 0.0486P; Ry=-0.008P . 


Multiplying by 775 we have the deflec- 


- a 
~ 20E 
tions 

Y% = 5 520 


p | (9) 


P , 
> Kk’ 


3 ¥ = 1559 gi ’=- 0118 
E v4 = — 0026 2 
These deflections have been plotted in Fig. 11. 
Turning now to the other method of calculation, 
we use equations (14). 
Putting n 1, dividing the last two by 
e-%h cos al,, and arranging, we have 


c,;-A- A, =C+ B, = 


P 
E 
¥3 = — 0318 


e . 
8a KI’ 
D, = B,; D=B; 


P . 
sus .. 
~ B+ sax 

B= - 0°0374A + 0°9626C ° 

e *41,(A, tanal, — B,) + D, —C,tanal, =0 

e245 Ay (1 —ab- tana/,) + c—244, B, 1+ 

tana/;(1 — ab)] + D, [1 — tanad, (1+ ab)] 
—~C,(1+ab+tanal,)=0 a 

We had before 13.58 a = a ; here we have 4ba 
= 16a = 11783 m = 212° 4’ 37”; tana l, = 0°53106 ; 
e—2ah = 0.000609. Putting these values into (30), 
we fird 


(39) 


P 
A, = 2°0768 
. , 8a EL 
P 
C, = - 0:000228 , 
. 8a* KI 
B, = D, = 0000865 FP _, 
8ai Kl 


and calculating with these values the deflections 
from (8) we find 





For # = 0 = J 
4 z 
y= | 20766 | o670s | ooo |. P 
| 8@EI 
} > 
y= | 6.290 2.033 | 0.018 . 
| 
a3 = —- ae 
. 39 — 
For x = T 1.1783 
4 
y= |- 0.1250 - 0.099 +0009 . ? 
sas EI 
> 
y= |-0.879 | - 0287 | + 0.006 + 


since 8 a? I = 8 x 0°2313*:3°33 = 3°0305. 


These deflections have been plotted in Fig. 12. 
The difference between the two curves shows the 
effect of the assumed distribution of the moment of 
inertia of the half end cross-girder over the adjoin- 


ing distance 5 ines a slight removal of resisting 


capacity from the end in Fig. 12; and as for this 
reason a greater deflection at the end might have 
been expected, the results may be taken as a proof of 
the correctness of the two numerical calculations. 
But both, especially (28), require great care, and 
considering that instead of (30) we might as well 
have assumed 7], = ©—see (19): A, = 2°0777 A 
against (31) A, + C, = 2°0766 A—which would 
have made the calculation (30) very much easier, 
it is clear that for practical purposes the calculation 
with formula (8) and its derivations is much to be 
preferred to the direct calculation according to (17) 
or (28). 
Curves OF INFLUENCE. 

So far the effect of a single load only has been 
calculated. The effect of a train of loads can be 
found by means of the curves of influence. A 
curve of influence can only be drawn for any one 
given point X of the rail-bearer. An ordinate at 
the distance x from point X in this curve is the 
measure of the effect at X when the load is at «. 
The curves of influence are derived from the curves 
(8), and there are accordingly curves of influence 
of deflections, of moments, and of shearing forces 
of the rail-bearer. Those for any point at some 
distance from the end are identical with the curves 
(8); but while, for example, Fig. 3 shows the 
deflections at all points when the load is at X, 
Fig. 13 shows the deflection at X when the load 
moves over all points. The ordinates ¥/,, y2, 1/3 - 
measure the deflections from P,, P,, P, [a 
the total deflection at X is 


(Pim + Poy + Psy3t+.. 


and 


ee. 
8a@EI 
The position of the train of loads corresponding 





to the maximum deflection at X can be determined 
with sufficient accuracy by trial, as the range of 
appreciable influence does not usually extend over 
many loads of the train. 

In the same way the maximum moment and the 
maximum shearing force in the rail-bearer are de- 
termined by the curves Figs. 14 and 15 respec- 
tively. Their equations are found from (8B) and 


(8c) on the conditions (11)—viz., B= A= 
C = 0; D = 0, as follows :— 


M = e—** (sin ax — cos az) P . 
4a 


8a El 


and 


S = e-** cosax :. 

The curves of influence for points near the end 
are not found in this direct manner, and diagrams 
of the kind shown in Fig. 9, page 101, would be 
required to derive them from. 

siterature bearing on the subject :—-Winkler : 
‘*Die Lehre von der Elasticitit und Festigkeit,” 
Prague, 1867, page 182; Schwedler : Correspond- 
ence on Wood’s paper ‘‘ On Iron Permanent Way,” 
Minutes of Proceedings of the Institution of Civil 
Engineers, 1881, page 95 ; Zimmermann: ‘“ Die 
Berechnung des Eisenbahn Oberbaues;” Zeitschrift 
fiir Bawwesen, 1887, page 123 ; Schwedler: ‘‘ Bei- 
triige zur Theorie des Eisenbahn Oberbaues,” ibid. 
1889, pages 86 and 365; Findlay: ‘‘ Note on the 
Floor System of Girder Bridges,” Minutes of Pro- 
ceedings of the Institution of Civil Engineers, 1900, 
vol. exli., page 17. 








THE DEVELOPMENT OF THE SINGLE- 
PHASE RAILWAY SYSTEM. 

ALTHOUGH the single-phase railway motor is, in 
the commercial form, the creation of a very recent 
period, the system of railway operation which it 
makes practicable has already attained a degree of 
popularity far surpassing that generally accorded to 
improvements of such a decidedly revolutionary 
nature. 

The accounts of various single-phase electrical 
lines which have from time to time appeared in the 
technical Press will have shown that this system, 
now openly advocated by many of the leading 
authorities on railways and their electrification, has 
been making steady ard consistent headway ; but it 
is doubtful if the great majority of railway and elec- 
trical engineers are aware of the wide extent to 
which it is being adopted, particularly in America. 

In the rapidly-growing category of single-phase 
lines in operation, or proposed, practically all 
systems of note are represented in the class of 
equipment being installed. The preponderance, 
however, lies, so far, with the Westinghouse sys- 
tem ; and the table on the next page, which repre- 
sents a total of 14,000 horse-power of motors in 
operation and in course of manufacture, gives as 
many details as are at present obtainable of the 
lines which are actually using, or propose to use, 
the Westinghouse system of single-phase railway 
traction. 

The table, it will be noticed, shows a perfect 
unanimity as regards the frequency employed, this 
being in all cases 25 periods. In a like manner, 
in all but the two last instances the form of tractor 
employed is the motor-car. The trolley - wire 
voltage, however, varies considerably : from 1200 
volts in the case of the Westmorland County line 
to 18,000 volts on the Swedish State Railways. 
The divergence from the usual pressure of approxi- 
mately 3000 volts is due chiefly to local conditions, 
and serves to show the adaptability of the system. 
The extreme case of 18,00) volts on the Swedish 
State Railways is an interesting feature of that 
installation, the working of which will, no doubt, 
be closely watched. The intention is to experi- 
ment at various line pressures, with the view of 
ascertaining the conditions prevailing upon the 
lines. 

It will be noted that part of the Indianapolis and 
Cincinnati Railway is operated at the low pressure 
of 550 volts, and part of the Roma-Civita Castel- 
lana line will be operated at 600 volts. In both 
cases this is for reasons of safety, the track passing 


, | through populous districts. 


The former, since it is now in full working order, 
is, perhaps, the most interesting of all. This line 


as a whole may be taken as representative of 
Westinghouse methods ; and a description of the 





apparatus employed, and the general manner of 


operation will, therefore, apply, subject to the dis- 
similarities shown in the table, and other special 
details, to all the lines associated with the Westing- 
house system. 

The Indianapolis and Cincinnati Traction Com- 
pany was formed early in 1903, to construct an 
electric line from Indianapolis to Hamilton, Ohio, 
and Cincinnati; and on December 30, 1904, it 
commenced operations at Rushville—a town 40 
miles from Indianapolis. At the present time the 
line is completed between these two cities, and a 
regular service established, which is shortly to be 
augmented by an extension to Connorsville, and 
later on by the completion of the line to Cincinnati. 
For a distance of approximately 3 miles within the 
city of Indianapolis the trains will run over exist- 
ing lines, using direct current at 550 volts. At 
Rushville they will be operated with single-phase 
alternating current at the same potential ; and on 
intervening portions of the line 3300-volt single- 
phase current will beused. This strikingly demon- 
strates the flexibility of the system. 

Generating System.—The power-house, for feed- 
ing the whole alternating-current line, is situated 
in a fairly central position at Rushville, and, being 
designed more or less upon standard lines, calls for 
little description. 

The three-phase 2300-volt current from the two 
500-kilowatt generators is converted and trans- 
formed up to two-phase 33,000 volts by two pairs of 
250-kilowatt air-blast transformers; and at this 
pressure current is supplied to the feeders for trans- 
mission to the transforming stations along the line. 

Sub-stations.—There are three transforming sta- 
tions between Indianapolis and Rushville, each of 
which feeds a separate section of the line. 

One of the great benefits of the single-phase 
system appears to full advantage in these sub- 
stations. They require no constant attendance, 
being controlled from the power-station ; and it is 
estimated that the saving in wages alone will 
amount to over 4000/. per annum for the ten sub- 
stations which will ultimately come into operation 
between Indianapolis and Cincinnati. 

These sub-stations were equipped throughout by 
the Westinghouse Electric and cutueaine Com- 
pany, under the supervision of Messrs. Sargent and 
Lundy. 

Track and Overhead Construction.—The track is 
laid with 60-ft. 70-lb. T-rails, connected with 
Weber rail-joints, and bonded with No. 0000 10-in. 
copper bonds. Every half-mile cross-bonds are 
installed, and all special work is shunted by long 
bonds. The poles are all of selected white cedar, 
set 6 ft. in the ground, and carefully tamped. The 
trolley-wire is suspended from an angle-iron bracket 
looped at the end and fitted with a large flat 
porcelain insulator, over the top of which a 
isin. steel strand cable, or ‘‘ messenger” wire, is 
run. The No. 000 grooved copper trolley-wire 
is carried by this cable, being attached to it 
every 10 ft. by special steel clamps, thus forming 
acatenary suspension, The distance between the 
two wires is 8 in., and the height of the trolley- 
wire above the rails is 18 ft. This catenary con- 
struction provides a practically level trolley line 
with no abrupt bends at the insulators, as is usual 
with ordinary suspension ; hence high-speed running 
is greatly facilitated. Where the line passes through 
streets the trolley-wire is suspended from span- 
wires ; but otherwise the construction is identical 
with that used along the private right of way. 

The 33,000-volt feeder lines consist of No. 4 bare 
copper wires, two running to each sub-station. 
They are carried on separate poles placed at the side 
of the track, and provided with strongly constructed 
cross-arms, equipped with large porcelain insulators 
on iron pins. 

Figs. 1 and 2, page 104, illustrate two types 
of catenary line construction which have been 
erected on the Interworks Single-Phase Railway 
at Pittsburg. The Indianapolis system is somewhat 
similar to Fig. 2, the chief difference lying in the 
method of supporting the insulators. 

Rolling Stock.—At present the rolling stock of 
the company consists of ten 55-ft. passenger cars, 
constructed by the St. Louis Car Company. 

Each truck is equipped with two a goed “arg 
single-phase Westinghouse motors, and the West- 
inghouse unit switch system of multiple rheostatic 
control is used, so that the cars may be worked 
either singly or in trains, and on either alternating 
or direct current. The maximum speed arranged 
for is 45 miles per hour. 





Two trolleys are fitted to each car, one being of 
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OVERHEAD 
WESTINGHOUSE 






SINGLE-PHASE RAILWAY. 


COMPANY, PITTSBURG. 


CONSTRUCTION FOR 


ELECTRIC AND MANUFACTURING 








Opened for 


NAME OF RAILWAY. oe 
| Traction. 
Interworks Railway, Pittsburg . 1902 


Indianapolis and Cincinnati \ 

Railway ‘ Dec. 30, 1904 
Fort Wayne, Decatur, and )\ 

Springfield Railway Not open 
Warren and Jamestown Street 

Railw ‘, Not open 
British eeegprene W orks, | Jan. 1905 

Manchester A F 
Roma-Civita Castellana Railway Not open 
Philadelphia, Coalsville, and Lan- | 

caster Passenger Railway tf Not open 
Atlanta Interurban Railway Not open 
Sheboygan-Elkhart Railway and 

Electric Company Not open 


Westmorland County Railway Co, Mar. 7, 1905 
Long Island Railway Not open 
Villejo, Benico, and Napa Valley | 
Traction Company j Not open 
Swedish State Railway. E — \ . 
mental line j Not open 
Bergamo, Valle Brembana Railway Not open 


the Union Standard wheel type for use on the low- 
tension alternating-current and direct-current lines, 
and the other of the bow high-speed description for 


service on the 3300-volt portions. 


Turniig now to the European continent, and 
England in particular, we have at last something 
The table given above includes 
mention of three Italian lines which are being 
equipped on the Westinghouse single-phase railway 
system, and it will be noted that the demonstration 
line at the works of the British Westinghouse 
Company at Manchester has been running since 


detinite to show. 


January of this year. 


The first thing to be mentioned is that the car 
is an ordinary one of the Metropolitan Railway 
pattern, a fact of some significance, in that it shows 
that the alternating-current equipment is easily 
adaptable to present standard forms of railway car. 
The second noticeable feature isthe special method 
of supporting the overhead conductor, and the use of 
a current-collecting bow instead of a trolley-pole. 


The car is of the double-truck type, and is equipped 





Length. 


Miles 
5 


10.6 


| 


4 p.c, 


Level 


7.2 p.c. 







SINGLE-PHASE RAILWAYS IN OPERATION OR PROPOSED (WESTINGHOUSE SYSTEM). 


Maximum Maximum 
Gradient. 
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Fig. 1 


























Fic. 
REMARKS. 


Rouiine Stock. 


| | | | | 
. 


Fre- | Number 


Line. 











| System of Voltage of an Voltage 
eee Gauge. |Trolley Wire) Trolley qaency Tractor. and Size Weight of Cars. Control System. 
Curve. Suspension. Wire of of Motors Motor. 
: 4 Current. per Car. 
Volts | Periods H.-P. Volts 
4ft.8hin. Catenary 3300 25 | Motor-car | Four 75 250 Unit switch control. 
4 ft. 84 in. » { vo} A.C. 25 * oo we 250 Unit -_ . _control— 
550 D.C. A.C. and 
tft. 84in. 6600 25 Four 75 250 Unit switch control. 
Catenary 3300 25 =  & 250 
ae) tft. 84 in = 3000 25 = » 100 250 36tons empty Induction control. 
Flexible 3 miles Motor-car, 12 tons : 9s 
51-ft. \ Im. / suspen- \ 600 \ 25 Two 40 250 | full; trailer, & \ Maximum speed, 22 
radius j{ \ sion J 6000 J tons full { miles per hour. 
{ Catenary 3300 p . { Drum _ type ; hand-ope- 
| (probably) | (orobably) 25 as Four 60 250 na (rated control. ; 
. ‘ jf, Four50 \ Drum type; hand control. 
2200 25 ad ( Four75 jf 250 { Unit switch control. 
os 25 - Four 50 250 Drum type; hand control. 
| 1200 25 a Four 50 250 Drum type;hand control. 
‘ | 2200 25 o” Two 50 250 Drum type; hand control. 
|{ (probably) 3300 25 ie foo 4 250 Unit switch control. 
‘ i “Oy pork y } 25 Locomotive | Two 150 250 25 tons Induction control. 
1.44 m | Catenary 6000 25 aie 30 tons Unit switch control. 





Four 75 


with four 100-horse-power motors, its weight with- | system is worked from the driver’s cab by means of 
out ngers being 36 tons 2 cwt. }@ small master-switch operating a seven-cell secon- 
The line on which this car runs is three-fifths of | dary-battery circuit. This battery, through an 
a mile long, the maximum curve having a radius of | eight-core ‘‘ train-line” and magnet-valves, works 
300 ft. ‘The pressure on the overhead conductor |the compressed-air operating apparatus on the 
is 3000 volts, this being reduced by an auto-trans- | circuit-breaker, reverser, and induction-regulator. 
former and induction regulator carried on the car. 'It will thus be seen that it is simply necessary to 
The pressure at the motors is varied, by means of | continue the “train line,” or control cable, through 
an induction-regulator, from 150 volts (at starting) the length of a train in order to operate several 
to the full value of 250 volts. The frequency of | motor-cars from the same master-controller, the 
the current is 25 cycles per second. The motors intermixing of trailer or non-motor cars presenting 
are geared for a speed of 40 miles per hour, and the | | no difficulty. 
equipment permits of quick acceleration and braking, | The construction of the single-track Roma-Civita 
the latter being effected by the Westinghouse quick- | Castellana line is being pushed rapidly forward, 
acting air-brakes. | and it is anticipated that a portion of its length will 
The controlling gear is electro-pneumatic. The | be open shortly. It has been designed to link up 
reverser and circuit-breaker are similar to those used | several small towns with Rome, and is rather over 
on direct-current systems, —, t that the circuit- | | 33 miles long at present, although eventually it will 
breaker is of the oil-break type. The induction regu- | be extended another 13 miles. 
lator takes the place of a controller and rheostats| The power-station is situated 24} miles from 
in a direct-current equipment, the rheostatic loss | Rome, and is being equipped with 300-horse-power 
being thus totally eliminated. The whole control | steam-turbines and single-phase alternators. The 
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latter generate 25 period current at a pressure of 
6000 volts and feed direct to the line, excepting 
on the portion between Rome and the power-house, 
which is to be operated at 550 volts alternating 
current. 

The car equipment. will consist of two 40-horse- 
power 250-volt 25-period Westinghouse single- 
phase motors (Figs. 4 to 6), one main transformer, 
motor cut-out, reversing switch, bow type trolley 





operated by compressed air, and a complete instal- | 


lation of the Westinghouse brake, with reservoirs 
and air-compressor. Both single coaches and trains 
will be used on the line; the former conducting the 
Rome suburban service to Ponte Milvio, where the 
power-station is situated, and the latter on the re- 
mainder of the route to Civita Castellana. 

The Bergamo, Valle Brembana Railway is the 
latest Italian contract to be secured by the French 
Westinghouse Company. Its length is 30 kilo- 














Fias. 3 To 6. 
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metres, and it will be served by five 30-ton locomo- 
tives, equipped with four 75-horse-power Westing- 
house single-phase motors, unit-switch control, and 
pneumatically-operated bow trolleys. The gauge of 
the track will be 1.44 metres (4 ft. 95 in.). The 
power-house is to be situated at the end of the line, 
1 kilometre out of Valle Brembana, and will be 
equipped with three single-phase 500 - kilowatt 
6000 - volt Westinghouse alternators. There are 
to be no transforming stations, and the line will 
| be fed at the above pressure direct from the power- 
house. 

The curves of draw-bar pull shown in Figs. 7 
to 9 are those of a 136-ton Westinghouse single- 
phase locomotive built for the purpose of demon- 
strating the advantages of the single-phase railway 
operation. It was exhibited to the delegates of the 
International Railway Congress, on May 16, on the 
Interworks Line at East Pittsburg. 




















THE INSTITUTION OF NAVAL 
ARCHITECTS. 
(Concluded from page 91.) 

In our last issue we gave an account of the first 
day’s proceedings at the recent summer meeting, 
held in London, of the Institution of Naval Archi- 
tects, and we now continue our report. 


Fractures 1n Larce Steet Borter-Pwates. 


On members assembling in the theatre of the 
Society of Arts on the second day of the meeting, 
Thursday, July 20, Lord Glasgow occupied the 
chair. The first paper taken was a contribution by 
Mr. J. T. Milton, Chief Engineer-Surveyor of 
Lloyd’s Register, the subject being ‘‘ Fractures in 
Large Steel Boiler-Plates.” This paper we shall 
print in full in an early issue. 

At the conclusion of the reading of the paper, 
Mr. Milton said that since he had prepared his paper 
another case of fracture in a steel boiler during test 
had come under his notice. In this case the crack 
extended from an oval manhole to the hole of a 
rivet, and had gone in the same direction beyond 
the rivet-hole for a small distance. He mentioned 
this fact because it was generally considered that a 
hole drilled at the end of a crack would stop its 
further extension, but this was not so in the present 
case, so far as the rivet-hole was concerned, as the 
crack had extended to the other side of it. A 
smaller hole, was, however, drilled at the end 
of the crack, and this hole was then severely drifted. 
so much so as to distinctly open out the crack, and 
it was found that this second hole prevented the 
crack from going further. There were, beyond this 
smaller hole, before the drifting test in the same 
direction as the crack, marks or surface depressions 
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on both sides of the plate, but not extending right 
through. A sketch was made by the author on 
the blackboard to illustrate what had occurred.* 
It would appear that in the region of the crack 


Fig. . 


Fall line represarts the crack. 
Dotte the surface depress” 


—that is to say, the part surrounding the rivet- 
hole as far as the smaller hole drilled to stop 
the extension of the crack—the metal was brittle ; 
beyond that it was ductile; and the ductility 

rmitted the internal stress of the plate, which 
Riad ruptured the brittle portion, to slightly stretch 
the ductile part till the strain was relieved, and, by 
this stretching, the surface depressions referred to 
were produced. 

Mr. J. W. Spencer, of Newburn, opened the 
discussion on this paper, which he described as one 
of particular excellence, and commended the ad- 
mirable way in which Mr. Milton had made his 
inquiry, and set forth the details. He had known 
the author for a great many years, and had had 
many controversies with him on the subject of steel. 
When a steel plate proved defective, it was natural 
that the engineer should put the blame on the steel- 
maker, and it was equally natural that the steel- 
maker should attribute the defect to the engineer. 
For his own part he had always been most anxious 
to arrive at the truth of the matter whenever any- 
thing occurred that needed inquiry, and he 
was sure that Mr. Milton would bear him out 
in saying that he had invariably given facilities 
for arriving at the truth by putting the re- 
sources of the Newburn Steel Works at the 
disposal of engineers. Probably few of those 
present who were not steel-makers had any idea of 
the great difficulty in making a large boiler-plate. 
If they realised what was necessary, they would, 
perhaps, be less surprised at the occasional failure 
of plates than that failures should be so few. 
Many defects might be attributed to unequal 
strains in plates, and the question arose whether 
the strains were there before the plates left the 
steel works, or whether they were set up after- 
wards. That was generally the point of dispute. 
In a well-conducted steel works every precaution 
was taken to avoid conditions that would lead to 
defects. In regard to whether these defects were 
caused in the steel works or at the boiler works, 
it was worthy of note that they generally occurred 
in the neighbourhood of a manhole; and he sug- 
gested whether it was not possible that in cutting 
manholes the metal might be affected, and a slight 
flaw would be set up that, once started, would 
develop in an uncertain direction. It was necessary 
for users to recognise that steel had its disabilities, 
and it should be the effort of all to strive to get over 
these. 

As to the American plate mentioned in the 
paper, the results were so wonderful that he 
was at a loss to account for them at all. When 
he was in the United States recently he visited 


a good many steel works, and he noticed in some ' 


American mills that in rolling plates the great 
effort seemed to be to turn out quantity. Plates 
were put in at a good heat, and came out buckled, 
being afterwards rolled to straighten them. Some 
little time ago an American seller of machinery 
came to the Newburn Works, and endeavoured to 
sell a set of rolls for straightening plates, insisting 
that they were a necessary part of the plant of 
a plate mill. He was asked why they were 
necessary, as the manager did not see to what 
use they could be put. He said that they were 
absolutely required in order that the plates might 
be flat, but when he was taken to the mill and 
shown the plates coming from the rolls perfectly 
flat, he expressed some surprise, and said that 
that could not be done in America. The fact 
was that to roll plates without buckle involved 
a sacrifice of time, and that, it appeared, was 
what nobody could afford in America. If, how- 
ever, plates came out buckled from the mill, and 
had to be rolled to flatten them, they should 


* We reproduce this ‘on the present page, in Fig. 1, the 
full line representing the crack, the dotted line repre- 
senting the marks, 


be annealed afterwards, and that also took time. 
Mr. Spencer, continuing, said that he had been 
working at heat treatment for many years, and 
had long ago come to the conclusion that it 
|was at the root of the whole matter. There 
| were two points in the working of steel which 
|should be noticed. At a full red heat the 
|crystalline structure was transformed into an 
|amorphous structure, and in cooling down again 
‘it went back to the crystalline form. If an ingot 
| were taken and cut in two, and one part were 
‘heated until it became amorphous, it could then be 
_ hammered to any extent; but if the other part 
| were allowed to cool in the furnace, it became 
| crystalline, and was rotten under the -hammer. 
| There was no reason why steel should not be 
heated to any extent if it were dealt with imme- 
diately, either by rolling or hammering. If it 
| were allowed to cool in the open air, it would prove 
good material ; but if it remained in the muffle of 
the furnace, it became crystalline. 

Mr. C. E. Stromeyer, speaking as an engineer, 
joined with Mr. Milton in asking steel-makers how 
it was that material, which would stretch 25 per 
cent. under test, cracked when a very small elon- 
gation was set up in large plates. He thought that 
an explanation might be sought in compound 
stresses, about which, however, very little was 
known, except that mild steel was weaker under 
shear than under tension or compression alone— 
| shear being a compound of tension and compres- 
sion ; whether it was weaker under a compound of 
cross tension was not known. He believed that 
the cracking illustrated by Mr. Milton might be 
due to compound stresses in the interior of the 
plate ; and from his own experience he felt sure 
that the crack extended as far as the external 
depression. The fractures from the manholes 
showed that there existed compound shearing 
stresses in the plates. Mr. Stromeyer added that, 
owing to the shortness of time at the disposal of the 
meeting, he would not have spoken had it not been 
that he recognised as his own the diagram which 
accompanied Professor Arnold’s remarks (see Appen- 
dix iv. of Mr. Milton’s paper). This was given in a 
report not previously published, and Mr. Stromeyer 
explained that the lines marked 1, 2, 3, and 4 in the 
diagram represented fractures made either at the 
time of shearing-or when straightening ; whereas in 
the case of the lines at 7 and 8, marked ‘‘ new 
shear,” the boiler-shop shear had not created brittle- 
ness, the bend fractures starting from the line of 
drilled holes. The speaker continued that Professor 
Arnold must have misunderstood his views, for 
he did not believe in cracks being started by 
shearing and extending as time went on, his 
view being that, in certain qualities of steel, 
mechanical treatment, such as shearing, seemed 
to set up a brittleness which slowly travelled 
further into the plate, in the same way that 
toughened sulphur would slowly become brittle. 
His opinion was that the quality of slowly-growing 
brittleness was associated with a percentage of more 
than 0.05 phosphorus. The speaker then went on 
to mention two experiences with steel. An ingot 
of basic Bessemer steel was rolled into a plate and 
}cut up into about 50 test-pieces, of which a few 
| were at once bent cold, and also after tempering. 
| The results were quite satisfactory. After a week’s 
| waiting, some samples were punched for bending, 
but cracked from the sheared edges. He then bent 
| some unpunched, but sheared, samples taken from 
|near the first set, and found that they cracked 
|about 4 in. into the metal when only a very slight 
jcurvature had been reached, thus showing that 
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4 in. of the edges were brittle. Further bending 
caused the cracks to shear longitudinally—a fact 
which proved that the centre of the plate was still 
tough. The speaker illustrated the effect by a 
sketch on the blackboard, reproduced in Fig. 2. 
He then experimented with a piece of acid 
Siemens-Martin steel, cut from a boiler-shell 1} in. 
thick, the boiler having burst under hydraulic 
test. This was rolled down to ? in., and was at 
once sheared into a number of small strips. Four 
of these were at once bent, two to one side and two 
to the other, both at a normal temperature, and 
after being in a freezing mixture. They bent per- 
fectly double. Next day four others bent double, 








but cracked during the process. After a week’s 
waiting, the samples cracked before bending double ; 
and after waiting a month, the samples broke before 
a bend of 90 deg. was reached. 

Mr. A. Scott Younger said it was somewhat 
startling to find mild-steel boiler-plates behaving 
in the way described, as owing to the careful tests 
to which they were subjected before use, and to the 


improved methods of manufacture now adopted, 


engineers had become accustomed to regard boiler 
quality of steel with every confidence. The careful 
tests made of the manufactured plates seemed to 
show that the material was of good quality, judged 
by the usually accepted standards, and this confi- 
dence would be considerably shaken unless the 
reasons for these fractures were discovered and 
remedied. All engineers recognised the importance 
rightly attached to the chemical and microscopical 
analysis of steel, and the good work of Professor 
Arnold in this connection was well known ; but the 
fact that the investigations that had been made had 
failed to clear up the mystery seemed to indicate 
that the solution was being looked for in the wrong 
direction. The points which required to be ex- 
plained were two: firstly, that the fracture of the 
solid plate, away from the rivet-holes of the cir- 
cumferential seams, showed apparently that there 
was no ductility in the plate ; and, secondly, the 
apparent shortening of the plate after the fracture, 
and the distortion of the manhole. Mr. Milton 
had suggested that the second fact indicated the 
existenco of internal stress in the material ; in this 
respect the speaker thought the author was right. 
It was highly improbable, he continued, that the 
boiler plates, the chemical composition of which 
was defective enough to account for these fractures, 
could pass the tensile and bending tests, and then 
get worked up into a completed boiler without 
the defects being discovered; so that, without 
detracting from the value of Professor Arnold’s 
work, he did not think the solution was to be 
found in this way. It was evident, therefore, that 
it is necessary to look for some influence in the 
process of manufacture which would be competent 
to produce in the plate the internal stress, the 
existence of which was proved by the fractures, 
and it had occurred to him that this influence might 
be the use of too powerful hydraulic riveting- 
machines. 

In constructing a boiler of two strakes of plating, 
each ring would be bent round and connected 
by butt straps. The back end would then be 
riveted along the circumferential seam to the first 
ring ; and the second ring would then be riveted 
to the first, thus forming the shell; all the 
riveting would probably be done by the hydraulic 
machine. By this means almost every inch of 
these seams would be subjected to very heavy 
pressure, sufficient in many cases to compress the 
Pe. The speaker, in the course of his survey of 

oilers under construction, had observed that the 
press caused the planed edge of the plate to take a 
wavy form on the outside ;_ but on the inside of the 
row of rivets the metal was unable to flow, and 
must have had induced in it severe internal stress. 
If two narrow strips of plating, just the width of 
the lap and as long as the circumference of one of 
these boilers, were to be riveted in this way, there 
was little doubt that the pressure of the machine 
applied to every rivet would produce considerable 
elongation ; but there would be no internal stress, 
because the plate would be free to elongate. But in 
the case of a boiler, the width of the plate would 
prevent this elongation, and an internal stress 
would be set up whose intensity would depend on the 
pressure applied. When the boiler was completed, 
these stresses would be locked up in the shell- 
plates, the riveted laps would be under a compres- 
sive stress, while the solid plate between would be 
under a tensile stress the magnitude of which could 
not well be estimated. The application of the 
water test would take effect mainly on the plate 
between the laps, as the laps could not contribute 
any support to the plate between them until the 
compressive stresses set up by the riveting had 
been exceeded. That was to say, the plate between 
the laps would stretch an amount equal to the com- 
pression of the laps before the latter could contri- 
bute to their support. These stresses might 
gradually adjust themselves in the material with 
the working of the boiler, but would exist in their 
full intensity when the boiler was just completed. 
Mr. Milton had referred several times to the 
shortening of the plate after fracture, and this fact, 
the speaker held, was explained by the theory 
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he advanced, as the plate, having given way, was 
dragged apart by the compressive stresses on the laps 
being relieved. The material in a testing-machine 
was under quite different conditions to the material 
in a boiler. In testing, the piece would be carefully 
prepared to permit the material to stretch or flow 
when the yield-point was reached. A test-piece, 
however, could be prepared from ductile material 
to give almost no extension, and this would be 
approximately the condition with material worked 
up into a boiler. The speaker would not suggest 
that this theory completely explained the fractures 
referred to, but he believed the hydraulic riveting 
hadavery material influence in setting up the internal 
stresses and inducing fracture. He would suggest 
that a few experiments might be made to throw 
light on this matter, and it would be admitted that 
the importance of the subject would justify the 
expense. 

Mr. Milton here suggested that as only a short 
time could be devoted to the morning meeting, and 
there was another paper of great interest to follow, 
any further remarks speakers might have to make 
should be submitted in writing, and that he would 
also make his reply to the discussion in writing, to 
be published in the Transactions. 


Tse PeRFoRMANCE OF TURBINES. 


The next paper brought forward was ‘‘ A Com- 
parison of the Performance of Turbines and Recip- 
rocating Engines in the Midland Railway Com- 
pany’s Steamers,” the author being Mr. William 
Gray. This paper we shall print in full in an early 
issue, and meanwhile we may mention that the 
steamers referred to have already been very fully 
described in our pages.* 

Mr. James Denny, of Dumbarton, was the first 
speaker. He tvok exception to some statements 
made as to the dates in regard to which his firm 
made suggestions or put in hand turbines for the 
propulsion of vessels. He pointed out that the 
fitting of turbine machinery was only put forward 
as an alternative. The cross-channel steamer 
Queen ran her trials on June 10 and 12, 1904, and 
she was almost directly put on the station. Vessels 
with ordinary engines had made 20 knots, and 
when turbines were suggested another knot was 
added ; but, as a matter of fact, the speed attained 
was 21.5 knots with an air pressure in the stoke- 
hold of 0.8 in. The results were, therefore, in 
favour of the turbine. Though in some parts 
of Mr. Gray’s paper the results did not seem 
so favourable to the turbine as in others, the 
speaker would point out that the details were 
chosen for one purpose, and they were not 
consistent. Turbines, however, in bad weather 
on the Channel service, were found to main- 
tain the speed of the vessel more equally than 
the reciprocating engines, that being due to 
the fact that they did not race. There was no 
reason why the speaker should make a defence of 
the turbine, for the success of the vessels was due 
to Mr. Gray’s firm, they being built to specification ; 
whilst in regard to the turbines the success was due 
to Mr. Parsons’s firm, who supplied the machinery. 
Messrs. Denny did not take credit to themselves for 
the results attained. He considered that now Mr. 
Gray had discovered, from the logs of the vessels, 
that the Londonderry’s performance was not so 
satisfactory, he should put a scientific staff on board, 
and find how the superiority that should be due to 
the turbine had disappeared. He would promise 
that his firm would give all assistance. The figures 
which the author had given as to the consumption 
of water on the Londonderry and the Manxman did 
not agree with the results that had been arrived at 
by the speaker's firm. He would further point out 
that for financial reasons it had not been possible 
to give the Londonderry a greater power than 6000 
horse-power, whilst in the Manxman there were 8000 
horse-power. In the Londonderry the turbines, 
therefore, could not use all the steam the boilers 
could make, and he came to the conclusion that the 
increased speed of the Manxman was due to the 
larger propellers and turbines. 

Mr. Charles A. Parsons, who was the next speaker, 
said that the paper would be a landmark in the 
history of the application of the turbine to marine 
purposes. Messrs. Denny were the pioneers in 
this class of vessel. Mr. James Denny had studied 
the performance of the King Edward and the Queen 
Alexandra, and had come to the conclusion that the 


* See ENGINEERING, vol. Ixxviii., pages 423 and 499. 


turbines were more effective than reciprocating 
engines to an extent of 10 to 15 percent. The 
Brighton was found to be superior to the extent of 
15 per cent. at full power, and at ordinary speeds 
from 6 to 10 per cent. In H.M.S. Amethyst dif- 
ferent conditions were present, and it was known 


third-class cruiser had a low efficiency. The tur- 
bines had a high coefficient—the same as in the 
Londonderry—and there were also cruising turbines. 
Above 14 knots, in this vessel, the turbines were 
superior to the reciprocating engines. The efficiency, 
as compared to the latter, increased from nothing at 
13 knots up to 40 per cent. in favour of the turbines 
at the higher speeds. The data in the paper might 
not be complete, but every one would appreciate 
the difficulty of collecting information. So far as 
it went it was exceedingly valuable, as giving the 
first logs comparing turbines and reciprocating 
engines in actual service. There was a difference of 
pressure between the steam used in the Manxman 
and in the Londonderry, but he believed the turbines 
in both had the same efficiency. Experience had 


|shown that in larger vessels the turbines gave a 


better performance. This he accounted for by skin 
friction losses being greater with the smaller pro- 
pellers ; there was less skin friction per square foot 
of blade area as the size of the blade increased. 

Mr. W. J. Luke was of opinion that in consider- 
ing tank experiments the propulsive efficiency of 
the reciprocating engine and the turbine respectively 
should be taken into account. In the former the 
coeflicient of propulsion happened to be abnormally 
high, and it therefore made the actual performance 
of the turbine the more creditable. He thought 
that the results obtained with all the boilers in use 
showed that the propellers in the turbine vessels 
had passed their point of maximum efficiency. 

Professor J. H. Biles said that, in the case of the 
vessels containing turbine engines, the responsi- 
bility of the shipbuilder was not as great as usual, 
but lay between the Parsons Company and the 
Midland Railway Company. Therefore the credit 
or discredit, if there were any, due for the perform- 
ance of the ships, did not rest with the respective 
builders. The results showed that with larger ships 


that the ordinary triple-expansion engines with the | 


gave expression to the widely-entertained appre- 
ciation of the hospitality shown by the P. and O. 
Company. Sir Robert Ropner proposed the health 
of the chairman, and the company returned t> 
town in the special train placed at their disposal ly 
the company. 

CONVERSAZIONE. 

As already announced, the evening of Thursday, 
the 20th inst., was set apart for a conversazione at 
the Royal United Service Institution Museum, 
Whitehall, the Council of that Institution having 
kindly lent it for the purpose. This was a suc- 
cessful function, and was attended by a numerous 
company of ladies and members, and their friends 
including a number of naval officers. The some- 
what unusual course was followed of the reading of a 
paper as a feature of the proceedings. 





Accipents To SusMARINE Boats. 
This paper was by Captain R. H. Bacon, R.N., 
| the title being ‘** Notes on the Causes of Accidents 
| to Submarine Boats, and their Salvage.” The theatre 
| 


of the Royal United Service Institution was well 
filled, a large number of ladies being present. 
| Probably when they took their seats they did not 
| anticipate the proceedings would extend over so 
long a period as they did. Lord Glasgow occupied 
the chair at the commencement of the proceedings, 
but had to leave after a time to receive the guests 
| of the Institution, Admiral Sir John Hay after- 
| wards presiding. 

| We print Captain Bacon’s paper on another page. 
It had been arranged that there should be a discus- 
sion on this paper, and on the conclusion of the 
reading the chairman first called on Sir William 
White. 

| Sir William White, in response, said that he 
| agreed with the main conclusions of Captain Bacon, 
whose arguments against minute water sub-divi- 
sions he considered irresistible. He also shared 
the author’s objection to automatic appliances 
| which were supposed to close with certainty and 
suddenness in circumstances of danger ; more harm 
| than good would be done by their introduction into 
submarines. Fle regarded as unanswerable Cap- 
tain Bacon’s objection to the provision by the 





the turbines were more effective than with smaller Admiralty of salvage appliances on a large scale ; 
vessels, and he was not sure that the results obtained | accidents could not be dealt with in the manner 
with the Londonderry were not due to the smallness | contemplated by the supporters of an exten- 
of the turbine. The paper was written to give a| sive Government salvage plant. Anyone having 
comparison between the turbine and the compound | doubts on that point should read the opinions 
reciprocating engine. With large turbine-engines| on English practice recently expressed in French 
placed in the vessel, as in the Manxman, efficiency | papers. The many difficulties, leading to long 
was obtained in the increased form ; that was to| delay, experienced in salving the French sub- 


| 


say, advantage was taken of the weight saved to get 
additional power. 

Mr. Camp said that the information given in the 
paper would be more valuable if the displacement 
of the vessels and the indicated horse-power of the 
Antrim, the Donegal, and the Manxman were 
stated. He stiggested that better manceuvring 
powers would be obtained if two screws were used 
in place of three. He thought that now cargo 
vessels were increasing in size, owners would, per- 
haps, discard the reciprocating engine and take to 
turbines in conjunction with water-tube boilers. 
The objection to the latter was but a matter of 
prejudice. 

Mr. Gray, in replying to the discussion, said 
that the displacement did not enter into the 
question. The meeting was then adjourned. 


LUNCHEON ON THE P. anv O. Liver “ Inpra.” 

It was a happy inspiration which suggested to 
| Sir Thomas Sutherland, Bart., and the directors of 
| the Peninsular and Oriental Steamship Company, 
|the kindness to invite the members of the Institu- 
tion to luncheon on board their liner the India ; it 








|marine Farfadet, notwithstanding the favourable 
| conditions as to depth of water and proximity 
to the shore, had led French writers to speak 
in high terms of the English method of salvage. 
Continuing, the speaker said that he hoped Captain 
Bacon would add to what he had said that evening 
the facts he had elucidated as to the stability of 
boat A8 under varying conditions of load. The 
|information gave the history of the conditions 
affecting the submarine as she passed from the 
| position of awash to the diving position. The 
speaker had had calculations made, under condi- 
tions approximating as closely as possible to those 
of the A8, with the view to trace the loss of longi- 
tudinal stability as the vessel became immersed. It 
would be well understood that with a circular section 
and a longitudinal form of the submarine boat every 
inch of immersion introduced changes in the con- 
dition. This had been well shown by Captain Bacon 
in the figures he had formerly put forward., In 
the speaker’s view, calculations for stability more 
intimately concerned the naval architect, and 
were better made by him because of his familiarity 
with the subject. In the present case the calcula- 





was the only occasion on which the members so met tions were, he believed, made by the builders, but 
collectively. It was decided—and we think wisely | had been authenticated. Captain Bacon had re- 
—that instead of occupying one evening with a| ferred to two classes of accidents; one being through 
banquet, which, in such hot weather, was not likely | the admission of water into the interior of the boat, 
to be appreciated, the members should be left free | and the other through explosions. He (the speaker) 
to enjoy their evenings at will, the only ‘exception | thought there was a third. The inquiry into the 
being the conversazione. This arrangement was| casualty with the A8 confirmed his opinion that 


highly commended. The gathering on the India 
was therefore a compromise that was most accept- 
able, which was proved by nearly 250 sitting down 
under Sir Thomas Sutherland’s presidency, at 
2 o’clock on Thursday afternoon, to a luncheon 
characteristic of the traditions of the P. and O. 
Company in its appropriateness to the season and 
the occasion. Sir Thomas, in a facetious speech, 
proposed ‘‘ Success to the Institution of Naval 
Architects,” and the Earl of Glasgow, in responding, 





there might be a possibility of too rapid diving 
under certain conditions of draught and speed, and, 
perhaps, in certain accidental circumstances, owing 
to the very small longitudinal stability of the 
vessel, in passing from the awash to the diving 
condition. Evidence before the court martial 
supported that view, and he understood that the 
matter was being dealt with experimentally. The 
subject was not of a confidential nature, and he 
thought the Admiralty would do good service if 
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they placed the results of such experiments at the | from those of the same vessel when stationary. This | stream lines impinging on the upper surface of the 
disposal of the profession. The statical conditions| was a serious matter in relation to submarines | vessel was enormous. In the case of the French 


of a moving vessel were, it waswell known, different approaching the diving position. The effect of the boat, she actually dived to the bottom, and, 
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though the entry of water had something to do 
with the sinking, she was taking a very awkward 
dive at the time. He understood that the vessel 
began to descend with the scuttle imperfectly closed. 
There had been cases in America where vessels had 
gone to the bottom, not because they had any 
sensible amount of water in them, but because they 
dived. Captain Bacon had stated that in managing 
vessels with a small reserve of buoyancy, a very 
minute change of condition would mean foundering. 
lt would not, in the speaker’s view, be sufficient 
for the men in charge to have great skill, coolness, 
and courage; they must conform absolutely to 
certain instructions. He had never, however, met 
with perfect men ; there was a good deal of human 
nature in all, and a consequent liability to diverge 
irom instructions. 

Turning to the subject of leakage of petrol, the 
speaker pointed out that the author had said that 
it & properly-designed system leaks should be 
practically non-existent ; with that Sir William 

greed, but, unfortunately, leaks would occur with 
any existing system, and some escape of petrol 
would take place. In regard to the management of 
the boat, the use uf horizontal ruddeis, and the pre- 





cautions that should be taken to avoid any change 
in the longitudinal distribution of weight, these were 
matters concerning which instructions were not 
always fulfilled. If, therefore, anything could be 
done to give a larger margin of safety, and so cover 
the possibilities of human error, it would be a desir- 
able thing. Sir William White next referred to the 
question of reserve of buoyancy, and the de- 
formation of the vessel if sunk to great depths. 
He thought Captain Bacon had hardly emphasised 
the case sufticiently. Upon authoritative informa- 
tion he learnt that 800 lb. represented the reserve 
of buoyancy of a vessel of 200 tons displacement 
when in a diving condition. If anything were done 
to diminish the cavity which the vessel occupied in 
the water by only 800 lb. out of the 450, lb. 
of her displacement, she ceased to have even that 
reserve of buoyancy—less than-one-fifth of 1 per 
cent. That might be made up by increasing the 
structural strength, but, then, the greatest depth 
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necessity for very skilled management. The author 
4 had stated that with the A 8 the maintenance of full 
buoyancy when steaming fast would have prevented 
the water ever approaching the hatch 11 ft. above 
water-line. At the time of the accident the 
buoyancy of the vessel had been estimated at 13 
tons, which was the full buoyancy, excluding the 
conning tower. 

Captain Bacon here corrected the figure to 
15 tons. 

Sir William White accepted the correction, and 
said that Captain Bacon had estimated the buoyancy 
at 6 tons, which had been reduced by some un- 
known circumstances to 3} tons. The authorities 
were of opinion that this 6 tons of buoyancy, with 
the surface speed at 10 knots, should have been 
sufficient. The author had further stated that no 
increase in actual speed was obtained by a small 
increase in the reserve of buoyancy—say, from 
15 per cent. to 30 per cent. or 40 per cent. ; but, 
as far as the speaker could make out, the actual 
reserve of buoyancy would work out to about 
8 per cent. instead of 15 per cent. Sir William 
White next referred to the American monitors, 
which had 10 per cent. of buoyancy, and were not 
intended to be diving boats ; but, unfortunately, 
they sometimes became diving boats and disappeared 
altogether. In conclusion, he hoped that the 
author would supplement the paper aby adding 
information of a more technical character. The 
Admiralty, and those working for them, under 
Captain Bacon's direction, were omitting nothing 
in the way of precautions for securing the safety 
of the vessels. 

Professor Biles commented upon the clearness 
of the paper, which he thought was one that every- 
body could understand. It was a full description 
| of the principles underlying submarine boats. He 
| could not see that these vessels offered any mystery; 
there was nothing difficult about them. He had 
made a mental comparison as to the relative difli- 
culties with regard to submarine boats and battle- 
ships ; and it seemed to him, from Captain Bacon’s 
observations, that there was every hope of under 
standing existing submarines as well as larger and 
more complicated structures. While they were in 
process of development many matters in connection 
with submarine boats had been prudently kept 
secret by the Adiniralty. There were, however, other 
matters, not of a secret character, for persons with 
the necessary willingness and ability to consider—- 
such as the question of longitudinal stability under 
varying conditions of speed and of the sea through 
which the vessel was going. Probably this problem 
could only be solved by experience at sea; but in 
view of the risk of sinking involved, it might be 
well to carry out investigations on a smaller scale. 

Sir John Hay next called on the author to reply 
to the discussion. 

Captain Bacon said, in regard to the questions 








asked by Sir William White, that at the time of the 
accident to the A 8 the boat was supposed to have a 


contemplated would have to be considered ; if pro-| buoyancy of 9 or 10 tons, but, as a matter of fact, 


vision had to be made for occasionally reaching 


excessive depths, a very heavy hull would be 
necessary. This indicated the nicety of adjust- 
ment essential in vessels of the kind, and also the 


'she had only 6 tons. 
|6 tons of buoyancy, but was also 4 deg. by the 
|stern. This fact presented a difficulty, and he 


She not only started with 


could not see how the boat, being 4 deg. by the 
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stern, could be brought to the horizontal position | on the surface the action of the water on the fore part | intendent ; Mr. T. Mitchell, the Chief Constructor ; 


for diving without the action of some very large! of the boat did produce a very marked effect. ' and other officials. 


force. From model experiments it was known, 
horizontal position when they were steaming at 
the fairly high speed of 10 or 11 knots. Of the! 
four degrees by the stern, two could be accounted 
for by the knowledge that there was a tendency 
to change of trim to the extent of about two 
degrees ; that still left 60 foot-tons required force, 
and the only way at the time to get that 60 foot- 
tons was by the use of the horizontal rudder. 
Taking the pressure on the rudder at 1} tons, and 
multiplying that by about half the length of the 
boat, gave about 75 foot-tons to bring the boat to 
the diving condition ; 60 foot-tons were wanted to | 
bring her to the horizontal, which left 15 foot-tons, 
or half a degree for diving. As he had said in his 


evidence, the water-line was changed so rapidly for 
every ton of the boat immersed that he could only 
imagine she had been brought down from 6 tons to 
3 tons of buoyancy. Then the moment of change of | 
trim would have changed from 33 foot-tons to 11! 
foot-tons, and that would easily account for what | 
occurred, So far as he could see, the water pro- | 





Mr. Corner, the Chief Engi- 


Once, however, the boat was got under water, the | neer, was, unfortunately, prevented from attending 
that the boats had a tendency to assume the| effects were not important; in that case also no/|in consequence of recent illness, from which every- 


difficulty was experienced in steering, and, so far | 


as he could see, there was no tendency fur the boat 
to dive abnormally with the highest inclination 
used in practice—about 10 deg. 


Referring to the Porpoise, Captain Bacon said | 
| J. Orlando, of Leghorn. 


that this vessel sank through the amount of water 
she had in her. It was a common practice of the 
Americans to carry a little tank—thus robbing the 
buoyancy—and when they wanted to dive they let 
the boat actually begin to sink, and then blew out the 
water from the tank. Unfortunately, on the occasion 
when the Porpoise sank, they were not quick enough. 
Sir William White had insisted on the need for great 
care. That, the speaker said, was so, but there was 
really no difficulty in being careful ; there were a 
few fixed rules, and it was not easy to go wrong. 
The danger was rather in going to extremes, and 
over-drilling the officers. He could not see any 
occasion for the men to change their position in 
the boat ; there was no more difficulty in sitting 
still for three hours in a submarine than in a rail- 





one will be glad to hear he is satisfactorily recover- 
ing. Amongst the members who made the trip 
were Lord Brassey, Captain Fujii, of the Imperial 
Japanese Navy, Professor Biles, Mr. Cornish and 
Mr. Milton, of Lloyd’s, Mr. H. F. Swan, and Signor 


The visitors were taken round the yard partly on 
foot and partly by the dockyard train. The first 
objects of interest were three submarines in dry 
dock, so that there wasa good opportunity of seeing 
the whole of the exterior of vessels of the most 
recent type added to the Royal Navy. In another 
dry dock close by was seen one of the submarines 
that has been sunk (unintentionally) and re- 
covered. Another interesting feature, to examine 
which the visitors would have been glad had more 
time been available, was No. 5 slip, at the 
north-west corner of the dockyard, close by where 
No. 9 dock, in former days before it was filled in, 
afforded accommodation for the torpedo-boat flotilla 
as it then existed. This slip has been recently 
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bably entered one of the fore petrol tanks ; that 

seemed to him the only reasonable explanation, 

and, though difficult to account for, was a possi- | 
bility. Not only would water entering the boat | 
reduce the buoyancy, but it would reduce the | 
forward moment which tended to bring the boat | 
on to an even keel. He thought that was what | 
Sir William White had made reference to. The| 
speaker stated that model experiments were being | 
conducted to investigate the point, but it was not 
possible yet to discuss the results, inasmuch as, so 
far, they had difficulty in getting the model to corre- 
spond with the actual vessel. The experiments were, 
however, in a forward state, and, if the conditions as 
to change of trim and tendency to dive could be 
paralleled, there was every hope that the results 
would shortly be obtained. The longitudinal 
stability was not the same when the boat was at 
rest as when it was under way, and the 33 foot-tons 
force above alluded to would fall to 24 when the 
vessel was steauing at about 10 knots. Captain 
Bacon referred to several other considerations 
affecting the difficully in making model experiments 
under exactly similar conditions to those which 
prevailed in actual sence Among other points 
which Sir William White had raised was the ques- 
tion of the boat diving further when under water 
—that was to say, diving abnormally deep. The 
speaker thought that Sir William had rather exag- 
gerated that chance. It was true that when running 





way train. The petrol tanks were all made to 
withstand a pressure of 2000 lb. to the square inch, 
whereas the normal working pressure was 1000 Ib. ; 
certainly, therefore, there should not be any leak- 
age. He contended that the white mice did not 
detect petrol, but they did detect carbon monoxide, 
and that was an important thing. Any alteration 
in the reserve of buoyancy could be at once cor- 
rected if the mean inclination at which the beat 
was running were observed. 

A vote of thanks to the author brought this part 
of the proceedings to a close ; and those who had 


|attended the reading and discussion of the paper 


joined the rest of the company in the discussion 


|of objects of a less (intellectually) substantial 


nature. 


Visit To PortsMouTH. 





On Friday, July 21, the summer meeting for | 


1905 was pleasantly brought to a close by a visit 
to the Royal Dockyard at Portsmouth. About one 
hundred members of the Institution, under the 


leadership of Lord Glasgow, travelled down by | 


a special train, which steamed into the dockyard, 
the visitors alighting at the south jetty. Here 
they were received by Captain F. R. Pelly, R.N., 
the Captain of the dockyard, representing the 
Admiral-Superintendent, who was away on leave, 
and the officials of the dockyard, including Mr. 
L. G. Davies, Civil Assistant to the Admiral-Super- 












reconstructed, in order that it may be suitable for 
building the new battleship Dreadnought. The 
party were taken on board the Renown, now 
being fitted for the voyage of the Prince and 
Princess of Wales to the Hast, and were shown 
the Hindustan, and the Britannia. The new steam 
factory—a capacious red-brick building just com- 
pleted—is to be fitted with modern machine-twols, 
to be electrically driven in groups, excepting 
the larger tools, which will have their own separate 
electric- motors. The old steam factory will be 
appropriated by the constructors, who will be 
turned out of their present quarters to make room 
for dockyard extensions. ‘The erection of these 
new machine-shops for the engineering department 
is a departure long needed, and will not only re- 
move a reproach of long standing against our naval 
administration, but should lead to a considerable 
saving of public money, to say nothing of putting 
an end toa source of weakness. in case we should 
be involved in war with an important naval 
combination. 

After viewing these and other objects of interest 
the party proceeded to the new building which is to 
be used as a cable store, and is situated near the 
south railway jetty. By means of a liberal use of 
bunting this had been converted into a pleasant 
luncheon-hall, where an excellent meal was serve. 
Lord Glasgow occupied the chair ; the Commander- 
in-Chief, Admiral Sir A. L. Douglas, Flag-Captain 
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R. F. Phillimore, Captains F. R. Pelly and F. T. 
Hamilton, Flag-Lieutenant C. France-Hayhurst, 
and Mr. Forsey, Secretary to the Admiral-Super- 
intendent, being guests of the Institution. 

After lunch, members were shown over the 
Royal yacht Victoria and Albert; and afterwards 
returned to town by the special train. 

For the use of members the officials of the dock- 
yard had prepared an excellent little guide, con- 
taining a good deal of interesting information, and 
accompanied by a plan of the dockyard. From this 
it appears that during the last ten years thirteen 
ships of the fleet have been built and completed, 
and eleven have been completed only at Ports- 
mouth. Among the vessels built are seven first- 
class battleships (the Majestic, Prince George, 
Cesar, Canopus, Formidable, London, and New 
Zealand) ; two first-class cruisers (the Kent and 
the Sussex), and three second-class cruisers. The 
Britannia is also now completing in the yard, where 
she has also been built. 

We reproduce on page 110 the sketch plan 
which accompanied the little guide, as it is not 
only of present interest, but may serve as a 
guide to those who in years to come may wish to 
compare future progress. We also extract a few 
historical details from the same source ; and al- 
though some of these may have been previously 
published elsewhere, they will be of interest in 
connection with our present subject. 

The semaphore tower, which forms a distinguish- 
ing feature of the water front, was used before the 
days of electricity to convey messages between the 
dockyard and the Admiralty at Whitehall, there 
being, of course, a series of stations on the route. 
Daily (excepting, we conclude, in case of fog) at 
one o'clock the fall of the time-ball at Greenwich 
was communicated, the time occupied being less 
than half-a-minute. The last message was sent on 
December 31, 1847. : 

The Admiral-Superintendent’s offices, well known 
to every one who has visited the yard, form the 
centre of an almost quadrilateral area of just over 
eight acres. ‘This formed the original dockyard in 
1540, during the reign of Henry VIII. During the 
Commonwealth, in 1658, two acres were included on 
the east side, and during the reign of Charles II. 
there were added 18 acres; eight in 1663, on the 
south side, and 10 in 1677, on the east. William IIT. 
added 10} acres on the north side, beginning what 
was apparently the first reclamation of mud land, 
the northern boundary of the previous area having 
been theshoreline. The reclamation then begun ap- 
pears to have been completed in 1710, during the 
reign of Queen Anne. In 1723 George I. extended the 
reclamation in the same northerly direction, adding 
19 acres. In 1790 George III. completed the 
northern portions of the yard by a further addi- 
tion of 5} acres. On the south and south-east 
sides of the dockyard a line of fortifications appears 
to have existed, which were afterwards demolished, 
and in this direction land was from time to time 
added to the yard, until the southern part extended 
up to the existing boundary wall, built in 1711, in 
which the main gates are situated. From 1793 to 
1843 there appears to have been no alteration in the 
outline of the dockyard ; but on the introduction 
of steam navigation, increased accommodation was 
required, and in 1843 a purchase was made of 5} 
acres of property, and about 124 acres of mud 
land were reclaimed ; this part of the yard was 
completed in 1848. In 1864 was commenced 
the work now known as the dockyard exten- 
sion, which included the absorption of about 84 
acres of land occupied chiefly by old fortifi- 
cations, and the reclamation of about 93 acres 
of mud. This extension gives the dockyard 
at the present time an area of altogether about 293 
acres. From time to time during the last 40 years 
jetties have been constructed beyond the retaining 
walls, the latest being along the length of the north- 
west wall ; this, together with the dredging of the 
harbour, provides berthing and anchorage accommo- 
dation not only for a large number of vessels, but 
for the deepest draught ee of the Royal Navy. 

The visit to Portsmouth brought a very success- 
ful meeting to a close. Throughout the proceedings 
were carried through without mishap or delay ; and 
the officials of the Institution fully maintained the 
excellent record that has been established for these 
meetings in times past. 








BraziLian Rariways.—The first sod has been turned of 
& new railway in north-western Brazil. The line will 
traverse some rich districts in the State of San Paulo. 


COTTON-GROWING IN THE BRITISH 
EMPIRE. 


Ir is barely three years since the British Cotton- 
Growing Association was formed, and although until 
recently funds for carrying on its work were difficult 
to obtain, considerable progress has been made. The 
jincreased consumption of cotton by the American 
mills, which are rapidly growing in numbers, especi- 
ally in the Southern States, the shortage in the cotton 
crop which occasionally occurs, and the possibility of 
the market being ‘‘ cornered” at any time, form sufii- 
cient reasons for an attempt being made to grow cotton 
in our own Colonies, and thus become independent of 
the United States as a source of supply. It has been 
known for some time past that cotton was—and could 
be still further—grown in West Africa, Central Africa, 
the West Indies, Australia, &c., to say nothing of the 
two large producing districts in Egypt and India. It 
has been the aim of the Association to extend the 
districts under cultivation, and at the same time in- 
crease the value of the cotton as regards strength, 
elasticity, average length of fibre, and cleanliness. i 
petus was given to the scheme by the granting of the 
Royal Charter, and the continued effort made through- 
out Lancashire. Of course, it is quite right and proper 
that the county which is the home of the cotton 
industry should contribute largely to a scheme which 
is intended primarily to help it forward ; but it must 
not be forgotten that in helping the Cotton-Growing 
Association that we are benefiting not only Lancashire, 
but our Colonies, and consequently Great Britain. At 
the present moment there are on exhibition, at the Im- 
perial Institute, London, samples of raw cotton grown 
in various parts of the Empire. This exhibition has 
been arranged with a view to interesting a wider circle 
than could possibly be reached if it had been held in 
Manchester, for instance. Lancashire knows and 
appreciates the efforts being made; and it is thought 
that the time has now come for those not connected 
directly with the industry to help it forward. 

Although small, the exhibition has been well 
arranged, and will appeal to the veriest tyro. Raw 
cotton from several of our Colonies is shown, and 
particulars are given which tell of the length of 
staple (by which is meant the average length of the 
cotton fibres), the production, and the commercial 
value per pound. Several large diagrams, maps, and 
photographs illustrate clearly the districts under 
cultivation and the nature of the country. In addi- 
tion to the exhibits of raw cotton, there are, in con- 
junction with a number of clear diagrams of the 
various machines, samples of cotton as it appears 
after undergoing each process in its progress from raw 
cotton to finished yarn. 

The possibility that we may ultimately be in posses- 
sion of vast tracts of country devoted to the cultiva- 
tion of cotton has stimulated enterprise in another 
direction. We refer to the construction of the 
machinery required for ginning and baling purposes. 
Before cotton is shipped to this country the seeds 
from and around which it grows are removed, and the 
‘* lint ” cotton is pressed into bale form, being subse- 
quently transported to the nearest port. The machine 
employed to free the cotton from the seeds is known 
as a “gin,” and there are several examples shown at 
the Imperial Institute. The ginning and baling plants 
are located on or near the cotton plantation, and 
recently we had the opportunity of inspecting one 
before its exportation. 

There has been a growing tendency amongst cotton 
machinists to connect various machines, so that hand- 
ling of the cotton in the various processes is mini- 
mised. This principle has been applied to the machi- 
nery mentioned above, which has been designed and 
constructed by Messrs. Dobson and Barlow, Kay- 
street Works, Bolton, and intended for use at Lagos, 
West Africa. This machinery will be arranged in 
a factory as shown in Figs. 1 to 4, on page 108. 
The tropical nature of the country has been taken 
into account; and as provision against the climate 
and insect pests, iron has been used wherever pos- 
sible. In the operation of the plant under review, 
the seed-cotton will be brought from the fields by 
cart, which will be drawn up underneath a telescopic 
tube. By means of an induced draught the seed-cotton 
will be drawn up the tube, and delivered to the battery 
of gins (Fig. 5). When cotton enters a gin it falls 
behind a grid, between the bars of which a series of 
saw-edged discs project. The discs are mounted on a 
shaft, which is rotated at a high speed. The saw- 
teeth catch hold of the cotton and draw it through 
the grid, the bars of which are set closely together to 
prevent the seeds ing through with it. The 
cotton is consequently separated from the seeds, and 
is subsequently stripped from thesaws. In the present 
case it will be drawn by induced draught into the tube 


shown in Fig. 5. The gins comprising the battery 
shown have seventy discs of 10 in. in diameter each. 
One of the type is shown in Fig. 6. The seeds fall 


down a shoot into a Te ge conveyor, and can be 
delivered where required. The lint cotton is drawn 


denser (Fig. 7), which comprises a perforated bed or 
table, over which the cotton passes, and a revolving 
wire-drum with open ends. The air which has 
hitherto carried the cotton along escapes at the sides 
of the drum, from which the cotton is subsequently 
stripped by means of a flap-roller. The cotton falls 
down the slide shown on to the cotton floor (Figs. 1 
and 4), from which it is fed through openings into one 
or the other of two twin bale-presses. These presses 
run on rails so arranged that either can be over a 
powerful hydraulic ram placed as shown in Fig. 4. 
The object of using twin bale-presses is simply that of 
economising time. When one press is full its contents 
are compressed by the ram while the other press is 
being filled, and so on alternately. 

In Figs. 1, 2, 3, and 4 will be seen a section and 
plan of the building and plant as it is intended to erect 
it at Lagos. The building is of steel throughout, and 
is to be 70 ft. long by 24 ft. wide by 20 ft. high to the 
eaves level, and constructed with a ridged roof over- 
hanging 8 ft. at one end. A baling floor will be 
arranged over three bays at a height of 5 ft. 6 in., and 
a cotton floor over that at 13 ft. from the ground level. 
The plant is to be driven by a 125-brake-horse-power 
oil engine, which will be located in a building 27 ft. 
long and 27 ft. wide, with the roof overhanging at one 
end a distance of 14 ft. 9 in., making a total length 
of roof of 41 ft. 9 in. The engine, which will run at 160 
revolutions per minute, has a single cylinder and two 
fly-wheels, each 8 ft. 3 in. in diameter by 10} in. wide, 
and one driving pulley 78 in. in diameter and 33 in. 
wide. An oil storage tank to contain 1850 gallons of 
oil, and 12 galvanised water tanks, each 8 ft. high, and 
averaging 4 ft. in diameter, will also be provided. 

It has been computed that the battery of gins will 
produce 40 bales of cotton of 400 lb. weight each per 
working day of 10 hours. The bale-press will be 
fitted with a 12-in. cylinder, and worked by one set 
of four-throw hydraulic power pumps, having two rams, 
each 3in. in diameter, by 4-in. stroke, and made for an 
ordinary working pressure of 24 tons per square inch, 








TRAVERSER FOR THE WESTERN 
RAILWAY OF FRANCE. 

Tue Western Railway Company of France has re- 
cently adopted a new type of traverser, which we illus- 
trate by Figs. 1 and 2, on page 109. One of these has 
recently been installed in the company’s Paris terminal 
station at Montparnasse, and another at the Mans 
station. They present some interesting details in con- 
struction, as well as in general arrangement, and will 
shortly be adopted as a standard on the company’s 
system. Not only are they light and strong, easy of 
manceuvring, and requiring no sunk ways to travel 
on, but they are designed to transfer rolling-stock 
from one curved track to another. 

At the Montparnasse station the rails on which the 
traverser runs are laid with a curve of 180 metres 
(590 ft.) radius; that at the Mans station travels 
over two straight tracks connected by a curve of 
90 metres (293 ft.) radius. The necessity of employ- 
ing curved tracks involved difficulties which have 
been overcome in a very ingenious manner, as will be 
seen from the illustrations and following description. 

The dimensions of the traverser are sufficient to 
receive carriages or wagons with axles 8 80 metres 
(28.85 ft.) apart; the length of the rails on the 
table is 9.17 metres (30.1 ft.), not including the 
spring rail-ends that form inclined planes, up which 
the vehicles pass. In order to reduce toa minimum 
the depth of the longitudinal girders carrying the load, 
and, consequently, the height of the table above the 
normal tracks, the traverser runs on three sets of rails, 
the carrying wheels being 340 millimetres (13.37 in.) in 
diameter. There are three rows of these wheels, one row 
to each carrying girder. The outer carrying rails are 
laid double, as shown in Fig. 1, and the carrying 
wheels are of the form illustrated ; as will be seen, 
those at one end have a central flange and a bearing on 
each of the rails. Each row of wheels is mounted on 
the same plate, 600 millimetres (23.6 in.) in width by 
50 millimetres (1.97 in.) in thickness; these plates 
form a bearing for the longitudinal girders of the 
traverser. 

As will be seen from the illustrations, two of these 

lates, the central and one outside, are extended 

yond the table for a platform, to carry the oper- 
ating mechanism, and a shelter is provided for the 
man controlling the traverser; this auxiliary plat- 
form is supported on small wheels running on the 
traverser tracks. Belleville springs are introduced, 
as shown, between the bearings of the shafts on which 
the traverser wheels are mounted and the before- 
mentioned frame-plates, and the structure is capable 
of supporting a load of 30 tons. 

The small platform just referred to carries, besides 
the controlling mechanism, a winch employed not only 
for drawing the wagons from the main tracks or 
sidings on to the table of the traverser, but also for 
moving carriages about the station, an operation pre- 
viously effected by horses. The motive power is 








along the exhaust-tube, and is delivered to a con-' 





electric, and a continuous-current motor is employed 
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the current is taken at the Montparnasse Station 
through two trolleys running on an overhead line; at 
‘Mans the arrangement is somewhat different, the most 
convenient means at hand in each case having been 
adopted. At Montparnasse the generator is a Farcot 
compound-dynamo with four poles, furnishing 11 kilo- 
watts at 120 volts at from 650 to 750 revolutions. At 
Mans a Dulait generator is employed, giving 15 kilo- 
watts at 200 volts, and a speed of 900 revolutions. 

Power is transmitted through a train of gearing, 
reducing the speed in the proportion of 10 to 1, oak 
by means of a clutch, connection can be made with the 
winch or the traverser mechanism ; one lever suffices 
for throwing these in or out of gear. A Thomson- 
Houston magnetic controller is employed, with an 
electric brake and current-reverser, for operating the 
motor and the direction of travel. Only one line of 
driving-wheels is required to drive the traverser ; 
these are not mounted on the same shaft ; the latter, 
which is made in five sections, is coupled with clutches, 
so as to ensure sufficient elasticity. The motor is 
connected to the shaft by a pitched chain, and the 
proportion of the gearing is such that the driving- 
wheels make one revolution to fourteen revolutions of 
the motor. 

The working speed of the traverser at Montpar- 
nasse is 0.90 metre per second (2.95 ft. per minute), 
and at Mans it is 1.15 metres (3.77 ft. per minute). 
The gearing on the winch employed to haul the 
wagons on to the table of the traverser is on what 
is known as the Bonnafous system ; the only special 
feature it possesses lies in the arrangement of the 
friction driving clutch, in which two discs are held to 
each other and to the casing in which they are en- 
closed by means of springs that yield in the presence 
of any excessive strain. For a vehicle weighing 28 
tons, a pull of 4500 1b. is sufficient to overcome the 
resistance offered by the inclined planes of the tra- 
verser. In order to absorb the shock arising from 
a sudden tractive eflort, the driving disc of the 
gear is so mounted on the shaft that, by means of 
springs, it has enough elasticity to turn through 
one-fortieth of a revolution before it takes up the 
strain. The hauling cable employed is of seal, and 
space is provided for storing a length of 100 metres, 
which is found sufficient for all station requirements. 

The operation of the traverser is very simple ; it 
involves the service of two men—one controlling the 
mechanism in the cabin, and the jother executing the 
various mancuvres outside. These consist in locking 
the traverser in position, atuaching the cable to the 
vehicle to be shifted, and securing it to the table after 
it has been hauled into position by means of the 
winch. When this has been done the man in the cabin 
Starts the traversing mechanism, and the whole is 
shifted to the proper position for placing the vehicle 
on to th other track. Of course, the operations of 
locking and unlocking the carriage.and the traverser 
have to be performed in a regular sequence. 

The special arrangements that were made to adapt 
this type of traverser to the curved tracks of the 
Montparnasse station are of interest. It was necessary 
to curve the tracks carrying the traverser, the centre 
one having a radius of 180 metres (590 ft.). The 
diameters of the three rows of wheels vary according 
to this radius, increasing from the inner to the outer 





track ; moreover, the wheels are not in the same 
plane, being shifted laterally to suit, the radius of the 
curve. 

At Mans this detail presented greater difficulties, as 
there the traverser runs on two straight lines con- 
nected by a curve, so that the wheels had to pass 
from a cylindrical to a conical movement, and back 
to a cylindrical movement. A connecting curve of 
90 metres (295 ft.) radius was selected for the middle 
rail, because the development of the inner and outer 
rails had lengths proportional to the diameters of the 
tread and the flange of the carrying wheels respec- 
tively. An extra rail was laid close to the centre 
rail, but with its head somewhat lower, and the 
middle row of wheels, instead of being cylindrical, 
were formed with shallow flanges. In order to obtain 
the conical movement in going round the curve, the 
inner row of wheels is free to roll on the tread, while 
the middle and outer rows roll on their flanges. A 
third rail is added to the outer track, also at a some- 
what lower level, and inclines are provided at each 
end of the curve to lead the middle and outer rows of 
wheels upon them, the higher rails serving as guards ; 
as soon as the curve is passed, all the wheels resume 
their normal bearings upon the treads. 

Traversers of the type described are found to be 
very economical in working ; they weigh 16.5 tons, 
and the speed of travel is about 0.80 metre (2.62 ft.) 
per second. The design of this traverser is due to 
M. Dubois, engineer of material and traction to the 
Western Railway of France, under the direction of 
M. Sabouret, engineer-in-chief of the same department. 








TRAMWAY RAIL-GRINDER. 

WE give above an illustration of the Brown and 
Crosta tramway rail-grinder, a machine to which we 
made reference in our notice of the Electric Railway and 
Tramway Exhibition, published in our issue of the 14th 
inst. As will be gathered, it consists of a truck which 
runs on the tramway rails and carries the mechanism. 
The vehicle may be propelled by a petrol motor, or by 
electricity taken from the tramway conductor. The 
object of the machine is to grind out irregularities in 
the rails of tramways or ordinary railways, and it is 
particularly suited for levelling the ends of rails at 
their joints. Carborundum wheels are fitted as shown 
in the illustration, and are carried in a compound 
slide-rest, so that they can be brought into the re- 
quired position for operating on the rail. The driving- 
shaft of the motor is coupled to the axle of the 
grinder by means of a flexible shaft with suitable 
couplings, thus allowing the wheel to be moved as 
desired. 

A milling cutter is fitted on the forward part of 
the carriage ; this can be lowered to operate on the 
slot of the conduit when an underground conductor 
is used. In all conduit tramways there is a possi- 
bility of the sides of the slut being forced inward by 
heavy traffic on the elastic surface of the roadway, 
or by the expansion either of the metal-work or of the 
ral in hot weather. If from any such cause, or from 
injudicious repair to the roads, the conduit should 
have become too narrow for the free passage of the 
plough, it may be readily milled or ground out to the 
proper size by the machine we illustrate without dis- 
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turbance of the permanent way. There isalso a flexible 
shaft forward, which carries a drill. 

The machine was exhibited at the Tramways Exhi- 
bition by the Railway and General Engineering Com- 
pany, of Nottingham. 








Tuer IRon AND Steet InstiTuTe.—In the course of the 
Sheffield meeting of the Iron and Steel Institute, to be 
held from September 26 to 29 inclusive, the following 
papers will be read:—‘‘On the Metallurgical Depart- 
ment of Sheffield University,” by Professor J. O. Arnold. 
** On the Thermal Transformation of Carbon Keels,” by 
Professor J. O. Arnold and Mr. A. McWilliam. ‘‘ On the 
Nature of Troostite,” by Dr. Carl Benedicks (Upsala). 
**On the Occurrence of Copper, Cobalt, and Nickel in 
American Pig-Irons,” by i E. D. Campbell 
(Ann ‘Arbor, Mich.). **On Pipe in Steel Ingots,” by 
Mr. J. E. Fletcher. ‘‘ On Steel for Motor-Car Construc- 
tion,” by Mr. L. Guillet (Paris). ‘‘ On the Presence of 
Greenish-Coloured Markings in the Fractured Surface 
of Test-Pieces,” by Captain H. G. Howorth, R.A. ‘On 
Over-Heated Steel,” by Mr. A. W. Richards and Mr. 
J. E. Stead, F.R.S. ‘‘ On Segregation in Steel Ingots,” 
by Mr. B. Talbot. ‘‘ Ona Manipulator for Steel Bars,” 
by Mr. Douglas Upton. ‘‘On Machinery for Breaking 
Pig-Iron,” by Mr. Cecil Walton. ‘On the Influence of 
Carbon on Nickel and Iron,” by Mr. George B. Water- 
house (New York). A number of visits to the works in 
Sheffield and district have been arranged. 


THE Barton-Rawson ArrsHip.—On Saturday after- 
noon last, the first public ascent of the above airship was 
made from the grounds of the Alexandra Palace. In its 
present form the airship consists of a cylindrical balloon 
with blunt parabolic ends, carrying a bamboo skeleton 
car suspended beneath it. The balloon, made by Messrs. 
Gaudron and Spencer, is of silk, 180 ft. long, 40 ft. 
in diameter, with a capacity of 200,000 cubic feet 
inflated with hydrogen. The car is 127 ft. long and 
18 ft. high. A number of triangles, made of stout 
bamboo poles lashed together, are connected by _hori- 
zontal bamboos passing through the corners of the 
triangles. The apexes of the triangles are downwards, 
so that the lowermost bamboo stringer forms a sort of 
keel. Along the interior of the triangles a platform runs 
from end to end of the car. Near each end of this deck 
is placed a four-cylinder petrol motor of 50 horse-power, 
each motor being connected by belts to two propellers. 
carried on brackets one at the side of the car opposite the 
motors. The four propellers are two-bladed, 7 ft. in 
diameter, with a fine pitch, and are driven at about 
1000 revolutions per minute. A rudder 18 ft. high by 
12 ft. 6in. long is fixed at the rear, and four small movable 
aeroplanes, two forward and two aft, are provided for the 
purpose of causing the airship to rise or fall. Water tanks 
at each side, fore and aft, permit the trim of the vessel 
to be altered. The total weight of the airship is about 
14,000 Ib. Mr. A. E. Gaudron took entire charge of 
getting the unweildly thing out of the shed in which it 
was housed, and directed the assistants, many of whom 
were volunteers from among the spectators, with great 
skill. He subsequently acted as aeronaut-in-charge. Dr. 
Barton, who was en oy in taking observations ; Mr. 
F. L_ Rawson at the he m ; and Mr. Henry Spencer and 
Mr. Newton driving the engines, constituted the rest of 
the crew. The vessel rose without mishap, but seem 
quite unable to make any progress in face of the slight 
breeze blowing. She turned her direction several times, 
but was all the time drifting to leeward until lost to sight. 
The crew finally landed safely at Romford, in Essex, 
about 16 miles distant. 
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WE illustrate on the present page Turner’s auto- 


matic point-controller, which wasexhibited at the recent | the mechanism between the crank-box and the rail. | 











| order from any cause. Fig. 3 is a section illustrating 
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| THE LOWNE VACUUM ENGINE. 


A SIMPLE and inexpensive form of motor for low 
powers, applicable for working light machinery, such 
as sewing-machines, churns, pumps, dental machi- 
nery, small lathes, &c., has been brought out by Messrs. 
Hardy and Padmore, of Worcester, and is illustrated 
by us below. The engraving is a reproduction 
from a photograph, and shows very clearly the ex- 
ternal construction of the motor. The principle 
involved in the engine is simple. Through a suitably- 
arranged valve a flame is drawn into the cylinder 
during about the first half of the stroke. The valve 
is then closed, and the flame burns out in the cylinder 
during the remainder of the stroke. The water in the 
cylinder jacket cools the hot gases, and a partial 
vacuum is formed, the return stroke being made by 
the pressure of the atmosphere acting on the exposed 
face of the piston. The operation is then repeated, 
so that it will be seen that the engine receives an 
—— each revolution. 

n construction the motor is very simple, and con- 
sists of a cylinder, which is mounted vertically on cast- 
iron standards. An accurately-turned brass tube forms 
the piston, to the bottom end of which an eye-piece is 
attached, which takes the end of the connecting-rod. 
On the bottom end of the piston a tightly-fitting brass 
ring is also fixed, which works between slides formed 
on the vertical standards. This arrangement forms a 
guide for the piston. The upper part of the cylinder 
of the motor is reduced in Mewsitee, and is extended 
to the top of a conical hood that envelops it. It 











Electric Tramway and Railway Exhibition, held at the | box, and shows the point with the spring for bringing | 


Agricultural Hall. Fig. 1 is a general view showing a 
car in position, with the overhead gear and the box 
marked B, which contains the actuating mechanism 
to work the points. Fig. 2 illustrates a section through 
the box B showing the solenoids used for moving the 
contacts. The apparatus was exhibited at the Exhi- 
bition by Messrs. 8S. Dixon and Son, Limited, of Leeds. 
The points are worked by means of electro - magnets 
arranged in a box B placed at the side of the road. 
On the overhead wire there are two switches, as 
shown in Fig. 1, marked respectively U and V. They 
consist of metal castings, and are insulated from the 
trolley-wire. The actuating switch, by which the 
points are moved, is placed about 40 ft. in advance ; 
the other switch, known as the ‘‘ reversing switch,” 
being placed immediately past the junction. These 
switches take current by separate wire from the main, 
and are severally connected by wires to the magnets 
Qand R. On acar approaching the switch the trolley- 
wheel is guided out of contact with the wire and runs 
by its flanges on the actuating-switch. Current is there- 
fore taken through the flanges and to earth through 
the propelling motor so long as the controller is kept 
on. To operate the points, the driver keeps his current 
on by the motor-controller, thus completing the circuit ; 
but if it is not required to move the points, the motor 
is shut off by the controller, and the car goes through 
the actuating-switch ; the circuit not being completed, 
no current passes, and the point is therefore not 
moved. The method by which the points are worked 
is as follows :—There are two electro-magnets Q and R 
(Fig. 2), which form a relay, and there is a larger 
magnet B,, which does the actual work of moving the 
points. When the apparatus is not in use, the point 
is held in one position by a spring (Fig. 3), but the main 
solenoid B, is sufficiently powerful to pull the points 
over against the reaction of this spring, and to hold 
them there while the car ison the junction. One sole- 
noid of the relay turns the current into the main sole- 
noid ; the other releases the current, and allows the 
spring to replace the points. The second, or reversing, 
switch is for the purpose of working the electro-magnet 
of therelay which shuts off the current from the large 
magnet. There is an emergency hand gear for use in 


case of the magnetic appliances failing or being out of 





it back into its normal position. 








‘“*Tue Royat Navy List AND Naval REcoRDER.”— 
We have received the July issue of the ‘‘Royal Navy List 
and Naval Recorder,” published by Messrs. Witherby and 

Co., 326, High Holborn, and 4, Newman’s-court, Cornhill 
| All the lists, including the officers of various ranks and 
| the staffs of each ship, are brought up to date, and, in 
| addition, the quarter’s history of the Navy is narrated. 
This section deals for the most part with the Far-Eastern 
War, and with recent discussions on Imperial defence 
There are also placed on record some facts in connection 
with the accident which occurred to Submarine A 8. 





Tue Cramps.—The gross earnings of the William 
Cramp and Sons’ ship and engine-building for the year 
ending April 30, 1905, were 7,383,309 dols. The working 
expenses of the year, including the cost of materials, 
were 6,603,606 dols., leaving a balance of 779,703 dols., 
reduced to 627,928 dols. by general and miscellaneous 
charges, and increased to 711,894 dols. by miscellaneous 
income, interest, &c. Interest on bonds, taxes, and in- 
surance absorbed 397,729 dols. of this amount, leaving 
the final net earnings of 1904-5 at 314,166 dols. The 
aggregate balance at the credit of the profit and loss 
account at the close of April, 1904, was 2,758,192 dols., 
so that the rest stood, April 30, 1905, at 3,072,357 dols.; 
the 314,166 dols. representing the net earnings of 1904-5, 
compared with the corresponding balances of 188,174 dols. 
in 1903-4, and 179,198 dols. in 1902-3. At theclose of April, 
1905, the company had raised 6,098,000 dols. by capital 
stock, and 6,686,052 dols. by bonds and mortgages. The 
amount invested in real estate, machinery, &c., at the 
same date was 12,750,566 dols. The president (Mr. H. S. 
Grove), in commenting upon the operations of the 

t year, observes that during the twelve months a 
Cones volume of business was done, while interest charges 
have been reduced. In the course of 1904-5 the company 
| delivered the Colorado and the Pennsylvania to the United 
| States Government ; and it also completed three freight 
| vessels of about 2700 tons each, named the Mohican, the 
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| at present upon three more ships of war for the United 
States Government—the Tennessee, the Idaho, and the 
| Mississippi. The company is further building an ice-boat 
| for the city of Philadelphia, two large tugs for the New 
York, New Haven, and Hartford Railr Com 


Chippewa, and the Onondaga. The company is engaged | 


| 





pany, and | 


two fine passenger and freight steamers for the New York | 


| and Cuba Mail Steamship Company. 














wil] be seen that the hood is perforated with holes 
round its bottom circumference, which is done in order 
to supply air to a petroleum lamp, which has a cir- 
cular burner coiled round the extended part of the 
cylinder end. This arrangement is only necessary 
when oil fuel is used, as it is, in the motor we illustrate. 
When gas is the source of heat, neither the hood nor 
the extended portion of the cylinder is een In 
our illustration the oil for the burner is supplied from 
a tank carried on a bracket, which may be seen on the 
left-hand side of the cylinder. 

The end of the cylinder extension may be projected 
slightly above the perforated hood, and between this 
latter and the projecting part there is an annular 
apne, through which the flame from the lamp passes in 
the form of a ny The end of the extension piece 
is open, but can be closed by the mushroom valve 
which, in our engraving, is seen partially open, so 
that the flame can be drawn down into the cylinder. 
The lever which carries this valve is operated by a rod 
connected to two links, which are pivoted to the right- 
hand standard, and receive their motion from the 
connecting-rod. A sleeve is fixed on the end of the 
lever which carries the valve, and the rod that 


|actuates the valve is free to move through the sleeve, 


but is controlled by two springs. The pressure of 
these springs can be regulated by means of the screw 
shown at the top of the rod, and the point in the 
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stroke of the engine at which the valve will close caa 
be fixed, and the power of the engine thereby regulated. 
The stop on the rod at the bottom end of the lower 
spring can also be altered if required. When gas is 
used as fuel in a Bunsen burner, a small by-pass burner 
is provided, so that if the main jet should happen to 
be blown out, it is at once relighted. 

The crank-shaft is carried on two bearings, as shown. 
At one end of the shaft there is a fly-wheel, and at the 
other end a pulley. 

Before starting the engine the vessel shown behind 
the cylinder is filled with water; the burner is then 
lighted, and the engine is turned fora few revolutions 
in either direction by hand. It will, after a few re- 
volutions, commence running alone, and the speed 
may be regulated by turning on more or less gas. 
When petroleum is used, the lamp is allowed to burn 
for about five minutes before starting the engine. 
The speed depends on the amount of oil supplied. 

In our engraving it will be seen that there is a 
mushroon-shaped arrangement placed on the pipe 
between the oil vessel and the lamp. This is a spring 
stop used to arrest the handle of the tap in any posi- 
tion. 

We understand that the consumption of gas in an 
engine of this kind, having a cylinder 2 in. in diameter, 
isabout 100 cubic feet tt, horse-power per hour, 
the actual power developed being, at 480 revolutions 
per minute, about ,'; horse-power. The engines as at 
present made have cylinde:s ranging from 14 in. to 
8 in. bore, and give out from ,; to about 1 horse-power. 
Among the advantages claimed for these motors it is 
said that they are light, require hardly any fixing, 
and that no skilled labour is required to run them. 
We understand that there are now over 600 of them at 
work in different parts of the world. 








108-IN. LATHE FOR TURNING TURBINE- 
ROTORS. 

We illustrate on our two-page plate, and on page 
116, a lathe which has just been completed at the 
Openshaw Works of Sir W. G. Armstrong, Whit- 
worth, and Co., Limited, and which is remarkable not 
only for its immense proportions, but for the care which 
has been exercised in the development of the details of 
design, to suit the heavy work to be undertaken, and 
to increase the range of utility. The lathe has been 
built at these works, where so many of the finest 
tools made in this country have had their origin, 
for the Wallsend Slipway and Engineering Com- 
pany, Limited, and was specially designed in con- 
nection with the construction of the turbine machi- 
nery of the 25-knot Cunard lincrs. The turbines for 
these vessels are of the compound Parsons type, and 
will develop something like 70,000 horse-power. With 
a view of reducing the number of revolutions per 
minute, it has been decided to make the turbines as 
large in diameter as possible. The low-pressure 
turbines aro therefore of enormous diameter, and Mr. 
Andrew Laing, the general manager of the Wallsend 
Slipway and Engineering Company, from his extensive 
experiencein marine engineering and workshop practice, 
was able to lay down sound general principles. The 
principal condition was that this new Whitworth 
lathe should be of 108-in. centres, and deal with 
rotors 16 ft. 6 in. in diameter, and 50 ft. in length 
in the most expeditious manner. It will be recog- 
nised that the occasions on which such a job will 
require to be undertaken are exceptional, and it was 
consequently important that the tool should be made 
adaptable for dealing with lighter work economically 
as regards powcr and speed. An ingenious arrange- 
ment of packing-pieces was therefore designed, so that 
not only the headstock, but the cutting tools could be 
lowered, reducing the height of centres to 60 in. instead 
of the original 108 in. In this way the lathe can be 
utilised for the turning of shafting for the heavy naval 
and mercantile work undertaken by the Wallsend 
Company. 

The photographs, Figs. 1 to 4, which are reproduced 
on our two-page plate, show the tool in the condition 
in which it would take work 60-in. centres; the 
packing-pieces will be seen to the rear of the lathe 
in each view. dn the views on page 116, Figs. 5, 7, 
and 9 are elevations of the machine with the packing- 
pieces in position, Fig. 6is a plan, while Fig. 8 repre- 
sents the tool-holder with the packing-pieces in place, 
and arranged for dealing with jobs up to 108-in. 
centres. The following is a list of the principal 
dimensions of the tool :— 

Height of centres without packings 

= with uibhons ~ 

Admit between the centres ... ie 

Over-all length of bed 

o width of bed 

Depth of bed... ee i ~~ 28 in. 
Diameter of face-plate ani = 12 ft. 

Diameters of cone pulleys for four 

... 32 in. to 48 in, 

speed 84 in. 


60 in. 
108 ,, 
Do fe. 
73 . 
16 ft. 7} in. 


speeds ... Le e = 
Width of cone pulley for each 
Diameter of fast headstock spindle 
in front bearing... = hs 


20,, 





Length of fast headstock spindle in 
front bearing... os cae e 
Diameter of cylinder of loose head- 
stock ... - “ ide me 
Weight of machine ... 
Power of electrical motor 
Speed of counter-shaft 


... 80 horse-power 
.. 240 & 280 revs. 
per min. 
; to 20 revs. 
per min. 


All gears throughout are machine cut. 


Face-plate speeds, from 


These face-plate speeds allow of turning up to 80 ft. 
cutting speed per minute, on any diameter from the 
largest the lathe will admit. 

he fast headstock has a hardened, fluid-pressed, 
forged-steel spindle of ample dimensions running in 
phosphor - bronze bearings, edjusted for wear by 
wedge adjustment, the back bearing being fitted 
with a number of collars to take the thrust of the 
cut. The external wheel behind the fac? - plate is 
cast stee], the pinion, gearing into the face-plate, is of 
forged steel, hardened, and let on to its shaft by 
shrinking, and is driven by four keys cut on the shaft ; 
the other wheels on the fast headstock are of forged 
steel fitted on cast-ironcentres, and the pinions are hard 
forged steel, and each is driven by double keys. There 
are four-speed cone-pulleys, and the necessary gear 
for giving variable speeds to the face-plate. ‘Ihe 
whole of the gear on the headstock has its teeth 
machine cut from the solid, and the driving-shafts are 
of hard steel, fitted with double keys and run in phos- 


| These feeds are obtained from the back of the fast- 
head spindle. The quick-running gear is actuated 
from a separate motor and fast and loose pulley, and 
the direction of both quick run and feed is controlled 
by levers suitably placed for the convenience of the 
operator. 

The four top rests have each compound slides, and 
are arranged to swivel, so that short tapers can be 
turned. The front rests have a separate self-acting 
feed motion for taper work. The feed-screws of the 
top rests are of large dimensions, and the nuts of ample 
length, and the clamp-bolts and clamps for fixing the 
tools are of stiff forged steel. Each slide of the top 
rest has a forged steel plate on its top face to protect 
the face of the slide. When raised to 108-in. centres 
the top rests are mounted on saddles 48-in. deep, and 
both the top rests and their saddles are held down by 
steel screws. 

The bed of the lathe is cast in four pieces, accurately 
planed, tongued, and jointed together by steel bolts. 
The bed is fitted with two large-diameter, fluid-pressed, 
forged-steel screws, each in one length and with accu- 
rately cut thread, and two long feed and quick-run- 
ning shafts ; both the feed-screws and shafts are sup- 
ported by a number of tumblers actuated by kickers 
on the underside of each saddle. The feed motion to 
the saddles is obtained from the back of the fast head- 
stock spindle by means of forged steel mitre-gear, 
vertical-shaft, cross-shaft, and other mitre-gear, and 
through clutches to the feed-shafts on the back and 
front of the lathe-beds. The quick-run gear is obtained 
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phor-bronze bearings. The front end of the spindle 
is bored out, and is fitted with a hard-steel bush, 
which carries a hard-steel centre, special prepara- 
tion being made so that the centre and bush can 
be removed when necessary. The face-plate is of 
a very strong design, being well ribbed at the 
back, and the cast-steel external spur-ring is let on to 
a flange cast on the back of the plate, and is fixed by 
a number of steel screws. The front of the face-plate 
is fitted with four very strong forged-steel jaws, 
tongued into the face-plate ; each jaw is held by steel 
bolts fitting into grooves. Hach jaw is independently 
moved on the plate by large-diameter forged-steel 
screws with squares on the end and fitted with lock- 
nuts and friction-washers to take the thrust of the 
jaws. Each jaw is also fitted with supplementary jaws 
for gripping small work. The headstock when raised up 
to 108-in. centres is mounted on a heavy cast-iron 
saddle, 48 in. deep, and both the headstock and its 
saddle are held down in position by strong -steel 
screws. 

The movable headstock is of heavy design, and is 
fitted with a hard fluid-pressed forged-steel cylinder, 
adjustable by a steel screw working into a phosphor- 
bronze nut. The centre is forced into the work by a 
worm and worm-wheel and cross handle, and a quick 
release to the worm enables the workman to use the 
large hand-wheel directly connected to the forcing- 
screw in the cylinder, for quick movement to the 
cylinder. This latter is fitted at its front end bya 
steel bush and hard-steel centre. Both bush and 
centre can be readily removed when necessary. The 
cylinder can be locked in position by a suitable lock- 
bolt and pad. The movable headstock is mounted on 
a saddle, and is connected to the quick-running gear. 
A lever and clutch controls the direction of the move- 
ment. When raised to 108-in. centres, a heavy 
cast-iron packing is here also inserted between the 
head-stock and its saddle, and both are held down 
to the face of the bed by steel bolts fitting into 
T gta 

he four rests, or saddles, two on the back and two 
on the front of the lathe, are independent of each other, 
and are capable of cutting screw threads as fine as 16 
threads per inch. They have quick-running gear in 
each direction on the beds, as well as svlf-acting 
feeds, both transversely and longitudinally, in each 
direction, of 1, 2, 4, 6, 8, 12, and 16 cuts per inch. 
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from motor-driven pulleys on the back of the lathe- 
bed. Clutches and levers are placed in a convenient 
position to the hand of the workman. The lathe is 
complete with the necessary top-driving and _ belt- 
shifting apparatus, change-wheels, screw-keys, and 
cross-handles, and a complete system for oiling the 
various parts. Brass indicating-plates give instruc- 
tions as to the position of levers for the feeds and 
quick-running and other motions. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, July 18. 

A REViviNG demand for pig iron during the past 
week took the market by complete surprise. The 
sales of foundry iron, so far as reported, amount to 
60,000 tons for the week in this market. Of this 
amount, 26,000 tons was Southern iron. Following 
this activity is the announcement from Southern 
sources that prices will probably be advanced for 
delivery during the last quarter of the year. 
Two or three producers made an advance of 25 
cents for delivery during the third quarter. There 
are inquiries in the market to-day for some 
75,000 tons of iron, a considerable portion of which 
is wanted by the United States Cast - Iron Pipe 
Company. Quite a number of small sales have been 
made, amounting in each case to a few hundred tons to 
one thousand tons ormore. There are quite a number 
of buyers representing general machinery interests, 
car-shop people, locomotive works, pump manufac- 
turers, and others. In fact, there appears to be a 
general revival of crude iron at a time when the 
market is usually dull. Bessemer iron has been rather 
quiet, although sales amounting to 10,000 tons in small 
lots are reported to-day, and sales of basic for the 
past week foot up 25,000 tons ata trifle under 
14 dols. The United States Steel Corporation de- 
creased its capacity during June to the extent 140,000 
tons; but this is the repairing season, and the decrease 
is readily accounted for. There is an active demand 
for billets and for sheets and bars, as well as for bridge- 
building material and rails. Bessemer iron is to-day 
quoted at 13.80 dols. at the furnaces, and the cost 
of billets on this basis is 22.15 dols. in large lots, 
and in a small way they are selling at 23 dols. to 
23.50 dols., including delivery. The largest rail con- 
tract placed within a few days was for 18,000 tons 
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for the ee International, which is a branch of 
the Canadian Pacific Railway, that runs largely in 
American territory. To-day’s reports state that 
negotiations are now pending for 53,000 tons of rails. 
The largest order placed for some months was placed 
last week for the Poughkeepsie Bridge, amounting 
to 15,000 tons, and an order for 2000 tons placed 
by the Rapid Transit Company, of Philadelphia. 
This is in addition to 8000 tons placed last week, 
making in all 34,000 tons placed by that com- 
pany for an elevated road to be built from the 
centre of the city to the suburbs. Contracts have 
been placed for material for office buildings to be 
erected in Chicago amounting to 6000 tons. The 
total structural-iron orders for the week foot up 
30,000 tons. Orders for plates have also been placed 
in small lots, but a summary of requirements as given 
out to-day from all sources, as far as they can be 
reached, shows that there is now under negotiation, 
or soon will be, requirements for 80,000 tons of plates 
and 20,000 tons of shapes and bars. In addition to 
this, pipe-line companies are in the market, and oil 
and gas companies are also completing their specifica- 
tions, and will soon be in the market for large supplies, 
the result of which is a hardening of prices for late 
deliveries. 








NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning the 
tone of the pig-iron market began to exhibit a firmer 
tendency, and Cleveland warrants were done at 45s. 4d. 


cash and at 45s. 5d. and 453. 64d. one month. The 
turnover was small, however, being only 4000 tons. The 
settling prices were :—Scotch, 49s. 44d.; Cleveland, 


453. 44d.; Cumberland, 553. 4$d.; Standard foundry, 
43s. 6d. In the afternoon the market was quiet, and 
Cleveland warrants were the turn easier at 453. 34d. 
cash, only two lots changing hands at that figure. 
The closing quotations were the same as at the 
forenoon session—namely, 45s. 44d. cash sellers and 
453. 7d. one month sellers. On Friday morning the 
market continued quiet, and the dealings consisted of 
3000 tons of Cleveland warrants at 45s. 4d. and 45s. 44d. 
cash and 453. 7d. one month. In the afternoon the tone 
of the market was steady and unchanged, and 5000 tons 
of Cleveland warrants changed hands at 45s. 4d. cash 
and 45s. 64d. one month. At the close the quota- 
tions were 45s. 4d. cash and 45s. 7d. one month 
sellers. The forenoon session on Monday was a blank 
as regards business, but the tone of the market was 
very firm, and Cleveland warrants were quoted at 
the close at 45s. 5d. cash, and 453. 74d. one month sellers. 
The settling prices were :—Scotch, 493. 44d. ; Cleveland, 
453. 44d.; Cumberland, 55s. 44d.; Standard foundry, 
43s. 44d. In the afternoon, although the business was 
small, the price of Cleveland warrants showed an im- 
provement. Cash iron changed hands at 45s. 6d., and 
dealings also took place at 45s. 7d. three days, and 45s. 74d. 
to 45s. 8d. one month, the market closing with sellers at 
45s. 74d. cash, and 453. 10d. one month. The turnover 
was 4000 tons. When the market opened on Tuesday 
morning the tone was very strong, and Cleveland warrants 
advanced to 46s. 1d. cash, and 46s. 34d. one month. 
Dealings took place at these prices, and also at 46s. 04d. 
cash, and 46s. 5d. one month, and at 46s. 6d. October 4, 
and 46s. 4d. September 20. The turnover was 4000 tons, 
and there was also a good business done in options, esti- 
mated at 10,000 tons. The tone eased slightly at the 
close, when the quotations were 46s. cash, and 46s. 3d. one 
month sellers. ‘The afternoon session was remarkable for 
the continued firmness and big rise in the price of Cleve- 
land warrants. The advance of 9d. took cash iron to 


46s. 9d., and one month iron to 47s., which was about | } 


ls. 2d. up from Monday’s closing quotations. The 
business of 5000 tons was done at 46s. 9d. cash, 46s. 94d. 
nine days, 47s., 47s. 1d., and 47s. one month, with closing 
sellers at 46s. 9d. cash and 47s. one month. There were 
also some dealings in options to the extent of 5000 tons. 
Hematite iron was quoted at 56s. one month sellers, and 
Standard foundry at 45s. one month sellers. To-day 
( bales | when the market opened, the tone was 
good, and the advance of youl was maintained. 
Cleveland warrants to the extent of 7000 tons were dealt in 
at 463s. 9d., 46s. 94d., and 46s. 9d. cash, and at 47s. 3d. and 
{7s. one month, closing at 46s. 10d. cash and 47s. 04d. one 
month sellers. The settling prices were:—Scotch, 49s. 44d.; 
Cleveland, 46s. 9d. ; Cumberland, 55s. 6d. ; and Standard 
foundry iron, 45s. In the afternoon prices of Cleveland 
warrants were firmer, and cash iron was 1d. up, and one 
month iron 14d. up. The business consisted of 7500 tons, 
and was done at 46s. 104d. cash, and 47s. 04d. to 47s. 14d. 
one month. Included in the above amount was one lot at 
47s, 5d. three months. The market closed with sellers at 
46s. 1ld. cash and 47s, 2d. one month. The market 
quotations for makers’ (No. 1) iron are as follow :— 
Clyde, 56s.; Calder, 56s. 6d.; Gartsherrie 57s. 6d. ; 
Summerlee, 56s. 6d.; Langloan, 60s. ; Coltness, 65s. 6d. 
(all shipped at Glasgow); Glengarnock (shipped at 
Ardrossan), 56s. 6d.; Shotts (shipped at Leith), 57s. 6d. ; 
Carron (shipped at Geangemonth\ 57s. 6d. 


Sulphate of Ammonia,—At present the sulphate of 
ammonia market is very quiet, and only a moderate busi- 
ness is passing; there is, however, a fair amount of 
eng © The dulness which has characterised the market 
lately has caused the price to ease slightly, and the cur- 
rent quotation is 12/, 7s. 6d. for prompt business, while 
forward parcels are round about the same figure. In 
local circles it is fully anticipated that before long sul- 





phate will again be very firm, and quoted at a higher 
fi 4 Last week 749 tons were shipped from Leith 
arhgur. 


Scotch Steel Trade.—The present state of the local steel 
trade continues good, and as inquiries have been coming 
to hand rather more freely of late, the prospects for the 
immediate future are certainly most encouraging. Most 
of the steel works will get a start made in the beginning 
of next week, although some of them have already got 
under weigh. No change has yet taken place in the 
— list of prices, but these are, if anything, rather 

rmer. 


Scotch Coal Shipments.—Last week the shipments of 
coal from the Scotch ports showed a decrease of 100,303 
tons over the previous week, and 11,702 tons when com- 
pared with the corresponding week of last year. This 
decrease, however, is due to the annual + in 
Glasgow and Fifeshire. The total shipment last week 
was 145,584 tons, and for the same week last year 157,286 
tons ; of the former total, the Clyde ports shipped 59,687 
tons; the Fife ports, 30,742 tons; and the Forth ports, 
55,155 tons. The total export for the year to date is 
6,545,759 tons, which is an increase of 376,762 tons over 
the corresponding period of 1904. 


Clyde Shipbuilding Trade.—With the close of the annual 
holidays in the Glasgow district this week, a general start 
has already been made in most of the shipbuilding yards 
in the upper reaches. Although the booking of orders 
for new steamers has not been quite so brisk during the 
last month or two, still the — | of the local yards 
have a good lot of work on hand. In the Port Glasgow 
district most of the shipbuilding yards are very busy, 
and likely to be so for some months ahead. Several 
launches will take place within the next week, and room 
will then be made for the laying down of some of the 
steamers at present on crder. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
The Lord Mayor.—Since the visit of the King and 
Queen to Sheffield a knighthood has been bestowed upon 
the Lord Mayor (Mr. Joseph Jonas, J.P.), head of the 
firm of Jonas and Colver, Continental Steel Works. 


Midland Institute of Engineers.—The annual meeting 
of the Midland Institute of Mining, Civil, and Mecha- 
nical Engineers was held on Tuesday at Sheffield, Mr. 
J. R. Robinson Wilson presiding over a moderate 
attendance. The annual report recorded a membership 
of 302, and a bank balance, with all liabilities dis- 
charged, of 225/. 9s. 104d. The nuimber of papers 
read showed a satisfactory increase compared with the 
previous year, but the Council appealed to the members 
to relieve it of some anxiety by voluntarily offering papers 
for discussion. The Council placed on record its high 
appreciation of the valuable and disinterested services 
rendered tothe Institute during the fourteen years Mr. 
Mitchell held office as secretary and treasurer, and wished 
him a successful term as President. Officers were 
subsequently elected. 


Tron and Steel Trades.--The various branches of the 
iron trade are not improving as much as those of 
the steel industry. The demand for steel of almost all 
grades is on the increase, and there are now few houses 
that are not fairly well employed, and some are heavily 
booked. The forges and mills are working full time; 
but, owing to the lowness of prices and the cost of 
fuel, pee are only small. There is talk of shorten- 
ing discounts, but it is feared that to do so would 
check development in business, as quotations all round 
are very much cut. Most makers of mining and excavat- 
ing tools are well off for orders, and are keeping their 

ple fully going. ‘There has been a lull in the demand 
rom South Africa, as there are considerable stocks on 
and ; but with South America business is exceptionally 
There are firms who are doing a larger trade 
than ever, and with continued railway developments in 
several of the States, a further increase is expected. 
Three of the leading firms in the tool trades are doing 
exceptionally well with Russia. 


Coal and Coke Trades.—Taking the coal trade all round 
in this district it is still in a very sluggish state. This 
applies more especially to the house-coal branch, which is 
quieter than has been known since 1893, when there was 
a similarly hot summer. Although a few purchases have 
been made by London and other merchants, most of 
them are holding their hand until next month. Steam 
coal is oo & moderately well; but as the possible 
output is far beyond requicements, prices are low, not 
more than from 7s. 9d. to 8s. per ton at the pits being 
obtainable. The demand for slacks and other common 
coal for Lancashire especially is brisk, and prices rule 
firm at from 4s. to 6s. per ton. Steel-melting coke is in 
increasing request, and quotations have stiffened. Best 
qualities are making from 24s. to 25s. per ton delivered 
at works. Better prices are also being obtained for fur- 
nace cokes. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MuppLessproucn, Wednesday. 
The Cleveland Iron Trade.—Yesterday there was only 
a thin attendance on ’Change, but a fair amount of busi- 
ness was done. After having been quiet and steady for 
some time, the market became rather excited, the ‘* bulls” 
once more stepping in and forcing up quotations for 
Middlesbrough warrants, the closing price of which was 
46s. 104d. cash buyers—an advance of 1s. 4d. on yester- 





day’s close. This naturally had some influence on quota- 
tions for makers’ Cleveland pig, and advances in it were 
made, but to nothing like the same extent as the rise in 
warrants. The change brought buyers forward who had 
been holding back, but several of them hesitated to 
follow the upward movement. In the early part of 
the day No. 3 g.m.b. was 453. 44d. to 45s. 6d. for 
early f.o.b. delivery, but by the close of the market the 
general quotation became 46s. No..1 was put at 47s.; 
No. 4 foundry, 48s. to 43s. 3d.; grey forge, 41s. 9d. to 
423.; mottled, 41s. 3d. to 41s. 6d.; and white, 40s. 9d. 
tu 4ls. East Coast hematite pig showed some im- 
provement, but producers declared that prices were 
still quite 1s. per ton below what they should be. At 
the p me of the market quotations were advanced 6d., 
mixed numbers becoming 54s.; No. 1, 54s. 6d.; and 
No. 4 forge, 51s. 6d. panish ore was quiet, con- 
sumers needing very little, most of them having pur- 
chased sufficient to satisfy their needs for some months to 
come. Rubio, of 50 per cent. quality, still stood at 15s, 6d. 
ex-ship Tees. To-day there was very little new in the 
market. Middlesbrough warrants fluctuated a little and 
closed 45s. 10d. cash buyers. Quotations for makers’ iron 
were unaltered. 


Manufactured Iron and Steel.—In many branches of 
the manufactured iron and steel industries steady im- 
rovement is shown, and though quotations have not yet 
m actually raised, they are very strong, and higher 
rates are looked for. The unfortunate strike at Messrs. 
Dorman, Long, and Co. continues, and, so far, possi- 
bilities of a settlement are very remote. Market quota- 
tions stand :—Common iron bars, 6/. 7s. 6d.; best bars, 
6l. 17s. 6d. ; iron ship-plates, 6/. 23. 6d.; iron ship-angles, 
6l. 7s. 6d.; iron ship-rivets, 7/. 7s. 6d.; steel bars 6/. 5s. ; 
steel ship-plates, 5/. 17s. 6d.; steel ship-angles, 5/. 10s. ; 
steel joists, 5/. 7s. Gd. to 52. 103.; steel boiler-plates, 
6/. 173. 6d.; and heavy steel rails, 5/. 53.—all less the 
customary 24 per cent., except rails, which are net cash 
at works. 


A New Tces-side Firm.—Mr. William F. Smithers and 
Mr. Albert Jeynes, the former of whom has been twenty 
years, and the latter twenty-nine years, with Messrs. 
Ashmore, Benson, Pease, and Co., Limited, of Stock- 
ton, have formed a private limited liability company, and 
taken over the works commenced at Cargo Fleet, Middles- 
brough, some years ago by the late Mr. Charles Wood, 
who for long was identified with Messrs. Wilson, Pease, 
and Co. The new firm will be known as Messrs. Smithers 
and Jeynes, Limited, Tees Foundry and Engineering 
Works. The new firm will do rail-cutting, repairs to 
machinery, and general engineering, and will turn out 
points and crossings, turning-tables, and general castings. 


Coal and Coke.—Fuel alters very little. As the days 
lengthen gas-coal mes in better demand, but the 
supply is very ample. Bunker coal is rather more 
inquired for and unscreened Durhams are 7s. 3d. to 83. 
f.o.b. Coking coal is plentiful, and, if anything, is a 
trifle easier in price. Efforts of consumers to reduce the 
price of coke are not successful, and quotations remain on 
the basis of 15s. 6d. for average blast-furnace qualities 
delivered here. 





NOTES FROM THE SOUTH-WEST. 

Cardiff.—The steam-coal trade has shown little change ; 
the best large steam coal has made 12s. 6d. to 13s. per 
ton, while secondary qualities have ranged from 11s. 6d. 
to 12s. 3d. per ton. Small steam coal has fully supported 

revious prices. The house-coal trade has shown no new 
eature ; the best ordinary descriptions have made 12s, 6d. 
to 13s. 6d. per ton, while secondary qualities have ranged 
from 10s. 6d. to 11s. per ton; No. 3 Rhondda large = 
been quoted at 13s. 9d. per ton. Coke has remained at 
about its former level. Foundry coke has made 17s. 6d. 
to 18s. per ton, while furnace ditto has brought 16s. to 
163. 3d. per ton. As regards iron ore, rubio and Almeria 
have been quoted at 13s. 9d. to 143. per ton, upon a 
basis of 50 per cent. of iron, and charges including freight, 
insurance, &c., to Cardiff or Newport. 


Rhymney Iron Company, Limited.—Sir H. W. Tyler 
presided at the sixty-ninth annual meeting of this com- 
pany, and observed that South Wales steam coal had 

n selling during the past year at prices which, having 
regard to the cost of production, were far from remune- 


rative. Prices for steam coal had, indeed, fallen below 
those realised for many years. The company had made 
Tpon the whole, 


= profits from the eale of house coal. 
owever, it was not possible to carry the dividend for the 
past year beyond 2 per cent. per annum. An explana- 
tion of this was not far to seek. The steam coal col- 
lieries vied with each other in the amount of their output, 
and naturally endeavoured to increase that output for 
the sake of more economical working. Thus, Welsh 
steam coal, so much prized, especially for use in the 
navies of the world, instead of commanding a good price, 
became a drug in the market. 


Dowlais.—The Goat Mill has been engaged upon steel 
rails weighing 100 1b. per yard for South America; some 
deliveries of these rails have already been made. Steel 
sleepers have also been rojled upon a considerable scale 
for South Africa. The Big Mill has been making steel 
pat gro | upon foreign account; there has also been a 
g _ of colliery rails and fish-plates to corre- 
spond. 


The Swansea Vulley.—The tin-plate trade has shown 
rather a quiet tone. ‘The production of steel ingots and 
bars has shown some increase. Copper works have been 
active, and there has been a good demand for spelter. 


The coal trade shows continued depression, especi:l!y ag 
regards semi-bituminous qualities. 
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JUBILEE OF THE MANCHESTER 
ASSOCIATION OF ENGINEERS. 


Tue Manchester Association of Engineers have 
entered upon their fiftieth year of existence, being, 
with one exception, the oldest of the mechanical 
engineering institutions in the provinces, the excep- 
tion being the North of England Institute of Mining 
and Mechanical Engineers, formed in 1852; but this 
organisation is more intimately associated with 
mining and the mechanical engineering appertain- 
ing thereto, whereas the Manchester Association 
embraces every possible section of engineering. 
Indeed, there are few of the London institutions 
which have had a longer—and, we may add, a more 
useful—career. The Institution of Civil Engineers, 
of course, ranks first in every respect, having been 
founded in 1818 ; while the Institution of Mecha- 
nical Engineers—originally a Birmingham organisa- 
tion—was formed in 1847, and became a London 
institution in 1877. The only other exception is 
the Society of Engineers, originated in 1854. The 
provincial organisations which take rank with 
the Manchester Association are :—The Institution 
of Shipbuilders and Engineers in Scotland, which 
had its beginning in 1857 ; the North-East Coast 
Institution, which commenced in 1884 ; the Liver- 

ol Engineering Society of 1875, and the South 
Wales Institute of Engineers of 1857. 

In some respects the Manchester Association is 
unique. It was established by a few foremen and 
draughtsmen of Manchester at a time when tech- 
nical education was hardly foreshadowed and was 
only referred to occasionally as a necessary part 
of the training of an engineer, while being looked 
upon very suspiciously by the older millwrights and 
mechanical engineers. The aim of these Man- 
chester engineers was to debate topics of practical 
interest with the view of developing opinion and 
interchanging views. The proceedings were held 
in the Merchants’ Hotel, in Oldham-street, with 
‘*the pipe and flowing bowl” as accompaniments. 
By 1866 the membership had increased to 114. It 
should be stated here that the qualification for ad- 
mission was much more exclusive than in some 
other institutions. It was then, and is still, re- 
quired that candidates shall be over twenty-five 
years of age, and shall have been engaged as em- 
ployer, manager, foreman, or leading draughtsman 
in one of the branches of the engineering trades 
for a period of three years. Another unusual 
feature was that grants were made to members in 
case of total disablement, a funeral allowance of 
101. was made, and members were voted, when 
necessary, superannuation payments. To these 
features we shall refer later. In the meantime it 
may be stated that, largely through the influence 
of Sir (then Mr.) William Mather, who joined the 
Association in 1864, the social and literary func- 
tions were dissociated, the meetings becoming purely 
for the discussion of technical questions. With this 
object in view, his firm provided funds to enable a 
suitable suite of rooms, including reading-room, 
library, and lecture-hall, to be provided. The 
Association thus removed to the old Mechanics’ 
Institute—from which, by the way, has since 
emanated the present magnificent Municipal School 
of Technology. For many years subsequently 
Sir William Mather took an active interest in the 
Association, and he was foremost in insisting that 
every attention should be devoted to the evolution 
of technical education. In 1883-4 Mr. Thomas 
Astbury was President, and the invaluable services 
he rendered to the Association earned for him an 
expression of appreciation by the members in an 
illuminated address. In 1885 Sir (then Mr.) 
W. H. Bailey was elected President, and his 
tenure of office was also active and brilliant. 
At the close of his three years’ presidency in 1887 
the Association removed its meeting-room to the 
Grand Hotel, where it has since been located. 
Another important advance was made under the 
presidency of Mr. John West in 1890, when it was 
decided to bind the proceedings of the year, 
as well as to issue the papers in printed form in 
advance of the meeting, so as to facilitate discus- 





sion. Since then the Institution has advanced 
very steadily. We have already indicated that 
ten years from the formation of the Association 
the membership was 114; ten years later, in 
1876, it had reached 154; in 1886, 204; in 1891 
it totalled about 330; in 1901, 500; and now it 
exceeds 550. 

Three years ago a change was made in the con- 
stitution, the financial benefits already indicated 
being restricted to the ordinary members then on 
the membership roll, so that to-day only about 
230 members are entitled to financial benefits, all 
of the other old members having voluntarily re- 
linquished their claim. The funds at the disposal 
of the Association at the present time amount to 
55141. Last year the payments on account of super- 
annuation totalled 223/., while the funeral allow- 
ances amounted to 90/. But these disbursements 
are gradually becoming a diminishing quantity on 
account of the new rules, so that it will be re- 
cognised that the Association is in a good financial 
position. One important point in connection with 
membership which we are glad to learn is now 
having the careful consideration of the Council is 
the question of widening the basis of membership, 
in the direction of admitting students or graduates. 
There can be no doubt of the advantage experienced 
by other institutions who have created a class for 
juniors ; the result has been beneficial not only to 
the institution, but also to the profession. 

The Association has always been closely identified 
with the development of technical education, and 
as far back as 1888 appointed a committee, under 
the chairmanship of the late Samuel Dixon, of 
Messrs. Kendal and Gent, then president, to 
draft a course of study for the technical educa- 
tion of engineers, and the result was the produc- 
tion of an extensive scheme, indicating a suitable 
curriculum and including a list of text-books. 
One finds also throughout the whole proceedings 
a wealth of stimulating hints regarding technical 
education ; the Association in this respect has 
rendered most useful service to Manchester 
and the profession. The scheme under which 
Manchester employers grant permission for indus- 
trious and energetic apprentices to spend all 
day every Monday at the Technical Institution 
gained great impetus from the support of the 
Association, and we have no doubt that the result 
of the admission of students and graduates now 
would still further develop this idea. Youth is the 
most impressionable period of life, and it is of the 
highest importance that during the years of early 
manhood apprentices should be trained to recog- 
nise the great value of attendance at the meetings 
of technical institutions, even if they do not at 
once develop the courage to express themselves 
orally in the course of discussion, or more elabo- 
rately by the contribution of papers on subjects of 
special study. Apart from this, a critical mind may 
be quickened during the reading of papers and the 
subsequent discussion. 

One other feature of the Association is the ex- 
tremely varied character of the subjects dealt with. 
There is probably no area of similar size in the world 
having within it so comprehensive a series of works 
illustrative of practice in every department of 
engineering science as the city and environs of 
Manchester. As Mr. E. G. Constantine, in his 
presidential address of 1902, remarked :-—-‘‘It is 
only fitting that the district which produced such 
men as Joule, Nasmyth, Fairbairn, Roberts, Whit- 
worth, and other engineers whose names will never 
perish, should “hag sow their memory by dis- 
seminating reliable information, thus maintaining 
and increasing the reputation of the Association.” 
The days are past when any engineer can afford 
to be independent of contact with other active 
minds engaged in any branch of science. A glance 
through some of the Transactions of the Man- 
chester Association strongly enforces the view, 
which we have time and again expressed, that the 
discussion of details appertaining to one branch of 
engineering practice offers valuable suggestions in 
respect to details of other departments of mecha- 
nical science. Our provincial associations, because 
of their scope, are thus of great value. Moreover, 
they are more likely to bring out opinions from 
local engineers who have great practical expe- 
rience, but who, for various reasons, are not likely 
to be often heard as speakers at one of the insti- 
tutions of London. 

The Proceedings in recent years of the Man- 
chester Association have been specially wealthy in 
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sions have been most om ene! There have 
been papers on such unusual subjects as hat manu- 
facture, welded chains, ropes and rope-driving, 
health and ventilation of workshops, tool-room 
equipment, and gas-exhausters ; while early in the 
era of electrical transmission of power in workshops 
there were several suggestive papers, and one im- 
portant contribution dealing with the invention of 
textile machinery. It is only in accordance with the 
fitness of affairs, too, that economic questions 
should form a large portion of the Proceedings, 
since so many foremen are connected with the 
Association, and in this respect the discussions have 
been most useful. Within the last three or four 
years there have been several almost classical papers, 
notably those on ‘*‘ Experiments with Rapid-Cutting 
Steel Tools;” ‘‘The Equipment of Mechanical 
Engineering Laboratories ;” ‘‘ Turbines for Power- 
Stations and Factories ;” ‘‘ Efficiency of Electric 
Cranes;” ‘*Power-Hammers;” and ‘‘ Portable 
Machine -Tools.” Mr. Frank Hazelton has for 
many years occupied the position of secretary, and 
there is no gainsaying the fact that the increasing 
success of the organisation is in very large measure 
due to his energy and tact. 

The Association has been exceptionally fortu- 
nate in the selection of its Presidents, and in recent 
years there have passed the chair Sir E. Leader 
Williams, Messrs. Joseph Nasmyth, Henry Webb, 
Henry Hodgson, E. G. Constantine, and Alfred 
Saxon; while in this jubilee year Mr. Robert Mat- 
thews, of Sir W. G. Armstrong, Whitworth, and 
Co., Limited, occupies the chair, and he undoubted- 
ly is earnestly and energetically working for the 
advancement of the Institution, so that this epoch- 
marking year will be as brilliantly successful as its 
predecessors. It was considered appropriate that 
the jubilee should be celebrated with suitable social 
functions. The first departure made was in 
having a summer excursion, which included a so- 
journ in the Isle of Wight, and visits to Ports- 
mouth Dockyard and the Naval Exhibition at Earl’s 
Court. Following upon this, Mr. and Mrs. Mat- 
thews gave a garden party at their residence, Parr’s 
House, Heaton Mersey, on Saturday afternoon ; 
this function was a great success, and worthy of 
the occasion. 








SUBMARINE BOATS. 


THE question of the safety of submarines is but 
a part of that larger problem of their utility. The 
paper read by Captain R. H. Bacon, R.N., during 
the conversazione which formed the concluding 
part of the London proceedings at the recent 
meeting of the Institution of Naval Architects, 
dealt with this part of the question. The paper will 
be taken by the public, in -_ of anything that 
may be said to the contrary, as the official apology for 
the submarine boat. A paper before the Institution 
is, of course, inno way a formally official document ; 
but Captain Bacon’s position, and the fact that he 
has played so leading a part in the introduction of 
these vessels into the Royal Navy, together with 
the whole tone of the paper, are facts that must 
be present in the minds of everyone. As we 
publish the paper on another page, and also print, 
in our report of the meeting, a long abstract of 
the remarks to which it gave rise, we need not 
repeat the details here. 

Captain Bacon states that ‘‘ the whole matter of 
submarine navigation, and of the capabilities of 
the boats, is so little understood that widespread 
misconceptions exist, both as to the nature of the 
accidents that have occurred, and also as to the rela- 
tive chances of accidents happening to these boats 
compared to surface craft.” ter on he speaks of 
‘*the exaggerated idea of the dangers incident to 
the use of submarine boats which is prevalent 
among those not actually acquainted with their 
practical working.” Whether the ideas of ‘‘ those 
not actually acquainted” are, or are not, exag- 
gerated, the fact remains that within a brief space 
of time the accidents that have occurred, and 
the number of lives lost, have been large—out of 
all proportion to the number of vessels in use and 
of those manning them. It is very well for Cap- 
tain Bacon to say that eircumstances which led to 
accident ought not to have occurred, and would not 
occur, if everybody and everything acted with per- 
fect propriety ; the fact remains that they did 
occur, and will occur again if the conditions are 
repeated. Their main cause was excess of confi- 
dence, or want of caution, on the part of those 
navigating the boats. They had found them so 








reliable they they forgot that the margin of safety 
was necessarily small, and that therefore greater 
care was demanded in their use. 

Chance of accident is not, however, in itself 
sufficient reason for excluding any feature from the 
warlike equipment of the Fleet; and even sup- 
posing submarines to be far more dangerous to use 
than experience and common-sense indicate, we 
must continue to include them in our programme 
if they are an essential part of astrong Navy. We 
need not fear that officers and men will be slack in 
performing their duty because it is dangerous. 
In the Royal Navy it has always been that the 
love of novelty and adventure, or the worthy pride 
of being considered among the ¢lite of the service, 
have proved inducements strong enough to bring 
forward volunteers for dangerous service. 

There is, however, an aspect of the case quite as 
important as the personal one. Captain Bacon 
idle an that service on submarines is popular with 
the men, and that they volunteer freely ; but we 
cannot afford to have men and money diverted from 
the most useful channels. The question is, Will 
the submarine justify its existence in the day of 
battle? The submarine has two great advantages 
from a defensive point of view: it can, at will, 
clothe itself with armour of infinite thickness—the 
ocean, and it can become invisible. The thought 
of these qualities is most fascinating, and they are 
worth a big price. But a war vessel that is chiefly 
defensive is hardly a war vessel at all. It had 
better stay in port, where it would be quite safe. 
The great value of the submarine’s power of dis- 
appearance is that it enables it to get within 
effective range for delivering its own weapon. 
While the torpedo is a most formidable engine of 
attack, it needs to be launched at suchshort range that 
the boat carrying it cannot hope to succeed unless 
it has cover, either from darkness or fog, or unless 
it is aided by the carelessness or helplessness of 
the enemy. While the submarine has the advan- 
tage of intermittent invisibility, it has, in the 
form in which it is now constructed, two grave 
disabilities. One is the necessary low speed of 
the vessel, and the other is its comparative blind- 
ness at all times, and its absolute blindness when 
it most needs keen vision. These two defects have 
led one of our most eminent naval tacticians to 
describe the submarine as ‘‘ a handicapped torpedo- 
boat.” 

In order to be successful in its attack, the sub- 
marine must have recently seen its enemy, and to 
do this it must show itself, or, at any rate, its 
optical extension; and it must be remembered 
that a submarine cannot bob up and down like 
a dab-chick, as some people seem to imagine. If 
the vessel to be prec is stationary, of course 
the operation is greatly simplified ; but we cannot 
count in future on another episode similar to that 
which opened the present war in the Far East. 
If we had to depend on ships being stationary for 
them to be attacked, it would not be worth while 
building a single submarine. We may therefore 
conclude that the ship is steaming at a fair speed 
and that the submarine will be approaching her at 
right angles to her course, or diagonally from ahead. 
The higher speed of the ship, probably double, 
perhaps three times that of the submerged boat, 
will make it difficult for the submarine to get within 
striking distance whilst in the right position to 
launch her torpedo, and any change in the ship’s 
course would generally put the chance of a success- 
ful shot beyond hope. Of course, a submarine 
might happen by a stroke of luck to find herself in 
the track her enemy was steaming, and then she 
would lie low until her opportunity came ; and it 
is that possibility that would render the submarine 
a terror in war. 

Whatever may be the disabilities of the sub- 
marine at present, it must be remembered that it 
is in a very early stage of its development; and 
that improvements will be made, and, indeed, 
are being rapidly made, may be taken for granted. 
If the weight of secondary batteries could be 
materially lessened—we have heard of a wonder- 
fully light motor-car battery now being introduced 
on the Continent—the offensive power of the vessel 
would increase enormously, and there are many other 
directions in which there is a fruitful field for the 
inventive ingenuity which will surely be brought to 
bear. It is only by constant experiment that pro- 
gress can be made, and for this reason it is im- 
perative we should continue to build submarines, 
and exercise them freely when built. Like the 
torpedo-boat, they are weapons of such immense 








possibilities that we cannot afford to neglect them. 
Inventive ingenuity, however, cuts both ways; 
and whilst the submarine improves, the means 
of attacking will improve also. One of the 
favourite proposals for a means of attack on 
submarines is a small fish-torpedo to explode on 
impact, and as the speed of the submarine when 
submerged is low—from 7 to 8 knots—the torpedo 
need not be very fast, and could accordingly be 
light and quickly handled. The submarine might 
also, of course, carry the small torpedo to be used 
against the destroyer; but that is not her game. 
The battleship or big cruiser is her natural prey, 
and if she cannot escape the pickets, she had better 
sheer off as quickly as possible. With the sub- 
marine at the surface, the quick-firing gun would, 
of course, be the weapon for its attack. The true 
defences of the ship, when submarines may be 
supposed to be about, is speed, with a frequent 
change of course; whilst for a fleet blockading 
a port, or in any way confined to a limited 
area of operations, thorough picketing is, we 
believe, generally considered a fairly safe pre- 
caution by day. The submarine boat must come 
to the surface to get the direction of her enemy ; 
and the wave thrown off by the conning-tower when 
the vessel is under way will betray her presence in 
fair weather. In rougher water operations are 
additionally difficult, and the chance of a successful 
shot is lessened. 

In spite of all the disabilities under which the 
submarine labours, it is acknowledged that the 
threat of these craft would cause a blockading fleet 
to steam for a considerable distance to sea as dark- 
ness approached. There is also always the chance 
that one or more submarines might get under the 
na aig or destroyers acting as pickets, and 
make an attack from seaward, so that watchfulness 
would be necessary on both sides. It is recognised 
that, in the case of a ship sighting a submarine, she 
should turn her stern to the boat, and steam away, 
thus presenting a smaller target, and confusing the 
boat, or deflecting a torpedo by her propeller race. 
The idea of a submarine getting in the middle of a 
fleet, and causing the ships to scuttle in all 
directions—like a terrier in a flock of sheep—is 
no doubt attractive ; but it would be a very for- 
tunate submarine that could get into such a posi- 
tion. 

So far, it would appear that the submarine boat 
is a vessel for coast defence ; or, as used to be said 
of torpedo craft, ‘‘the weapon of the weak.” It 
has, however, been said that submarines might 
be used with great effect in fleet actions, and 
probably they could be, did they happen to be 
on the spot, though possibly the effect might some- 
times prove as disastrous to their friends as their 
foes. The larger vessels would be, doubtless, so 
engaged with the proceedings of their compeers 
that they would be less likely to notice the small 
visible object presented by a submarine when 
awash. Where submarines were, however, torpedo- 
craft would be likely to be present also, and it 
would be the duty of the latter to look after their 
under-water opponents. It has been suggested 
that submarines should be carried on board big 
war-vessels, but naval officers who had experience 
with hoisting in and out the old 60-ft. second-class 
torpedo-boats would not, we think, be likely to 
encourage this view. The submarine is already 
difficult enough to raise from the bottom of the sea, 
even with salvage appliances, and it is destined, 
like all such vessels, to grow larger and larger. 
The policy of the British Fleet is not defence, but 
attack ; and therefore the object of its naval con- 
structors must be to produce vessels that can go far 
afield, and take care of themselves when they get 
there. 

The reading of Captain Bacon’s paper has sug- 
gested to us the idea of putting these few facts for- 
ward, doubtless in somewhat random fashion. So 
little is known about the submarine boat; there 
is so much to learn about under-water propul- 
sion, and so little experience, that what might 
appear reasonable to-day will prove impossible to- 
morrow ; whilst ideas that would be scouted as 
ridiculous now may embody the accepted practice 
of the future. The submarine boat ~ made the 
warfare of the future more than ever a matter 
of engineering science—has thrown it still further 
into the hands of engineers ; and, as all good engi- 
neers are eminently reasonable and thoughtful 
men, it may be concluded that the advent of the 
submarine boat will render a great naval war a 
more remote possibility than it was previously. 
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THE BRITISH ASSOCIATION. 


Tue British Association will this year meet in 
South Africa, by invitation of the South African 
Colonies. The official Seay will leave Southampton 
to-morrow, Saturday, July 30, by the Union-Castle 
Line mail steamer Saxon, to arrive in Cape Town 
on the morning of August 15. The President will 
deliver his address the same evening, at Cape 
Town, and will repeat, or conclude, it a fortnight 
later at Johannesburg, where the concluding meet- 
ing will be held on September 1. Meanwhile 
members will have travelled by rail many hundred 
miles, and before they rejoin their steamers, either 
at Cape Town or at Beira, they will have added a 
couple of thousands of miles to their railway ex- 
perience, traversed the whole of the South African 
Colonies, and have paid a visit to the Victoria 
Falls, without, we surmise and hope, undergoing 
much more discomfort than has to be faced on a 
visit to Niagara Falls from the Pacific Coast of the 
United States. The official party is due back at 
Southampton by October 7, the Beira party by 
about October 20. 

This is not the first time that the British Associa- 
tion has responded to an invitation from across the 
Ocean, nor is it the first occasion on which truly 
Continental excursions have been arranged for. 
When the Association went over to Montreal in 
1884, a visit to the Rocky Mountains, right across 
the breadth of Canada, was offered to a limited 
number of members. In 1897 the Dominion of 
Canada once more entertained the British Associa- 
tion at Toronto, and great excursions were again 
provided for. In both these cases, however, the 
meeting was opened, took place, and was concluded 
at one and the same place. The assembly of this 
August will, strictly speaking, neither be a mecet- 
ing at Cape Town nor at Johannesburg, but it 
will be a South African meeting. The sections will 
transact their business at the two places men- 
tioned. But lectures will be delivered at other 
places as well, and the whole party will practically 
be-en route during the time of their visit. In this 
respect this year’s meeting differs from all its pre- 
decessors, and as the journey to the Cape and 
back from it means in itself a sea voyage of nearly 
three weeks each time, members will be absent 
from home for at least seventy days. 

Under the circumstances it is satisfactory to find 
that a very representative contingent of old mem- 
bers have been able to take part in this year’s pro- 
ceedings. About four hundred members expressed, 
at the beginning of this year, their intention of 
joining, and as the three last steamers of the Union- 
Castle Line, which will arrive in time for the meet- 
ing, had all their berths bespoken a good while 
ago, it is clear that the organisers have not had any 
trouble in securing a fair attendance. That they 
must have had, and will have, a great deal of 
anxiety in connection with the arrangements, is not 
less obvious. The arrangements on this side were 
in the hands of the general officers of the Associa- 
tion and of a special South African Committee in 
London. The co-ordination of the work of the 
various local committees on the African side has 
been carried out under the direction of the Central 
Organising Committee for South Africa, deliberat- 
ing at Cape Town, under the chairmanship of Sir 
David Gill, the Astronomer Royal at Cape Town, 
who will regret that the—in so far inopportune— 
solar eclipse of August 50, will not permit him to 
welcome many friends from the old country whom 
the eclipse will draw to Spain or North Africa. 
Dr. J. D. F. Gilchrist is secretary of this committee. 
Members (but not Associates) of the South African 
Association for the Advancement of Science will be 
entitled to Associates’ tickets for the British Asso- 
ciation Meeting, and the exceptional circumstances 
have obliged the Council at home to place a restric- 
tion on the membership. The British Association, 
as a rule, welcomes everybody interested in the 
advancement of science; no tests are imposed. 
This year, however, new members were enrolled 
only after approval by the Council. 

The preparations have been pushed with com- 
mendable vigour. The Kildonan Castle and the 
Durham Castle sailed last week. The Saxon, which 
is to leave Southampton to-morrow, is due at Cape 
Town on the morning of Tuesday, August 15. By 
noon on the same day the Council will meet ; the 
sectional officers and others will assemble at 2 p.M., 
and the General Committee will receive the report 
of the Council by 4.p.m. By 8.30 everybody 1s to 


listen to the addréss of the President, Professor’ 








G. H. Darwin, F.R.S., of Cambridge. The sec- 
tions will discuss papers on the Wednesday, Thurs- 
day, and Friday mornings; the afternoons and 
evenings will be given up to garden parties, recep- 
tions, and lectures by Professor Poulton on 
W. J. Burchell’s Discoveries in South Africa, and 
by Mr. C. Vernon Boys on Some Surface Action 
of Fluids. On Saturday whole-day excursions will 


be made to the Observatory, the De Beers Explo- | 


sives Works, Hout Bay, Table Mountain, the Ad- 
miralty Works at Simons Town, and the Marine 
station, to Groote Constantia, and the Cape Orchard 
Company. In the evening the Durham Castle— 
especially added to the service for the occasion— 
will sail for Durban, where the party is to arrive 
on Tuesday morning, August 22. Two days will 
be spent in Durban in visits to Durban Bay, to 
Umkomaas, the Mount Edgecombe Sugar Estate, 
Botanical Gardens, &c.; Mr. Douglas Freshfield 
will lecture on the Highest Himalaya. Pietermaritz- 
burg will be the head-quarters for the following two 
days, and excursions will be made to the Native Lo- 
cation at Hanley, the Government Experimental 
Farm at Cedara, the Government Laboratory at 
Allerton, the Town Bush Valley Nurseries, the 
Museum, and educational institutions, &c.; Colonel 
Bruce will lecture on Sleeping Sickness. On 
Saturday and Sunday the party will pass through 
and stay at Colenso and Ladysmith, to arrive at 
Johannesburg on Monday morning, August 29, 
where the sectional work will be resumed for two 
or three days. The President will once more 
deliver, or complete, his address, if divided, and 
some of the sectional presidents will address their 
sections. Professor Ayrton will lecture on Dis- 
tribution of Power, and Professor Arnold on 
Steel as an Igneous Rock. In addition to garden 
parties and receptions, excursions will start 
directly from Johannesburg or from Pretoria, 
which will be visited on Thursday, August 31. 
The Dynamite Factory at Modderfontein, the 
Premier Diamond Mine, and geological excursions 
are on the programme. Mr. A. E. Shipley will 
give his discourse on Fly-Borne Diseases, Malaria, 
and Sleeping Sickness, at Pretoria. 

On Monday, September 2, the whole party will 
leave for Bloemfontein, where Mr. A. Hinks, 
of Cathbridge, will lecture on the Milky Way 
and the Cloud of Magellan. Kimberley will be 
reached by Tuesday, September 5, and visits will 
be paid to the Beaconsfield, Du Toit’s Pan, and 
Wesselton Mines; to Alexanderfontein, Kenil- 
worth, Pulsator, and other places. The lectures 
by Sir William Crookes on Diamonds, and by 
Professor Porter, of McGill University, Montreal, 
on the Bearing of Engineering on Mining, will 
be most opportune. Visits to the battlefields, in- 
cluding a trek, will also be arranged, as in Natal. 
Having spent the Friday in the train, the party will 
reach Bulawayo on Saturday, September 9, and 
will, among other things, examine the Government 
collection of relics from the ancient ruins. Mr. 
Randall MclIver’s lecture on Zimbabwe, the last 
on the programme, will afford welcome explana- 
tions. We should have mentioned Mr. Lamplugh’s 
report on the Geology of Victoria Falls, which will 
probably be presented to the Geological Section. 

From Bulawayo the party will pay a visit to the 
Matopos, to the Rhodes Park and Memorial, and 
to the Shangani Memorial; and after spending a day 
in the train, they will arrive at Victoria Falls, after 
forty hours’ rail journey, on Tuesday, September 12. 
It will tax the railway officials in Rhodesia to 
accommodate the crowds of visitors. The return 
will be made on the following day, in the first 
instance to Bulawayo. There the official party will 
entrain for Cape Town direct, starting at 6 p.m. on 
Thursday, September 14, and arriving at Cape 
Town on Sunday, at 3 p.m., to sail home on 
September 20. The other party will also leave 
Bulawayo on Thursday, and reach Beira vid Salis- 
bury on Sunday, September 17, to go on board the 
Durham Castle the same day. This steamer will 
call at Mozambique (about wee 19), Zanzibar 
(September 22), Mombasa (September 25), Port 
Said (October 7), Marseilles (October 12), and land 
at Southampton about October 20. The call on 
the south coast of France will serve the conveni- 
ence of those who desire to cross vid Paris, in 
order to hurry home. Members will be on South 
African territory for about one month, and 
one-third of this period—almost 11 days—will be 
spent in trains. There are a few alternative routes. 
On the whole, however, members will have to 
adhere to the programme, though they may travel 


|in easier stages, unless they desire to cut out the 
whole visit to Natal, preferring the thousand-mile 
direct railway journey from Cape Town to Johan- 
nesburg, for the sake of the period of rest it 
admits of. 

The titles of the lectures indicate that the 
scientific proceedings will bear an African colour. 
This is appropriate, and will apply more particu- 
larly to the Geological Section, over which Professor 
H. A. Miers will preside; the Geographical Sec- 
tion, which will meet under the chairmanship of 
Rear-Admiral Sir W. J.L. Wharton ; the Zoological 
Section under Mr. G. A. Boulenger; and the An- 
thropological Section, under Dr. A. C. Haddon, 
will no doubt retain its general popularity. It 
would, on the other side, hardly have pleased the 
South African hosts if a local, though Continental 
type, had been imparted to this meeting; the 
universal character of science will fully be main- 
tained. The President, it is understood, has 
chosen the evolution of matter and cosmogony as 
subjects for his address—as lofty a theme as could 
be selected. Professor Forsyth will, in the Mathe- 
matical and Physical Section, give a critico-historical 
review of the evolution of this branch of science. 
Mr. Burbury and Mr. J. H. Jeans will apply the 
mathematics of the kinetic theory of gases to nebulz 
Professor Larmor will sum up our knowledge on the 
question concerning the extent to which the ether 
can affect the motion of matter; and Sir David Gill 
will explain the progress made in measuring arcs of 
meridian and in the geodetic survey of South Africa 
—important work that the war had interrupted. 
This series of communications promises that the 
high standard of the work of Section A will be 
kept up. Among other matters to be discussed 
we notice papers by Dr. J. T. Bottomley, on 
Radiation at Low Temperatures ; by Professor 
Beattie, on Leak of Electricity from Certain 
Heated Substances, and on Electrical Conduc- 
tivity ; by Mr. J. R. Sutton, on the Meteorology 
of South Africa; by Mr. Lyle, on Atmospheric 
Electricity in South ‘Africa; by Mr. 8. 8. Hough, 
on Tides ; by Dr. Roberts, on the Algol Variables ; 
by Dr. C. H. Lees, on the Experimental Founda- 
tions of the Theory of Heat Conduction; and by 
Professor G. H. Bryan, on Flight. Mr. J. Milne 
will present the report of the Seismological Com- 
mittee, and Professor J. Perry will address the 
joint meeting of the Mathematical and the Educa- 
tional Sections, which is to discuss, at Johannes- 
burg, the teaching of elementary mathematics in 
relation to the teaching of elementary mechanics. 
Sir R. C. Jebb will be president of the Educational 
Section (L). 

Mr. G. T. Beilby will not address the Chemical 
Section on the field of research concerning the soft 
and hard state of metals and other substances, 
which he has been investigating with such marked 
success, but will speak on Gold. Visitors from 
the Rand and elsewhere will, of course, look for 
technical information ; but the scientific side of the 
problems, molecular diffusion and solution, will 
likewise receive adequate consideration. Several 
other ~~ will be devoted to these problems. 
Dr. H. Marshall will read a paper on the experi- 
mental basis of the dissociation hypothesis, which, 
again, will have its practical side ; for the gold ions 
appear to be indispensable for the explanation of 
the reactions in the cyanide baths. Agricultural 
chemistry, in its general and biological character, 
will be prominent in the meetings at Cape Town ; 
Dr. Horace Brown, Dr. E. F. Armstrong, Mr. 
Hall, and Mr. H. Ingle will contribute papers to 
this sub-section. 

Sir Colin Scott Moncrieff will address Section G— 
Engineering—on the subject on which everybody 
will be most anxious to hear him—irrigation. A 
great deal has been done for irrigation in Africa, 
and a vast deal more remains to % done, for the 
great engineering feature — the bridge over the 
Zambesi—which the members will see and which 
Sir Charles Metcalfe will explain, as well as the 
—_ to Cairo Railway, would remain useless spider- 
web threads if irrigation and agriculture, both 
taken in their widest sense, were not to be pro- 
moted with all energy. Professor J. Perry will 
contribute a paper on the Strength of Winding 
Ropes in Mines, and Mr. Biles will deal with 
Ocean Turbine Boats. As regards communications 
from South African members, not much definite 
information is, so far, available. 

The people of South Africa will do their best 
to satiate the thirst for knowledge of their 
visitors from the British Isles and other coun- 
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tries. The length and variety of the. programme 


are unequalled. Hospitality and special facili- 
ties will be offered to the members by the 
authorities, the Union-Castle Line, the South 
African railway companies, and by institutions 
and private individuals. The names of the great 
dignitaries of the South African Colonies, of the 
Mayors, and of some distinguished citizens are, of 
course, on the list of Vice-Presidents, which does 
not necessarily imply, however, that they will all 
be present. The general officers of the meeting 
are :—President —Professor G. H. Darwin; Trea- 
surer—Professor J. Perry ; General Secretaries— 
Major P. A. MacMahon and Professor W. A. Herd- 
man ; Assistant Secretary—Mr. A. Silva White ; 
Clerk—-Mr. Stewardson. The following are the 
officers of the Sections which will interest our 
readers more particularly. Section A: Mathema- 
tical and Physical Science :—President—Professor 
A. Forsyth; Secretaries—Dr. Lees (Recorder), 
Messrs. A. R. Hinks, J. H. Jeans, 8. 8S. Hough, 
and R. T. A. Innes. Section B. : Chemistry :— 
President—Mr. G. T. Beilby ; Secretaries—Pro- 
fessor G. G. Henderson (Recorder), Messrs. C. F. 
Jaritz, and W. A. Caldecott. Section G.: Engineer- 
ing :—President—Colonel Sir C. Scott Moncrieff ; 
Secretaries—Messrs. W. A. Price (Recorder), W. 
Bailey Marshall, H. Payne, and E. Williams. 


FOREIGN TRADE OF CHINA IN 1904. 


Tue report on the foreign trade and shipping of 
China for 1904, which was recently published by 
the Inspector-General of Customs, shows that the 
war between Japan and Russia was of minor im- 
portance among the conditions affecting the trade 
of China during the year. A large area of pro- 
duction and consumption was cut off, and trade 
was hampered to some extent, but the direct effect 
was not clearly perceptible. The values of the 
articles entering into the foreign trade of China 
have during 1904, for the first time, uniformly been 
settled on the basis of the cost of the goods at the 
moment they enter into China’s international 
exchange—the c.i.f. value in the case of imports, and 
the f.o.b. value for exports. This breaks the con- 
tinuity of the tables of value ; but it was thought 
better to make the break, and have one value for all 
statistical purposes, than to continue the practice of 
having one system of valuation for the tables of 
merchandise and another for statistical use, found 
in the summary at the end of each year’s report on 
the trade of the empire. We shall from time to 
time mention some of the most interesting points 
in the trade of China as the consular reports for 
the various districts are published, and meantime 
will contine ourselves to a few of the main features 
which appear in the statistics of the Inspector- 
General of the Chinese Imperial Customs. 

The value given to the total trade of the year, 
583,547,291 Haikwan taels (the average value of 
the Haikwan tael during 1904 was 2s. 102d.), is 
8 per cent. more than the value for 1903 given in 
the tables, and 7 per cent. more than that given 
in the summary, the discrepancy being explainable 
by the fact that import values were at some ports 
already on af.o.b. basis in 1903. The net imports 
were valued at 344,060,608 Haikwan taels, an in- 
crease of 5 per cent. over 1903, but when the neces- 
sary correction is made for the new method of 
estimating value the increase is actually 11 per cent. 

The most important import goods are cotton 
manufactures, which were imported in smaller 
quantities, speaking generally, than in 1903. Plain 
fabrics (shirtings, sheetings, T-cloths, drills, and 
jeans) had declined from 19,015,300 pieces in 1902 
to 13,835,506 pieces in 1903, and in 1904 fell 
further to 12,949,964 pieces. Of these plain fabrics, 
English mills mates 7,841,605 pieces in 1903 and 
8,109,020 pieces in 1904, thus showing a prompt 
seizing of the opportunity to replenish the market ; 
American mills supplied 4,782,141 pieces in 1903 
(already a much reduced output), and 3,705,548 
pieces in 1904—a reduction explainable partly by 
the necessity of first supplying the American 
market, partly by the distance from the China 
market, and partly because the American mills are 
most affected by any reduction in demand from 
Manchuria ; the Japanese mills supplied 730,723 
pieces in 1903, and 607,312 pieces in 1904: a reduc- 
tion the more certainly attributable to the effects 
of the war and the resulting high cost of credits. 
Fancy makes of cotton goods, articles of luxury, 


perous trade, and in the price of which the raw 
material counts for a smaller proportion, increased 
in value from 19,320,246 Haikwan taels in 1903 to 
24,162,260 Haikwan taelsin 1904. Chintzes, prints, 
and Turkey reds were markedly less in quantity 
and value, but there was a considerable develop- 
ment in cotton imitations of superior fabrics, such 
as Italians, lastings, Spanish stripes, flannel, &c. 
Cotton yarn fell from 2,738,448 piculs in 1903 to 
2,280,878 piculs in 1904, the proportion to the 
total value of all cotton manufactures of this semi- 
finished product having fallen from 52 per cent. in 
1903 to 48 per cent. in 1904. Yarn reached record 
prices during the year, and the best makes of the 
Japanese mills realised fully 10 per cent. higher 
prices than Indian spinnings; Indian yarn was 
252,128 piculs less, and Japanese 192,677 piculs 
less, than in 1903. Taking the average of the 
three years 1902-4, a consumption of 2,489,099 
piculs is obtained ; the output of the mills in China 
is estimated at 750,000 piculs, of which about two- 
thirds come from those at Shanghai and one-third 
from those elsewhere ; and this gives a total of about 
3,240,000 piculs of machine-spun cotton yarn con- 
sumed by the people of China (a picul = 133} lb. 
avoirdupois, or 3 piculs = 400 Ib.). 

It is a somewhat curious fact that the value of 
woollens imported into China remains at about 
the same as it was forty years ago—namely, four 
million taels, and the reason given for this is that 
those who can afford woollen prefer silks and furs, 
and the wearers of cotton-wadded garments and 
sheepskins cannot afford woollens. Metals in- 
creased in value by over a third during the year ; 
and the increase is observable all along the line, 
the only marked exception being steel. The ex- 
aggerated increase in copper (slabs, sheets, &c., 
from 90,997 to 273,910 piculs) and in spelter (from 
1090 to 14,326 piculs) is attributable to the demands 
of the Mints. Railway plant was less, in 6,046,459 
Haikwan taels in value; and the other machinery 
increased in value by a fourth, to 2,660,039 Haik- 
wan taels. 

The total value of the exports was 239,486,683 
Haikwan taels, an increase of 11 per cent. over 1903 ; 
but these figures do not take into account the dif- 
ferent methods of estimating value, and the exact 
amounts are somewhat uncertain. The exports 
from China are not of special interest to many of 
our readers, and therefore we need not enter into 
details regardingthem. The following table shows 
the value of the foreign trade by countries in the 
years 1903 and 1904 :— 




















1903. 1904. 

From and To Imports Imports 
——s Exports. =~ Exports. 

Exports). Exports). 
| Hk. taels | Hk. taels Hk. taels Hk. taels 
United Kingdom) 50,603,772 10 024,095 57,220,955 15,269,963 
Hong-Kong* —_... 136,520,453 89,195,605 |141,085,010 86,858,017 
India oh ..| 33,856,208 1,944,043 | 32,219,712 2,386,781 

Singapore and 

Straits .. 3,803,322 | 3,498,435 | 4,061,919 3,667,151 
Australia, New 

Zealand, &ec. ..| 372,411 100,391 494,856 218,290 
South Africa and 

Mauritius ot - 52,497 2,24 98,279 
British America 627,472 454,356 , 2,162,174 531,561 

British Empire. 225,783,633 105,269,422 |237,246,869 109,030,042 
Japast . .| 50,298,343 | 30,433,435 50,164,056 37,986,858 
Europe (except . 

Russia). . .| 22,350,988 | 34,573,445 23,512,933 44,512,544 
United States of 

America .| 25,871,278 19,528,116 29,189,946 27,087,975 
Russian Empire}! 2,355,000 | 12,777,967 | 4,467,476 5,056,362 
Macao... ..| 2,484,993 4,661,254 | 2,894,593 5,058,741 
French Indo- 

China .. 1,731,376 1,455,512 1,754,750 2,953,718 
Corea ... 1,416,496 1,268,453 879,320 1,390,695 
Other countries 4,561,032 4,384,863 7,343,720 6,409,748 

Total .. (836,853,134 214,352,467 (357,444,663 239,486,683 


* The imports from Hong-Kong come originally trom, and the 
exports to that colony are further carried on to, the United 
Kingdom, America, Australia, India, Straits Settlements, and the 
coast ports of China. t Including Formosa. } Including 
Russian Manchuria. 

With regard to the shipping at the various treaty 
ports, the table in the next column shows the 
nuiaber and tonnage of the shipping (steamers and 
sailing vessels) entered and cleared at the Chinese 
treaty ports in 1903 and 1904, distinguishing the 
principal nationalities. 

The figures in these two tables show the pre- 
dominant share which the United Kingdom holds 
in the total volume of the trade and shipping at the 
treaty ports of the Chinese Empire; but the follow- 





the demand for which increases in time of pros- | 


ing table brings out the relations in percentages of 





Flag. 1903. 1904. 
No. tons No. tons 
British 28,297 | 28,122,987 31,298 | 32,933,873 
German .. 6,424 | 7,310,427 6,841 | 7,602,304 
Japanese .. 7,654 | 7,965,358 5,755 | 4,290,350 
French . 2,596 | 1,178,200 2,647 | 1,264,320 
American - . 1,736 | 559,686 27,716 924,809 
Swedish and Norwegian 1,303 | 1,239,854 1,596 | 1,404,648 
Russian .. ee ze 765 569,903 | 81 56,279 
All other foreign vessels 629 | 432,765 1,036 530, 152 











76,970 | 49,006,735 


Total foreign vessels 46,304 | 47,379,180 




















Chinese shipping* .| 22,697 | 9,510,631 | 25,482 | 9,779,152 
Chinese junkst .. 8,011 | 400,578 121,383 | 4,988,819 
Total Chinese .. 30,708 | 9,911,209 146,865 | 14,767,971 
Grand total .. 77,012 | 57,290,389 223,835 | 63,774,706 


* Vessels of the foreign type owned by Chinese, and sailing 
under the Chinese flag. 

+ Vessels of native type, built and owned by Chinese, entered 
and cleared at the Imperial Maritime Customs. The figures for 
1904 include Kowloon and Lappa shipping (55,539 vessels of 
3,735,516 tons), which at Chinese Coast Ports enter and clear at 
the Native Customs. In 1903 these figures were not included. 


the trade and shipping, and in the dues and duties 
paid at these ports, as compared with other nations 
in the year 1904 :— 


— Duties 
Ton- ip..: Share | Paidon | Ton- 
» nage F — of Cargoes nage 
Em- t- Transit | (Foreign Dues 
ployed. Trade. jandCoast-| Paid. 
Trade. ing Trade) 

















per cent per cent per cent percent per cent 

British . 516 52.9 17.3 54.2 54.6 

German 11.9 10.0 2.7 12.8 17.2 

Japanese .. * 6.7 3.9 1.6 3.2 4.1 
All other foreigu 

nations .. BS 6.6 6.1 49.6* 8.0 18.3 

76.8 72.9 71.2 78.2 94.2 

Chinese 23.2 27.1 28.8 21.8 5.8 

100.0 100.0 100.0 100.0 


100.0 


* Chiefly trade in transit from Tientsin not distinguished. 








THE IRONMONGERY, HARDWARE, 
ELECTRICAL, AND ALLIED TRADES’ 
EXHIBITION, 

Tue Royal Agricultural Hall at Islington has 

become associated to a greater extent, perhaps, 

than any large building in London with what are 
purely trade exhibitions, and some very fine dis- 
lays of the kind have been seen under its roof. 
he size of these exhibitions, of course, varies very 

much, though not always in direct proportion to 
the position held by the trades that are represented. 
For instance, the Exhibition now open to the public 
in the Islington Hall, embracing as it does the 
ironmongery, hardware, electrical, and allied trades, 
which are of no mean importance, is comparatively 
small, and one which is, perhaps, rather disap- 
pointing in other ways, inasmuch as, with the ex- 
ception of a few small novelties, there is nothing of 
any special interest on view. 

As one would naturally expect, gas-fitting and 
lighting is well represented, and in this branch we 
may mention the fine exhibit of all kinds of burners 
at the stand of Messrs. George Bray and Co., 
Limited, of Leeds, where also may be seen a number 
of Bray lanterns for incandescent street-lighting. 
These are fitted with the firm’s patent burners. 
One special feature of the stand is a series of gas 
pendants, in connection with which an improved 
form of inverted incandescent burner is used, for 
which many advantages are claimed. One of the 
salient features of this burner is that it can be readily 
fixed to any existing gas-fitting without the use of a 
special adapter. This advantage, it is claimed, is 
not possessed by any other inverted burner, and it 
certainly appears to be a marked improvement on 
ordinary types, inasmuch as it obviates the neces- 
sity of obtaining new fittings or special adapters 
before the inverted burner can be conveniently 
brought into use. The mantles of this firm are now 
well known, and a great number of them are on 
view. To those people who are interested in acety- 
lene gas lighting, Messrs. Bray and Co.’s exhibit 
will prove attractive, there being a beautiful 
collection of special burners for use with this 
brilliant illuminant. Some of these burners are 
quite new in form, and, if all that is said for 
them be true, they ought to go far to solve the 
troublesome problem of how to consume acetylene 
without the burners becoming choked up, par- 
ticularly when the flame is turned down low. The 
particular burner to which attention is called is 
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one known as the ‘ Elta,” which is said to remove 
one of the greatest barriers to the progress of 
acetylene lighting— namely, the deposition of 
carbon on the burner-lips. The makers guarantee 
it not to choke up from deposit under any con- 
ditions. Among other exhibitors of gas-light- 
ing appliances may be mentioned the United 
Kingdom Lighting Trust, 99, Cannon - street, 
London, E.C., who have on view many of their 
‘* Black Diamond ” indestructible and ‘‘U.K.” 
mantles, as well as self-contained incandescent oil- 
lamps; the Buhlmann Incandescent Syndicate, 
Limited, Weston-street, Bromley-by-Bow, who are 
large manufacturers of ramie thread mantles ; the 
Voelker Incandescent-Mantle Company, Limited, 
Wandsworth, London, who exhibit a number of 
their double silk-woven mantles, as well as of 
inverted incandescent burners ; and the ‘ Instant- 
Fix” Incandescent Gas- Burner Company, 262, 
Upper-street, Islington, N. 

The Compound Metals Company, Limited, 162 to 
165, Birkbeck Bank Chambers, Holborn, E.C., show 
some beautifully made cooking and other utensils 
formed with theircompound metals. An account of 
the manner in which these metals are produced was 
given in ENGINEERING, on page 873, vol. Ixxvi., and 
the process is now too -well known to require any 
further reference here. The uses to which the dif- 
ferent combinations of metals are put have, how- 
ever, much increased since we first alluded to the 
welding process of Mr. Heinrich Wachwitz, and the 
articles on view at the stand referred to are well 
worth a visit, as illustrating the progress that has 
been made during the last eighteen months. 

We sometimes wonder why household utensils 
and similar things made of aluminium are not 
more frequently seen in use, for they seem well 
adapted for the purposes for which they are in- 
tended. This feeling is by no means decreased 
when we see an exhibition of articles like those 
on view at the stand of the Aluminium Castings 
Company, Greenock, Scotland. The variety of 
things there displayed is too great to enumerate. 
There are included, however, all kinds of vessels for 
cooking, pans made for hotel and ship’s use, tea- 
kettles, razor-strops, golf-clubs, &c. 

Ranges and stoves of all kinds are well repre- 
sented, and among the exhibitors of this class of 
goods may be mentioned the London Warming and 
Ventilating Company, Limited, 20, Newman-street, 
Oxford-street, W. ; the Flavel Range and Imperial 
Gas-Stoves, Limited, Leamington Spa; Messrs. 
William Green and Co., Limited, Ecclesfield, near 
Sheftield ; and Messrs. Samuel Smith and Sons, 
Limited, of Smethwick. 

Among the exhibitors of tools, Messrs. Robert 
Sorby and Sons, Limited, Trafalyar-street, Shef- 
field, are well to the front, and have a collection of 
saws, scythes, sheep-shears, &c., as well as of car- 
penters’ tools, for which they are famous; and 
Messrs. John Yates and Co., Limited, Aston Manor, 
Birmingham, have a fine collection of spades, 
shovels, and general garden tools. 

As usual at exhibitions of the kind under notice, 
there are numerous stands devoted to what we 
may call the small genera] knick-knacks of iron- 
mongery, which, although good in themselves, 
do not require any special remarks. Before 
concluding, however, we must refer to a stand 
that is not of this class, belonging as it does 
to the Horsfall Destructor Company, Limited, 
Whitehall-road, Leeds. The ordinary appliances 
turned out by this firm are well known; but 
among other things exhibited by the firm at the 
Agricultural Hall are some very handy, portable, 
small destructors, which we have not seen before. 
They are for use in gardens, for burning rubbish, 
or at hospitals, asylums, &c., and form a suani- 
tary method of dealing with refuse. They are 
made in different sizes, according to the amount 
of material they have to consume, and can be 
moved from place to place on detachable wheels. 
These appliances should be very valuable to sani- 
tary authorities, enabling them to deal with in- 
fected material on the spot. The Exhibition will 
remain opeu till August 4. 








NOTES. 


Canapian Steet Output. 
At the end of last year there were eighteen com- 
pleted rolling-mills and steel works in Canada. 
In addition, three plants were being Luilt, and two 





plants were projected. Of the completed plants, | 





according to information given in the Bulletin of 
the American Iron and Steel Association, two were 
equipped for the manufacture of steel castings only, 








Conduit lines, which have proved their reliability 
in this country, are losing ground in Germany. 
But the continuous-current trolley system has 


and five for Bessemer or open-hearth steel ingots | found another rival in the monophase system. 
and rolled products only. Of the plants under con- | Experimentally tried at Niederschdneweide, near 
struction, one was being equipped for the manufac- | Berlin, the monophase system is now being intro- 
ture of steel castings by a special process, one for | duced on the Hamburg-Blankenese-Ohlsdorf line, 
open-hearth steel ingots only, and one for merchant | which belongs to the Prussian State Railways ; the 
bar iron, railway spikes, &c. One of the projected | powef will be generated by turbo-dynamos. The 
plants is to be equipped for the manufacture of | monophase system has also been adopted by the 
skelp and bar iron, and the other for the manufac- | Siemens-Schuckert Werke, on the Murnau-Ober- 


ture of wire rods. Of the eighteen completed 
rolling-mills and steel works, three are located in 
Nova Scotia, five in Quebec, nine in Ontario, and 
one in New Brunswick. The plants building are 
in Nova Scotia, Ontario, and Manitoba, and the 
projected plants in Ontario. Production of iron 
ore in Canada in 1904 amounted to 312,286 gross 
tons, against 235,977 tons in 1903; and the out- 
put of coal in 1904 amounted to 6,705,232 tons, 
against 6,824,999 tons in 1903. The output 
of pig iron last year was 270,942 tons, against 
265,418 tons in 1903. On December 31, 1904, 
Canada had fifteen completed blast-furnaces, of 
which eight were in blast and seven were idle. Of 
this total ten were equipped to use coke for fuel 
and five to use charcoal. In addition three coke 
furnaces, upon which work had been suspended for 
some time, were partly erected on December 31. 
It is now stated that the total production of steel 
ingots and castings in Canada in 1904 was 148,784 
gross tons, against 181,514 tons in 1903—a decrease 
of 32,730 tons. Bessemer and open-hearth steel 
ingots and castings were made in each year. Almost 
all the open-hearth steel reported in 1903 and 1904 
was made by the basic process. The direct steel 
castings made in 1904 amounted to 6505 tons. 
Canada had not made cruciblé steel prior to the 
present year. Of Bessemer and open-hearth steel 
rails the make amounted to 36,216 tons, against 1243 
tons in 1903 ; structural shapes, 447 tons, against 
1983 tons in 1903. The total quantity of all kinds 
of iron and steel rolled into finished forms in the 
country last year amounted to 180,038 tons, 
against 129,516 tons in 1903; and of this about 
126,850 tons were steel and 53,188 tons iron. 


Exvecrric TRAMWAYS AND KalLways IN GERMANY. 


The statistics on the development of the German 
electric tramways and electric railways, published 
in the Elektrotechnische Zeitschrift of July 13, 
bring the matter up to October, 1904. Only the 
public service is dealt with, and lines which serve 
factories and mines are not comprised in the 
tables. The additions of the year 1903-4 have 
not been important. There were 134 lines in 
1903, and 138 in 1904; the line length totalled 
3692 kilometres in 1903, and 3791 kilometres in 1904; 
the increased track length had risen from 5500 to 
5670 kilometres; the number of motor-cars from 
8702 to 9034, and of trailer-cars from 6190 to 
6477 ; the power of the electric generators from 
133,151 to 133,326 kilowatts, and the battery 
power from 38,736 to 39,809 kilowatts. These 
additions are the smallest recorded in any year, 
and are quite insignificant when compared to the 
development during the years ending October, 1900, 
1901, 1902, when the generator power aggregated 
75,608, 108,021, and 120,776 kilowatts, and the 
battery power 16,890, 25,531, and 30,052 kilowatts. 
The recent figures would thus appear to indicate 
that the electric tramways have not much more 
ground to conquer from the horse-tram roads. 
That is true to a large extent ; yet there are several 
points to be considered. In the first instance, 
several important extensions are being carried out, 
and will help to make next year’s returns more 
like those of the previous years. Secondly, the 
power statistics are confined to central stations 
which serve exclusively for traction purposes ; and, 
thirdly, another branch of electric traction is com- 
ing more to the front—trackless trolley-cars, which, 
though on the whole undoubtedly not economical, 
may answer under special conditions. Such cars 
were running on six roads, from 1 to 8.5 kilometres 
in length, both for passenger and special goods 
traffic. As regards the system, 4 pure accumulator 
service is only maintained in Bremerhaven, where 
horse- cars compete with accumulator-cars. A 
mixed local accumulator service exists on some 
sections of the Berlin, Diisseldorf, and Dresden 
lines. 
on ten lines of the Bavarian Palatinate, and have 
experimentally been further introduced on local 
lines frou: Augsburg, Dresden, and Karlsruhe. 


Accumulator railway-cars continue to run | 





ammergau line, for which a triphase service had 
originally been projected. The transition to mono- 
phase traction may, after all, come quicker than was 
expected. Projects are now being examined for 
working the Berlin Stadland Ringbahn by mono- 
phase currents. As some of the stations of the 
Stadtbahn are practically the termini for the great 
Continental arteries, the adoption of a monophase 
service on the local track of this Stadtbahn would 
give this system a secure footing. 


Tue Tecunicat Hich ScHoor at Dresven. 


The Technical High School of Dresden, now one 
of the best-equipped of its kind in Germany, has 
grown out of the Technische Bildungsanstalt, 
founded in 1828. In 1851 the name ‘* Polytechnic 
School” was adopted. The buildings of the Royal 
Technical High School, on the Bismarckplatz, date 
from the years 1872 to 1875. The Government was 
at that time severely criticised for having gone far 
beyond the public needs. But within two decades 
additions had to be made, and a new branch insti- 
tution has during recent years been rising in one 
of the southern suburbs of Dresden, about a quarter 
of an hour’s walk from the main buildings. This 
new branch covers an area of about 40,000 square 
metres (nearly 10 acres), and comprises the two 
engineering laboratories, the main mechanics’ 
building, the technical testing-station of Saxony, 
the electrotechnical institute, and the electricity 
works for the whole block. The new engineering 
laboratories consist of two wings joined by the 
boiler-house, in which Lewicki boilers have been 
installed ; Professor Lewicki and Professor Mollier 
are the chiefs of the engineering department. The 
flat grate of these boilers can be removed and 
replaced by a portable inclined grate. The 
turbine-house at present contains three of the five 
turbines projected, and the water conduit leading to 
the turbine is a canal, 80 metres in length, 2 metres 
in width, and 1 metre in depth, especially arranged 
for hydrometer and uther tests. Of steam-turbines 
we find a Laval and a Brown-Boveri machine in the 
electricity works. Most of the lecturing is done in 
the main building, where Professors Fischer, Ernst 
Miiller, and Scheit have their chairs. ‘The me- 
chanical and technical testing -station is under 
the superintendence of Professors Scheit and 
Wawrziniok. The electro - technical institute, 
under Professors Gérges, Kiibler, and Ulbricht, is 
devoted to strong-current technics and to tele- 
graphy and electric signalling. It was at Dresden 
that the late Dr. Zetzsche started the institute for 
telegraphy and signalling. The electro-chemical 
department, under Professors Foerster and Erich 
Miiller, remains in the central institute. Although 
particular attention is paid to hydraulic engineering 
in the new branch, there is no department for ship- 
building, and it was hence not thought advisable to 
make the reconstruction of the experimental tank 
of the Kette Company at Vebigau—a suburb of 
Dresden—part of the reformed scheme for the 
technical college. The Government has, however, 
entered into an agreement with the Kette Com- 
pany, by virtue of which its tank is placed at the 
disposal of the Technical School against an annual 
subvention. The new tank is not distinguished by 
its length, which is only 88 metres, but is very 
conveniently arranged for experimental purposes. 
Deep omar run along the banks, so that the 
water-level is at the height of the observer's eye. 
The central portion of the tank is all walled in 
glass of 18 millimetres thickness, and the bottom 
is also formed by glass. The tank walls ure other- 
wise in concrete, and the rails on which the carriage 
slides are fixed directly in the concrete and are 
planed. The carriage is built up of three longi- 
tudinal and two cross-girders, and weighs 4.5 tons ; 
the shunt motor which drives it weighs 260 kilo- 
grammes; and the current is taken up by the 
wheels and by shoes from three T rails. The 
observer does not ride on the carriage, but has his 
stand at the far end of the tank ; to regulate the 
speed, from 0.05 up to 5,2 metres per second, to 
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start, and to put on the brake, he has only one 
lever to move. Professor Engels, rector of the 
High School, designed the alterations of this tank 
reconstruction, which was carried out by Messrs. 
Dyckerhoff and Widmann; the carriage was de- 
signed by Mr. Kruth, of the Vebigau shipbuilding 
yards. Hydrometrical tests will be carried out by 
Professor Pattenhausen. The cost of this tank 
is estimated at about 7000/.; the new buildings 
of the High School have cost a little more than a 
quarter of a million pounds. 


Tue Truck Acts. 

It is always a matter of importance to employers 
to know how far they are entitled (if at all) to make 
deductions from the wages of their workmen. The 
Truck Act, 1896, provides by Section 2 that an 
employer shall not make any contract with any 
workman for any deduction from the sum contracted 
to be paid by the employer to the workman, or for 
any payment to the employer by the workman for 
or in respect of bad or negligent work or injury to 
the materials or other property of the employer, 
unless certain conditions are complied with. Who, 
then, is a workman within the meaning of this 
enactment ? The expression ‘‘workman” is de- 
fined in another Act. It ‘‘ does not include a 
domestic or menial servant, but, save as afore- 
said, it means any person who, being a labourer, 
servant in husbandry, journeyman, artificer, handi- 
craftsman, miner, or otherwise engaged in manual 
TRDOUE, . > + .< has entered into or works under 
a contract with an employer, whether the con- 
tract be made before or after the passing of 
the Employers and Workmen Act, 1875, be ex- 
pressed or implied, oral or in writing, and be 
a contract of service or a contract personally to 
execute any work or labour. This definition might 
appear at first sight to be sufficiently comprehen- 
sive, but it has given rise to much litigation, and 
has recently been canvassed in the Divisional Court. 
The following persons have been held to come 
within the decision of the term ‘‘ workman” :— 
‘* Butty colliers—e.g., colliers who get coal at so 
much a yard, or are employed by the piece, or by 
the day, and who employ others under them ; 
a workman whose personal skill and labour 
are the essence of his contract, but who does 
work at home, and employs other workmen ; 
a designer of patterns engaged by a frilling 
manufacturer for seven years at 7l. a week, and 
having men under him; a tailor or shoemaker ; 
a workman employed to do ‘ specific work or 
labour ;” and a person working manually at weekly 
wages and commission and superintending other 
workmen. The following persons have been held 
to be outside the Truck Acts:—An omnibus con- 
ductor, a tramcar driver, an assistant in a grocer’s 
shop, a potman in a public house, and a guard of a 
goods train. The principle which should guide the 
Court in deciding whether a man is a workman 
within the meaning of the clause above set out was 
laid down in the case of Ingram v. Barnes (7 E. and 
B. 132). In that case the Court declared that to 
be a workman or artificer the person who contracts 
to do work for anemployer must be a person abso- 
lutely bound by the terms of the contract to work 
with his own hands in the performance of it ; and 
a case which was recently heard in the Divisional 
Court (Squire v. Midland Lace Company) on appeal 
from a court of summary jurisdiction, shows that 
this rule is still applied. In that case the respon- 
dents were the occupiers of a lace factory. After 
the lace was removed from the machines it had to 
go through the process of having the superfluous 
threads and materials removed, called ‘ jan,” 
This was done by women clippers, who undertook 
to get lace clipped, and who applied to the manu- 
facturers for, and took lace home to be clipped. 
They were not employed exclusively by any one 
firm, but might take lace from different tirms ; 
they might refuse to take wy work, and having 
taken it, they might employ other persons to assist 
them, or do it themselves, or give it to others to 
execute, the firms having no control over them, 
and not being obliged to give them any work. The 
clippers were responsible in case of non-return of 
the lace, and were paid weekly; and if any damage 
was done to the lace, reasonable deduction was 
made in respect thereof. The provisions of the 
Truck Act were not complied with, and it was held 
by the Court that the employers were under no 
obligation to comply with it, inasmuch as the 
persons to whom the work was sent out were not 
workwomen within the meaning of the Act. 


THE LOWRY AUTO ‘OTTON-PICKER. 


Tue recent trials of the Lowry Cotton-Picker, 
under the supervision of Mr. R. H. Allen, of Memphis, 
Tenn., have revived the wide interest which the in- 
vention created on its first appearance. In November, 
last year, very encouraging results were obtained, but 
Mr. Lowry was not satisfied with some details of the 
machine, which he was convinced was theoretically 
right. In consequence, a plot of cotton was bought, 
and kept over while the finishing touches were being 
given to the picker, which is now considered by both 
professional experts and practical farmers to afford a 
promising solution of the cotton problem. The cotton 
problem, as is generally known, is really a labour 
problem, and has many features of international in- 
terest, but they are outside the field of this journal. 
Before examining Mr. Allen’s report on the latest phase 
of the machine from which so much is expected, we 
may briefly explain its design, although many of our 
readers are, no doubt, already familiar with it. 

The outfit consists of a frame on four wheels, driven 
by a 4-horse-power gasoline engine, at a speed under 
the direct control of the operator. Eight arms, 4 ft. 
long, are furnished with endless belts 2 in. wide, and 
made of rubber and cloth. These belts are studded 
with wire hooks, and travel at the rate of 360 ft. per 
minute. The arms move on a universal joint, are very 
light, being made of aluminium, and are so nicely 
balanced they can be handled as easily as billiard cues. 
Four are fitted in front and four in rear of the machine, 
each pair being worked by one man or boy. As the 
machine moves slowly along the cotton plants, the 
arms are pointed to the open bolls, od the fast- 
moving hooks snatch the lint and pass it along to a 
brush, which effectively removes the seed cotton from 
the carding teeth. It is worth noticing that the 
contact of even a few fibres is sufficient to draw 
the entire contents of the open boll, and pass it 
along safely to the receptacle provided. The ma- 
chine, it will be seen, is not altogether automatic, 
as it requires human intelligence to distinguish 
between the open and unopen boll; that is, between 
ripe and unripe cotton. But whereas the hand-picker 
must laboriously stoop over the plant, pluck the cotton 
(not always very carefully), put it in his bag, and 
carry the bag, the four men or boys who comprise the 
** crew ” of the auto cotton-picker, in addition to the 
motorman, sit at ease and merely point their me- 
chanical arms to the open bolls. The machine does 
the rest. 

Mr. R. H. Allen, whose report is before us, only 
made his calculations on the work of a machine fitted 
with the four rear arms. As, however, his calculations 
were made per individual worker, there will be no 
alteration in his ratios when the machine is complete. 
He found that the two lads—ordinary farm hands of 
no special intelligence—after an experience equal 
to only 15 days’ full work, gave a result which would 
work out at a little over 500 lb. of cotton picked per 
man per day. The capacity of these lads as hand- 
pickers in cotton picked in the “fall” would be about 
104 lb. od day ; and in light cotton, such as that in 
which the test was made, not more than 65 lb. per day. 
There is another matter, hardly less important than the 
greatly-increased output—viz., the superior quality of 
the work. When the machine was tested last year, 
Professor Duggar, of the Alabama Polytechnic In- 
stitute, reported very favourably upon it, but estimated 
that the amount of ‘‘ trash” was double that left by a 
careful hand-picker. In consequence of the improve- 
ments introduced by Mr. Lowry, Mr. Allen found 
that the product of the machine is now fully two 
grades higher than cotton picked by hand in the same 
field ; not in competition with the machine, but in the 
ordinary way, when the machine was running for 
experiment only. The machine-picked cotton was 
‘* cleaner, brighter, and freer from trash—such as bolls, 
sticks, and dirt.” That testimonial is sufficiently 
definite ; and as the universal use of the machine, even 
at its present capacity, would reduce the cost of pick- 
ing the American cotton crop by 75 million dollars 
annually, it is abundantly evident that there is a great 
future for it. 








Batpwin Locomotives FOR JAPAN.—The Baldwin 
Locomotive Works have recently received orders from 
the Japanese Government for 100 locomotives, having 
cylinders 16 in. by 24 in., and weighing about 50 tons 
when in working order for passenger service. The Bald- 
win Works have also been instructed by the Japanese 
Government to supply 50 locomotives of the Consolida- 
tion type, having cylinders 18 in. by 22 in., and weighing 
about 52 tons when in working order for freight service. 
The first shipment of passenger locomotives was made 
July 5, and other shipments will follow as soon as pos- 
sible, at the rate of, at least, 25 locomotives per month. 
All the locomotives are of a 3-ft. 6-in. gauge. Fifty 
locomotives of a similar type to the passenger engines 
were ordered in February of this year, and have already 
been shipped. The Baldwin Works are shipping to Aus- 
tralia 20 locomotives for the New South Wales Govern- 
ment. One thousand locomotives were built by the 








Baldwin Works during the six months ending June 39. 


‘**A HOME FOR ENGINEERING SCIENCE.” 
To THE Eprror or ENGINEERING. 

Sir,—I wish to thank you for your excellent article on 
aa Home for Engineering Science,” in your issue of 

uly 7. 

I remember when the site of New Scotland-yard could 
have been obtained at a reasonable figure, and I believe 
I am correct in saying that the late Sir William Siemens 
offered, under certain conditions, 10,0007. towards the 
purchase of the site, and the erection of suitable build- 
ings thereon. For reasons which I do not know, this 
offer did not find favour with the then Council, and the 
scheme fell through. 

You have said in the article referred to that ‘‘engi- 
oe as a profession, and engineers as a body, do not 
hold that place in the public estimation that is legiti- 
mately due to the importance of their work,” whereas 
‘existing civilisation is based on the labours of the 
engineer.” The word “‘engineer”—in itself a compre- 
hensive aud definitive word—has been so misused by the 
non-technical Press and our police-courts that it has 
become almost a necessity to put a prefix as ‘‘ Civil,” 
‘*Mechanical,” ‘* Naval,” ‘‘ Royal,” ‘* Marine,” ‘ Elec- 
tric,” &c., before it to give it due importance; for 
every fitter or plumber’s labourer, when had up before, 
say, Mr. Plowden, for some crime of brutality, calls 
himself—and is allowed to call himself—‘‘hengineer,” 
until the profession which produced Watt, Stephenson, 
Smeaton, Rennie, Telford, Brunel, &c., has become con- 
fused in the minds of the public with the work of the 
plumber’s labourer. This should not be, and certainly 
would not be allowed by members of the legal profession 
if, in their magisterial capacity, an office boy from a 
solicitor’s office (who had, perchance, had a bad Derby and 
had helped himself to his employer’s stamps to make him- 
self safe) were brought before them, and on the strength 
of his employment called himself a solicitor. With much 
sternness the errant errand-boy would be told to describe 
his employment by its proper name, and not to dare to 
take to himself the honour due to hisemployer ; he would 
probably be told that he was as dishonest in this as in 
taking the stamps. But the papers record the sentence 
of six months’ hard labour on the ‘‘ hengineer” (fitter’s 
or plumber’s labourer). 

I remember some thirty years ago a budding solicitor’s 
clerk, who has since become head of a well-known firm, 
telling me that civil engineering was only a trade and not 
a learned profession, and that there were only three of 
these latter—namely, the church, medicine, and the law. 

I told him that I considered civil engineering, accord- 
ing tothe Charter of the Institution of Civil Engineers, 
‘* being the art of directing the great sources of power in 
Nature for the use and convenience of man,” as high 
morally and mentally, and far more useful, than any of 
the others, for the following reasons :— 

1. If men would obey the laws of their Maker, and do 
unto others as they themselves would be done by, there 
would be no need of the clergy to tell them how todo 
their duty. | 

2. If - oe lived in all sobriety of conduct, and were 
careful not to fall into excess in eating, or drinking, or 
any other matter, there would be very little need of 
doctors. 

3. If men would live together as set forth in 1 and 2, 
and would keep faith with one another and work har- 
moniously, and so act that their words were as good as 
their bonds, there would be but little need of laws and 
of solicitors, barristers, and judges to enforce them ; but, 
I added, ‘‘ Will you tell me how fifty millions of people are 
to live in the British Islands under modern conditions 
without the aid of engineers, whose work is apparent in 
everything we see or do, whose skill is the result of 
natural gifts aided and educated by close and careful 
training and fervent thought?” Surely the men so 
trained and so accomplished have a right to a front rank 
among the professions. 

I am, your obedient servant, 
July 18, 1905. Siema. 








BRITISH STANDARD SPECIFICATION FOR 
PORTLAND CEMENT. 
To THE EpitTor or ENGINEERING. 

Srr,— Having been again away in the country, I have 
only just seen ‘*‘ Amateur’s” second letter, published on 
June 23. This displays more ignorance of the subject 
than the first one. He says where I was wrong was in 
multiplying 31 by 2.75. 

In the formula 

CaO 


SiO, + Al,O; 
let me represent the lime by z, and the silica and alumina 
by y; the equation then stands * =2.76. Consequently 
y 


= 2.75, 


y x 2.75 must be = 2. 

If this is beyond his comprehension, some School Board 
scholar can explain it to him. 

Again; what he pleases to call the common-sense way 
of calculating is confusion itself; in it he jumbles up all 
the ingredients of the cement that have nothing whatever 
to do with the formula, and apparently succeeded in 
confusing himself, for he did not fnish his reasoning or 
figures. 

Yours faithfully, 
H. Ketway-Bamprr, F.I.C. 

Westminster Chambers, 9, Victoria-street, S. W. 

{It was Mr. Kelway-Bamber who introduced ‘‘all the 
ingredients of the cement that have nothing to do with 
the formula” in his letter of June 16 (page 773). The 
specification says that the proportion of lime to silica and 





umina shall not be greater than the ratio 
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GO =. 
sid, + Al,0; 


Mr. Kelway-Bamber argues as if the rule said that ratio 
must always be observ: If the ingredients that have 
nothing to do with the formula amount to 10 per cent. 
of the cement, then it is evident that the remaining 90 
per cent. will be lime and (silica + alumina), and the 
maximum amount of lime permissible 66 per cent. against 
24 per cent. of silica and alumina. Buta smaller quantity 
of lime and a pane quantity of silica and alumina will 
comply with the specification. To commence by fixin 

the percentage of silica and alumina, and then to find 
the percentage of lime by multiplying this by 2.75 is 
evidently absurd, as it may show the total percentage 


2.75. 


in excess of 100. We do not think it is ‘‘ Amateur” who | be 


—_ eg of assistance from a School Board scholar. 
—_ LD. 








THE CORROSION OF COPPER STEAM- 
PIPES. 


Tue Board of Trade have issued an interesting report 
on an inquiry into the cause and circumstances of an 
explosion of a steam-pipe which occurred on board the 
s.s. Orizaba in November last, while on a e from 
Adelaide to Fremantle. At the time of the explosion a 
number of Lascars were engaged in the stokehold, and of 

hese as many as seven were killed, and another seriously 
injured. The report states :—‘‘ The explosion was caused 
through the bursting of one of the branch pipes from the 
boilers to the main range, the pipe being 64 in. in dia- 
meter. Two causes operated to produce the explosion. 
The aes was reduced to less than half its original thick- 
ness by external wasting, and a longitudinal crack existed 
on the inner surface. The latter, combined with the 
reduction in the thickness, rendered the pipe too weak to 
resist the ordinary working pressure.” 

The vessel, under the command of Mr. Robert Archer, 
left Adelaide with a general cargo for Fremantle on 
November 24 last. All went well until shortly before 
seven on the following morning, when the boiler-maker, 
Mr. James Robertson, who was on watch in the stoke- 
hold, heard a noise of escaping steam, which he found to 
issue from the intermediate Eooth of pipe connecting 
the port forward boiler with the main range. e re- 
ported the circumstance to Mr. Black, the second engi- 
neer, who was in charge of the watch, and he went to 
examine the leak. No leak, however, was visible, but 
on placing his hand over the pipe, Mr. Black felt a 
small jet of steam issuing from the top of the pipe. Al- 
though not taking a serious view of the leak, thinking 
that the pipe was a built one, and not a solid-drawn, and 
being of opinion that the escape of steam was due toa 
slight defect in the brazing, he reported the matter to the 
chief engineer, Mr. Graham, who said he would go and 
examine the pipe. Mr. Graham was preparing to go into 
the stokehold, immediately after Mr. Black had left him, 
to look into the matter, when the explosion occurred. 
The volume of steam escaping was so great that, accord- 
ing to the evidence of the master, the whole of the 
ship’s deck was enveloped in the steam which was 

uring through the deck openings above the stokehold. 

ifforts were made to reach No. 2 stokehold to rescue 
the men in it, but they were unavailing until most of 
the steam had escaped. Meanwhile, the feed-pumps 
were kept hard at work, and the three aft boilers were 
isolated from the forward ones by closing the intermediate 
stop-valve; but before the stokehold could be entered a 
large quantity of steam from the aft boilers, and practi- 
cally the whole of that from the furward boilers, had 
—- through the burst pipe. As soon as possible the 
dead and injured men were conveyed on deck, and the 
fires in the boilers were drawn in order to prevent the 
furnaces being injured owing to the difficulty of feeding 
the aft boilers with water. Five firemen and two trim- 
mers were killed outright, or died shortly after, and 
another man was lohan 

The report goes on to say :—“‘ As it is unusual to find 
copper pipes so seriously reduced in thickness by ex- 
ternal corrosion, as was the exploded one, an ex- 
amination of all the main steam-pipes in the stokehold 
of the vessel was made, and other pipes were dis- 
covered in which serious wasting had also occurred ; 
two of them, also solid drawn, were of the same diameter, 
and had been obtained and fitted at the same time as the 
one that burst. In order to determine the cause of the 
wasting, some of the scale adhering to the burst pipe, 
near where the corrosion was most active, was scraped off 
for analysis. We also obtained drillings from the copper 
pipe, and samples of the asbestos lagging, and .also a 
portion of lagging from one of the pipes in the vessel 
which was put on at the same time as that on the pi 
which exploded, none of the latter being available, the 
whole of which were sent to the National Physical 
Laboratory for analysis, accompanied by a statement as 
to the general conditions existing in the stokehold. The 
analysis has now been made, and Professor Glazebrook 
in his report, attributed the wasting to the action of the 
sea-water. This would gain access to the copper more 
especially at those points where the lagging was inter- 
rupted to admit a hanger or the like support ; being im- 
prisoned by the lagging, it would not readily dry out, 
whilst air would always be present in the porous cover- 
ing. All the reagents required for corroding the copper 
would thus be at hand, and the reaction would be en- 
hanced by the temperature of the pipe.” 

In conclusion, the inspectors remark :—‘‘So far as we 
are aware, this is the only case of a solid-drawn copper 
pipe having failed in this manner on board ship; and 
considering the very large number in use, there is every 
probability that this is an isolated case; but the facts 
should, we think, be generally known and borne in mind 








when examinations are being made—viz., that wasting 
may occur on the outside of copper pipes, and that 
internal flaws may exist in solid-drawn pipes.” 








MISCELLANEA. 

Accorpine to Mr. Vivian Lewis, the composition of 
the Welsbach mantle has much to do with the effective 
temperature in and about the burning zone of gas. The 
maximum is reached with 99.9 ag cent. of thorium oxide 
and 0.1 per cent. of cerium oxide. 


Professor C. F. Burgess, of the University of Wis 
consin, has recently, by the aid of electrolysis, succeeded 
in producing chemically pure iron. The metal is said to 
free from all foreign contamination, with the excep- 
tion of a little hydrogen. 


Gas-engines of 5400 brake horse-power are being built 
for the new power-station of the California Gas and 
Electric Company at San Francisco. There will be four 
of these engines, three of which will operate 25-cycle 
alternating-current generators of 4000-kilowatt capacity, 
and the fourth will operate a 60-cycle alternating-current 
generator of 4000-kilowatt capacity. 


It appears that no more 16-in. coast-defence guns are 
to be made in the United States, for the experience of 
the past few years has shown that although the weapon 
is a most powerful one, and capable of doing effective 
work, the new regulation 12-in. gun can accomplish all 
that is required for coast-defence work. In addition to 
this, the 16-in. gun costs about twice as much as the 
12-in. 

The Pencoyd Iron Works, Philadelphia, have recently 
broken all previous outputs. In the first half of June 
7633 gross tons were = in the 23-28 in. mill, and 
rolled into beams, channels, and angles. It is the best 
record in the history of the works. In eleven hours 
396 tons of 6-in. by 6-in. angles were rolled, and the mill 
was changed in one hour and ten minutes from rolling 
12-in. channels to 6-in. by 6-in. angles. 


According to the United States Geological Survey, the 
production of fibrous talc in the State of New York 
amounts to nearly double that obtained from all the other 
States, and almost all of it is used in the manufacture of 
paper. In 1904 the output from New York State 
amounted to 64,005 short tons, valued at 507,400 dols., as 
compared with 60,230 short tons, valued at 421,600 dols., 
in 1903. The average price for a ton of talc in 1904 was 
7.92 dols., as compa: with 7 dols. in 1903 and with 
8.65 dols. in 1902—an increase of 92 cents a ton over 1903, 
and a decrease of 73 cents per ton as compared with 1902. 


It is stated by the 7'extile Mercury that carpet-making, 
which has for looer held a position as one of the small 
industries of the Caucasus, is on the decline ; one of the 
causes of this decline is said to be that the workers have 
ceased to work from the old designs, which were derived 
from ancient Chaldean, Egyptian, Greek, Arabian, and 
Assyrian sources, and that they now copy modern 
designs, derived largely from wool and cotton goods. 
Further than this, the Caucasian carpets have met 
with a severe competition in the markets of Russia, 
particularly from Bosnian and Persian carpet-weavers. 
Attempts are now being made to restore the old designs. 


It has recently been stated by a prominent French 
automobile engineer that it is impossible for a modern 
racing automobile to exceed the speed of 130 miles ~~ 
hour while its present weight is maintained. M. Serpollet 
has, consequently, decided to approach this limit of —_ 
as nearly as possible during this year. He is, therefore, 
constructing a steam-car which he is confident will be 
able to travel at an average speed of 125 miles per hour, 
and to accomplish 1 kilometre in 18 seconds. The motor 
will develop over 200 horse-power, and the weight of the 
engine, without the steam generator or boiler, will be 
— 150 kilogrammes, or 330 lb. 

The Electric Controller and Supply Company, Cleve- 
land, Ohio, have recently brought out a very large ong 
magnet, which has been designed for handling stock suc 
as pig iron, light or melting stock, small castings, bolts, 
rivets, &c. It has a lifting capacity of 1200 1b. of pi 
iron, small castings, bolts, nuts, &c., and 11001b. o 
medium-weight castings. As a magnet will, of course, 
lift a much greater weight when the latter is in one piece 


than when in a number of small — the one in ques- 
tion is used for lifting a large ball employed in breaking 
up scrap iron. This ball weighs 11,0001b. The magnet 


is in the form of a disc, and is slung with its faces hori- 
zontal from three chains attached to a ring. 


According to the Iron Trades Review, the increasin 
roduction of steel in Japan is due to the Imperial Stee 
orks at Wakamatsu, as these works are turning out 
rails, bars, plates, and angles in quantities, and machi- 
nery is now being ordered for the production of telegraph 
wire, bolts, rivets, &c. At present, the whole of the Ze 
duction goes to meet the Government requirements. Had 
it not been for the war, most of the rails that have been 
imported during the last year would have been manufac- 
tured in Japan at the Imperial Steel Works; and it is stated 
that about 18,000 tons of 60-lb. rails were manufactured 
there for use in building the military lines in Korea, in 
addition to many thousand tons of larger rails. The 
United ret shure in the rail imports to Japan 
appears to be growing less, and the largest share of the 


trade is falling to America. Imports of wire nails from |}, 


England have, however, in , no doubt because the 
native factory has practically ceased working. 

According to the Engineering Record, reinforced con- 
crete is extensively used on many of the projects of the 
United States Reclamation service. On the Huntley 





pe in Montana, for instance, there are aqueduct 
umes for storm-water over the main canal brid 
abutments, large inverted syphons under creek 8, 
and drops and large culverts of this nature under rail- 
way embankments. Some of these culverts have only 
a slight fill between them and the track. As an example 
of the construction of these culverts, one of them may be 
taken. It is 4 ft. wide and 34 ft. high inside, with sides 
and bottom 8 in. thick, and the top 10in. thick. The 
reinforcement at the top and bottom consists of 4-in. 
longitudinal rods spaced 13 in. apart, and }-in. rods 
spaced 8 in. apart, centre to centre. The roadway 
is about 2 ft. above the top of this culvert. In 
another case, where the cross-section is 8 ft. wide 
and 54 ft. high, the side walls are 9 in. thick, the 
floor 9 in., and the roof 12 in. thick at the sides, and 14 in. 
at the centre. The roof reinforcements consist of 4-in. 
longitudinal bars, —— 12in. apart centre to centre, and 
of g-in. transverse bars spaced 6 in. apart. The fill over 
this culvert is 16 ft. 


According to the Scientific American, good results have 
been attained in the production of artificial cotton made 
from firwood freed from bark and knots. The fibres are 


broken up by a special machine, and are then placed in a 
lead-lined copper cylinder, having a mom of 100 cubic 
centimetres. Into this steam is introduced for ten hours 


by means of a pipe in the bottom. At the end of that 
time 60 cubic centimetres of soda lye are poured in and 
boiled for thirty-six hours under a pressure of three atmo- 
spheres. The material is then washed and thoroughly 
crushed, after which it is bleached and dried. The pure 
cellulose thus obtained is treated in an autoclave contain- 
ing a mixture of zinc chloride, chlorohydric acid, and 
nitric acid, to which a little castor oil, caseine, and gly- 
cerine are The fibre, after being further reduced, 
is — through a weak solution of carbonate of soda, 
and then between drying-rollers, The necessary firmness 
is given to the thread by - ! putting it in a bath of 
dilute ammonia and then washing it with cold water. 
The substance thus made may be easily woven and dyed. 
When the artificial product is compared with the natural, 
it is said to be difficult to distinguish the difference, and 
it iseven asserted that the former may be so economically 
produced as to be able tocornpete with the latter. 


In some quarters a certain amount of doubt has been 
felt as to the wisdom of trusting too much to the pre- 
servative action which cement is sup to have on the 
iron and steel rods used for reinforcing concrete. There 
appears, however, to be little cause for such a feeling, 
for there is plenty of evidence to show that in suc 
cases corrosion is absolutely prevented. It may be said, 
of course, that the modern system of reinforcing concrete 
is too young to afford any reliable data on which engineers 
can lean ; but there seems to be quite enough evidence, 
unconnected with modern reinforcing, to prove clearly 
that iron and steel, when properly embedded in good 
cement mortar, is absolutely protected. Apropos of this, 
Mr. William Povy-Smith, M. Am. Soc. C.E., reports 
that a small piece of iron set in mortar has been taken 
from the base of an Egyptian obelisk now in New York, 
which iron was bright and free from rust after being 
embedded for 2300 years. The same authority also tells 
of the moving of a bed of concrete at a lighthouse in the 
Straits of ackinac, twenty years after it was laid 
10 ft. below the surface of the water. In this case, drift- 
bolts embedded in the concrete were found to be free 
from rust. We cannot manufacture at will long periods 
of time, when such are required for our tests; but in 
place of this we can substitute a corresponding intensity 
of corrosive action. Although the results of these arti- 
ficial tests are not conclusive proof, at the same time 
they all point to the same conclusion—namely, that if 
concrete is mixed very wet so as to make it very dense, 
and if the iron and steel is covered to the depth of 1 in. 
or more, there is absolutely no evidence of rusting, unless 
the steel was exceptionally foul when placed in the con- 
crete. The fine hair cracks which frequently appear at 
the bottom of reinforced concrete beams have also been 
viewed with suspicion, as being a likely channel through 
which moisture might enter and reach the reinforcing 
metal; but it has been pointed out by Mr. Spencer B. 
Newberry, an eminent American chemist and cement 
expert, that there is no danger that such cracks would 
result in corrosion, for he states that the immediate effect, 
even when such a crack began to open, would be a slight 
chemical change, and the formation of a carbonate at the 
bottom of the crack which would effectually protect the 
steel from any corrosion. 








Monicrpat Motor-Cars.—The Leeds City Council is 
the first important municipality in the country to adopt 
motor-cars for the conveyance of its servants and members 
of committees engaged in carrying out public duties. 
There is to be a special motor-car department having 
charge of the vehicles, and it will shortly have nine motor 
vehicles under its care. The tramways committee already 
has two cars, and the highways committee one car. In 
addition, the tramways committee has a motor-driven 
derrick. The chdssis of two motor-buses are now due, 
and orders have been placed for two powerful Belsize 
motor-cars, each fitted with four-cylinder engines, deve- 
loping about 40 horse-power. There is, further, to be a 
motor-van for the conveyance of goods. The new cars, 
which will secure a great saving in carriage-hire, will be 
largely used by the water-works committee, which is now 
usy on new reservoirs at Colsterdale, and is creating a 
forest in the Washburn valley. h committee will pay 
hire chai to the new department for the cars which it 
uses, All repairs will be carried out at a dépét in Kirk- 
stall-road, by electricians, mechanics, and carpenters con- 
nected with the tramways. ’ 
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CATALOGUES. 


Messrs. Ruston, Proctor, and Co., Limited, of Lincoln, 
have just issued a handsome album containing views of 
their large new boiler works, which are amongst the largest 
in the kingdom. The letterpress accompanying the 
illustrations is printed in five different languages, and 
dimensions are given throughout in both the metric and 
English systems. The Lancashire, Cornish, vertical, and 

rtable boilers of this firm have long been favourably 
eames and we note that they are now about to put on 
the market a new water-tube boiler. 

Messrs. Mavor and Coulson, Limited, of 47, King- 
street, Mile-end, Glasgow, have sent us a calendar for 
the month, giving also particulars as to a number of 
collieriés in which their *‘ Pick-Quick” electric coal- 
cutters are at work. 

We have received from the Parker Boiler Company, of 
the Pennsylvania Building, Philadelphia, a pamphlet 
describing their water-tube boiler. This has horizontal 
instead of inclined tubes. A special feature claimed is 
the small space occupied, which is stated to be only little 
more than one-half that needed by many inclined-tube 
water-boilers. A high evaporative efficiency is also 
claimed, combined with the advantage of easy access to 
’ the tubes and freedom from scale troubles. 

Messrs. W. H. Bailey and Co., Limited, of the Albion 
Works, Salford, have issued a circular describing 
McCracken’s patent steam-trap as made by them. This 
is of the expansion type, the valve having a yielding slat 
which prevents over-strain in case of excessive expan- 
sion. 

Messrs. Jenkins Brothers, of 62, Watling-street, E.C., 
have sent us a copy of their new price-list of valves, In 
addition to giving particulars of these valves, the catalogue 
also contains some excellent notes on the proper way to 
handle valves in erecting or repairing. Cases are by no 
means rare in which serious damage is done to valves at 
such times by careless or ignorant fitters. The catalogue 
also contains particulars of the firm’s jointing discs and 
joint sheeting, and of Sellers’ restarting injectors, for 
which the firm are the English agents. 

Messrs. Ham, Baker, and Co., 13, Grosvenor-road, 
S.W., have sent us « copy of their new catalogue, fourth 
edition, a book of 336 pages, illustrating the specialities of 
the firm, which include complete sets of sewerage fittings, 
water-meters, and waterworks fittings. 

The London Electric Firm, George-street, Croydon, 
issue a pamphlet describing their new arc-lamp lowering 
gear, which consists of an improved contact and sus- 
pension device, adapted for high tension and for use with 
any existing arc lamp installations. 

We have received from the Inglis Boiler Syndicate, 
Limited, 83, Renfield-street, Glasgow, an_ illustrated 
booklet on their patent steam-boilers. This gives a series 
of trials made by independent shipbuilding firms —s 
the boilers, and in whieh the efficiency works out as hig 
as 89 5 per cent. 

‘‘Warming and Ventilation” forms the title of a 
pamphlet issued by Messrs, Ashwell and Nesbitt, Limited, 
12, Great James-street, Bedford Row, W.C., which 
reviews their ‘‘ Leicester Plenum” and other systems, 
and gives illustrated descriptions of their application to 
schools, asylums, hospitals, infirmaries, banks, hotels, &c. 
The book is an interesting compendium on a most im- 
portant subject. 

The Sunderland Forge and Engineering Company, 
Limited, of Pallion, have sent us their price-list of in- 
duction motors. These are built of two different types, 
with squirrel-cage rotor, or with wound rotor and sli 
rings, in eighteen sizes, the full-load efficiency of whic 
varies from 84 to 90 per cent. on a full-load power factor of 
0.88 to 0.90 respectively. The company have also made 
a specialty of the construction of electric generators, 
winches, and lighting and power plants for ships, works, 
and private residences. 

The Simplex Steel Conduit Company, Limited, Gar- 
rison-lane, Birmingham, have pre sample cabinets 
for lectures, demonstrations, exhibitions, &c., which con- 
tain samples of all the various types and sizes of the 
Simplex conduits, couplings, bends, tees, &c. ; porcelain 
fittings, junction-boxes, lampholder and pendant fittings; 
various types of switch and ceiling rise boxes, cut-outs, 
&c. ; and the necessary erecting tools. The contents are 
described in a leaflet. The scheme will tly facilitate 
the work of architects and engineers in charge of central 
stations in selecting the maternal they require. 

The New Conveyor Company, of Smethwick, Bir- 
mingham, have issued a new catalogue on shafting and 
pulleys. The list includes data on couplings of all 
descriptions, pedestals, bearings, hangers, brackets, 
pulleys, and gear-wheels of every variety. Special cata- 
logues deal with their conveyor and screening installa- 
tions and stoking ap tus. 

Messrs. A. Reyrolle and Co., Limited, Hebburn-on- 
Tyne, have sent us a list describing their special wall- 
plugs for use in shipyards, works, tramway sheds, and 
other places, where a serviceable plug capable of standin 
a deal of rough treatment is required. The extern 
case is of cast iron, to which the live parts mounted in 
insulators are securely fixed. 

In sending us their new catalogue of continuous-current 
measuring instruments for switchhoards and portable use, 
Messrs. Elliott Brothers, Century Works, Lewisham, 8. E., 
call our attention to the fact that their instruments are of 
British manufacture throughout ; that they have made a 
feature of the interchangeability of all parts, which enables 
new shunts or new resistances to be supplied without the 
trouble and expense of returning the instruments to them ; 
that all instruments are provided with a zero adjustment, 


and that the instruments can be supplied with a great 


variety of finish, to suit other switchboard instruments. 
The McPhail and Simpson’s Dry Steam Patents Com- 





pany, Limited, of Wakefield, have issued, on the occasion 
of the Electric Tramway and Railway Exhibition, a 

amphlet describing in detail their wrought-steel super- 

eater, and showing its application to a large number of 
different types of boilers. The company, as is well known, 
have acquired a large experience in the matter of super- 
heating. This extends over a period of sixteen years, 
during which time they have constructed 150 different 
types of apparatus for various services. They have also 
made a specialty of evaporators, feed-heaters, and chemical 
recovery plants. 

Compressed air, its production and use, is dealt with in 
detail in a catalogue published by Messrs. A. and Z. Daw, 
11, Queen Victoria-street, E.C., who call attention to 
their latest improvements in the washing of air before 
compression, in the cooling of air between stages and after 
compression, and in re-heating the compressed air after 
transmission. Messrs. Daw build a large variety of types 
of installations for use in mining, harbour works, steel and 
copper works, engineering shops, &c. ; a number of these 
are illustrated, and particulars given as to their size, work, 
and efficiency. 

The Municipal Engineering and Contracting Company, 
of Chicago, have issued a catalogue describing their im- 
proved cube concrete mixer, and containing information 
to enable their agents ‘‘ to talk to customers in a learned 
way about concrete.” 








LAUNCHES AND TRIAL TRIPS. 

Tue Laxevaags Engineering and Shipbuilding Com- 
pany, Bergen, Norway, launched on Wednesday, the 
5th inst.. the s.s. Fenix. built to the order of Director- 
Consul Victor Ek, of Helsingfors Aangfartygs Aktie- 
bolag, Helsingfors. The principal dimensions are :— 
Length, extreme, about 239 ft. 6in.; breadth, 35 ft.; 
depth, moulded, 16 ft. 10in. The machinery has also been 
constructed by the Laxevaags Company, the cylinders 
being 16 in., 254 in., and 43 in. in diameter, with a 30-in. 
stroke. The working pressure is 175 lb. per square inch. 





On Thursday, the 6th inst., a new steamer for Messrs. 
Elder, Dempster, and Co., of Liverpool, was launched by 
Messrs. Workman, Clark, and Co., Limited, Belfast. 
The vessel is named the Agberi; she is a sister ship to 
the Patani, which was launched about a month ago from 
the same yard. Like the Patani, she is over 3600 tons 
gross, and will be employed in the West African coast 
trade. The engines, constructed by Messrs. Workman, 
Clark, and Co., Limited, at their Queen’s-road Works, 
are of the modern triple-expansion type, having steam 
from three large multitubular boilers working under 
Howden’s system of forced draught. 


On Sunday, the 9th inst., Messrs. Irvines Shipbuilding 
and Dry Docks Company, Limited, West Hartlepool, 
launched from their shipyard a finely-modelled steel 
screw steamer, built to the order of Mr. Kenneth McD. 
Cameron, West Hartlepool. She is of the following 
dimensions :—Length, 336 ft.; breadth, 47 ft.; depth, 
24 ft. 10in. Engines of the triple-expansion type are 
being supplied and fitted by Messrs. Richardsons, West- 
garth and Co., Limited, Hartlepool, having cylinders 
24 in., 38 in., and 64 in. in diameter, with a 42-in. stroke ; 
two large single-ended boilers working at 160 1b. pressure. 





On Monday, the 10th inst., the steamship Glenmay, 
built by Messrs. Ropner and Son, of Stockton-on-Tees, 
for Messrs. R. Livingston and Co., of West Hartlepool, 
made her official trial trip in the Tees Bay. She is 322 ft. 
in length, has a dead-weight carrying capacity of about 
4400 tons, and is classed 100 A 1 at Lloyd’s. The engines 
are of the triple-expansion type of about 1200 indicated 
horse-power, by Messrs. Blair and Co., Limited, of 
Stockton-on-Tees. The steamer made a very satisfactory 
trial trip, during which a s of 11 knots was attained, 
and afterwards proceeded to the Tyne to load for 
Barcelona. 

On Monday, the 10th inst., the new steamer Ulf, built 
by the Sunderland Shipbuilding Company, Limited, pro- 
ceeded to sea upon her official trial. The principal dimen- 
sions are 240 ft. between perpendiculars, 364 ft. breadth, 
extreme, and 19 ft. deep, classed 100 A 1 at Lloyd’s under 
special survey, single-deck type; the vessel is built to 
carry 2200 tons dead-weight. The machinery has been 
built by the North-Eastern Marine Engineering Com- 
pany, Limited, Sunderland, having cylinders 16 in., 
29in., and 48 in. in diameter, with a 33-in. stroke, steam 
being supplied by a large boiler working at 180 lb. pres- 
sure. The triul was in every way satisfactory, and a mean 
speed of 104 knots was Obtained, after which the steamer 
entered the Tyne‘in order to take cargo for the Baltic. 


On Thursday, the 13th inst., there was launched from 
the shipbuilding yard of Messrs. David and William 
Henderson and Co., Limited, Partick, Glasgow, a steel 
screw steamer of the following dimensions :—Length, 
371 ft.; breadth, 50 ft. 3 in.; depth, moulded, 27 ft. 6 in.; 
which they have constructed to the order of Messrs. 
Frank C. Strick and Co.. Limited, London. The vessel, 
which has been built to Class 100 A 1 in Lloyd’s Registry, 
spar-deck rule, with poop, bridge, and forecastle, will 
have a gross tonnage of about 4000 tons, and has been 
specially designed to suit the owner’s trade. The machi- 
nery, which 
son, consists of a set of triple-expansion engines, having 
cylinders of 25 in., 41 in., and 67 in. in diameter, with a 


stroke of 45 in.. and two single-ended boilers working at | 


a pressure of 180 lb. per square inch. The vessel was 
named Armanistan. 





Messrs. Mackay Brothers launched at Alloa, on Friday, 








has also been constructed by Messrs. Hender- 


the 14th inst., the twin-screw ferry steamer Hope, built 
to the order of Messrs. McLeod and Sons, Alloa. The 
vessel is 63 ft. between perpendiculars by 23 ft. by 5 ft. 6in. 
moulded depth, and is fitted with two sets of engines, 
having cylinders 7 in. and 14 in. in diameter, with a 10-in. 
stroke, steam being supplied from a boiler 6 ft. 6 in. in 
diameter by 8 ft. long, at 120 lb. working pressure, the 
engines being worked from the bridge by controlling 
levers. The machinery has been. supplied by Messrs. 
Aitchison, Blair, and Co., Clydebank. The Hope is 
intended for an improved ferry -ervice between North 
and South Alloa, and has been specially designed for 
vehicular traffic. Thedeck area gives accommodation for 
300 passengers. 





On Friday, the 14th inst., the new steel screw steamer 
Parklands, recently launched by Irvine’s Shipbuilding 
and Dry Docks Company, Limited, West Hartlepool, and 
built to the order of Mr. R. Hardy, West Hartlepool, 
proceeded to sea for her trial trip. She is of the following 
dimensions :—351 ft. by 48 ft. by 23 ft. 2 in., built to 
Lloyd’s highest class under special survey. Engines of 
the triple-expansion type have been built and fitted by 
Messrs. Blair and Co., Limited, Stockton ; they have cylin- 
ders 234 in., 39 in., and 64 in. in diameter, with a 42-in. 
stroke, supplied with steam by two large single-ended 
boilers working at a pressure of 180 lb. After adjusting 
the compasses, a series of runs were made, when a mean 
speed of 11 knots was obtained, the engines working 
aay and well, and the vessel having a full cargo on 
board. 





The trial trip of the s.s. Selandia, built by the Elsinore 
Iron Ship-Building and Engineering, Company, Elsinore, 
Denmark, to the order of the Steam Navigation Company 
**Dan,” of Copenhagen, took place in the Sound on 
Saturday, the 15th inst., and was considered very satis- 
factory. The vessel is built of steel, to the highest class 
Bureau Veritas special survey, and her dimensions are :— 
225 ft. by 34 ft. 9 in. by 14 ft. 14 in. depth of hold. 
The engine is of the triple-expansion type, with surface 
condenser, indicating 650 horse-power. The coal con- 
sumption was low, and a speed of 10.51 knots was attained. 


On Monday, the 17th inst., Messrs. Furness, Withy, 
and Co., Limited, Hartlepool, launched the large steamer 
Harley. The vessel exceeds 357 ft. in length, is built on 
the deep-frame principle, and takes Lloyd’s highest class. 
Triple-expansion engines will be supplied and fitted by 
Messrs. Richardsons, Westgarth, and Co., Limited, 
Hartlepool, with cylinders 24 in., 39 in., and 66 in. in 
diameter, with a 45-in. stroke, steam being supplied by 
two boilers, 16 ft. by 10 ft. 9 in. long, at 180 lb. working 
pressure. 


On Monday, the 17th inst., Messrs. Osbourne, Graham, 
and Co. launched from their yard at Hylton, Sunderland, 
the steel screw steamer Heriot, which they have specially 
built to the order of Messrs. George Gibson and Co., 
of Leith. The vessel carries a cargo of 1800 tons on a 
moderate draught, her principal dimensions being :— 
Length, 235 ft. ; breadth, 33 ft. 9in.; depth, moulded, 
17 ft. 3in. Engines and boilers are being supplied by 
Messrs. Richardsons, Westgarth, and Co., Limited, Sun- 
derland ; the cylinders being 18} in., 30 in., and 49 in, in 
diameter, with a 33-in. stroke. Steam will be supplied 
by one large boiler at 180 lb. pressure. After the launch 
the Heriot was taken to the Scotia works for her ma- 
chinery. 





The official trial trip of the Sandown took place on 
Thursday, the 20th inst., in Hartlepool Bay, after adjust- 
ing compasses; it was in every way satisfactory, the 
vessel attaining a speed of 12} knots over a series of runs. 
She has been built to the order of the British Maritime 
Trust, Limited, London, by Messrs. Furness, Withy, and 
Co., Limited, Hartlepool. The vessel is over 350 ft. in 
length, has a large measurement capacity, and takes 
Lloyd’s highest class. Triple-expansion engines have 
been supplied by Messrs. Richardsons, Westgarth, and 
Co., Limited, Hartlepool, with cylinders 24 in., 39 in., 
and 66 in. in diameter, with a 45-in. stroke. Steam 
will be supplied by two single-ended boilers, 16 ft. in 
diameter by 104 ft. long, working at 180 lb. pressure. 





The s.s. Normandie, built to the order of the Steam 
Navigation Company Gétha, of Gothenburg, was suc- 
cessfully launched on Saturday, the 22nd inst., from the 
yard of the Elsinore Shipbuilding and Engineering Com- 
pany,. Elsinore, Denmark. This steamer is built of 
steel to the highest class at Bureau Veritas special survey, 
and her dimensions are:—233 ft. 84 in. - 35 ft. by 
15 ft. 113 in. depth of hold. The engine is of the triple- 
expansion type, with surface condenser indicating 700 
horse-power. . 





Royat Metroro.oeicat Sociery.—The council of the 
Royal Meteorological Society, being desirous of advancing 
the general knowledge of meteorology, and of promoting 
an intelligent public interest in the science, have appointed 
a lecturer who is prepared to deliver lectures on meteoro- 
ae subjects—e.g., ‘‘ How to Observe the Weather,” 
** Weather Forecasting,” ‘‘ Climate,” ‘‘ Rainfall,” ‘* Thun- 
derstorms,” ‘‘Meteorology in Relation to Agriculture, 
Health, &c.” The lectures will be illustrated by lantern- 
slides. Societies and institutions wishing such lectures 
will be charged a moderate fee, besides travelling expenses. 
The council are further prepared to lend sets of lantern- 
slides, illustrating meteorological phenomena, and instru- 
ments, at a charge of ls. a dozen and cost of carriage 
(minimum amount, 3s. ). 
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AUTOMATIC SAFETY DEVICE FOR LIFT- 


DOORS. 


THE frequent accidents caused by persons attempt- 
ing to enter a lift when the cage was not opposite the 
doorway have brought forth numerous inventions 
with the object of preventing danger from this cause. 
The problem is fairly simple when the lift only serves 
two floors, as a falling door can then be fitted, which 
cannot be operated except from the inside of the shaft, 
by the action of the cage itself; but in the general 
case, when the lift has to serve several floors, some 
different arrangement has to be adopted. Any de- 
vice for closing and locking the doors must be operated 
quite independently of the will of the lift-man, other- 
wise, sooner or later, it will be forgotten or ignored. 
Further, it must be impossible for any person on the 
outside to open the doors at the wrong time. Wehave 
recently had the opportunity of inspecting a safety 
device which appears to fulfil all that is required of 
it without containing any mechanism requiring atten- 
tion, or likely to cause trouble from failure to act. 
The lift to which it is fitted serves four floors of a 
large warehouse, and on each floor the entrance is 
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closed by double doors, opening outwards and normally 
held closed by springs. 

The positions of the doors when opened and 
closed are shown by dotted lines in the plan, Fig. 2, 
above, where it will be seen that in each position 
the door is over catches projecting through the 
floor. The ‘‘ open” catches are spherical brass balls 
fitting into corresponding cups in the lower edge 
of the doors, while the ‘‘closed” catches are but- 
tress shaped. Both pairs of catches are mounted on 
springs, so that they can be depressed without 
affecting the lever mechanism beneath them, shown 
in the elevation, Fig. 1; and thus it will be seen that the 
doors, when open, may be released by hand from the 
spherical catches, and will be closed by the springs ; al- 
though, when closed, the pointed catches will prevent 
them being opened hy hand, unless the cage is stand- 
ing at that floor. Vertical rods connect the catches 
by means of levers to a rocking-shaft carried in bearings 
fixed beneath the floor joists; and another iever on 
the shaft is connected to a horizontal sliding-cam 
immediately beneath the floor. A strong spring, not 
shown in the illustrations, holds the shaft normally in 
such a position that the ball-catches are depressed 
flush with the floor, while the locking-catches are 
raised, and the cam projects into the lift-well. 

In the cage is a small lever fixed to the side, and 
capable of ated put in any one of four positions. 
This lever is connected by a wire passing round guide- 
pulleys, with a cam sliding in a horizontal guide in 
front of the cage-floor. The cams which work the 
rocking-shafts and catches are not set vertically one 
above the other, but spaced progressively further to 
one side, so that the cage in passing will only unlock 
the doors on that floor corresponding to the ition 
in which the lever in the cage is set. When the cage 





arrives on a level with that floor, the doors may be 
pushed open by the lift-man, and will be held wide 
open by the raised ball-catches. They may be shut, 
if necessary, by pushing them off these catches, as 
mentioned above. Immediately the cage leaves the 
floor, the cam is released, and the rocking-shaft 
rotates, withdrawing the ball - catches from their 
sockets and raising the locking-catches. The doors 
are closed by their springs, and ride over the locking- 
catches, from which they can only be freed by the 
return of the cage to a stationary position exactly 
opposite the doors. 

A lift fitted with this safety gear can be seen in 
operation on application to Mr. Stroud, Hay’s Wharf, 
Thtlap cteeeh, S.E. 








INDUSTRIAL NOTES. 

Tue returns issued by the Labour Department of the 
Board of Trade, which appear in the Labour Gazette, 
showlittlechange in the industrial situation ascompared 
with the previous month. The curve-line shows that 
the proportion of unemployed was much below that 
of the same month last year, but it does not touch the 
lower level of the dotted curve for the mean of the 
last ten years—namely, 1895 to 1904. These returns 
are far-reaching, being nearly 5000—the actual number 
is 4935. Of these, 3570 were from employers, 1265 
from trade unions, and 100 from other sources. Speak- 
ing generally, the situation is not satisfactory, for the 
proportion of unemployed is slightly larger than it was 
a month ago. 

In the 271 trade unions whose returns are specially 
dealt with there was an aggregate membership of 
576,344 ; of these, 29,995, or 5.2 per cent., were un- 
employed, as compared with 5.1 per cent. in the pre- 
vious month, and 5.9 per cent. in the same month a 
year ago. When itis remembered that June is usually 
a busy month in most outdoor trades, the proportion 
out of work is undoubtedly heavy. In the building 
trades employment continued very dull for the time 
of year. There was little change as compared with 
a month ago, but trade was worse than a year ago. 





In the coal-mining industry there was the usual 
seasonal decline at this period of the year, a portion 
being due to holidays; but apart from this, trade was 
not so good as a year ago. Employment continued 
good in the iron-mining industry, and was generally 
about the same asa yearago. At the 118 mines and 
open works covered by the returns the average time 
worked in the four weeks was 5.62 days, as compared 
with 5.85 days in the month previous and 5.91 days 
in the same month a year ago. The average was 
reduced by 0.24 of a day by holidays. 





There was no change in the pig-iron industry, which 
was considerably better than a year ago. At the 
works of 108 ironmasters, employing 22,800 work- 
people, 322 furnaces were in blast—the same as in the 
previous month, and an increase of 10 compared with a 
year ago. 

In the manufacture of iron and steel employment 
continued good on the whole, and considerably better 
than a year ago. Returns relating to 193 works, employ- 
ing 89,475 persons, show that the volume of employment 
was 0.2 per cent. better than a month ago and 7.6 per 
cent. better than a year ago. 

Employment in the tin-plate industry continued 
good—much better than a year ago. There were 417 
mills in operation—the same number as a month ago, 
but 54 more than a year ago. 





In the engineering trades there was a slight im- 
provement, employment being considerably better 
than a year ago. The proportion of unemployed 
union members was 5.1 per cent.; in the previous 
month, 5.2 per cent.; a year ago, 6.7 per cent. 

In the shipbuilding trades there were variations. 
In some districts employment was better, in others it 
declined ; on the whole there was little change, but it 
was slightly better than a year ago. The proportion 
of unemployed union members was 11.5 per cent.; in 
the previous month, 11.1 per cent.; a year ago, 12.9 
per cent. 





In the cotton trades employment continued very 
brisk, and was considerably better than a year ago. 
Returns from firms employing 134,885 operatives 
showed no change in the amount of wages paid com- 
pared with a month ago, but an increase of 9.6 per 
cent. compared with a year ago, when short time was 
still the rule, though much reduced in certain districts. 

In the woollen trades employment continued good ; 
there was a great improvement over a year ago, 
especially in Scotland and in the Huddersfield district. 
Returns from firms employing 17,088 operatives show 
a decrease in the amount of wages paid of 0.9 per cent. 
compared with a month ago, and an increase of 7.2 per 
cent. compared with the same month a year ago. 

Iu the worsted trade employment was about the 
same, showing little change. In firms employing 





36,732 workpeople, the wages paid show a decrease of 


0.3 per cent. compared with last month, but an in- 
crease of 2.3 per cent. compared with a year ago. 

In the flax (linen) trade employment continued fair 
generally, with little change com with a month ago 
and a year ago. Returns from firms employing 45,463 
workpeople showed a decrease of 1.1 per cent. in the 
amount of wages paid compared with the previous 
month, and an increase of 0.2 per cent. over a year ago. 

Employment in the jute trade continued moderate, 
but worse than a year ago. Returns from firms em- 
ploying 19,588 workpeople showed an increase of 1.6 
per cent. in the amount of wages paid over the pre- 
vious month, but a decrease of 3.7 per cent. compared 
with the same month a year ago. 

In the silk trade there was a slight decline as com- 
pared with the previous month, but it was better gene- 
rally than a year ago. Returns from firms employing 
9389 persons showed a decline of 0.6 per cent. in the 
number of throwing and spinning spindles as com- 
pared with the month previous, but an increase of 1.5 
per cent. over a year ago. The number of power 
looms working showed a decrease of 2.8 per cent. com- 
pared with the previous month, but an increase of 5.8 
per cent. over the same month a year ago. 


Employment in the boot and shoe trades showed a 
slight decline, as compared with the month previous, 
but it was better than a year ago. Returns from 
461 firms, employing 62,009 operatives, and paying 
60,042/. in weekly wages, showed a decrease of 1.4 per 
cent. in amount of wages paid compared with the 
previous month, but an increase of 5.3 per cent. over 
the same month a year ago. In the other leather 
trades employment was still slack, though slightly 
better than in the previous month, and far better than 
a year ago. The proportion of union members un- 
employed was 7.2 per cent.; previous month, 7.5 per 
cent.; a year ago, 9.1 per cent. 

In the printing and bookbinding trades employment 
was slack. The proportions of unemployed were 5.5 
per cent., and 5.4 and 5.1 per cent. compared with a 
month ago and a year ago respectively. In the paper- 
making trade employment was fairly good, with little 
change compared with a month ago or a year ago. 

In the furnishing and wood-working trades there 
was a decline; but taking the whole group, employ- 
ment was about the same. 

In the glass, pottery, brick, and tile trades employ- 
ment was quiet generally, with a little improvement in 
the glass trade. 

yo pe was regular with agricultural labourers. 
Dock and riverside our was moderate. In London 
there was a decline, but at the other ports there was 
a slight improvement—about the same as a year ago. 





There were 18 new labour disputes in the month, 
26 in the previous month, and 16 in the same month a 
year ago. The total number involved in all disputes 
was 11,855, or 6373 fewer than in the previous month, 
but 5063 more than a year ago. The aggregate dura- 
tion of the disputes was 182,700 working days—69,900 
less than in the previous month, but 101,400 less than a 
year ago. There were 11 disputes settled, affecting 
4773 persons ; three were in favour of the workers, 
four in favour of employers, and four were compro- 
mised by the parties concerned. 

The net result of changes in wages was a decrease 
of 70/. per week. The changes affected 12,700 work- 
people ; 7350 obtained advances, and 5350 sustained 
reductions. Only five changes, affecting 1800 work- 
people, were preceded by stoppages of work. All the 
rest were settled by sliding scales or negotiations 
between the parties concerned. 


The reportof the Boiler-Makers and Iron-Shipbuilders 
is a little more encouraging, for it shows a reduction 
of 301 members on the funds. Still the aggregate is 
enormous at this season of the year—the best for all 
kinds of outdoor employment. The total number on 
the various benefits was 8116; previous month, 8417. 
The reductions were in each section of the unem- 
ployed, and in those on sick benefit, and there was a 
reduction of four on superannuation benefit, presum- 
ably by death. The total on superannuation allow- 
ance was 1235. The decreases were :—Unemployed, 
231; on the sick list, 66. The decrease of out-of-work 
members—from 7235 at the commencement of the year 
to 4994 on July 1—is encouraging, so far as it goes, but 
the army of non-workers is still large. The aggregate 
expenses of the month, in which five weeks: were 
reckoned, were 13,543/. 7s., which were slightly in excess 
a week on the average of the previous four weeks. 

here was an increaseof 88in membershipafter allowing 
for deaths and exclusions. The general secretary, Mr. 
D. C. Oumings, was re-elected without opposition. 
Votes for the payment of bonus claims— that is, the 
full amount for accidents—was practically unanimous. 
Special support is solicited for the members on strike 
in the Annan dispute, to supplement strike pay. 
Some special instructions are given in the report as to 





the payment of benefits, for travelling, donation, sick, 
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superannuation, and also for bonus—accident claims. 
There is an article on the fiscal question by Mr. R. 
Knight, ex-general secretary. 


In the Midlands the iron and steel trades are re- 
ported to be steady in tone, with an increased tonnage 
of both being turned out. But both merchants and 
consumers appear to have satisfied their requirements, 
so that the market of last weck was quiet, with only 
a moderate attendance. Makers of best finished iron 
are reported to be well engaged upon orders from 
engineers and for railway rolling-stock makers, but 
only a moderate business is being done in common 
iron, and prices are cut very fine. Some good con- 
tracts for railway wagons have been placed, and it is 
said that from inquiries made further large orders 
are anticipated. The demand for gas-strip is good, 
but prices are low—unremunerative, it is said. Gal- 
vanisers are doing well, it is reported. It is expected 
that the new sliding-scale will be ready to come into 
operation in a few days, if both sides = as to 
the terms and conditions. The position of the engi- 
neering trades has improved. The proportion of un- 
employed union members in the Birmingham, Coven- 
try, and° Wolverhampton districts has fallen to 3.6 
per cent. ; previous month, 4 per cent. ; and the same 
month a year ago, 4.3 per cent. Generally, in the 
West Midlands trade is reported to be fair; at 
Coventry it is good. Electrical engineers were busy at 
Birmingham, with overtime, but at Wolverhampton 
trade was rather quiet. The cycle and motor trades 
were fully employed, overtime being worked. Iron- 
founders at Birmingham complain that trade has de- 
clined, and is now bad. In the East Midlands em- 
ployment has much improved, but the situation varied 
considerably in the various districts. Employment in 
the hardware and miscellaneous metal trades con- 
tinues to improve generally; it was rather better 
than a month ago, and about the same as a year ago. 
Bedstead-makers report trade as good, with overtime. 
There were variations in the other iron, steel, and 
metal-using trades, but generally employment was 
moderate to fair. 


The position of the iron and steel trades in Lanca- 
shire may be described as quietly steady as regards 
finished iron. There was a steady demand for steel 
products of all kinds on ’Change last week at full 
rates ; but there is a lack of animation in the market. 
There is expectancy and a better tone, but no 
speculative activity. Merchants and users of finished 
products seem to be satisfied if they secure enough 
material for present requirements—a hand-to-mouth 
policy which has endured for some time. The South 
African boom has not been realised, nor are the 
prospects of such very oe: indeed, it seems to 
recede into the distance, like the scientific frontier, 
the nearer you get to the horizon the further it seems 
to be away. The engineering trades show some im- 

rovement. The proportion of unemployed in the 

Janchester, Salford, and Liverpool districts was 
5.4 per cent.; previous month, 5.7; and the same 
month a year ago, 7 per cent. In the Oldham, Bolton, 
Blackburn, and Burnley districts it was 4.2 per 
cent. ; previous month, 5.3 per cent. ; same month a 
year ago, 10.5 per cent. In the former districts, trade 
was moderate in most sections, but with pattern- 
makers and machine-workers it was good. There was 
improvement also with ironfounders. In the latter 
districts the improvement was so great that employ- 
ment was regarded as fair in most sections. The 
improvement in the textile-machine-making trades 
was well maintained. Ironfounders were busy, on 
the whole, but only moderate at Bolton. Pattern- 
makers report trade as good at Blackburn, moderate 
elsewhere. Ironfounders report trade as good at 
Stockport and Warrington, moderate at Wigan. 
Engineers were not busy either at Stockport or at 
Wigan, The trend is towards better trade generally. 


Presumably the last stage has been reached in the 
‘*stop-day” case of the Glamorgan Coal ses wa d 
and others v. the South Wales Miners’ Federa- 
tion. The plaintiffs appealed against Mr. Justice 
Bigham’s finding in favour of the defendants to the 
Court of Appeal, and won ; the defendants then took 
the case to the House of Lords, who upheld the decision 
of the Court of Appeal. The plaintiffs thereupon 
became entitled to damages, assessed finally at 57,000/. 
and costs. The plaintiffs’ bil! of costs amounted to 
7900/. This amount has by mutual arrangement been 
reduced to 5500/., making altogether 62,500/., to 
which must be added the defendants’ costs, so that 
the total will nearly reach 70,000/. The folly of the 
policy of the South Wales Miners’ Federation was 
pointed out in these notes at the time. The 
alleged object was to raise the price of coal by limiting 
the supply, and the men said that such action was in 
favour of the coalowners. They would have been wiser 
to leave the coalowners to look after themselves, which 
they are quite capable of doing, instead of breaking 
contracts, which has led to their being mulcted in 
such heavy damages and costs. 





There seems to be a probability of a eful solution 
of the dispute in the cotton trade, the operatives in 
which have handed in their notices to cease work 
unless the 5 per cent. advance demanded is conceded. 
The hesitancy on the part of the employers seems to 
have arisen in consequence of the cornering and specu- 
lations in the United States in anticipation of the pro- 
bable or possible crops. The uncertainty as to price, 
and even as to quantity, led the mill-owners and 
others to expect another crisis, and they wanted to be 
prepared to meet it, in the only way which to them 
seemed feasible—namely, to keep wages at the rates 
ruling for some time past. 


The Operative Printers’ Assistants’ Society has been 
mulcted in 650/. damages on the ground that its 
secretary had procured and induced workmen to break 
their contracts; and it was further alleged that the 
society had introduced agents into the plaintiffs’ works, 
and that they had spoiled and retarded the work. 
The judge pointed out that if the defendant secretary 
had exceeded his authority, the society was not neces- 
sarily responsible in damages. The jury found for the 
plaintiffs,and assessed the damages at 650/. Execution 
was delayed for fourteen days upon payment of 
damages into Court, probably with a view to appeal. 


Nearly 5000 miners in the Ebbw Vale district have 
come out on strike against the employment of non- 
unionists. This seems to be the great labour difficulty 
in the mining districts of South Wales and Monmouth- 
shire. 


The dockers’ strike at Liverpool continues in spite 
of the efforts of the Lord Mayor and others to bring 
about a settlement. It is reported that 1000 miners 
in North Wales are idle in consequence of the strike. 
The Liverpool men on strike held a great demonstration 
last week, at which some 3000 or 4000 persons were pre- 
sent in support of the strike. It is reported that the 
Transport Workers’ Unions in America have cabled to 
the effect that they will support and assist the Liver- 
pool men by all the means at their disposal. So far 
the men appear to have made no headway ; but, being 
backed by the union and by the General Federation of 
Trades, they seem determined to fight the matter out 
to the bitter end. 








NAVAL SHIPS AT THE TIME OF 
TRAFALGAR.* 


The Ships of the Royal Naury as they Existed at the 
Time of Trafalgar. 
By Sir Pair Warts, K.C.B., LL.D., F.R8., 
Vice-President. 

A COMPLETE analysis of the naval resources with which 
this country carried on the long struggle that reached its 
climax at trotalgne would be of the greatest interest, but 
would demand a much longer time for research than I 
have been able to devote to the preparation of this paper. 

I shall merely enumerate and classify the various types 
of ships forming the Royal Navy at the time of Trafalgar, 
and then describe briefly the design, construction, arma- 
ment, &c., of some of the more important of the line-of- 


battle ships and frigates. 
At 


Table ives the names of the ships in the Royal 
Navy in October, 1805, their date of building, the number 
of guns carried, and the station on which they were serving. 
Table Bt is an abstract of this list, showing the number of 
ships of each class and rating, and giving separately the 
ships in commission, those in ordinary but available for sea 
service, and those for harbour service, both in commission 
and in ordinary. It also gives the increase and decrease 
in the various classes in the year 1805 up to the date of 
Trafalgar. It will be seen from these tables that there 
were 912 ships in the Navy at this date, of which 584 
were in commission for sea service, and 40 in ordinary 
but available for sea service. Of the remaining ships, 56 
were harbour ships in commission, 101 were harbour 
ships in ordinary, and 131 were building or ordered to be 
built. During the year 1805 up to the date of Trafalgar 
150 vessels were added to the Navy, including two ships- 
of-the-line and a number of smaller vessels captured from 
the enemy. Against these we have to deduct 44 vessels 
broken up, wrecked, or captured, no large vessels being 
included among the latter. Of the 624 ships available 
for sea service, 135, including 16 line-of-battle ships and 40 
frigates, were foreign-built and had been captured from 
the enemy; and of the 157 ships on harbour service, 66, 
including 23 line-of-battle ships, four two-deckers of 50 
guns, and 15 frigates, were foreign-built and had been 
captured from the enemy. 

All ships of 60 guns and over were included in the 
line of battle, and of those available for sea service, 22 
were three-deckers of from 98 to 120 guns, the largest, 
(the Hibernia) being 2508 tons burthen and about 4600 tons 
displacement. The remaining ships of the line avai!able 
for sea service consisted of 96 two-deckers, the average 
being 1690 tons burthen and about 3000 tons displace- 
ment. Of these the most prevalent type was the 74-gun 
ship, of which there were 69. 

The two-deckers of from 44 to 56 guns formed an inter- 


* Read at the summer meeting of the Institution of 
Naval Architects, July 19, 1905. 

+ Consideration of space prevents us from printing 
these long tables. 


mediate class not generally recognised as line-of-battle 
ships, though being considerably more powerful than the 
frigate class, they were able to take their place in the line 
in an emergency. There were 14 of these ships avail- 
able for sea service, having an average burthen of 1050 
tons and a displacement of about 1800 tons. 

The frigate class included all one-deckers of 28 guns 
and upwards, and, excluding harbour ships, &c., num- 
bered 133 ships, of an average burthen of 910 tons and a 
displacement of about 1500 tons. 

able C* gives a list of the principal ships building in 
October, 1805, of 18 guns and above, with the number of 
uns carried by each, and the yards at which they were 
ing constructed. These vessels were distributed as 
follows :— 
Building in Building in 
Government Private 

Yards. Yards. 
110-gun ships 2 
98-gun ships 
74-gun ships ise 15 
18 to 40-gun ships 30 


In addition there were a number of ships ordered to 
be builé which had not yet been laid down. The majority 
of these ships were building in the southern English 
counties, in the neighbourhood of the large oak forests, 
and near the chief naval ports. 

Of the Trafalgar ships, 14 were built at the six Govern- 
ment dockyards, seven by the various private firms on 
the Thames, one at Harwich, and two at Beaulieu. The 
last-named place recalls a long-closed page of naval con- 
struction. From two or three old slips, now grass- 
grown, there were launched during the last half of the 
eighteenth century four line-of-battle ships (including 
Nelson’s Agamemnon), thirteen of different classes, from 
50-gun ships to 28-gun frigates, and many smaller vessels. 

able D* gives the distribution of British ships in 
October, 1805. It shows how, at a very critical time, our 
Navy was disposed not only for the purposes of engaging 
the allied fleet and protecting our shores, but also for 
protecting our large mercantile trade and extended over- 
sea possessions against losses, which, though they might 
not change the military situation, might cause embarrass- 
ment. Apart from the vessels engaged on the several 
mercantile routes and foreign stations, the majority of 
our ships were massed in two positions: one in or near 
home waters—in port, in the English and Irish Channels, 
in the Downs and North Sea stations, and the other near 
the entrance to the Mediterranean. There were thirty- 
three ships of the line in the neighbourhood of 'I'rafalgar, 
but of these twenty-seven only took part in the battle, 
the other six having gone to Gibraltar to provision and 
water. Twenty-nine of these ships had for some time 
formed the Mediterranean Fleet, while four had recently 
come from home waters. 
. Tables E* and F* give particulars of the British and 
Allied Fleets at Trafalgar. ere was, it will be seen, a 
close similarity in the composition of the two fleets :— 


On the English Side. On the Allied Side. 
8 large ships (80 to 100 10 large ships (80 to 140 
guns) guns) 
16 74-gun ships 22 74-gun ships 
3 64-gun ships 1 64-gun ship 


and of attendant vessels, taking no direct part in the 
action :— 


On the English Side. On the Allied Side. 
4 frigates 5 frigates 
2 small vessels 2 small vessels 


These lists show how on both sides ships changed 
hands. The Tonnant,Belleisle, and Spartiate were origi- 
nally French ships, and the Berwick and Swiftsure were 
English-built ships es on the French side. 

able G* gives the dimensions and weights of the 
principal types of ships of the period—namely, a 120-gun 
three-decker, a 74-gun two-decker, and a 49-gun frigate. 
Figs. 1 to 5 give the sheer draughts of five typical 
Trafalgar ships—the Victory of 100 guns, the Neptune of 
98 guns, the Bellerophon of 74 guns, the Africa of 64 guns, 
and the Sirius of 36 guns; the Victory and Neptune being 
three-deckers, the Bellerophon and Africa being two- 
deckers, and the Sirius a frigate of one deck. (See table 
on page 128.) 

The original sheer drawing of the Victory, which is ex- 
hibited on the wall, was searched for and found at the 
Admiralty a year or so back, at the request of Professor 
Biles, who was designing a training-ship for boys to re- 
place the old Exmouth, and who wished to give the vessel 
the form of the Victory. The training-ship has been 
built of steel, and is at present moored on the Thames. 
She will possibly perpetuate the form of the Victory 
after this vessel has to exist. At the present 
moment, however, the Victory is the flagship to the Com- 
mander-in-Chief at Portsmouth, and is in good repair. A 
large quantity of the timber damaged in action and 
decayed has been removed, but much of the old vessel 
yet remains. One occasionally meets with souvenirs of the 
old ship, as, for instance, easy-chairs, constructed of her 
old timber ; and I have in my hand a badge, which is 2 

to the Welcome Club of the Naval, Shipping, and 
isheries Exhibition, at present at Earl’s Court, which 
consists of a portion of one of the Victory’s old timbers, 
held by a rim made of the copper from the sheathing of 
the Foudroyant—also one of Nelson’s old flagships. __ 

It will be seen that the drawing from which the Vic- 
tory was built is very dilapidated, but the ‘signature of 
Sir Thomas Slade can be made out, and a note that the 
Victory was to be built from the design dated 

, and signed apparently by the Controller of 
the Navy of thatday. An exact copy of the old drawing 








* See note in preceding column. 
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has been placed on a board next to it. The Victory was | 
forty years old at the date of Trafalgar, but she had 
been reconstructed seven years before this date, and an 
upper deck was then added, which is not shown on the 
original sheer drawing, but is shown dotted in Fig. 1. _ 

A large scale sectional drawing in perspective, showing 
the construction of the Victory, is also exhibited, in which 


THE DOTTED OUTUNE SHOWS Tue VESSEL AS ALTERES 


accepted as the best investment of naval expenditure, 
and the tactics proper to such vessels had been worked 
out in many an action. 


| gun ship should not be crushed by a superior antagonist. 


wing, however, to the limitations imposed on ship- 


building when wood was the only available material, tho 
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the parts of the original structure, and those which were 
added in 1798, and also changes made on the occasion of 
a more recent reconstruction, in 1820, can be traced. 

The principal dimensions of ships of the line and frigates 
had been established in 1719, and sanctioned by the King 
in council, They were revised in 1733, 1741, and in 1745, 
and since this latter date there had been no material 


changes in shipbuilding or ordnance. The line-of-battle | 


ship was the sole instrument for obtaining the command 






of the seas. On the whole, the 74-gun ship was generally | 











authorities failed to recognise the advantage of concen- 
trating a heavier armament in a single ship; this had 
been done repeatedly. The Santissima Trinidad, of 140 
guns, had been afloat since 1769, and some of the largest 
English ships a few years longer. There had been ample 


| remy of testing their powers. The 74-gun ship 


— y had been totally dismasted and put out of 
action by the French 120-gun flagship l’Orient at the 
Nile; and it was generally recognised as necessary in fleet 
actions se te modify the order of line-of-battle that a 74- 
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carrying them. But three-deckers were worse sailers 
and were less handy in manceuvring than two-deckers. 
Owing to their high exposed sides they made more lee- 
way, and, to obtain the necessary stability under sail, 
they carried more ballast to counterbalance the increased 
top weights. Apart from the advantage of concentration 
of fire on one part of the enemy’s line, there was no ad- 
vantage corresponding to that obtained in modern ships 
by an increase in dimensions, such as more economical 
propulsion, better protection, and more guns per ton of 
displacement. Again, since one could get roughly four 
74-gun ships for three 100-gun ships, there was, with the 
greater number of smaller ships, a correspondingly greater 
chance of retaining sufficient spars, in action, to assure 
adequate manceuvring power. It is true that consider- 
able numbers of larger ships were in existence, but they 
were mostly older ships; and of the ships-of-the-line 
building in 1805, 75 per cent. were of the 74-gun type. 

There was one advantage ssed by the 100-gun ship. 
When a fleet in column of line ahead attacked the centre 
of the opposing force in line, there was a great chance of 
the head of the column being completely disabled before 
the following ships got into action. The 100-gun ships, 
however, when leading the line, were able to pour in such 
a heavy concentrated fire on the enemy’s line as to help 
considerably in checking his return fire, and were thus 
able to minimise the risk of their being completely dis- 
abled themselves before reinforcements arrived. As a 
matter of fact, the Victory and Royal Sovereign were so 
used at Trafalgar. 

From Table G it will be seen that all the ships carried 
ballast. The metacentric height was generally about 12 ft.; 
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this large amount being not so much necessary for safety 
as to ensure a moderate angle of heel under sail, so that 
the lower lee guns could be fought as long as possible. _ 

The records as to the rate of sailing are of necessity 
very indefinite, the speed depending on so many varying 
circumstances, such as weather, course, draught of ship, 
and trim of sails. The speeds attained, however, were 
slow, even if judged by the speed of large modern sailing 
vessels. Nelson’s cruise to the West Indies and back was 
made at an average rate of about 4 knots. He went into 
action at Trafalgar at less than 3 knots ; the first shot of 
the lee line was fired at 12.10, and the rear ship of the same 

+ line got into action at 4.30 p.m. The highest reliable speed 
recorded for frigates at the time under consideration 1s 10 
knots running free, and 8 to 84 knots when close-hauled. 

Figs. 6 to 13, page 127, show the building drawings of the 
100-gun ship Royal Sovereign. The use of wood, and the 
preponderance of oak asa shipbuilding material, deter- 
mined to a considerable extent the size and type of the 
ships of the period. Without discussing the question in 
detail, an enumeration of the chief defects of wood as a 
material of construction may be given. Timber was pro- 
curable mainly in short, thick pieces; it was not possible 
to devise oe | end connections ; the fastenings could not 
develop the strength of the main body of the material, 
and the small strength across the grain, together with the 
liability to shakes, were sources of inevitable weakness. 
In these respects wood was especially unsuitable for 
resisting the great longitudinal and racking stresses. 
These qualities led toshort ships; the necessity for heav 
batteries made them high-sided ; and this in turn, wit 
the large sail power, led to the use of ballast. The 
ballast weighed, in fact, often more than the guns. 

The midship section and side elevation (Figs. 12 and 13) 
show the methods of scarphing the frames, planks, &c. 
Even with such short, deep ships considerable trouble was 
experienced in obtaining sufficient strength, both longi- 
tudinal and transverse, especially in the larger classes. 
Diagonal riders and iron beam knees, which greatly im- 
proved the strength, were not introduced till about the 
year 1810. The large tumble-home given to the ships was 
adopted mainly with the object of obtaining greater 
strength against transverse racking strains, and facilitat- 
ing the obtaining of suitable timber for the upper beam 
knees. In the case of ships-of-the-line the side above 
water was composed of outer planking of 8 in. to 44 in. 
thick, and planking on the inside of the frames of from 
4 in. to 5 in. thick. The frames themselves com 
almost a solid wall, so that a combined thickness of nearly 
2 ft. was available for resisting shot. In order to allow 
the frames, keel, &c., to thoroughly season, it was con- 
sidered the best practice to leave the ship in frame for at 
least a year. The planking was sawn about one year 
before use, and stacked with spaces between the planks 





to allow a free current of air to aid in the seasoning. 


NAVAL SHIPS AT THE 
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Fig. (on page 127) 
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152 ft. 6§ in. 
51 ft. 


| 
| 
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| 


30 of 42 pds. 
28 ,, 24 
30 ;, 12 


The older ships of the Trafalgar period were iron, 
fastened and sheathed with copper. Considerable trouble 
was, however, experienced by the corrosion of the iron 
fastenings, so much so that in some cases, after three or 
four years, the ship was rendered unfit for foreign service. 
The intervention of substances such as felt, tarred paper, 
&c., between the copper and wood bottom failed to pro- 
tect the iron entirely; and at one time the Board of 
Admiralty contemplated discontinuing the sheathing of 
ships lying in ordinary, and fitting it to them immediately 
before going to sea. Copper fastenings were introduced 
in 1788; and as this entirely got over the difficulty of the 
corrosion, they were generally adopted for naval ships 
after that date. 

The cost of ships varied largely from time to time. The 
Royal William, of 1918 tons burthen, built in 1719, cost 
about 30,800/., being 167. per ton. The Royal George, of 
2046 tons, built in 1756, cost 54,700/., or 26.72. per ton. In 
1800 ships of the line cost 21. per ton, whilst in 1805 the cost 
had risen to 35.42. per ton. The time of building varied 
in the case of ships of the line from about five to ten 

years; but was often longer than would have otherwise 
een necessary, in order to allow the frame to season well 
before being planked. 

On Table H* is given grtiedon of the ordnance of 
1805. The armaments of English and foreign ships had 
hardly altered more than the ships themselves during 
the half-century before Trafalgar. The ordinary arma- 
ment of the 74-gun ship was :— 

English 74's. French 74’s. 
28 32-pounders 28 36-pounders 
30 24 °° 30 24 


16 9 16 8 
* Not reproduced. 


On lower deck 

On upper deck 

On poop and fore- 
castle... sea 


” 


” ” 





Most of the older ships of the line had been designed 
to carry 42-pounders on the gun-deck, but 32-pounders 
ad been substituted for them a few years before Tra- 
falgar, owing to the greater handiness of the latter guns. 
Theaddition of eight 12-pounder carronades, as the short 
new type of gun introduced in i779 was called, made 
the actual armament of the so-called 74-gun ship to 
number 82 guns; but at this time both in English and 
foreign ships carronades were not included in the nominal 
nuinber of guns. The French did not adopt carronades 
till later than we did, but in 1793 they ordered 400 of 
these guns—36-pounders. : 
The average proportion of the heavier and lighter 
guns ina fleet is illustrated by the following table of 
those carried by Lord Howe’s fleet on June 1, 1794. 
There were approximately :— 

700 

180 

660 

240 

320 


32-pounders 
24 


18 
12 

9 

2100 
in all, besides 60 carronades, mostly 18-pounders and 
12-pounders. ‘ ¥ 
hese guns, with their many defects, had necessarily 

but small range and accuracy. A 32 or 24-pounder fought 
on the lower deck had a range of about 2000 to 2500 yards 
only with 8 deg. elevation, and of about 1500 yards with 
4 deg. elevation. The powder charge was generally one- 
third to one-quarter the weight of the shot. At close 
quarters a 24-pounder was said to be able to penetrate 
nearly 5 ft. of solid oak, and an 18-pounder about half 
this amount. Practically all the guns used were of cast 
iron mounted on wooden carriages; and the necessary 
elevation and training were given in a very crude manner. 
Generally, instead of adjusting sights to the required 
elevation due to the range, the guns were directed at a 
point above that which it was desired to hit; frequently 
a point in the rigging; and tables were got out showing 
at what part of the rigging to aim, at various ranges, so as 
to strike the hull. 

When at close quarters it was customary to double-shot 
the guns. This naturally reduced the velocity, and made 
the aim much more inaccurate ; but at close quarters this 
was not considered to counterbalance the great advantage 
obtained by getting in two shots instead of one, especially 
as the two shot separated almost at once. Instances have 
been recorded where five shots have been put in the one 

un; but this was probably a dangerous practice, and as 
Fkely to burst the gun as do damage to the enemy. 

The lower deck port sills were about 5 ft. to 7 ft. above 
water, and with a beam of 40 ft. to 50 ft. a roll of about 
12 deg. brought the water to the port sill. With such a 
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small height out of water it was not always advantageous 
to be to windward of an enemy, since the lee ports 
nearest him might not be capable of being opened. The 
French 74’s, and even their 120-gun ships, appear to have 
carried their guns no higher than our 74’s; but there were 
sometimes complaints that English ships were unable to 
fight their lower-deck guns in weather when the French 
could do so. A small increase in draught was serious. 
The Queen Charlotte, Lord Howe’s flagship on June 1, 
had her lower deck ports only 4 ft. 6 in. out of water when 
leaving Portsmouth, and during the action she got her 
lower deck full of water, and had to keep the pumps 
constantly going. 

The capability of the wooden ship to take punishment 
from the guns of her time was, except in one important 
respect, much the same as that of the modern ironclad. 
Vessels might stand a few hours’ attack by equal forces 
before disablement of the guns and crew, but the action was 
often decided more quickly by shooting away the spars, 
and so making a vessel liable to attack by a raking fire 
to which she could not reply effectively. On the first of 
June two British ships and nine French ships lost all lower 
masts. It was probably as much on account of the 
unmanageability from injured spars as from damage to 
the hulls that so many prizes were lost at sea soon after 
many of the great actions. The losses after Trafalgar and 
after Rodney’s action are conspicuous examples of this. 
In almost every action ships manceuvred for the chance 
of raking the enemy. The damage done was often de- 
cisive. The Victory raked the Bucentaure at Tra- 
falgar dismounting twenty guns, and causing a very heavy 
loss of men by the single discharge, and similar incidents 
occurred in most big actions. Considering the close 
quarters at which actions were fought, the loss in killed 
and wounded was less than might have been ex . 
We lost 55 per cent. of the crews on June 1, and 9} per 


cent. at Trafalgar ; but in both cases the brunt of the 
loss fell on a few ships. In the earlier battle, out of 
twenty-six English ships, seven ships totalled 60 per cent. 
of the whole casualties, while seven other ships counted 
but 4 per cent. between them. At Trafalgar an almost 
identical distribution and loss occurred. 

The following table shows how the displacement of a 
typical ship, such as a 74-gun ship, was distributed, com- 
pared with the corresponding figures for a modern battle- 


ship. 

Weight as a Percentage of 
the Total Displacement. 
74-Gun Ship Battleship 
1805. 1905. 

20 4 
(ex masts) 
1 19 


10.5 


General equipment 


Armament ... hi ai 
Propelling arrangements... 8.5 
(masts, sails, 
and rig) 
Coal ... 0 
Ballast 
Armour 
Hull ... 


6.5 
0 
55 35 
100 100 


It will be seen that, considering the enormous changes 
in the means of propulsion, the percentage of weight used 
for this an is little altered, especially when ballast 
and coal are both taken into account. The weight of hull 
and armour of the modern ship is slightly more in propor- 
tion than the weight of hull of the = ship; but the 
greatest difference shown is the large reduction in general 
equipment, the greater part of which has been added to 
armament. This greater weight of equipment carried in 
the older ships was no doubt largely due to the much 
longer periods for which they had to keep the sea. 

From Table H_ it will -be seen that the heaviest gun of 
the period weighed only about 34 tons, whereas guns 
weig ge much as 111 tons have been fitted in modern 
times. The length has increased from 9 ft. 6 in. to over 
46 ft. The muzzle velocity has increased from about 
1500 ft. to 2700 ft. per second, while the power of pene- 
tration has been so increased that the modern gun can 
nearly pierce as great a thickness of iron as the older gun 
could of oak. 

As regards the localities in which ships are now built, of 
a total of 85 modern battleships and armoured cruisers 
now on the active list, 45 were built in the Royal Dock- 
yards, 5 on the Thames, 19 on the Clyde, and 16 on the 
Tyne or Mersey, or at Barrow. From this it will be seen 
to what extent the shipbuilding industry has moved from 
the Southern counties to the North. 

In the old days, as now, there was sometimes a strong 
disposition to discover defects in British ships. Our 
vessels, it was said, sailed slower, carried smaller and 
poorer guns at a less height, and were of inferior form to 
those of the enemy ; they were designed with finer ends, 
so that they pitched more heavily, and even endangered 
their masts; they were more foul than those of the 
enemy, for they were at sea more ; they were older than 
the enemy, for we had not to build so many new ships to 
a captured ones. Yet, in spite of it all, they gene- 
rally brought the enemy to action, and, on the whole, 
they generally beat him. One may hope that, should 
— unhappily arise, this, too, may be repeated in our 

ay. 








SUBMARINE BOATS AND THEIR 
SALVAGE.* 
Notes on the Causes of Accidents to Submarine Boats, and 
their Salvage. 

By Captain R. H. Bacon, R.N., D.S.O., Associate. 

THE reason for asking your indulgence in listening 
to this paper to-night is to place before you clearly the 
main causes of possible accident to submarine boats, 
as well as the practical procedure for preventing their 
occurrence, and also, incidentally, to discuss certain con- 
siderations as regards the methods of raising such vessels 
in the event of accident. The whole matter of submarine 
navigation, and of the capabilities of the boats, is so little 
understood that widespread misconceptions exist, both as 
to the nature of the accidents that have occurred, and 
also as to the relative chances of accidents happening to 
these boats compared with surface craft. By this discus- 
sion I hope the exaggerated idea of the dangers incident 
to the use of submarine boats which is prevalent among 
those not actually acquainted with their practical working 
will be done away with, and also that several fallacies 
existing in the public mind may be removed. 

The details of the submarine boats which we use, and 
the tactical results we obtain, are very properly kept con- 
fidential by the Admiralty. But the broad questions we 
will touch on to-night deal solely with the one point of 
the prevention of accidents to them ; this, far from being 
confidential, is a matter rather of common humanity. I 
am sure you will agree with me when I say that any 
accident in peace time, which involves loss of life, is a 
cause for regret to the whole civilised world, independent 
of the nation to whom it occurs ; and, speaking for those 
of us in the Navy who are more particularly concerned 
with the ee of these boats, rom assure you that 
when the late sad loss of the Farfadet occurred, fellowship 
of common experience gave us a true feeling of sympathy 
and sorrow only second to that which would have been 
caused by a similar occurrence nearer home. 

It is not necessary to enter into detail as regards the 
design of submarine boats. I will assume that the broad 
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principles, lately so ably dealt with by Sir William White, 
are known to you all, But it is necessary to accentuate 
the fact that every boat designed is designed to fight. 


They are no mere aS merely structures of | 


scientific interest. They have an important ré/e to perform 
in war, and must be designed with that sole object in 
view. The test of excellence of design must be that the 
boats shal] be the best from the tactical and fighting point 
of view that is compatible with safety under all conditions 
of service, provided reasonable care is exercised. 

To attain this the boats must be simple, and all compli- 
cated so-called safety devices must be avoided, most 
of which require the construction of specially dangerous 
boats to carry them, and, above all things, no secondary 
complications must be introduced to guard against primary 
defects, but these primary evils must be found out and 
eliminated. 

There would be no difficulty in designing a mere sub- 
marine boat with a maximum of safety devices, but with 
the minimum of fighting efficiency. It is here that judg- 
ment in design must step in. : 

Broadly speaking, there are two classes of accidents 
that can happen to a submarine boat. First, the admis- 
sion of water into the interior ; secondly, an explosion. 
Both these have their counterpart in surface vessels— 
namely, collision and boiler or ammunition accidents. 
But the confined space and small reserve of buoyancy of 
the submarine boat intensifies the danger of the result to 
the crew. And it is this, rather than the frequency 
of accidents, that has occasioned public comment. 

In the case of admission of water, no help can be 
expected from water-tight bulkheads ; for, obviously, to 
keep the vessel afloat each compartment must not have a 
greater capacity than the equivalent of the reserve 
of buoyancy ; but further, for such compartments to be 





accidents—namely, the Russian Delfin, the French_ Far- 
fadet, the Al and the A 8—all have been due to water 
entering the hatch. 

The fact of the hatch being the main source of weakness 
is very suggestive, aud most reassuring as regards the 
safety of the boats, since with the practical elimination of 
| this source of danger the main cause of accidents up to the 
present will be obviated ; in fact, if no other remedies were 

taken, the attention attracted to this point should alone be 
sufficient to prevent accidents of this nature happening in 
the future. Many suggestions have been put forward 
for operating such a hatch automatically ; but no matter 
requires mere careful consideration than suggestions for 
the automatic or semi-automatic vay ee | of vital hatches, 
since, if any portion of a man, either body, hands, or arms, 
is in the way, and is caught by the hatch, the aperture 
can never subsequently te made watertight, and the 
danger to the boat is greatly intensified. The simplest 
mor of making the hatch of a submarine boat auto- 
| matic is by hinging it on the foreside, so that the pressure 
of the water with the boat going ahead closes it ; but had 
this been the case in the A8 there is little doubt that the 
captain, who was leaning across the tower, would have 
been caught, and every subsequent chance of stoppin 
the water entering would have ended. The best uel 
seems to be to hinge the hatch so as to _ athwartships, 
so that with headway on the boat no direct pressure to 
open or close it is exerted by the water; but should the 
tower submerge, the lateral inrush will undoubtedly shut 
it. But let us for a moment analyse the chances of the 
water ever reaching the hatch. 

The following is the broad outline of the previously- 
mentioned accidents, so far as we know from the general 
accounts available :— 





In the case of the Delfin the hatch was quite low, too 
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effective, only one—namely, the centre one—can be 
allowed the same volume as the reserve of buoyancy, 
since it is not only necessary to float the boat, but also to 
afford egress to the crew, and therefore the boat must be 
maintained approximately on an even keel. Todo this no 
compartment except the midship one must exceed in 
capacity half the reserve buoyancy of the boat; this 
limitation is necessary so as to allow of a corresponding 
compartment, the opposite end of the boat being flooded 
to maintain the horizontal trim. Such subdivision would 
mean at least thirty compartments, and none except the 
one in the centre of the boat could be more than 34 ft. 
between the bulkheads. Of course, such a subdivision is 
an impossibility. It may, however, be argued that it 
would be well to have one or two compartments so as to 
confine the water to definite portions of the boat, and to 
leave a certain amount of space for the crew to inhabit in 
case of accidents. This is a very reasonable contention, 
but before accepting it we must consider the probabilities 
of an accident happening, the chances of such an accident 
occurring in waters where salvage is possible, and, further, 
the chances of successful salvage to save life under ordi- 
nary conditions of sea and weather; all these must be 
balanced against the ever-present inconvenience in, daily 
life of having the boat divided into these three or four 
compartments. Such subdivision is not merely an incon- 
venience as regards control and,communication, but for 
another reason it reacts against the efficiency of the boat 
when actually running on service, One marked feature 
in practice is the way in which spaces below a certain size 
affect the normal mental condition of the men. To run a 
boat successfully, everyone inside her should be in an 
absolutely normal condition ; the increased constriction of 
vision, and the necessary accuracy of handling, argue even 
greater coolness than in ordinary vessels. For a man’s 
mental condition to be normal, free living space is re- 
quired ; too confined surroundings re act on the crew, and 
by producing a feeling of restriction create a mental 
tension ; hence, unless some very strong reasons exist for 
making living spaces below more confined than absolutely 
necessary, they should be as large as the boat will permit. 


THE PROBABILITIES OF ACCIDENTS. 
Taking first the case of water entering the boat. Two 
broad conditions exist when this is possible. One, where 
a enters a hatch ; the other, when it enters through a 
leak. 
The former is by far the more probable cause of such an 
accident. Of the four serious accidents whereby boats 
have foundered in the last few years, in fact, all modern 








large a number of men were in the boat, the ballast tanks 
were flooded while the hatch was open (an original and 
deadly error), and the boat sank deep until the water lapped 
over into the boat. Such an occurrence should wines 
doubt never have happened. No structural provision 
could ever forestall such an accident. 

In the case of the Farfadet the boat was apparently 
diving with the hatch improperly shut, and in attempting 
to close it fully, the hatch opened. 

In the case of the A8, the boat was being run with about 
one-third her normal buoyancy at aman Mf when 
she dived under, and her hatch was not cl by those 
near it. Now all these cases are of a nature that should 
not occur again ; there is nothing inherent in submarine 
boats to render any of them liable to recur. 

In the case of the Delfin, systematic drill and the most 
elementary care would absolutely preclude a repetition of 
such an accident. 

With the Farfadet, a redesigned closing method would 
allow of tightenin the hatch with safety. 

With the A8, the maintenance of full buoyancy when 
steaming fast would have prevented the water ever ap- 
proaching the hatch 11 ft. above the water-line. So far, 
therefore, we may legitimately state that these accidents 
are not such as in any way to destroy confidence in the 
general system of submarine work. 

We have now to consider the question of the admission 
of water due to collision or grounding. 

As regards the former, a collision of any magnitude must 
be a most serious matter; the reserve buoyancy in the 
boats is so small that even a small leak must be a 
very difficult matter to deal with. Water-tight com- 
partments have been shown to be out of the question, 
and therefore, at all hazards, collisions must be avoided. 
This being the case, it is the natural duty of a submarine 
boat to get out of the way of any craft that may do her 
damage. Such is only wisdom on her part, and with one 
craft determined to avoid, the chances of collision are 
greatly reduced. There is one point, however, greatly in 
favour of submarine boats—namely, the enormous strength 
of their structure compared with surface boats of similar 
tonnage; this is of the greatest importance in all minor 
collisions. ‘Two cases are on record where the boats bave 
been struck by the propeller of a ship and have been none 
the worse, and many cases of collision with other minor 
surface craft have left the submarine absolutely unaffected, 
whereas the surface craft have been seriously damaged. 

In the particularly sad case of the A 1, the conning-tower 
was struck by a large ship, and the hatch slightly sprung 


then travelled the whole length under the ship’s bottom, 
during which time sufficient water had leaked in to pre- 
vent the boat subsequently rising. A watertight hatch 
now fitted at the base of the tower provides a means of 
guarding against any moderate leakage from such damage 
to the conning-tower. Of course, should the hull of the 
boat other than the conning-tower be damaged anywhere 
above the centre line, then grave danger exists, and no 
considerations of design can save the Poat against a con- 
siderable leak in such a position. This. however, is the one 
and only source of real danger to a submarine boat in the 
event of collision ; and the only reasons why it is greater in 
her case than in that of surface craft are the impossibility of 
fitting watertight compartments, and the short time avail- 
able before her buoyancy is destroyed. This naturally leads 
us on to the consideration of what the reserve of buoyancy 
should be in a submarine boat. It is not permitted to 
discuss the design of boats, but it is infringing no secret 
to point out that the increase of reserve of buoyancy in 
the surface condition means increase of skin area for the 
same submerged displacement, and therefore for the same 
submerged horse-power. Storage of electrical power is 
extremely weighty, being for equal radius of action over 
thirty times that of the surface propulsion; for this 
reason Only it is advisable, therefore, to keep the reserve 
buoyancy of the boats as low as is consistent with sea- 
going safety. No boat can be safer at sea than a sub- 
marine boat, since it is as tight as a bottle. No increase 
of- actual safety is obtained by small increases in the 
reserve of buoyancy—say, from 15 to 30 or 40 per cent.— 
which entail other great disadvantages without pro rata 
gain. Provided, therefore, that the advantage gained in 
safety in case of collision by small increases in the reserve 
of buoyancy is very slight, and that the reserve is such 
as to ensure sea-going safety, no object exists in reducing 
the efficiency of the boats from the fighting point of 
view, by increasing the surface reserve of buoyancy un- 
necessarily, and so decreasing their speed when sub- 


— 
The other cause of danger—namely, grounding—is not 
so very great. There are two distinct conditions: the 
first, merely striking the bottom, which is amply pro- 
vided for by practically the whole under surface of the 
boats being double-bottomed, as well as by the fact of the 
boats being buoyant, and so very considerabiy reducing 
the effect of a grazing blow. Danger of injury to the 
hull from this cause is really non-existent. The other 
pve is of a boat sticking its nose into the mud. 
he sloping nature of the underside of the fore part of the 
boat does not render such an occurrence probable, unless 
the boat were proceeding at a phenomenally large inclina- 
tion, and even then the leverage exerted in getting rid of 
ballast, combined with the action of the propeller going 
astern, should exercise great influence in freeing the t. 
The last possible cause of water entering is from the 
boat diving to too great a depth and the hull being crushed, 
or some of the hull a being unable to stand the 
pressure. This argues either the failure of the diving 
rudders, which are made as simple and as strong as 
possible, and should, therefore, be above suspicion, or 
that too much water ballast was being carried, and, there- 
fore, that the boat would sink from want of buoyancy. 
This actually occurred in the Porpoise in America. For- 
tunately, the boat only sank in about 120 ft., the boat being 
built for 100 ft. pressure. She, however, had the defect 
of having her tanks only constructed to stand a pressure 
of 25 lb. on the square inch, or, roughly, about 50 ft. of 
water ; the water in them could not, therefcre, be blown 
out, since it was suicidal to attempt to admit the air 
pressure cmeey | to expel the water. The large pres- 
sure of water on the hull caused the boat to leak consider- 
ably, the electric poape could not work aguinst the pres- 
surt, and it was merely a race between the hand-pump 
and the in-leakage of water whether she was ever raised 
to the surface or,not. Providentially the hand-pump 
gained the day, and the boat floated. Tn any boat every 
tank that can possibly be put into connection with the 
sea should be tested to the full hull-resisting pressure. 
An accident such as this could not possibly occur with 
moderate care or proper design. The rate of blowing 
water from tanks is purposely made so great that a 
sinking boat should be caught and made buoyant long 
before a dangerous depth is approached. One turn of two 
handles, which are always kept in hand when the boat is 
diving, immediately relieves the boat of a large quantity 
of ballast. 
Of all these possible causes of boats foundering from 
taking in water, we may fairly claim that the only one 
even probable is that when the boat is injured by collision 
in the hull above the centre line. 


°XPLOSIONS. 


The question of accidents from explosions inside the 
boat next claims our attention. Three causes of explosions 
only are possible—namely :— 

1. From an explosive mixture of petrol and air through 
a leak of liquid petrol into the boat. 

2. From a mixture of hydrogen given off from the 
batteries during charge, or in discharge, if, in case of 
accident, the battery is flooded with water. 

3. From the explosion of a compressed-air reservoir. 

As regards petrol, the main important consideration is 
that to cause an explosion, first a leakage of liquid petrol 
is necessary ; and, secondly, a spark is required to ignite 
the mixture. A leakage can invariably be detected by 
smell, should it occur ; but in a properly designed system 
leaks should be practically non-existent. 

Even with vapour in the boat, no direct danger exists, 
provided the boat is properly ventilated, and no switch is 
moved, or anything is done to cause a spark. As a 
matter of fact, in practice, the smell of petrol inside a 
boat is almost unknown. In the case of the accident to the 





open ; the structure otherwise was undamaged. The boat 





A 5, where a petrol explosion occurred, the cause of the 
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leakage was a badly-packed gland of the petrol pump, the 
gland being auldens metal to metal; but, in spite 
of one man being overcome by the petrol fumes, the 
main motor was started, and the sparks determined the 
explosion. Had the very explicit and simple regulations 
provided been carried out, no accident would haveoccurred. 
The boats are particularly free from all chance of accident 
with the engines at work, since the volume of air used 
every two minutes is equivalent in volume to that of the 
whole air of the boat; with such enormous ventilation 
going on, no chance of vapour accumulating is possible. 
A prevalent idea is that the petrol tanks are themselves a 
source of danger. A moment’s consideration will show 
that no danger from this cause can exist; since, whenever 
a closed vessel has petrol inside it, the enclosed air is 
saturated with vapour, and is therefore non-explosive. 
The tanks are constructed so that leakage is impossible, 
and many other precautions are taken so as to minimise 
every source of possible leakage in the petrol system. The 
English boats have covered over 30,000 miles under their 
engines, and, with the exception of one small flash in an 
early boat, no explosion except that in the A5 has occurred. 
This of itself is fairly good evidence of the safety of petrol 
when moderate care is exercised. The second possible cause 
of an explosion is due to hydrogen given off by the batteries 
in cha ng iy» as this operation is only carried out 
when the t is opened up for ventilation, no danger 
exists. The formation of this gas, however, has consider- 
able bearing on the installation of the battery, and limits 
the extent to which it can be made thoroughly water- 
tight, for no risks can be run of allowing an explosive 
mixture being formed inside an air-tight space. The ex- 
plosion which occurred in the A 8 two hours after sinking 
was most probably due to the formation of this gas. 

The third cause—namely, the failure of the air reser- 
voirs—is merely mentioned as a possibility ; no greater 
danger from this cause exists on board a boat than on board 
an ordinary ship, where such accidents are unknown. The 
usual periodic tests should fully suffice to ensure these 
reservoirs being in a thoroughly safe condition. 

We may, I think, from the above short account assume 
that danger to the boats from explosions is really small, 
and not greater in comparison than the dangers which 
have attended the introduction of increased boiler and 
gun power in the Navy as a whole. 


SALVAGE. 


The problems connected with the salvage of these boats 
differ from those usually met with, chiefly because the 
question of rapidity is, or may be, of vital importance as 
regards the possibility of saving life. This factor is 
usually absent from other salvage operations, and no 
question then exists about setting deliberately to work, 
and conducting the <a oy upon sound principles. 
The danger anticipated by the old adage, ‘‘ More haste, 
less woul” truly applies to this as well as all engineering 
work, 

A most excellent and pithy summary of the difficulties 
attending this work was given a short time ago by the 
Civil Lord of the Admiralty in answer to a question in 
the House of Commons. Let us first consider the areas 
near home where salvage operations of the boats are pos- 
sible. Fig. 3 shows a small scale chart of the English 
Channel, with certain areas marked black ; these are the 
only waters in which boats can sink to the bottom withont 
having their hulls destroyed by the pressure of the water. 
Now, our boats navigate the whole waters of the Channel ; 
their radius of action is considerable, and they act abso- 
lutely without regard to the depth of water under them. 
The * A” class of Boats have passed out of the experimental 
stage, and have taken their places as part of the naval 
forces of the country. Their manceuvre grounds are 
chiefly in the deeper waters, and it is, therefore, evident 
that considerations of rapid salvage are totally out of the 
question should foundering occur in the majority of the 
waters in which they work. 

The suggestion, therefore, for building special salvage 
craft for dealing with submarine boats when the boats 
mainly operate in waters where rapid salvage is impos- 
sible, is one that cannot for a moment be practically con- 
sidered, even should the probable frequency of accidents 
warrant such action, which, as a matter of fact, it does 
not. 

The first question as regards salvage is to provide for 
the succour of the imprisoned crew. Hundreds of sug- 
gestions have been received on this subject ; all have re- 
ceived careful consideration, but up to date not one has 
been capable of practical application. The labour of 
attending to the numerous suggestions is very great, but 
it is well worth the expenditure of trouble if — some 
day one single g idea is forthcoming; and really it is 
impossible but to be grateful to all who attempt, however 
crudely, to assist the work of the country. 

Let us consider the two most common and plausible of 
these suggestions. 

Before adopting any special appliance or constructional 
complication, suggested solely ‘rom the point of view of 
saving life in accidents, two considerations should be 
fulfilled :—First, the fighting efficiency of the boat must 
not be seriously affected by it, since the boats are designed 
primarily for fighting, and not for meeting with accidents ; 
and, secondly, that such arrangements, when introduced, 
shall be efficient against all reasonable accidents that may 


a ; : 

t is simple to design a boat to be safe against any par- 
ticular accident ; the impossibility lies in designing one 
safe inst every accident. The commonest device for 
the release of a crew from a boat is that of providing an 
air-lock and diving-chamber, and a hatch that can be 
opened from the bottom of the air-chamber, the pressure 
of air preventing the water entering when the hatch is 
open ; the crew can then, one by one, dive out, and come 
to the surface. Supposing a sufficient space devoted to 








such an arrangement, there are two considerations which 
militate against its success. The hatch must necessaril 

be in the bottom of the boat ; but if an accident on, it 
is ‘‘even chances,” even in the uncommon case where the 
boat is undamaged, whether the boat rests with its fore or 
after end on the bottom, as shown in Fig. 1. It is, there- 
fore, an even chance whether the men would, or would 
not, be able to use this means of Again, it must 
be assumed that water is present in the boat, otherwise 
there is no reason that she should not come to the surface, 
and if this water is present, it is again an even chance if 
the compartment can be got at from the interior of the 
boat. But, further, even supposing this chamber could 
be used, we have still to consider the effect on the crew 
of the variation in pressure by suddenly rising to the sur- 
face from a considerable depth. It is common knowledge 
that under pressure the gases absorbed in the blood get 
compressed, and that sudden release of such pressure 
allows them to expand, producing large bubbles of gas in 
the blood, which cause breaks in its continuity; this is 
productive of the most serious effects on the system, so 
that, even if the men were able to find egress, in many 
cases their lives would not be saved. Since, therefore, 
this system cannot be safely used in deep water, not at 
all on a soft bottom, and unless duplicated and placed at 
each end of the vessel it is useless with a small amount of 
water in the boat, and quite valueless with a large amount, 
it is not a fitting on which it is worth wasting much valu- 
able weight oa space. Another common suggestion is 
to provide a detachable chamber into which the crew may 
climb, which can be freed, and then will float to the sur- 
face. A few figures will dispose of the practicability of 
this idea. Allowing 14 square feet of space for each man, 
eleven men will require 164 square feet. If the chamber 
were made cylindrical, the thickness would be fin. It 
would have to be ballasted to keep it upright when 
floating, and, moreover, must float with a certain reserve 
of buoyancy to allow of the top being open even in 
smooth water for the egress of the mena. This means 
that the cylinder would have to be at least 6 ft. in dia- 
meter and7 ft. to 8 ft. high. This would be an enormous 
excrescence outside the boat, and greatly increase her 
submerged resistance, even if further fitted with fair- 
waters to relieve its circular shape, although increasing 
its size. Its dimensions would quite preclude the possi- 
bility of carrying it inside. In addition, the securing 
arrangements and water-tight doors would add consider- 
ably to its weight, and then in the end a collision—which 
is, after all, the most probable cause of accident—would 
be liable to put it out of gear. Anyone who really con- 
siders carefully the difficulties of providing reasonable 
methods of exit for a crew will soon be convinced of the 
futility of such special arrangements. If I am betrayed 
into saying that some convenient form of diving-dress 
seems to provide the greatest chance of ultimate suc- 
cess, I add an appeal to non-experts who have neither 
seen the open sea nor have any knowledge of diving- 
dresses to spare us written suggestions on this subject. 

Suppose a boat at the bottom in less than 120 ft. of 
water, the difficulties of rapid salvage are immense. 
Friendly critics who look on the Channel as a smooth 
sheet of water would have their ideas rudely dispelled if 
they had to undertake practical salvage operations. The 
number of days when sea and swell are absent are re- 
markably few, the hours available owing to tides are 
scanty, and the amount of physical work that divers are 
capable of doing in deep water is remarkably little. 
These ever-present handicapping factors, combined with 
the hundred and one little difficulties and delays that 
crop up, soon cause hours to run into days, and diffi- 
culties, not known to the outside world, cause those 
who have never had such work to do to wonder where 
the difficulty lies. But it is useless to dwell further on 
this matter; let us pass to the actual salvage of a boat 
on the bottom. 

A boat on the bottom can be in one of two conditions 
—either with her hull intact, or with it damaged. In 
the former case the salvage is fairly simple, and merely 
consists in connecting a compressed-air pipe to a socket in 
the hull, admitting compressed air, and blowing the 
water out. I must, in passing, take the opportunity of 
thanking the many people who have taken the trouble 
to write, either a or to the Press, suggesting the 
provision of such a fitting. But, needless to say, this 
= been provided from the very first inception of these 

ts. 


If, however, the boat is damaged, she can either be 
lifted bodily, or the leak may be stopped and the water 
blown out, when she will rise of her own buoyancy, or do 
so with but little assistance. In the first case a consider- 
able weight will have to be lifted, and, providing the 
weather conditions are favourable, no difficulty should 
exist; but the operation cannot be done without consider- 
able labour. We will imagine for a moment that there 
is a chance of saving life in the boat, although a leak 
exists. In this case it will be necessary to lift the boat 
not merely to the surface, but sufficiently above the sur- 
face to allow of the hatch in the conning tower being 
opened without the danger when the air pressure is re- 
lieved, of letting the water rise in the hull sufficiently to 
drown the survivors. For this purpose centre-line lifting 
bolts on the hull are not of much use, since the purchases 
shackled to them will come ‘two blocks” before the hull 
is above water. Strops made by large hawsers are more 
convenient, since the blocks can be kept at the side as 
low as the middle of the boat. Again, the blocks that 
must be used weigh close on half a ton each ; these are 
most difficult for a diver to handle. I do not know if I 
am addressing many who have been practical divers ; if 
not, I must ask you to take my word as an old diver as 
to the enormous difficulty of bringing an unwieldy weight 
of half a ton near to, and of shackling it on toa fixed 
point, such as an eye-bolt. Bringing a hawser to the 











block is far easier, or even shackling the hawser to the 
block on the surface, and then sweeping it into place 
under the boat, is a far easier and more practical method. 
Fixed bolts, under certain conditions, such as that of a 
boat being very deep:in the mud, may be valuable, but 
for rapid salvage their utility is very problematic. 
Another point to be kept in mind is that the strength of 
the lifting gear to be used should be thesum of the weight 
of water in the boat and any full tanks, plus the dis- 

lacement she has to be lifted to; moreover, the slinging 

as to be distributed, so as not to strain the boat locally, 
cause her to leak, and allow the imprisoned air to escape 
from the inside. 

The fact of lifting the boat above water necessitates the 
use of more than one lifting vessel, so that the boat may 
rise between them. This necessitates mooring these craft 
in exact position before any work can be undertaken, 
otherwise the tide will vitiate all subsequent operations. 
After everything has been done that can be done on the 
surface, the whole rapidity of the subsequent work 
depends on the tides and on the weather. To attempt to 
shackle on blocks below with the lighters rising and fall- 
ing 2 ft. or 3 ft. is impossible, and to take the weight of 
the lift, except on a smooth day, is equally impossible, 
on account of the strain that would be brought on all the 

ear. The sudden immersion of the lighters and the 
inertia of the submarine are, in a sea, bound to strain the 

ear many times more than the mere weight to be lifted. 

or all these reasons rapid salvage is almost an impossi- 
bility, however hard everyone may work. Whatever 
appliances are available, wind, sea, and tide will always 
be the determining factors as ——— rapidity of work. 

The mere salvage of a boat, when rapidity 1s not essen- 
tial, does not, even when in deep water, present any 
great difficulty. It is, in fact, easier in the case of a 
strong structure, like that of a submarine, than with an 
ordinary ship. Moreover, the peculiar shape of the hull 
makes it possible to sweep hawsers underneath the ends 
a in waters where it would be impossible to work 

ivers. 

It has been mupentet from some sources that the 
Admiralty should keep their own salvage plant for the 
general use of the Navy. Thisisno concern of mine, and 
one for the Admiralty only to consider; but if I had 
any weight in their councils, I would most strongly 
advise their doing nothing of the sort. Anyone who has 
been practically associated with salvage work knows 
that success depends largely on practical experience 
and constant practice. ‘The mere plant is quite a 
secondary consideration, and easily obtained. More- 
over, in all large salvage operations special gear has 
to be designed and built. Such appliances cannot 
be kept stored. The valuable asset to salvage com- 
panies is the experience of their divers and the con- 
stant practice that the mercantile marines of the world 
afford them. In such commercial enterprises the Navy 
can never have a share; and our own service also does not, 
thank goodness, provide sufficient accidents to keep the 
men thoroughly practised. 

In conclusion, I hope that I have been able to put im- 
partially before you the relative safety of submarine 
vessels compared to that of surface craft. That the 
danger of the work is apt to be exaggerated, I think you 
will all concede. That it requires constant care goes 
without saying ; but with the exercise of such care, no 
apprehension need exist of a larger percentage of acci- 
dents than in other branches of the service. That with 
the increase in numbers of the boats accidents will occa- 
sionally cccur is undoubted, for wherever large quantities 
of energy are stored in an easily available state danger 
must exist ; but that this is present to an exaggerated 
extent in the case of submarine boats is not a fact. No- 
where is the extent of possible danger known better 
than among those who man the boats, and nowhere 
would the idea of excessive liability to accident be more 
scouted. 

There is, however, another class of danger that may 
exist, though at present it does not do so, and that is 
that, in the desire to avoid all risks, the efficiency of the 
boats may be reduced both by constructional limitations 
and also by curtailing their practical manceuvring by 
subjecting them to work less stringent than that which 
simulates war conditions. Much better have no boats at 
all than allow such limitations to creep in. At present 
we can safely say that all the work the boats dois up to 
the full requirements of war training, and that neither 
of the two lamentable accidents to the boats have in any 
way detracted from the severity of the tactical work. 
The sympathy of the whole country with the sad fate of 
those splendid men, who, being volunteers, were the pick 
of the service, is - to lead to exaggeration of the real 
danger of the work. It is rather outside the Navy than 
in it that appemension as to the safe use of the boats 
arises. If this paper has succeeded in putting the real 
facts in a more dispassionate light, I feel that the half- 
hour you have so kindly afforded me will not have been 
pena so far as the interests of the country are con- 
cerned. 








MerTaLitic PERMANENT Way.—The value of the chairs 
and metallic sleepers exported this year shows some 
increase, having amounted to June 30 to 31,579/., as com- 
pared with 22,6147. in the first half of 1904, and_ 25,203/. 
in the first half of 1903. Our principal external market 
for chairs and metallic sleepers is British India, which 
took them in the first half of this year to the value of 
17,245/., as compared with 16,3527. in the first half of 
1904, and 7410/. in the first half of 1903. The South 
African demand is extremely languid, being represented 
by only 248/. in the first half of this year, as compared 
with 875/. in the corresponding period of 1904, and 8774/. 
in the corresponding period of 1903. 
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ELECTRICAL APPARATUS. 


6286. Siemens Brothers and Co., Limited, West- 
minster, and G. W. Perry, Attaching 
Electric Insulators. [4 Figs] March 21, 1905.—A well- 
known form of arm or bracket for carrying insulators for tele- 
graph or like wires is a metal tube suitably attached to the post 
or other support, and perforated to receive the shank of the insu- 
lator stalk. The stalk having a collar which bears against one 
side of the tube, and the shank being screw-threaded a: its.end, 
the insulator is held to the tube by screwing anut on to the end 
of the shank so as to grip the tube between this nut and the said 
collar. A washer, curved on one side to the radius of the tube and 
flat on the other, is generally inserted between the collar and the 
tute, and another between the nut and the tube. The vibration 
to which the insulator is frequently subjected loosens the nut 
on the shank, so that the insulator is no longer firmly held. By 
the present invention there is placed between the nut, which 
may be of the ordinary pattern, and the tube, a helically formed 
washer, bent to such a shape that when held against the tube 





it cannot turn, for instance, to the same radius as that of the 
tube. This washer, being a spring, is compressed as the nut is 
screwed up and the pressure exerted by the spring locks the 
nut; such locking may he enhanced by the projecting edge of 
the washer cutting into the face of the nut. The washer cannot 
turn on account of the contour of that face of it which is next 
the surface of the tube. The insulator stalk ) has a shank c, 
which is passed througt. the perforations in the tube a, con- 
stituting the bracket, until the collar rests on a washer /, the 
under surface of which is curved to the radius of the tube. The 
helical washer g is then placed against the tube in the position 
shown, and the nut e is screwed up until the washer is suitably 
compressed. Any tendency on the partof the nut e to unscrew 
causes the edge g! of the washer to cut into the face of the nut. 
To remove the insulatorstalk from the tube, it must be rotated 
to unlock the nut e before the latter can be unscrewed. It is 
obvious that although the invention has been described with 
regard to a tubular bracket, it is equally applicable to other 
forms of curved bracket. (Accepted May 17, 1905.) 


7295. G. Lamme, Pittsburg, U.S.A. Alternating- 
Current Electric-Motors. [1 fig.) April 6, 1905.—The 
invention has for its object to provide means for equalising the 
potential between brushes of like polarity in multi-polar alternat- 
ing-current machines having commutators and multiple-wound 
armatures similar to those employed in direct-current motors. 
The motor 1 is in most respects similar to ordinary direct-current 
motors, but certain parts thereof are so proportioned and arranged 
that the motor is adapted for satisfactory operation by means of 
alternating currents. The armature 2 is provided with parallel 
windings of a well-known type, and the proper points in the 
winding are connected, in the usual manner, to the bars of a 
commutator cylinder 3, upon which brushes 4, 5, 6, and 7 bear. 
Brushes 4 and 5 are of like polarity, and brushes 6 and 7 are aleo 
of like polarity, but, at any instant, are of opposite polarity to 
brushes 4and 5, The terminals of a suitable inductive winding 8, 
such as a transformer or choke coil-winding, are connected 
respectively to brushes 4 and 5, and the terminals of a similar 
winding 9 are connected respectively to the brushes 6 and 7. 
Leads 10 and 11 are connected respectively to the middle points 
of the windings 8 and 9, and constitute the armature terminal 
leads, which may be connected to any suitable source of alternat- 
ing current or to other windings of the motor, as may be desired. 
It has been found expedient to connect the armature and field- 
magnet windings of the motor 1 in series, and for that reason 
the lead 11 is shown as connected to one terminal 12 of the 
field-magnet winding 13, the other terminal 14 of that winding 
constituting one terminal of the motor, and lead 10 constituting 
the other terminal of the motor, the said two motor terminals 
being connected to any suitable source 15. In the normal opera- 
tion of the motor equal amounts of current would be supplied to 


the brushes 4 and 5 through the halves of the winding 8, the | 
portion supplied to the brush 4 passing through the portion 16 | 
for the purpose of supplying steam to water-gas generators has the 


and the current supplied to the brush 5 passing through the 
—— 17 of such winding. If, however, the resistance of the 

rush 5 is greater than that of the brush 4,a greater current will 
pass through the portion 16 of the winding 8, which acts induc- 
tively upon the portion 17 and tends to cause that portion to carry 
the Same amount of current that is carried by the portion 16. 
Similarly, if the portion 17 carries a greater amount of current 
than the portion 16, there is a tend y to equalisation, due to 
the inductive effect of the portion 17 upon the portion 16. While 








the invention is described as particularly applicable to alternat- 
ing-current motors provided with commutators, its scope includes 


ch) 





all electrical machines to which it may be applied, whatever may 
be the specific structure of such machines or the service in which 
they may be used. (Accepted May 31, 1905.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


7102. H. A. Humphrey, Westminster. Pressure 
Reducing Valves. (3 Figs.) April 4, 1905.—This invention 
relates to valves for reducing the pressure of a gas whereby the 
delivery pressure on a gas-supply system may be maintained con- 
stant or approximately t independently within certain 
limits of the demand or of the pressure of supply. In the inlet a 
of the valve-box b is adjustably secured a valve consisting of a 
fixed body c having lateral ports and a sleeve d rotatably mounted 
onthe body ¢ and provided with similar ports which can be made 
to register more or less completely with the ports in the fixed 
body, so as to vary the area of the gasinlet. In addition to the 
automatic self-adjustment of the valve sleeve, the valve body 
cis preferably secured to the inlet a, so that it may be rotated 
with respect thereto through asmall angle. This may be effected 
by forming the body with a flange having circumferentially 
slotted bolt-holes, which is clamped between the flange of the 
inlet and the flange of the supply “ee The valve c, d is enclosed 
between a pair of elastic or flexible sheets or plates e, which are 








secured between the flanges b! of the valve-box b to form a gas- 
tight chamber into which the gas is admitted from the supply- 
pipe, and from which it passes through the gas outlet f to the 
delivery pipe or system. The sleeve d is secured longitudinally 
on the valve body between a collar and a plate, and is provided 
with lugs h which are connected by links with clamping plates 
secured centrally on the diaphragms e. When the pressure inside 
the valve chamber increases so as to expand or bulge the dia- 
panamee outwards or against the casing, as shown in dotted 
ines in Fig. 1, the sleeve d is rotated by the movement of the 
links against the reaction of springs m so as to close the ports in c 
partially or wholly, and thus reduce or cut off the gas sup ly accord- 
ingly, the position of equilibrium of the valve being determined 
by the relation between the existing pressure and the strength of 
the sprin; The springs may be connected between the lugs h 
on the valve sleeve and the bey oy | plates of the diaphragms 
as shown in Fig. 1, or they may be connected directly between 
the diaphragm platesand the casing. (Accepted May 31, 1905.) 


161. O. Vogelsang and J. Born, Dresden, Germany. 
Water-Gas Producers. [2 Figs.) January 3, 1905.—This 
invention relates to a new or improved steam-generator for use 
in connection with water-gas producers or generators. It is 
known that the efficiency of the gas produced by water-gas gene- 
rators depends to a large extent on the rate at which steam is 
supplied to the generator, and that the more steam is supplied to 
the latter the less fuel is « d. The apparatus hitherto used 








disadvantage that the rate of evaporation therein is too slow, owing 
to the comparative smallness of the heating surface provided. 
Another disadvantage of the said apparatus lies in the fact that 
the deposits due to the evaporation of water cannot be removed 
therefrom, so that the incrustation ultimately prevents the pro- 
ducton of steam. The object of the present invention is to 
remove these disadvantages. The steam-generator b is suspended 


in the ash-trap a connected with the gas-generator, the said 


steam-generator consisting of two detachable halves normally 
fixed to each other by means of bolts d, and to the cover of the 
ash-trap by means of bolts c. The two parts of the steam generator 
are provided with tongues or the like e and f reapectively, which 
are perpendicular to the inclined narrowing walls of the steam- 
g tor, and are therefore th ives inclined. The said tongues 
extend between each other in the manner illustrated in the figure, 
and are provided with lateral flanges. Between the tongues and 
the longitudinal walls of the steam-generator vertical passages 
are formed for the ascent of the steam produced in the said gene- 
rator. Water is —_ lied to the steam-generator through the pipe 
k, and trickles or drips on to the uppermost inclined tongue /, 
trom which it descends stage by stage to the lower tongues until 
converted into steam. The heated gases from the furnace of the 
goqunte travel through the — in the manner indicated 

y arrows, the steam-generator being by this means heated for 
the pur, of evaporating the water. The steam generated 
ascends directly through the vertical passages to the steam-pipe i, 
by which it is conducted to the generator furnace. If the verti- 
cal passages were not provided, the ascending steam would have 
to travel through the passage between the tongues e and /, and 
the greater part of the steam would be re-condensed by contact 
with the upper cooler tongues. (Accepted May 17, 1905. 


GUNS AND EXPLOSIVES. 


15,044. F. Wigley and P. R. Embury, Coventry. 
Projectors. [5 Figs.) July 5, 1904.—The object of this inven- 
tion is to provide a safety device by means of which the fuse may 
be kept ‘‘safe,” or the time and percussion arrangements, or the 
percussion only of these, may be liberated, and safe position reset, 
as desired. With this object a safety ring f is provided, which in 
the normal position renders both the time and percussion devices 
inoperative, but when partly turned frees the percussion device e, 
and when further turned frees also the time device cl. The time 
and percussion igniton detonators are fixed in pellets which are 
fired in the ordinary way, and are held safe by pins d, d!, with 
rounded ends, normally held in by the ring /, which, however, has 
recesses f3, f° cut in its inner surface, so that when turned, pre- 
vious to firing, a recess may be brought opposite one or both of 
the pins, allowing them to be moved k and free the pellets. 
Preferably the time pellet c! is situate in the nose of the fuse, and 
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while supported, as usual, by a shearing wire, is held safe directly 
by the pin d held in by the ring f, while the percussion pellet 
e is in the base of the fuse and normally prevented from 
moving by a ball e! kept in position by a plug ¢?, which 
is “ps by a shearing wire, and also held safe by the 
pin d! held in by the ring f. hen the ring is turned from 
the safety position, in which position a portion of it may 
project into the passage )! from the time detonator to the 
composition ring, and so cut off communication between the two 
as an addititional security, the recess f? comes opposite the per- 
cussion pin, while the time pin is still held in ; but on further turn- 
ing, a second recess comes opposite the time pin, the percussion 
recess being of such a length that its pin is still free, and com- 
munication between the time detonator an ition ring is 
restored. Preferably a stop /® limits the movement of the ring, 
which may also be age with a spring catch entering slots E 
the exterior of the body, to hold the ring in the desired position. 
(Accepted May 17, 1905.) 


HYDRAULIC MACHINERY. 


3974. Sir W. G. Armstrong, Whitworth, and Co., 
Limited, and R. Wright, Newcastle - on - Tyne. 
Valves. {1 Fig.) February 25, 1905.—The object of this in- 
vention is to —— the water from yy! from the cylinder 
and thereby allowing the load supported by the ram to descend 
in case of the pressure falling, owing to a fractured pipe or other 
cause, or in the case of the pressure falling below that needed 
to sustain the load. For this purpose it has before been proposed 
to fix to the valve a piston working in a cylinder connected to the 











supply, so that the valve is normally held open ; but if the pres- 
sure of the supply falls, it is closed by a spring or the like, In 
such arrangements, however, the valve was exposed to the pres- 
sure in the valve chamber, so that in case of breakdown the 
valve was closed with great violence by the back pressure of the 
water in the working cylinder. According to this invention a 
balanced valve is employed, so that the variations of pressure 
in the valve chamber in no way affect the working of the appa- 





ratus. This construction allows of the force of the spring, or 
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the like, to be adjusted with great nicety. The valve also is 
arranged so that it can be asa stop-valve. a is the passage 
leading to the cylinder, the valve being preferably placed as 
close to the cylinder as possible. 6 is the leading to 
the ordinary working valve, by which water is admitted to, and 
exhausted from, the cylinder. ¢ is the valve proper, which, as 
will be seen, is a balanced valve, having fixed to its stem a piston 
c! working in a cylinder d in the casing, this cylinder being con- 
nected by @ passage d! to the main supply pipe. e¢ is a spring 

ressing the valve downwards, but not with sufficient force to 
aenes the pressure on the piston cl when the supply is at 
normal pressure. The strength of the spring ¢ can be adjusted by 
the cross-head f and nuts /1. & is a spindle screwing through 
the cross head f. By screwing down this spindle g the valve can 
be forced down on to its seat, so acting as a stop-valve. (Accepted 


May 17, 19065.) 

15,369. F. H. Cripps. (V. B. Skotnicki, Warsaw, and 
A. F. Ostrowski, Korczew, Russia.) Sluice-Gates. [4 Figs.) 
July 9, 1904.- This invention relates to sluice-gates for use in 
connection with canal locks, weirs, and the like, and to that class 
of sluice-gate which, on a rise of the water-level, opens auto- 
matically to allow the excess of water to flow off, and closes 
automatically as soon as the water has sunk below a certain 
level, such, for instance, as described in the Specification of 
Letters Patent No. 17,563, of 1901; the object of the present 
invention being to improve the construction of such sluice-gates. 
According to this invention, in addition to the leaves described 
in the aforesaid specification, an additional leaf is now applied 
to the gate, which leaf, when the gate is open, projects above 
the surface of the gate proper, which then lies in a more or less 
horizontal ition, and so retains the backwater ata higher level 
than would otherwise be the case. is additional leaf may 
either be permanently fixed to the gate, so that when the latter 
is closed it will project horizontally therefrom, or it may be 
hinged to the gate, so that it will normally lie against the same, 
but so that when the gate is open the flow of water over the said 
gate will raise the leaf and retain it in this position. In order to 






























facilitate the closing of the gate when the water has fallen to the 
desired level, there is sometimes employed, in lieu of the hinged 
leaves described in the said former specification, a curved or 
trough-shaped plate or leaf which is fixed to the lower part of the 
gate ; or a series of boards is arranged in a semi-circular frame. 
a is the gate which is mounted upon a horizontal! axis b between 
two posts, the position of the said axis being arranged in accord- 
ance with the head of water which acts upon the gate, and the 
levels at which the gate is to open and close. c is the additional 
leaf which, according to the present invention, is applied to the 
gate, the said leaf being rigidly fixed to the gate. When the 
gate opens beyond a certain point, this leaf c will be turned up 
and so retain the water-level at a higher point than would be the 
ease without the use of such leaf. d is the trough-shaped plate or 
leaf which is used for facilitating the closing of the gate, and 
which is fixed to the lower part of the same, and when the gate 
is closed occupies an inverted position, as shown. When, how- 
ever, the gate is opened, this trough-shaped leaf is moved so that 
its mouth is towards the up-stream and forms an abutment, 
against which the water powerfully acts in such a manner as to 
quickly operate the gate, to close it when the water falls to the 
esired level. (Accepted May 17, 1905.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


2041. Palmers’ Shipbuilding and Iron Company, 
Limited, and R. J. Webster, Jarrow. Rivet-Making 
Machines. (4 Migs.) February 1, 1905.—This invention relates 
to improvements in rivet-making machines of that class wherein 
a ring revolves on a second incomplete ring which forms a segment 
of a circle of about three-fourths the. circumference of the die- 
ring, and which forms part of or is attached to a supporting 
casting called the bridge, the necessary intermittent motion of 
the die-ring being produced by pawls or the like actuated by 











suitable mechanism. The improvements relate primarily to the 
construction of the idge-ring, which is made continuous or 
complete, and is preferably composed of thre€ segments in addi- 
tion to the bridge proper, which forms of the circle, and, 
further, to the combination of parts hereinafter described. The 
intermittent motion may be produced by similar means as at 
present, but preferably the arrangement is such that the pawls 
only lift or move the wheel through the required space, its further 
movements being prevented by a brake in combination with the 


bridge, and which acts on both sides of the die-wheel. A repre 
sents the die-ring, and B the recesses therein for the head of the 
plunger; C are the dies having paralleled or straight walls, 
and D the set-screws for keeping the said dies from falling out 
of the ring A; E are the ratchet teeth on each side of the die-ring 
and adapted to be engaged by the lifting or rotating pawl or 

wis Q; and F are return ends on the ring A for ey apr 
lateral movement. The bridge-ring G located within the die-ring 
is continuous, being completed by the portion P, and is preferably 
made in three parts or segments, as shown, connected together 
by bolts at J, and the bridge H is connected to the said ring G at 
K, K. The brake-blocks, preferably of beech-wood, lapted 
to bear against the lateral surfaces of the ring A, are connected 
to metal backing-plates or shoes N, which are acted upon by set- 
bolts L for adjusting said blocks. If desired, a spring or springs 
may be interposed between the surfaces of the shoes N an 
brake M. (Accepted May 31, 1905.) 


RAILWAYS AND TRAMWAYS. 

13,163. A. E. Le Rossignol, Westminster. Cross- 
ings and Points. [4 Figs.) June 10, 1904.—It is necessary 
to provide tramways with crossings at intervals of half-a-mile or 
80, to enable a tram to be transferred from one line to another in 
case of emergency or accident. These crossings are very seldom 
used, but are the cause of considerable noise as the vehicles pass 
them. The object of this: invention is to provide a crossing 
which shall not interfere in any way with the main rails except 
when it is required for use. The four main rails are made abso- 
lutely continuous and unbroken, while the crossing rails are 
stopped short of and do not meet the main rails, and the connec- 
tions between the two parts of each crossing rail where it crosses 
a main rail, and between each right-hand rail and the point of 
the crossing, are made by means of short lengths of rail carried by 
plates hinged beside the rails and turned back when not wanted 
into boxes in the roadway, to which boxes the plates normally 
act as covers, and so the roadway is left quite even. Fig. 1 of the 
drawings is a plan view to a small scale of across-over. a a! are 
the right and left main rails, which are absolutely continuous 
and unbroken, } } are the crossing rails, and cc are the points. 
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The crossing rails, as is seen, stop short of the main rail, and the 
points stop short of the right-hand rail to which they lead. Each 
cross-over is completed, when required for use, by six short lengths 
of rail on the underside of plates hinged beside the rails. For 
each crossing rail there are two plates d on opposite sides of the 
main and crossing rails, and at each point one plate ¢. These 
lates aré hinged to plungers f capable of vertical movement in 
xes g so arranged that the plates normally act as covers to the 
boxes, and the roadway is left quite even, as seen in Fig. 2. 
When, however, it is desired to use the cross-over, the plates 
are turned back on their hinges, causing the plungers, which may 
be of any number, and may be situated at any part of the plate, 
to rise to the position shown in Fig. 3, so that the plates lie above 
the main rails. The under sides of the plates are so constructed 
that when they are turned back they bridge over the main rails 
and complete the crossing rails, so that a tram can be transferred 
from the up rails to the down, or vice versa. If desired, the plates 
d may have a groove cut in them in line with the groove of the 
main rails, so as to permit of the passage of a tram along the main 
rails even when they are turned | meng (Accepted May 17, 1905.) 


16,197. C. Scott-Snell, Westminster. Railway 
Carriage Windows. (3 Figs.) July 21, 1904.—The object 
of the present invention is to provide a sliding window of simple 
construction which shall be easily raised or lowered and main- 
tained in position without the necessity of buttons or perforated 
straps. The window W! slides in the usual channels, and is sup- 
ported in position by the effect of the counterweight W2, to 
which it is connected by the strap A which passes over the roller 
R. The counterweight is boxed in by a suitable panel C, and the 
roller may be protected from public access by any convenient 
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guard D. So far there is nothing materially novel in the described 
construction, but the peculiar feature of the invention lies in the 
shape of the roller R, whereby vibration fails to change the level of 
the window, which would occur if the roller was truly cylindrical 
or even elliptical. In either of these latter cases, even if the 
rollers be held rigid, a creeping action over their surfaces may 
occur under the influence of vibration. By the use of the roller 
illustrated—a tagon—it will be seen that the strap in conform- 
ing to the section of the roller is, as it were, folded over angles, 
whereby a gripping power on the roller is ensured. Hence any 








movement of the window necessarily ensures movement of the 





roller. But the roller in the cou:se of rotation changes its radius ; 
thus, when in the position shown in Fig. 2, it is obvious that the 
radius R! exceeds the radius R2, and if the weights W! and W2 be 
equal, there will be a tendency to aut tic settlement into the 
position shown in Fig. 3, in which both radii are equal and equili- 
brium is established. Thus vibration, if it tends to produce tem- 
porary change of position, meets with a resisting force tending 
to restore the position. The explanation given above applies also 
to any other section of roller which involves an uneven number 
of sides ; but the fewer the faces, asin a triangular section, the 
greater the resistance to a change of position, and the greater 
the number of sides the less the resistance. Where few sides are 
used the angles produced become acute, and the edges may then 
with advantage be rounded off ; also, if desired, the sides may be 
slightly curved instead of producing straight lines. (Accepted 
May 31, 1905.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


14,688, W. Heap and W. Mortimore, Altrincham, 
Cheshire. Valves. [4 Figs.) June 30, 1901.—A valve made 
in accordance with this invention possesses a screwed valve spindle 
working in a nut or screwed part of the main casing for raising or 
lowering the valve by rotation of the spindle. The lower end of 
the spindie which operates the valve proper is joined eccentric- 
ally to the main length of the spindle. On this eccentric part of 
the spindle is mounted a loose casing or cage which, in one 
form of this invention, constitutes the valve itself. A spiral spring 
in compression is also used, and has the two-fold function of 
wholly or partially balancing the steam or other fluid pressure, 
and also of cushioning the valve as it is being closed. Owing to 
the eccentric position of the valve, as compared with the spindle 
which actuates, a gyratory motion is imparted to the valve when 
being closed, and thereby a more effective joint between the valve 
and its seating is obtained. In Fig. 1, a is the main casing carry- 
ing the valve seating b and the usual spindle holder c, provided 
with a gland and stuffing-box, or other like device. The valve 
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spindle d, which is concentric with the valve seating }, is at the 
lower end formed with an eccentric prolongation d!. The latter 
takes loosely into a socket in the valvee. In this construction 
the screwed part d? of the valve spindle engages with an inter- 
nally-screwed portion of the spindle-holder c. The spiral spring f 
in compression bears against a collar d? on the spindle, and nor- 
mally tends to close the valve even when the spindle is not 
screwed down. A cage or loose casing d+ surrounds the spring 
and valve. The construction shown in Fig. 2 differs only in the 
relative position of the parts as compared with the arrangement 
shown in Fig. 1. Instead of the stationary threaded part (d? of 
Fig. 1) to form a nut for the spindle, a separate nut g is provided 
which, while free to slide longitudinally, is restrained from rotary 
motion by suitable feathers or guides, or by constructing it with 
one or more flat sides taking against corresponding flats in the 
casing. In this case the spiral spring f bears against the sliding 
nut, and thus through the screw exerts pressure on the valve e 
just as previously described. (Accepted May 10, 1905.) 


TEXTILE MACHINERY 


15,094. Wilson Brothers Bobbin Company, Limited, 
and H. W. Wilson, Garston, near Liverpool. 
Skewers or Creel-Pegs. [5 Figs.) July 6, 1904.—This 
invention relates to improvements in skewers or creel pegs em- 
ployed in machines for preparing and spinning textile fibres. It 
has hitherto been customary to form the foot of a skewer or creel- 
pes of boxwood or other hard wood, and to fix it rigidly in the 

se of the skewer or creel-peg by means of glue. This foot runs 
usually in a pot or like footstep on the rail of the cree], and in 
course of time wears down and becomes blunt, thus causing 
frequent breakages, particularly when spinning fine counts of 
yarn, and necessitating the discarding of the skewer or creel- 
. In the figures, a designates the skewer or creel peg, 0 its 
detachable foot, and c a split spring metal bush or liner. Ac- 
cording to the present improvements, the foot ) is made as a sepa- 
rate part fitted and secured in a socket formed in the base of the 
skewer or creel-peg a, but readily detachable therefrom when 


Fig.2./ 
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worn, in order that a new foot may be substituted. 


A split 
spring metal bush or liner c is fitted, preferably in the socket, 
and secured in position by means of teeth struck up or punched 
out of the metal, and this bush expands slightly when the 
foot 6 is driven into it, and then closes on an annular projec- 
tion b! on the foot 5, and holds it in position ina corresponding 


groove in the bushor linerc. Alternative means of substantially 
the same character for securing the foot in its socket may be 
employed: for example, the foot 6 may be split, as shown in 
Figs. 2 and 3, instead of, or as well as, the bush or liner. Again, a 
groove may be formed near the end of the foot 6, instead of the 
annular projection b!, to engage a corresponding projection on the 
bush or liner c in the socket. In the arrangement shown in 
Fig. 3 the metal bush or liner ¢ is dispensed with, and the 
annular projection on the split foot ) engages directly with the 
= socket in the skewer or creel-peg a. (Accepted May 31, 
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Contribution a Uétude de la Fragilité dans les Fers et les 
Aciers. Mémoires Originaux et Réimpressions. Paris: 
La Société d’Encouragement pour I’Industrie Francaise. 

Wrrs the assistance of the six great railway com- 
panies of France, the Society for the Encouragement 
of French Industries has published a volume con- 
sisting of nearly 500 pages of large size, containing 
reprints of many of the most valuable papers describ- 
ing researches on the brittleness of steel, made 
during the last seventeen years, in addition to a 
number of important original contributions. It 
is to the labours of French investigators that 
engineers are very largely indebted for the light 
that has so far been shed on the causes which may 
give rise to brittleness in steel, and for the best 
methods for detecting this dangerous failing when 
present. That steel was subject to mysterious 
fractures was very early recognised. In one of the 
very first steel-plate girders built by Fairbairn a 
plate ruptured spontaneously during the dinner- 
hour; and most marine engineers will remember 
the feeling of apprehension caused by the spon- 
taneous fractures of steel boilers described by Mr. 
Arthur J. Maginnis in 1885. In these cases the 
plates had successfully passed the tests prescribed 
by Lloyd’s and the Board of Trade, and had been 
built up into the boilers without difficulty ; yet, 
after a few months’ service, they fractured spon- 
taneously. 

Some additional light on the causes of brittle- 
ness was furnished by the highly important paper 
on the danger of working steel at a blue heat, con- 
tributed to the Proceedings of the Institution of 
Civil Engineers in 1886 by Mr. C. E. Stromeyer ; 
but, having succeeded in obtaining security by 
specifying the methods of manufacture, and by 
avoiding the dangers shown to arise in working the 
steel at a blue heat, English engineers ceased to 
take much further interest in the matter, leaving 
to their French colleagues the honour of continuing 
the research. The results of these researches are 
collected together in the fine volume before us. It 
opens with a most instructive paper by M. H. Le 
Chatelier, summarising our present knowledge 
as to the nature and causes of this brittleness. 
Some bodies, such as bismuth, are, as M. Le 
Chatelier states, always fragile; whilst others, 
like pure copper, are always ductile. 
with steel is, that it is sometimes ductile and some- 
times brittle. With either a regularly brittle or a 

egularly ductile material, the ordinary tensile test, 
combined with a measurement of the elongation 
in the second case, suffices to fix the quality of the 
metal. With steel, sad experience has shown that 
such a test is far from efficient. Specimens cut as 
close to the crack as possible from a plate which 
has failed spontaneously have over and over again 
shown excellent ductility and malleability. It was 
doubtless a recognition of this fact which led to 
the institution of bending and temper tests by 

Lloyd’s Registry and the Board of Trade. 

These so-called mysterious fractures were at one 
time attributed to flaws or faults in the metal ; 
but it was seldom possible to detect any visible 
evidence of such by even a minute examination ; 
and it is now recognised that the fault is inherent 
in the metal, which, moreover, in the case of a 
plate, may be brittle on one faée and ductile 
on the other. This intermittent brittleness may 
arise from a number of different causes—chemical, 
constitutional, or structural. Phosphorus, as is 
well known, is specially dangerous, but brittle 
metals are possible even when the analysis is ex- 
cellent. This arises from the fact that a mass of 
steel resembles such a mineral as granite in being 
a mixture of a number of different constituents, 
and is not a homogeneous body. Austenite, which 
forms the bulk of nickel steels, is very ‘ductile, 
whilst Martensite is essentially brittle ; so that the 
properties of the steel as a mass will be dependent 
on the relative proportions of these constituents, 
with which, moreover, several other constituents, 
each with its specific properties, must be included. 
Finally, of two metals having the same chemical 
composition, and the same percentage constitution, 
one may be much more brittle than the other, 
owing to structural differences. These are largely 





dependent upon the heat treatment and mechanical 
working of the metal. 

_ A knowledge of all these points is of the highest 
importance to a metallurgist.who wishes to avoid 
the production of inferior metal. 


To the engineer 


The trouble | 7” 








they are of less immediate importance, provided 
only that some form of test is available which will 
ensure that the metal he proposes to use is free 
from this dangerous liability to fracture without 
warning. The need for such a test seems to be 
largely met by the impact test on notched bars, first 
introduced, we believe, by M. André le Chatelier, 
whose earliest experiments were described in an 
important report presented to La Commission Fran- 
caise des Méthodes d’Essais, in October, 1892. This 
report is included, amongst other valuable contri- 
butions by this and other authors, amongst the 





papers reprinted in the volume before us. The 
lead thus given was followed by many others ; 
the most important of the researches made have, 
as stated, been described in the papers included | 
in this series of reprints. M. Fremont in par- 
ticular has borne a lion’s share in the work of) 
establishing the reliability of the test, and in de-| 
vising means for its easy and accurate performance. | 
The papers republished here deal with the effect 
on the brittleness of steel cf every possible dis- 
turbing influence. Some of these are doubtless 
destined to rank amongst the classics of engineering 
literature, and the volume as a whole will long 
form a valuable quarry for the extraction of facts 
of the highest importance to the engineer and 
metallurgist. 

As stated at the outset, the six principal railway 
companies of France have given substantial assis- 
tance in the matter of meeting the necessarily high 
cost of such a publication. In this country short- 
sighted shareholders might object to such a ‘‘ sub- 
vention to science,” but there is little doubt that in 
the end the companies will see their money back 
in the shape of cheaper and better material,  to- 
wards the production of which the issue of this 
volume will afford no little help. 
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STRESSES IN DAMS. 


An Experimental Method of Investigating the 
Distribution of Stress in Dams, cc. 


By J. S. Witson and W. Gore, 
Assoc. MM. Inst. C.E. 


Quite recently some weight has been attached to 
experiments made with model sections of dams 
composed of elastic substances of the nature of 
jelly and india-rubber. Experiments made by sub- 
jecting such models to forces acting in the direction 
of the water pressure, while their bases are fixed, 
are very instructive, and indicate, to an extent, 
the points whereat the greatest strains take effect. 
With such a substance as rubber, even of the 
softest kind, if the forces representing the water- 
pressures are made equivalent to those due to a fluid 
of a density of less than half that of the rubber-— 
the rubber being assumed to represent masonry 
with a specific gravity of over two—the resulting 
distortions of the rubber are too small to be appre- | 
ciable. It is not till such fluid-pressure forces are 
multiplied by from five to ten in magnitude that 
the distortions are measurable. Such magnification 
of the water-pressure forces only, without a corre- 
sponding increase in the density of the rubber, 
introduces a discrepancy that detracts very much 
from the value of the experiments. It occurred 
to the writers that that discrepancy could be 
corrected by increasing the effective weight of the 
rubber, so that, compared with the force or forces 
representing the fluid pressure, it would have 
a virtual density of 2.25 or over. It also seemed 
evident that if as many as possible of the disturbing 
or unknown influences could be eliminated, or given 
definite values, carefully made experiments with 
elastic models would be a useful check on mathe- 
matical investigations, and would certainly be 
equally as valuable as very general differential 
equations, the solving of which, if possible, would 
depend on many arbitrary assumptions. To avoid 
some of the unknown influences, it was con- 
sidered advisable not to fix the base of the model 
down on a rigid support ; and to obtain informa- 
tion as to the way in which the distribution of 
shearing stress along the base affects the vertical 
and horizontal stresses, a method was devised by 
which the total horizontal thrust is resisted by a 
series of definite forces acting along the base. By 
varying the magnitudes of the latter the distribution 
of intensity shear can be forced to follow approxi- 
mately any desired law, and the results obtained 
give evidence of the law the distribution would 
follow if undisturbed. 

The apparatus, designed by the writers for carry- 
ing out experiments of the nature indicated above, 
was exhibited, with most of the curves now repro- | 
duced, at the conversazione given at the Institution | 
of Civil Engineers on July 5 and 6. It is illustrated 
by Fig. 1. The model section rests on a short | 
beam secured to a trestle, to which the guide- 
pulleys are also attached. Fig. 2 is a diagrammatic 
representation of the arrangement. The block of 
rubber, in the case illustrated, represents a dam of 
triangular section, the width at the base being 
two-thirds the height. With masonry of a density 
of 2.25 (neglecting alteration in shape due to 
distortion), the lines of resistance of such a 
section, with reservoir full and empty, lie along the 
down-stream and up-stream middle-third lines re- 
spectively. The rubber model is 7 in. high, and 
4 in. wide at base ; the lower rectangular portion, 
or substratum, 1 in. high, is not subjected to water 
pressure, and is not part of the dam proper. The 
model is 1 in. thick. 

The section is divided into imaginary rectangular 
and triangular elements, as indicated by the dotted 
lines in Fig. 2. Through the centre of gravity of 
each element a hole is made, and a piece of tube of 
small diameter inserted. Through these tubes pass 
the pins on which the weights are hung. The object | 
of having the tubes, in place ot passing the pins 
simply through the rubber, is to facilitate the 
ruling of the lines on the face ; the lines are ruled 
after the tubes are in place, and local distortions, 
due te the tubes stretching the rubber, do not affect 
the evenness of the lines. Lead weights are hung 
on the pins passing through the rubber, in the | 
manner indicated by the section CD, Fig. 2. The | 
pins are made of various lengths, so that each | 








from offering any appreciable resistance to the of the sections of the face by the small bearing plates 
thrust of the water pressure, but permits the indicated. 

rubber to stretch, or contract in itself alongthe base. Along the line AB, in this instance } in. below 
The fluid pressure acting on the face of the dam the limit of the dam proper, six tubes and pins are 
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weight hangs quite independently of all the others. | is divided into six sections of equal depth, and re-' passed through the rubber, and the whole of the 
A layer of small shot, or steei balls, is put produced by the six forces W,, W,, &c., equal to horizontal thrust is taken up by definite forces, 
between the base of the model and the support. and acting along the resultants of the pressures on §,, S,, &c., applied at these points. It is obvious 
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This arrangement not only prevents the support | each section. The forces are distributed over each that so long as the total of the six forces 8,, S,, &c., 
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is equal to the total of the six forces W,, W., &c., | unloaded, and then when all the forces are acting. | by a vertical load applied to the first shear-pin. 
representing the water pressure, the model is in| Figs. 3 and 4 are photographs of the model un- | The effect of this on thé shear curve along the lower 
equilibrium horizontally ; also that the six forces| loaded, and loaded as in Case II., respectively. | section is to convert the tendency of the intensity 
S,, S., &c., may be so chosen that, between the} If the amounts by which the angles are distorted,|to rise near the up-stream edge, observable in 
lower rectangular portion of the model, represent- | along the different horizontal sections, are measured | Case II., into a maximum near that point. The 
ing the foundations, and the upper part subjected | and plotted vertically, curves, of which the ordi-|curve on the next higher plane appears to be 
to the water pressures, the intensity of shear may | nates are proportional to the intensity of the shear, | affected slightly also, but, higher up still, the curves 
vary from point to point. The curve of distribu-|are obtained. Such curves are given in Figs. 5, | remain similar in shape to those in Case I., though 
tion of shear along the section A B, may, therefore, |6, and 7, representing Cases I., II., and III. | with rather greater maximum values. 
be forced more or less to approximate to a straight | respectively. Curves of the intensity of vertical pressures on 
or curved line so far as the six points of applica-| In Case I. the shear-resisting forces are arranged | horizontal planes are given in Fig. 8. Similar 
tion permit. so that the intensity of shear is a maximum at B, | curves of horizontal pressures on vertical planes 
Both the photograph and diagram, Figs. 1 and 2,| and decreases uniformly to zero at A; this corre-|are given in Fig. 9. In each case the intensity of 
show the forces 8,. 8,, &c., arranged so that the} sponds with the usual assumption. It will be noted | pressure is proportional to the vertical or horizontal 
distance from the section line to the curve. Figs. 
8 and 9 refer to Case I. The vertical pressures p, 
on horizontal planes, and horizontal pressures p, 
on vertical planes, are calculated from the strains e, 
and e, measured in the corresponding directions. 
The following equations, involving Poisson’s ratio 
tl , are used :— 
m 
¢ E =p - Po + Ps 
m 
and the other two symmetrical equations, where E 
is the modulus of direct elasticity. 
The pressure p, perpendicular to the profile of 
the dam is zero, and by substitution 
E 
- y= i + €2 
“a ( 1- = ) ( m ) 
ie E / 
P2 = sa) 
( 1- a ) ad m ): 
| m-* 
i 
It will be noted that the curves of vertical pres- 
sures in this case are not linear, and that in form 
they are of the same type as those of the intensity 
of shear. The maximum values occur at points 
5 one-seventh to one-eighth of the length of the sec- 
tion from the down-stream edge. Some tension near 
: the up-stream edge can be detected and is to be ex- 
ce pected, as, on account of the distortion, the resul- 
; tant must be beyond the down-stream middle 
third. That there is no tension indicated on the 
lowest section is explained by the fact that the sub- 
stratum is not artificially loaded and the up-stream 
f toe is not held down. In Fig. 9 it will be noted 
that some tension, on the vertical section near the 
Fie. 3. Fie. 4. down-stream toe, is measured. 
a Fig. 5. § g.6: = ; Fig.8. CASEI. ~ a CASEI 
in, 7) 5. eons F Fig. 7. case .. IST RIaUTION OF | £ 7 - 9. DISTRIBUTION 
Gueand on waar ae ae ON HORIZONTAL OW VERTICAL PLANES 
PLANES 
- NSS 
re a L, 
A Ba A 8 A a 4 8 A ” 
RFR PORCEE Ds TRUE SEE AER: SRN 
337.0) SOESREAR OR RLAL SS SS PHRAR ON PLAY SEE PON 
SC IW vem SEE ‘on ASSS at Rs 








intensity is a maximum at A, and decreases uni- 
formly to zero at B. 

The results of the experiments on the triangular 
section, given below, are obtained with a magnifi- 
cation of 25 of the weights and forces; that is, 
each element of the model has so much weight 
added that the total weighs 25 times the weight of 
that block if of masonry with a specific gravity 
of 2.25. The water-pressure forces are magnified 
to the same degree, so that they represent a fluid 
25 times as heavy as water. Measurements of the 
angles and distances on the model, being difficult to 
make direct on account of the pins and connections, 
they are more conveniently made by the aid of 
photography. The model, with its fine evenly-ruled 
lines, is photographed direct on a large plate, so that 
all dimensions are nearly doubled. In order to be as 
free from error as possible, the camera is carefully 
focussed and fixed, and, without further movement, 
photographs are taken of the model, first when 








that the triangular form is not maintained, and 
that the intensity of shear is a maximum at from 
one-seventh to one-eighth the length of the sec- 
tion from the down-stream limit, and appears to 
diminish between that point and the limit. 

Case II. is obtained by reversing the order of the 
shear-resisting loads, so that the maximum is at 
A. It is remarkable that, although the forced dis- 
tribution along A B, in Case II., must be approxi- 
mately triangular with the maximum at A, the dis- 
tribution of shear along the section line imme- 
diately above is very different, and that along 
sections higher up the dam the distribution reverts 
very nearly to that in Case I. It will be observed, 
however, that the intensity of shear along the base 
in Case II. has a tendency to rise near the up- 
stream edge. 

The forced distribution of shear in Case ITI. is 
the same as in Case IT., but the up-stream toe of 
the substratum is held down on the layer of shot 





None of the curves here given are carried right 
up to the limits of the sections. Measurements 
made very near the edges are not altogether reliable, 
but the writers expect to overcome this difficulty in 
future experiments. 

The method described above has been applied 
in the present instance to a section of simple 
theoretical design rather than to the section of an 
actual structure, in order that it may be more 
clearly indicated how the results differ from the 
usual theoretical assumptions. Applied to the 
section of an actual dam and its substratum or 
foundations, with vertical water pressures: acting 
on the up-stream portion of the latter, consider- 
able additional information can be obtained regard- 
ing the stresses near the up-stream toe. It is ex- 
pected that this method, applied to retaining walls 
and arches, will afford a means of testing the 
validity of assumptions usually made in their de- 





sign. 
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THE CONTINENTAL FIRE SERVICE. 
By Epwrin O. Sacus, F.R.S. Ed., Architect. 
(Continued from page 796, vol. lxxix.) 
GermMany.—THE GERMAN PROFESSIONAL FIRE 
Service ; GerMAN Fire INSURANCE. 


Wuiutst I have so far principally dealt with the 
volunteer fire service of the » we es Empire on 
general lines, I now propose, as in the case of 
Austria, presenting some particulars of the pro- 
fessional fire service as such. 

I know of no country in Europe where the 
development of the professional fire service has 
been so systematically taken in hand as in Germany. 
As already indicated, there are no less than fifty- 
nine professional city brigades in Germany, although 
the number of towns with more than 100,000 in- 
habitants is small ; and thus a number of brigades 
protect cities of less population. 

The leading principle to which I have already 
referred as being common throughout the German 
Empire—namely, that a good fire service is a 
matter of course and an economical necessity—has 
naturally influenced this development of the pro- 
fessional fire service ; for where the obligatory and 
volunteer brigades are looked upon as necessities, 
there must naturally be a greater tendency than 
elsewhere—more particularly in all large industrial 
centres—to relieve the citizens of the volunteer 
service, or the obligatory service, as the case may 
be, and to engage professional forces. 

Whilst in Northern Germany there has been a 
tendency to provide professional brigades to do the 
entire fire-service work of their respective districts 
—even if such a brigade has to be a comparatively 
large one, and may be of an expensive character— 
the municipalities in Southern Germany prefer the 
combination of a professional fire brigade with a 
volunteer fire brigade; the professional brigade 
being primarily intended to do the work of the 
centre of the town, whilst the volunteer brigade 
looks after its suburbs, and acts as a reserve for 
the central force. I think I am not wrong in say- 
ing that the result of this latter trend of thought 
has led to there being a far more intimate relation- 
ship between volunteer and professional brigades 
in Southern Germany than there is in Northern 
Germany, and especially in Prussia. In Prussia, 
in particular, the eo pregee. 4 between the profes- 
sional brigades and the volunteer brigades was 
by no means satisfactory until within a few years 
ago. 

To deal with statistical details regarding ftifty- 
nine professional fire brigades would lead too 
far, but I have selected some twenty-six, which 
have been dealt with in some writings by the late 
Chief-Ofticer Giersberg, of Berlin, already referred 
to, and from which I have frequently had occasion 
to make extracts. These twenty-six brigades are 
taken from all parts of Germany, from the Northern 
States and Hanse cities, and from Southern Ger- 
many indiscriminately, and are simply placed in 
alphabetical order. 


Tarte XIIL—The Personnel of Twenty-Six Professional 
Fire-Brigudes. 

















Super- Popula- x 
Towns. ficial Area. tion” 1900. | Officers. Firemen. 
H. 

Aix-la-Chapelle £91,233 135,210 s* 88 
Altona ee 218,030 165,000 3 91 
Rerlin ea 634,028 1,888,326 21 | 826 
Brunswick .. 273,162 125,000 2 88 
Bremen 256,516 163,418 4 |} 149 
Breslau 359,322 410,000 s- | we 
Cassel . 215,199 101,000 2 47 
Charlottenburg 209,714 180,000 3 85 
Chemnitz .. $65,000 206,584 2 | 51 
Dantzic 199,780 130,000 2 125 
Dresden 389,867 894,000 3 178 
Essen +s & 96,626 { 1 21 
Frankfort - on - the-| 

..| 801,400 252,000 s | 182 
Halle 404,100 157,000 1 50 
Hanover 395,611 240,000 3 90 
Hamburg $24,000 | 727,105 10 491 
Kiel .. 206,300 101,000 2 39 
Cologne ‘a 110,872 72,527 3 | 103 
Kénigsberg .. 393 | 185 8 | 106 
Leipsig 570,747 | 456,126 6 | 186 
Lubec “~ 297,242 | 82,861 2 | 40 
Magdeburg. . 554,711 229,187 3 153 
Munich 869,600 600,000 4 | 164 
Nuremberg 552,200 262,000 | 2 | 388 
Schinebery be 80,000 | Tee. 
Stettin : 671,500 217,000 3 110 
Stuttgart 300,324 175,000 2 54 


" * Unpaid:-i.e., honorary officers in this city only. 
In the first place, it would be well to appreciate 
the relative strength of the various brigades ; and 





thus I am presenting a table from which will be 





seen the number of inhabitants in these twenty- 
six centres, their superficial area, and the number 
of officers and men in the brigades. The term 
‘* officer ” is here understood to mean commissioned 
ofticer—i.e., a ‘‘superior” officer of first - class 
general and technical education—as distinct from 
foremen, engineers, and superintendents, who have 
risen from the ranks. The figures refer to the year 
1900. 

The next table which I present is one showing 
how these brigades were equipped in 1900 ; and in 
the equipment is shown in this instance the number 
of hydrants and the number of fire-alarm call- 
points. 

TABLE XIV.—The Equipment of Twenty-Six Professional 
Fire- Brigades (1900). * 























| | 
| Horsed Fire-Ex- Z 
| tinguishing S | , 
Appliances (1899). | 3 | 3s , 
| > Zils 
af Ds alg 
. to | | = = 5 e 
Towns. F | o | | 8 | | & EE 5 
lq | giz 28s|s 
gue lale/ 4/5) ese/% 
gee 2 2/3\2 ¢ $25 /¢ 
} a |=) me 
Pi ill -ee O & & ss|5 
— LS | | S| «ems | ee —_—_—_—e———- | 
Aix .. } 2 rai Sim) 4 - 8 
| | | 835 b 
Altona | 3 4 #1 sae | lba 4 
| 720 b 
Berlin Ne PY ie 1s; 9) 56/ 8 10a | 48 
| i 5380 b 
Brunswick 2 lene Sess fe 35a} 8 
ee 1020 b 
Bremen |} 6; 6} 2] 8| 4; 8; 9) Ba] 7 
| | | 1563 b 
Breslau 6/| 2 115; 3/10) 4) Wal ¢@ 
2300 b 
Cassel } 1 1 4}; 3} 6) 2 la} 2 
| | 800 b 
Charlottenburg ..| .. | 2 4/ 3/10/ &/ Ida] 5 
a | _ | 1033 b 
Chemnitz .. a |} 8] 2); 12) 8 56a] 6 
| ee 1588 b 
Dantzic 4\4 1/17} 2) 6] 2 17a} 2 
42 BAe 623 b 
Dresden 2 }16| 2|13] 4] 2500a] 8 
} | 40 b 
Essen 4/1; 3] 1] €0O0a] 4 
| ee eae 170 b 
Frankfort on -the- 4 1| 6/14 182la| 4 
Main | | | 4b 
Halle 1 2 4 | 2; 3; 2 £46 a 2 
| | | 290 b 
Hanover 3; 2 4; 2] 5| 2/ 1600a| 5 
tee 144 b 
Hamburg .. 7/19 13 ,13| 9 | 26 | 24 | 4756a | 14 
_—.. sj) ai..] al 2 | 3| 4| 68a] 4 
| 30 b 
Cologne 1 4| 6] 2/18 | .. | 3500 a | 18 
| 10b 
Kinigsberg =.) .. | 4 « 3/16| 6| 5%a| 8 
| | 2b 
Leipsig | 5 6 16; 4/20) 4) 3410a] 14 
| } 2b 
Lubeck... : 2; 3; 4;132 | 1 9 1243 a 3 
| | 5b 
Magdeburg of & 8 8| 8/12! 7/1484] 7 
Munich . a 12| 6/18! 4 | 30684 | 13 
Niiremberg we | es 8| 6/19 2 984a | 15 
766 b 
Schéneberg . 1 2; 1 1| 360a]| 2 
: 88 b 
Stettin 4 3/1 3] 2 8 6 1416 a | 10 
| 12 b 
Stuttgart .. = oo 3 8 4/20/. 2190 a 2 





As far as the number of fires in the various towns 
are concerned, the following tables are taken from 
the year 1889, and give a relative idea of the work 
that the brigades have to do :— 


TABLE X V.—Fires and False Alarms in Twenty-Six Towns 
Served by Professional Brigades (1899). 








Calls. 
Towns. 
H Fires. False Alarms. 

Aix-la-Chapelle  .. < a 143 19 
Altona s + be oH 233 52 
Berlin = aa * “a 1809 403 
Brunswick .. 51 8 
Bremen 422 70 
Breslau 312 86 
s8e - 107 54 
Charlottenburg 167 | 55 
Chemnitz 258 | 34 
Dantzic 174 34 
Dresden 257 | 76 
Essen “ 3 7 | 12 
Frankfort-on-the-Main 143 } 33 
Halle.. - RS 04 | ll 
Hanover 135 28 
Hamburg 1414 264 
Kiel .. 74 12 
Cologne £99 60 
Kénigsberg 140 67 
Leipsig 762 | 56 
Lubeck .. 23 2 
Magdeburg. . 209 51 
Munich is 197 33 
Nuremberg. . 91 9 
Stettin 236 74 
71 5 





Stuttgart 





From these particulars as to the number of fires 
that have occurred, and an analysis of the actual 
months in which they took place, an interesting 
table is presented, which shows the total number 
of fires in the twenty-six towns named, given per 
month as compared with one another. 


Taste XVI.—Fires per Month in Twenty-Six Towns 
Served by Professional Brigades (1899). 


per cent. 
January 2440 11.92 
February 1815 8.86 
March 1828 8.92 
April.. 1478 7.21 
May .. 1311 6.40 
June.. 1329 6.50 
July .. 1159 5.64 
August ee 1558 7.62 
September .. 1588 } 7.75 
October aA 1669 | 8.14 
November .. 1882 9.18 
December .. 2425 11.84 


From this list it will be seen that January and 
December each have twice as many fires as the 
month of July. It would lead too far to give a 
detailed analysis of the time at which these fires 
occurred ; but it is a very interesting point to 
observe that if the analysis were presented, wo 
should find that 68 per cent. of the total number 
of fires occurred between 6 a.m. and 10 P.M.—i.e , 
during the 16 hours of the day when the inhabi- 
tants may be said to be about; and that 32 per 
cent. occurred during the eight hours of night—i.e., 
between 10 p.m. and 6 a.m. 

Another rather interesting figure obtained by 
analysis is that of the number of fires to every 10,000 
inhabitants ; and upon making such an analysis, 
we find that, taken on the total inhabitants of the 
twenty-six towns under consideration, 1.45 fires 
occurred in the year 1899 to every 10,000 inhabi- 
tants in the citiesnamed. Stettin, Cologne, Magde- 
burg, Hamburg, and Bremen were well above this 
figure, and Berlin, with 1.52 per 10,000 inhabitants, 
just stands above the mean. Munich, the capital 
of Bavaria, on the other hand, stands far and 
away below the average ratio of fires per 10,000 in- 
habitants, inasmuch as there are only 0.135 fires 
per 10,000 inhabitants in that city. This is most 
striking evidence of the efficiency of the fire-pre- 
ventive arrangements and fire-extinguishing organi- 
sation of Bavaria, and Munich in particular, and 
speaks well for the service with volunteer auxiliaries 
as practised in that city. Itis only really by careful 
analyses of this kind, per ratio of inhabitants or per 
ratio of the number of buildings, that the true 
economic relationship of the number of fires and 
fire-loss in the respective cities can be ascertained. 

Further statistical particulars, which should be 
of considerable interest, refer to an analysis of the 
cost of the brigades in these twenty-six cities, the 
comparative figures being taken from the financial 
year 1898 to 1899, for which complete and audited 
figures are available for all the twenty-six centres 
concerned. Of course, the expense must have 
materially advanced per annum since that year; 
but the table given below will be found useful for 
purposes of comparison. 


TABLE X VII.—Annual Cost of Twenty-Six German 
Professional Brigades (1899). 








oe 22 @2e- 

E z3 B82 

be cS | 2332 

Towne. ag ma” € SEES 

3 2.8 2522 

g5 gn geass 
_ | Aix-la-Chapelle 97,466 4,873 0.84 
Altona ia 183,924 9,196 1.19 
Berlin. . 1,937,995 96,899 1.07 
Brunswick 67,670 3,383 0.56 
Bremen 264,032 13,201 1.72 
Breslau $33,221 16,661 0.81 
Cassel.. .. 80,982 4,049 0.89 
Charlottenburg 180,369 9,018 1,02 
Chemnitz , 992 2,049 0.45 
Dantzic 136,964 6,848 1.05 
Dresden 340,463 17,023 0.85 
Sa ae 38,631 1,931 0.35 
Frankfort-on-the Main | 308,020 15,401 1.21 
Halle .. aa te ; 72,87 3,643 0.58 
Hanover 145,557 72,277 0.61 
Hamburg 1,159,032 57,951 1.75 
Kiel 69,910 3,495 0.67 
Cologne 225,212 11,260 0.63 
Konigsberg .. 177,492 8,874 1.02 
Leipzig ey 409,77 20,488 0.95 
Lubeck 6 83, 4,153 1.11 
Magdeburg .. 219,763 10,888 0.98 
Munich ~ 335,190 16,759 0.75 
Niiremberg .. 67,700 3,385 035 
Stettin ie he 228,542 11,427 1.42 
Stuttgart a 146,007 7,300 0.86 


* 20 marks equal about £1 sterling. 
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From this list it will be found that the most 
expensive brigade, as taken per inhabitant, is that 
of Hamburg, inasmuch as the brigade costs 1.75 
marks per head. Next comes Bremen, with 
1.72 marks per head; then comes Stettin, with 
1.42 marks per head. All thrve cities are ports ; 
and thus we see that the ports, with their great 
warehouses, are materially more expensive to deal 
with from the fire-protective point of view than 
the inland cities. 

The least expensive brigade, taken on the ratio 
per inhabitant, is that of Nuremberg, which is 
famous for the economical management of its very 
efficient brigade, and where the principle is ob- 
served that every fireman is practically a muni- 
cipal workman, and must have learnt a trade ; and 
where practically all the necessary work and 
skilled labour required for the maintenance of the 
brigade is provided by the members of the force. 

I do not think that these tables require any 
further elucidation for the moment, for it is my 
intention to deal seriatim with a number of the 
brigades named, when I have concluded dealing 
with countries generally. Only in one direction, 
however, I would here add some words—namely, 
on the score of equipment in the direction of 
modern long ladders, which, whilst already being 
considered all-important features in 1899 and 1900, 
of which years the data are here presented, are 
attaining an ever-increasing importance in the 
German professional fire brigades, one might 
almost say from month to month. The figures in 
Table XIV., as to long ladders in 1900, in no way 
present a onagt picture for the year 1905. The 
numbers have been materially increased during 
the last three or four years. 

(To be continued.) 








BRIDGE OVER THE RIVER ZAMBESI 
AT VICTORIA FALLS, RHODESIA, 
(Concluded from page 79.) 

WE conclude this week our series of illustrations 
of the structural work of this interesting bridge, by 
publishing on page 138 drawings of the shore or 
approach spans (Figs. 90 to 93). These shore-spans 
rest on the girder placed between the splayed 
end-posts of the main arched span, as shown in 
Fig. 58 on the two-page plate accompanying our 
issue of July 21. 

The shore-span on the south side is 87 ft. 6 in., 
and on the north side 62 ft. 6 in. The main girders 
are 20 ft. apart, and are 12 ft. Gin. deep. They 
are divided into panels of 12ft.6in. Thus the 
south-shore girders have seven panels, and those 
for the north shore five. The depth of these 
girders is, of course, considerable in relation to the 
span, but they were designed to harmonise as far 
as possible with the lines of the main arch ; the 
girders for both spans are alike in general con- 
struction. The booms and vertical end-posts con- 
sist of two channels, 10 in. apart, fastened together 
with plates. The diagonal members are flat bars 
in all cases. Double-lattice wind-bracing is pro- 
vided between the main girders at the top and 
bottom. Where the end-span meets the arch the 
end-post of the shore-span is inclined, and an extra 
cross-girder provided ; so that at the junction of the 
decks of the end-span and of the arch there is a 
cross-girder fastened to each, the rail-bearers being 
entirely disconnected at this point, thus allowing 
for any movement of the shore-span, relatively to 
the arch, due to expansion or contraction of the 
latter. The cross-girders taking the rail-bearers for 
the shore-span are of similar construction to those 
of the main girders. The bearings for the end-span 
are entirely of forged steel, and are shown in Figs. 94 
to 97. The expansion of the whole of the arch had, 
of course, to be allowed for in these bearings. The 
bearing supporting the end-span in the arch-girder 
is similar to the expansion bearing for the shore- 
ends, but without rollers. 

Having thus completed our description of the 
constructional steelwork, as made at the Darlington 
Works of the Cleveland Bridge and Engineering 
Company, Limited, we turn to the equally interest- 
ing subject of the work of erection on the site 
carried out by the same company. We shall first 
deal with the aerial cableway, which, as we have 
already pointed out in our introductory article, 
was made a separate contract, as it was decided at 
the outset to utilise it, not only for the transit, 
across the chasm, of the material for building 
cantilever-wise the northern half of the bridge from 





the northern shore, but to pass over the rails, &c., 
for the extension of the line northwards from the 
Falls. Thus, between September 25 and the end 
of October (five weeks) there was transmitted across 
the chasm, in addition to bridge material, a number 
of trucks in pieces, 800 tons of permanent-way 
material, and nearly 200 tons of constructional 
material. By the end of February, 1905, the 
railway track was completed for a distance of 
40 miles north of the Falls, while by the end of 
June, 50 miles more were completed, the material 
for all of which had to be conveyed by cableway. 
In addition, Messrs. Pauling, who have the con- 
tract for the further 250 miles of line needed to 
bring Cape Town and Beira into communication 
with the mineral district of Broken Hill, have been 
forwarding extensive plant across the chasm. 

The contract for the cableway was let in July, 1903. 
Several designs were called for by the engineers, 
and that submitted by Mr. R. A. Poole, of West- 
minster, on Brothers’ system, was selected. We 
have already illustrated and described the plant (see 
ENGINEERING, vol. ]xxvii., page 572). The aim of 
the designer of this system was to secure a uniform 
tension on the cable, and so to arrange the supports 
at both ends of the rope as to enable the load to 
pass as completely as possible from one end of the 
cableway to the other. The cable is carried on the 
north bank of the chasm by a steel tower, 36 ft. 
1? in. high, built up of angles and bars, and 
securely anchored at the rear to concrete blocks ; 
while on the other side the support takes the form 
of a lattice-built jib, or pair of sheer-legs 80 ft. 
long, hinged upon pins, secured to foundation 
plates bedded in concrete. The main cable was 
secured in steel sockets, with trunnions fixed into 
carriages on the top of the tower and the moveable 
jib. One end of the cable is attached to the end 
of the sheer-legs, and a heavy counterweight is 
supported at the same point. Thus the tension on 
the cable is balanced by the counterweight, and as 
the centre line of the sheer-legs bisects the angle 
between the cable and the counterweight suspension 
in its mean position, the tension in the cable is 
practically uniform in all positions. As the load 
traverses the cable to the centre, the counterweight 
is raised, and aftcr the load passes the centre it 
falls, restoring the work done to the conveyor and 
reducing the power required to drive the load up 
the incline. In other oma the power required 
increases very considerably at the end of the 
traverse. This system was adopted because it 
seemed to the engineers to suit the special con- 
ditions prevailing, but modifications to meet the 
case were required. These changes were prin- 
cipally in connection with the arrangement of 
towers, the anchorage, the construction of the 
pivoted jib, and of the cage or conveyor. The 
capacity of the apparatus being larger than any 
previously attempted, these points were subjected 
to the careful scrutiny and revising of the engineers. 

Electricity was adopted as the motive power, 
and was also used for riveting, lifting, and light- 
ing, the power being generated in a central station. 
It was arranged that one half of the cost of the 
generating plant, which was in duplicate, should 
be borne by the contractors for the erection of 
the bridge, and the other by the railway com- 
pany ; the one to provide for the riveting, lifting, 
&c., and the other half for the forwarding of 
material for the construction of the railway track 
northwards. The railway company, however, 
allowed the contractors the free use of the con- 
veyor during their operations. 

The design of the bridge was so arranged that no 
single piece exceeded 10 tons in weight, and the 
conveyor was therefore designed to carry a net load 
corresponding to that weight. The conveyor, or 
‘* Blondin,” as it came to be called, weighed 5 tons. 
This apparatus was suspended on two travelling- 
wheels running on the rope. On the frame which 
hangs down from the wheels are carried an electric 
motor, a chair for the driver and two drums, which 
latter are actuated by the motor, and on which the 
hoisting ropes are wound. The end of the motor- 
shaft carries a forged steel pinion, which can be 
made to engage either of two spur-wheels on one 
side of the carriage. The shaft of one of these 
wheels carries a pinion, which is in gear with teeth 
on the two travelling-wheels. The other wheel 
operates through the lifting-drum on which the 
ropes attached to the skips are wound. These 
drums can be worked independently, and all the 
different motions are actuated by levers under the 
control of the driver, who can lower the ends of 


one or both hoisting ropes, and as soon as the load 
is attached can hoist it to any convenient height, 
and can then travel along the cable in either direc- 
tion ; he can then lower the load as required. The 
current is supplied to the motor along a copper 
wire, which runs parallel with the main cable and 
makes contact with the conveyor. The motor has 
one terminal connected to the copper conductor 
through a starting-switch and resistance, while the 
other terminal is connected to the frame of the 
apparatus. The cable supplied by Messrs. Thomas 
and William Smith, Newcastle, consisted of six 
strands, each of nineteen steel wires 0.125 in. in 
diameter, with a hemp core, the circumference 
being 8.5 in., and the weight about 5 tons. The 
length was 870 ft., and the breaking stress 275 tons. 

In the original conveyor the power was trans- 
mitted from the electrical motor to the driving- 
wheels and to the lifting gear by means of a fric- 
tion wheel, which contributed motion by contact 
with the rims. Experiments with this arrange- 
ment, during the testing of the apparatus, showed 
that friction was inadequate to transmit the con- 
siderable power required for a 15-ton load, and it 
was therefore decided to substitute spur-gear. This 
was made of cast-iron, as there was not sufficient 
time available to make a steel casting; but at the 
same time a spare set was ordered to be cast in 
steel. The spur-wheel acted satisfactorily by reason 
of its certainty. The gear in connection with the 
lifting apparatus was driven through the medium 
of a worm and worm-wheel. While this was a 
neat and compact arrangemert, and possessed 
certain other advantages, it involved considerable 
loss of power through friction, and was liable to 
wear out rapidly. Experience, however, showed 
that, with thorough lubrication, friction and wear 
and tear were reduced to within reasonable limits, 
so that satisfactory results were attained. 

The material for the cableway, constructed at 
Darlington, was unloaded at the Zambesi early in 
June, 1904, the railway having been extended to 
the Falls in April. By the end of the month the 
tower on the north side was erected, and the pivoted 
jib on the south side was ready for lifting. On 
July 28 the cableway was in working order. The ma- 
terial for the tower on the north bank of the chasin 
was conveyed by means of a pioneer light cable. 
The work of getting this cable across the chasm 
was one of considerable interest. A rocket was 
shot across, carrying the end of acord, which was 
next used for hauling across a wire; this was of 
sufficient strength to pull across the intervening 
600 odd feet a small rope, which was used for the 

ge across of an extemporised conveyor. This 
latter consisted of a small steel carrier fitted with 
clips at the bottom, to which the main cable was 
attached. It was then hauled across by means of 
a winch on the north side, by a rope which had 
been passed over in the same way as the other lines 
of communication. 

Some slight difficulties were experienced in the 
working of the cableway during the operation of 
constructing the bridge. The damp atmosphere 
affected the insulation of the motor, and finally it 
burnt out ; but, fortunately, a spare armature had 
been provided, and only a few days’ delay re- 
sulted. Towards the end of the work of erecting 
the bridge it was discovered that there were thirty 
broken wires in the rope ; this represented only 
13 per cent. of the total number of wires, but it 
was decided to reduce the loads of railway material 
for the extension of the track northwards, so as to 
minimise, as far as possible, the stress and wear 
on the rope without affecting the progress of the 
bridge construction. A spare rope was meanwhile 
ordered, of the same size and strength. 

The immense importance of the conveyor as a 
factor in the completion of the work of erecting 
the bridge, and also of extending the line northwards 
from the Falls, suggested to the engineers the desira- 
bility of having a second conveyor made as a stand- 
by, so that work might not be completely suspended. 
Such a contingency would have been serious, as it 
would not only have delayed the completion of 
railway communication with the copper-mines at 
Broken Hill, but it would have thrown idle a large 
number of highly-paid workers, and a vast quantity 
of valuable plant, so that the cost of the second 
conveyor, amounting to 400/., was well justified. 
Although this conveyor was never put into action in 
the construction of the bridge, the modification in 
design, as the result of experience, makes the new 
conveyor, as illustrated in Fig. 98, 140, of con- 





siderable interest. All defects of design discovered 
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CONSTRUCTED BY THE CLEVELAND BRIDGE AND ENGINEERING COMPANY, DARLINGTON. 
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OF BRIDGE OVER THE RIVER ZAMBESI 
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by the engineers were carefully noted and elimi- 
nated in the new conveyor, which was designed and 
manufactured by Messrs. Ransomes and Rapier, 
Limited. The original conveyor was somewhat 
heavy; wrought steel was therefore substituted 
for the iron castings forming the framing and bed- 
plate upon which the gearing is carried. At the 
same time direct spur-gear was adopted, instead of 
the worm-wheel in the lifting-gear. Another im- 
provement effected had reference to the tyres of 
the driving-wheels. Originally they were of cast 
iron, formed in halves, and fastened by means of 
screws passing through the tyre itself to the wheel 
centres. The cast iron was of the soft nature used 
generally fur cylinders, the idea being to reduce 
the wear upon the steel rope to a minimum. In 
this way it was thought that the lesser of two 
evils was being adopted; but it was found that 
at a very early stage of the actual work the tyres 
wore out very rapidly ; aud owing to the heads of 
the screws also wearing, they were difficult to re- 
move and replace. The consequence was that con- 
siderable time was lost at each renewal. The fact 
that 15 tons was the load usually carried by the 
conveyor does not convey a full conception of the 
effect on the tyres ; but a little reflection will show 
that as this load was carried on two driving-wheels, 
the weight on each corresponded to the load on 
each driving-wheel of a heavy goods engine ; more- 
over, in the case of the cableway, it is borne Ly a 
more or less flexible cable composed of a number 
of comparatively small wires, so that the load does 
not bear equally upon the whole of them, but 
only on a very few, owing to the spiral con- 
struction of the strand. The cable, as we have 
already pointed out, was composed of six strands, 
each of 19 wires of a diameter of fin. A better 
system of cable for the purpose would be one con- 


structed with a perfectly smooth and cylindrical | 
surface, such as that known as the ‘‘lock-coil” | 


system, which presents the appearance of a solid 
round bar. But this ideal rope for such heavy 
work is not obtainable ; and, even if it were, its 


transport would be an almost unsolvable difti- 
culty, as a rope of 870 ft. in length, with a 250- 
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| could forward the units of the structure in time to 


reach the Zambesi, as soon as the railway had been | 


‘completed at Bulawayo. There was, however, | 
|some delay in the laying of the railway between 
|the Wankie coal-fields and the Zambesi, owing to | 
| engineering difliculties experienced in connection | 
| with the surface work ; so that it was not until | 
| April, 1904, that the railway was completed, and | 
|the transzort of the bridge material from this | 
country was rendered possible. Prior to this, how- | 
ever, the cableway had been forwarded and put in | 
position, so that as soon as the material arrived at | 
the Zambesi work was commenced, not only on the | 
south side, but also on the north side, the material 
being passed over the chasm by the electric cable- 
way. 





of mild steel. In order to allow for a slight 
adjustment after the concrete had set, the bolts 
were fitted into tubes 4} in. in diameter, which 
permitted asma]l movement to suit any inaccuracies 
which might have cecurred in setting them up; 
subsequently the space between the interior surface 
of the tubes and the bolts was filled in with neat 
cement grout under pressure; six weeks were 
allowed to ensure the absolute setting and harden- 
ing of the concrete, before the weight of the canti- 
lever during erection was allowed to come on it. 
We may premise our description of the work of 
erecting the steelwork with the remark that through- 
out the preparation of the design of the bridge the 
question of erection was considered of first im- 
portance, and every detail was arranged so as to 
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ton breaking strain, could not be wound in a 
coil of dimensions suitable for shipment. The 
engineers, therefore, couid only adopt the best 
strand rope, and thus it was found that the use of 
cast iron for the tyres involved replacement every 
three weeks. As the tyres cost 131. per pair of 
wheels free on board, and the expense of the transit 
to the site of the works was very heavy, this became 
aserious item of expenditure. Inthe new conveyor 
the tyres are of slightly harder material, and thicker 
in the tread, increasing the wearing capacity ; the 
method of fastening them was sv devised as to make 
them easily detachable, so that they could be 
removed in the minimum of time. Fig. 99 shows at 
a glance this new connection. 

We turn now to a description of the actual pro- 
cess of erecting the bridge on the site. ‘his 
involved several interesting problems, and it is only 
right to say that the excellence of the details 
evolved by the Cleveland Bridge and Engineering 
Company, Limited, was an important factor in the 
allocation of the contract to that firm. The con- 
tract for the construction of the bridge at the 
Darlington Works was let in June, 1903, and the 
intention was to have the constructional work com- 
pleted so that the Rhodesian Railway Company 


The first work carried out at the Zambesi was, 
of course, the preparation of the foundations, the 
excavations for which were made by the railway 
company previously. The building of the concrete 
foundations in skewbacks was comimenced in May, 
1904, and was completed in October. The form of 
the excavation on the north side is shown by Figs. 
100 tv 103, page 139, while the general treatment of 
the steel armouriog of the concrete on both sides is 
shown by Figs. 104 and 105. It was specified that 
the concrete should consist of three parts of broken 
stone and two parts of sand to one of Portland 
cement. The latter was sent from this country 
packed in iron drums, to ensure that it would reach 
the site of the bridge in perfect condition. 

The lower part of the concrete is armoured with 
old rails, and the upper part with j-in. diameter 
steel rods. The ends of these rods were bent, so 
as to secure more effectual bonding with the con- 
crete. The surface of the concrete immediately 
under the base-plate was reinforced with steel 
joists 6 in. by 4$ in. by 20 lb., laid trans- 
versely to the joists of the base-plate. The founda- 
lion bolts for holding the base-plate extend to 
about 5 ft. below the surface of the concrete. These 
bolts are 3 in. in diameter, and are constructed 





‘simplify the procedure. The erection of a staging 
of any kind under the arch was, of course, impos- 
sible. It was therefore essential to erect each 
| half of the main arch as a cantilever. This in- 
| volved stresses differing from those set up by a two- 
pinned arch; but as a matter of fact very little 
alteration was required in the calculated sections to 
provide for sufficient strength to support the canti- 
levers. To provide for the attachment of the anchor- 
|age of cach cantilever during the process of con- 

| struction, a pin, 7 in. in diameter and 6 ft. long, was 
arranged to be fixed at the intersection of each end- 
post with an end chord member. The outer ends of 

| the pin were supported by special brackets, as shown 

‘in Figs. 111 to 115. All the joints of the bridge 

' were designed so that during erection rivets would 
be as accessible as they could possibly be made ; and 
the joints in the chords were placed forward of the 
cross-girder, instead of being immediately over the 
vertical members. In this way the cross-girders 
could be placed in position immediately after 
the top boom had been secured to the vertical 
members—before the next member in the hori- 
zontal line had been joined up. Thus it was 
possible to bring the erection platform, which was 
carried on the cross-girders, right up to the last 
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ont post. Each half of the arch terminates solid rock of the ground behind the bridge on each 


in a butt-joint at the level of the ribs; and on ‘side. 


the completion of the work the two ends of the 
half-arches were allowed to meet at this joint, 


A very high quality of steel was utilised. 
The strength of the material used for the ordiaary 
link-and-pin cable does not usually exceed 28 tons 


the arch becoming then temporarily a three-hinged | to the square inch, it is expensive to manufacture, 


structure. In order to ensure the accuracy of dis- 


| 
| 


and is subsequently useless for any other purpose, 


tribution of the stresses due to the structure over | while the weight and bulk are considerable. On the 
all the members, it was of the utmost importance | other hand, the steel rope was made of a tensile 


that the proper stress should be artificially put 
into the chord member above this butt-joint. The 
bridge was therefore designed in the first instance 
s» that the two central chord members had a gap 
between them of 8 in. in length. While the bridge 
remained a three-hinged arch this gap was reduced 
in length; in order to provide the correct stress 
in the joints, hydraulic jacks were placed in a recess 
specially constructed in the chord, corresponding 
to the gap, and the ribs were forced apart until the 
stress had its correct value at the temperature of 
the time of the operation taking place. The actual 
length of the gap was then measured, and packings 
were planed to exactly fill it. The joint-covers were 
then placed over the packings, holes for the rivets 
drilled, and the covers fitted up. The details of 
the work at this point are shown in Figs. 106 and 107. 
These special cover-plates were sent out drilled, 
but the holes in the boom were left to be made on 
the site. The pressures to be exerted for ensuring 


the proper state of compression were as follow :— 


Temperature. Pressure. 

Deg. Fahr. Tons. 
120 47 
100 89 

80 131 

70 152 

60 173 

50 194 

40 213 

20 257 

0 299 


The arch thus became rigid at the crown, and 
had the stresses correctly distributed throughout. 
This arrangement provided a means of preventing 
a serious disturbance in the stresses, which would 
have been caused by inaccuracy, however small, in 
the setting out of the arch previous to construction. 

The erection of the steelwork commenced on 
October 21, 1904, the first work being the con- 
struction of the shore-spans on each side. These 
spans at the shore ends rest on abutments built 
into recesses in the rock forming the almost vertical 
sides of the chasm; and the girders were erected 
from the shore as cautilevers, the upper corners 
being anchored into the rock, while the post 
beyond the edge of the abutment was supported 
on temporary timbers built on the steep slope 
of the gorge. The constructional cranes were 
carried on the top of the work. The two cranes 
used were of special design, having each two 
jibs with an overhang of about 30 ft., and able 
to turn through an arc of nearly 180 deg. The 
cranes were electrically operated, and were capable 
of lifting 10 tons. They were arranged to work 
on the cross-girders of the completed work, and 
were anchored to those cross-girders when in use. 
To provide support temporarily to the outer end 
of the shore girders, a trestle was carried from 
the sloping walls of the chasm, a few feet behind 
the foundations of the end-post. On the completion 
of this trestle the shore-spans were comsieial to the 
top of it, and, as soon as they reached it, the cranes 
were run out on to the top of the trestle, in order 
to proceed with the erection of the end-posts. As 
soon as the end-posts were completed, the main 
anchorages for the arch were put in; and as the 
shore girders are supported on cross-bracing be- 
tween the end-posts, there was no longer need for 
the temporary timber trestle. 

The anchorage of the main arch at both ends is 
one of the most interesting features in the whole 
V ork of erection, and reflects the highest credit on 
‘tr. George Imbault, who was responsible, on 
behalf of the contractors, the Cleveland Bridge and 
[Engineering Company, Limited, for the erection of 
the bridge on the site. The point of intersection 
between the end-posts and the upper horizontal 


booms was specially reinforced, and through this | 


« pin 7 in. in diameter was secured, as shown 
in Figs. 109 to 114, and through this pin the 
Structure was anchored effectually. The securing 
of the cantilever in the erection of similar struc- 
tures has usually been by means of a chain of the 
heavy link-and-pin type, with an adjusting appa- 
ratus of toggle gear. Mr. Imbault, however, 
evolved a system of wire ropes effectually secured 
to the pin, and thoroughly anchored through the 


| 


| 








strength of 100 tons to the square inch; it was 
inexpensive, easily coiled for shipment, and, more- 
over, when the work was completed, was utilisable 
for other purposes. Further, the risks of failure 
were distributed over a large number of ropes. 
Moreover, the multiplicity of cables proved most 
effectual in adjusting the alignment of the canti- 
levers when they were approaching the meeting- 
place in the centre ; as by the tightening-up of the 
bolts on one side or the other an increased pull was 
exerted on that particular side, while the loosening 
of the bolts on the other reduced the tension. 

The form of the bolt is shown approximately in 
Fig. 108. It will be seen that the bolt, which is 
of steel, 2 in. in diameter, is of U shape, the 
loop passing over the 7-in. pin ; while at the other 
end there is fitted over the legs a specially-con- 
structed socket, held in place by heavy nuts on the 
threaded legs. The wire rope of 1 in. diameter was 
threaded in the socket and fastened in the usual way 
by the turning-in of the outer strands. Each rope 
of this series extended shoreward for a considerable 
distance, and was passed through a shaft excavated 
in the solid rock for a depth of 30 ft. At the end 
of this the rope continued through a tunnel 30 ft. 
long, and up a similar shaft to the surface, along 
which it passed again to a corresponding bolt at the 
head of the other post (Figs. 109 and 110). Popu- 
larly described, the system represented the reins 
on the hore, the piu being the bit. Therefore, 
not only was the structure well anchored, but it was 
possible by pulling the right or left-hand post to alter 
the alignment and level. The arrangement had also 
the advantage that there was no juint in the rope, 
and it was not attached to any complicated girder 
arrangement underground. Each rope was threaded 
through something corresponding to the eye of a 
needle, made in the immense mass of the Itic 
rock ; and, as a further surety, there was laid on 
the top of the rock, over the tunnel and between 
the two shafts, about 400 tons of rails. 

So soon as the anchorage was arranged, the work 
of erecting was at once proceeded with. It was 
all very simple, largely due to the foresight dis- 
played in arranging the details. The work was 
greatly facilitated, first, by the arrangement of the 
pin, whereby the connection between the various 
members at the point of intersection coald be tem- 
porarily bolted up, so as to allow the work to pro- 
ceed in advance of the riveting ; and, secondly, by 
the carrying of the joint on the chord members 
slightly in advance of the posts, so that the cross- 
girders could be erected immediately the vertical 
posts were secured. 

The only remark that'may be made in connection 
with the erection was the speed at which the work 
was carried out, and the unusual coincidence be- 
tween the expected and realised results. This is very 
clearly shown on the diagram of progress, Fig. 119, 
page 142. The estimated dates are given under the 
arch ; and the actual dates of completion along the 
top boom. It will be seen that at the end of De- 
cember the end-posts were all fixed and ready for 
the erection of the cantilevers, and from this time 
the work was extremely rapid. The first panels, 
being the largest, naturally occupied the longest 
time—from two to three weeks; but this was 
gradually reduced until, in the centre of the arch, 
eight posts were built in 26 days. The work was, 
of course, carried on simultaneously from both ends, 
so that each bay occupied six days in erection, in 
spite of a delay of over two weeks, owing to the 
non-arrival of material from this country in time to 
keep pace with the progress of erection. 

The main bearings were set on both sides of the 
chasm by October 20, and the erection of the main 


- f the bridge be; the following day, | 
—_ ong fry og teeter y tee ds» only 001 in. too long in 20 ft., and had an error 


October 21 ; so that by the junction of the work in 
the centre of the chasm on April 1, this year, the 
erection of the bridge, notwithstanding its great 
height, occupied under six months. This fact is a 
convincing proof not only of the etliciency of the 
design, but also of the precision of the workman- 
ship. We show in Figs. 116 and 117 the last 
connection in the centre of the — 

The photograph reproduced in Fig. 118, taken 


‘on April 1, 1905, immediately after the junction of 





the two sides, shows the net which was stretched 
across the gorge for the purpose of catching tools or 
small parts which might “ dropped. Had the occa- 
sion arisen, the net might also have saved the life 
of any workman who might have fallen from the 
bridge. It was anticipated that the net would give 
the men confidence ; but, as matter of fact, the work- 
men complained that it made them feel nervous. 
The erection cranes designed by Mr. Imbault, who 
had charge of the work on behalf of the Cleveland 
Bridge and Engineering Company, are also to be 
seen. 

The total cost of the steel work delivered in this 
country was 20,0001., and the cost of the entire 
bridge, including transport of materials to the site 
and across the Zambesi, as well as the cost of 
excavatious for the skewback, and of the ercction, 
was only 70,0001. This, for a bridge of this 
type, located. so far away from the coast, is 
a distinct triumph in engineering, and is at once 
full testimony to the remarkable foresight and 
ingenuity displayed in the: design, whereby the 
required strength was secured with the minimum 
of metal, while facility of erection was secured. 
Mr. G. A. Hobson, M. Inst. C.E., should there- 
fore be congratulated on a very fine piece of 
work, which must have very considerable influ- 
ence on the transport problem of South Africa, 
for which his firm, Sir Douglas Fox and Partners, 
in combination with Sir Charles Metcalfe, Bart., 
their South African partner, has done so much to 
advance. -In the work of designing the bridge 
Mr. Hobson was assisted by Mr. Ralph Freeman, 
of the staff of Sir Douglas Fox and Partners; and 
to him, as well as to Mr. Hobson, we are indebted 
for the data which has enabled us to prepare our 
description of the bridge. 





THE INTERCHANGEABILITY OF LARGE 
SCREWS. 


Ir is of the highest importance that all similar parts 
of guns and gun-mountings should be accurately 
interchangeable ; and as such parts are made in entirely 
independent factories, the means of ensuring inter- 
changeability demands careful attention. When the 
parts are bounded by nothing but plane, cylindrical, 
or conical surfaces, or often when they are of more 
complicated form, they may be manufactured to certi- 
fied gauges, and the necessary accuracy obtained 
without difficulty ; but when any helical or screw sur- 
face enters into their manufacture, the case is dif- 
ferent. Every screw surface depends for its accuracy 
of pitch entirely upon that of the leading screw of the 
machine upon which it is cut, and any wear, or original 
imperfection in the latter, is faithfully copied in all 
screwed work turned out on the machine. Further, 
every screw, when made, is practically incorrigible, 
besides being difficult to gauge for accuracy ; hence 
the easiest way to ensure interchangeability in finished 
work is to have all such work generated by inter- 
changeable leading screws. 

This conclusion was soon arrived at by a Committee 
who were appointed in November, 1900, by the Govern- 
ment to consider the question of the interchangeability 
of large screws ; and they decided the only practical 
means of obtaining the end in view was to provide 
centrally some special machinery for the production 
of large screws of certified accuracy, so that manu- 
facturers could be supplied with them at a reasonable 
cost. The latter point is important, as leading screws, 
unlike the delicate dividing screws of instrument- 
makers, have such a heavy duty to perform that their 
accuracy may deteriorate rapidly under ordinary 
workshop conditions. The Committee at first decided 
that the greatest limit of error allowable in such a 
screw should be 0.0001 in. per foot of length, though 
a considerably better result was eventos obtained. 
This accuracy was the same as that which appeared 
needful to ensure a workshop accuracy of 0.001 in. per 
foot in end measure comparisons, and to obtain it in 
the gauge-room a laboratory verification accurate to 
0.00002 in. per foot was required. Before proceeding 
with the construction of an accurate master-screw, 
the Committee carefully considered all the previous 
attempts which had been made in this country and 
abroad with the same object. Messrs. W. Muir and 
Co., of Manchester, had supplied a lathe to the 





Admiralty in 1893, in which the leading screw was 


of only 0.0003 in. in length in 4 ft. of its length. 
This was a really remarkable screw, and exact 
measurements of it are given as an appendix 
to the report. Mr. Donkin had made a screw-ad- 
justing machine in 1826, which is now in the South 
Kensington Museum, and a subsequent similar one 
in 1840, of which the principle is of special interest, 
as it was utilised by the Committee in constructing 





the present machine. The principle consists in slightly 
advancing or retarding the slide-rest nut by a cam 
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arrangement, so as to compensate for irregularities in 
the leading screw. By this means the work will have 
a higher degree of accuracy than the original screw. 

Besides the appendix to which we have referred, 
the report contains two other important appendices. 
The first of these, which is by Dr. Glazebrook, deals 
with the calibration of the scales of the machine and 
includes tables giving the microscopically determined 
errors of the leading screw, both before and after 
compensation. The other appendix contains notes on 
the manufacture of the machine by the makers, 
Messrs. Armstrong, Whitworth, and Co., Limited. 
The principal parts of the machine were put in hand 
in September, 1901. Specially sound castings were 
made, and after undergoing a roughing cut were 
allowed to stand for several months to relieve them- 
selves of internal strains. The report gives the com- 
plete analysis of the metal used for the two screws 
made, the first containing 0.43 per cent. of carbon, and 
yielding at 19 tons per square inch, and breaking at 
32.9 tons, with an elongation of 31 per cent. in 2 in. 
The second contained 0.44 per cent of carbon, yielded 
at 19 tons, and broke at 32.2 to1s, with an elongation 
of 34 per cent. The first screw was cut by the most 
accurate lathe in the works, and underwent its pre- 
liminary tests in August, 1902. The final master- 
screw was required to be 50 in. long, so that working 
with a clasp nut 14 in. long it could produce screws 
36 in. long. It was thus necessary to make the screw 
to generate the master 64 in. long at least, and for 
convenience 3 in. was added to this length for clear- 
ance, 

The first measurements showed an error of 0.0008 in. 
in 53 in.—the full travel of the screw; but the error 
was not uniformly distributed. It was found that the 
thickness of the Bim of lubrication had an appreciable 


effect on the readings, so that measurements were only 
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times after each oiling. 


greater dependence was placed on readings taken from 
end measure gauges placed on the bed of the machine. 
Although every possible precaution had been taken to 
protect the sensitive parts of the machine from changes 
of temperature due to the observers’ bodies, the 
readings still showed unaccountable discrepancies, 
until it was discovered that steam escaping into a 
drain running under one end of the foundation was 
causing the trouble. This was remedied, and finally 
the first corrected screw was completed on May 19, 
1903. This was materially more accurate than its 
original, but difficulties in measurement and in verify- 
ing the gauges caused the final adjustment to 

delayed until February, 1904. Rapid progress was 
then made, and the machine was forwarded to the 
National Physical Laboratory in the course of March, 
1904, equipped with a screw as accurate as could be 
made prior to its establishment in the special chamber 
built to protect it from vibration and changes of 
temperature at Teddington. The measurements at 
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taken after the nut had been run to and fro several | Manchester involved recording some 100 sets of ob- 
Great difficulties were met | servations, each set comprising 108 separate measure- 
with in making accurate measurements by means of a| ments. The accuracy finally obtained was considerably 
microscope working over a fixed scale, and finally | in excess of what had been hoped for, and much of the 


delay was occasioned by the endeavour to make the 
machine as perfect as it was possible todo. _ 

We give below the part of the report dealing with 
the design of the machine, verbatim, and also the 
recommendations of the Committee. 

ITI.—DrsiGN AND CoNsTRUCTION OF LEADING- 
Screw-ADJusTING MACHINE. 

32. Messrs. Humpage, Jacques, and Pedersen, who had 
gone closely into the production of some very accurate 
screws, particularly emphasised the fact that, apart from 
the difficulty of making an accurate screw of great 
length, a short screw will in use be the most satisfactory, 
as over 90 per cent. of the work in an ordinary machine- 
shop can be done on a screw 1 ft. long, if in the form of 
a sleeve, and capable of being set at any point along the 
length of the bed of the lathe, and as no such irregulari- 
ties can occur with such a screw as commonly result from 
the local wear of a long screw, most of the wear upon 
which falls within a very limited portion of its length. 

33. Your Committee, while not prepared to take such 
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an extreme view, believe that all reasonable requirements 
are likely to be met if extreme accuracy can be obtained 
over 3 ft. length of screw. The machine was accordingly 
designed upon this basis. 

34. The pitch of the screw upon which it was decided 
to work was fixed at 4 in. as the most generally useful in 
the medium heavy lathes doing work of the class most 
prominently before your Committee. And it was decided 
that screws of other pitches should be left to be gene- 
rated as required locally, and the necessity for gearing, 
with its accompanying unavoidable errors, thereby 
avoided in the adjusting-machine. 

35. The diameter of the screw was fixed at 4}in. as 
giving substantial bearing surfaces, thus allowing the 
screw to made hollow, and combine lightness with 
rigidity, as well as permit of water-cooling internally, if 
found desirable. - 

36. Although it was never proposed to do more than 
take a final correcting cut on a screw already approxi- 
mately true, it appeared desirable to ascertain definitely 























whether the force exercised in cutting would have any 
appreciable deforming effect upon the screw. For this 
purpose a diagram was prepared by Colonel Holden 
showing the pressure upon the tool when taking light 
finishing cuts, as ascertained from the indications of a 
spring transmitting the torque of the lathe face-plate to 
the work. From this information Dr. Chree calculated, 
on various assumptions, for Dr. Glazebrook the possible 
deflections of the screw that might result, and showed 
that the strain effects on a screw 44 in. in diameter were 
absolutely negligible, the greatest effect with a cut of 
0.001 in. to be anticipated being five parts in one million 
in the length of the screw. ; 

37. The design and details of the machine were worked 


_out by Mr. Matthews in collaboration with the Com- 


mittee, and its general arrangement is shown on page 146, 
&c., the following being its main characteristics:— = 
38. The bed upon which the tool carriage, &c., slide is 
very stiff, of a form very little liable to deformation 
through variations of temperature, and is mounted on a 














deep girder, supported at three points upon a shallow 
continuous foundation-plate. 

39. The driving headstock is supported upon the 
foundation-plate entirely separate from the bed of the 
lathe, and drives by means of a Clements driver the 
master-screw, which is mounted in long bearings on the 
bed of the machine, and is coupled direct to the screw 
which it is desired to correct, the two screws being thus 
co-axial, The screws are also stiffened against deflection 
by sliding supports. 

40. The master-screw is 44 in. in diameter, with a 
square thread 4 in. pitch, and section of thread } in. by 
tin. in the plane of the axis of the screw. The nut is 
14 in. long, embracing 28 threads, and is arranged for a 
maximum traverse of 3 ft. The thread of the nut is of 
bronze, and was cut by being turned 5 in. in diameter 
outside on the exterior of a bronze core 4 in. in diameter, 
which was then enclosed in a steel sleeve of similar steel 
to that used for the screw, and therefore having the same 
coefficient of expansion, after which the core was bored 
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out, it being considered that greater accuracy could be 
obtained by this means than by directly cutting an 
internal thread. 

41. The sleeve of the nut is rigidly connected to a stiff 
arm projecting horizontally to the back of the lathe, and 
weighted at its ead so as to bear upon the stationary 
correcting-bar, which serves to advance or retard the 
motion of the nut asit is traversed along the master- 
screw. A variation of 0.16 in. in height of the correcting- 
bar corresponds to 0.001 in. of motion of the nut. 

42, The nut is divided at its centre transversely, so 
that all end play can be taken up, one-half being arranged 
to bear against the back, and the other against the front 
of the thread, so as to accurately control the motion of 
the heavy cross-head sliding on the bed of the lathe. Two 
strong steel hollow rods bolted to this cross-head, one on 
each side, transmit the longitudinal motion of the nut to 
the saddle carrying the cutting-tool, which is thus tra- 
versed along the screw to be corrected, which, as already 
described, is rigidly connected to the master-screw. 

43. The tool is carried on a cross-slide, and as the 
weight of evidence indicated that chatter was more 
readily avoided by so doing, the cutting edge of the 
tool was arranged to be on its lower side. 

44. A bar is arranged to be fixed upon transverse 
bridges on the bed of the lathe, so as to be directly 
over either the master-screw or the screw being cut. The 
sliding carriage upon this bar was designed to be con- 
nected either to the saddle moved by the master-screw, or 
can be moved by a feeler lying in the threads of the 
derived screw, so that the regularity of either can be 
observed. The observations can be made both by means 
of a microscope traversed by the overhead slide over a 
scale resting on the fixed bar, and by means of end 
measure gauges lying between an abutment on the moving 
slide and a micrometer head attached to the fixed bar. 
The microscope and micrometer abutment for use with 
end-measure gauges are also fitted to the saddle carrying 
the tool, thus allowing of direct observations of the 
motion of the cutting tool. 

45. From such observations any required correcting-bar 
can be laid out, so as to give the cutting tool regular 
motion, in spite of slight irregularities of the master- 
screw. The screws and the s connecting the saddle 
and cross-head are made hollow, so that water can be cir- 
culated through them if thought desirable. All the slides 
of the machine are made with ample bearing surfaces and 
with packing-pieces for taking up slack. Provision is 
also made for ge oom the cutting-tool slide. 

46. The two scales provided for use with the machine 
are engraved upon iridio-platinum strips inlaid in the 
trough of H-section bars, which were made of similar 
steel to that used for the master-screw, in order to mini- 
mise errors due to different coefficients of expansion. 
They are 40 in. long, and divided into tenths of an inch ; 
one 18 Standard at Odeg. Cent., the other at 62 deg. Fahr. 
—the temperatur. at which the screw-adjusting machine is 
designed to work. 

47. Neither of the special scales procured for the 
machine was available for use at ewer during the 
preliminary experiments in the manufacture of the first 
screws, and existing standard scales were not found con- 
venient for use; also, unexpected difficulties arose, owing 
to various causes, in obtaining indisputable cross-checking 
between the end-measure gauges available for reference. 
Messrs. Armstrong, Whitworth, and Co. therefore worked 
under considerable disadvantage in making the final 
adjustments on the machine, the more so as the overhead 
slide designed to carry the microscope, &c., was found 
to be not quite satisfactory in the final measurements, so 
that all measurements had to be made against end-measure 
gauges supported on the bed of the machine. 

48. It is, therefore, very satisfactory that measurements 
made after delivery of the machine at the National 
Physical Laboratory, when placed in the special chamber 
erected for it, showed that the movement of the tool 
carriage did not vary from that produced by a true screw 
of the same reputed length by more than 0.0002 in. in its 
full length, and, after the insertion of a correcting-cam, by 
more than 0.0001 in. at any one point, and that corrected 
microscopic scale readings and independent end-measure 
readings did not differ = more than 0.0001 in. at any 


point. 

49. The progressively increasing difficulty of each step 
in advance in respect of accuracy, and the precautions— 
not usual in engineering workshops—that consequently 
require to be taken, were strongly emphasised in the course 
of the work done for the Committee at Manchester, as 
well as by the difficulties found at Woolwich in the course 
of the measurements made on the lathe supplied by 
Messrs. Muir to the Royal Carriage department ; and it 
became evident that, to make the best use of the machine, 
it was necessary to erect it where disturbances by vibra- 
tion and variations of temperature would be minimised. 

50. With the co-operation of the Committee of the 
National Physical Laboratory, provisional arrangements 
were made to instal it there, and) your approval was 
sought and obtained for funds to house it, and every pro- 
vision was made to meet any possible future demands on 
the machine, details of which are given in the Appendix. 


1V.—Fvuturr Usk or Macuine. 

51. The Committee of the National Physical Laboratory 
have undertaken to cut or adjust heavy screws for private 
firms at reasonable charges, and will be prepared to issue 
certificates stating the ultimate accuracy of the screws. 
A schedule of the conditions under which screws of }-in. 
pitch can be corrected, together with details of the form 
of mounting necessary, can be obtained from the Director, 
National Physical Laboratory. 

52. This arrangement, it is believed, will make the 
machine as valuable to the trade of the country as a 





means of originating accurate screws for general engi- 
neering purposes, as it will undoubtedly be to the depart- 
ments which your Committee were originally designed to 
assist. 





RECOMMENDATIONS. 

53. Your Committee believe that the wants which led 
to their appointment having, then, been fully provided 
for, they have only to recommend :— 

(1) That steps to taken to ensure that all accurate screws 
required for H.M. Government Departments’ engineering 
work be supplied in future from screws originated from, 
or pobantie 9 by, the Standard leading screw-adjusting 
machine at the National Physical Laboratory ; and 

(2) That, to secure those benefits to the engineering 
industries of the country which were the principal objects 
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for the formation of this Committee, steps be taken by 
the publication of this report to inform them general] 
of the facilities for the correction of heavy screws whic 
this machine offers. 

54. In concluding, the Committee desire to record their 
sense of the value of the services of their secretaries—Mr. 
G. H. Banister and Dr. H. T. Ashton. 

H. T. AsutTon, H. F. DonaLpson, 
Secretary. President. 
(Signed) R. MAtruEws. 
A. TrEvor Dawson. 
H. J. CHanry. 
R. T. GLAZEBROOK. 

April, 27, 1905. H. C. L. Hoipen, Colonel R. A. 

Illustrations of the principal details in connection 
with the machine are given on pages 143, 144, 146, 
and 147. Figs. 1 and 2 show the general arrangement 
of the apparatus made for calibrating the scales to be 
used onthe machine. It consists of a cast-iron bed A, 
98 in. long, on which slides a table B, 53 in. long, 
which can be traversed longitudinally by means of a 
rack and pinion worked by the hand-wheel C. The 
scale to be tested, D, rests on two rollers on the 
girder E, which is supported on adjustable brackets 
F. The scale is observed by means of two micrometer 
microscopes M held in supports sliding on the slide G, 
which is bolted to a concrete wall. The microscope- 
supports can be clamped at any required distance 
apart. The method of correction of the scales is given 
very fully in the report, and the ascertained lengths 
at the time of measurement are believed to be correct 
to within one part in a million; but as one of the 
scales seems to be slowly lengthening, the measure- 
ments will be verified at intervals. 

Fig. 3 shows a microscope fixed to the tool-holder 
of the machine, by which its motion could be mea- 
sured and the accuracy of the master-screw deter- 
mined, and the method of measuring screws cut on 
the machine is indicated in Fig. 4. An electric bell 
circuit is closed when the point carried from the tool- 
holder is in contact with the screw-threed. 

Figs. 5 to 10, page 143, show details of the saddle and 
nut. It appears from the illustrations and the portion 
of the report which we have quoted, that the working 
thread of the nut consists of a spiral of bronze, made 
by first cutting a deep thread on a bronze sleeve, and 
then cutting away the sleeve from the interior of the 
thread. The helix thus left is screwed into the nut 
proper, and the internally projecting portion of it 
engages with the leading screw. The nut is made in 
two pieces, one of which screws into the other, and 
tightens the tread on the screw. The locking arrange- 
ment for the two parts of the nut is shown in Fig. 9. 
The weighted lever, which causes the slight rotations 
of the nut as it slides over a fixed cam-bar, formed to 
correct the inequalities of pitch in the master-screw, 











is seen projecting to the left in Figs. 5 and 6. On 
page 146, Figs. 11 to 14 illustrate the arrangement of 
the machine as used for making measurements of the 
screw, while Figs. 15 to 24 show the arrangement for 
screw-cutting. The master-screw is in the centre of 
the bed, nearest the driving-wheel, and the screw to be 
cut is coupled so as to form an extension of the master- 
screw. Stiff distance-pieces, Figs. 23 and 24, connect 
the nut-saddle to the tool-saddle. The balance-weight 
and the correcting-bar are shown in Fig. 17. Enlarged 
views of the tool-rest are given in Figs. 25 to 28, page 
147. The work is supported by a semi-circular steady 
against the pressure of the tool, which cuts downward. 
The construction of the holder is very rigid, the saddle 
spans the bed, and overhead is a microscope supported 
by a bracket. 





THE JOHNSON-LUNDELL REGENERATIVE 
SYSTEM OF TRAMWAY CONTROL. 

THE large amount of energy wasted in continually 
stopping heavy tramcars, or in checking their descent 
downhill by means of the ordinary friction-brake, has 
naturally directed attention to the possibility of the 
motors being caused to act as generators during retar- 
dation, and thus returning energy to the line instead of 
consuming it in wearing out the tyres and brake-blocks. 
We recently noticed some tests of the Raworth system 
of regenerative control, which is being employed with 
consicerable success on several lines in this country, and 
on July 27 last were present at a demonstration of the 
Johnson-Lundell system, at the works of the Johnson- 
Lundell Electric Traction Company, Limited, at Southall. 
The latter system differs from the former in holding as 
far as possible to the present method of series-paralleling 
the motors during acceleration. Each motor armature, 
however, has two distinct windings, each with its own 
commutator, which can also be run in series or parallel. 
Starting with every winding in series the speed is in- 
creased, shunting the field-coilsand then paralleling them 
until top speed is reached. The platform - controller 
is of the ordinary type. When it is required to 
regenerate and thus brake the car, a button in the 
controller - handle is depressed by the thumb. This 
— another controller underneath the car by an 
electro-magnet, and changes the field windings from 
series to compound. The motors at once begin to re- 
pote and continue to do so as long as the controller- 

andle is in advance of the position corresponding to the 
aoe, The controller-handle is brougkt backwards, and 
the cur slows still more, regenerating all the time, until 
its speed is about 2 miles per hour. When the handle is 
brought to its off position, a brake solenoid is demag- 
netised, and a mechanical brake brings the car to a stand- 
still. This brake is of the coil-clutch type, and acts 
automatically and equally well whatever the direction 
of the car. It may be put on at any moment by the will 
of the driver, and also comes on automatically should the 
current fail from the trolley leaving the line or otherwise. 

The winding of the motors is so designed that the whole 
of the copper is always in service, the same coils acting 
indifferently as series or parallel. The weight of the 
motors does not exceed that of unregenerative series 
motors by more than 15 per cent., whereas the saving in 
current due to the elimination of main resistances is 
stated to be 15 per cent. Taking into account the energy 
regenerated in stopping and checking the car, the total 
saving in power is estimated, through average city traffic 
over reasonably hilly roads, at 40 to 55 per cent. There 
is, of course, some extra complication in the car equip- 
ment, but it is claimed that the entire failure of the rege- 
nerative devices will have no effect whatever upon the 
practical operation of the car. It could continue its work 
as long as desired, running either as a simple series 
od | car or as a compound-wound car, according to 
what had happened. 

A thorough examination of the equipment and full 
tests of a full-sized model car were permitted. The con- 
troller contacts and motor armatures were visible during 
the runs, and no sparking was seen, while the regenerative 
action was clearly shown by centre zero ammeters fix 
in suitable places to indicate the motor current. 








THe Roaps ImprovemENT AssociatTion.—Mr. Arthur 
Stanley, M.P., introduced into the House of Commons, 
on the 26th ult., a Bill to provide for the establishment 
of a Highway Commission for England and Wales, and 
for the amendment of the laws relating to highways and 
bridges. 





Tests or A 2000-KiLowatt Curtis STeAM-TURBINE.— 
The British Thomson-Houston Company, of Rugby, have 
sent us particulars of a test of a 2000-kilowatt turbo-gene- 
rator carried out at the Schenectady Works of the General 
Electric Company by Messrs. Sargent and Lundy, of 
Chicago. All the instruments used were carefully stan- 
dardised, so as to ensure the accuracy of the results 
recorded. The figures found were as follow :— 











Full Half- Quarter- No 
Load. Load. | Load. Load. 
Duration of test .. hours 1.25 0.916 1 1.33 


Steam pressure (gauge) 
b. per sq. in.) 166.3 170.2 155.5 154.5 

Back pressure in. in Mercury 1.49 1.40 1.45 1.85 

1 


Superheat deg. Fahr. 207 20 204 156 

Load in kilowatts -., 2023.7 1066.7 555 = 
. Zz 10.9 
Steam consumption lL} 45.02 16.31 | 18.09 { veal 


per kw.-hour Ib. / | 
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GAS-ENGINE WITH PRODUCER FOR MARINE USE. 


CONSTT:UCTED BY MESSRS. JOHN I. THORNYCROFT AND CO, LIMITED, LONDON. 
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Os the present page and on page 150 we illustrate 
a new type of mechanically-propelled vessel which has 
just been constructed by Messrs. John I. Thornycroft 
and Co., Limited, of Chiswick and Southampton. 
Fig. 1, page 150, is a profile view of the vessel, showing 
the position of the machinery by dotted lines. Fig. 2 is 
a deck plan, also showing the position of the machinery. 
Fig. 3 is a front sectional elevation of the engines, 
Fig. 4 is a plan, Fig. 5 is an elevation looking forward, 
Fig. 6 is an elevation showing governor, and Fig. 7, 
above, is a perspective view reproduccd from a photo- 











graph. In Fig. 8 is a sectional elevation of the suc- 
tion gas-producer used for the supply of gas for 
engines of this type. 

The vessel is built of steel, and is 60 ft. long, 10 ft. 
wide, and 2 ft. 6 in. draught. She is a single-screw 
boat, the propeller working in a tunnel. There is a 
roomy cabin forward and another aft of the machi- 
nery space. Behind this again is a large water-tight 
well, the steel floor of which is above the water-level. 
There are self-acting freeing scuppers with hinged 
valves on the life-boat principle. The fore peak is 








divided off by a water-tight bulkhead, and the machi- 
nery space is between water-tight bulkheads. Lavatory 
accommodation and other conveniences are provided. 

The interesting feature of the vessel is naturally 
the novel type of machinery, which consists of a 
four-cylinder Thornycroft gas-engine on the Capi- 
taine system. The cylinders are single-acting, each 
8} in. in diameter and 11 in. stroke, and ieee 
collectively 75 brake horse-power at 300 revolu- 
tions per minute. In regard to general construc- 
tion, the framing consists of mild - steel plates 
connected by angle-bars, thus forming a box-like 
structure of great rigidity, the steel — being 
carried right round to form the crank-pit. Each 
cylinder trunk is cast separately, and is contained 
in the framing. The cylinder-heads or combustion- 
chambers are also separate castings, and are sup- 
ported between plates riveted to the transverse mem- 
bers of the frame. Each cylinder trunk is attached to 
the head by means of four bolts. In this way the 
whole force of the explosion is taken by means of the 
plates riveted to the transverse members, and trans- 
mitted directly to the crank-shaft bearings, the latter 
being also bolted to the frame-plates. The object 
aimed at is to do away with heavy bolts that would 
otherwise be needed to connect the cylinder-head to 
the trunk, such as are usual with the ordinary con- 
struction of engines of this description. The cylinder- 
head joint is not, with this arrangement, likely to 
leak—a frequent source of trouble with the ordinary 
arrangement. Another advantage is that the cylinder- 
head, which carries all valves and the ignition appa- 
ratus, may be readily removed for cleaning and in- 
spection ; the operation of disconnecting and replacing 
can be carried out in as short a time as six minutes. 
The importance of this feature will be appreciated 
by those who have had experience with suction gas 
plants. 

The arrangement of valves is shown in Fig. 3. All 
valves are actuated mechanically by means of cams, 
the cams being actuated by toothed gearing from the 
crank-shaft. The valves open directly into the com- 
bustion-chamber, thus minimising the surface which 
would cool the gases. The cam-shaft is hollow, and 
carries the spindle for actuating the ignition gear. 
This spindle is under the control of the governor, so 
that the spark is advanced or retarded according to 
the speed of engine required, the governor spring being 
hand-controlled at will. The governor also acts on 
a valve for throttling the mixture. The ignition is 
effected by a low-tension magneto, the magneto being 
on the after part of the engine frame, and driven by 
bevel gear from the governor-shatt, as shown in Figs. 
3and 5, The bevel-wheel for driving the magneto is 
also controlled by the governor, so that the time of 
maximum current synchronises with the time of igni- 
tion. A distributor is fitted, so that should one of the 
ignition plugs become short-circuited, the working of 
the others would not be interrupted. 

The cylinder-heads are cast with jackets for water 
circulation, the cylinder trunks being fitted with a thin 
steel casing, water circulating between the cylinder 
and the trunk. Each cylinder-head and each trunk 
has its separate service, which is at atmospheric pres- 
sure. By this arrangement it is possible to see 
whether the circulation is being properly maintained, 
The cooling water is circulated by a centrifugal pump 
driven from the gas-drier by a belt. There is forced 
lubrication for the cylinders, the bearings being lubri- 
cated by drip feed. There is an oil plunger-pump, driven 
from the crank-shaft, and this delivers oil to a me- 
chanical distributor, having eight pressure-feed con- 
nections and nine sight-feed connections. The gudgeon 
pins of the connecting-rods are hollow, and serve as 
oil-retainers, the oil being supplied by means of a 
syringe. This system of lubrication is economical, 
and has been found to act with certainty. 

For starting the main engine an auxiliary petrol 
motor is used. This is shown in Figs. 3 and 7. This 
small engine is mounted on a pivoted base-plate, and 
is swung over to tighten the belt when required to be 
used. When the main has been started, the belt of 
the starting-engine is thrown off. Half-compression 
cams are fitted to the main engine to ease the starting. 
They are brought into play by hand, and released by 
the governor when the engine has attained its normal 
speed. Reversing is effected by means of epicyclic 
gear and a cone clutch, placed in the line of shafting, 
and forward of the thrust-block. One hand-wheel 
frees and reverses the engine in either direction. 

The suction producer consists generally of a steel 
shell having a fire-brick lining surrounding the hot 
zone, as shown in Fig. 8. The upper part forms a 
hopper for holding a supply of fuel, which descends 
automatically as required. In the boat in question the 
supply will last for ten hours without re-charging. 
Anthracite or coke is used. The fire-bars are of 
channel section, to enable them to hold ash, and to 
better withstand the intense heat. They are sup- 


ported on cams, and may be lowered towards either 
side to facilitate clinkering. In the illustration shown, 
a steam generator is placed in the upper part of the 
producer. This consists of a shell with Fie'd tubes, 
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STANDARD LEADING SCREWS 


(For Description, see Page 141.) 





Fig. 11. 
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and serves the double purpose of cooling te gases and 
yenerating steam which is decomposed in the fire in 
order to supply the necessary guises for the explosive 
mixture. It should be explained, however, that there 
is an alternative means of generating steam by the 
exhaust-gases from the engine, and this is fitted to the 
boat in question. The gas is from the pro- 
ducer into a cooling-tower shown, there being a spray 
of water from the top which falls by gravity ; and 
there is also a finely-divided water-jet injected into 
the bottom by means of compressed air. This serves 
to free the gases from dust or other objectionable 
matter. 

For the effective working of the engine it is neces- 
sary that the gases should not contain moisture ; and 
to free them from water, a centrifugal drier is fitted. 





This ie shown in Fig. 8. The dryer also removes any 





trace of tar that may have escaped through the cooler. 
The drier runs at a high rate of revolutions, and is 


driven by a belt from the engine crank-shaft. It 
forms an essential part of the apparatus, and is a 
distinguishing feature of the system. Two smail cen- 
trifugal pumps are connected to the drier spindle. One 
of these, to which reference has already been made, is 
for supplying cooling water to the engine and gas- 
cooler, the other being for drawing off the dirty water 
from the cooler and discharging it overboard. For 
mixing the air and gas there is a double-seated valve 
situated in the inlet pipe near the engine, air and gas 
being automatically regulated to the proper mixture 
to suit the speed of the engine; but for different 
qualities of gas the air regulation is by hand. 
Preliminary trials have already n made with 
this system, and it has been found to give satisfactory 





= “= 


results. An extended test is about to be made at sea 
with the vessel now described, and we hope to give 
the results obtained in a future issue. 











Maryport.—Mr. G. Perks, solicitor, London, met the 
Maryport Harbour Commissioners on Monday on behalf 
of the promoters of the Maryport Harbour Act, 1903, 
and secured an extension of two years in which the pro- 
moters may carry out their dock project. The plans are 
completed, but it was explained that the state of the 
money market has been unfavourable for the floating of a 
500,0002. dock scheme. The new dock would save the 
West Cumberland steel-rail trade 6d. per ton by providing 
accommodation for vessels of 10,000 tons. At present 
Maryport can only accommodate vessels of 6000 tons, and 
the largest cargoes are sent coastwise to the Mersey, and 
there transhipped. 
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LAUNCHES AND TRIAL TRIPS. 


On Saturday, the 22nd ult., the steel screw-steamer 
Sliedrecht, built by Messrs. R. Craggs and Sons, Limited, 
Tees Dockyard, Middlesbrough, for M. Van Ommeren, 
of Rotterdam, proceeded to sea for her official trials, The 
results were pronounced entirely satisfactory, the vessel 
registering a speed of between 9 and 10 knots average 
when deep-laden. The Sliedrecht has been built to the 
highest class British Corporation under special survey, 
and to the owner’s special specifications for timber 
cargoes. The machinery has been fitted by the Rotter- 
damsche Droogdok Maatschappij, of Rotterdam, the 
engines having cylinders 224 in., 374 in., and 62 in. in 
diameter, with a 42-in. stroke, steam being supplied by 
two large single-ended boilers working at a pressure of 
180 Ib, to the square inch. 





The steel screw-steamer Eslington, built by Messrs. 
Wood, Skinner, and Co., Limited, Bill Quay-on-Tyne, to 
the order of Messrs. Arnott, Miller, and Co., of Newcastle- 
on-Tyne, left the Tyne for her official trial trip on Wed- 
nesday, the 26th ult. The propelling machinery, which 
has been constructed at the Northumberland Engine 
Works of the North-Eastern Marine Engineering Com- 
pany, Limited, Wallsend-on-Tyne, consists of a set of 
triple-expansion engines, having cylinders 16 in., 26 in., 
and 43 in, in diameter, with a 30-in. stroke, steam being 
supplied by a large steel boiler working at a high pres- 





sure. Both the ship and engines have been constructed 
to the requirements and under the special survey of | 
Lloyd’s, for their highest classification. On the measured | 
‘nile off Whitley the engines worked without the slightest | 
hitch, and gave great satisfaction. 

| 





The new steel screw -steamer Fook Sang, built by | 
Messrs. W. Dobson and Co., of Low Walker-on-Tyne, | 
to the order of the Indo-China Steam Navigation Com- 
pony, of London, left the Tyne for her official trial trip on | 
Wednesday, the 26th ult. This vessel, which has n | 
built to the highest class at Lloyd’s and to the Board of 
Trade requirements for passenger certificate, is of the 


following dimensions :—Length between perpendiculars, 
; depth, moulded to spar- 
jally fitted for the require- 

tween Hong Kong and Java. 
which has been constructed at 


330 ft. 6in. ; breadth, 44 ft. 
deck, 26 ft.6 in. ; and is s 
ments of the owners’ trade 
The propelling machinery, 














the Northumberland engine works of the North-Eastern 
Marine Engineering Company, Limited, of Wallsend-on- 
Tyne, consists of a set of triple-expansion engines, having 
cylinders 234 in., 39in., and 66 in. in diameter, with a 
45-in. stroke, steam being supplied by two large sted 
boilers working at a high pressure and fitted with| Kara Sea, built by Messrs. Craig, Taylor, and Co., 
Howden’s forced-draught arrangements. On the trial| Limited, Stockton-on-Tees, to the order of Messrs. 
run the machinery worked without the slightest hitch | Sanders, Wake, and Co., London, was taken to sea for 
and gave satisfaction to all concerned, a mean speed of | her trial trip, which proved highly satisfactory. The 
about 12 knots being attained. vous Ne of the Selewtng dimensions :— Length, 291 ft.; 
th, 42 ft.; depth, mou . 20 ft. 7 in. She is built 
On Saturday, the 29th ult., the steel screw-steamer to the highest class in Lloyd’s, under opectal survey. 
y 


diameter, with a 45-in, stroke, steam being supplied by 
two large single-ended boilers working at 180 lb. pressure 
to the square inch. 





On Monday, the 3ist ult., the steel screw-steamer 





Manchuria, built by Messrs. William Gray and Co., | The engines, which have been constructed by the North- 
a a won tein ha — Bee ; Bey’ —_— Somere Sesine Dasinowreeg Company, Limited, Sun- 

artle . er tri >. R ind in., in., in. in dia- 
has been bails to Lloyd’s highest class, and her principal wt th eee bd A Ft 


g 1 meter, with a 39-in, stroke, steam being supplied hy two 
dimensions are :—Length over all, 342 ft.; breadth, 46 ft.; large steel boilers working at 180 Ib. Bn om During 
and depth, 24 ft. 4 in. Triple-expansion engines, having 


sag 4 the whole of the run, everything worked with the 
cylinders 24 in., 38 in., and 64 in. in diameter, with a test th 4 om 
43.in. stroke, have been supplied from the Central Marine | 8 smoothness, and a speed of 11 knots was main 


: tained on u s oint. 
Engine Works of the builders, together with two large | ed on the run from Hartlepool to Souter Point 
steel boilers adapted to work at a pressure of 160 lb. per 
square inch. An average speed of 10 knots was recorded, | 
the vessel being in loaded trim, and everything in both | 
ship and engine departments worked highly satisfactorily. 


On Tuesday, the Ist inst., there was launched from the 
yard of the Tyne Iron-Shipbuilding Company, Limited, 
of Willington Quay-on-Tyne, a steel screw-steamer the 
gE — ¥ a _—y and Dixon, Limited, 
of London, and of the following dimensions :—Length, 
_On Saturday, the 29th ult., the s.s. Serbury, a large| 348 ft. 6 in, ; breadth, 50 ft. ; depth, 25 ft. 8 in. ; and to 
single-deck turret steamer, was launched from the yard | class 100 Al at Lloyd’s, with single deck laid. The 
of Messrs. William Doxford and Sons, Limited, Pallion. | engines, which are supplied by the North-Eastern Marine 
Unlike the preceding launch from this yard a week ago— Engineering Company, Limited, of Wallsend-on-Tyne, 
when, owing to a subsidence of the ground near the river, | are of the triple-expansion type, having cylinders 24 in., 
a large turret steamer took no less than six days to launch! 39 jp. and 66 in. in diameter, with a 45 in. stroke, and 
—the Serbury was afloat within half a minute from her working at a pressure of 180 Ib. 
release from the blocks, and pro ed at once to her out- 
fitting berth. She has been built to the order of Messrs. 
George Horsley and Son, West Hartlepool, and is the 
eighth turret steamer built for this firm. 











Messrs. R. A. Lister anp Co., Limirep.—The mem- 
bers of the Gloucestershire Engineering Society, under 
the direction of the President, Mr. W. R. Voller, visited 
on the 18th ult. the works of Mesars. R. A. Lister and 
Co., Limited, at Dursley. The cloth-making industry 
has vanished entirely from the district, but Messrs. Lister 
have introduced a variety of new industries which pro- 
vide remunerative employment for the inhabitants, and 
which have brought increased prosperity to the town. 
under Lloyd’s. The machinery will be fitted by Messrs. | They turn out a large quantity of dairy utensiJs, cream- 
Blair and Co., Limited, of Stockton-on-Tees, and the | separators, agricultural implements, electric motors and 
engines will have cylinders 24 in., 40 in., and 66 in. in| bicycles. 





On Monday, the 31st ult., Messrs. R. Craggs and Sons, 
Limited, launched from their Tees Dockyard, Middles- 
brough, the Ramazan, a steel cargo steamer of the 
strengthened spar-deck type. This vessel, the dimensions 
of which are 364 ft. 3 in. by 47 ft. by 26 ft. 0} in., is 
being built under special survey, to take the highest class 
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PRESERVING STONE BUILDINGS. 
To THE Epitor or ENGINEERING. 
Sir,—I shall be much pleased to learn, through the 
medium of your valued paper, results of using Browning’s 
solution for preserving stone buildings, from any of your 
readers who may have used it on finished white sand- 


scagh R. W. M. 
97, St. James’-road, Glasgow, August 1, 1905. 








NOTES FROM THE NORTH. 

Giascow, Wednesday. 
Glasgow Piy-Iron Market.—When the market closed 
last Wednesday the quotations for Cleveland warrants 
were 46s. 11d. cash and 47s. 2d. one month, but on Thurs- 
day morning a flatness came over the market, and Cleve- 
land warrants reacted smartly. Dealings took place at 
46s. 8d. cash and twenty-eight days, and 47s. one month, 
closing with sellers at 46s. 64d. cash and 46s, 94d. one 
month. The business amounted to 4000 tons. The settling 
»rices were :—Scotch, 49s. 44d. ; Cleveland, 463. 6d.; Cum- 
yerland, 55s. 6d.; and Standard foundry iron, 45s. In the 
afternoon the decline in the price of Cleveland warrants 
continued, and 1000 tons changed hands at 46s. 74d. to 
47s. one month. One lot was also done at 463. 9d. 
October 13, and the market closed with sellers at 463. 5d. 
cash and 46s. 74d. one month. Standard foundry iron 
was dealt in, to the extent of 2500 tons, at 45s. 74d. and 
45s. 8d. three months. On Friday morning the tone of 
the market was rather firmer, and 6500 tons of Cleveland 
warrants changed hands at 46s. 44d. and 46s. 5d. cash, and 
46s. 64d. twenty-four days. The forward iron was done 
at 46s. 74d. one month and 463. 9d. three months, and the 
market closed with sellers at 1d. more than the previous 
day’s close. At the afternoon session the tone was rather 

easier, and the turnover of Cleveland warrants was onl 

4000 tons. These dealings were at 46s. 5d. to 46s. 6d. cas 
and 46s, 8d. one month, with sellers at 463. 5d. cash and 
46s. 8d. one month at the close. Forward iron—2000 
tons—was done at 46s. 11d. to 47s. to 46s. 11d. three 
months, with closing sellers at 463. 114d., and buyers at 
46s. 104d. The morning market on Monday was fairly 
steady, but the turnover was only 3000 tons of Cleveland 
warrants, which changed hands at 46s. 5d. cash, 463. 74d. 
one month, and 46s. 104d. October 4. Hematite iron 
was quoted by sellers at 56s. one month, but no trans- 
actions took place; there were buyers, however, at 
55s. 6d. one month. In the afternoon the tone was 
ood, and the dealings amoun to 6000 tons of 
leveland warrants. There were no cash transactions, 
the business being done at 46s. 7d. to 46s. 74d. ten days, 
and 46s. 8d., 46s. 94d., and 46s. 9d. one month. At the 
close the quotations were 463. 64d. cash, and 46s. 94d. one 
month sellers. Standard foundry iron was offered at 45s. 6d. 
cash sellers. On Tuesday morning the market was again 
steady, and 4000 tons of Cleveland warrants — 
hands at 46s. 6)d. cash and 463. 94d. one month. The 
settling prices were:—Scotch, 493. 44d.; Cleveland, 
46s. 6d.; Cumberland, 55s. 6d.; and Standard foundry 
iron, 45s. In the afternoon the market was very 
quiet, and only 2500 tons of Cleveland warrants were 
ealt in. The prices were 46s, 7d. to 46s. 64d. cash and 
47s. 1d. three months, and the closing quotations were 
46s. 64d. cash and 46s, 94d. one month sellers, buyers 
being 4d. less in each case. When the market opened 
to-day (Wednesday) business was quiet, and Cleveland 
warrants declined 1d. The turnover of 2500 tons was 
confined to forward iron at 46s, 9d. to 463. 84d. one 
month, cash iron being neglected. Hematite iron to the 
extent of 1000 tons was dealt in at 56s. one month. In 
the afternoon Cleveland warrants again declined 1d., 
and the transactions were done at 46s. 4d. cash, 46s. 6d. 
twelve days, and 46s. 10d. three months. The turnover 
was only 1000 tons. The closing quotations were 46s. 44d. 
cash and 46s. 74d. one month sellers, closing buyers being 
at 4d. less in each case. The market quotations for 
makers’ (No. 1) iron are as follow :—Clyde, 57s. ; Calder, 
Gartsherrie, and Summerlee, 57s. 6d.; Langloan, 60s. ; 
Coltness, 65s. 6d. (all shipped at Glasgow) ; 
(shipped at Ardrossan), 57s.; Shotts (shipped at Leith), 
7s. 6d.; Carron (shipped at Grangemouth), 58s. Most 
of the above brands of iron have lately been raised in 

price by makers. 


Sulphate of Ammonia.—The sulphate of ammonia 
market has lately exhibited a slightly weaker tendency, 
and values are rather easier. The current quotations are 
about 12/. 6s. 3d. per ton Glasgow, and 12/. 5s. per ton 
Leith, both for prompt business. Last week the ship- 
ments from Leith Harbour amounted to 404 tons, 


Scotch Steel T'rrade.—The Scotch steel trade continues to 
show no signs of weakness, and the various works are all 
well employed. Inquiries have of late been very satisfac- 
tory, and prices remain firm. At a meeting of Scotch 
steel-makers, held here yesterda.’ afternoon, a proposal 
was made to raise quotations. After discussion, however, 
it was resolved meanwhile to keep the prices as at present, 
on the basis of 5/. 17s. 6d. per ton for ship-plates. Some 
makers are not sellers, even at that price, as their output 
is already so well booked. The trade position is certainly 
very strong just now. 


Shipbuilding Contracts.—Messrs. John Brown and Co., 
Limited, Clydebank, have contracted to build two large 
and powerful passenger steamers for Messrs. G. and J. 
Burns, Limited, for the night-mail service between 
Ardrossan and Belfast. The new vessels will be of the 
following dimensions:—Length, 270 ft. ; breadth, 36 ft. ; 
depth, 17 ft. 6 in. ; and will be fitted with reciprocating 
engines to develop a high rate of speed. They are to 
be fitted out in the most up to-date style, and the 
comfort of the passengers is to be one of the first 


considerations. Delivery of the new steamers is to be 
made in the early part of next year, and they are to 
replace the Magpie and Vulture, which have been 
engaged on the Ardrossan-to-Belfast service since 1898.— 
Messrs. Scott’s Shipbuilding and Engineering Company, 
Greenock, have just contracted with Messrs. Alfred 
Holt and Co., Liverpool, to build and engine two large 
steamers for their China trade.—The Committee on 
Works of the Clyde Trust recommend that the offer of 
Messrs. Fleming and Ferguson, Limited, Paisley, for two 
hopper barges, each of 1200 tons capacity, should be 
accepted. 

Clyde Shipbuilding in July.—The month of July, which 
is the holiday month for all the Clyde shipbuilding 
yards, is generally a slack one as regards the launching 
of new tonnage. This year the output is rather dis- 
appointing, as the launches for the above month number 
only 11, with a gross tonnage of 21,306. For June the 
figures were 22 vessels, of 39,620 tons, and for July of 
last year there were 18 vessels, of 33,879 tons gross. e 
total number of launches this year to date is 134 
vessels, and the gross tonnage is 256,042, as against 
a total tonnage of 220,232 for the corresponding seven 
months of 1904. The principal steamers launched 
last month were :—The Carolina, 4100 tons, with triple- 
expansion engines of 1800 indicated horse-power, by 
Messrs. J. G. Kincaid and Co., Greenoek, built b 
Messrs. Russell and Co., Port Glasgow, for Fratelli 
Cosulich, Trieste ; the Armanistan, 4900 tons, by Messrs. 
D. and W. Henderson and Co., Limited, Partick, for 
Messrs. F. C. Strick and Co., Limited, London; the 
Rigel, 3950 tons, with triple-expansion engines of 1800 
indicated horse-power, by Messrs. D. Rowan and Co., 
Glasgow, built ag ln 4 Russell and Co., Port Glas- 
gow, for Mr. John Wilson, Dundee; the Warrior, 3000 
tons, by Messrs. Charles Connell and Co., Limited, 
Whiteinch, Glasgow, for Messrs. Thomas and James 
Harrison, Liverpool; the Helmer Morch, 2126 tons, by 
the Clyde Shipbuilding and Engineering Company, 
Limited. Port Glasgow, for the Danish-Russian Steam- 
ship Company, Limited, Copenhagen; the Almeriana, 
1800 tons, by Messrs. Robert Duncan and Co., Limited, 
Port Glasgow, for Sir Christopher Furness, West Hartle- 


pool. 








ASSESSMENT OF MERTHYR COLLIERIES.—The appeal of 
the Hills Plymouth Company, Limited, against an in- 
creased assessment which had been placed upon their 
collieries by the Merthyr Union assessment committee, 
was heard at the Quarter Sessions for the county of 
Glamorgan, held at Cardiff on the 24th ult. The Court 
allowed the appeal with costs, and reduced the rateable 
value from 11,735/. to 6500. 





PERSONAL.—Messra. W. F. Mason, Limited, Levens- 
hulme, Manchester, have sold the portion of their business 
relating to the manufacture and sale of gas-producer 
plant and furnaces, together with their works and patent 
rights, to the Mason’s Gas-Power Company, Limited. 
They have arranged with the new company for the neces- 
sary accommodation for the other branch of their busines: 
vagy Ag completion of their new works.—Mr. J. E. 

uir, M.I.N.A., consulting engineer, 105, West George- 
street, Glasgow, has taken into partnership Mr. Henry 
E. Tilston, as from the lst inst. Mr. Tilston has for 
anumber of years been one of the surveyors to Lloyd’s 
Registry of Shipping, and has resigned his position as 
that Society’s exclusive engine ~ y ship surveyor in 
Buenos Ayres. The business will in future be carried on 
under the name of Muir, Tilston, and Co.—At the Staf- 
fordshire Agricultural Society’s Show, at Walsall], on the 
19th and 20th inst., Messrs. Blackstone and Co., Limited, 
of Stamford, were awarded the silver medal for their oil- 
engines and pumps; and at the Coquetdale Show at 
Morpeth, on the 20th inst., the silver medal for their 
new patent swath -turner and collector.—Messrs. 8. 
Davidson and Co., exporters and merchants, 10, Fenwick- 
street, Hulme, Manchester, have opened an office for 
the convenience of callers, at British Empire Chambers, 
71, Market-street, Manchester.—Messers. C. 8S. Rolls and 

. have just received the medal and diploma, which were 
awarded to them by the Commissioners of the Exposition 
International de l’Automobile, for the elegance and com- 
fort of the British Rolls-Royce cars they exhibited at the 
Salon. As there were only two or three British automo- 
bile firms exhibiting, these awards are of considerable 
value, for they show that British constructors now pro- 
duce automobile work which, in competition with the 
whole of the French industry, can gain a medal and 
diploma.—'The agency for Great Britain and Ireland for 
part of the manufactures of the Mulheim Works (Carls- 
werk) of Messrs. Felten and Guilleaume-Lahmeyerwerke 
—namely, all insulated wires and cables for electric light 
and power purposes, and for the Neptune copper’ rail 
bonds, will, from August 1, be transferred to the 
Lahmeyer Electrical Company, 109 to 111, New Oxford- 
street, W.C., and Mr. R. R. Todd, English chief elec- 
trical engineer, will join the Lahmeyer Electrical Com- 
pany, Limited, from that date, as manager of their 
cable department. The agency for telephone and tele- 
graph wires and cables as well as for all bare iron, steel, 
copper, and bronze wires for all purposes; and the 
numerous other wire manufactures, such as wire-ropes, 
wire-netting, barb-wire, wire-chains, wire-mats, &c., will 
remain with Messra. W. F. Dennis and Co., 49, Queen 
Victoria-street, E.C., as before.—Messrs. Alex. Findlay 
and Co., Limited, steel roof and bridge builders, Mother- 
well, have opened a London office at 9, Victoria-street, 
Westminster, 8.W. Mr. J. 8. Ferguson will have charge 
of this office. They have just completed a large extension 
to their works at Motherwell, which will permit of the 
tar a and painting of all work under cover from the 
weather. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
North Central Wagon Company, Limited. —The directors 
of this company report that their profit for the past year 
amonnts to 14,0147. They recommend a dividend equal to 
13 per cent. per annum, carry 4000/. to reserve fund, and 
to the current half-year’s account 267/. 193. 


The Iron and Steel Trades.—The demand for all classes 
of steel is more active than at any time since 1900. Some 
firms, especially those in the Swedish branches, find 
difficulty in meeting the requirements of their customers. 
A very large proportion of the better classes of steel is 
going to Germany, France, America, and other distant 
markets. It is being sent out in the form of bars rolled 
to special sizes, and much of it is evidently to be worked 
up in the manufacture of tools. The local makers are 
very badly off for orders. One reason assigned for this 
is the enormous amount of finished woodwork now coming 
into the country, rendering the use of tools here unneces- 
sary. There is increasing activity in the file trade, but 
n:akers complain that little profit results. The American 
houses sell their files at home at 45 per cent. off the list ; 
but to English houses they allow 70 per cent. off, and 
Sheffield makers, to keep their trade, have to meet them 
on that basis. There is no improvement in the lighter 
industries of the city, and none is expected until after 
the holidays. 


Coal and Coke Trades.—Coal-owners and merchants 
complain that it is almost more difficult to collect money 
than to book orders. The holiday season is now in full 
swing, and accounts have to stand over. The house-coal 
trade continues extremely quiet, although orders for 
winter stocks continue to be placed. The export trade 
is now in full swing, but the means of supply are far 
beyond the demand. As the house-coal pits are working 
such short time, there is still a considerable scarcity of 
slacks and common coal, and prices are well maintained. 
The coke trade keeps up remarkably well. 








Moror-Car ENGINEERING.—The department of tech- 
nology of the City and Guilds of London Institute will 
shortly issue a syllabus on motor-car engineering. The 
course of instruction in this subject is to occupy at least 
two years. Examinations will be held at the end of each 
year’s course. Students are advised to take a course of 
instruction in the subjects included in the first stage in 
‘*Steam and Heat Engines” and ‘‘ Machine Construction 
and Drawing” of the Board of Education, or their equiva- 
lents, before commencing the subject. Examinations will 
be held, and certificates awarded. 





THe Surveyors’ Instirution.—The Council of the 
Surveyors’ Institution have decided to offer annually the 
following scholarships, tenable for three years by students 
of the Institution—viz., one of 80/. per annum at Cam- 
bridge University ; one of 50/. at the University College 
of North Wales, Bangor; and one of 50/. at the Arm- 
strong College, Newcastle-on-Tyne. The tirst examina- 
tions will be held at Cambridge, Bangor, and Newcastle- 
on-Tyne respectively during the summer of 1906. Fur- 
ther particulars may be obtained from the Secretary of 
the Institution, 12, Great George-street, S.W. 


CHIMNEY WITH WaTER-TANK.—During the recent visit 
of the Institution of Mechanical Engineers to the Liége 
Exhibition, attention was called by some of the members 
to the method adopted in certain parts of the Continent 
of fixing large water-tanks to tall factory chimneys, at 
some distance from the ground—in fact, making the 
chimney act as a tower for the tank, in addition to ful- 
filling its own duties as a draught-producer, &c. These 
tanks, though practically unknown in this country, are 
fairly common in America and on the Continent of 
Europe. They are made of steel; are, of course, annular 
in form, and are generally supported by the chimney by 
means of corbels at a point about one-third or one-half 
the height of the chimney from the ground. For many 
purposes the practical value of this method of fixing 
tanks is manifest, inasmuch as the cost of a special tower 
to carry the tank is avoided ; and if the tanks are not 
placed too high, and care is taken in their design, they 
add somewhat to the stability of the chimney. We are 
informed that a speciality of these tanks and chimneys 
is made by Messrs. Heinrich and Co., 35, Brynmaer-road, 
Battersea Park, S.W. 

THe Unitrep Aspestos Company, Limitep, HaAre- 
FIELD.—The Institute of Marine Engineers paid a visit, 
on July 15, tothe United Asbestos Company’s works at 
Harefield. These works are excellently situated on the 
banks of the canal, which affords a means of transit for 
goods. The visitors witnessed the various processes of 
manufacture in detail. These commence with the crush- 
ing of the asbestos blocks and the separation of the fibres, 
which are then sorted out and taken to different depart- 
ments. In one of the latter the fibres are spun into yarn 
and woven into cloth, or interwoven with wire and made 
into various forms of packing for steam glands. The 
spinning and weaving machines attracted a great deal of 
attention. The manufacture of joints for manhole doors 
and covers was watched with keen interest, as was also 
the making of asbestos millboard from the pulp; this 
is deposited on blankets, and is thence taken up by a 
specially-prepared roller, on which the pulp is deposited 
to a desired thickness, shown by a gauge suspended from 
a bracket. The sheets of millboard are then cut ready 
for drying. The laboratory forms a special feature in 
connection with the works; in this tests are regularly 
made to prove the quality of asbestos, india-rubber, and 
other raw materials used in the manufacture of the various 
articles. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—There was only a limited 
gathering on Change yesterday. There was, however, a 
better feeling noticeable, the doubt whether warrants would 
hold their position, which appeared a week previously, 
having in large measure disappea: On the whole, the 
improvement in warrants had been maintained, while 
other classes of pig iron in sympathy with warrants had 
advanced on the week. There was collateral influence 
also in the form of a much more hopeful tone in relation 
to steel, and in some degree to manufactu iron also. 
Thus more confidence was engendered, and the outlook 
was considered better than for along time. There had 
been steady business reported during the week in pig iron 
at the enhanced prices, consumers not being so reticent as 
they had been for some time previously. No. 3 was firm 
at 46s. both with makers and second hands; No. 1, 
47s. 6d. ; No. 4 foundry, 44s.; grey forge, 42s. ; mottled 
iron, 41s. 6d.; white ditto, 41s. East Coast hematite 
was fully 54s. for mixed numbers, but more was stated to 
be paid. Rubio ore was maintained at 15s. 6d. at 
Middlesbrough. There is not much business, however, 
to test the price, as consumers seem to have good stocks 
in hand. Giovciend warrants yesterday were 46s. 7d. 
sellers, but to-day there was a small decline, the rate 
being 46s. 44d. Shipments of pig iron for July were 
favourable, being 85,000 tons, against less than 72,000 tons 
in the previous July. The decline on June this year was, 
however, 10,000 tons, owing to the smaller coastwise 
deliveries, mainly to Scotland, less being sent there owing 
tothe prolonged Glasgow holidays. 


Manufactured Iron and Steel.—In the steel trade there 
has been a decided improvement in demand week by week 
of late. Consumers of plates and angles have been placing 
their requirements for some time ahead, as they see no 
chance of there being any reduction in the price. Indeed, 
the impression is that prices are more likely to rise. The 
steel-rail trade is also very well placed regarding work. 
In manufactured iron the conditions are not so favour- 
able as in steel, but there is some improvement in de- 
mand, and prices are firm. Common iron bars are 
6l. 7s. 6d. ; t bars, 62. 17s. 6d.; iron ship-plates, 
6l. 23. 6d.; iron ship-angles, 6/. 7s. 6d.; iron ship-rivets, 
7l. 7s. 6d.; steel a, 5l. 17s. 6d.; steel boiler- 
plates, 6/. 17s. 6d.; steel angles, 5/. 11s. 3d.; steel bars, 
6. 53.; steel hoops, 67. 7s. 6d.; steel strip, 67. 2s. 6d.; 
steel joists, 5/. 7s. 6d. to 52. 103.; steel sheets (singles), 
7/. 5s.—all less 24 per cent.; steel rails, ordinary sections, 
5/. 5s.; tram rails, 52. 15s.; cast-iron railway chairs, 
3/. 10s.—all net at works. 

The Board of Conciliation for the North of England 
Manufactured Iron and Steel Trades.—The Board of 
Conciliation for the North of England Manufactured Iron 
and Steel Trades held its half-yearly meeting at Newcastle 
on Monday. There was practically no change in wages 
or prices. The Board discussed the unfortunate strike 
at Messrs. Dorman, Long, and Co.’s, but the settlement 
was outside their jurisdiction, as the works are not 
associated with the Board. 


Coal and Coke.—The coal trade is generally firmer, 
especially in steam and gas qualities, demand coming 
forward more freely for delivery some time ahead. 
Bunkers are also a le better. Best steam, 93. 6d.; 
smalls, 4s, 9d. to 5s. 6d.; bunkers, 7s. hd. to 7s. 104d.; 
gas of good quality, about 8s. 3d.—all f.o.b. Households 
are quiet. Coke keeps its price, being 15s. 6d. for 
ordinary kinds delivered at Middlesbrough. 








va 


Raitway Sream-Moror Cars.—The Great Western 
Railway Cuaenne with a view to increasing the number 
of self-propelled vehicles used upon its system for pro- 
viding frequent, speedy, and economically-worked train 
services on country branches, or in the neighbourhood 
of large towns, has now awarded an order for twelve large 
steam-motor rail-cars, each 70 ft. in length, to Messrs. 
Kerr, Stuart, and Co., of Stoke-on-Trent. The contract 
is stated to be the most important yet placed for motor 
vehicles by any British railway company. 





RESEARCH ScHOLARSHIPS.—The Governors of the Mer- 
chant Venturers’ Technical College, Bristol, have decided 
to award annually to the most suitable candidate who, 
being a member of the College, has taken the B.Sc. 
degree of the University of London, or gained a similar 
distinction, a research scholarship of the value of 50/., 
tenable at the College for one year. The scholar will be 
required to undertake some research works in the de- 
partments of applied chemistry or engineering, and the 
governors will defray the cost of the apparatus and 
materials needed for the prosecution of the research. 





ConTRACTS.—Messrs. Kerr, Stuart, and Co., of Stoke- 
on-‘Trent, are to supply the Italian State Railway Ad- 
ministration with three-rail motor saloons, equipped 
with locomotive boilers, and constructed to this firm’s own 
Gesigns. Messrs. Kerr, Stuart, and Co. are t» be con- 
sratulated upon obtaining this contract, as they had to 
compete against French, German, Austrian, and Belgian 
tirms.—Messrs. Johnson and Phillips, Old Charlton, have 
secured the following contracts :—With the County of 
London Electric Supply Company for a number of hot- 
wire ammeters and transformers; with the Metropolitan 
Asylums Board, a year’s supply of concentric cables for 
Continuous-current ; and with the Post Office Tel raph 
Department, 8 miles of 7/23 v.i. R. cable.—The Brosh 
; ectrical Engineering Company, Limited, have obtained 
rom the Cadzow Coal Company, Lanarkshire, an order 
for one Birtley-Falcon electric coal-cutter, 





NOTES FROM THE SOUTH-WEST. 


Cardiff.—There has been a slightly better inquiry for 
large steam coal, particularly for early shipment; the 
best descriptions have made 12s. 6d. to 12s. 9d. per ton, 
while secondary qualities have brought 12s. per ton. The 
house-coal trade has been inactive; the t ordinary 
qualities have been quoted at 12s. 6d. to 13s. 6d. per ton, 
while secondary qualities have ranged from 10s. 6d. to 
lls. per ton. No. 3 Rhondda large has made 13s. 9d. 
per ton. Coke has shown scarcely any change ; foundry 
qualities have been quoted at 17s. 6d. to 18s. per ton, and 
furnace ditto at 16s. to 16s. 3d. per ton. As regards iron 
ore, rubio and Almeria have brought 13s. 9d. to 14s. per 
ton upon a basis of 50 per cent. of iron, and charges 
including freight, insurance, &c., to Cardiff or Newport. 


Barry Railway.—Mr. E. Lake, assistant goods manager 
of the North-Eastern Railway, has been appointed general 
manager of the Barry Railway, in succession to Mr. R. 
Evans, who has become a director. Mr. H. F. Golding 
has been appointed locomotive engineer. Mr. Lake 
received his early training in the service of the London 
and South-Western Company. 


Dowlais.—There has been a large production of heavy 
steel rails at the Goat Mill in execution of important 
colonial and foreign contracts ; the deliveries upon home 
account have been comparatively small. There has been 
a substantial production of heavy steel sleepers for foreign 
shipment. 


Newport (Alexandra) Docks.—The net revenue of the 
Newport (Alexandra) Docks and Railway Company for 
the ant ee ending June 30 amounted to 40,975/., as 
compa with 39,6897. in the corresponding period of 
1904. The expenditure on capital account for the half- 
year amounted to 36,681/. A new quay on the east side 
of the south dock is approaching completion, and was 
sufficiently advanced to brought into use in June. A 
contract for an extension of the south dock, for which 

wers were obtained under the company’s Act of 1904, 
nas been let to Messrs. Easton, Gibb, and Son, Limited, 
and the work has already been put in hand. 


Tunnel Widening. — The Great Western Railwa 
Company has been proceeding for some time t with 
tunnel widening between Teignmouth and Dawlish. The 
safety of the steel-shield system has been fully demon- 
strated one Se carrying out of the work. Tunnels 
have had to heightened and lengthened, and at one 
time nearly 600 men were engaged ; but there has not been 
a single serious accident during the three years in which 
the scheme has been in progress. A double line has now 
been completed from Parson’s Tunnel, on the Teignmouth 
side, through Clark, Phillott, and Coryton tunnels to 
Kennaway Tunnel at the Dawlish end. The work of 
laying the remaining double set of metals to Dawlish 
Station will not be difficult, or occupy any considerable 
time. At present about 240 men are eng on the 
operation. This last piece of engineering on the Great 

estern system has been carried out under the personal 
supervision of Mr. T. H. Gibbons, divisional engineer, 
Plymauth, and his staff. 


The Swansea Valley.—The steel trade has shown some 
increase of output, and the tin-plate industry is in a fairly 
satisfactory condition. The coal trade of the district has, 
however, continued depressed, many of the pits only 
working half-time. 








SHEFFIELD TRAMWAys.—The annual report of the tram- 
ways committee of the Sheffield Town Council shows that 
during the twelve months ending March, 1905, 63,000,000 
passengers were carried. The gross revenue was over 
240,000/., the gross profits being 79,000/. The amount 
appropriated out of the revenue of the undertaking for 
the relief of rates, and otherwise for the benefit of the 
city, is 15,000/. The highest fare charged is 1d. 





Tur Society or Moror-Omnipus Encinerrs, Limirep. 
—Weare informed by Messrs. Lawrence, Jones, and Co., 
solicitors, of 6, Old Jewry, London, E.C., that a society 
is being formed, the membership of which is limited to 
engineers and engineer-managers in charge of motor- 
omnibus undertakings, or their approved assistants, the 
object of the society being to promote traffic by means of 
motor vehicles other than those on permanent ways. 

ASBESTOS IN FINLAND.—Although the existence of 
asbestos deposits in Finland has been known for several 
years, the definite discovery of deposits worth working 
entailed a considerable amount of labour and expense, 
only three or four out of fifteen places belonging to the 
Finland Asbestos Company being sufficiently rich in 
asbestos to warrant further investigation. The quantities 
of asbestos, however, which were ultimately come upon 
there, surpassed all expectations. The locality of the de- 
posits is favourable for transport, both by rail and water. 


Tue New Century Encinge Company, Limitep.—At 
the ordinary general meeting of this onupeny, held at 
Salisbury House on Wednesday last, Mr. William Beard- 
more, the chairman, said that, unfortunately, the trials of 
the experimental engine being conducted by the North 
British Railway Company were not yet complete. Hence 
he could not give the shareholders any information on 
the point, though he personally considered that the 

tents were very valuable ones. The Foreign Patents 

mpany were fitting out locomotives for trial both in 
Canada and Italy. It was resolved to take over the 
whole of the undertaking and assets of the Foreign 
Patents Company, and also to increase the capital of 
the parent company to 40,000/. by the issue of 10,000 new 








MISCELLANEA. 


In South-Western Finland, deposits of zinc, copper, 
and lead ore have recently been discovered. here 
have also been found traces of gold and silver. 


In a paper read last June before the Annual Convention 
of the American Institute of Electrical Engineers, Mr. 
J. W. Howell announced that the General Electric Com- 
pany had discovered that the quality of incandescent 
amp filaments was greatly improved by firing them at a 
very high temperature. This is accomplished by con- 
cluding the baking process in an electric furnace. The 
filaments thus treated can, he states, be produced with a 
fair degree of of uniformity, and are as satisfactory when 
run at 24 watts per candle as the very best of the old 
type filaments worked at 3.1 watts per candle. 


The official tests of the 1000 horse-power Mond gas 
iy erected for the Midland Railway at Heysham Har. 

ur have now been completed, the actual results being 
10 per cent. better than the guarantee. The heat units 
in the gas produced from 1 lb. of fuel amounted to 9720 
British thermal units ; the quality of the gas varied in 
different tests from 185.6 down to 158.3 British thermal 
units per cubic foot. The plant consists of two producers 
and their accessories, and four gas-engines rated at 250 
brake horse-power each. The fuel used was a bituminous 
coal, and the amount required amounted at full load to 
1.28 lb. per brake horse-power. Two men suffice to look 
after the whole of the gas plant. 


A second steamer is about to be placed upon Lake Titi- 
caca, in Peru, which is the highest navigated sheet of 
water on the globe, being 13,000 ft. above sea-level. The 
new vessel has a length of 220 ft., a beam of 30 ft., and a 
depth of 14 ft. ; and she is designed to carry about 550 
tons dead-weight, with accommodation for 24 passengers. 
She will be propelled by twin-screw engines, developing 
an aggregate of 1000 horse-power, and giving her a speed 
of 12 knots. The steamer, built by the Earle Shipbuild- 
ing Company, Hull, was taken down and ship to its 
destination in small parts, each carefully numbered, and 
she is being re-erected on the shores of the lake, into 
which she will be launched. 


Mr. T. P. Shonts, chairman of the Panama Canal Com- 
mission, states that work on the canal will probably pro- 
ceed more rapidly than is ex when once it is fairly 
started. Concerning steam-shovel operations, Mr. Shonts 
is quoted as follows :—‘* Mr. Wallace estimated that we 
could work a hundred steam-shovels at Culebra cut. We 
have nine at work now. By the time we get a hundred 
at work, it will run us into 1907, You see, you cannot go 
into the market and buy a hundred steam-shovels, just as 
you would buy 100 ft. of hose. Then, for every steam. 
shovel three locomotives will be required. Thus by the 
time we get a hundred steam-shovels, we shall need three 
hundred locomotives, just for that great work at Culebra.” 


A novel form of grapple is now being made by Mr. 
Harvey Tarrington, 45, Broadway, New York City. It 
is to replace the well-known Lewis bolt for raising stone, 
which is objectionable because of the time uired to 
cut the hole in the stone for its reception. The new 
device consists of a coil of spring wire, which is forced 
against the sides of a drill-hole by a screw-bolt which is 

rovided with an eye. The merit of the arrangement 
Fes in the fact that a small round hole drilled in the stone 
takes the place of the large rectangular wedge-shaped 
hole that is required when an ordinary Lewis bolt is used. 
A stone weighing about 8 tons has been lifted by one of 
these grapples, which was only 1 in. in diameter, and 
suleoedl into the stone about 6in. 


In his address to the shareholders of the South-Eastern 
Railway Company, at the last general meeting, Mr. 
Cosmo Bonsor sta‘ that, owing to the progress of 
electric tramways the company had lost 1,439,(00 third- 
class passengers in the half-year just concluded. The 
money value represented by this reduction in numbers 
was 13,0001. The chairman, however, stated that the 
class of traffic which had suffered was not a very pro- 
fitable one to the company, and that some part of the 
loss might be recovered by a reduction in the local rates 
which, owing to their losses from this tramway, the com- 
pany would be entitled to demand. Referring to the 
company’s turbine steamers, Mr. Cosmo Bonsor stated 
that these were not only faster, but had proved more 
economical to operate than those previously in use, fitted 
with reciprocating engines. 





Tue Merropouitan Execrric Suprty Company, 
LimITED, WILLESDEN J UNCTION.—A proposof the article we 
published on page 46 of our present volume, describing the 
coal-conveying plant at the above works, we are requested 
by Messrs. E. Bennis and Co., Limited, the constructors 
of the plant, to state that their works are at Little Hulton, 
Bolton; 28, Victoria-street, London, 8.W., is their 
London office. 


E.ectricaL Exuisition.—This Exhibition, which is to 
be held at Olympia from September 25 to October 21, 
promises to be a most representative display of all the 
various branches of the electrical industry; we are in- 
formed that the space available has almost all been 
allotted. The Exhibition is under the direct patronage 
of the Institution of Electrical Engineers. The President 
is Sir William Preece, K.C.B., F.R.S., and the com- 
mittee is composed of a number of leading British elec- 
trical engineers. Among the specialties to be shown, we 
may mention cables and wires, conduits for house and 
underground work, dynamos, fittings, launches, tele- 
graphs, telephones, transmission of power to distances, 





shares of 1/. each, tE 


&e, The offices are Balfour House, Finsbury-pavement, 
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LAUNCH FITTED WITH GAS-ENGINE AND PRODUCER. 
CONSTRUCTED BY MESSRS. JOHN I. THORNYCROFT AND CO., LIMITED, ENGINEERS, LONDON. 


(For Description, see Page 145.) 
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CONSULTING ENGINEERS AND THE 
LAW OF NEGLIGENCE. 


ALTHouGH the consulting engineer is but seldom 
heard of as defendant in an action for negligence, 
he is, nevertheless, exposed to attack upon this 
ground, and may at some time or other be placed 
in the unpleasant position of having to show, in a 
court of law, that he has properly fulfilled his re- 
tainer. His liability, however, must always be 
considered with reference to the fact that he is 
generally employed either to give his professional 
opinion, or to carry out work in the manner which 
he considers best. It is obvious that a man must 
not be held responsible for the results of erro- 
neous but bond fide advice. 

In order to ascertain the law upon the subject 
under discussion it has been found useful to study 
the law reports both in England and America. 
The search, however, has not proved to be fruitful. 
Cases in which the skill of the engineer has been 
called in question are but few in England, and, so 
far as can be ascertained from a perusal of the 
‘* General Digest’ of American cases, are still rarer 
in the United States. In these circumstances it is 
necessary to consider the legal position of other 
professional men in order to ascertain the liabilities 
which are likely to be imposed upon an engineer. 

A recent case in the High Court of Justice in 
England has brought into prominence the question 
as to how far a member of one of the learned pro- 
fessions can be held liable in an action for negli- 
gence. We refer to a case in which a lady doctor 
was sued for damages for injuries occasioned by a 
lack of care in the conduct of « surgical opera- 
tion. In the event the defendant was mulcted in 
damages. 

There were certain features in this case which 
make it interesting to members of all professions. 
The defendant was admittedly a skilful surgeon ; 
she undertook a difficult operation, without which 
the patient must have died. In the operating 
theatre she employed, as she was bound to do, 
certain assistants. To these assistants certain parts 
of the work, which were admittedly of the highest 
importance, were delegated. The catastrophe came 
about through an oversight or mistake on the part 
of one of these assistants. The verdict of the 
jury (in effect) implied that the surgeon was 
responsible and liable for the fault of the assistant. 
Applying the principle of this case to that of an 
engineer, it will be seen that liability may be 
imposed upon the principal for the acts of his 
assistant ; that, in fact, the ultimate responsibility 
rests with the principal. So it is presumed that if 
an engineer were to entrust some part of the work 
of a design to an assistant, and were to omit to 
supervise the work done, he might be held 
liable in an action for negligence. His omission to 
verify every portion of the work himself would 
probably be regarded by the Court as evidence of a 
want of that reasonable care which must be dis- 
played on all occasions. While the law reports do 
not disclose many cases in which the negligence of 
engineers has been called in question, it is possible 
to illustrate the principles of law affecting engi- 
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architects have appeared as defendants. Again, 
a charge of negligence is sometimes raised against 
an architect in answer to a claim by him for fees. 
It is proposed to consider how far this defence is 
likely to succeed. 

The question— What is the reasonable care which 
an engineer ought to display in executing his work ? 
—is one which can only be answered by reference 
to all the surrounding circumstances. 

The law is thus stated by Mr. Beven in his text- 
book on the English ‘*Law of Negligence ” (page 
1366) :—‘* The degree of skill requisite is a » ~ 
may be expected in the circumstances of time and 
place from an average person in the profession— 
one neither specially gifted nor extraordinarily dull. 
Where this reasonable amount of information and 
skill proportioned to the duties that are under- 
taken is found, there is no liability for errors of 
judgment in the application of knowledge. Each 
case must depend on its own circumstances ; with 
the ane pase consideration that when an injury 
has been sustained that could not have arisen 
unless from the absence of reasonable skill or dili- 
gence, then there is liability.” 

As was once said by a great English judge, ‘‘ To 
render a professional man liable for negligence, it 
is not enough that there has been a less degree of 
skill than some other professional men might have 
shown. Extraordinary skill is not required unless 
professed or contracted for ; a fair average degree 
of skill is all that can be insisted on. Or, as it has 
been laid down (Lamphiet v. Phipos, 8 Car. and 
P., 475), a person who enters a learned profession 
undertakes to bring to the exercise of his business 
nothing more than a reasonable degree of skill and 
care. He does not undertake, if he is an attorney, 
that he will gain a cause at all events, or, if he is 
a physician, that he will effect a cure ; nor does he 
undertake to use the highest possible degree of 
skill. There may be persons who have higher 
education and greater advantages than he has, but 
he undertakes to bring a fair, reasonable, and 
competent degree of skill.” 

No case has been found in the English law re- 
ogg in which the degree of skill to be exercised 

y a professional man has been discussed. In 
America, however—if we may, for the sake of 
illustration, refer once more to the medical profes- 
sion—a sharp distinction has been drawn between 
consulting surgeons, or specialists, and what are 
known as general practitioners. The specialist 
must evince a degree of skill which accords with 
his position ; in other words, he must not profess to 
a degree of special knowledge which he does not 
possess, The general practitioner, however, need 
only display that knowledge of his calling which is 
to be expected of a member of his profession who 
holds the same qualifications. It is presumed that 
similar considerations would apply to a case where 
a consulting engineer was charged with negligence. 
There are cases which appear to establish the pro- 
position that an engineer may be held liable for 
negligence in preparing an estimate of the price of 
work done. Reasonable care must be exercised in 
making such an estimate; and the fact that 
erroneous calculations have been relied on would 
“P year to be sufficient to make the defendant liable. 
What, then, is ‘‘ reasonable care ” ? 

In the case of an architect, in order to ascertain 
what is reasonable care, it must be remembered 
that, if the architect’s estimate is made before 
working drawings and specifications are prepared, 
he has but sketch-plans and rough description of 
materials to estimate upon ; for it is to avoid the 
expense of preparing working-plans and specifica- 
tions that the building-owner asks, as a rule, for 
an estimate of the cost at this stage of the work. 
It is a question for a jury whether it is a condition, 
express or implied, of the contract that the esti- 
mate shall be reasonably near the actual cost. 
(Nelson v. Spooner (1861), 2 F. and F. 613.) 

In Moneypenny v. Hartland ((1828), 2 C. and P. 
378), the plaintiff had been employed to prepare an 
estimate and other particulars for the committee 
who were concerned in the erection of a bridge and 
the approaches thereto. He relied on the borin 
taken by a surveyor who had been previously 
employed by the committee, and did not take means 
to ascertain for himself the character of the ground 
forming the site of the intended works. The soil 
proved bad for the foundations, and much deeper 
cuttings than he had anticipated were necessary. 
The estimates were much exceededein consequence. 
The plaintiff in suing for his fees failed to recover. 





neers by reference to reports of cases in which 


Best, C.J., said :—‘‘ If a surveyor delivers an 
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estimate greatly below the sum at which a work 
can be done, and thereby induces a private person 
to undertake what he would not otherwise do, then 
I think he is not entitled to recover his fees.” 
Quoting Abbott, L.C.J., he says :— 

‘*T think it is of great importance to the public 
that gentlemen in the situation of the plaintiff 
should know that if they make estimates, and do 
not use all reasonable care to make themselves in- 
formed, they are not entitled to recover anything.” 

That was a case in which the surveyor simply 
lost his fees ; but that is not the full measure of 
damages. In a later case it was decided that a 
valuer employed to value property proposed as 
security for a mortgage is liable to his employer 
for omission to use due skill, care, and diligence in 
making the valuation. The measure of damages is 
the loss and expense caused to the employer in 
direct consequence of the negligence. But to re- 
cover the damage it must be shown that the em- 
ployer acted on the faith of the valuation, and did 
not use his own judgment in making the advance 
(Crath v. Brinsley (1888), 4 T.L.R., 14). So it is 
presumed that an engineer would incur an equally 
serious liability in the like case. 

In Rogers v. James (Hudson (2), p. 113) the 
gpg an architect, sued to recover fees from 

is employer. The employer countercluimed for 
negligence in over-certifying ; the jury found that 
the plaintiff had been negligent. It was decided 
that the architect was not protected from liability 
for negligence by his powers of valuation and cer- 
tifying under the contract. 

Again, in Saunders v. Broadstairs Local Board 
((1890), ibid page 340), the plaintiffs, a firm of 
engineers, sued for 2701. commission for work 
done with reference to designing and superin- 
tending sewage works at a cost of 50001. The 
defendants denied liability, and counterclaimed 
for negligence in superintending. The Official 
Referee found there was negligence, and that 
the damages sustained were 4691/. It was decided 
that the liability of the engineers was not limited 
to the amount of their commission, but that it 
extended to the cost of making good the defects 
in their scheme and their negligent supervision. 

The following case also throws some light upon 
what may be the consequences of negligence on the 
part of an engineer :— . 

A ship was to be lengthened and repaired to the 
satisfaction of the consulting engineer of the em- 
ployer. Before the vessel was delivered, the engi- 
neer and the employers had abundant opportunity 
of seeing whether the lengthening and repairs were 
or were not duly carried out. There was no fraud 

_of any sort, and the existence of a defect might 
easily have been ascertained before and at the time 
of delivery of the vessel, and the fact that it was 
not ascertained was owing to the neglect and 
default of the employer’s agents. Defects having 
become apparent after the ship was delivered over, 
the owner's brought an action to recover damages in 
respect thereof. It was decided that the utmost 
which was recoverable from the builders was the 
amount which it would have cost to have rectified 
the defect at the time when the vessel was deli- 
vered, and before she was sent on any voyage. 
(In re Trent and Humber Company (1868), L.R., 
6 Eq., 396.) 

It would seem that an engineer is bound to 
have some slight acquaintance with the law in 
order to protect his clients from the risk of having 
actions for trespass brought against them. 

In the Irish case of Monks v. Dillon ((1884) 12 
L.R., Ir. 321), works were executed by a contractor 
for a drainage board under the superintendence of 
their engineer, who had prepared the plans and 
often saw the works while in progress. Some of 
the works amounted tc a trespass on the plaintiff's 
land. It was decided that the engineer was liable 
for the trespass committed. 

A question may sometimes arise as to who is 
entitled to sue the engineer for negligence. He 
acts as an intermediary between employer and con- 
tractor. Which of these two parties may support 
a claim for damage ? 

If the legal position of an engineer is precisely 
the same as that of an architect (and there is no 
—_— reason why it should not be), it seems 
that the engineer is not necessarily liable to the 
person who employs him, but to the person who 
pays him. The following case, which is referred to 


in “* Beven on Negligence” (ubi supra), appears to 
illustrate this proposition :— 
The plainti 


sued the defendant, an architect, to 





recover damages for supplying to the plaintiff an 
inaccurate statement of the quantities of work and 
materials required for the erection of a building 
which the plaintiff had contracted to erect. The 
defendant advertised for tenders for the erection of 
a Baptist chapel, stating that the plans and specifi- 
cations could be seen, and that the quantities of 
work aad material would be furnished. The plaintiff 
obtained from the defendant's office a table of such 
quantities, headed by a statement that it was to be 
paid for by the successful competitor. From this 
table the plaintiff calculated his tender, which was 
accepted. For the plaintiff it was contended that, 
independently of the computation, there was an 
implied undertaking in law that the bill of quanti- 
ties paid for by the plaintiff should be reasonably 
correct, For the defendant it was contended that 
there was no contract between the architect and 
the builder, that the committee had stipulated with 
the plaintiff that he should pay the architect, and 
that the architect was not liable to the builder for 
any inaccuracy in the quantities. 

Mr. Justice Byles, in summing up, directed the 
jury that the defendant had stipulated that the 
plaintiff should pay him for the calculation of the 
quantities, and, having been paid for them by him, 
the defendant was liable to compensate him if the 
bill was not reasonably correct. The jury found 
for the plaintiff. 

The consequences of negligence do not, however, 
stop short at making good the immediate monetary 
loss which may be sustained. A faulty design may 
involve disaster and personal injuries, for which 
the engineer may be held civilly responsible. 

In Mosdell v. Mitchell and others (Times, January 
20, 1891) the widow of a workman brought an 
action under Lord Campbell’s Act against a build- 
ing-owner, his contractor and architect, for the 
loss of her husband. It appeared that the plaintiff's 
husband had been one of the workmen engaged in 
erecting certain houses, of which one of the defen- 
dants was the architect, and another the builder. 
After the houses had been py erected they fell, 
and the plaintiff's husband was buried among the 
falling walls and killed. It was shown that the 
fall of the building was due to a wall being too 
slight to bear the strain put upon it. During the 
hearing the jury, on the suggestion of the judge 
(Lord Coleridge, C.J.), stopped the case as against 
the building owner ; but in the result they gave a 
verdict for 5001. against the builder and the archi- 
tect jointly. Arguing by analogy, it is possible 
that if a bridge were to fall owing to the faulty 
design of an engineer, he might be held respon- 
sible in damages. 

The duties of an architect have been laid down 
in the following four rules, which may be taken to 
apply also to an engineer. It is his duty 

1. To obtain instructions from his employer as 
to extra work or deviations before allowing it to be 
undertaken, unless he has power under the con- 
tract to order what extras he pleases without refer- 
ence to his employer. 

2. To see that none are undertaken without 
orders in writing, if required by the terms of the 
contract signed by him and countersigned, if so need 
be, by the employer (Pattinson v. Luckley (1873). 
L.R. 10 Ex. 330). 

3. Not to certify for payment of any extras or 
deviations executed without proper orders. 

4. Not to order as extras, or certify for as extras, 
works indispensably necessary to complete an entire 
contract. 

In his ‘‘ Principles of the Law of Scotland,” Mr. 
Bell thus lays down what he conceives to be the 
duty of a professional man, including in that term 
an engineer :— 

1. Where a specific act is ordered to be done, it 
must be done according to rule ; neither neglected 
or unskilfully done. 

2. Where the act to be done may be safely done 
by following a known method, which is the plain 
and common rule of the —. the profes- 
sional man is responsible if he neglects to follow 
the method. 

3. Where an operation to be performed is com- 
plicated and difficult, a professional man may err 
and be unsuccessful, and yet be not responsible if 
he fairly exert the best of his judgment. 

One other aspect of the matter under considera- 
tion now presents itself. The engineer is often 
aia in the position of a mediator or arbitrator as 

tween the employers and the contractors. 
Unless a charge of mala fides can be made and 
proved, he is not liable for anything which he may 








do in this capacity. The parties have selected him 
as their intermediary, and must be held to stand or 
fall by his honest advice and opinion. 

In the case of the Rio de Janeiro Flour Mills and 
Granaries, Limited (8 T.L.R., 108), a resident engi- 
neer was appointed to superintend the execution in 
Brazil of a works contract. It was decided that he 
was not a mere servant or agent of the employers, 
but in an independent position, and that the em- 
ployers were not liable for any damage or delay 
caused to the contractors by any honest error made 
by him in the exercise of his duties, without any 
interference on the part of the employers. 

But the maxim fraus omnia vitiat applies to the 
employment of an engineer as it does to the em- 
yloyment of any other person. So if he fraudu- 
[eae withhold his certificate or otherwise misbe- 
have, he may be held liable. 

Where the payment for work done depends on 
certificates granted from time to time by an engi- 
neer, the grant of such certificates in England, in 
the absence of fraud, is a condition precedent to 
the right of the builder to recover. In nape v. the 
San Paulo Railway ((1873), L.R. 8, ch. 597) Lord 
Justice Mellish said :—‘‘A contract may be so 
framed as, under ordinary circumstances, to take 
away the jurisdiction of Courts of Law and Courts 
of Equity to determine what is the amount payable 
under the contract. Wherever, according to the 
true construction of the contract, the party only 
agrees to pay what is to be found due by an arbi- 
trator, and there is no agreement to pay other- 
wise—that is to say, in every case where the cer- 
tificate of the engineer is made a condition pre- 
cedent to the right to recover—then the Court has 
no right to dispense with that which the parties 
have made a condition precedent, unless, of course, 
there has been some conduct on the part of the 
engineer or the company which may make it in- 
equitable that the condition precedent should be 
relied on. Fraud, therefore, is the root of the 
action in England.” 

In the United States, however, the rule is dif- 
ferent. In the case of Batchelor v. Kirkbride 
((1886) 26 Fed. Rep. 899) it was held that where 
a contractor agrees to erect a building to be paid 
for as the work progresses, on certificates signed 
by the architect, who fraudulently refuses to sign 
a certificate, and the contractor is unable to finish 
the building, he may recover on a quantwm meruit 
for the work actually done, although there was 
no collusion between the architect and such owner. 

A case which we have already considered shows 
that the practice in England is different. 

In Sharpe v. the San Paulo Railway Company (ubi 
supra) it was decided that if the engineer makes 
calculations to the best of his ability, but there is 
a mistake therein, there is no fraud, unless the 
engineer made the calculations for the purpose of 
deceiving. The duty of the builder is to see 
whether or not the engineer or the employer has 
made miscalculations, and to judge for himself. 
The builder cannot say that the employer must give 
more because the engineer has found that he has 
made a mistake. 








THE LONDON COUNTY COUNCIL AND 
TRAMWAYS. 

WE have on recent occasions referred to the 
London County Council’s operation in connection 
with tramways (see ENGINEERING, vol. lxxix, pages 
644, 710, and 742), and have commented on the 
policy that has been pursued by the Council, and 
on the financial aspect of their undertakings. 

At the meeting of the Council held last Tuesday, 
August 1, the question of tramways once more 
occupied a prominent position in the proceedings. 
An adjourned report of the Highways Committee 
was presented, in which details were set forth of 
the proposed equipment of the tramway subway, 
and the construction and equipment of a through 
tramway route between the Strand and the 
‘‘ Angel,” Islington, was suggested. At the present 
time progress is being made with the construction 
and equipment of the tramway subway between 
Southampton-row and the Strand, and an estimate 
of 19,0001. has already been approved for the con- 
struction of tramways in the subway, and of the 
tramways between the subway approach in South- 
ampton-row and the present terminus at Theobald’s- 
road. 

The other arrangements, we are informed, in con- 
nection with the equipment of the subway, including 
the construction of the station, are well in hand. 
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The laying of the lines and the conduit in Rosebery- 
avenue and St. John’s Street-road is proceeding, 
and inhabitants of that, at present, unfortunate 
district will be glad to hear that the completion of 
this part of the line will soon be effected. It is 
now proposed to arrange for the through tramway 
route from the Strand to the ‘‘ Angel,” using the 
tramway subway in Theobald’s-road, and the new 
line referred to is now under construction. There 
is little doubt, as the report of the Highways 
Committee states, that this route will accommo- 
date a large amount of passenger traffic, and the 
Committee are also sanguine that the financial 
results which will be secured will be more favour- 
able than would be the case if the tramway sub- 
way and the new lines in Rosebery-avenue were 
worked separately. This is a sife statement 
to make; but whether still more favourable 
financial results would be probable had the lines 
been laid in a different manner is a matter that 
may be open to question, but which we do 
not propose to discuss on the present occasion. 
The North Metropolitan Tramways Company, 
which at present has control over the lines in 
Theobald’s-road, has expressed its willingness to 
allow the Council to reconstruct these lines, subject 
to payment of reasonable compensation for sus- 
pension or dislocation of traffic. An agreement 
has been entered into by the Council with the 
North Metropolitan Tramways Company in virtue 
of which the company will work the new lines in 
Rosebery-avenue and St. John’s Street-road as 
part of the system leased to it by the Council. 
The company has agreed—in view of the arrange- 
ment now being made for the early acquisition of 
its remaining interests in the lease of the Council’s 
northern tramways—to the proposal for the work- 
ing of the lines by the Council in the manner 
suggested. 

Under these circumstances the Highways Com- 
mittee asked the Council to approve of an estimate 
of 59,3941. to cover expenditure beyond that already 
authorised, so as to enable the through route 
arrangements to be carried out. This sum was 
voted by the Council at the meeting on Wednes- 
day last. The further expenditure is needed for 
the purchase of cars, the reconstruction of the 
tramways in Theobald’s-road, the arrangements 
connected with these operations, the provision of 
cables, switch-boards, &c., and the supply of power 
for the lines; the lighting and other necessary 
works in the subway are included. The cars are 
estimated to cost 33,0001. This amount includes 
a greater number of cars than are expected to be 
needed at first; but it is anticipated that the full 
number will be required later on, and it is there- 
fore deemed advisable to include them in one con- 
tract. The track-work, exclusive of rails, amounts 
to 19,8701. ; cables and switch-boards, &c., will cost 
50241. ; whilst lighting is set down at 15001. Track 
and slot rails, amounting to 1630/., are already pro- 
vided for. 

The Highways Committee hope to be able to 
arrange for the supply of electric power from a 
temporary source (which is not named) pending 
permanent arrangements for supply from the 
Council’s own generating station at Greenwich. 
These ‘matters will form the subject of a future 
report to the Finance Committee, but they will 
not, it is stated, involve any additional capital 
expenditure beyond that already mentioned. In 
the report of the Finance Committee it is stated 
that no sub-station will be needed at first, but 
when current is obtained from Greenwich it 
will be necessary to provide a sub-station, and a 
further capital outlay for this will have to be 
incurred. It is, however, also stated in the 
Finance Committee's report that it is proposed to 
temporarily house the new cars in the subway until 
a car-shed is provided in connection with the 
reconstruction of the northern lines ; this also will 
involve further capital outlay. The total estimated 
capital of the proposed through tramway, including 
the cost of the subway, but excluding the cost of 
car-shed and sub-station accommodation, and taking 
into account only the number of cars which will 
be required for the institution of the service now 
proposed, is about 357,0001., according to the 
Finance Committee’s report ; and the annual charge 
for interest and repayment of this sum would be 
nearly 20,0001. It is estimated by the London 
County Council’s chief officer of tramways that 
there will be sufficient traffic on this route to main- 
tain a one-minute service, on an average, through- 
out the day, the receipts being 1s. per car- 


mile. The cars being single-deck (as is necessary 
for passing through the subway), naturally will 
not accommodate so many, passengers as_ the 
ordinary double-deck cars. On the other hand, it 
is expected that the periods of heavy traffic will be 
more continuous throughout the day than on other 
lines ; and it is for this reason that the average 
receipt of 1s. per car-mile will be maintained. The 
working expenses, which include all maintenance 
and repairs, but not provision for renewals, are 
estimated at 7d. per car-mile ; and if this expec- 
tation is realised, there will be a surplus over 
working expenses of 5d. per car-mile. On the 
estimated mileage of a one-minute service, this 
would yield about 21,3001. a year, and this would 
increase by 2701. a year as the debt was paid off 
and the interest charge diminished. The Finance 
Committee, wisely, does not confirm the estimate of 
the Chief Officer of Tramways in regard to the 
traflic, but states that, provided the anticipations 
put forward are correct, the tramways should be 
self-supporting from the first, though the margin 
for renewals will be rather small in early years. Itis 
pointed out, however, that when the northern lines 
have been electrified, and «a through connection 
is established with the southern system, the 
trattic on the subway route would probably require 
a more frequent service than one car a minute; and 
as this can be accomplished with very little extra 
capital outlay, the surplus on working would go 
almost entirely to improve the financial results now 
estimated, 

At the same meeting a report of the Highways 
Committee was brought forward, recommending 
that the Bill for the construction of tramways over 
Blackfriars and Waterloo Bridges, and along the 
Embankment, which was rejected by the House of 
Lords, should be re-introduced in the next session 
of Parliament. The matter was discussed for some 
considerable time, and ultimately the recommenda- 
tion of the Highways Committee was adopted. 








WATTLESS CURRENTS. 

ALTHOUGH engineers have, no doubt, very dif- 
ferent, and possibly very vague, ideas about what 
is really going on in and around an electric circuit 
in which there is said to be a current flowing, the 
magnetic, heating, and electrolytic effects which are 
associated with such a circuit have been for a long 
time sufticiently well understood to permit of their 
application to practical purposes. The ordinary 
engineer is only concerned with utilising these 
effects to the best advantage ; and knowing as he 
does of their existence and of the quantitative 
relationships between them, he can attain his 
ends without indulging in speculations as to their 
cause. When dealing with continuous currents, 
and neglecting electrolytic phenomena which come 
more properly within the domain of the chemist, 
the properties of the circuit are Nias gr reste J 
simple. An amount of heat is produced, depend- 
ing on the resistance of the circuit, and a mag- 
netic field is set up around the circuit. The 
electric circuit for most purposes may be con- 
sidered without regard to the magnetic effects in- 
separable from the flow of current ; and similarly, 
in a magnetic problem, one need not generally con- 
cern oneself further with the electric aspect of the 
question than by making the assumption that there 
is sufficient current flowing to produce the required 
quantity of magnetism. Furthermore, both the 
electric and magnetic circuits may be dealt with on 
the same lines ; the simple axiom known as Ohm’s 
law applies in both cases, and all the mathematical 
work required is within the capabilities of anyone 
who really understands the ‘‘rule of three.” If a 
problem occurs in which the mutual relationship 
between an electric and magnetic circuit has to be 
considered, there is also no difficulty, as the neces- 
sary calculations are confined to simple arithmetic. 
These statements only hold good with regard to 
circuits in which there is a continuous steady flow 
of electricity, otherwise the interaction between 
the electricity and the physical properties of the 
circuit gives rise to quite a new set of circum- 
stances. 
The object of this article is to explain the 
effects of induction and capacity in a circuit in 
which alternating current is flowing in language 
familiar to those who are acquainted with the ele- 
mentary principles of continuous currents. The 
misconception that prevails on the subject is as 
much due to the faulty analogies by which the 








phenomena are often sought to be explained as to 


the inherent difficulties of the subject. Again, the 
usual practice of writers on alternating current, of 
concealing their meaning in pages of mathematical 
symbols, from which the average reader is quite 
unable to extract it, makes the matter still more 
obscure. The ‘‘clock diagrams,” which express 
certain relationships graphically, are valuable as 
being means whereby the solution to a problem 
may be obtained with very little trouble, but are 
such extremely indirect representations of the 
physical facts that, when used without a clear per- 
ception of the phenomena they symbolise, they 
may be compared to a ‘‘ Bradshaw” in the hands of 
a savage. The railway guide might show such an 
inquirer the result of taking a certain train from a 
given town, but would give no explanation as 
to why or how his transportation came about. In 
what follows the use of analogies will be avoided, 
as none are entirely satisfactory ; mathematical 
symbols will be replaced by ordinary language, and 
the explanations given will be consistent with the 
generally-accepted theory of electricity. 

Before dealing with alternating currents the 
main features of the continuous-current circuit 
must be briefly stated. An electric current im- 
plies the passage of a quantity of electricity round 
and round a closed circuit under the action of an 
electromotive force, or difference of electrical pres- 
sure. There are three properties possessed, in a 
greater or less degree, by every electric circuit— 
namely, resistance, self- induction, and capacity. 
Resistance is the measure of the inefticiency of the 
conductor in carrying current, whereby a certain 

roportion of the electric energy is transformed into 

eat. The motion of the electricity also sets up a 
magnetic field round the circuit, which is main- 
tained as long as the current is flowing. The field 
represents a certain amount of stored energy, which 
is abstracted from the circuit when the current 
starts, and is restored to it when the current stops, 
the amount of the stored energy for a given current 
being dependent solely upon the geometrical form 
of the circuit, assuming no iron or other magnetic 
bodies in the neighbourhood. The effect of such a 
field upon the circuit is called the self-induction of 
the circuit. The third property—capacity—is a 
measure of the amount of electricity which a con- 
ductor can contain before its static pressure, or 
electric potential, exceeds unit value. The capacity 
depends upon the superficial area of the conductor, 
the nature of the insulating substance, and the 
nearness of other conductors. Its effect upon a 
circuit is usually unimportant, = in the case 
of underground or submarine cables, which are 
separated from a very large quantity of conducting 
material by a very thin layer of insulation. 

The main practical use of an electric current is 
to do work at some point, or points, of the circuit. 
Electric energy may be converted into work in 
both of two ways: it may reappear in the degraded 
form of heat, or be absorbed in maintaining a 
magnetic field against opposing magnetic forces, 
In the latter case, if the reaction of the magnetic 
forces causes the relative motion of material 
masses, as in the case of an electro-motor, we have 
the electrical energy converted into mechanical 
work. Usually the heat produced is pure waste, 
except when electricity is used for lighting or 
warming purposes ; but it can never be wholly 
avoided, as it is caused by the physical constitu- 
tion of the conducting matter. The work, 
whether thermal or mechanical, performed by a 
continuous current can always be measured by 
the product of the quantity of electricity flowing, 
multiplied by the pressure needed to make it flow. 
This is true either for the whole circuit or any 
part of it; in the latter case the pressure to be 
taken being the difference in pressure between the 
extremities of the particular portion. Now, if an 
alternating pressure is applied to the circuit, it will 
in general be found that the total amount of work 
done is much less than the product of the current by 
the pressure. If the circuit were entirely free from 
self-induction or capacity, the work done would be 
equivalent to the product of the same factors as in 
the case of continuous current ; but if either of these 
predominate—for neither self-induction nor capa- 
city can be entirely eliminated—the work done is 
lees than it apparently should be. There is evi- 
dently either a certain proportion of the current 
doing no work at all, or the whole of the current is 
working inefficiently, according to the standpoint 
taken. 

Let us consider, in the first place, a circuit of 





which the self-induction is considerable, and the 





1 
' 
1 


154 


ENGINEERING. 





[Auc. 4, 1905. 








resistance and capacity so small as to be negligible. 
When an electromotive force is applied, the result- 
ing current is hindered by the necessity of spending 
some of its energy in building up a magnetic field. 
It will not therefore be able to rise to its full value 
as soon as it otherwise would. If the applied elec- 
tromotive force now begins to diminish, the current 
tends to diminish proportionately, and cannot, 
therefore, maintain the same field as_ before. 
Accordingly the energy stored on the field com- 
mences to return to the circuit and neutralises to 
some extent the effect of the diminishing pressure. 
The consequence is that the current does not 
diminish so soon as it would do if it were not. sus- 
tained by the return of the energy from the field. 
We see, therefore, that the maximum value of 
the current will occur after the electromotive force 
has reached its maximum, and the current will still 
be flowing after the electromotive force has ceased. 
Hence, it is permissible to say that the current is 
lagging behind the electromotive force. The amount 
of energy being restored at any instant to the cir- 
cuit is proportional to the rate of change of the 
field, and this rate of change is greatest when 
the electromotive force which tends to maintain 
the field vanishes. Therefore we might expect the 
current to have its greatest value at this instant, 
and this is what actually would occur in such 
a circuit as we are discussing. 

If, instead of regarding the alternating E.M.F. as 
passing through a complete cycle of values, and 
returning to the starting value in a given period of 
time, we look upon the cycle as happening during 
a complete rotation of a revolving pointer; in- 
stead of expressing the value of the electromotive 
force or current at any instant in terms of the 
number of seconds which have elapsed since its zero 
value, we may denote it by the angle through which 
the pointer has passed since it started. It follows 
that the time the current is lagging behind the 
electromotive force may be also expressed as an 
angle; and as such a method is particularly con- 
venient, it is generally adopted. In the circuit 
we have considered, the greatest value of the 
electromotive force occurs at one-quarter of. the 
cycle from the beginning, and its greatest rate 
of change one-quarter of the cycle further on; and 
as we have seen that the amount of the current 
is greatest at the latter instant, the current evidently 
lags one-quarter of a period, or 90 deg., behind the 
impressed electromotive force. Such a current would 
do no useful work whatever, and is therefore said to 
be entirely wattless. We have assumed no resistance 
in the circuit, so that no work could be done in 
generating heat ; but it is not so clear at first why 
other work could not be done by the current. 

To understand the latter let us imagine the 
conductor to form a loop capable of rotation in a 
magnetic field. Current passing round such a 
conductor will set up a magnetic field passing 
through the loop at right angles to the plane of the 
latter. The poles of this field will interact with 
those of the main field, and produce a resultant 
force tending to move the conductor and do work. 
The mutual action between the fields will depend 
upon the angle at which the loop stands in relation 
to the main field ; in the special case in which it is 
in such a position that the fields are coincident 
there will obviously be no resultant force tending 
to turn it from that position. Suppose the loop 
to be rotating uniformly in the main field: that 
its rotation may be always helped by the re- 
action of its own field upon the main field, it 
is necessary that the current passing through it 
should change its direction at the instant when the 
similar poles of the two field coincide ; if its direc- 
tion changes either before or after this moment, 
work will have to be done against magnetic attrac- 
tion, and the loop will be retarded. Looking upon 
the loop as the part of the circuit changing elec- 
trical energy into work, it is slear that if the cur- 
rent is not in phase with the electromotive force 
twice during every revolution, the effect of the 
current supplied is to hinder the loop instead of to 
drive it forward, and consequently there will be 
less useful work done by the current than if its 
reversal occurred at the proper moment. If the 
reversal of the current occurred 90 deg. too late or 
too early, the driving torque during two quarters 
of the revolution would be exactly neutralised by 
the retarding torque during the other two quarters; 
and no matter how heavy a current was alternating 
in the loop, its net result in driving effort would be 
nothing. The current, in fact, would be wattless. 

We have dealt so far only with lagging currents, 





but the current in a circuit under some conditions 
may be in advance of the electromotive force, and 
constitute what is then called a ‘‘ leading current.” 
A leading current will not do the work it apparently 
should, and, in fact, will not do any wt work at 
all if it leads the electromotive force by 90 deg., 
for a similar reason to that given for the behaviour 
of lagging currents. It is often a considerable 
puzzle to engineers how it can be possible for a 
current to be in advance of the electromotive force ; 
it appears as if an effect were happening before 
the cause which produces it. To make the matter 
clear, it is best to consider a simple circuit without 
appreciable resistance or self-induction, in series 
with which is a condenser. Whenan electromotive 
force is applied to this circuit, a current flows into 
the condenser. The quantity of electricity which 
a given condenser will contain depends entirely on 
the pressure to which the condenser is filled with 
electricity. It must not be understood from this 
that electricity is some sort of compressible sub- 
stance, but rather that the condenser has a sort of 
elasticity ; an assumption which is believed to be 
justified. The electricity is kept under pressure, so 
to speak, in the condenser by the opposing pressure 
produced by the dynamo or other source of electro- 
motive force in the circuit. Let the dynamo be an 
alternator, so that the pressure it produces changes 
its direction periodically, rising to a maximum, and 
then dying away, and attaining to a maximum in the 
opposite direction. When the alternator pressure 
is greatest, the condenser will contain its greatest 
charge ; but as the pressure drops more and more, 
electricity is able to escape from the condenser. 

The passage of this electricity round the circuit 
constitutes a current, the value of which depends 
upon the rate at which the electricity in the 
condenser is diminishing. We have seen that 
the quantity in the condenser depends upon the 
pressure of the alternator, so that the amount of 
current will be greatest at the moment when the 
alternator pressure is varying most rapidly, which 
is at the time the pressure passes through its zero 
value. A current starts to return from the con- 
denser as soon as the alternator pressure begins to 
diminish after passing its maximum, and attains its 
— value when the alternator pressure is zero. 

ormally the current in the circuit would change 
its direction when the alternator pressure passed 
through its zero value; but when a condenser is in 
circuit, the change of direction occurs as soon as 
ever the condenser is able to begin discharg- 
ing, which is one-quarter of a complete period 
earlier. Hence, also, the maximum value of the 
current occurs one-quarter of a period earlier 
than it would have done normally; and so the 
current is said to lead the impressed electromotive 
force by 90 deg. Under these conditions it would 
also constitute a wattless current. Since induct- 
ance in the circuit causes the current to lag, and 
capacity causes it to lead, each of these features 
tends to neutralise the effect of the other, and by a 
suitable combination of them the current may be 
caused to remain in phase with the electromotive 
force, as it would do were neither present. 

It must not be forgotten that it is the total 
current in a circuit which generates heat in over- 
coming the resistance of the circuit. Whatever 
may be the phase relationship between it and the 
electromotive force, it still is a real current, and as 
such gives rise to ohmic losses exactly as a con- 
tinuous current. The production of heat is, of 
course, work, and the proportion of the current 
whose energy is used in this way is generally con- 
sidered separately from the rest, which is merely 
surging to and from under the influence of the 
inductance or capacity of the circuit. 








THE ROYAL AGRICULTURAL 
SOCIETY. 

Tuat the Royal Agricultural Society is awaken- 
ing to the seriousness of the position in which it 
now finds itself will surprise no one; for, dark 
and discouraging as things looked a year ago, 
they are very much worse now, after the disastrous 
financial failure of the Show held at Park Royal 
last June. Troubles seem to fall thickly on 
the Society. In addition to the heavy depletion 
of funds caused by shows that have not paid, 
the Society has recently suffered undoubted mis- 
fortune by the death of Sir Jacob Wilson, the 
honorary director, and this at a time when his 
long experience and wide knowledge of agricultural 
matters would have been of particular value. The 





troubles of the Society, heavy though they are, 
must, however, be squarely faced, and we can only 
hope that the new constitution of the Council will 
enable this to be done with success. 

It was no doubt felt by all the governors and 
members who attended the general annual meeting 
of the Society on Tuesday that the occasion was one 
of more than ordinary importance. The meeting 
was presided over by Sir John Thorold, and there 
was a good attendance; but, as a matter of fact, 
nothing very definite appears to have been decided. 
This, perhaps, was only what might have been 
expected ; for, after all, not very much time has 
elapsed since the last Show, and the Council 
cannot very long have known the full extent of 
the losses there. 

Under the new President, Mr. F. S. W. Corn- 
wallis, matters were discussed ; the loss on the 
recent Show at Park Royal being the central fact 
round which various opinions were ventilated. 
It appears that the total expenditure on the Show 
this year was 19,000/., and of this, only 11,2001. 
would be covered by the receipts of the Show itself. 
The balance, therefore, showed a loss of 7800I., 
which the Society has to meet. Of this, promised 
donations and guarantees yielded about 6300I., so 
that a charge of some 15001. falls on the general 
funds of the Society. 

The remarks of the chairman that the situation 
requires patience and calmness, if the best in- 
terests of the Society are to be guarded, are, of 
course, words of wisdom ; but such utterances, 
though easy to make, are not always easy to put 
into practice. In some directions at the general 
meeting, it seems to us that there was a tendency to 
hold on to the opinion that Park Royal must not 
be parted with, and that the annual shows there 
must be continued. The Society is not only a 
national institution, but an organisation to which 
all the agricultural world looks. In this we 
quite concur, but, as we have before more than 
once pointed out, if Park Royal is to be re- 
tained, and the shows there continued, it is quite 
out of the question, in the face of past expe- 
rience, to expect to do this on what we may call 
business lines. If the members are prepared for 
the sake of agriculture, and for the national well- 
being, to face an annual loss on the holding of the 
show (a loss which, of course, will vary from time 
to time), then it might be feasible to retain Park 
Royal and let the London shows be a recognised 
institution. But—and here will be the difficulty, no 
doubt—if this course be decided on, there must be 
an annual fund provided by the members to meet 
the loss which it is perfectly certain will have to 
be faced every year. As a matter of fact, such 
a course, although not, at first sight, what is 
called sound business, might still prove to be 
thoroughly sound policy from the members’ stand- 
point, inasmuch as it would encourage an industry 
from which the members derive their incomes. To 
continue the shows at Park Royal on any other 
lines is, we consider, quite out of the question, for 
the chance of their paying, in the usual sense of the 
word, is remote in the extreme. 

On the other hand, in certain quarters more 
drastic measures were advocated at the meeting, it 
being urged that Park Royal should be disposed 
of, and even the palatial establishment in Hanover- 
square sold. This latter course is one that we have 
urged before; but when the proposal is heard 
within the walls of the building itself, it is clear that 
the pinch of poverty is being felt. Another poe. 
that the building should be used more as a club, does 
not, we must confess, bring much hope, although 
for this purpose the situation is undoubtedly good. 
Whatever steps are taken, it seems clear that the 
Council is now very anxious to do all in its power 
to meet the present situation in a business-like 
way, and that it is determined to use every 
economy is evident. 

At the conclusion of the general meeting the 
first meeting of the new Council of the Society, 
elected under the supplemental charter, was held, 
the President,, Mr. F. S. W. Cornwallis, occu- 
pying the chair. Among the business trans- 
acted was the carrying of the following resolu- 
tion :—‘* That a special committee be appointed, 
with power to call for any information from 
officials, and to employ professional assistance 
(if they consider it necessary), from accountants, 
solicitors, and valuers, to thoroughly investigate 
the entire position of the Society, and to make a 
report to the Council, after the recess, as to what 
reforms and eeonomies they consider desirable te 
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put the Society on a sound footing.” This sounds 
as though the Council were in earnest, and we 
shall await with interest the report of this special 
committee, of which Mr. T. W. Aveling, of 
Rochester, is a member. 








NOTES. 
A New Yarp Stanparp. 

In a memorandum recently issued by the Stan- 
dards Department of the Board of Trade, par- 
ticulars are given of the construction and verifica- 
tion of a new copy of the Imperial standard yard. 
The old standard is a bronze bar 1 in. square in 
section and 38 in. long, having engraved on two 
gold plugs let into ié lines, the distance between 
which when the bar is at 62 deg. Fahr. is the legal 
yard. It is now believed that the length of the 
bronze alloys alters with age, and in view of the 
extreme minuteness of length measurements which 
it is now possible to make, it was decided to con- 
struct a copy of this standard in a platinum-iridium 
alloy, which, so far as is at present known, is free 
from this secular change. The new bar is of the 
Tresca form. It was made from metal obtained 
from Mr. George Matthey, F.R.S., and was en- 
graved at Bureau Internationale des Poids et Mea- 
sures at Paris by Dr. J. René-Benoit. The lines, 
the distance between which constitutes the yard, 
lie near the neutral axis of the bar, so as to avoid 
any errors which might arise from the bend- 
ing of the bar. They are so fine as to appear 
straight and rectilinear even under a microscope 
magnifying 100 diameters. In addition to the yard 
measure the bar also is engraved with a metre 
length, and is thus a double standard. On its 
reception in this country a careful comparison 
was made between this copy and the original 
standard, a new comparator being specially con- 
structed for the purpose. From this comparison 
it appears that the error is positive, and amounts 
to 0.000227 inch at 62 deg. Fahr. 


Russian Iron Inpustry. 

The following figures, taken from an official 
account, refer to the first half of 1904, the bracketed 
figures on the right representing the approximate 
output for the whole year, and show the produc- 
tion of pig iron :— 

Whole Year 


of 1904. 
Poods. Poods. Tons. 

South Russia ... 54,229,726 (110,000,000) 1,774,000 
Ural és _ 21,344,248 ( 39,500,900) 637,000 
Central district 3,193,799 ( 6,500,000) 104,800 
North & north- 

western district 446,408 ( 900,000) 14,500 
Poland ... Sa 10,943,493 ( 23,000,000) 371,000 


During the last five years the output of Southern 
Russia has, from being 52 per cent. of the total, 
increased so as to become 61 per-cent.; that of the 
Ural district has receded from 28 to 22 per cent. 
of the total; Central Russia, from 8 to 3.7 per 
cent.; North and North-Western Russia, from 1.3 
to 0.5 per cent.; whilst Poland has come on 2 
per cent., now accounting for 12.8 per cent. of 
the total. The iron works of South Kussia, which 
use coke, are more and more asserting their 
supremacy ; ten years ago the Ural district, for in- 
stance, had still 40 per cent. of. the total to its 
credit, against 22 per cent. fer last year. The iron 
works otherwise do not at present work up to more 
than barely two-thirds (62 per cent.) of their in- 
tended capacity. The production of steel and iron 
oe the first half-year of 1904 was as under (in 
poods) :— 


— Bessemer.! Martin. | Puddle. Total. 


.|18,290,992 |25,590,869 .. 48,881,861 
..| 1,601,780 |13,212,116 | 4,642,134 19,456,030 





South Russia .. 
ral os 





Central Russia 4,855,768 | 436,194 5,291,962 
Volga district... | | 5,205,122 5,196 5,210,318 
North and  North-| | 
Western Russia 26,519 | 3,136,280/ 716,243 3,879,042 
Poland .. ‘ |12,550,313 | 1,167,027 13,717,340 
\oran 64,550,468 | 6,966,794 91,436,553 
Tons... ..| 821,280 1,041,000 


112,370 1,474,650 


The total contains a small quantity of other steel 
and iron than those enumerated above. 


British Trape with CHINA. 

_The British Consuls who represent the commer- 
cial interests of this country abroad have often 
heen blamed for not rendering the same amount of 
Service to our merchants and manufacturers as 
those of other countries to their compatriots, and 
probably there is some reason in the complaint. 


For some time past, however, greater activity 
seems to have been displayed in several ways, and 
among others the quality of the reports published 
by the Foreign Office has much improved, and 
now, many of them contain much valuable in- 
formation. Mr. Harry H. Fox, His Majesty's 
Consular Service, China, before returning to his 
post, has been visiting certain manufacturing centres 
of Great Britain, in order that he might be in a 
position to examine and report upon commercial 
matters that might be of interest to British traders, 
and he has addressed a special meeting of the 
Glasgow Chamber of Commerce on various matters 
affecting British trade in China, where he had been 
stationed for fifteen years, and had visited the 
principal ports. He stated that in 1903 the total 
trade of the United Kingdom with China amounted 
to over 43,000,000/. sterling, and the resources of 
China were being developed, and, consequently, its 
demand for foreign goods was increasing. t year, 
before the war between Russia and Japan broke 
out, there was naturally some depression in trade ; 
but this year it had recovered from that position, 
and he believed that certain goods were doing very 
well. By the new Treaty several important advan- 
tages had been secured to British merchants. 
Among these were the opening of the inland 
waters to steam navigation. British merchants 
now had the right to establish warehouses there, 
and to send their own representatives to look after 
them. Then there was a clause for the protection 
of trade-marks, and another whereby the Chinese 
Government were to establish a national currency. 
In addition, there was the abolition of the likin 
tax and the substitution of a surtax at the 
port of entry. It would lie with the British 
Government to see that the objects of the treaty 
were carried out. It would take some time, and 
they must not expect too much at first. Mr. Fox 
pointed out that there was not much use sending 
out catalogues of machinery and scattering them 
broadcast through all parts of China, because only 
in Hong Kony, Shanghai, and other big ports was 
there any market for machinery. The best method 
for pushing trade in that line was to send out a repre- 
sentative with little working models and specimens. 
It was very important that young men going to China 
with the intention of remaining there in business 
should acquire some small working knowledge of 
the Chinese language. At present, the British 
merchant who went up to the interior of China was 
entirely at the mercy of his comprador or general 
factotum. If he had some knowledge of the lan- 
guage, he would come into contact with the better 
class of Chinese merchants, and he would also be 
able to keep a check on his comprador. In this, 
as in other matters, our German competitors were 
ahead of us, and one of the first things which the 
young German did on his arrival in China was to 
tackle the Chinese language. British merchants 
too often seem to forget that conditions in China 
have greatly changed in recent years, and that keen 
competition has come from various quarters. If 
they are to hold their own, they must adapt them- 
selves to the changed conditions. 


AMERICAN RatLRoap CONSTRUCTION. 


During the half-year to June 30 the new railroad 
track laid down was smaller than for any corres- 
ponding period since 1898. The records kept by 
the Railway Age, of Chicago, show that the aggre- 
gate was 1284 miles, whereas in the first six months 
of 1904 the addition was 1937 miles, and in the 
first half of 1903 and 1902 the corresponding 
amounts were, respectively, 2221 miles and 2314 
miles. There were some obstacles to complete 
freedom in the building of new roads during the 
present year. The period was devoted largely to 
grading, which work was delayed in starting, or re- 
tarded in progress, first by the severe snowstorms 
of the winter, and later by the heavy rains of early 
spring. Many of the most important extensions 
under construction, it is stated, have just reached 
the point at which track-laying is being started, or 
will begin within the next few weeks, while other 
lines have just got the work of putting down the 
rails well under way. Over one-half the track 
laid during the six months is located in the South 
and South-West, where the new mileage aggregates 
792 miles. In certain parts of the country no new 
road whatever has been built. This is conspicuously 
true of the New England States, while the Middle 
States have only 57 miles to their credit, and the 
Central Northern States 83 miles. In the South, 
Texas leads with 123 miles, followed by Georgia, 





96 miles; Alabama, 72 miles; North ‘Carolina, 
65 miles; Mississippi, 644 miles; Kentucky, 58 
miles; Arkansas, 45 miles; West Virginia, 44 
miles ; and others ranging from3 to 29 miles. This 
is a good comparative showing for the South. In 
the North the track laid was 615 miles. North 
Dakota is first with 98 miles, followed by Oregon, 
92 miles ; Indian territory, 65 miles ; Arizona, 45 
miles ; Minnesota, »38 odie and the rest distri- 
buted over seventeen States. The prospects are 
said to be good for a considerable amount of new 
mileage during the remainder of the year. The 
uncertainty in regard to both financial and legis- 
lative conditions which checked railway enterprises 
has passed away. At the same time money is 
abundant for legitimate undertakings, the outlook 
for crops and for business generally is good, the 
prices of rails and other supplies have been deter- 
mined, and for the rest of the year work will be 
pushed actively on numerous roads. Itisadmitted 
that several lines of considerable length now under 
construction will not be completed this year, and also 
that a number of contemplated enterprises will not 
reach the track-laying stage before winter sets in. 
But, nevertheless, the opinion is expressed that the 
mileage of track which will be laid in the next six 
months will compare favourably with the corre- 
sponding period of other recent years. But the 
fact cannot be overlooked that there is an entire 
absence of big projects involving the construction 
of large amounts of new road, these alone being 
able to raise the totals to any considerable propor- 
tions. The reason for this situation is perfectly 
obvious. The building of any very long new lines 
would mean competition on an extensive scale with 
existing roads, and for projects of that nature the 
necessary financial backing cannot be obtained 
save under exceptional conditions, as in the case 
of the Western Pacific Railway. However, it was 
never easier than at the present moment to obtain 
the means for building of feeders and branches to 
existing roads, and in this way alone a fair amount 
of new road will be provided for during many years 
to come. The Western Pacific Railway, it may be 
—_ out, is to extend from Salt Lake City to 
an Francisco, a distance of 850 miles ; and it will 
be of considerable importance, since it is to serve 
as the Pacific Coast outlet of the system of lines 
controlled by the Gould interests. 








Water Suprty or Boston.—The great Wachusett 
reservoir in Central Massachusetts, on the south branch 
of the Nashua, is all but completed ; and a discussion has 
commenced as to the next step in furnishing the metro- 
politan district, comprising Boston and other cities, and 
towns within a radius of 20 miles, with a supply of water 
which will always meet the demand for domestic and com- 
mercial purposes. The engineers concerned in working 
out a great and comprehensive plan of water supply, 
completed ten years since, made surveys for a series of 

reat reservoirs, of which the Wachusett was the first. 

he next in the chain was the Ware, and beyond that 
was the Swift. The Ware plan would store 11,000,000,000 
gallons, which would be no very great addition to the 
63,000,000,000 gallons of the Wachusett reservoir, every- 
thing considered. But the Swift reservoir would store 
406,000,000,000 gallons, a total compared to which ever 
other artificial body of water in the world seems smal]. 
The Wachusett reservoir is the largest, with the possible 
exception of one in India, concerning which the Massachu- 
setts authorities have no adequate information. New York 
is at present working out a great plan which will make it 
a formidable competitor, but the present new Croton re- 
servoir has a capacity of only 32,000,000,000 gallons. Some 
idea of what the Swilt reservoir would be may be obtained 
from the fact that, once filled, it would provide the 
1,000,000 and more people of the metropolitan district 
with water on the present basis of consumption for about 
ten years, even if not a drop entered the basin during all 
that period. It would cover nearly 37 square miles, and 
would drain a watershed of 185 square miles, The Wachu- 
sett reservoir has an area of 64 square miles. The ave 
depth of water overall the 37 square miles would be 53 ft. 
The water would pass on its way to tern Massa- 
chusetts through the Wachusett reservoir, and a tunnel 
278 miles long would have to be built to make the con- 
nection, the difference in level of the two lakes being 
135 ft. This is the plan which will be recommended to the 
Massachusetts legislature. The Wachusett reservoir, 
with its conduit, some miles of it a tunnel, has taken 
nearly ten years to build. Besides a dam, 1250 ft. lon 
and 158 ft. above rock, long dykes had to be constructed. 
The Swift region is sparsely populated, having only 
about thirty inhabitants to a square mile, so that the 
element of damages will be much less than in the Nashua 
Valley. The metropolitan district consumed 113,000,000 

lions of water Ps average day in 1904. The total 
aily capacity of its water supply to-day, with the 
Wachusett reservoir, is 173,000,000 gallons during a 
series of dry years. The margin on the right side is a 





substantial one, but it is not too great when everything 
is taken into consideration. 
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TRADE OF KOBE AND OSAKA IN 1904. 


From an industrial point of view, the district of 
Kobe and Osaka is the most important and the most 
interesting inJapan. Osakais rapidly a 
a manufacturing centre, and has been called the Man 
chester of Japan. The surrounding district is certainly 
becoming very important, not only on account of the 
great developments which have taken place in the 
cotton industry, but also because of the varied nature 
of its' industrial activities. 

During the months of June and July of last year 
the uncertainty which prevailed as to the law of con- 
traband and its application by one of the belligerents, 
both in the Near East and the Far East, caused so much 
anxiety on the part of British shippers as to make 
them unwilling to take any risks whatever, and it was 
with a feeling of surprise and constérnation that the 
news was received in the Kobe and Osaka district 
that, for the time being, home shippers had decided 
to give foreign competitors a splendid opportunity. 
At the port of Kobe more apmeoneny: this attitude of 
the British shippers was a severe blow to importers, 
as it is there that one-half of the imports for the 
whole of Japan are handled. 

Notwithstanding these drawbacks, it is astonishin 
to find that during a war involving Japan’s vita 
political and commercial interests the trade of the 
country during 1904 reached its highest level since 
its opening to foreigners, and amounted to some 
70,000,000/.—a figure as large almost as that which 
represented the whole foreign trade of China in 1903. 
It is also an increase in value over the previous year 


Comparison of the Trade of Kobe and Osaka. 


Value. 


Year. Kobe. Osaka. Total. 


Imports. Exports. Imports. Exports. 














£ £ £ 
19°4 —... 17,849,666 8,977,876 1,730,933 | 3,143,171 | 31,701,651 
1903 ..._ 15,775,347, 9,240,401 1,685,037 | 1,877,823 28,578,608 
1902... 14,752,686 7,630,539 1,212,314 1,536,407 25,131,946 
1601 .., 12,860,358 7,881,463 1,046,023 | 1,290,975 | 23,078,824 


yarn exported. The import of cotton yarn is practi- 
cally extinct, for now the Japanese not only produce 
sufficient for their own wants, but also a considerable 
amount for exportation to China, Korea, and other 
Eastern countries. The supply of raw cotton is a 
matter of increasing difficulty. At present it comes 
from the United States of America, India, China, and 
Egypt, but the speculation which takes place in the 
cotton market is a great inconvenience, and the 
Japanese, like the British manufacturers, are looking 
around anxiously for a supply which would be more 
directly under their own control, and this may lead to 
important political developments. 

The volume of the import metal trade has shown a 
decided increase, and, on the whole, the market has 
been a favourable one to most importers. The general 
feeling is that the war has had a good deal to do with 
this. It is considered that the naval and military 
| successes will tend to the advantage of business, and 























GREATER LONDON RAILWAYS. 


Tue profit realised from the working of four repre- 
sentative Greater London railways—the City and 
South London, the Central London, the Metropolitan, 
and the Metropolitan District—in the first half of 
this year was as follows :—City and South London, 
41,038/7.; Central London, 90,202/.; Metropolitan, 
223,644/.; and Metropolitan District, 91,722/.; or, 
altogether, 446,6067. Considering that the four com- 
panies have to struggle for every shilling which they 
earn in what is probably the most competitive region 
in the world, this is a better result than might, per- 
haps, have been anticipated. The four systems are 
essentially passenger railways, and the number of 
—— carried over them in the six months ending 

une 30, this year, compared as follows with the corre- 
sponding movement in the first half of 1904 :— 
System. 1905. 1904. 
City and South London 
Railway 


an ... 8,662,588 9,226, 987 
Central London Rail- 


way ... _ ... 23,037,435 22 969,397 
Metropolitan Railway 47,701,622 47,218,249 
Metropolitan District 

Railway . owe 25,982,456 25,572,539 


We thus arrive at an aggregate of 105,384,101 for the 
first half of this year, as compared with 104,987,172 
for the first half of 1904. It should be observed, how- 
ever, that these totals must, after all, be regarded as 
approximate only, as the City and South London Rail- 
way and the Metropolitan District Railway do not 
include their season-ticket holders in the enumeration 
for each half year. The general fact still appears 
to be established that, notwithstanding all the com- 























Imports. "a - : : 
Suen petition with which the four companies have to 
ee ey deal, they, upon the whole, held their own in the first 
1904. Comeanan wien half of this year, and even did a somewhat larger 
Abewues. os passenger business. This is all the more remarkable 
fa as the London County Council has of late made a 
Quantity. Value, Anamoen Leet 1903. renewed effort to re-establish wg +d steamboats on 
ii sabaaal : ~ the Thames; this new disturbing influence has, how- 
. £ £ £ ever, been only in operation for a few weeks, and in 
a ee = Kobe and Osaka 827,732,800 Ib. 6,487,939 + _ 694,192 + 504,478 | future half-vears its effects may become more apparent. 
oo andseeds .. 2. - ” ” “° ° aos : wae - i ige | After all, however, the strength of Greater London 
Cottoh manufactures) |. ss : "440,654 — 360,878 — 248,340 | railways is based upon the overwhelming mass of 
Woollen o es 0 1,114,267 + 366,113 + 312,151 , London life. 
Oils and waxes ' ” ” , pee + pong > 4 pe Nothing which has hitherto been done has arrested 
—— eg ate - Be (* s i 8 rah + = + ess | the flood of Greater London passenger traffic. During 
anure .. = . 3 ” ” 477,448 + 71,889 + 55,873 “ . Onk ; - . 2 
Chemicals and drugs a *” * 449,692 + 79,583 + 45,707 | the five years ending with 1905 inclusive—assuming 
Dyes, paints, &c. —.. es : ” - 282,695 26,184 131,918 | that the passenger traffic in the second half of this 
aa, oe . ‘ : 317/813 ' a 727 + ro year will be at least as large as in the six months end- 
v Ty oe + o* . ” ” ’ + fe , a iaiad : . 
Suovietems ATES ss oe a 583,245 + 312,251 + 57212 |ing June 30—the number of passengers carried year 
Silk manufactures .. —.. ” ” 71,458 — 35,054 17,589 | by year upon the two electric systems comes out as 
Locomotives, boilers, Ke. .. * ” mn ‘ 125,961 be + 71,520 | follows :— 
Steamships .. ee ve os ” ” 43 417,764 + 360,801 + 372,64 
Miscellaneous .. ; oe . ” ” : 1,467,491 + 338,695 + 882,821 ™ , ia pen gaat - 
Re-imports .. * - os . ’ 33,895 4 11,309 + 3,993 — 
. : : : : a Year | p> A aos nam Centrai London Total 
Total .. “A os ' Kobe 17,849,666 $a + 2,074,319 r way Railway. : 
Osaka 1,730,938 - + 45,901 wi _— = 
: ar aaa ee eee ee eee 1901 12,896,62 ,188,389 54,085,017 
Grand total .. Kobe and Osaka es 19,580,604 + 4,757,296 + 2,120,220 1902 | is o0e aD ts'a0e 110 647374/429 
Exports. 1903 | 18,229,512 44,953,988 63,176,500 
: a e 1904 | 17,628,833 44,875,547 62,504,380 
Cotton yarn “s ‘re Kobe and Osaka 89,611,258 Ib. 2,557,017 + 380,741 — 191,146 1905 | 17,825,176 46,074,870 63,400,046 
»,  tabrics titer <a F ba on | 5 és 902,358 + 205,642 + 87,095 
Matches... ° ee ee . ” ” 33,127,175 gross | 992,306 + 275,049 + 136,013 — . es : 
Motels 6 A ae ne ” ” - ee ; - " 7“ The corresponding movement upon the two partly 
atting .. . “e ‘i os 99 — ey | 5 - 24,2 ‘ A oy ae 
~ yt  e * - a 37,718 tons si 397,430 — 140,622 _ g5'977_‘| Steam and partly electric railways was : 
Provisions and beverages .. - 90 9 “e oe | 913,123 + 577,370 + 381,00 : 
ea R = a ‘a re a i oe 456,280 4 80,749 4,829 - 
SE eo eos . “ 4,187,732 1b. | 328,420 + 11,146 32840 Year. | Metropolitan. Metropolitan Total. 
Geers... os sw od i‘ | 12,408,283 bundles 524,211 + 206,821 + 140,269 : cies 
Porcelain and earthenware os ” ee ee 319,432 + 122,818 + 57,793 1901 87,821,904 119,086 125,940,990 
Clothing and apparel ee is s x a | 344,928 + 177,390 + 94,801 1902 89/874°833 413,208 584 133,078,417 
ee. ss ” ” - - ee + + Ss 1903 94,000,150 48,413,832 142,413,982 
Steam and sailing ships... e ” ” 2 12,311 th + 10,301 1904 94°436, 498 50,331,397 144,767,895 
Miscellaneous... .. 0 -. - v ” 2,523,518 + 404,217 + 308,112 1905 95,408,244 51,964,912 147,368,156 
Re-exports ee ee ee «s 9 9 206,771 + 10,502 a 1,757 409, »964, ,368, 
Total... +. ++ Pad | 8,977,876 . — , 262,525 |The entire passenger movement over all the four 
saka 3,143,171 oe + 1,265,348 * $ : _ 
cgi systems during the five years was accordingly :— 
Grand total 12,121,087 + 2,533,001 + 1,002,823 =~ ; ae ———— ae 


of over 8,000,000/. The most interesting feature, 
therefore, of last year’s commercial history in the Far 
East is that, while Japan was waging war on a large 
scale, beyond the seas immediately surrounding her 
territory, she retained, on the whole, command of the 
sea, sufficient not only to preserve her foreign trade, 
but to allow it to expand and attain a record figure. 
Moreover, it is stated by Consul Bonar, in his last 
report, that it is fairly certain that the import trade 
at Kobe for the first six months of the present year 
will greatly exceed that for the corresponding period 
of 1904, and it may equal the whole of last year’s 
import trade. , 

The above table shows the ange rage in _ trade of 
the two principal ports during the past four years. 
The coumar ath for 1904 ives details of both 
the import and the export trade, but the summary 
in the next column will be sufficient for our present 


urpose. 
. The figures show the importance of the cotton in- 
dustry in the district, both by the large amount of raw 
cotton imported, and the increasing amount of cotton 


' that 1905 will be a prosperous year. The Government 
foundry in Kiushiu has not apparently interfered to 
any extent with the trade, having all it can do at 
present to attend to Government requirements. The 
imports of machinery show a large increase over those 
for 1903. This was due principally to the war, which 
has necessitated heavy purchases by the Government, 
and also to the increasing demand for labour-saving 
machines in Japanese dockyards, factories, and other 
| works, The United States have done particularly 
well in this line. There can be no doubt that when 
| the war is over, the manufactories of the Kobe and 
| Osaka district will take an important part in the trade 
of the Far East, and it would Be well if British manu- 
facturers kept themselves acquainted with the develop- 
ments which are going on. 








New Franoo-Spanisu Rattway.—A convention has 
been concluded between France and Spain for the con- 
struction of three new railways through the Pyrenees— 
viz., from Aix-les-Thermes to Ripoli, from Oloron to 
Zuera, and from St. Giron to Sort. 


Electric Rail- ‘Steam and Electric 





Year. ways. Railways. Aggregate. 
1901 54,085,017 125,940,990 180,026,007 
1902 64,374,429 133,078,417 197,452,846 
1903 63,176,500 142,413,982 205,590,482 
1904 62,504,380 144,767,895 207,272,275 
1905 63,400,046 147,368,156 210,768,202 


It thus appears that the volume of metropolitan 
passenger traffic is ever increasing. 

The working of the Metropolitan and the Metro- 
politan District systems is at present in a confused 
and chaotic state, as the motive power employed is 
partly electricity and partly steam. The City and 
South London and the Central London lines, being 
wholly worked by electricity, are in a more normal 
condition ; but it is difficult to establish any satisfac- 
tory comparison at present between the relative cost 
of electric working and steam working. Subject to 
these observations, we may note that the cost of loco- 
motive and generating power upon the City and South 
London Railway in the first half of this year was 
4.75d. per train-mile run; upon the Central London 
Railway, 10.53d. per train-mile run ; upon the Metro- 
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politan Railway, 10.54d. per train-mile run ; and upon 
the Metropolitan District Railway, 8.78d. per train- 
mile run. Pt will be observed that the cost of working 
upon the City and South London Railway was pro- 
portionately much less than upon the Central London 
Railway ; but the number of passengers carried per 
train-mile run was an Seema Pd much smaller. It 
would thus appear that Central London Railway trains 
are more heavily laden than City and South London 
Railway trains. It is interesting to note that to the 
1,325,004 train-miles run by the Metropolitan Railway 
in the first half of this year steam passenger trains 
contributed 1,051,775 miles ; electric passenger trains, 
185,979 miles; and goods and mineral trains, 87,250 
miles. 

As regards other matters of current interest in con- 
nection with the four systems, it may be noted that 
properties required for stations on the extension of the 
City and South London Railway to Euston have now 
been all acquired; the shafts for the lifts are down 
to their full depth ; and the tunnels have been com- 
menced, so that altogether it is hoped that the exten- 
sion will be opened for traffic before the close of 1906. 
A Bill, which is being promoted by the Central London 
Railway for an extension of the line to Hammersmith 
and the City, has been delayed by the issue of the 
report of the Royal Commission on London traffic ; 
the Bill has now to stand over for consideration in 
the session of 1906. A Bill promoted by the Great 
Western Railway Company for a suburban station 
adjoining the Shepherd’s Bush station of the Central 
London Railway has received the Royal assent ; 
it is expected that the exchange of traffic which 
will be secured by this Bill will be of advantage to 
the two companies, as well as to the public. A service 
of electrical trains between Baker-street and Harrow 
and between Harrow and Uxbridge on the Metro- 
politan system has worked satisfactorily during the 
past half-year; and from July 1 a few electric 
trains have also been run daily on the Metropolitan 
Railway Company’s portion of the Circle, in addi- 
tion to the ordinary service of steam trains. The 
partial change of motive power from steam to elec- 
tricity has involved, as we have already stated, an 
extra outlay for working. It is proposed to enlarge 
the Baker-street station, and the acquisition of the 
necessary property is being proceeded with. The 
electrification of the Metropolitan - District line is 
now practically finished. The power-house is in 
working order ; the sub-stations are completed ; and 
the whole of the cables are laid throughout the 
company’s system. Electric trains are now running 
between Ealing and Whitechapel, from Harrow to 
Mill Hill Park, and from Hounslow to South Acton. 
A service is also running between High-street, Ken- 
sington, and Putney, and further electric trains will 
run in substitution for the present steam service 
as the necessary cars are delivered. Satisfactory 
progress has been made with the reconstruction of 
stations at High-street, Kensington, and South Ken- 
sington. The widening of the line between West 
Kensington and Hammersmith is practically finished, 
and an arrangement has been made to grant the Great 
Northern, Piccadilly, and Brompton Railway the use 
of the widened lines at a rent of 12,0007. per annum, 
as from January 1, 1905. Car-sheds and repairing- 
shops at Mill Hill Park have been completed, and ex- 
tensive sidings have been laid down at Mill Hill Park 
and Gloucester-road. An arrangement has finall 
been made by the Metropolitan- District Railway with 
the Great Western Railway for the construction of an 
interchange station at Ealing. 








ALLOYS OF GOLD WITH SILVER. 

THE adjoining tables embody the recent researches 
of C. Hoitsema (vide Zeitschrift Morganische Chemie, 
vol. xli., 1904) along with those previously ascertained 
for gold alloys by A. Matthiessen, Ph.D., and W. C. 
Roberts-Austen, F.R.S. The standard work of Mat- 
thiessen upon the electrical conductivity and upon the 
specific gravity of alloys is recorded in vol. cl. of the 
Transactions of the Royal Society, where it is evident 
that the anomaly shown in this table for the 186 gold- 
silver alloy was to some extent open to revision. The 
specific gravity he deduced from the measured specific 
volume was 11.715, as stated opposite the distinguishing 
letter (¢). Those with the letters (a) and (6) are the 
observed values of Matthiessen and Roberts-Austen re- 
spectively. 

_To the last-named, and to Osmond, the eminent 
French metallurgist, we are indebted for the first 
insight into the effect of specific volume of metals on 
the properties of alloys. 

In Table I. it will be noticed that whilst the 
deviations of specific volume in the gold-silver series 
are nearly all positive, those of the gold-copper are 
all negative. Some of the gaps left by the earlier 
experimenters have been supplied by Hoitsema, whose 
figures are for a temperature of 15 deg. Cent. 

— Matthiessen’s experiments upon the gold-silver 
alloys, Table II. gives the data and temperatures at 
which his results were obtained. 





TABLE I.—Alloys of Gold with Silver. 
Specific Volume 
Gold Content Specific Gra- 
Parts per ‘vity. Water 


1000 of Alloy. =t Found by | Calculated | ,. 
Experiment. from Sp. Gr. Difference. 
1000 «| = 19.26 0.05192 
917 18.08 0.05531 0.05555 + .00024 
(a)916 «=| «18.041 0.05543 0.055€0 + .00017 
(a)879 | =«*17.58 0.05701 0.05722 + .00021 
843 | 16.96 0.05896 0.05922 + .00026 
(a)78i | 16.354 0.06115 0.06137 + 00022 
750 | 16.03 0.06238 0.06286 + 00048 
667 15.07 0.06636 | 0.06651 + .00015 
(a)646 | 14.87 0.06725 0.06741 | + .00016 
583 | «(14.24 = =| «(0.07023 0.07017 | ~ .00006 
500 =| ~=—«:13.60 0.07353 0.07381 | + .00028 
(a)477 | ~—s:13.482 0.07445 0.0/481 | + .00036 
417 13.00 | 0.07692 | 0.07744 | + .00052 
333 12.38 | 0.08070 | 0.08112 | + .00042 
(a) 313 12.257 0.08158 0.08199 + .00041 
250 11.78 | 0.08489 0.08475 - .00014 
(a) 186 11.76 | 0.08504 0.08755 + .00261 
167 11.28 0.08861 0.08831 — .00030 
0 10.4 | 0.09569 
(c) 186 11.715 0.08536 | 
Alloys of Gold with Copper. 
(6) 9801 |) 38.84 
(b) 968.8 | 18.58 | 
(b) 958.8 | 18.36 
(b) 918.4 | 18.12 
(b) 938.5 17.93 
tb) 932.0 | 17.79 
(6) 922.8 | 17.57 
917.0 17.35 0.05764 | 0.05715 | — .00049 
(b) 900.5 17.17 
(b) 880.5 | 1681 | 
(b) 8614 | 16.48 
833.0 15.86 0 06305 0 06244 — .00061 
750.0 14.74 0.06784 0.06768 | - .00016 
583.0 12.69 0.07880 0.07820 — .00060 
250.0 10.035 0.09965 0.09819 — .00146 
0.0 8.7 0.11494 


Tapie II.—Alloys of Gold with Silver. 


l 
Composition of | specific Gravity of Alloy. 





Alloy. 
Comparison of 
| Results with Alloy 
1 | Calcu- Au A 
told | Bs 
r Formula. | Found At lated 
fwd ; * deg. C. from 
. | Volume. 
1000| Au | 19.265 | 128 ? At 13.1 deg.Cent. 
916 | Aug Ag | 18.041 13.1 17.998 11.760 x 0.03504 = 
unity. 
879 | Au, Ag | 17.540! 123 17.498 
784 Auy Ag 16.354 13.0 16.315 11.715 x 0.08536 = 
unity. 
= 11.42 x 0.08755 = 
646 Au Ag | 14.870 13.0 14.847 A 
477 | Au Ag, | 13.432) 143 | 13.383 |) Unity at 15 deg. 
$13 | Au Agy | 12257 | 14.7 12.215 The last-named re- 
186 Au Ags | 11.760 13.1 11.715 sult, that of Hoit- 
0 Ag | 10.468 13.2 od sema, is in accord 
| with the other 
tests in the series 
| of his table. 


Atomic weight of gold = 197; silver = 108. 





THE COPPER INDUSTRY OF THE 
TRANS-CAUCASDS., 

A REcENT Russian report deals exhaustively with 
the above subject, which is considered one of consider- 
able importance. Copper ore has always held a pro- 
minent place amongst the minerals of Caucasus, and 
its exploitation dates back about a hundred years. It 
is, however, more especially during the last forty 
years that these deposits have attracted general 
attention ; but political disturbances and the absence 
of roads proved serious obstacles. The construction 
of the Trans-Caucasian Railway gave a fresh im- 
petus to the development of this industry, and the 
following are the more important deposits so far in- 
vestigated or worked :— 

1. Almost the whole of the mountainous district 
between the Valley of Kura and the Sea of Gotschka 
—the so-called Ganshinski ridge. These deposits are 
situated in the Elizabethpol and the Tiflis Govern- 
ments, and they comprise both the oldest (at Alawerd) 
and the largest (at Kedabek) copper works in Caucasus. 

2. South of the] former, in the Sangesur and the 
Nakitchevan districts, in the basin of the Berguschet, 
an auxiliary of the Arados., 

3. North of the Ganshin elevation, at the springs of 
the Alasan, in the Telaw district. 

4. In the northern part of the Government of 
Kutais, at the springs of the Riou. 

5. South of Batoum, in the districts of Batoum and 
Arterin. The deposits of copper ore in this province 
are looked upon as immense, and are calculated to be 
found over an area of some 35,000 square versts. The 
natural conditions are, on the whole, extremely favour- 
able for exploitation. It goes without saying that a 
considerable amount of work has already been done 
in this direction, and some good-sized establishments 
are to be found here :— 

(a) The Siemens works at Kedubek began opera- 
tions in 1867, the output the first year being 65 tons 
of copper, which figure in the year 1900 had risen to 
2384 tons. The firm built a long naphtha pipe when 
fuel began to get scarce, and a narrow-gauge railway 
20 miles long. 

(6) The , Works belong now. to a French 
company ; output, about 968 tons per annum. 

(c) The Sangesur Works have also been materially 
extended, and the output is about the same as that of 
the former works. 

(d) On the right border of the Chorok, 8 miles 
from Batoum, the Richter Works were erected some 
few years ago, their output in the year 1900 — 
about 128 tons of copper ; but they have since change 
hands. 

(e) Backed up by English capital, the Dsanssul Copper 
Works were erected in the rye | of the Murgun-Ssu, 
roads were constructed and other work done; but 
although some 64,516 tons of ore have been worked, 
according to experimental smeltings yielding excel- 
lent copper, the copper works themselves were not 
completed at the writing of the report. 


TABLE III.—Tue Sprciric Gravittes or Gotp-SILvER AND GoLD-CoprER ALLOYS. 


Sreciric Gravity (GoLD—-SILvER) 





Srecivic Gravity (GoLb—Correr) 








Parts of i ” , * 
Gold in | | 
12 of —_ Fall per : + at Per Cent. | Fall per 
Alloy. Calculated.’ Observed. ——- | pe heer ara f Increment — Observed. 7. ?? o Increment 
" | of aren _ 4 Calculated. of Copper. 
12 19.26 19.26 0.000 nil ia 19.28 19,26 0.00 Nil 
11 18.522 18.08 0 442 2.39 1.18 18.38 17.35 } 1.08 | 5.45 1.91 
10 17.784 16.96 (?) 0.824 4.63 1.12”) 17.50 15.86 1.64 9.37 1.49 
9 17.045 16.03 1,015 5.95 0.93 16.62 14.74 1.88 11.31 1.12 
8 16.307 15.07 1,237 7.5 0.96 15.74 oii ae | os \ 2.05 
7 15.568 14.24 1,328 | 8.5 | 0.83 14.86 12.69 2.17 14.6 J : 
6 14.83 | 13.60 1.230 | 8.29 0.64 13.98 on | ee oP 
5 14.091 13.00 1.091 | 7.7 | 0.60 13.10 2.655 
4 13.353 12.38 0.973 | 7.2 0.62 12.22 * = es — 
3 12.615 11.78 0.835 | 6.62 0.60 11,34 | 10,035 1.305 11.51 
2 11.877 11.28 0.597 | 5.04 0.50 10.46 eo: ee os | 
1 11.139 10.819”), 0.3200) | -2.8@) me 9.58 | 1,335 
0.88 
0 10.400 10.400 0.000 nil ne 8.700 8.700 0.000 Nil 


The more complete information in Table III. shows 
the variation of the actual specific gravities of the 
various alloys from that calculated from the propor- 
tion of their constituents. Although some gaps still 
remain unfilled, the table shows the rule by which the 
variations move, and brings out the important fact 
that with copper, whose specific gravity is 8.7, or 
five-sixths that of silver, the percentage diminution of 
specific gravity is almost twice that for a correspond- 
as) my ory of the latter metal. 

he fall in specific gravity due to each successive 
increment of silver or copper is greatest in the first, 
and least in the last, with an intermediate period of 
approximate uniformity. 








Rats In Russia. —The railway department of the 
Russian Minister of Ways and Communications has con- 
tracted with the South Russian Dnieprovian Iron Works 
for the supply of 16,000 tons of steel rails at 7/. 4s. 4d. per 
ton. All the Russian State lines are to be relaid with 
heavier rails. 








| 

Mention should also be made of the copper ore de- 
posits at Siemodon, situated behind Alawerd, not far 
from the railway to Kars, and of some new French 
copper works in the district of Bortschalin. 

All the works mentioned here delivered in the 
year 1900 an aggregate of 3662 tons of copper, 
against 177 tons in 1860, 600 tons in 1870, 581 
tons in 1880, and 2258 tons in 1890. The present 
output is not likely to be below 4032 tons ; but of this 
total 3226 tons come from the two works, founded 
by foreign capital, at Kedabek and Alawerd, and as 
the Dsanssul works are started with English capital, 
it will be seen that Russian capital represents only a 
small minority of the trans-Caucasian copper industry. 
This or yields about half of the entire Russian 
production of copper ; but the aggregate just referred 
to is only a small beginning, considering the immense 
copper ore deposits in trans-Caucasia. Efforts are 
being made to induce Russian capital to interest itself 
for the further development of the trans-Caucasian 
copper industry. 
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CATALOGUES. 


Tue Adjustable Cover and Boiler Block Company, 
Reading, have sent us their new booklet showing the 
advantages of their patent fire-brick boiler-seating blocks 
and adjustable flue-covers. They manufacture these in a 
large variety of designs, to suit all requirements. 

Messrs, alte and Smith, Ordsal Electric Works, 
Salford, issue their list C 5, giving illustrated descriptions 
of their ‘‘grip contact” circuit-breakers, which they 
supply with or without their time-limit device ; this device 
wi gh the switch for any over-load that would cause 
injury to the circuit controlled by overheating. The 
circuit-breakers can also be tripped by hand ; they would 
further be opened instantly by a short-circuit current, or 
a current that would cause mechanical injury to the 
circuit. 

Mr. Percy Pitman, Bosbury, Ledbury, Herefordshire, 
has sent us his sheets showing his ‘‘ Hector” water-motor. 
This, coupled to a dynamo, is used for charging ignition 
accumulators for motor-cars and motor-bicycles. 

Mr. E. Brook, Threadneedle-street, Huddersfield, has 
published a list of his E.B.H. single-phase alternate- 
current motors. 

We have received from Mr. F. Wallis Stoddart, Western 
Counties Laboratory, Bristol, the second edition of his 
pamphlet on the best method of sewage disposal for all 
communities. Mr. Stoddart uses the continuous sewage 
filter which he has introduced ; and which, it is claimed, 
has rendered the satisfactory treatment of sewage a very 
simple and inexpensive matter. 

Messrs. Rotherham and Sons, Coventry, have published 
a catalogue illustrating a great variety of bicycle and 
motor-car fittings and accessories, lubricators more espe- 
cially, and taps, which they manufacture on a large scale. 

Messrs. Siemens Brothers and Co., Limited, of York- 
street, Westminster, have issued a circular illustrating and 
describing their system of electric control for steam steer- 
ing gear. When the rudder is hard over, the electric 
circuit is opened automatically by a safety switch, and a 
similar switch protects the gear, should the steam-engine 
fail to respond to the actuating motor. Three other 
leaflets deal respectively with the continuous-current 
generators, crane resistances, and controllers, turned out 
at Messrs. Siemens’ Stafford works. In all cases outline 
drawings are given, and the main dimensions tabulated: a 
great assistance to draughtsmen in designing the arrange- 
ment of plant. The generators are arranged for direct- 
coupling, and weights of armature and machine are given. 
The same firm have sent us their illustrated catalogue 
describing their Siemens-I]gner system of electric winding 
engines. 

Messrs. J. H. Halden and Co., of 8, Albert-square 
Manchester, have recently issued a circular describing 
their machine for the photographic reproduction of trac- 
ings on a continuous process. The tracings are lightly 
joined together end-to-end to form a line, which may be 
as much as 100 yards long. They are then fed through 
the machine, together with a continuous roll of sensitised 
paper. The printing is effected by means of an arc lamp, 
and the rate at which the tracings traverse the machine is 
1 ft. per minute, when rapid ferro-paper is used. Separate 
tracings can also be fed in by ent desired. 

Messrs, W. T. Glover and Co., Limited, Manchester, 
have placed on the market their patent oil-proof and 
static discharge-proof cables, for use in connection with 
internal-combustion motors, &c., particulars of which are 
given on a thick card, which includes lighting-up 
tables. 

Messrs, Andrew Barclay, Sons, and Co., Limited, 
locomotive engineers, of Kilmarnock, have sent us their 
Circular T, illustrating different types of tank-engines 
built by them. 

Messrs. Veritys, Limited, Aston, Birmingham, have 
issued a circular illustrating their Aston ‘‘worm-feed” 
brush-holder, in which the carbon is fed down without 
friction bythe pressure of two small rollers connected by 
a lever to the worm-feed attachment. By turning the 
insulated knob of a small screw, the pressure on the 
carbon can be regulated to the finest limit. The same 
firm have an interesting ore pes on their series-parallel 
controllers, their starters, and regulators. 

We have received from Messrs. Holden and Brooke, 
Limited, Manchester, a number of their recent Jists and 
catalogues, describing their well-known steam fittings 
and accessories. 

The Phos Company, 205 to 207, Ball’s Pond-road, N., 
describe in a circular the ‘‘ Phos” system of acetylene 
gas-lighting for railway carria in which it is claimed 
that each lamp gives a light of 22 candle-power, as against 
the 7 candle-power of an oil-lamp at its best. The cost 
of running compares favourably with that of oil; and 
when the labour attendant on oil-lamps is taken into 
consideration, the result is that a 66 per cent. better 
light is obtained at less cost. 

Messrs. Balcke and Co., 27, Clement’s-lane, E.C., have 
sent us a pamphlet illustrating a number of cooling-tower 
installations put down in Great Britain. 

The Empire Koller Bearings Company, Limited, 15, 
Victoria-street, S.W., have published various pamphlets 
with reference to their type of bearings, and the number 
of applications to which these are put. 

Messrs. Siebe, Gorman, and Co., Limited, Westminster 
Bridge-road, S.E., submarine engineers, have sent us a 
new edition of their general catalogue, describing their 
diving apparatus, rock-drills, salvage pumps, exploders, 
and other submarine appliances, in which they have 
earned a world-wide repute. The book is profusely illus- 
trated and very nicely got up. 

In a pamphlet entitled “On Motor-Cars and their 
Purchase,” offering their services as experts to purchasers 
of motor-cars, Messrs. Straker and MacConnell, Limited, 
give a brief notice of the automobile industry, and illus- 
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trate a large variety of cars to suit all pur obtain- | of the motor makes for the health of its owner. .. .” 
able at prices which vary within lar limits. The | Several years will ela before this health-restoring 
pamphlet opens with remarks ‘by a physician,” to the | machine will be, as the French would say, ‘‘available to 





effect that “there is no gainsaying the fact that the use | all purses,” 
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DETAILS OF ARGENTINE LOCOMOTIVES. 
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We have in previous issues illustrated and described 
several locomotives of the articulated system which 
have been built for railways in various parts of the 
world, but those we illustrate on our two-page plates 
accompanying the issue of the 14th ult. and of to-day 
present various features of unusual interest, as they 
represent probably the most powerful t of engine 
of this class which has up to the present been carried 
out for working the traffic on metre-gauge lines. 

The Central Northern Railway of the Argentine 
Republic, for which they were constructed, is an 
extensive network of metre-gauge railway running in 
the main from Cristobal, in the province of Santa Fé, 
to Jujuy, in the north of the country. Three years ago 
the scheme for an extension to the Bolivian frontier 
took definite shape, and it was decided to carry it out 
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on as economical a plan as possible. To this end, 
heavy grades up to | in 40 were adopted, and only 
light rails were used, so that in the rolling stock the 
load per axle had to be kept down to about 8 tons. In 
addition, wood has to be used as fuel, as a plentiful 
supply of ‘‘ Quebracho” is obtainable, of a quality 
which, perhaps, represents the highest class of wood 
fuel. One section of the line had to be carried out on 
the rack system, and here heavier rails were used, 
allowing a mee per axle of 134 tons. ‘ 
It was required that the engimes for goods traffic 
should haul 150 tons up the grades of | in 40 at 
124 miles per hour, while the passenger locomotives 
were to take 120 tons up the same grades at a speed 
of 16 miles per hour. The construction of these 





engines was entrusted to the firm of A. Borsig, Berlin, 





whose experience in this type is considerable, the 
having designed and built such locomotives for rail- 
ways in Spain, Russia, Asia Minor, Germany, Java, 
Sardinia, &c. 

In order to reduce the number of different spare 
parts as far as possible the designs were so ar 
that cylinders, motion, axles, axle-boxes, springs, &c., 
were interchangeable for both classes. The goods 
engines, as shown in Fig. 14 on the perspective view on 
the two-page plate, were arranged in two motor groups, 
each with six coupled wheels; and the passenger 
engines shown in the perspective view (Fig. 13) on 
the two-page plate have six-coupled wheels in the rear 
group, and four-coupled wheels in the front group, 
with a leading axle before the smoke-box ; this was 
desirable on account of the higher maximum speed 
desired for working passenger trains. With this ex- 
ception, both classes are similar, and it is, therefore, 
only necessary to illustrate and describe in detail the 
passenger engines. 

The water supply being limited to stations at a con- 
siderable distance apart, and the amount of fuel to be 
carried being large—350 cubic feet—it was necessary 
to provide a large eight-wheeled tender, with a 
capacity of 15 cubic metres, or 3300 gallons of water. 

Although the quality of the wood used is generally 
excellent, yet it was deemed advisable to give the boiler 
and grate liberal proportions, so as to ensure sufficient 
steam being generated in case an inferior quality of 
fuel ne at any time be used. It thus became 
necessary to build the fire-box and grate out over the 
wheels, and the boiler had, therefore, to be placed 
comparatively high for a metre-gauge engine, the 
centre line in this case being 7 ft. 2? in. above the 
rails, the experience of the firm having proved that 
such a height is not only permissible, but even, in 
conjunction with the great length of wheel base, 
conducive to steady running. 

The boiler has a Belpaire fire-box, the grate being 
considerably inclined at the front end, so as to get as 
great a depth of fire as possible below the tube-plate. 
The fire-box is of copper, and the two front rows of 
roof stays are arranged so as to permit the expansion 
of the tube-plate vertically ; 207 brass tubes 2 in. in 
external diameter are provided, the length between the 
tube-plates being. 4800 millimetres. The dome is placed 
in the centre of the boiler, where the fiuctuations of 
water-level due to the grades are least felt. The safety 
valves are of the Ramsbottom type modified to work 
on the Pop system. An unusually large and deep- 
toned whistle is used, so that the approach of a train 
can be heard at a great distance—a point of consider- 
able importance on single-track lines in remote dis- 
tricts. The injectors are of the Friedmann combi- 
nation type, fixed on the back plate of the fire-box. 
The chimney is carried down into the smoke-box, 
and the latter is provided with an efficient spark- 
arrester. 

The high-pressure cylinders are, as is usual in 
engines of this type, fixed to the rear frames (Fig. 2), 
which carry the boiler, thus obviating the necessity for 
any flexible steam joints under boiler pressure. The 
receiver between the high and low-pressure cylinders 
is fitted with a vertical stuffing-box at the rear end,’ 
this permitting the necessary lateral movement for the 
swivelling of the engine in the curves (Fig. 6), and at 
the front end a horizontal stuffing-box is arranged so as 
to allow for the corresponding alteration in length. As 
the pressure in the receiver seldom exceeds 3 atmo- 
a these can be kept steam-tight without the 
slightest difficulty. Between the low-pressure cylin- 
ders and blast-pipe, ball-and-socket connections are 
provided (Fig. 7); but as here there is only the back 
pressure of the exhaust, which is only about } atmo- 
sphere, there is again no difficulty. 

The front truck is hinged to the main frame in the 
plane of the high-pressure cylinders by stout steel cast- 
ings (Figs. 1 and 2). The rear frame is also prolonged to 
a point midway between the low-pressure coupled axles, 
and there connected by a steel casting, which carries 
the front portion of the boiler in a manner allowing for 
the expansion due to the heat. This casting rests on 
buffers placed in a stretcher on the front frames, this 
giving the necessary elasticity required in so long an 
engine, on account of irregularities in the permanent- 
way due to superelevation of rails in curves, &c. Clips 
are also provided here to limit the amount of vertical 
motion. The fire-box is bolted to the rear frame by 
means of bearers on the foundation ring at the fire- 
door plate, while the fire-box side and throat-plate 
portions of the foundation ring also take part of the 
sae in a manner allowing for expansion. The motion 
is of the Walschaert type, the reversing gear being so 
arranged as to permit of varying the expansion in each 
pair of cylinders independently. Asa rule the low- 
pressure cut-off is about 65 per cent., the high-pressure 
a 4 being adjusted to suit the requirements of power 
and s ; 

In accordance with the regulation of the Argentine 
Government, a feed-pumpis driven from the right-hand 
high-pressure cross- , this being kept always at 


work ; what further feed-water beyond the pump 
capacity is required is supplied by the injectors. A 











160 





ENGINEERING. [AuG. 4, 1905. 








by-pass between the barrel and suction chambers 


permits also the regulation of the quantity of feed- 
water supplied. 

The engine and tender are fitted with the Westing- 
house brake, which acts on all the wheels with the 
exception of those of ‘the leading axle. Two sand- 


in British history when public sympathy was more 
roused than at the present, for the hapless poor. 
But that sympathy is meant for the deserving poor, 
be differences of opinion as to the cause of death, and | for those willing and anxious to work, but who can 
as to the quarter in which the responsibility lies. The} find none. For the constitutionally lazy, for the 
death-blow is supposed to have been given by the group | loafer, for the street-corner men, for those who lie 


INDUSTRIAL NOTES. 
Tue Unemployed Bill is practically dead. There may 





boxes are provided on the foot-plate for each motor of Labour Members in the House, by their resolve not | about our public parks and open spaces, or on the 


group, and are worked by compressed air taken from 
the brake reservoir. 

The front buffer-beam has a c»w-catcher of ash- 
wood, this material being preferred to iron on account 
of the ease with which repairs can be made. 

The tender is carried on two four-wheeled bogies of 
the American type. The fuel space is fitted with a 
fence to allow of piling up the large quantity of wood 
taken. The weight empty is only 12 tons—an un- 
usually low figure. 

The main dimensions of both engine and tender are 
as follow :— 


LOcoMOTIVE. 
Goods Passenger 
Engine. Engine. 
Gauge 3 ft. 3gin. 3 ft. 33 in. 
ft (1000 mm.) (1000 mm.) 
Diameter of high-pressure : 
cylinders a ae 13 in. 13 in. 
(330 mm.) (330 mm.) 
Diameter of low-pressure : 
cylinders oa os Sa 204 in. 
(520 mm.) (520 mm.) 
Stroke of pistons ... .. Sig in. 212 in. 
(550 mm.) (550 mm.) 
Diameter of coupled : 
wheels... =e .. Sft. 72in. 4 ft. 3pin. 
(1100 mm.) (1300 mm.) 
Diameter of bogie wheel — 2 ft. 74 in. 
(800 mim.) 
Rigid wheel base... 8 ft. OF in. 10 ft. 
(2460 mm.) (3050 mm.) 
Total “ ia . 22 ft. 7zin. 29 ft. 4 in. 
(6890 mm.) (8995 mm.) 
Diameter of coupled axles . 
in journals ae “ 5} in. 5} in. 
(145 mm.) (145 mm.) 
Length of coupled axles in , 
journals ... a pe 74 in. 74 in. 
(180 mm.) (180 mm.) 
Diameter of bogie axles in vk 
journals ... 7 es — 54 in. 
(130 mm.) 
Length of bogie axles in : 
journals ... on ios _ 74 in. 
(180 mm.) 
Height of boiler centre .. 7 ft. Ofin. 7 ft. 2? in.) 
(2150 mm.) (2200 mm.) 
Mean diameter of barrel 4 ft. 4 in. 4 ft. 4 in. 
(1820 mm.) (1320 mm.) 
Length lLetween  tube- y ; 
plates... en .. 14 ft. 9fin. 15 ft. Din. 
(4500 mm.) (4800 mm.) 
Number of tubes ... we 191 207 
Diameter of tubes, ex- ; ; 
ternal... wae » 2 in. 2 in. 
(50 mm.) (50 mm.) 
Length of grate ... ree 8 ft. 8 ft. 6} in. 
(2430 mm.) (2600 mm.) 
Width . 4ft.0gin. 4 ft. Of in. 


(1240 mm.) (1240 mm.) 
170 lb. 170 Ib. 
(12 atm.) (12 atm.) 
. 1612 sq. ft. 1820 sq. ft. 
(150 sq. m.) (169 sq. m.) 


Working pressure 


Heating surface ... 


Grate area ... 32 sq. ft. 35 sq. ft. 
(3sq.m.) (3.3 sq. m.) 
Weight, empty 40 tons 41 tons 2 cwt. 


: (40,700 kg.) (42,000 kg.) 
Weight in working order 46 tons 2cwt. 47 tons 
(47,000 kg.) (47,700 kg.) 


TENDER. 


Diameter of wheels 2ft.9}in. 2 ft. 94 in. 
(850 mm.) (850 mm. ) 
Bogie wheel base ... ... 4ft. pin. 4 ft. 11} in. 
(1500 mm.) (1500 mm.) 
Total ,, os . 15ft.9in. 15 ft. 9in. 
(4800 mm.) (4800 mm.) 
Contents of tank ... . 15,000 litres 15,000 litres 
(3300 gals.) (3300 gals.) 
Fuel capacity we. ES 10 c. m. 
(350 cub. ft.) (350 cub. ft.) 
Weight, empty ... .. 12 tons 12 tons 
Weight in working order 32 ,, oS ys 
Total wheel-base of en- 
gine with tender 47 :t.6in. 53 ft. 3 in. 


(14,480 mm.) (16,245 mm.) 
Length of engine with 
‘ . 6Lft.6in. 63 ft. 7 in. 


tender ... ‘9 ; 
(18,720 mm.) (19,425 mm.) 








Tue New Zeacand INTERNATIONAL Exuipition.—The 
Government of New Zealand will hold, during the summer, 
from November, 1906, to April, 1907, an International 
Exhibition at Christchurch, Canterbury (N.Z.), the 
primary object of which is to demonstrate the resources 
and possibilities of the Colony as one of the world’s food- 
producing countries, to display its vast mineral wealth, 
and to draw attention to its unrivalled scenery. It will 
further bring under the notice of the industrial nations of 
the world the great field the Colony offers as an outlet for 
enterprise. 


t» further support the measure. In reality the Bill! Embankment, there is scant sympathy, and if threats 
had no real support from any section in the House of |are made by them, or on their behalf, the result may 
Commons. It was from the first an experimental | be compulsory work as a condition of a meal. The 
measure, designed to meet an urgent necessity. | Poor Law system was really invented as a means of 
Whether or not the necessity still exists, the parties | putting down vagabondage, which became a sore in 
who urged it may not agree. But the Bill gave no| the land when the abbeys were suppressed, and even 
general eatisfaction, and therefore had no enthusiastic | more so when other religious homes and the guilds 
support, even from those who were the most urgent in | Were suppressed. It is time that the whole system 
demanding such a measure. Few will deny that there | was overhauled. It is costly, it is ineffective, it 
is a need for some provision to meet the requirements | does not adequately touch temporary lack of employ- 
of large masses of willing and able hands out of work ;| ment, and it does not offer that help in need which 


but the difficulty lies in the means and methods. 
Unemployment means waste of energy and of ability, 
and yet the law says that people must live. It 
provides outdoor and indoor relief under the poor 
law ; but this also is expensive. The cost per pauper 
is more than the average earnings of a small family 
in some stations in life. And the labour given for 
the maintenance supplied is never adequate, seldom 
reproductive. The question arose among the Labour 


given to those employed by the State under the Un- 
employed Bill. It must be the trade-union rate 
said some, even many. But this would be in violation 
of the whole tenor of the poor laws, and it would not 
be commercially sound. The already poor would have 
to pay either in taxes or rates, and many of those 
payers would not at the time of paying be getting for 
their labour trade-union rates of wages. Would this 
be just or fair? And yet there is a necessity for some 
provision for the workless if they are able and willing 
to work. 

An example of the State providing work to relieve 
the distress due to lack of employment is to be found 
in French history. During the Revolution in 1848 
large numbers of the workmen of Paris were thrown 
out of work. They appealed to the Provisional Govern- 
ment, and many were employed on what was deemed 
to be unskilled general work—cleaning the streets, 
boulevards, squares, parks, and open spaces. Then 
the ramparts of the city were enlarged. In this 
way a goodly number were employed. But to some 
of the men thus employed it was absolute torture ; 
and besides, it unfitted them for their own handi- 
crafts. One large section was composed of masons 
and stone-carvers. These applied for some different 
kind of relief. One suggestion was that the stone- 
work of the Louvre should be carved, for the building 
was in the rough—uncarved for the most part. This 
suggestion was acted upon, and the arrangement 
entered into was as follows:—The men agreed to 
accept the same rates of wages as the State-employed 
labourers until circumstances changed. Each ten 
men had a foreman or overlooker, and in this way 
work was commenced. As peace was restored, and 
employment revived, men returned to their own 
avocations as employés in firms. But the work on 
the Louvre, once begun, was carried on at increased 
wages until the normal—or what we should call 
the trade union—rate was obtained. But even this 
could not be carried out generally for all trades. 
For example, the State could not engage in watch- 
making or cabinet-making, except under a system 
of State workshops, which is repugnant to our con- 
ception of commercial trade. But in reality the chief 
sufferers by lack of employment are general labourers, 
many of whom are mere loafers. A rigid system of 
employment and pay would be necessary for the pro- 
tection of ratepayer and taxpayer, whether the work 
was carried out by the local authority or by the State. 
Would the unemployed care to submit to the terms 
and conditions? Do the Labour Members, leaders, 
and trade-union officials support that view ? 





The Manchester section of the unemployed seem 
determined to emulate Leicester and march to Lon- 
don, only in increased numbers. The Leicester march 
cannot be said to have been a great success. The men 
accomplished their journey to London and back again, 
but they were footsore and weary, and, one would 
think, heart-sick. The cost, though on a small scale, 
was not covered by the subscriptions, and the trea- 
surer found himsell with a large deficit at the end. | 
The march served its purpose by calling attention | 
to the fact that a large contingent of the labouring | 
classes have been, and still are, out of work. What | 
more can be gained by the march from Manchester to 
London. Besides, some of the speakers at the open- 
air meetings in Manchester have given utterance to | 
veiled threats—a course of conduct that will not com- 
mend itself to the public, to whom the leaders appeal 
for help. The Member for Merthyr also gave utter- 
ance to threats in the House of Commons, when it 
was found that the Government offered no facilities 
for the passing of the measure. This is not the way 








to win success in legislation. There never was a time 





Members and others as to the remuneration to be | 











| may avert pauperism and save self-respect. 





| It seems very strange that we are not able to get all 
| the facts relating to the employment of Chinese in the 
| Transvaal, and the conduct and treatment of the 
Coolies in the mines and compounds. We get to 
know approximately the number of Chinese imported 
and at work, now numbering between 41,000 and 
42,000. In respect of the treatment of the Coolies 
the evidence is diverse: the Colonial Office knows 
nothing of the alleged floggings, and states that 
flogging can only be legally inflicted under a magis- 
|trate’s order. Reports and rumours indicate that 
| flogging is common and usual. Riots, outrages, 
refusal to work, &c., are alleged to be frequent, and 
the punishment for such misconduct severe. On the 
one side it is said that the reports are exaggerated, 
by others that they fall short of the truth. In any 
case the truth, or even the partial truth, only leaks 
out in small quantities, sometimes long after date. 
In one case it is said that the yellow man and the 
black native joined in an attack on the whites. What 
otherwise could be expected? If the white man is the 
symbol of authority, and is used to put down the 
rioters, it is easily conceivable that the two races, more 
or less coerced, would in time fraternise against the 
common enemy. 





The Aliens Bill, as it has passed the House of 
Commons, is said to have safeguarded the right of 
asylum, so that persecuted patriots may still under it 
claim the right of protection if they escape from their 
persecutors in their own country and safely land on 
these shores. Switzerland is still open to the oppressed 
fugitive, if he can only escape there ; but then he is 
more likely to be entrapped there than here. The 
tendency is to shut the door in the United States, in 
Australia, and even at the Cape. With our own problem 
of the unemployed the subject is a critical and delicate 
one, especially when we see that there is a tendency to 
shut the door by other nations, and by some of our 
own colonies. The value of the measure, or other- 
wise, can only be seen in its practical working, when 
the Act is administered in the manner it was intended 
to be by its authors. 





Attention is often called to the wages of women, and 
to the dangerous inadequacy of their earnings. An 
advertisement last week appears to have created quite 
a flutter in some of the larger establishments, the offer 
being a salary of 6s. per week. It is very difficult 
to get at the earnings of waiters or waitresses by 
jreason of the tips; even in establishments where 
| tips are forbidden they are given pretty freely, and 
especially to a smart and attentive waitress. The 
| Daily News made some inquiries about the pay given 
at several establishments, the replies being that the 
| minimum rates are 9s. 6d. per week ; at the Aérated 
| Bread Company it is 103. per week. The firm which 
advertised for waitresses at 6s. per week stated that 
only six were required as learners, to be under 17 years 
of age, otherwise the wages were from 93. to lls. per 
ook, and food. The learners are to have the same 
rates after gaining some experience. At smaller estab- 
lishments the salaries range from 8s. to lls. per week. 
Of course, the salaries form only a part of the earn- 
ings. Much depends upon the f given and to 
gratuities. In some of the larger firms medical at- 
tendance is given. Then also the “time off” is a 
great consideration with a large proportion of the 
waitresses, especially where the hours are long, as 
they needs must in some of the restaurants. 
As a very large number of girls and women are 
now employed in all sorts of businesses, it is of 
prime importance that their earnings, all inclusive, 
shall be sufficient to keep them in tolerable com- 
fort, and secure them from the temptations which 
always beset young girls, especially if good look- 
ing, or otherwise attractive. It is gratifying to learn 
that waitresses are so well cared for by the best known 
firms in London. 





| 
| 





In the Midlands there was a steady market and a 
hopeful tone in the iron and steel trades, though buyers 
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are not ordering very freely, probably in view of the 
near approach of the holiday season. It is surprising 
to what an extent holidays influence commerce and 
trade at the present time. The output at the furnaces, 
mills, and forges has been reduced by reason of the 
very hot weather ; in some cases the day shifts have 
been abandoned for the present. The blast-furnace- 
men are pressing for the establishment of a sliding- 
scale for the regulation of their wages. Hitherto their 
pay has been regulated by the rise or fall of aaa goed 
wages, now they want a scale of their own, ased on 
the selling price of pig iron. The matter is under the 
consideration of the Midland Wages Board. The 
finished iron branches are fairly active, but selling 
prices are in some cases complained of. Best iron 
sells the most freely, constructional engineers and 
rolling-stock makers being the principal customers. 
The demand for common iron is not great, and low 
prices are, it is said, accepted. Galvanisers are, it 
would appear, doing fairly well ; they have advanced 
prices 2s, 6d. per ton, making an advance of 5s. since 
the combination—the price now is 10/. 12s. 6d. per 
ton at the ports. There seems to be a slight slacken- 
ing off in steel, but old contracts go olf well, and 
prices are maintained. 





In the Lancashire districts the holidays are having 
effect. The attendance on ‘Change was an average 
one, and a fair amount of business was done. Indeed, 
there was a more hopeful feeling generally. Finished 
iron was steady at quoted rates. There was a strong 
demand for steel and steel products generally. English 
makers appear to be holding their own, for there is 
little said about German or other competition. al- 
vanised sheets were reported to be strong. It would 
appear that the users of finished iron and steel are in 
need of more material, and therefore the demand is 
steady rather than animated. 

The objection of a number of members of the Amal- 
gamated Society of Railway Servants to pay the levy 
imposed upon them for the purposes of Parliamentary 
representation led the Council to submit the whole 
question to counsel, the two lawyers selected being Sir 
Edward Clarke, K.C., and Sir Robert Reid, K.C., M.P. 
They have reported that the Society cannot, under the 
rules, enforce payment of the levies in question. It is 
pointed out, however, that, by conforming to the rules 
already in force, the Society may, if the members so 
decide, so amend the rules, in conformity with usage 
and with the present registered rules, as to render 
such levies or contributions lawful and enforceable in 
the same manner as all other payments by members to 
the Society. This opinion is valuable to all trade 
unions. 





The Yorkshire trade unionists, especially those in 
the textile trades, have for some time been applying 
to the proper authority for the appointment of a few 
working men magistrates. The application was made 
by trade councils and trade unions generally, but, 
according to the report of the Yorkshire Textile 
Workers’ Federation, there has been no response up to 
the present time. There are, it is said, only five such 
magistrates in all the West Riding. It is urged that 
the cases of workpeople before the Courts are very 
numerous, and that therefore they should have some 
operatives on the Bench. The demand is all the more 
reasonable because in parts of Yorkshire, if not the 
whole, there are some old statutes in force which give 
to magistrates special power to arrest workpeople in 
the woollen trades. The experiment of appointing 
working-men magistrates has worked well in Lancashire 
and elsewhere, as all admit. 

The Select Committee on. Workmen’s Trains have 
recommended several changes, all in favour of the 
workers, including the abolition of the time rule as to 
travelling, and of the regulations as to certain trains. 
If these recommendations are adopted, workpeople may 
travel at any time in the day in trains where third 
class is provided. It is also suggested that the 
tickets might be issued in batches, and be obtainable 
on the day previous to their use. 





_ The South Wales Miners’ Federation are seeking 
lor a renewal of the Conciliation Board Agreement, 
which terminates at the close of this year. It is 
stated that the operations of the Board have been 
successful in averting disputes on the wages question, 
and it is urged that the board might promote peace if 
applied to in all the local disputes in colliery districts. 


The miners in Midlothian and Haddingtonshire have 
been balloted on the question of independent labour 
representation. The result is curious: there were in 
favour 1264; against the scheme, 1270; majority 
against, 6. The Scottish miners are not, therefore, 
enthusiastic for labour representation. It will be wise, 
therefore, for Labour candidates to avoid Scotch 
constituencies, 





TURBINES AND RECIPROCATING ENGINES | 


IN THE MIDLAND RAILWAY COMPANY’S 
BOATS. ; 


A Comparison of the Performances of Turbines and Re- 
ciprocating Engines in the Midland Railway Companys 
Steamers.* 

By Winuiam Gray, Member. 


In January, 1903, the Midland Railway Company 
decided to build four new screw steamers for their Irish 
and Isle of Man services, in view of the approaching com- 
pletion of their new harbour at Heysham, in Morecambe 
Bay, Lancashire. They entrusted the designing of these 
steamers to my partner, Professor Biles, and myself. 
The method of propulsion was naturally one that came 
up for discussion. 

The only vessels fitted with the Parsons marine turbine 
system of propulsion at that time were two small pas- 
senger steamers, trading in summer on the smooth waters 
of the Clyde estuary. As compared with the ordinary 
Clyde steamers, the results obtained were highly satis- 
factory, although their manceuvring qualities left some- 
thing to be desired. The London, Chatham, and South 
Eastern Railway Company had a turbine steamer under 
construction, but it was necessary to place the contracts 
for the Midland steamers before the former was tried. 

After careful consideration of the data available, the 
Midland Railway Company decided to fit two of the 
vessels of their new fleet with reciprocating engines, and 
two with Parsons marine turbines. 

Three of the vessels—the Antrim, Donegal, and London- 
derry—were intended for the Belfast passenger and cargo 
trade, and the Manxman for the Isle of Man summer 
passenger traffic, although she was also fitted with portable 
cabins for taking up the Belfast trade in winter. 

The principal dimensions of the three former vezsels are 
as follows:—Length on the water-line, 330 ft. ; moulded 
breadth, 42 ft.; moulded depth, 25 ft. Gin. The Manx. 
man is similar in form and of the same length and depth, 
but the moulded breadth is 43 ft. 

The boiler installation in all the vessels consists of two 
double-ended and one single-ended boiler, the principal 
dimensions of which are given in parallel columns :— 

Double-Ended. Single-Ended. 
Number... a 2 


2 1 
Length... 22 ft. 11 ft. 6 in. 
Diameter a a 15 ft. 7 in. 
Number of furnaccs 
(total)... i aS 12 3 
Heating surface in each 
ship an 12,500 eq. ft. 


Grate area cm ie 400 ~,, 

The working pressure inthe Antrim, Donegal, and 
Manxman is 2u0 lb. per square inch, and in the London- 
derry 150 lb. per square inch, 

Forced draught on the closed stokehold system is fitted 
in all the vessels. The fans for this purpose are driven 
by electric motors in the Antrim and Donegal, and in 
the Londonderry and Manxman they are driven by steam 
engines. 

The engines of the Antrim and Donegal differ only in 
detail. They consist of two sets of the four-cylinder 
triple-expansion type, each driving a three-bladed pro- 
peller, The cylinders are 23 in., 36 in., and two of 42 in., 
with a 30-in, stroke. 

The auxiliary machinery in all the steamers is of the 
most modern type, and as the pumps are driven inde- 
pendently, a better comparison is afforded of the per- 
formances of the propelling machinery. 

The arrangement of the turbines in the Londonderry 
and Manxman differs only in detail, but the turbines in 
the Manxman are larger, as they were designed for 25 per 
cent. more power than the Londonderry. The Manxman 
is also fitted with a Parsons vacuum augmentor. In each 
vessel there are three turbines: one high pressure and two 
low pressure. With the latter are incorporated the 
reversing turbines that work in vacuo when not in use. 
Each of the three turbines drives a separate shaft and a 
three-bladed propeller. The low-pressure turbines are on 
the outer shafts, and the high-pressure turbine on the 
centre shaft. All the turbines in both ships were made 
by Messrs. Parsons’ Marine Steam-Turbine Company. 

The propellers of the Antrim and Donegal are three- 
bladed, the Antrim’s being built and the Donegal’s solid. 
awe is a little smaller in diameter and coarser in 

ntch. 

: The propellers of the Manxman are as follows :—Centre, 
6 ft. 2 in. in diameter, 5 ft. 7 in. pitch; side, 5 ft. 7 in. in 
diameter, 5 ft. pitch. The Londonderry’s are all the 
same—5 ft. in diameter, 4 ft. 6 in. pitch.t 

For the arrangement of the reciprocating engines and 
the turbines, and for two photographs of the Manxman’s 
turbines, see ENGINEERING, vol. Ixxviii, page 501, 
October 14, 1904. 

The conditions of the contract were that each vessel 
was to maintain a speed of 20 knots for six continuous 
hours with the double-ended boilers only under steam 
and 300 tons dead-weight on board. 

The results cf the official trials were as follows :— 


ma eee “London- ‘ Manx- 
— derry.” man.” 
Speed in knots... 20.6 21.6 22.65 
With all the boilers in use the results were :— 
“ - 5, **London- ‘* Manx- 
Antrim. derry.” man. ” 
Speed in knots... 21.86 22:36 93.12 


* Paper read at the summer meeting of the Institution 
of Naval Architects, July 20, 19905. 

| See EncineERING, vol. lxxviii., page 423, September 30, 
19u4, 








The amount of water consumed was measured during 
the progressive trials by counting the strokes of the feed- 
pumps, and the comparative results are given in the fol- 
owing table :— 


Gallons of Water Consumed per Hour. 


Speed in Knots. 


* Antrim” and 


“Donegal,” |" Londonderry.” “* Manxman.” 
gal, 








1t 4500 4,500 4,500 
17 6700 6,100 5,800 
20 9700 8,900 8,300 
22 une 13,600 12,500 
23 Fd 


| 17,800 


These figures throw come light on the relative economy 
not only of the two systems of propulsion at various 
speeds, but on the different arrangements in the two tur- 
bine steamers themselves. They show that at from 14 
knots to 20 knots the turbine is more economical. 

The maximum difference occurs between 19 and 20 
knots, which is the working speed of the vessels on ser- 
vice. In the case of the Londonderry the decrease in 
water consumption amounted to 8 per cent., and in the 
case of the Manxman tu 14 per cent., as compared with 
the Antrim and Donegal. 

The service to and from Heysham and Belfast was 
opened on September 1, 1904, and since that date there 
has been one vessel plying each way every night except 
Sunday. Since May }, 1905, the Manxman has been ¢m- 
ployed exclusively on the Isle of Man route; and the re- 
sults, being obtained under different conditions, are not 
included in the comparisons, 

Through the courtesy of the officials of the Midland 
Railway Company, the log-books of the four steamers 
have been placed at my disposal, and it is, therefore, 
possible to make some comparisons that may be of interest 
to those connected with ships. As the question under 
consideration is reciprocating engines versus turbines, 
those occasions when the Antiim and Donegal were run- 
ning together have been omitted. The Londonderry and 
the Manxman have never been running together on this 
service. 

Anaccident to the high-pre sure turbine of the London- 
derry that happened early in the month of November 
interrupts the records of that steamer for three months. 
The cause of the accident has never been definitely ascer- 
tained, but everyone is agreed that no fault can be attri- 
buted to the turbine as a means of propulsion. The 
dummy rings on the casing and drum were allowed to 
come into contant, and one-half of them were destroyed, 
but the circumstances were rather peculiar, and not likely 
to occur in normal conditions of working. 

Table A, page 162, gives the following particulars for 
the various steamers—viz. :— 

The number of single trips made from Belfast to Hcy- 
sham, and vice vers. 

The number of tons of coal consumed while under 
steam. ‘ 

The total number of hours under steam. 

The total number of hours at full speed. 

The amount of coal consumed in port varies according 
to circumstances, and as it does not materially affect the 
matter under discussion, it has been excluded from these 
tables. It amounts approximately to about 8 tons per 
steamer per single trip. 

The column *‘ Hours under steam” gives the time 
from quay to quay, and includes the time occupied in 
manceuvring the vessel in harbour. 

The table treats the matter from a purely commercial 
standpoint ; that is to say, it ignores the differences of 
speed and coal consumption due to the relative weights of 
turbines and reciprocating engines, and only deals with 
the items that exclusively interest the shipowner. It 
gives the amount of coal that each vessel consumed on a 
given number of trips. In all four steamers the three 
boilers have been in use, and all have been working with 
the same moderate air-pressure in the stokeholds. The 
results, therefore, represent the amount of coal consumed 
under easy oman | in all circumstances. 

To show the results obtained from each pair of steamers 
running simultaneously, but in opposite directions, the 
previous table has been split up, as shown in Table B. 

Thes s obtained on the trial trips have been already 
dealt with, but, valuable as these results are, the condi- 
tions in which trial trips are conducted are more or less 
artificial, and shipowners are justified in not taking them 
as final guides on the subject. 

The logs have been very carefully examined, and, 
neglecting those runs where full s was not maintained 
for the whole time that the vessels were in the open sea, 
the results are as given in Table B. 

These results point to a marked decrease in the coal 
consumption of the Manxman, as compared with the 
Antrim and Donegal. The Manxman did 20.3 knots for 
the same coal consumption that the Antrim had at 19.5 
knots. A similar comparison of the Manxman with the 
Donegal gives nearly the same result. 

In other words, for a speed of 19.5 knots the Antrim 
requires 38.6 tons of coal, and the Manxman 35 tons—a 
saving of 9.3 per cent. The Donegal, for a speed of 19.3 
knots, requires 38.7 tons, and the Manxman 35.4 tons— 
a saving of 8.5 per cent. 

The performances of the Londonderry are nearly as 
efficient as those of the Antrim, but they are better than 
those of the Donegal. 

They also indicate that the Manxman, with higher 
steam pressure, a smaller number of revolutions, and 
larger propellers, has done better than the Londonderry. 

A further economy in the turbine steamers is effected 
in the au.ount cf cil used for lubrication. The logs show 
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TABLE A. 
T.-S.S. “ ANTRIM.” T.-8.8. “‘ DongGaL.” ** LONDONDERRY.” ** MANXMAN,” 
-—— (Reciprocating Engines.) | (Reciprocating Engines.) (Turbines.) (Turbines.) 
|Number “ee Hours | Hours | 728 f fours | Hours as | Hours | Hours yd Hours | Hours 
DATES. | Of Pas-| Gon. | under | Full Con- | Under | Full | Con. | under | Full | Gop. | under | Full 
sages. | smed, | Steam. | Speed. | . neq, Steam. | Speed. sumed. | Steam. | Speed. | sumed. | Steam. | Speed. 
1904. | ‘pea | ome aay 
Sept. 1 to 10 -| 9 282.0 | 67.3 | 55.1 a | | 284.8 | 65.3 | 54.9 
o w& . 5 159.5 36.3 | 28.1 | al oe = 161.0 34.3 30.5 
» 2to Oct. 17; 16 wh ne -- | 4084 | 116.5 | 103.3 | 527.4 111.0 97.5 
Oct. 18 to Nov. 1.. 13 447.5 89.0 71.0 me oe -- | 4293 92.2 75.0 
Dec, 1 to 15 ee 13 oe se ne 465.0 91.3 ae ae | oe éo 507.7 84.1 | 74.1 
» 16 to 21 : 5 | 247 |) 34.0 | s21) .. - oe Dat .. | 187.0 | 301 | 285 
1906. | | } 
Dec. 29 to Jan. 10) 11 416.4 | 73.1 67.0 es le! Mer Pe, ve ‘ 420.5 73.3 62.5 
Jan. 25 to Feb. 8..| 13 ete Tt co ee | et! ae e :. | 5820 | 921 | 59.6 
Feb. 9 to 23 oe 13 499.7 89.0 72.1 * ee a 3 oe 512.0 83.8 73.5 
Mar. 11 to 25 ° 4 13 oe os es 522.0 86.8 77.2 - - - 530.0 86.2 70.7 
»» 31 to April 10) 9 315.6 58.0 52.5 ée oe | oe 350.5 62.5 52.2 
April 26 to May 10} 13 oe a -- | SLO 89.2 78.4 512.0 84.0 72.4 } 
May 12to2  ... 12 | 4728 | 745 | 682] .. <. | a 470.3 | 77.4 | 67.5 
June 10 to 24 13 . pe oa 459.1 87.1 78.5 510.5 | 82.9 72.9 
| 158 | 2828.2 | 621.2 | 446.1 | 3015.5 560.7 | 491.9 | 3245.5 | 609.6 | 522.9 | 2689.2 | 458.6 | 363.9 
Summary. 
— | * Antrim.” ** Donegal.” “Londonderry.” ** Manxman.” 
Number of passages MIME Ainge ngie ie tieee 77 81 90 68 
Coal per passage... as ‘ ae tons 36.7 37.2 36.1 | 39.6 
Hours at full speed per passage .. me pe ee m oe 5.78 07 5.81 5.35 
Hours at full speed, percentage of total hours under steam —_.. 85.5 87.7 85.7 79.5 


TABLE B.—Showing Results obtained by Steamers Run- 
ning Simultaneously, but in Opposite Directions. 





Reciprocating , 
-- Engine. | Turbine. 
“ Antrim.” | “* Londonderry.” 
Number of trips .. es 48 48 
Average coal per trip tons 35.6 | 35.3 
» speed in knots , | 19.7 | 19.5 
** Donegal.” i“ Londonderry.” 
Number of trips .. + 42 | 42 
Average coal per trip tons 36.0 36.9 
» speed in knots a 19.2 19.8 
| “Antrim.” | “* Manxman.” 
Number of trips.. —.. oe 29 | 29 
Average coal per trip tons 33.6 | 38.6 
» speed in knots ii 19.5 20.3 
| | 
| ** Donegal.” ** Manxman.” 
Number of trips .. o 39 | 39 
Average coal per trip tons 38.7 | 40.2 
speed in knots : 19.3 | 20.3 


that this amounts in both steamers to five gallons per 
single trip. This, again, permits of a further economy 
in the reduction of the engine-room staff from four 
greasers to two. 

Speaking generally, therefore, the performances of the 
turbine steamers, -especially the Manxman, have n 
greatly superior to those of the steamers fitted with 
reciprocating engines. 

It is not possible to make a quantitative analysis of the 
cost of upkeep, but so far the turbines have cost practic- 
ally nothing (excepting the cost of repairs due to the 
accident to the London erry), and they require very little 
attention comparéd with what is necessary in the very 
beat running engines of the reciprocating type. 

There can be no doubt that one great benefit derived 
from the use of turbines is the elimination of the vibra- 
tion inseparable from the use of reciprocating engines in 
Channel steamers. The engines in the Antrim and 
Donegal were most carefully balanced, and the vibration 
at the service speed is almost imperceptible. The almost 
unanimous agen however, of those who have 
travelled in the vessels is that the turbine steamers are 
steadier. 

The only real inferiority in the Londonderry and Manx- 
man is the difficulty of manceuvring from rest in narrow 
waters. In this respect they spenaaes unfavourably with 
the Antrim and Donegal. No doubt with further ex- 
perience those in charge will become more expert in 
working with the small screws, but for turning from rest 
there is smaller power in the side propellers. Experi- 
ments were made at the trial trips that showed that the 
turbine steamers going fulls could be brought to rest in 
about a minute and a half. This is a result, but 
actual experience has shown the relative inadequacy of 
the backing power starting from rest. There is no good 
reason why sufficient backing power cannot be obtained 
with small screws if the reversing turbines are made 
powerful enough. 

Having dealt with the question of speed and coal con- 
sumption, there remain three other points in connection 
with the design—viz., space occupied, weight, and cost. 

The turbines occupied so much more floor space than 
the reciprocating engines that the electric plant had to 
be put in the tunnel. 

pace may be saved on the upper decks, but this is not 
an unmixed advantage, as it was effected by reducing 
the light and air space to the turbine room. By our 
tonnage laws, as at present, the actual volume of the 
light and air space is included in the gross tonnage ; but 
1 times the actual volume may be deducted in arriving 


at the net tonnage. The effect of decreasing the light 
and air space to the turbine-room involved an increase in 
the net tonnage of nearly 50 tons. 


Gross Net 

. Tonnage. Tonnage. 
Antrim... = 2100 603 
Londonderry ... 2086 651 


In the case of vessels trading between ports where ton- 
nage dues are heavy, this is a matter of great import- 
ance, and may balance the commercial gains in oil and 
fuel. In such cases the gain in space cannot be used with 
advantage. 

_ The saving of weight in the turbine steamers is con- 
siderable. In the hull the weights involved—viz., engine 
seat, tunnel stools, boss frames and plating, &c., are 
reduced by 30 tons. Against this the buoyancy of the 
bosses is 29 tons less in the turbine than in the other 
steamers, so that from the draught point of view the 
saving in hull is neutralised by the loss of displacement. 

The weight of engines, shafting, and propellers in the 
Antrim and Daneel was 280 tons. The weight of the 
corresponding items in the Manxman was 195 tons, so 
that the total weight to be propelled is about 115 tons 
less—a difference of nearly 6 per cent. on the light weight 
of the steamer. 

The difference of the initial cost of the turbines as com- 
pared with yon ey engines is not great. Comparing 
the Antrim and the Londonderry, it amounted to 14 per 
cent. of the total cost of hull and machinery. 








EXPERIMENTS ON RESISTANCE OF 
SHIPS’ MODELS. 


Experiments with Models of Constant Length and Form of 
Cross-Sections, but with Varying Breadth and Draught.* 


By Lieutenant-Colonel G. Rota, R.I.N., Member. 


In the very important r read last year by Mr. R. 
E. Froude at the Institution of Naval ‘Arohitests there 
are some interesting results of model experiments of six 
different forms of hull, all derived from one, which is taken 
as a type, its form being afterwards altered by snubbing 
the fore and after end, and by changing the length scale. 
In the said paper notice is also taken of what the effect 
would be upon the resistance of the derived forms of 
changing the ratio of beam to draught, the area of cross- 
section being unchanged, and the vertical and horizontal 
cross-sections being modified accordingly. 

In Mr. Froude’s experiments two cases of this variation 
of ratio are, in fact, taken into consideration, and he is led 
to believe that in the range of variation between the two 
ratios which he has considered, the resistance constant C, 
for a given speed constant K,+ increases in ratio of beam 
to draught—that is to say, arithmetically. 

In order to study within what limits this proportion 
actually exists, taking a given form of hull, and in order 
to ascertain what would be the character of the variation 
of the resistance constant C for a given speed constant K, 
by altering the ratio of beam to draught (the area of the 
cross-section, as above stated, remaining unaltered), some 
model experiments were made at the experimental tank 
of the Royal Dockyard at Spezia, in which experiments 
wide limits of the ratio of Tene to draught have been 


* Paper read before the Institution of Naval Architects, 
July 19, 1905. 
t tance constant C expresses resistance relatively 


to (speed) " x (displacement)*. Speed constant K ex- 
= speed relatively to (displacement)?. See ‘‘The 
' Constan "oo. TF 





considered, while the length and the area of croas-sectio 
have been left seebeunellier the five models ccntiieced. 
Hoping this little contribution may be of some use to 
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DIMENSIONS OF THE MODEL. 


Length on the water-line : 3764 mm. 
Length between perpendiculars pm 
Breadth .. se on ~ 360 
Draught .. 214.8 ,, 
Trim Sa oe 20 » 
Wetted surface .. ail ea 19,570 sq. cm. 
Area of maximum cross-section 67. a 
Displacement .. oe os ee se 137 kg. 
Distance between the sections of the body 

plan oo os . se ve 225 mm. 




















DIMENSIONS OF THE MODEL. 


Length on the water-line 3,764 mm. 
Length between perpendiculars 3, - 
Breadth on oa oe 450 ,, 
Draught .. Te ln 
Trim 


16 ,, 
18,360 sq. cm. 
67 


” 


Wetted surface .. we 
Area of maximum cross-section 


Displacement .. ‘i oe ae - 137 kg. 
Distance between the section of the body 
plan we os - ee ee 225 mm. 
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DIMENSIONS OF 



























Length on the water-line 3764 mm. 
Length between perpendicu!s s 3600 ,, 
Breadth “2 ws Pe 540 ,, 
Draught 148.2 ,, 
Trim A me 13.3 ,, 
Wetted surface ss on 18,540 sq. cm. 
Area of maximum cross-section ~ Sf 
Displacement... ie a ‘. re 137 kg. 
Distance between the section of the body 
plan i ~ ‘a a es 225 mm. 
TYPE 4 
WANS a Sead 1 a yi 
2 oe Te SO RT SR 7 jr 
‘LAA hi ) 
t\ e. on IT aa 
. § faa § 
SS — | 


DIMENSIONS OF THE MODEL. 












Length on the water-line ; 3764 mm. 
Length between perpendiculars 3600 ,, 
Breadth .. ‘ss a ; 630 ,, 
Draught .. 122.8 ,, 
Trim ss 9 S6 
Wetted surface .. ss - am 19,402 sq. cm. 
Area of maximum cross-section a ce 675 yy 
Displacement... - = oe zs 137 kg. 
Distance between the sections of the body 
plan ee ee os oe ‘s 225 mm. 
LA ck. Lene ee 
K s | " / 
Ret eS cS: 
eS I 
‘ ne ae H 
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DIMENSIONS UF ‘THR MODEL. 


Length on water-line .. - 3764 mm 
Length between perpendiculars ” 
Breadth .. a sie “ 720 4, 
Draught 107.4 ,, 
Trim on oo mS os 
Wetted surface .. = ; 20,570 sq. cm. 
Area of maximum cross-section wh 67 ” 
Displacement... ee od oe = 137 kg. 
Distance between the sections of the body 

plan pat és = ha a 225 mm. 


those interested in naval architecture, and being autho- 
rised by His Excellency the Minister of Marine in Rome, 





stant jo of Notation,’ ransactions of the 
Institute of Naval Architects, 1888. 








I am pleased to present it to this Institution, 
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MODELS. 


(WAVE RESISTANCE) C CURVES TO BASE OF & 



























































DIMENSIONS CONSTANTS CURVES TO THE BASE OF RA ; ie 
- I 110 OF BEAM TO DRAUGHT. a (SKIN RESISTANCE) F ,, 4, ny, ny 59 
Fig. 6. LENGTH Consrant BETWEEN PERPENDICULARS M6983 | SKIN CONSTANT = S$ ne ; 
LENGTH CONSTANT ON THE WATER LINE |.*7,301 | BREADTH CONSTANT = 8 Fig. 7. 
MAX. CROSS SECTION AREA CONSTANT A = °26¢ |ORAUGHT ” = Oo +O 
+ 
65 
7s 
Lig 2 
58 0 
I. F 
a curv’ 
“3 _ 
— ee 
2 —— — 
‘he SCALE OF K VALUE 
ns 0 2S 0 5 e leo 
‘5 
‘ote 
rae ¥ en i 
&F F CURVES FO | 
. “ 
3 3 
¥ = 50 MIT RES LENG 
ta > TYPE @ i 
i s* 50 METRES LENGTH ‘s 
a 
SCALE OF RATIO OF BEAM TO ORAUGHT. . “ Type 3 [SIMETRES LENGTH | 
« TRES LENGTH 4 
(WAVE RESISTANCE) C CURVES TOBASE OF RATIO OF BEAM TO DRAUGHT. “iT 8 : 
Fig. eee «a 4 66 woe eo ef =O tEN . 
TYPE f. METRES LEWGTH i 


OF C VALUE. 


SCALE OF F VALUE 


. 


The said experiments were made with five models all 
derived from the same form of hull taken as a type, which 
was designed for this purpose alone, and was also con- 
sidered as the intermediate of the series. 

Two models of the same cross-sections as the one taken 
as a type had ratios of beam to draught of 2.615 and 1.677 
respectively. Two others had ratios of 5.130 and 6.704. 
The range of variation of ratio of beam to draught was 
therefore from 1.677 to 6.704, and with these ratios the 
difference of breadth of the successive models were alike. 
In this research we have, perhaps, gone beyond the field 
of the practical dimensions generally used in naval con- 
struction, but it has been done chiefly for a speculative 
purpose, as it seemed advisable to extend it between wide 
limits, in order the better to estimate the character of the 
resistance by varying the ratio of beam to draught. On 
page 162 the lines of the experimental forms are shown to 
the scale of one-sixth size of the corresponding models. 

In the Appendix is given a table of the principal dimen- 
sions of the five forms experimented upon, Mr. Froude’s 
classical method constants having been used to collect 
them. The results of the experiments are also given by 
the same method, which is a most useful one for experi- 
mental tank work, not only because of the facility for 
drawing practical deductions and for establishing com- 
parisons by it, but also because of the advantages it offers 
for making use of the functions (K and C), whatever may 
be the system of measurement employed in any particular 
calculation. 

By adopting such a method, the function “speed con- 
stant” K, which is proportional to the ratio 


Speed 
(Displacement)* : 


has been considered instead of the speed, and the function 
“resistance constant” C, proportional to the ratio 


___ Resistance _ 7 
(Displacement)? x (speed)? 
and also to the ratio 


a EELP. 
(Displacement)® x (speed) 
has been considered instead of the resistance. 
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In Fig. 6, above, are represented the curves of 
dimension constants* for the different types of models, 
which, by the adoption of the typical forms considered, 
fulfil the condition of having the length and the area of 
cross-sections constant. It is interesting to point out 
that the curves of skin resistance constant present, at a 
particular ratio of beam to draught, a minimum value— 
that it is so may seem at first sight rather strange ; but, 
considering that the wetted surface tends to become 
infinite when either draught or beam respectively reach 
such a value, it must be inferred that by varying the 
vertical and horizontal cross-section scales, the area of 
cross-section being unchanged, there is always a particular 
value of the ratio of beam to draught, which has the 
advantage to offering a minimum wetted surface for every 
form of hull in all its varied transformations. This 
oe property is, in fact, common to all forms 
of hull. 

In Fig. 7 are shown curves of wave resistance C 
values Ceres ey to K abscissa value, for the 
five models—that is to say, for the considered ratio of 
beam to draught. On the same diagram there are also 
the curves of skin resistance F corresponding to ships of 
different lengths: 50, 60 . . . 150 metres. 

In order to render the deductions easy, it has been 
deemed advisable to convert the curves represented in 
Fig. 7 into those represented in Fig. 8, introducing the 
values of C and F for the iso-K value respectively, of 
1.5, 2.0., 2.5, 3.0, 3.5, and 3.8, to the base of the ratio of 
beam to draught, limiting the curves of skin resistance to 
cases of ships similar to those considered, but having 
lengths of 50, 100, and 150 metres only. 

In that way, by varying the ratio of beam to draught 
for different k values, it has been possible to find how 
the total resistance, corresponding to the sum of the 
values C and F, varies for the various types of ships of 
the forms considered, but of 50, 100, and 150 metres in 


- -¥ ‘ 

summarily examining this function, as it was 
actually represented in Fig. 9 (a single illustrative dia- 
gram to indicate the general character of those for all 


* Dimension constant expresses the dimensions rela- 


tively to (displacement)? or (displacement)? if referring 
to square dimensions. 
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effective length values), it appears that by changing the 
vertical and horizontal cross-sections scale in the way 
above indicated, for practically any size of the typical 
ships considered, there is, for a given speed constant K, 
a range of the value of the ratio df beam to draught, within 
‘the limits of which the total resistance remains practic- 
ally unchanged. It seems also that by increasing the 
a of the said ratio, the corresponding increase of the 
value of the total resistance is gradual, and practically 
linear. There is a great affinity between the range of 
ratio to which the least resistance corresponds, as has 
just been said, and that to which the minimum wetted 
surface corresponds; and, in fact, if we consider those 
speeds at which the resistance is on the whole mainly due 
to frictional resistance, it is plain that the curve ex- 
pressing the function of the resistance to the base of the 
ratio of beam to draught has to have a character in 
harmony with that representing the wetted surface to 
the same base, so as to present a point of minimum 
value at the abscissa corresponding to the minimum 
wetted surface. 

It may be practically concluded that in the unlimited 
series of forms which may be derived from a given form of 
hull by changing the vertical and horizontal cross-sections 
scale, provided that the area of cross-sections remains 
constant, there is a certain range of ratio of beam to 
draught, very close to that corresponding to the least 
wetted surface, within the limits of which there is not 
any sensible variation in the value of the resistance con- 
stant—that is, the corresponding effective horse-power. 
Owing to this peculiarity, it is ible to bring eventual 
changing to the value of the said ratio, when required for 
constructive purposes, without causing any practical 
variation in the effective horsé-power value. 

From the short study here set forth, it is not, of course, 
intended to draw any general deduction on the subject, 
the question having been examined for a given model 
only ; but it may, nevertheless, be taken as a contribution 
towards the great mass of experimental facts which might 
be continually increased by the help of those who, havin 
at their disposal the proper means, should always publis 
the results of their experiments; and in this respect much 
is owing to Mr. R. E. Froude, who, being universally re- 
cognised as one of the highest authorities in naval archi- 





tecture, has brought to light a great mass of results 
obtained by his classical experiments, which are of the 
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awe op possible value to anybody interested in this 
ranch of naval science. 





APPENDIX. 
Table of Dimension Constants. 


Type. 
Dimensions. 
1 2. 3. 4 5 
Length on the water-line My 7.301 7.301 7.301 7.201 7.301 
», . between perpen- 

diculars .. oe 6.983 | 6.983 6.983 6.983 6.933 
Breadth 7 --| B_ | 0,698 | 0.873 , 1.047 1.222 | 1.396 
Draught .. oa -- D | 0.416 | 0.334 0.277 , 0.238 0.208 
Trim Se - | T | 0.038! 0.031 0.025 0.022 | 0.019 
Skin area .. ad ... S$ | 7.864 | 6.908 6.976 7.300 7.740 
Maximum cross-section | } 
area se se ov | 0.254 | 0.254 0.254 0.254 0.254 
Ration 677 | 2.615 | 3.771 5.130. 6.708 

draught vb | 


ForMvuL® vor CONSTANTS. 
Constant for any linear dimensions(Mw, M. B,D, T. . . 
— Dimensions ,, 0.3057. 

Ad 
Constant for any square dimensions (S, A. . . .) 
— Square dimensions © 0.09316 
ai 
Speed constant « 


~~ 


V 0.5834. 
As 
C for wave re- 


sistance = 5 
Ai va 


= OS M0875 f-0.155 


: 938. 
Re Pree on 


constant |F for skin | _ 


resistance fj 
EHP =(C+F Ai v3, 
427.1 


A = di-placement in tons in salt water, V = speed in 
knots, O = constant corresponding to any given length. 
(See Mr. R. E. Froude’s paper. Trans. 1.N.A., 1888.) 








TRANSACTIONS OF THE INSTITUTION OF NAVAL ARCHI- 
TEcTs: A New Inprx.—A new index to the Transac- 
tions of the Institution of Naval Architects has just been 
issued as a separate volume. It embraces the whole of 
the published Transactions, from the first volume, issued 
in 1860, up to the end of last year. The arrangement 
differs in many respects from that previously followed, 
and has evidently been the subject of careful thought 
on the part ot the compiler. It is divided into 
four parts—viz.: A list of papers; a nominal index ; 
a table of principal headings of the subject index; 
and a subject index. The list of papers is given 
in chronological order, and occupies 26 pages; in it 
will be found the names of all celebrated in the 
annals of the profession since the foundation of the 
Institution. The nominal index contains, in alphabetical 
order, the names of authors of rs and of speakers 
during discussions on peene PS noel is facilitated 
by means of type of different descriptions, the names of 
authors and speakers and the titles of papers being printed 
in heavy type. References to discussions on papers 
are in ordinary type, whilst obituary notices ond tee 
ness or executive matter are in italics. By aid of this 
section, which — 109 pages of the volume of the 
index, if the name of an author or speaker is known, the 
matter can be traced immediately. The subject index, 
which occupies 130 pages, gives a means of reference 
for information on a given subject. Under some of 
the headings the references are very numerous; for 
instance, ‘‘Armour and Armour-Plates” occupies six 
columns, whilst about twelve columns in all are devoted 
to “Boilers.” If one wishes to read up the subject of 
‘Triple atid Quadruple Engines,” there are a column 
and a half of references; the steam-turbine having allotted 
to it about equal space. There are nine columns under 
‘* Propellers,” and six under ‘‘ Resistance of Ships,” no 
less than 45 separate papers having been contributed on 
this subject ; and amongst the names of authors are 
Scott-Russell, Rankine, Thornycroft, Merrifield, W. 
Froude, Osborne Reynolds, R. E. Froude, Yarrow, J. H. 
Cotterill, W. H. White, andothers. With such a galaxy 
of talent one is almost surprised there is anything still to 
learn about the subject. “Stability ” is another subject on 
which there is a voluminous literature, 47 papers having 
been read upon itinall. Amongst the writers and speakers 
who have done most to enrich the Transactions may be 
mentioned Sir William White, with ten columns of titles 
of papers andspeeches. Sir Edward Reed has six ; Biles, 
four; Macfarlane Gray, four; Thornycroft, two-and-a- 
half ; and Yarrow, two. Amongst the leading members 
of the past may be mentioned Scott - Russell, the 
most prominent speaker of his day, who has six 
columns of references; Martell has seven columns; 
C. W. Merrifield, two-and-a-half; and William Denny, 
William John, and Samuda, but two each. A very 
useful feature, which forms a preface to the subject 
index, is_a table of principal headings. This should 
obviate much turning over of pages on the part of the 
seeker after information. On the whole, this new 
and complete index to the Transactions is well arranged, 
well printed, and well bound. It reflects t credit on 
the secretary and those en with him in the carrying 
out of a task which, we can assure those who have never 
a similar work, is no light one. The price 
is 


FRACTURES IN LARGE STEEL BOILER- 
PLATES.* 
By J. T. Mitton, Chief Engineer-Surveyor to Lloyd’s 
gister, Vice-President. 

PRaAcTICALLY the only material which has been used 
for the plates of marine boilers for many years past is 
mild steel, and the almost absolute immunity from acci- 
dents arising from defective material used in their con- 
struction is conclusive testimony to the great care bestowed 
on the manufacture of boiler steel and to the satisfactory 
nature of the system adopted for testing the material at 
the steel works. When, however, a failure of any kind 
does happen, the very fact of the rarity of the experience 
emphasises the occurrence, and unless a satisfactory ex- 
planation of the matter is forthcoming, it leaves more dis- 
trust and uncertainty in our minds than would arise if 
the accidents were more common. 

The question has been recently raised in other institu- 
tions as to whether the present tests applied to structural 
steel are sufficient to absolutely determine its quality, 
even although the methods of selection of test-pieces and 
of carrying out the tests made are satisfactory as far as 
they go. It may be at once conceded that the present 
method of testing cannot determine all the qualities of 
the steel, nor can any system do so, unless it embraces 
tests of each and every property of the material. What the 
present system does is to test the tensile breaking strength, 
8 metimes also, but not often, its yield-point ; it also de- 
termines its ultimate extension, its freedom from taking 
a temper, and its capability of withstanding cold bending. 
This latter depends upon two properties—viz., its power to 
stretch without fracture, and its ability to compress without 
cracking, failures to withstand bending being sometimes 
due to a defect in its power to resist compression, and not 
to a failure in withstanding stretching. If the properties 
tested are all found to be normal, it is manne that all 
the other mechanical properties will be equally satis- 
factory, and that the material is of good quality. Recent 
researches, however, show that the tests usually applied 
may all yield good results, and yet the steel may be 
unsatisfactory in its resistance to impact or in its endu- 
rance of ‘‘fatigue” caused by repeated applications of a 
stress considerably below the ordinary breaking strength. 
The question as to what are the most suitable tests to 
apply to determine the latter qualities is now being dis- 
cussed by engineers, and it is hoped that it will soon 
receive a satisfactory settlement. 

In the cases to be described in this paper, however, it 
would seem that the ordinary tests ought to have been 
sufficient to determine the whole of the quality factors 
required, since the failures of the plates in question took 
place under conditions of steadily applied stresses, and 
no question of impact or of fatigue, or endurance under 
alternating stresses, conld have arisen. In each of the 
cases considerable attention and care was given by those 
most interested to elucidate the causes of the failure, and 
in one special case an appeal was made to Professor 
Arnold, the metallurgical expert of the Sheffield Uni- 
versity, to investigate the matter. The object of this 
paper is not only to put on record the actual research 
work done in the several cases, but also to elicit the 
opinions of engineers, and especially of expert steel- 
makers, on the subject, so that the mistakes of the past, 
if mistakes have n made, may be guarded against in 
future, and also that the rightly bestowed confidence in 
mild steel as a boiler material, instead of being lessened, 
may be increased. This is especially to be desired at the 
present time, when the use of high-tension steel is being 
advocated by some of our principal steel-makers and 
engineers. In this connection it should be noted that the 
failures which have occurred, although this fact might 
have no actual bearing on the matter, have happened 
with steel which would be called ‘‘ mild” rather than 
“high ”—that is to say, with material nearer the low 
limit than the high limit of tensile strength usually 
cogeeree. 

There have been occasional failures by cracking of 
— steel plates ever since the introduction of steel 
for boiler work ; but in these cases tensile and bend tests 
made from parts of the plate as near as possible to the 
actual fractures are almost invariably satisfactory, and 
then the failures are generally ascribed to some improper 
heat treatment of the plate during the flanging operation. 
This paper is not concerned with these failures, but with 
the rarer occurrences where the failure happens in shell- 
plates which have been subjected to no heat treatment 
whatever since they left the steel works, 

In the case of the failure of the Livadia’s boiler-plates, 
referred to in the Institution’s Transactions of 1881, the 
shop treatment was such as would not now be approved 
of—viz., the rivet holes were punched, the plates were 
then bent to shape, and were afterwards annealed or 
heat-treated in some way in furnaces, which probably did 
not admit of the plates being properly and uniformly 
heated. It may be remarked that these plates were } in. 
thick, and when tested, as made, gave results varying 
from 26.1 tons to 28.3 tons per square inch, with elonga- 
tions ranging from 27.3 to 34.4 per cent. in 8 in. In 
another case of a fractured shell-plate, referred to in the 
Transactions of 1885, the plate had been heated for bend- 
ing; but this was done in an unsuitable furnace, which 
left one end of the plate considerably hotter than the 
other ; and before the bending was completed in ordinary 
vertical rolls, one end of the plate was only blue-hot, 
whilst the other end was nearly cold. This, again, was 
treatment which would not now be permitted.+ In the 


* Paper read before the Institution of Naval Architects, 
July 20, 1905. 

+ In this case the plate was 1} in. thick, and the test 
results were 29.6 tons per square inch, with 20 per cent. 





elongation in 8 in, 





cases to be described, however, only approved modern 
practices were adopted. In each case the rivet-holes were 
drilled and the bending done cold, no heat treatment of 
any kind being applied to the plates subsequent to their 
delivery from the steel works. 

The first case to which reference will be made occurred 
in February, 1900, to two boilers out of a set of four, made 
to one design, for a working pressure of 200 lb. per square 
inch. They were made by a firm of established reputa- 
tion, that had already made hundreds of steel boilers. 
They were single-ended, and were made in two strakes of 
plating, the width of plate being only 5 ft.4 in. The 
plates, which were 14 im. thick, were made by a firm of 
the highest repute, and they were tested at the steel 
works by a Board of Trade surveyor, as well as by a sur- 
veyor to Lloyd’s Register. They were bent to shape cold, 
in ordinary vertical rolls. Two of the boilers satisfactorily 
withstood the hydraulic test of 400 lb. per square inch, 
but in each of the other two a shell-plate cracked at about 
350 lb. per square inch. In one case the crack had appa- 
rently started at the manhole opening, passed through 
one of the manhole-ring rivet-holes on each side, and run 
nearly across the solid plate, stopping, however, at a 
rivet-hole in the circumferential seam on each of the plate 
edges. The crack opened 4 in. at the edge of the man- 
hole, showing that the rupture had freed some initial 
longitudinal stress in the plate, which had then shortened 
itself by this amount. Further, the width across the 
manhole opening, after the fracture, was found to be 4 in. 
less on one side of the crack than on the other, showing 
that an initial crosswise stress had been liberated by the 
crack of sufficient intensity to alter ;; in. ina length of 
12 in. 

In the other boiler the crack was a short one, extending 
only from the manhole opening to a rivet-hole of the 
manhole-ring fastening. The length of the crack was 
only about 3}in., but even in this short length it was 
found that the crack had relieved some internal stress, as 
one side was nearly ;}, in. shorter than the other. 

Both plates were cut up for testing. The results were 
fairly similar in each case. Tests made at the boiler 
works gave results lengthwise of the plate ranging from 
26.9 to 27.7 tons per square inch, with extensions from 
28.2 to 18 per cent. Crosswise tests ranged from 25.5 to 
28 tons, extension from 18 to 8 per cent. The samples 
giving the low extension broke with a crystalline fracture, 
showing a somewhat whiter colour in the centre of the 
test-pieces. ‘Twelve cold bend tests were made, much 
closer at the bend than the rule requirements, without 
any sign of fracture. These tests were corroborated by 
six further tensile and three bend tests made at the steel] 
works after the plates were returned to them, the results 
ranging from 27.3 to 29.5 tons, extension from 26.5 to 10 
per cent. 

The presence of the white line in the fracture of the 
test-pieces, which gave the unsatisfactory extension, indi- 
cated segregation in the steel. Some analyses were 
made to elucidate this point by four different experts, 
their results being thoroughly concordant. The means of 
the results are here given :— 








— A. 3. C. D. 
Carbon.. 18 19 -23 29 
Silicon .. 012 -017 017 -016 
Sulphur -030 -028 -033 -038 
Phosphorus -043 042 057 (83 
Manganese -46 50 53 55 
Copper. . .040 043 026 032 


A and B were taken from the outer quarter of an inch 
from the two sides of one of the test-pieces, C was from 
the next quarter of an inch to the portion A, and D was 
from the next eighth of an inch to C, and contained a 
portion of what appeared from the fracture to be the ab- 
normal part of the thickness, and may, therefore, be taken 
as being the most segregated part of the piece. These 
analyses showed that some segregation had taken place, 
notably of the phosphorus and carbon. 

The next case to be noticed, owing to its similarity to 
the last, is that of one boiler out of a set. This burst 
during test in November, 1903. This boiler was 14 ft. in 
diameter, 12 ft. 9 in. long; the shell plates were 1,% in. 
thick, worked in one strake. The intended working pres- 
sure was 180 lb. per square inch. 

The works where the boiler was made enjoy a high 
reputation for excellence of workmanship. The steel 
plates were made by a first-class firm. They were bent to 
shape cold in a modern hydraulic press. There was no 
question of frost. At a preliminary testing by the makers 
one of the shell-plates ruptured almost its whole width at 
a pressure of 360 lb. per square inch ; it remained intact 
at the two sides between the edges and the adjacent 
rivet-holes. Here, again, the fracture was mainly through 
the solid plate. It passed through three rivet-holes of 
‘the meakeloateneiiaahie ring, avoiding the large man- 
hole opening itself, and extended, as above stated, very 
nearly to the edges of the plate. Careful measurements 
showed that the plate, after the rupture, had shortened 
| hege at its middle portion, as compared with the edges. 
The original tests of the plate gave the tensile strength 
as 29.2 tons per square inch, and an extension of 29 per 
cent. in 8in. Several test-pieces were cut from the frac- 
tured plate. Sixteen tensile tests, some lengthwise and 
some crosswise, gave results varying from 28.1 tons per 
square inch with 28 per cent. elongation, to 30 tons per 
square inch with 27 per cent. elongation. Bends made 
from the already strained, broken tensile test-pieces gave 
satisfactory results in fourteen out of the sixteen cases, 
and four bend tests taken directly from the fractured plate 
were all satisfactory. ; . 

From the results of the experience in another case, pre- 
sently to be referred to, a portion of the plate, 3 ft. 6 in. 





long, and the whole width of the plate, was first straight- 
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ened in the hydraulic press, and then bent the reverse 
way without showing any sign of distress. A piece of the 
broken plate was selected by Professor Arnold, and sub- 
jected by him to the special tests he had devised in con- 
nection with another investigation. These tests were 
satisfactory. In this case there was apparently no ab- 
normality of any kind discoverable by any test, except 
the shortening of the plate after rupture. 

The next case to be referred to occurred in February, 
1904. Here also the boiler was made, and the plates 
manufactured, by firms of established reputation. The 
boiler was 13 ft. 6 in. in external diameter, and the plates 
were 1} in. thick. An hydraulic test to 360 lb. per square 
inch was made with sy satisfactory results, but 
after the test, whilst the mountings were being fitted, a 
crack 18 in. long was observed running longitudinally, 
extending from about 1 ft. to about 2 ft. 6 in. from the 
plate edge. A hole drilled in the plate at the crack 
showed that the crack was about } in. deep. In this case 
the crack was through an absolutely unperforated part of 
the plate, and not near either the manhole or the longi- 
tudinal seam. If the flaw had been on the other side of 


the plate, so as to have been on the inside instead of out- | re 


side the boiler, it might not have been discovered before 
the boiler was put to work, and the consequences might 
have been most serious. 

Another case has recently occurred in which two cracks 
have been discovered in one plate, this time before test- 
ing. Here again both cracks were far removed from 
— and, fortunately, they were on the outside of 
the plate. 

The last case to be referred to occurred in March, 1902. 
It is taken Here out of chronological order to give special 
prominence to the great pains which were taken to en- 
deavour to elucidate the cause of the failure of two plates 
simultaneously. 

In this case the steel was manufactured and the boiler 
made in America, both of the firms concerned being of 
zood reputation and having modern appliances. The 
oiler was made under the inspection of a Government 
surveyor, as well as of a surveyor to Lloyd’s Register. 
The steel was made by the basic open-hearth process, 
that of all the cases previously mentioned being made by 
the acid open-hearth system. The boiler was single- 
ended, 11 ft. 6 in. in diameter and 13 ft. long; the plates 
were lin. thick, and were arranged in two strakes. 
When tested at the steel works the material showed a 
strength ranging from 28.3 to 28.6 tons per square inch, 
the extension was 25 per cent. in 8 in., and the contrac- 
tion of area recorded was 51.8 and 50.6 per cent. The 
plates were bent cold in rolls. The rivet-holes were all 
drilled after bending. The Government rules which had 
to be complied with required an hydraulic test of one-and- 
a-half times the working pressure. This was satisfac- 
torily made, and the boiler was passed by the Govern- 
ment surveyor. On preparing for a test of 300 lb. per 
square inch, to meet the rules of Lloyd’s Register, the 
boiler gave out by rupturing nearly from end to end at a 
pressure of 270 lb, per square inch. 

The broken plates were cut off the boiler, and it was 
found that at the lap of the inner strake of plating the 
plate was also cracked in two places, about 4 ft. and 5 ft. 
respectively from the main fracture, the cracks extending 
from the edge of the plate through rivet-holes of the 
outer row to a little beyond the rivets of the second row. 
Attempts were made to flatten the plates under a power- 
ful hydraulic press, but each attempt with each plate 
resulted in breaking the plate right across in practically 
straight lines, so that one plate ultimately had five and 
the other three fractures right across, showing that the 
brittleness extended over the whole extent uf the plates. 
Many test-pieces were then cut from the broken plates, 
and all the tensile and bent tests made were satisfactory. 
Amongst other tests made were some drifting tests ap- 
plied to some of the rivet-holes, and these were also satis- 
factory. Analyses of the material were made by the 
steel-makers, and, beyond showing that in one case the 
carbon was higher than usual, the composition of the 
steel appeared to be normal and satisfactory. 

The matter was referred to Professor Arnold, who 
was supplied with a piece of one of the plates about 
12 in. square, and through the kindness of Mr. J. W 
Spencer, of Newburn, he was also supplied with some 
boiler steel plate, of the same thickness, and of un- 
doubtedly good quality. This gave about the same ten- 
sile strength as the defective American steel. After 
some investigation, Professor Arnold reported on the 
case. His first report is given in Appendix I., page 166. 

Subsequently he made another series of fatigue tests 
upon both the American and Spencer’s steel, after sub- 
jecting them to various heat treatments. The results 
are given in Appendix II. These tests were made 
at two different speeds of alternation, but with the 
same deflection. It will be observed that the samples 
marked ‘‘S” (Spencer’s steel) gave concordant results, 
both in the condition as received and after annealing ; 
whilst the very drastic heat treatment which samples 8 9, 
$10, $11, and $12 received failed to make them as bad 
as some of the untreated American steel. 

, At this stage of the investigation it was noticed that 
in several cases where two samples of the American steel 
were subjected to identical treatment, one withstood 
twice the fatigue of the other. This had also occurred 
with some of the — previously tested (see Appen- 
dix L.), and seeing that the pieces, which were § in. 
py had been prepared by sawing down the thickness 
of the l-in. plate, it raised the question as to whether 
the worst pieces had all been prepared from one side of 
the plate, and the better pieces ben the other. Un- 
fortunately, no record had been kept on this point, and 


as by this time the small supply of material had al 
used up, the Professor asked fo “snothe yy 
supplied. 


ed for another piece to be 





After some delay, another piece of plate, 12 in. square, 
a from Fees ~ after testing, was re- 
po upon as per Appendix ITT. 

It will be noted that, although it is stated in the report 
that owing to the condition of the die-edges the results 
are not strictly comparable with those given in the pre- 
vious table, where both the speed of alternation and the 
actual deflection were the same, yet there is not one 
really unsatisfactory result out of the whole of the thirty 
tests made. This is very remarkable, as there is abso- 
lutely no doubt that the piece of plate was taken from one 
of the defective plates, as, when received, one edge of it 
showed the sharp crystalline fracture of an original crack. 
It was without doubt a part of the second of the two 
plates. 

A third piece of plate was then procured from America, 
and this was found to be identical both in chemical 
analysis and in structure with that which was first sent. 
Tests were made on this, as reported in Appendix IV. 
These entirely negatived the idea that there was a dif- 
ference in | in the two sides of the plate. In 
Appendix V. will be found Professor Arnold’s final 
rt. 
he main conclusions are that the chemical constitu- 
tion of the plate which gave the worst alternating test 
results was good, whilst that of the other plate, which 
gave satisfactory tests throughout, was also good, ex- 
cept that it contained too much carbon for a boiler- 
— and that the defects were caused by the ingots 

aving been overheated and rolled at too high a tem- 
perature. It is to be noticed also that whilst neither 
chemical, microscopical, nor the ordinary mechanical 
tests could discover the brittleness of either plate, the 
fatigue tests did so in the case of one plate, but failed 
to do so in the other. 

Bearing upon the question of overheating and of roll- 
ing at too high a temperature, one of the eminent steel- 
makers of thiscountry made the following experiment :— 
One large ingot of boiler quality was cut up. Three 
pieces were rolled into 1-in. plate, one being rolled at 
what is considered to be the proper temperature, one at 
too bigh a temperature, and one too cold. Pieces were 
also rolle’, at normal temperatures and too cold, into 
}-in. and }-in. plates. The pieces of plates thus made 
were in some cases overheated and allowed to cool, and 
in other cases they were ‘‘normalised”—that is, they 
were heated to bright red, and allowed to cool out (the 
ordinary method of annealing plates); in other cases 
they had no heat treatment. They were then tested, 
with the results shown in Appendix VI., which gives also 
the results of some fatigue tests. The deflection given 
to the pieces is stated, but not the rapidity of the alter- 
nations—a point which Professor Arnold’s tests show to 
have an important influence. It may be taken, however, 
as the tests were all made by the same observer, that the 
speed was the same in all cases, so that the results are 
comparative amongst themselves, although, perhaps, not 
with tests made under different conditions. 

These results are very interesting, and seem to confirm 
the opinions expr by the experimenter—viz., that 
when the steel is initially good, heating the ingot be- 
tween wider ranges of temperature than should occur in 
a with even no more than ordinary care, does not 

ave a very prejudicial effect on either the ordinary 
mechanical tests or even on fatigue tests, the terms ‘‘ too 
hot” and ‘‘too cold” in these tests referring to such 
extremes of temperature as would scarcely occur in actual 
work without very gross carelessness. Further, neither 
does overheating the finished plates seem to seriously 
injure them. On the contrary, in some cases it appears 
to have actually increased their ductility. It must be 
stated, however, that the experimenter expresses the 
opinion that in plates where there is considerable segre- 
gation, the segregated parts might behave very differently 
under the various heat conditions. Some segregation 
must exist in all ingots, and therefore also in all plates 
rolled out of a whole ingot ; but when the segregation is 
slight, seeing that it must occur in the middle of the 
thickness of the plate near the neutral axis as regards 
bending stresses, the plates, although inferior to those 
without segregation, might not be unfit for use. 

In view of the very large size of boiler-shell plates 
as now made, it is important to know whether these large 
plates can be made free from initial strains, or whether 
it is inevitable that they should have some strains in 
them when they are made, similar to those which showed 
themselves by altering the length of the plate after 
fracture in some of the cases quoted. If the rolling of 
large plates is unskilfully done, it is observable that they 
are not finished flat and true, but are in some cases slightly 
buckled in the centre, and in other cases wavy on the 
edges; but that large plates can be made true and free 
from internal streas is shown by a test made at one of the 
steel works. A plate was rolled 25 ft. long, 6 ft. wide, 
1}} in. thick, intended to be cut up into butt straps. A line 
was carefully drawn across it at the middle of its length 
by means of a steel straight-edge. One-half of the plate 
was then sheared off into the butt straps, the last shear- 
ing being veer near the scribed line. If any stress had 
been in the plate, this would have freed it, and the line 
would have me distorted ; but it was found to have 
remained perfectly straight. 

Seeing that large plates can be made Poy flat and 
free from internal strain, it is reasonable that engineers 
should refuse to receive those that are rolled buckled or 
waved, and should insist that in such cases the steel- 
makers should flatten the plates by taking out the buckles 
or waves, and afterwards anneal the plates. Plates 
should always be delivered to the boiler-makers in such a 
condition that they can use them with confidence without 
any preliminary straightening treatment. 

_ Besides the bad rolling referred te, another cause of 
initial stresses in plates may be their unequal cooling on 








the mill floor. That this can occur is generally considered 
to be en, but it must be admitted that it is not 
impossible. 

t is difficult to understand how an internal stress in a 
plate, even if it is sufficient to alter its length as much 
as |, in. per foot—as, we have seen, occurred in one of 
the cases—could materially conduce to the actual rup- 
ture of the plate, seeing that each and every part of the 
plate ought to be able to stretch at least 20 per cent. 
of its length before fracture. Professor Arnold’s report 
suggests two distinct causes for this, the first being that 
the distortion of the shearing sets up minute growing 
flaws, which, given sufficient time, extend from the edges 
into the body of the plate, the second cause being that 
the overheating of the ingots from which the plates 
were made, and the prolonged cooling of the plates 
themselves, set up a dangerous form of crystallisation, 
which in one of the cases appeared to be intensified 
in various centres. Both these causes may be closel 
related to what the Professor, in his conclusion No, 3, 
terms ‘‘ cleavage” of the crystals of “ferrite.” It is 
now generally recognised by metallurgists that mild 
steel in its normal form consists of a mixture of crystal- 
line grains of practically pure iron (termed “ferrite” 
by micrographers) with other grains of metal (pearlite) 
which contain all the carbon, the ferrite being much in 
excess in the mildest steel, and the pearlite increasing in 
quantity in proportion to the amount of carbon in the 
steel. ‘The pearlite grains are a compound of ferrite and 
either minute plates or nodules of the extremely hard 
cementite or carbide of iron, and are therefore not likely 
to have cleavage planes or other lines of weakness in 
them. In fact, it has been shown that the actual rupture 
lines in mild steel mainly traverse the relatively weak 
ferrite grains. It would seem, then, that if brittleness is 
due to some abnormal development of cleavage planes, it 
would be more likely to occur, and to be more pronounced 
when it did occur, in the milder steel than in that con- 
taining relatively more pearlite. 

Professor Arnold, in his conclusion No. 3 in the last 
report, states that ‘‘ferrite” crystallises in the cubic 
system, and that its cleavage is parallel to the face of the 
cube. This shows that in any given crystalline in 
there are three planes of relative weakness mutanlar ob 
right angles. It must be remembered, however, that 
in some minerals which crystallise in the cubic system 
there are more than three planes of cleavage. Fluor- 
spar, for instance, is mentioned in Mier’s ‘‘ Mineralogy” 
as being a cubic crystal which possesses four other planes 
of cleavage—viz., those planes which are perpendicular 
to the diagonals of the cube. The work of Professsor 
Ewing on the yielding of metals under strain, recorded 
in volumes cleviii. and cc. of the Philosophical Trans- 
actions, shows that in some cases as many as four distinct 
systems of slip-bands can be seen in one “ferrite” crystal ; 
and if these slip-bands are — traces of the cleavage 
planes of the crystal, it is evident that there must 
other cleavage planes besides those parallel to the faces 
of the cube; and if there are at least four, symmetry 
would point to the fact that in all probability there 
would be at least seven, as there are in the crystals of 
fluorspar. 

It is well known that prolonged heating of metals tends 
to the increase of the size of the individual crystals in the 
structure, through the absorption of the small crystals by 
their larger neighbours, this growth necessitating only a 
change of orientation of the individual small crystals, not 
a motion of transference. When this change of orienta- 
tion is such that contiguous crystals possess the same 
orientation, they become one crystalline aggregate. In 
twin crystals one face of the cubes of each crystal may 
be parallel to a face of the other, but the other two faces 
of the crystals will not be parallel, and the crystals, 
theretore, are distinct ; they will, therefore, have one set 
of cleavage planes common to both, the other sets, how- 
ever, being oblique to one another. If there are more 
than three distinct sets of cleavage planes in each crystal, 
less change of orientation of contiguous crystals will 
bring some of the sets of planes into parallelism, which 
apparently is the condition required to produce brittle- 
ness 


These suggestions are made as being in some degree in 
accord with Professor Arnold’s conclusions. The fact 
that under certain obscure conditions peculiar orienta- 
tion of the crystals has made an otherwise ductile plate 
into a brittle one is recorded in a paper by Mr. Stead, in 
which he describes a case in which the cleav of the 
whole mass appeared to be in two directions, each making 
an angle of 45 deg. with the direction of rolling. It must, 
however, be recognised that the reason, or reasons, of the 
failures in the cases recorded in this paper have not yet 
been clearly demonstrated, reeing that even the special 
fatigue tests introduced by Professor Arnold, although 
they discriminated between good and bad steel in one 
case, entirely failed to do so in the cases of two of the 
bad plates ; and, further, even the drastic heat treatment 
given by the Professor to the good Spencer plate failed to 
make it — bad, and the faulty treatment recorded in 
the case of the other experimenter also failed to do so 
much harm to the mechanical properties as was thought 
would be the case. 

Although decisive conclusions have not been arrived at, 
it was thought to be advisable to put on record the work 
already done as a guide to future investigation, and it is 
— that bringing all the known facts forward will 
induce other workers to take up the subject. It is 
earnestly desired that steel-makers especially, who have 
such exceptional opportunities for studying all the pro- 
perties of the material they make in such e quantities, 
will not let the matter remain where it is, but will abso- 
lutely solve ane jpunns as to why, in very rare cases, some 


material of good sound chemical quality, made apparently 
in the proper way, becomes pumened of such abnormal 
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properties as to become utterly unfit for the purpose for 
which it was made. 


APPENDIX I. 
Frrst Report or Proressor J. O. ARNOLD. 

With reference to the failure under hydraulic test of 
the basic open-hearth steel shell-plates of the boiler of 
an American vessel, I have to report to your Committee 
as follows :— 

MEcHANICAL TESTS. 

Fig. 1 shows a drawing of a portion of the ruptured 
plate sent to me, and on it are marked the positions of the 
tensile, compression, and micrographic test-pieces cut 
therefrom and used in my investigation. It will be seen 
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that a tensile test-piece, No. 1, was cut as near as possible 
to the line of fracture, whilst No. 2 test-piece was taken 
as far off it as possible. These tests, made on bars 
0.564 in. in diameter, registered the following figures :— 








| 
| 


Reduction 
of Area. 


Maximum | Elonga- 
Stress. tion. 


Elastic 


Mark. Limit. 





tons per | tons per per cent. 
square inch square inch| on 2 in. 
15.3 30, 28.7 


per cent. 
61.8 
50.6 


No. 1.—Fracture 
No. 2.—Away from 
fracture. . ed 17.3 | 
{ | 
The compression test-pieces Nos. 3 and 4. were ma- 
chined out to a diameter of 0.564 in. = 0.25 square inch 
area and a length equal to 2 diameters, or 1.128 in. 
Under a compression stress of 25 tons on section, equi- 
valent to 100 tons per square inch, the following results 
were registered :— 
No. 3.—Near fracture, compression = 56.6 per cent. 
», 4.—Away from fracture, compression = 55.7 per 
cent. 
Strips # in. square, cut from the plate, bent double 
under blows from a hammer without any sign of fracture. 


30.6 28.7 


CuemicaL Composition.* 
Turnings were taken for analysis during the prepara- 
tion of the tensile test-bars Nos. 1 and 2. The figures 
registered on analysis were as follows :— 


Analysis of No. 1 Analysis of No. 2 


(near Fracture). Se 
per cent. 


per cent. 
0.195 


0.200 
0.008 0.009 
0.524 0.520 
Sulphur 0.052 0.050 
Phosphorus 0.050 0.053 


It will be noted that the above analyses are virtually 
identical ; but they do not agree with the results —— 
from America. I am, however, sure that my results are 
substantially accurate. The differences, moreover, are of 
no practical moment, there being nothing in any of the 
oteiyess to account for the fracture of the plates. From 
the foregoing mechanical tests and analyses the Society’s 
officials were fully justified in reporting the steel to be of 
good quality and in way way suitable for the manufac- 
ture of boiler-plates. The fact that under a steady hy- 
draulic pressure the shell-plates ruptured more after the 
manner of glass than of ductile steel exemplifies, and by 
no means for the first time, that chemical analysis and 
mechanical, tensile, and bending tests cannot always be 
relied upon to guard agains’ dangerous and brittle steel. 


Carbon... 
Silicon ... 
Manganese 


MIcROGRAPHIC ANALYSIS. 


Four micro-sections, two longitudinal and two trans- 
verse, were machined from the positions marked Nos. 5, 
6, 7, and 8, two being thus taken close to the fracture and 
two remote therefrom. These micrographs are all very 
similar in character, and presented no signs of undue 
segregation in any parts thus examined. All, however, 
showed lines which are technically known as “‘ ghosts” 
—namely, lines of metal high in sulphur and phosphorus. 
Such streaks, however, are by no means rare, and, in my 
opinion, they did not contribute in any substantial degree 
to the fracture, since the latter took place at right angles 
to the direction in which the evil mechanical influence of 
the “ghosts” would exert its maximum effect. The 
general structure of the steel was, however, large in 

ttern and highly crystalline, the ferrite or iron crystals 

aving ‘‘loose” or well-defined junctions, and the ex- 
teriors of the cory ted pearlite masses are for 
the most part bounded by hard straight lines. I am of 
opinion that the ingots from which the broken plates were 
rolled were either re-heated to too high a temperature or 


*Su uently, on a question being raised as to the 
amount of copper and arsenic present, Professor Arnold 
gave the following :—Copper, 0.012 per cent.; arsenic, 
trace. 





kept for too long a period in the re-heating furnaces or 
the soaking-pits. structure of the finished steel sug- 
gests a very high initial temperature previous to rolling, 
and, consequently, a slower internal cooling on the tables 
than usual. 

The Society’s Chief Engineer-Surveyor, Mr. J. T. 
Milton, in an interview at Sheffield, pointed out to 
me that the object of this investigation was not only 
to ascertain the cause of fracture, but also, if possible, 
to devise some practical means beyond the existing 
tests which would enable the Society’s surveyors to 

» epallte Fame steel ae z age — lisation 

ing or the pu o iler manufacture. 

Mr. Milton has conan to bo made by the Society’s sur- 
veyors a considerable number of bending tests on nicked 
boiler-plate steel. The results obtained seem to show, 
Leer po that the smaller the test-piece the ter the 
bend obtained on a nicked strip. In certain of the tests, 
however, this rule does not hold good. The nicked 
rege test is undoubtedly capable of giving valuable 
data ; but, in my opinion, a very important, and, unless 
great care be exercised, a very. uncertain factor, is the 
nature of the nick itself. Slight variations in the depth 
and shape of the nick may readily cause misleading 
results to be arrived at. A means would also have to be 
devised. of applying the bending stress under standard 
conditions, because the manner in which the stress is 
applied—whether gently, as in a machine, or suddenly, 
by means of a hammer—will have considerable influence 
on the results registered. 

I have therefore devised a new test, which embodies 
three distinct features :—First, a slight vibratory shock ; 
secondly, the application of rapidly alternating stresses 
beyond the elastic limit of the steel ; thirdly, an auto- 
matic development of heat, which causes the metal at the 
point of fracture to break in the critical mechanical tem- 
perature noted at the Toulon Arsenal by M. André le 
Chatelier—between 80 deg. and 120 deg. Cent.—where 
steel exhibits its minimum ductility. 

The test I have devised is carried out as follows, the 
conditions having been obtained as the result of many 
preliminary experiments made to ascertain the necessary 
rate of alternation 1nd the lineal range of stroke neees- 
“| to secure fracture in a reasonable time. 

he test-piece was gripped in a vice vertically in front 
of the head of a shaping-machine to which was attached 
an angle-piece with a slot in it of such dimensions that 
each cycle of the machine deflects the upper end of the 
piece §} in. from its central ition, first to one side, 
then gives it a short period of rest, and then deflects it 
to the other side. The lower end of the bar is thus on 
each side placed in rapidly alternating tension and 
compression stresses. 

I received from Messrs. John Spencer and Sons, of 
Newburn, three samples of their standard 1-in. boiler- 
plate steel, which gave tensile tests similar to those 
registered by the American steel. The comparative tests 
are given below :— 


| 
am | Elongation. Remarks. 





On 2 in. 
On 8 in. 


tons per sq. in.| per cent. 
30.3 28.7 
28.4 25.5* 


American steel ..| 
Spencer steel ..| 
| 


* Messrs. Spencer’s steel would, on a 2-in. test-piece, register 
an elongation of about 31 per cent. 

The following table embodies in tabular form the 
results registered under exactly identical conditions on 
polished 3-in. squate bars of the Spencer and the Ameri- 
can steels under the alternating-stress test :— 


Table showing Results of Alternating-Stress Tests made on 
Steel Boiler-Plates 1-In. Thick. 


in 


Direction of the 
Deflection caused by 
the Blows. 


Time Endur- 

Number of 
Blows Ne- 
cessary to 
Complete 
Fracture. 


Seconds. 


ance 








American steel, LB 1.4 | 126 |Parallel to face of plate. 
60 


1 } ” ” 
333 | ” ” 
172 ” ” 
175 \Right angles to face. 
186 ” ” 

” 300 ” ” 
Spencer steel, 366 Parallel. 
369 


a ‘1. 2 402 Right angles. 
” ° 369 * 


Polished test-pieces, 3 in. square. Total length, 53 in. Portion 
under test, 4 in. long. 


There seems to be no difference between tests made 
parallel to the surface of the plate and those made at 
right angles to the face. 


American steel, mean results, 63 seconds, 207 blows. 
Spencer - n >  o ae; os 


It will be seen that the bao | of Spencer’s steel taken 
from two separate plates was relatively uniform, whereas 
the American steel showed great irregularity in quality. 
These tests thus sharply differentiate mechanically steels 
which gave practically identical tensile and bending 
results. I send the fractured bars herewith. 

In connection with these tests I must make the fol- 
lowing remarks as the result of experiments not here 
recorded. I have already stated that at each blow the 
top of the test-piece was moved a little over 4 in. from 
its original position. This length of stroke was worked 
up to from one of only yy in. on either side; it was found, 





however, that with so small a stroke each test might 
readily extend over an hour. 

It was also found that the more severe the test the 
more decisive the differentiation in the results between 
Spencer’s and the American steels. 

It was also noted that, curiously enough, the larger the 
test-piece the more rapid the fracture. 

Another point of great a is the use of care- 
fully machined and polished bars. To illustrate this 
matter I send two pieces, halves of the same bar, and 
distinctly larger than the standard 3-in. square bar. 


= 3 ‘This bar shows on three sides marks of the shaping 


tool, and on the fourth side rougher marks of the planing- 
tool used to cut up the plate. This bar broke in 44 seconds 
after receiving 144 blows, and it will be noticed that it 
exhibits signs of incipient multiple fracture along the 
roughly-planed edge. 

° 3 This piece is the other portion of the bar cleared 


from the drag marks of the tool by means of a file and 
emery cloth. It shows no signs of multiple fracture, and 
endured for 74 seconds, sustaining 242 blows. 


MicroGRAPHIC STRUCTURE OF SPENCER'S STEEL. 


Spencer’s steel shows under the microscope a marked 
contrast to that of the American steel (Fig. 2 shows 
both to the same scale of magnification). The struc- 
ture is smaller, the patches of pearlite less defined on 
the edges, and the crystalline joints of the ferrite are 
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Magnified 27 diameters. 
Fia. 2. 


much closer. I have prepared some ordinary photo- 
micrographs of these structures; but as the matter is so 
important, I am not sending them, because in a few days 
I shall be able, owing to a rearrangement of apparatus, 
to send photographs taken at a high magnification, but 
showing at the same time a large field of view. I am 
also making thermal experiments to find out the exact 
conditions, if aye under which it is possible to remove 
the brittleness of the American steel. I am also trying 
to induce brittleness in Spencer’s steel. For these experi- 
ments I have found our laboratory muffle too small, and 
our big annealing furnace too large to obtain reliable 
results. I am, therefore, installing a muffle of a new 
type, which will take inch square bars and maintain them 
for hours at a desired temperature. 


Summary. 


1. It is clear that ordinary mechanical tests cannot 
always distinguish good from bad steel. 

2. I am of opinion that some abnormal thermal treat- 
ment in the mill produced the brittle crystallisation in 
the American plate. At the same time, in the present 
state of metallurgical knowledge, I should, as a practical 
man, hesitate to attribute negligence to the makers. 

3. I am of opinion that the pho’ ph, drawings, and 
sketch returned herewith indicate that the fractures had 
their origin in small cracks induced in the vicinity of the 
rivet-holes by vibration during the riveting operation ; 
and that these initial cracks formed starting points from 
which the steel plates develo the large ruptures under 
the influence of the repeated hydraulic stresses. 


(To be continued.) 








Furness, WITHY, AND Co., Limrrep.—The fourteenth 
annual meeting of this company was held at West Hartle- 
pool on Saturday. Sir Christopher Furness, who pre- 
sided, said the company’s shipbuilding department, 
although showing a — amount of new ton com- 
pa had yielded only a very small margin of profit. 

his was the direct outcome of unusually keen competition 
for orders. The new steamers completed in 1904-5 repre- 
sented an aggregate of 27,393 tons, as compared with 
36,176 tons in 1903-4, but for the diminished output of 
8784 tons, 51857. more had been paid in wages and salaries 
—viz., 113,535/., as against 108,340. The orders now in 
hand were sufficient to keep the company’s shipyard in 
full employment for some time. The total profits for 
ot amounted to 219,693/., or 38,0377. more than in 
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Compirtep By W. LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS OF 1883—1902. 
mber of views gi in the Speci; ‘ion Drawings is stated 
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illustrated. 

Where inventions are communicated from abroad, the Names, 
&c., of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sale 

ranch, 25, sa Buildings, Chancery-lane, W.C., at 
the uniform price o 

The a the advertisement of the rt of a Comp 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement of the ance of a Complete Specification, 
give notice at the Patent O, of « ition to the grant of a 
Patent on any of the grow mentioned in the Acts. 
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15,646. Verity’ Limited, Aston, B ham, 
and A. E. Gott, Gravelly Hill, Birr 
Boxes. (7 Figs.) July 14, 1904.—This invention relates to 


electrical fuse, distribution, and like boxes, and consists of the 
hereinafter- described improvements therein and _ relatin 

thereto. The body a of the fuse-box is formed of sides, ends, an 

a bottom as ordinarily. Its open ay closed by a hinged lid c¢. 
The features of the invention are that the lid is reversibly and 
interchangeably hinged to the body, so that (1) it can swing open 
from either side, or either right or left hand ; (2) it can be reversed, 
or turned round, upon the body, or the body turned round, or 
reversed to thelid ; and (3) it and the body are made interchange- 
able to like boxes of the same size and pattern, thereby render- 
ing a box more easy and convenient in handling and in fixing 
for use in difficult situations. To carry out the reversible 
binging, aforesaid, a pair of lugs d, d, are rigidly formed upon 
each side of the body of the box, each pair being opposite, and 
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a pair of lugse, e are rigidly provided upon each side of the 
lid c, also each pair opposite, so that if either the lid c or the body 
« is desired to be turned round or reversed, for convenience, the 
said pairs of lugs will alwaya engage each other, or come into 
the right positions for the lid to hinge both ways on the body. 
The pairs of lugs have opposite holes, d?, e2 through them in 
the direction of the sides of the box, for rods / to pass through, 
to connect, by the said lugs, the lid ¢ to the body a, these rods 
forming hinge pins and securing bolts to the hinging of the lid. 
Either rod f can constitute the hinge-pin, with the other the 
securing bolt, and either rod can be sealed or locked in position 
to ensure the box being only opened from the one, and deter- 
mined, side of the box. The positi of the opposite pairs of 
lugs may be changed so long as the said Fee my are opposite 
and the lugs so formed that the reversible hinging aforesaid, and 
preferably the interchangeability of the lids and bodies, is or 
are carried out. (Accepted June 7, 1905.) 


13,902. W. Aitken, Liv 1. Insulators. [4 Figs.] 
June 20, 1904.—The object of this invention is to improve the 
insulation of telephone, telegraph, electric light, power, or other 
wires when used wholly or partly overhead, particularly at the 
distribution points where the underground or covered wires con- 





B of the space thus formed a copper or other suitable tube A in- 
serted through the crown, should emerge, and the clay be suit- 
ably moulded round it, or the tube be cemented in position. The 
tube should project somewhat above the level of the crown of the 
insulator, which should be sloped to throw off water readily. The 
external surface of the tube A may be threaded or roughened, so 
that the plastic material adhere more readily to it, as moisture 
must not find a path over this surface. The bore of the tube may 
be of any suitable size. In practice it will be found preferable to 
cement the tube A in position after the clay has been fired. The 
insulator is used as follows :—The bare-line wire E is attached 
to the top J or side groove G in the usual way. The covered 
wire F, from which the insulation has been suitably stripped for 
about 6 in., is threaded through the tube A from the under-side B 
until the insulation prevents it ing further ; the usual soldered 
connection D is then made to the line wire E, and the projecting 
tube A soldered round the bared leading-in wire at C. If the 
leading-in wire is very flexible, a ring or other mechanical device 
may be fitted to keep the wire central and from touching the lips 
of the sheds. (Accepted June 7, 1905.) - 


15,879. The Allgemeine Elektricitats Gesellschaft, 
Bolin, Ge: t Curren 


rmany. c- t 
Meters. (5 Figs.) July 16, 1904.—This invention relates to an 
alternating-current electric energy meter, having a driving system 
80 arran; that the magnetic lines of force of the current and 
potential windings are asa with a common short-circuited 
iron path, whereby a driving power is obtained in an 
instrument having a small bulk. The driving field structure 
represented in Fig. 1 consists of a rectangular core carrying the 
current and potential windings, which are located respectively on 
opposite limbs ¢ and f. The two windings are connected up in 
such a way that the flux from one winding assists that of the 
other winding, as illustrated in Fig. 2. Above the extremities of 
the limbs is arranged a cross-piece or armature s of magnetic 
material, and the space between this armature and the limbs e 
and f forms the field in which the conducting disc g of the meter 
rotates. The ends of the limbs e and fare connected by a cross- 
piece a of laminated magnetic material. The magnetic fields due 
to the main and shunt currents differ in phase by 90deg. The 
disc g, or a separate disc on the same spindle, is used for the 
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magnetic brake. By this arraigement a secondary current is 
produced in the vol winding by the flux of the series winding, 
which assists the field due to the voltage winding, and which can 
be regulated by altering the number of the laminw in the cross- 
piece a. This secondary current, acting in conjunction with the 
main current, sage a driving torque, which is represented by 
the curve cin Fig. 3. In this figure the curve b represents the 
torque of a meter = separate current and potential 
fiel From this it will seen that the curve c rises quickly 
when the current is increasing on account of the increased 
voltage, and that the curve } rapidly falls with increasing cur- 
rent on account of the braking effect of the main current. 
From these two curves a torque curve d may be obtained, which 
is practically a straight line. It will therefore be seen that by 
suitably arranging the iron core, and proportioning the windings 
in accordance with this invention, that a meter can be constructed 
which does not lag, even at very high overloads. Experiments 
have shown that the resulting torque can be increased, and at the 
same time the shunt current used is uced to a minimum, on 
account of the connecting-pieces a. (Accepted May 31, 1905.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 

3880. Claughtons Gaosen, Limited, Leeds, and 
E. Austin, Asmaey, Leeds. “Governors. [? igs.) 
February 24, 1905.—The object of this invention is to provide 
means whereby the pressure of gas or air may be automatically 





nect to the open or bare wires, and similarly for 1 g into 
Duildings or cross-connecting on poles or standards. When an 
open bare wire is connected to a covered wire without any special 
device, in wet weather there is surface leakage from the bare 
wire over the joint and by the wet surface of the insulation of the 
leading-in or distribution wire to earth by the support of the 
insulated wire which reduces the efficiency of the circuit. 
{nsulators at present in use to prevent this have two sepa- 
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rave cups screwed together over the covered wire, and are some- 
‘hat difficult to put together. The improved and simplified 

‘rangement has one cup only, which may be single, double, or 

any number of sheds found necessary for insulation pu . For 
= one and graph work the double will be found most satis- 

well and for power and light the triple shed. Any of the 
sheds should ternal designs may be used. The outer and inner 
and thnould have a greater space between them than is usual, 
be di oo — shed for a distance of about 1 in. at point H should 
inna ed or expanded to give still greater clearance for the 
wire. result might also be obtained by flattening 





is 


the outer shed. so that in plan it i ipti 
. is ell y 
inner shed out of centre with the our = Sie pane te 


At a point at top 


r , and maintained at such reduced pressure. The method 
of construction and application will be seen by referring to the 
illustration. A is a vessel containing glycerine or any suitable 
fluid. B is an inner vessel which has a free outlet at the bottom, 
opening into the vessel A. The pipe E is the inlet for gas or air, 
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and the pipe F is the outlet leading to the point of consumption. 
H is an air chamber with an outlet into the vessel B. This outlet 
is my ape ne the valve D which is attached to the float C. 
Gas is admit into the apparatus through the pipe E into the 
upper chamber H, and through the valve D into the vessel 
B, and from thence is a through the pipe F. Any initial 
pressure on the gas or air ing through the apparatus displaces 
the liquid in the vessel B into the vessel A. As the liquid lowers 











in the vessel B it carries with it the float C and the valve D, thus 





cutting off any excess in the supply of gas or air that would tend 
to increase the pressure in the vessel B. The uniform pressure 
in the vessel B is determined by the amount of liquid which must 
be displaced before the valve D commences to cut off the 

of ne air. The vessel A is made detachable and adjustable 

and the normal level of the liquid in the vessel B is determined 
by the position of the said vessel A in relation to the said vessel 
B. On the top of the vessel A is fixed a sleeve G which carries a 
female thread. This female thread engages a male thread on the 
outside of the vessel B. By this means any desired upward or 
downward adjustment is readily effected; but a simple sleeve 
and clamp, or any other suitable method of moving and adjusting 
the outer vessel on the inner vessel may be employed. (Accepted 
June 7, 1905.) 


LIFTING AND HAULING APPLIANCES. 


12,365. Siemens Brothers and Co., Limited, West- 
minster. (4.58. Clift, Berlin, Germany.) (2 Figs.) 
May 31, 1904.—By the present invention the trolley-wire of a 
telpherage system is subdivided into insulated sections, and the 
weight of the telpher as it certain places in its course is 

ie to operate switches which cut off current from the section 
of the trolley-wire just traversed by the trolley, and at the same 
time supply current to a section preceding—preferably next pre- 
ceding—the one just deprived of current. e telpher line a is 
carried by hangers ) which are supported by springs d. The 
trolley wire c is subdivided into sections suitably insulated from 
each other as indicated in Fig. 2. The automatic switch e com- 
aero four contacts /, 9, h, i, and two contact-fingers j and k. . The 
latter are mounted on and insulated from a l, which is urged 
in an upward direction by spring m and is connected by a sp ing 
p with thehanger b. In the position of the rod and hanger shown 
in Fig. 1, the rod is held by a latch n in such a position that the 
fingers j and & do not touch any of the four contacts f, g, A, i. 
This latch is connected with the core of a solenoid 0, so that when 
the latter is excited the latch is drawn upwards to release the 
rod I and to allow it to be raised by the spring m, which in its 
then state of tension can overcome the spring p, to cause the 
finger to bridge the contacts /,g. The last-named position of 























the switch is the normal one for every section except that which 
has just been traversed by a trolley, as will now be described. 
The trolley-wire sections are fed from a cable g through 
the contacts f and g of switches ¢, the switch of the first 
section being in circuit through a starting-switch *r. When 
the telpher s moving in the direction of the arrow (Fig. 2) 
passes over a hanger ), its weight draws down the latter against 
the pressure of the spring d and extends the ~ p until 
its tension overcomes that of the spring m and pulls down 
the rod / to make contact of the finger k with hand ¢. As soon 
as the telpher has passed over the er b the tension of the 
spring m overcomes that of p, and the rod / rises until it is 
caught by the latch n, when it remains in the middle ition 
shown in Fig. 1. The effect of breaking circuit at f and g is to 
deprive of current the section of ¢ which the trolley has just tra- 
versed, and the effect of making circuit at A and i is to energise 
the solenoid o of the switch immediately behind that which 
just been operated, whereby the rod J of that switch is free to 
move upwards and close the circuit at fand g, thus supplying 
current again to the section of c immediately behind that. which 
the trolley has just traversed. It will be seen that in each switch 
the latch n keeps the rod / down so as to deprive its section of 
current until the telpher has passed the next hanger and ope- 
rated the corresponding switch. (Accepted June 7, 1905.) 


MINING, METALLURGY, AND METAL- 
WORKIN 


G. 

1160. W. Hinselman, Hochheide, near Homburg, 
A aiaing Struts or Props. (3 Figs.) January 

20, 1905.—This invention relates to a strut or prop for mining 
works. The strut is made of two wooden parts a and b joined 
together by an iron or steel clamping device c. The wooden 
may be cut away, as shown, to the extent of one-half, 
where they are joined, so that they overlap each other in the 
places where they are cut away, and can be simultaneously 
poet together by means of the clamping device, the friction 
ing thus increased and the prop presenting greater resistance 
to the pressure. When the prop is placed in ition the parts 





thereof are put asunder, and the clamping-pl ——- drawn 
together, so that they penetrate the weed which, when the parts 
of the prop are pushed together, must be somewhat rent. If 
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the gradually-increasing resistance against slipping is to be fur- 
ther rommen Py the wooden yey may be tapered towards the 
joined ends from the point d, so that they act in the manner of 
wedges in relation to the clamping-plates, which are suitably 
formed as required. The wooden prop thus produced offers very 
considerable resistance to the pressure of the ground as long as 





160) 


such is as a rule necessary. The clamping-plates, however, yield 
finally to such pressure as would cause a fracture of the prop, which 
is thus avoided, and in consequence the prop can be repeatedly 
employed, as when not actually in use, it can be shortened and 
removed after the clamping screws have been loosened. (Accepted 
June 7, 1906.) 


PUMPS. 


12,769. F. G. P. Preston, Deptford, and G. E. Jake- 
man, Peckham. Portable Pumps. (6 Figs.) June 6, 
1904.—These improvements have for otject to render portable 
umps for military field service and for other purposes, simpler 
n construction, lighter in weight, and more efficient and durable 
in use. In the form heretofore made two upright pump barrels 
made of drawn-brass tubing were screwed into aluminium 
flanges at top and bottom, the top flanges being bolted to a pump 
delivery chamber and to an intermediate plate that received the 
bearings for the crank-shaft or yoke, to the arms of which Jatter 
the pump-handle sockets were attachable. The bottom flanges 
of the pump-barrels were bolted toa flange on a bottom suction 
chamber. e buckets were not so efficiently guided as to pre- 
vent the pump-barrels from wearing oval after lengthened use. 
Now, according to this invention the joint at the top of the pum 
barrels a is done away with by screwing the latter into a plate 
which receives the bearings for the crank-shaft or yoke, and 
unites the outer or flange part of that plate by screws or bolts to 
the flange of the pump delivery chamber f. This plate closes 








up the bottom of the delivery chamber in the part between the 


barrels. Moreover, in order to improve and maintain the smooth 
pt many and to preserve the true circular form of the barrels 
during lengthened use, special guides g are provided for the upper 


part of the pump-buckets. These guides may be cast or fixed on 
the plate that carries the crank bearings. The bottom flanges on 
the pump-barrels may be done away with, and the barrels may 
rest on joint rings placed in annular recesses formed in the top of 
the suction Chamber j, which latter is then united to the delivery 
chamber / by a few bolts screwed into the flange of the suction 
chamber, and provided with nuts on the top of the flange of the 
delivery cl . The tion chamber, the delivery chamber, 
and the plate carrying the bearings for the yoke are of aluminium, 
and their flanges, instead of being carried round to the full 
width, are made as narrow as is consistent with making joint, and 
are formed with lugs where the screws or bolts pass through. By 
the aforesaid improvements the pump is rendered less liable to 
become leaky, more easy to dismantle, and reduced in weight. 
(Accepted June 7, 1905.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 





17,179. Clayton and Shuttleworth, Limited, and 
W. Whinney, Lincoln. § -Engines. [4 Figs.) 
August 5, 1904.—A traction or other engine working at high 





pressure and constructed as heretofore usually runs for a con- 
Biderable time after the stop-valve has cl , even when the 
cylinder cocks are open. Now this invention has for object, 





inter alia, to obviate the aforesaid disadvantage by simple means, 
and without having recourse to the application of a brake. For 
this purpose, according to this invention, the steam-chest or 
corresponding part of the engine is provided with a special outlet, 
and the stop-valve is adapted to control the exit of steam or 
other motive fluid (hereinafter referred to as steam) through 
the said outlet in such a manner that the outlet is opened and 
closed on the closing and opening respectively of the stop-valve 
so that immediately after the stop-valve closes the steam-chest 
is emptied of steam and the engine stops. According to one 
construction the special outlet 2 of the steam-chest is provided 
with a valve 4, the casing of which is secured to the exterior of 
the chest, and the stem of the valve, which is provided witha 
spring for keeping it normally against its seat, is connected to 
one end of a lever 8, the other end of which is provided witha 
slot, and is connected by a pin engaging therein with the rod 13 
of a slide stop-valve 14, so that when the stop-valve closes the 
relief-valve 4 is opened by the action of the pin on the lever ; 
whilst when the stop-valve opens, the lever is liberated by the 
pin and the relief valve is allowed to be closed by its spring. 
According to another construction, a port 19, provided with a 
passage leading to the atmosphere, is made in the seat of a slide 
stop-valve 21, which is formed with a e 22 adapted, when 
the valve is closed, to form a communication between the said 
port 19 and the port, the passage through which to the steam- 
chest is controlled by the stop-valve. A further advantage of the 
invention is that it tends to prevent an engine from stopping 
with the crank ata dead centre. It also facilitates the revers- 
ing of the engine, since as the steam-chest is emptied of steam on 
the stoppage of the engine previous to reversing there is no 
pressure on the back of the distributing slide-valve, and it is 
— —— to open the cylinder cocks. (Accepted May 31, 


7607. J. Holden, Wanstead, Essex. Steam-Boiler 
Stays. (6 Figs.) April 10, 1905.—This invention relates to im- 
provements in stays for steam and other boilers of the type in 
which the portion intermediate of the ends is by recesses divided 
up into sector-like parts partly separated from each other for the 
purpose of imparting to that portion of the stay a flexibility suit- 
able for resisting the racking strains caused by unequal expan- 
sion and contraction. The object of the invention is to efficiently 
stiffen the stay in the intermediate recessed part, so as to resist 
torsional strain, while at the same time retaining the desired and 
necessary flexibility. According to this invention, the recesses 
are cut in the usual manner, and then, before forming a screw- 
threads on the . the recessed part of the stay is subjected to 
external pressure by swaging or otherwise until the sector-like 





portions are brought partly into contact—that is to say, from the 
extreme of the external diameter of the stay inwards to a point 
somewhat below the diameter of the stay at the bottom of the 
thread. In Figs. 1 and 3 the stay is formed with four recesses a, in 
a radial direction. 
after it has been so far compressed in the recessed part be- 
tween the boiler-plates to which the stay is to be applied that the 
four sector-like parts have been made to touch each other, as 
shown at c, but only to the depths shown—that is to say, retain- 
ing their original distance apart at d, and being only compressed 
in the inwardly radial direction to a distance somewhat below the 
diameter of the stay at the bottom of the screw-thread ; the 
screw-thread between the plates into which the stay is screwed 
may, as is sometimes done, be removed by turning. (Accepted 
May 31, 1905.) 

15,270. J.J. Kermode, Liverpool. B Liquid 
Fuel. [1 Fig.) July 8, 1904.-—-This invention relates to appa- 
ratus for burning liquid fuel, and is especially applicable to 
those cases in which steam has to be quickly raised in steam- 
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boilers by means of liquid fuel. 1is the boiler, 2 the burner, 3 
the steam inlet to the burner, 4 the oil inlet to the burner, 5 the 
oil-tanks, and 6 a vessel adapted to contain gas under pressure. 








Figs. 2 and 4 show the stay (Figs. 1 and 8) | P' 


This vessel 6 is adapted to be housed in one of the tanks 5, and 
by this means the temperature of the gas within is prevented 
from r unduly. The bottom of the vessel fits in a suitable 
stand, and is held in position by a cover ; the vessel is provided 
with a fitting containing a valve operated by a handle, so that the 
rate of flow of the gas may be regulated to give the desired pres- 
sure. pressure-gauge 7 is provided on this fitting so that the 
pressure of gas in the vessel may be ascertained, and an inlet is 
provided to meet those cases where the vessel, as in the case of a 
to o-boat, may be charged with compressed air in situ. The 
outlet from the fitting is connected to the inlet 3 by the pipe 8 
controlled by the valve 9, and the inlet 3 is also connected bya 
ipe 10 through valves 11 and 12 with the steam space of the 
iler, and a gauge 13 is fitted on the pipe 10 between the valve 
11 and the inlet 8, and the oil supply is connected to the oil inlet 
4 by a pipe 14 controlled by a valve 15. The burner is suitably 
carried so that the flame plays on deflecting plates, which distri- 
bute the heat through the fire-box, and heat the boiler in the 
usual way. e action is as follows :—Assuming that steam has 
to be raised, and that the water is cold in the boiler, the burner 
is operated by admitting oil through 15 and 14, and compressed 
coal-gas or compressed air, or oxygen, through the pipe 8 and 
valve 9, the pressure of the said gas being adjusted by the handle 
6) in accordance with the reading of the pressure-gauge 13. In 
this way steam can be raised in a very short time. As soon as it 
is observed from the main gauge on the boiler that the steam 
pressure therein is sufficient to feed the burner the valve 9 is 
closed and the valves 11 and 12 opened, after which the burner is 
st ieee) by steam generated by the boiler itself. (Accepted May 


MISCELLANEOUS. 


17,082. W. L. Bradford, Salford. Washing Ma- 
chines. [1 Fig.) August 4, 1904.—The improvements which 
form the subject of this invention relate to the fittings and acces- 
sories suitable for a washing-machine similar to that described in 
Patent No. 13,065, of 1903, or for any other washing-machine with 
either single or double-cased washing compartments ; and their 
object is to enable the clothes to be conveyed to the boiling or 
rinsing trough without the use of a wagon, and also to facilitate 
the working of the washing-machine.on a platform. In front of a 
washing-machine as a, and also at a suitable distance therefrom, 
it is proposed to fix an inclined plate or chute b, which preferably 
would be hinged at the bottom edge, where the chute wou'd be 
continued in slate or other suitable material at such an incline 
that the clothes when taken out of the machine and dropped in 





the aperture between it and the front plate would fall on to a 
drainer, as c, under the machine, whence they would be pushed 
into the boiling or rinsing tank d fixed on either side. In cases 
where the front plate » is hinged it will have the advantage that 
when lifting the articles out of the machine the attendant will 
ress the plate against it, thus obtaining easier access to the 
interior, and it also can be held by a fastener, as e, in its vertical 
position against the washing-machine, thus enabling the attendant 
to more easily handle the clothes where wringing rollers are fixed 
over the. washing-machine. The drainer c under the machine 
may be made with the front part hinged, so that the attendant 
can better reach the clothes at the back and also so that the 
drainer can be made of sufficient width to catch the clothes falling 
at the back of the washing-machine from the wringing-rollers ; 
or it can be provided with traversing wheels and be movable as 
shown on the drawing. (Accepted June 7, 1905.) 








VENTILATION AND Heatinc.—We have received from 
the Sturtevant Engineering Company, Limited, 147, 
Queen Victoria-street, E.C., a very well got-up book, 
which, although in the form of a trade catalogue, 
is really a treatise on the subject of ventilation and 
heating; and a treatise, too, that is full of interesting 
matter ge | to these two important branches of 
engineering. t is not a price-list, but covers a 
much wider field. The principles of ventilating and 
heating, viewed broadly, are first alluded to, and the 
objects to be kept in view when any system of ventila- 
tion and heating is contemplated, are also enumerated. 
The book is full of information, and contains many valu 
able tables and diagrams. The necessity for proper 
ventilation in houses and assembly - rooms is strongly 
brought forward; after which the required amount of air 
te ensure this is stated, and different methods of heating 
are considered. The use of fans and the application both 
of live and exhaust steam is discussed, and calculations 
are gone into in order to show how the sizes of fans for 
different outputs may be arrived at. After what may be 
called the theoretical side of the subject has been con- 
sidered, the practical receives attention, and various 
appliances made by the Sturtevant Engineering Com- 
pany are described. In fact, the first half of the book 
may be said to be devoted to principles, and the latter 
half to practice, as carried out by the authors. The 
book is well illustrated by reproductions from photo 
graphs and drawings of actual machines and installations 
that are in su ul operation. Altogether, it is a book 
the perusal of which will repay anyone interested in the 
subjects of which it treats. Its title is ‘‘ Ventilation an 
Heating ; Principles and Application.” 
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THE ANATOMY OF BRIDGEWORK.— 
No. IX. 


By W. H. Tuorpe, Assoc. M. Inst. C.E. 


EXAMINATION, REPAIR, AND STRENGTHENING OF 
RiveteD BripeEs. 


In the preceding articles defects of various kinds 
to which riveted bridgework is liable have been 
more particularly dealt with ; it is now proposed to 
consider the examination of such structures, follow- 
ing this by a reference-to methods of repair and 
strengthening, leaving the treatment of other classes 
of bridgework to be developed under their proper 
headings, though some of the remarks immediately 
following will apply to all. 

The exhaustive survey of a bridge is only to be 
made after considerable experience in the work, but 
it may be stated that in looking for defects it is 
well to seek where they are least expected, till, with 
practice, one knows better where to direct atten- 
tion. When examining with a view to pronouncing 
an opinion upon the fitness of the structure to re- 
main in place, if in any real doubt, it is wise to give 
a casting vote against it; and, finally, it may be 
said that upon taking down a bridge condemned for 
any one or more defects, it should be examined for 
worse. This may seem to be somewhat pessimistic, 
but is based upon the teachings of experience. 

Preliminary examination of a bridge may reveal 
such faults or weaknesses as at once to ensure its 
condemnation ;. but if this is not the case, and there 
is a reasonable probability that the structure may 
be given a fresh lease of life, it will, for the purpose 
of estimating the strength, or for possible repairs, 
commonly be desirable to secure precise particulars 
of the existing structure independently of any 
drawings that may be in existence, and which will 
very probably be incorrect, the finished work, if 
old, seldom agreeing with the contract drawings. A 
final decision may in this case be deferred till after 
the measuring up has been completed, the condi- 
tion of the structure becoming more familiar in the 
process. 

It is desirable first to ascertain whether the 
bridge remains in good form, whether the camber 
of girders appears to be what might be expected, or 
agreeable with existing records, though much 
reliance must not be placed upon figured cambers, 
it being quite common for girders to leave the 
bridge yards with the camber something other than 
that intended. The deflections under live load will 
also be observed, and compared with the calculated 
result, or checked by judgment. The calculations 
upon which strength and deflections are based will, 
of course, refer to the actual sections, which are 
sometimes a little difficult to ascertain if there has 
been irregular rusting. In continuous girders also, 
levels having been taken, allowance should be made 
for effects of settlement, if any ; and with arches 
evidence of movement of the piers or abutments 
sought for, with the like object. It is seldom that 
the main flanges of girders show signs of weakness, 
unless from flexure in the case of long and narrow 
top members, insufficiently stiffened ; but there may 
be want of truth from other causes already dealt 
with. In plate girders the webs should be most 
carefully scanned for possible cracks, particularly 
where cross girders are connected, and along the 
upper edges of bottom flange angles, if the floor 
rest upon the flange. All riveted connections, of 
course, need close attention,. both for straining 
effects, where there is a liability to wracking, and 
to detect loose rivets. Loose rivets and want of 
tightness in other parts of the work may frequently 
be detected at sight by a reddish bloom which 
appears on the neighbouring surfaces, caused by 
rust working out and spreading under the effects of 
weather; it may be seen round rivet-heads or 
along the edges of angle-bars, or other parts where 
there is movement. Loose rivets, though generally 
to be detected also by the hammer, may perhaps in 
the case of thin-webbed cross-girders be working in 
‘he web thickness only, possibly to a considerable 
extent. This, if not otherwise evident, may some- 
times be detected by simultaneous deflection tests 

with rods —at the top and bottom flanges of a 
girder, at the same distance from the bearings. 
Any difference in the readings may indicate loose 
web rivets, or possibly a tear in the web running 
parallel to the flange angles. 

Bracings between girders are very apt to display 
® rich harvest of working rivets. Cross-girders and 
‘ongitudinals also may have loose rivets at their 
connections, and be very badly wasted, with quite 





The condition of the road upon the bridge will 


enlarged upon. | 


frequently be an indication of the state of the 


floor which carries it; or the existence of rail-|s 


' 


possibly cracks in the webs, or other defects already 


taking more by the amount of the dead-load stress 
previously carried. The method which the writer 
has seen applied to lattice girders of about 80 ft. 
span, having good angle-bars in the flanges, with a 
allow vertical web for attachment of diagonals, 


joints which are working badly may very properly | consisted in first cutting out the old flange rivets, and 
lead to a critical examination of the girder-work | substituting bolts well screwed up, till all the rivets 
immediately below, as this is a fruitful source of | necessary had been removed. The new plate length 


damage in light constructions. Floor-plates, 
these exist, should be scanned for leakages, drainage | 
nozzles, and guttering, to see that they are free, the 
attachments of the latter being often loose and 
unsatisfactory. 

Trough floors may be expected to show loose 
rivets near the ends, with a probability of excessive 
leakage where they abut against the webs of sup- 
porting girders. 

Floor-plates resting upon abutments or piers, 
being very liable to serious decay, require attention, 
and girder-work entering masonry should receive 
close scrutiny, any obstruction to a sufficient exami- 
nation being removed so far as is judged sufficient 
for the purpose. The structure should, of course, 
be closely watched during the passage of live load 
for any signs of abnormal movement, excessive 
vibration, or lurching. 

In addition to seeking for these various defects, 
or others which have been referred to in these 
articles at length, it will be well always to be alive 
to the possibility of faults to be seen for the first 
time, or of which the writer has furnished no 
instance. 

Having formed a reliable opinion as to the state 
of the bridge, this, if satisfactory, may leave to be 
determined only the question of strength relative 
to the loads carried. It is apparent that stress 
limits suitable for a new structure, which has all 
its life before it, of purpose moderate to cover 
possible deteriorations, the growth of loads, and 
other adverse influences, may, to avoid immediate 
reconstruction, reasonably be permitted of a higher 
value for a further term of years in the case of a 
structure which it is known has for a considerable 
period behaved well, and remains in good con- 
dition. What this higher value may be will be 
greatly influenced by the circumstances of each 
case, and, being largely a matter of judgment, may 
be expected to vary with different engineers. 
Experience shows, however, that the nominal unit 
stress in an old bridge may be a very considerable 
amount in excess of that allowed for new work 
without, of necessity, showing any ill effects ; and 
the writer is of opinion that for old bridges in good 
condition it is quite prudent to allow an excess of 
33 per cent. beyond that permissible for a new 
design. If the structure is too weak to satisfy this 
modified condition, it may be possible to bring it 
within the stress limit by a reduction of ballast or 
other removable dead weight. If this expedient 
does not promise to be satisfactory, or the bridge 
shows actual signs of weakness, or palpable defects, 
it will be necessary to deal with the question of 
repair, strengthening, or reconstruction. 

he repair of built-up bridgework resolves itself 
largely into a matter of replacing loose rivets by 
cutting these out, rhymering the holes, if desirable, 
and again riveting. It will often be sufficient to do 
this with no particular precautions as to bolting up 
temporarily ; the rivets having been loose, may 
very well be spared for a time. In re-riveting 
cross-girder connections it may, however, be im- 
perative to remove all the rivets, bolting up securely 
as this is done, in order to make a tight job, taking 
out each bolt in turn as required, and again filling 
the holes ; or it may be well in a bad case first to 
remove all loose rivets, substituting govd bolts, in 
order that work which has gone out of shape owing 
to defective rivets may first be brought true. 

Cross-girder webs, cracked vertically or nearly 
so, are commonly repaired with splice-plates on 
either side; but in doing this it is undesirable to 
add plates of excessive thickness relative to the 
web—probably poor—as by an abrupt change of 
web section it appears not unlikely a fresh break 
may be favoured. 

Replacing wasted flange-plates, or adding new 
plates to those which exist, is occasionally re- 
sorted to in the case of main girders, the flanges of 
which are sufficiently accessible, but the operation 
is difficult, takes some little time, and should only 
be attempted under the constant supervision of a 
thoroughly capable man. When done, if the girder 
has not been relieved of load by staging, the stress 
under full load will be unequally distributed 


strips or angle-bars (see 


where | having been prepared, was, on a Sunday, during a 


few hours’ cessation of traffic, marked off, the tem- 
porary bolts being removed for the purpose, and 
then replaced. After the plate had been drilled, on 
a later Sunday, it was finally put in position, bolted 
up, and riveted at leisure; cover-plates make 
additional trouble, but are dealt with on the same 
principle. It is preferable, if it is proposed to add 
section, to do this with as little interference as 
possible with existing rivets of importance. This 
may be accomplished, if the existing plates are 
not too wasted at their edges, by riveting on new 
igs. 61 to 63). Occa- 
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sionally the strength of a girder is increased by the 
addition to the top or bottom boom of material in 
such a form as sensibly to increase the depth, and 
thus, while adding increased section to one m, 
to reduce the stress in each, though to dissimilar 
amounts. By this device also the relief is effective 
only as regards the live-load stress; under dead 
load only the new material does no work, pro- 
vided, of course, that no relief staging was used 
during the alterations. For girders carrying any 
considerable proportion of dead load the method 
is very inefficient, though for others, in which the 
live load is relatively large, the result should be 
more satisfactory. 

As this question of adding new section to old is 
of much importance in dealing with repairs and 
strengthening operations, a few general remarks 
upon the subject will be pertinent. The difficulty 
in such work commonly is to cause the new to 
render any considerable assistance to the old in 
those cases which occur in practice. If a bar be 
imagined under longitudinal stress varying between 
0 and a maximum, then, if the area of the piece be 
increased at the time when it takes no stress, its 
capacity for resisting the maximum amount will be 
increased, and for added material of similar elas- 
ticity the unit stress proportionately reduced. If, 
however, the load on the bar does not vary, the 
mere addition of metal will not relieve the original 
section in any degree. To take an intermediate 
case, of the maximum being twice the minimum 
load, it will be necessary, in order to lower the 
maximum unit stress by 25 per cent., to double the 





between the old and the new section, the old always 








original section of the bar if, as supposed, the extra 
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metal has been added to the piece when under the 
smaller load, so that the new section is only effective 
in assisting to carry the remainder of the load at 
such times as it may be imposed. The relationship 
stands thus :— 


; Liveload , Newarea an galtel, 
Live + dead load New + old area 

These statements will be true under the con- 
ditions named, within the elastic limit of the 
material ; but a more marked benefit would be 
derived in the third case if the load assumed to be 
a maximum were exceeded, or if the composite bar 
were tested to destruction; as, however, these 
ettects would be outside the limiting conditions im- 
posed, it must be a matter of judgment as to how 
far this reserve of strength may be considered of 
value. 

If, instead of simply adding section to the bar, 
some part of the constant load is put upon the new 
section by the manner of attachment, the combina- 
tion will, of course, be more effective. 

To apply these considerations and illustrate the 
way in which the two methods of adding flange 
section work out when reduced to figures, the case 
will be supposed of a girder 6 ft. deep, carrying a 
load of which one-third is dead and two-thirds live. 
To the flanges of this girder are added plates equal 
to 50 per cent. of the original areas, in order to 
reduce the stress of 7 tons per square inch to which 
the girder before strengthening is liable, the depth 
remaining substantially unaltered. With dead load 
only the original section would be stressed to 2.3 
tons per square inch, the new section being then 
unstressed. Under full load the new and old 
material take 3.1 tons per square inch additional, 
making the modified stress on the original section 
5.4 tons per square inch, as against 7 tons; or a 
reduction of 22 per cent. This compares with 33 
per cent., the relief due to 50 per cent. increase of 
flange area under ordinary conditions of stress dis- 
tribution. 

Let the second method of strengthening the 
girder now be considered, using, for purposes of 
comparison, the same total amount of new material 
to increase the girder depth by an addition to the 
top flange. This section will be equal to the area 
of one flange, which, though it may be applied in 
many different ways, giving a greater or a less in- 
crease to the depth, would probably be used in 
some such manner as that shown in Fig. 64, 
increasing the effective depth for live-load stress by 
nearly 10 in. 

The added material will, as in the previous case, 
leave the dead-load stress unaltered, or 2.3 tons per 
square inch. The stress in the bottom flange due 
to live load will, however, now be 4.1 tons per 
square inch, making a total stress of 6.4 tons per 
square inch, against 7 tons—the original stress. 
The reduction here is 8 per cent. only, as compared 
with 12 per cent., the relief due, under ordinary 
conditions, to an increase of effective depth from 
6 ft. to 6 ft. 10in., and by the use of additional 
material, equal, as before, to one-half of the total 
flange areas before the alteration. 

The effect on the top flange need not be here 
gone into in detail, but it may be said that, owing 
to the increase of gross section and of depth, the 
ultimate stresses of both the new and old material 
are greatly less than as given for the bottom flange. 

Girders strengthened by the first of these two 
methods would, it is probable, if tested to de- 
struction, give results more nearly in accord with 
the actual percentage increase of flange section, 
plastic stretching of the metal, before rupture, 
tending to reduce the differences of stress on the 
new and old material of the sections. 

Web members of lattice girders may, if weak, 
sometimes be dealt with by the introduction of 
supplementary bars, parallel to and between the 
old members, or by the addition of strips or angles 
to the existing diagonals. The treatment will be 
largely influenced by the nature of the old detail, 
which may lend itself to some one arrangement 
much better than to any other. 

End riveting of web members may, if it has be- 
come loose, be dealt with by simply rhymering 
the holes a size larger, and re-riveting in the best 
manner, if the stresses are not excessive ; or it may 
be necessary to devise some additional attachments 
by which new rivets are brought into use (see Figs. 
65 and 66). The effective relief due to supplemen- 
tary rivets will be influenced by similar considera- 
tions to those governing increase of section. 

Old structures are very frequently deficient in 





bracing, which may, in such cases, be advan- 
tageously introduced ; or girders individually weak 
may be rendered collectively efficient by suitable 
bracing. In considering the advisability. of this, 
however, the case should be viewed with regard to 
the possible effects of such members, as already dealt 
with in the article relating to these questions. 
There it has been pointed out that bracing between 
a system of mete) girders may have the effect, 
under live load, of increasing the stress on the 
outer girders due to twisting of the structure as a 
whole, though the inner girders will, except for 
full loading of the whole bridge, be advantaged as 
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to stress values, and in any event bettered by 
being held up to their work. The effect upon the 
outer girders may be met by increasing their 
strength if this appears to be necessary. In all 
such alterations the detail should be schemed 
with special care to ensure simplicity in execution, 
smith’s work being rigorously avoided. A good 
arrangement for supplementary bracing between 
plate-girders, which gives little trouble in carry- 
ing out, is shown in Fig. 67; or where the stif- 
eners of such girders are in line across vhe bridge, 
the detail given in Fig. 68 may involve less ex- 
penditure. Difficulties may be experienced in 
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riveting unless great care is taken in the position- 
ing of rivets. Fitting-bolts are only to be relied 
upon as such if they really justify the name; 
they are, though easy to specify, by no means easy 
to secure under the conditions of practical work. 
Weak cross-girders may make alterations—in some 
cases considerable—necessary, to rectify the defect 
of strength. The removal of old girders to make 
room for new is seldom resorted to, unless the 
existing detail renders this a simple operation ; but 
it is not unusual to introduce new girders between 
the old in cases where there is no plated floor to 





and heavy main girders, having plate webs, cross- 
girders may be strengthened by improving the end 
connections by suitable gussets, and attachment to 
good vertical stiffeners, the fixity of the ends thus 
aimed at being assured by overhead struts or girders, 
from one main girder to its fellow, at intervals 
apart well considered with reference to the hori- 
zontal strength of the top flanges, the whole thus 
making a closed frame, as shown in Fig. 69. The 





























method appears feasible, but it should be stated 
that the writer has not known it to be applied in 
its entirety as a means of strengthening an old 
floor. 

A simple and very common device consists in 
substituting for the ordinary cross-sleeper road, 
where this exists, stout timber longitudinals under 
the rails, which have, where the cross-girders do 
not exceed 5-ft. centres, a marked distributive 
effect, tending to reduce the maximum load upon 
any individual girder. With a similar object, trough 
girders containing longitudinal timbers are some- 
times adopted where the depth available is not 
enough to enable sufficiently stiff timbers to be 
used alone. In either case the object sought is the 
same—to modify the effect of the heavier wheel 
loads upon isolated cross-girders. When the spacing 
is so close as 4 ft., the beneficial result of this treat- 
ment is considerable, but at 8-ft. centres it can have 
but a moderate effect where timbers alone are used. 

Occasionally, for long cross-girders, a distributing 
girder is placed, with the same intent, in the 
6-ft. way, its function being limited to this use only 
if the depth and strength are sufficiently small to 
serve this object alone, as distinct from the case in 
which it becomes a carrying girder transferring 
load to the abutments. As a distributor simply, 
the girder has to equalise the bending moments 
amongst the cross-girders, to effect which it will be 
evident that these moments having been ascer- 
tained for the several cross-girders previous to 
alteration, for a position of the wheel loads such 
that the heaviest comes upon a centre cross-girder, 
the mean of these moments will, when compared 
with that for each girder, show the difference to be 
induced as a result of introducing the distributor. 
These differences of moment render necessary at 
the centre of the cross-girders reactions upwards 
or downwards, as the case may be, of amounts 
coinpeteut to induce moments below the inner rails 
equal to these differences. 

It is these reactions which muSt be provided by the 
distributing girder at a moderate stress, and without 
flexure of such an amount as sensibly to modify 
the reactions. The greatest section necessary at 
any one point may then be adopted for the girder 
throughout. The result will commonly work out 
to a moderate section, but there will be no harm in 
a little excess in a case of this kind, the total cost 
being but little affected by some small addition to 
the weight, where labour upon the site is so consider- 
able an item as in work of this description. It will be 
found desirable in arranging for distributing girders 
to ascertain at an early stage, by boning or by 
levelling, the condition of the cross-girders as to 
uniformity of heights, as this may affect the length 
most suitable for separate sections. Between the 
underside of the distributor and the cross-girder 
tops there will commonly be spaces of varying 
amounts, which should be filled by packings to 
fit, rather than by pulling the work together by 
force, introducing undesirable stresses of uncertain 
amount. ; 

In the foregoing remarks upon the strengthening 


|of bridgework by the use of new material, it has 
| been assumed that the modulus of elasticity of the 


make the work difficult. By this method there is, | new metal is similar to that of the old; it may, 
of course, an increase of appreciable amount in the | however, as in cases where wrought-iron work is 
dead load carried by the main girders, which would | reinforced by additions in steel, be necessary to 
in many instances be objectionable. With deep | take the difference of elastic properties into account, 
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with which object the new section may be multi- 
plied by a quantity (greater or less than unity) pro- 
portional to the greater or lower modulus of the new 
material. 








ON THE STABILITY OF MASONRY 
DAMS. 


By Kart Pearsoy, F.R.S., University College, 
London. 


Ir is doubtful whether it is really worth while to 
reply to such criticisms as those of Mr. Dilley. 
Mr. Dilley has either not read the memoir by Mr. 
Atcherley and myself attentively or has failed to 
grasp the meaning of the mathematical equations 
for uniplanar stress. Still, when no reply is made, 
the inattentive reader too uften assumes that none 
can be made, and so I note one or two matters. 

I must first reiterate some points more fully 
dealt with in my recent paper in ENGINEERING 
(July 14) :-— 

(i.) The assumption of linearity of pressure over 
the horizontal sections of adam involves the general 
parabolic distribution of shear over those sections 
(see pages 26 and 27 of the Drapers’ memoir). 

(ii.) The parabolic distribution of shear will only 
be symmetrical—i.e., of the form 


ys (1 4/? ) 


A ¢? 


provided the front and flank of the dam be vertical 
at the base, or at the ends of some horizontal 
section (ibid., page 27). 

(iii.) The assumption of linearity of pressure is 
not accurately true for even a vertical wall, and, 
accordingly, (i.) with the symmetrical parabola of 
shear is not true even for a vertical wall (ibid., 
age 9). 

' In the face of such direct statements in our memoir, 
Mr. Dilley writes, in your issue of July 14, that 
‘*they (Mr. Atcherley and myself) fail to note that 
the parabolic distribution of shearing stress assumed 
in their Equation (iv.) . . . can only be true for 
walls with vertical sides and only within a certain 
limit.” Our words are:—‘‘It will be found at 
once that (i.) to (iii.) are not absolutely true, even 
for a high vertical wall subject to fluid pressure 
on the front ; there are modifying terms... .” 
Had Mr. Dilley been acquainted with my memoir 
referred to in the footnote to the passage above 
quoted, he would certainly have realised that I 
knew the extent to which the linear distribution 
of pressure (or tension) theory fails. But with 
its failure, fails of necessity also the parabolic dis- 
tribution of shear. Why in the graphical part of 
our memoir was not the asymmetrical parabola 
used instead of the symmetrical parabola? For the 
simple reason that the asymmetrical parabola for 
the Assuan type dam is close to the symmetrical 
parabola (page 27 of the memoir), the difference 
between the two being certainly of the order of 
the deviations from true linearity of pressure. 

I do not believe that for the Assuan type dam, 
if we assume linearity of pressure over the horizontal 
sections, a better treatment will be found than that 
discussed in our eee. We state there that there 
is Just as great (or little) exactness in assuming the 
parabolic distribution of shear as in assuming the 
linearity of pressure on the horizontal sections. 
Mr, Dilley states that the truth of this statement 
1s not apparent. It will be apparent to every 
inathematician who examines the equations for the 
stresses (pages 7 and 26). To obtain the value of 
the shear that corresponds to any term in the 
pressure, we must integrate the pressure for the 
direction of the breadth of the dam, and differen- 
tiate the result for the direction of the height 
of the dam ; and since breadth and height of dam 
are sensibly of the same order, and there are 
no other dimensions to be considered, it follows 
that any deviation from linearity in the pressure 

Ps, Say, will be accompanied by a term of order 
Dy X breadth/height in the shear; or deviations 
‘rom parabolic distribution of shear are of the same 
order as deviations from the linear distribution of 
pressure. 

— apy our memoir was very definitely stated. 
: oO Be the middle third is in customary use 
or dam construction. But it depends on the 
linearity of pressures on the horizontal sections. This 
_ itself is doubtful; but assuming it to be true: Is 
the rule of the middle third applied to the horizontal 
stability ? The answer 
The hypothesis of linear pres- 
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sectic ms a sufficient test of 
is distinctly ** No,” 





sures involves the parabola of shear, that parabola 
for a dam of Assuan type (and for many others 
also) is closely symmetrical. Hence, following 
this up, we can construct the line of resistance for 
the vertical sections. The result is that the tails 
of most dams are in tension. Actually? Iam not 
prepared to say. But theoretically, if the hypo- 
thesis of linear pressure is maintained, they cer- 
tainly are. In other words, the customary rule of 
stability—that the line of resistance must lie in the 
middle third of the horizontal sections—does not 
achieve what it is supposed to do—namely, ensure 
that there is no tension in the masonry. In a 
forthcoming memoir we shall show experimentally 
that there is no basis for the usual hypothesis 
that the distribution of pressures on the horizontal 
sections is linear. Mr. Dilley writes two letters in 
one number of your journal. In the first he 
criticises our wooden models, because he says that 
their resistance to shearing is solely due to the 
friction between the vertical faces of the wooden 
blocks, and that in a masonry structure there would 
be blocks breaking joint vertically, which would have 
to be sheared across. In the second letter he falls 
back upon the idea that the ultimate frictional resist- 
ance is the true test of stability for the horizontal 
sections. 

Now I should be sorry for any dam design 
which did not break joint horizontally as well as 
vertically. I should have supposed that in the 
usual method of constructing a big dam there was 
no difference in this respect between vertical and 
horizontal sections. Now I have been taught, and 
I believe it to be a healthy rule, that a good 
masonry structure should be stable, even if all the 
stones cracked or sheared across. It clearly could 
not collapse if friction still sufficed to hold it 
together. This and no other reason can be given 
for the usual second rule for the stability of 
masorry dams—i.e., the angle which the line of 
resistance makes with the sections should be less 
than the angle of friction of the masonry upon 
itself. 

In opposition to Mr. Dilley, I can conceive 
no greater reason for applying this to the hori- 
zontal than to the vertical sections ; both break joint 
in much the same manner in actual dam structures. 
Now it is quite clear that no dam can collapse by 
sliding, even after the ultimate shearing strength 
has been exceeded, until the stresses in the plane of 
any section exceed the maximum frictional force. 
Hence, if a model dam be built up of horizontal, or, 
again, of vertical, blocks with a frictional coefficient 
approximately that (tan 30 deg.) usually assumed 
for masonry on masonry, it will suffice to show us 
(a) ultimate collapses arising from shearing, or (b) 
ultimate collapses arising from shearing and tension 
combined ; and if the dam holds together by friction 
only, and does not collapse under the proposed 
loading, the design might inspire confidence. Mr. 
Dilley dogmatically states that ‘‘the results of 
Messrs. Pearson and Atcherley’s experiments on 
wooden models are of no value whatever.” I have 
no reason for supposing any special weight need be 
given to Mr. Dilley’s opinion, but his reasoning, 
independently of such weight, is fallacious. No 
dam can go until it has sheared or torn somewhere, 
and then it must, in the former case, slide off 
against the force of friction. What our model dams 
indicated was that the vertically-sliced dam collapses 
much sooner than the horizontally-sliced dam. The 
stages are : (a) slight lifting of front part of dam— 
i.e., tension where front meets substratum ; ()) 
shear on base, accompanied by tension across 
vertical section of tail, and ultimately rupture 
across tail ; (c) rotation of whole fore part of dam 
backwards over separated tail. It is possible 
that in very badly-designed dams there might, in 
certain cases, be division at a horizontal section. But 
our experiments on dams of actual elastic material 
support the conclusions drawn from the wooden 
models, and the wooden model sliced vertically 
shows extremely clearly and closely the nature of 
the collapse which has been actually observed in 
homogeneous elastic models. If, then, we are 
consistent throughout our treatment of masonry, 
and assert that it shall stand, even if sliced through 
in any direction, by the force of friction only (and 
this is certainly the only rational ground for the 
second condition of stability of masonry dams), it 
follows that the consideration of vertically and 
horizontally sliced wooden models will give us a 
limit to the strength of any proposed design, and 
that the statement that such models are ‘‘of no 
value whatever” should in future temper our 





judgment of the weight to be given to Mr. 
illey’s opinions on the subject of the stability 
of masonry. 

Norte.—I have no chance of commenting at length 
on the very interesting paper by Messrs. Wilson 
and Gore in the last number of Encrneerine. It 
is instructive for several reasons. In the first 
place, they found themselves bound to hold down 
the dam at the front; this corresponds to the 
point of maximum tension in all our experimental 
work. Secondly, they found tension in the tail, 
even of a triangular dam—a point which we have 

reviously emphasised. Thirdly, they adopted 

rofessor Unwin’s triangular distribution of 
shear, and did not find the distribution of 
shear on the higher horizontal sections linear. 
I think, from my own experience in this matter, 
their curves of stresses are much smoothed. They 
have got rid of points of inflexion in the shear 
curves which certainly exist. There are several 
reasons why they have not got linear distribution of 
shear, the chief being that they have not got a 
forced distribution of linear pressures on the base, 
which is needful to make Professor Unwin’s—or, 
rather, M. Lévy’s—solution for the triangle accurate. 
I have several times insisted that the actual stresses 
in a dam depend ona knowledge of the whole of the 
base stresses ; we cannot have these in the case of 
an actual dam, but I feel sure from our own work 
that Messrs. Wilson and Gore’s distribution is 
much closer to the actual facts than a linear dis- 
tribution of pressure would be. With regard to 
the pressures, the authors’ method of obtaining 
them is fallacious : p, is not zero in an actual dam, 
but it is quite possible without this assumption to 
find the true p, and p, from the stresses in a model 
dam with free faces. The proof will be indicated 
in our forthcoming memoir. This point is, perhaps, 
not in their case of much importance, as on other 
grounds I think the authors’ pressure curves 
are not trustworthy. In the first place they have 
failed, as their photograph (Fig. 4) clearly shows, 
to get their ‘‘water pressure” perpendicular to 
the strained front. This want of perpendicularity 
modifies sensibly the resulting stress curves. In 
the next place their measurement of the stretches 
must be largely influenced by the local application 
of their loads. The loads are less than 1 in. 
— from each other, and with the very consider- 
able strain they have worked with, the influence of 
the local loading is very sensible. Personally I do not 
think that, even using an extensometer, the stretches 
are capable of accurate determination. But as they 
can be found indirectly from the shear curves, the 
matter is not of great importance. On the whole, 
our work is, except in certain details, in general 
agreement with Messrs. Wilson and Gore’s results 
—i.e., the hypotheses of the linearity of the pressure 
or of shear distributions are fallacious ; but with 
the former hypothesis collapses the entire theory of 
the middle third in the case of dams. One other 
point we have reached, which is indicated also 
on Messrs. Wilson and Gore’s curves: while the 
shear on a horizontal section gradually rises to its 
maximum, the vertical section can almost pass 
through several shear maxima. In other words, 
the dam is more likely to give by shear of the 
vertical than by shear of the horizontal sections. 
This relative weakness of the vertical sections was 
first brought out in our wooden models ; but I am 
informed that it can be seen on a large scale on 
certain fractured breakwaters in Ceylon. 








THE CONTINENTAL FIRE SERVICE. 
By Epwin O. Sacus, F.R.S. Ed., Architect. 
(Continued from page 137.) 

As to the modern long ladders in use, I have 
already called attention to the evolution, from the 
Berlin long ladder of 1890, of the self-propelled 
mechanically-raised long ladder of 1905, as recently 
introduced into the Cologne Fire Brigade. I also 
pointed to the eminently satisfactory intermediate 
stage of this evolution as embodied in the manually- 
raised long ladder to be found in the Bremen Fire 
Service units. Long ladders of the type used at 
Bremen (see Fig. 52, page 597, of the last volume 
of ENGINEERING) are a characteristic adjunct to the 
majority of the German professional brigades, but 
they vary materialiy in design, according to the 
special types favoured by different makers. Thus, 
whilst the Bremen long ladders are on what I 
would term the cantilever and sliding system, 
as is also the case with the ladder illustrated in 
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Fig. 82, page 173, constructed by Messrs. Lieb, : 
of Bieberach, a different form of long ladder—i.e., ra 
what I will term the telescopic or turret system of € TUS, 
eomstruction—has been used by the Berlin Royal 
Police Fire Brigade. Of this an example, con- 
structed by Messrs. Héniz, of Cologne, is illus- 
trated in Fig. 79, annexed. In the same manner, ; 
too, as the Bremen long ladder has recently deve- | bs 
luped into the self-propelled, mechanically - raised | 
long ladder referred to above, we find that Messrs. | - 
Lieb’s ladder has also been designed for raising | f 
mechanically, as illustrated in Fig. 81, page 173: | . 
and Messrs. Hénig’s ladder provided with mecha- | 
nical raising gear, as illustrated in Fig. 80, on the 
present page. e 
The great majority of the long ladders of the ‘ 
German professional service are 80 ft. in length, 
and manually raised; but the more recent 
acquisitions are 90-ft. mechanically - raised long 
ladders, and in some few instances these last- 
named appliances are self-propelled. Thus the 
efficiency of the long ladder of a German profes- 
sional brigade may generally be rated as that of an 























80-ft. ladder of rapid action, with exceptional | 4 ——— 
instances of 90-ft. ladders, with what I will term | 3 ; r 
high-speed action—i.e., mechanical raising. No- fe r ee 


where in Europe has such a generally high standard 
of efficiency been obtained in long-ladder work, and 
this efticiency speaks well both for the chief officers | Fic. 80. Deraits or Compinev Mecuanical anv Manvat Raisinc Gzan, 
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in charge of brigades as for the different makers | 
who have put these appliances on the market. 
Just as Great Britain stands first in the production | 
of steam fire-engines, Germany has won laurels in 
the production of long ladders, and the sooner this 
is realised by British makers the better; for it 
seems somewhat unnecessary that given ideas in 
long-ladder construction, now fully 14 years old, 
the manufacture and export of these appliances 
should primarily rest with Germany, mainly owing 
to our conservatism. In Fig. 78, page 172, for 
instance, will be found side and end elevations of 
one of Messrs. Hénig’s 80-ft. long ladders, as 
exported by them to Cairo. The subject of German 
long-ladder construction will be dealt with more fully 
in a future article, accompanied by illustrations of 
further designs ; and thus it is not my intention to 
discuss the examples presented with this article 
at the present stage. Their presentation here is 
mainly intended to illustrate the term ‘long 
ladder,” as applied to German professional fire 
brigades, as an element of great value and high 
efliciency. In some Continental countries a long 
ladder is a very cumbersome appliance, of relatively 
small efticiency—slow to raise, and merely of some 
60 ft. to 70 ft. in height. In comparing the statis- 
tical data of Germany with those of other coun- 
tries, the character of the German appliance must 
be borne in mind. It plays a very important part 
both in rapid life-saving and fire tactics with the 
German professional service. 


GERMAN Fire INSURANCE. 


As in the case of the other countries dealt 
with, some reference must be specially made 
to the methods of insurance and the insurance 
position in Germany. As already indicated, there 
is a very considerable control over the insurance 
business of the different States of the German 
Empire, and in many States the insurance business 
is subject to taxation for the benefit of the fire 
service and the firemen’s benevolent funds. But 
the great feature of German insurance is, no doubt, | 
the national or provincial mutual fire insurance 
funds in which the buildings are insured—as dis- 
tinct from the contents—and which so often have a 
monopoly in their own district, combined with the 
benefit of laws which make it compulsory to insure 
all structures. 

In the year 1900 there were 54 national and pro- | 
vincial mutual fire-insurance funds in Germany, of | 
which number 34 were in Prussia. The total | 
amount insured in these 54 funds in 1900 was 
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| more than anything else for the marvellous develop- 
|ment of Germany. 





| poly or such laws. 








| 49,677 million marks, or 2483 millions sterling, of 
which some 45 million marks (2,250,000/.) was on 
| buildings, and only some 44 million marks (225,0001. ) 
‘on contents. 

| It is, perhaps, of general political interest to 
| know that thirty-four years ago this insurance in 
mutual funds was only 15,381 million marks 
(769 millions sterling), so that the increase in 





| thirty-four years has been over 34,000 million marks 
|(1700 millions sterling), or, on an average, 1000 
|million marks per annum—‘.e., an increase of 50 


millions sterling per annum ; which surely speaks 


Of the 54 mutual funds, 24. have the benefit of 
the monopoly in their own districts, and also the 
benefit of the compulsory insurance laws referred 
to, whilst 30 have not got the benefit of the mono- 
The ratio of property insured 
in monopoly funds versus what are generally known 


;as independent funds is in the ratio of 29,552 
| million marks to close on 19,925 million marks. 


Apart from these national and provincial mutual 


|insurance funds, a very considerable amount of 
|ordinary insurance business is done throughout 


Germany by insurance companies, both home and 
foreign. I have not sufficient data before me to 
say exactly what insurance on property located in 
Germany is carried by these companies, but I can 


|at least present fairly exact figures as to what busi- 
|ness is done by the German concerns, the oldest 
|of which is the ‘* Berlinsche,” which was founded 
|in 1812. In 1900 there appear to have been twenty- 


nine German insurance companies doing business 
in the German Empire. The total amount insured 
with them is apparently 77,692 million marks 
(3885 millions sterling), and of this two-thirds, 
say 50,000 million marks, or 2,500,000,000/., is 
supposed to refer to German insurance, whilst the 
rest is supposed to be on insurances done by the 
German concerns abroad. Some sixteen non- 


|German companies also appear to do direct busi- 


ness within the empire, making some forty-five 
insurance concerns in all. Of course, the usual 
re-insurance business is done indirectly —i.e., un- 
officially, as everywhere else. The furty-five 


|German and non-German companies together have 


officially stated that they have paid out no less 


| than 1865 million marks (93,000,0001.) on German 


property during the 100 years ending December 


| 31, 1900, this loss having been caused in 1,668,404 


fires. The forty-five concerns also pride them. 
selves on having voluntarily contributed during 
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the century (i.e., 100 years) 38,695,096 marks 
(1,930,000/.) towards fire-service and fire-brigade 
venevolent fund purposes, apart from any pay- 
ment of taxes that has gone in that direction. 
Forty of the companies are members of a “kind 
of tariff committee.’ But what the total premium 
income of the German and non-German companies 
is 9 German risks I cannot as yet state, nor 
can I arrive as yet at their aggregate annual pay- 
ments upon fire losses in Germany. 

Besides the National and Provincial Mutual 
Insurance funds and the above-mentioned insur- 
ance companies, there are quite a number of minor 
mutual fire corporations. The statistics regarding 
these corporations do not ap to be quite com- 
plete, for they frequently simply take the form of 
private arrangements between a number of factory- 
owners or the like engaged in identical forms of 
business, and thus are not always officially recorded. 
But in 1890 there are said to have been in Prussia 
alone 246 such minor mutual corporations, with a 
total amount carried equal to 5653 million marks, 
(280,000,000/.). Some of these corporations are 
also quite of a local mutual character—i.e., not of 
an industrial mutual character. Many of them 
have quite an interesting history which is outside 
the scope of these articles. If Prussian mutual 
corporations carry 280 millions sterling in risks, 
the German Empire may be assumed to have 
500,000,000/. insurance values covered in this 
manner. 

Excluding the very important business done in 
Germany by non-German concerns, the total Ger- 
man insurance carried on by German concerns is 
practically as follows for 1900 :— 

Million 
marks. 


Insured with official 
mutual funds 49,777 say 2,500,000,000 
Insured in 
i », 2,500,000,000 
10,000 500,000,000 


companies ‘ 
Insured in minor 
mutual corporations 
Say roughtotal ... 110,000 or 5,500,000,000 

Thus we arrive at an approximate grand total of 
German property insured in German concerns of 
5500 millions sterling, exclusive of the considerable 
amounts carried by foreign, notably British, 
concerns. 

Regarding the twenty-nine German insurance 
companies, it is officially stated that in 1900 their 
gross premium income was 167 million marks, that 
their net premium was 90 million marks, and that 
the losses paid were 57 million marks ; but this, of 
course, refers to their general business, German as 
well as foreign. Before the conclusion of this series 
of articles, I hope to be able to present the actual 
fire-insured loss in Germany. 

To discuss the question of insurance in detail is, 
of course, outside the scope of the subject, yet it is 
essential that the principles governing the conduct 
of the National or Provincial Mutual Funds should 
be clearly appreciated, with a view of understanding 
how great their influence is upon the development 
of the fire service of the country. The Mutual Fire- 
Insurance Fund to which I will in this case refer by 
way of example is that of the Kingdom of Bavaria. 

The Bavarian Fire Fund constitutes a section of 
the general National Insurance Institution of the 
kingdom, which insurance institution deals in the 
first place with fire matters, in the second case with 
insurance against hailstorms, and in the third place 
with the insurance of cattle ; and, further, with the 
insurance of horses. 

The Bavarian National Mutual Fire-Insurance 
Fund, which forms the primary section of this in- 
stitution, has a history dating back to 1874; so that 
the modern development of the fire service occurred 
after these insurance principles had long been in 
existence, and had duly taken root in the country. 

Since 1875 the insurance jund has collected pre- 
miums after the ordinary way of an insurance busi- 
ness, and in accordance with a special tariff which 
penalises dangerous structures and dangerous trades. 
Since 1875 the fund has had its own permanent staff 
of assessorsand surveyors. The influence of the fund 
in penalising dangerous structures may be best ap- 

reciated from the fact that the proportion of build- 
ings in the best class to that of other classes has 
risen rapidly since the severity of the penalty made 
itself felt. 

The ratio of fires to buildings in the kingdom of 
Bavaria is interesting reading, for in the financial 
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German 


50,000 
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year 1875-6 there were 2.96 buildings per 100 
that had fires, whilst in the year 1902-3 only 2.25 





buildings of every 100 had fires. The ratio thus 
shows a material decrease of the proportion of 
buildings subject to fires, and this decrease of the 
ratio has been a gradual one. The number of fires 
in the country has naturally increased with the in- 
crease of buildings ; and it is interesting to note 
that whilst there were 58,312 fires in Bavaria in 
twenty-eight years, the number of fires increased for 
every period of five years, from some 4900 fires in 
1875-9 to some 12,600 fires from 1895-1900. 

The net result of this statistical research is that, 
although the number of fires has naturally in- 
creased, the ratio in the number of fires to the 
number of buildings has decreased ; and what is 
more, the ratio of the fire loss in comparison with 
the number of fires has decreased. This important 
decrease can be proved to be due both to the 
improved methods of building and to the fire-service 
organisation. 

It is, however, a very curious feature of the 
Bavarian fire records that, regardless of the fact 
that one would anticipate greater care being paid 
in the use of open lights, and, further, that children 
are better taught than they used to be, the pro- 
portion of fires caused through open lights, and the 
proportion of fires due to children playing with 
matches, has been on the increase, whilst other 
causes of fire have decreased. 

It would go too far to analyse the causes of fires 
over the whole country for the given period of 
28 years, however instructive such figures are. As 
to the fire loss on buildings insured with the 
Bavarian National Fund, it was 124 million marks 
(6,200,000/.) in the twenty-eight years 1875-1903, 
and the average loss during the present decade 
varies between 5 or 6 million marks, or between 
250,000. and 300,000/. To this annual loss in 
buildings one has to add the administrative ex- 

enses of the fund, and also the amounts contri- 

uted annually by the fund for fire-brigade purposes 
and for benevolent fire-service purposes, in order 
to arrive at the annual expense due through danger 
of fire in buildings. 

Since 1875, in the twenty-eight years named, the 
fund contributed 10} million marks (525,000/.) to 
these fire-service purposes. 

The total of actual loss on building administra- 
tive expenses and contributions to the fire service 
practically expresses the direct fire-loss of Bavaria 
in buildings. To this, of course, must be added 
the direct fire-loss in contents, which is a very 
important item, but which does not come under 
consideration when dealing with the National Fire 
Fund. 

The one great point that serves as a lesson when 
considering the Bavarian Fire Service, in conjunc- 
tion with the Bavarian Fire Fund and fire loss, is 
that voluntary efforts of citizens, with pecuniary 
aid to the extent of 500,000/. from the fund, 
coupled with its administrative expenses (which 
include a considerable amount of costs in building 
survey), prevents the country having the large fire 
loss in buildings which it would have in the 
ordinary course, where such fund, such voluntary 
effort, and such administrative arrangements do 
not exist. 

Bavaria is a country where one can study this 
economical problem to a nicety, for similar statis- 
tics to those of the National Fire Fund exist in 
respect to the fire loss in contents, which fire loss 
in contents must necessarily also be most bene- 
ficially influenced by the careful building control 
and fire service organisation in force in connection 
with the National Fire Fund. There is no other 
country outside Bavaria so useful for the student 
of fire economics, for nowhere have the facts been 


so carefully collated as in Bavaria during the last | ( 


twenty-eight years; and, what is more, Bavaria 
has a fair proportion of industrial districts com- 
pared with its agricultural districts, and thus 
serves as a fair specimen of a small State in these 
matters. 

Regarding the financial side of the fund, I would 
only here just remark that the premiums are fixed 
on the buildings by the officials of the fund, who 
make a rough valuation of the property, and then 
fix the premium in accordance with the tariff of 
risks which they have very carefully prepared. 
This tariff of risks contains a schedule of no less 
than 318 rates, and deals with no less than 458 
different kinds of trades. It has much in common 
with some of the American schedules. But a great 
feature in the collection of premiums by the Mutual 
Fund is, that whenever a year shows a surplus 
between premium income and actual fire loss equal 





to or exceeding one-half their premium income, the 
ema mg throughout the country for the next 
ollowing year are reduced by 50 per cent. In the 
twenty-eight years under consideration, there have 
been thirteen years in which the rebate of 50 per 
cent. was allowed, owing to satisfactory business. 
The total premium income in the twenty-eight 
years hate have been, according to tariff, 202 mil- 
lion marks, equal to 10 millions sterling ; but, as a 
matter of fact, only 158 millions were expended 
upon losses, and the rebate thus amounted to 
44 millions, or 2,200,000I. 

Before closing these few remarks on the working 
of the Bavarian fund, I cannot forego a slight 
reference to the wonderful collection which takes 
the form of a museum belonging to this fund, and 
which comprises an excellent illustrated record of 
notable fires, with specimens and relics taken from 
fires. It comprises a splendid collection of draw- 
ings, illustrating methods of construction n the 
classes of building common to Bavaria, and illus- 
trations of the various trades and manufactures 
common to that country. There is, further, a small 
collection of fire appliances ; and, lastly, a unique 
series of large-size diagrams, illustrating the 
statistical records for which the fund is famous. 

With the above remarks on German fire insurance 
generally, and the Bavarian Mutual Fund in par- 
ticular, it will easily be appreciated that matters 
relating to fire prevention, fire service, and fire 
insurance are dealt with most harmoniously and 
systematically, as comprising one sole economical 
interest. Further, as matters stand at present, the 
highly-educated officers of the leading professional 
fire brigades are a most important factor, and play 
a most influential réle in the solution of the 
economical problem of fire protection in Germany. 


(To be continued. ) 
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Rateable Machinery ; with Abstracts and Reports of the 
Leading Appeal Cases from 1783 to 1904, and Notes 
on Valuations, Procedure on Objections, Appeals against 
Assessments, dc. By GEORGE WESTALL, FSS. Rating 
Surveyor and Valuer. London: Philip Allen and Co. 
[Price 5s. net. ] 

Ovr first impression on beginning to read this 
volume was that the work would prove to be one 
of great usefulness, and a reliable guide to the law 
of the rating of machinery as enhancing the value 
of the property to which it is attached; but on pro- 
ceeding further with our examination we have been 
compelled to modify our first opinion to a very 
considerable extent. The two chapters which 
form an introduction to the reports of appeal cases, 
and which deal with ‘‘ The Origin of Local Rating” 
and ‘‘ Machinery as a Rateable Factor,” are inte- 
resting and instructive, and it is not until we reach 
the closing passages of the second of these chapters 
that we begin to detect the fault which becomes so 
glaring in the later portions of the volunfe, and 
which we will at once define. 

Chapter III. gives short reports of leading cases 
on rating appeals dealing with machinery, and until 
we reach the last four cases we find practically no 
notes appended by the author. But at the end of 
the last case but one the author adds a lengthy 
note, in which he discusses the judgments laid down 
in the three cases immediately preceding that note. 
These three are :—(1) Clarendon Press v. City of 
Oxford Union, decided by the Recorder of Oxford 
(the Hon. A. F. Lyttelton, K.C., M.P.) ; (2) Devon 
and Exeter Constitutional Newspaper Company v. 
Exeter Union, decided by the Recorder of Exeter 
Mr. J. A. Foote, K.C.); and (3) Eastern Morning 
and Hull News Company, Limited, v. Hull In- 
corporation of the Poor, decided by the Recorder of 
Hull (Mr. Harold Thomas). In two of these cases 
the effect of the judge’s decision was to reduce very 
considerably the assessments made by the rating 
authorities, and the author, in pointing out this 
fact at the beginning of his note, goes on to add 
that ‘‘ the respective unions were mulcted in heavy 
expenses for attempting to carry out the duties 
clearly imposed upon them.” This offensive and 
inaccurate statement gives the key - note to the 
whole of the author’s discussion, which shows no 
attempt to criticise in a legal or impartial fashion 
the judgments of the different judges, but is a pre- 
judiced plea throughout on behalf of the rating 
authorities. So that it may be seen that we do not 
speak at random, we may point out, as an example 
of his method, that on page 192 he quotes from the 
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judgment of Mr. Foote, and proceeds to draw from 
his quotation an ‘‘ indiction ” which shows that he 
has wholly failed to grasp the point of the learned 
recorder’s decision. He then goes on to say 
that ‘‘the doctrine laid down by the Court, 
of differentiating between very large ratepayers 
and others not so large, is hardly likely to meet 
with approval,” though no such ‘‘doctrine” ever 
was laid down, and not one word in Mr. Foote’s 
judgment—in spite of the author’s use of italics in 
his quotation from it—can support such an asser- 
tion. The author should know that Mr. Foote is 
a learned lawyer, and he ought to understand that 
before he attempts to criticise the judgments of 
such a man, he should first take pains to under- 
stand them, and, having done so, he should then 
have the courtesy to put his criticisms in a 
form free from offence. Having finished with the 
judges, the author next turns to criticise the 
appellants’ witnesses, members of his own pro- 
fession, and he _ sneers at the method of 
valuation pursued by them, and seems to find 
offence in the fact that ‘‘in each instance the 
principal witness for the appellant was the same 
gentleman.” He finds fault with the gentleman 
referred to above in ‘‘ that he had made no in- 
telligible valuation in writing of the hereditament 
as it stood, item by item ;” but in so doing the 
author does not seem to have noticed that to value 
machinery ‘* item by item” is to value it separately 
from the hereditament, which is exactly what the 
Courts have said must not be done. So much for 
the author’s principles of rating. 

The last case reported in this chapter is that of 
Kirby v. Hunslet Union, decided by the Re- 
corder of Leeds (Mr. Tindal Atkinson, K.C.). That 
judgment does not please the author. This was a 
test case, by which other appeals in the same court 
would be governed, but the amount of money 
involved in it was but small. The union was un- 
successful, but did not appeal, so. Mr. Westall, 
choosing to believe that this was on account of the 
small amount involved, says it is easy to ‘‘ recognise 
the astuteness displayed on behalf of the appellants 
in placing so insignificant a case first in the list for 
hearing.” Here, again, it does not seem to have 
occurred to him that if the other and larger cases 
were to be governed by this, the amount in issue 
in the test case was immaterial, and it was easy for 
the union to appeal, if they were not willing to 
accept the judgment of the Recorder. 

It is needless to pursue this unpleasant task of 
pointing out the glaring defects in this book. Why 
Mr. Westall should have such a burning desire to 
see the rating unions successful in every appeal 
ease, and successful by adopting practically the 
principle of rating machinery per se, we are quite 
unable to understand ; but that is no concern of ours. 
What we are concerned with is to see that any book 
of a legal character is written in something like an 
impartial manner, and that is certainly not the case 
here. To talk of ‘‘experts” who stump the 
‘country from session to session, making a trade 
of rating appeals” (page 133), is simply to expose 
the writer to ridicule, and we hope that, after 
further consideration of the matter, Mr. Westall 
may see his way to re-model entirely his notes and 
general discussions, and so make into a really meri- 
torious work what is at present very objectionable 
by reason of the faults we have indicated. 

Further chapters of the volume deal, inter alia, 
with ‘‘Taking Machinery into Account,” ‘‘The 
Assessment Committee,” and ‘‘ Objections and 
Appeals against Assessment.” The text of the 
tating of Machinery Bill, 1903, is also given. 





Elements of the Mathematical Theory of Electricity and 
Magnetism. By J. J. Tomson, M.A., D.Sc., F.R.S. 
&e., Fellow of Trinity College, Cambridge ; Cavendish 
Professor of Experimental Physics in the University of 
Cambridge. Third Edition, 1904. Cambridge: At 
the University Press. [Price 10s. ] 

Proressor THomson’s elementary text-book on the 

mathematical theory of electricity requires no intro- 

duction from us to our readers. It has been before 
the public since 1895, and has now acquired an 
established position among the leading electrical 
text-books. It first appeared in 1895, and two 
years later a second edition was called for. Now 
we have a third edition, and we doubt not that in 
due time still more editions will appear. It is the 
work of one acknowledged by all to be in the very 
forefront of scientific investigators, a man who has 
not only added enormously to our knowledge of 
electrical phenomena, but has inspired many others 


+ 


them to still further discoveries. The student of 
this work therefore has the assurance that it is in 
no sense a compilation, but the product of an 
original mind. It will not appeal to those to 
whom the very word ‘‘ mathematics ” is anathema, 
but we hope that the number of such persons 
among students of electricity is becoming less 
every day. Anyone who knows well the elements 
of the differential calculus can easily understand the 
mathematics used in this volume; and a careful 
study will at once show him the useful application 
of mathematics, and will give him a sound training 
in modern conceptions of electrical phenomena. 

The present edition contains one new chapter, 
entitled ‘‘The Properties of Moving Electric 
Charges.” Here the author gives an outline of 
the theoretical analysis which he has treated fully 
in other works and in recent papers, an analysis 
which leads to the modern conceptions of the struc- 
ture of matter which formed the theme of Mr. 
Balfour’s address to the British Association last 
year. Fora proper appreciation of this chapter, 
the student must first be familiar with the main 
contents of the book. 

To the earnest student this work may be tho- 
roughly recommended. To understand all its 
teaching requires a good deal of thought and a 
certain capacity for taking pains, but the reward 
sa amply compensate the reader for the trouble 

e takes. 


Cotton-Secd Products: A Manual of the Treatment of 
Cotton-Seed for its Products and their Utilisation in the 
Arts. By Leesert Lioyp Lamsorn, B.S., M. Amer. 
Chem. Soc., M.S.C.I., &. New York: The D. Van 
Nostrand Company; London: Archibald Constable 
and Co., Limited. (Price, 12s. 6d. net.) ‘ 

Wuitx this work will appeal more directly to 
those engaged in the cotton industry, or in one of 
the arts in which cotton-seed products are used, it 
should be of interest to the public generally, and 
especially to the engineering section of the com- 
munity. The cotton industry concerns everyone, 
and this volume contains a great deal of informa- 
tion, not wholly technical, regarding it. The growth 
of the industry in recent years, and the impetus 
iven by the discovery of means of extracting oil 
rom the cotton-seed, and of using other products in 
different arts, are all discussed in an interesting 
manner by the author, and illustrated by tables of 
statistics from the official census reports and from 
publications of the Department of Agriculture ; so 
that there is abundant material to attract even the 
least technical of readers, if only he has a taste for 
economics. But for the engineer or student of 
engineering there is more than this. He will find 
in the volume full treatment of the processes in use 
to-day for the complete utilisation of the cotton-seed, 
which was, not many years ago, rejected by cotton 
manufacturers as useless. The author has an inti- 
mate knowledge of his subject, and his descriptions 
are clear and easy to follow. To the engineer these 
descriptions cannot fail to be of great interest, as 
the machinery used shows a great deal of ingenuity 
in the inventors, and the organisation of works for 
ginning cotton, and at the same time treating the 
seed for its oil and other products, is highly instruc- 
tive. Cotton-seed oil is now extensively used in 
many of the manufacturing arts, and the author 
deals extensively with its use in the manufacture of 
oleo-margarine and lard compound, and of soap and 
soap powder. The work is by an American, and 
it is with the American. cotton alone he deals ; but 
the differences between it and the Egyptian cotton 
are indicated from time to time. 

The second chapter of the volume contains a most 

interesting historical sketch of the cotton-seed 

industry, from which it appears that the idea of 
rocuring oil from this seed was first conceived in 

ndon, in 1783, and in that year an actual test was 
made in a mill in the City of London, under the 
direction of the Society of Arts and in the presence 
of the secretary and others. Samples of oil were 

obtained and preserved by the Society, and a 

premium was thereafter offered by the Society to 

the planter in any part of the British West Indies 
who should express oil from cotton-seed, and make 
from the remaining seed hard and dry cakes as food 
for cattle. The Society’s gold medal was to be given 
for the production of not less than 1 ton of the 
oil and 5 ewt. of the cake, and the silver medal for 
the next greatest quantity, not less than 4 ton 
of oil and 2 cwt. of the cakes. This offer was made 

in the Society’s Transactions from 1783 to 1789 

inclusive, but nothing seems to have come of it, and 





or applied for ; indeed, no success of commercial 
value was achieved with the American cotton-seed 
until a much later date. Up to 1870, the author 
informs us, the history of the industry is one of 
experiment, and the real success did not ~~ till 
after 1880. In 1900 there were in the United 
States 357 establishments engaged in the cotton- 
seed industry, and in that year they crushed 
2,479,388 tons of seed at an average cost of 
11.55 dols. ton, producing over 93 million 
gallons of oil, of the average value of 22.9 cents. 
per gallon, and 884,391 tons of cake and meal, of 
the average value of 18.13 dols. per ton. These 
figures. show how rapid has been the progress in 
this industry in recent years. 

The whole work of Mr. Lamborn, excellently 
printed and illustrated, is of great value and 
deserves the attention of our readers. 


A Text-Book of Applied Mechanics and Mechanical £ngi- 
neering. By ANDREW JAMIESON, M. Inst. C.E., &c., 


formerly Professor of Engineering in the Glasgow and 
West of Scotland Technical Coll Vol. II. Fourth 
Edition, revised and enla: . London: Charles 


Griffin and Co., Limited. [Price 12s. 6d.] 

Tuts volume is already well known to students of 
engineering, as it has been a popular text-book for 
some years. It is admirably adapted to suit the 
needs of those who are preparing for the examina- 
tions of the Institution of Civil Engineers or for 
the diplomas granted by technical colleges. The 
author's long experience as a teacher has given him 
knowledge of the student’s needs, and has enabled 
him to prepare a graduated course of instruction in 
applied mechanics which is at once simple and sound. 
The fundamental principles and the machines in 
which they are applied are all clearly explained, 
and by means of numerous examples worked out 
in the text the student learns how to attack pro- 
blems which he may be called upon to solve. The 
volume contains a great number of test-questions, 
some set by the author and others taken from the 
actual examination papers of the Institution of 
Civil Engineers and other examining bodies ; and 
by solving these problems, with reference to the 
text when necessary, the conscientious student 
should have little difficulty in acquiring a sound 
knowledge concerning the points with which the 
questions deal. : 
The present volume brings the work to a fourth 
edition, but the main body of the text has for the 
resent been left unchanged, and all new matter 
as been gathered together in an extensive appendix, 
divided into chapters, numbered to correspond with 
the original chapters, so that under each head the 
further information now given may be at once 
found. There is a special index also for this 
appendix. The subjects discussed in this volume 
are motion and energy ; graphic statics and appli- 
cations to roofs, cranes, beams, girders, and bridges; 
strength of materials ; and hydraulics. The treat- 
ment of these subjects occupies eighteen chapters, 
all extensively illustrated by diagrams. In discuss- 
ing machines the author has taken pains to de- 
scribe and illustrate the principal types in com- 
mercial use to-day, drawing the attention of the 
reader to points deserving special notice. Alto- 
gether the volume forms a most excellent text- 
book, which will continue to be popular with young 
students of engineering. It is very well printed 
and the plates and diagrams are, with few excep- 
tions, excellently reproduced. 
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FISHGUARD HARBOUR WORKS. 


Fishguard Harbour Works and the Great Western 
Company's New Route to Irland. 


By H. G. ArcHer. 


Tae Fishguard Harbour Works, North Pem- 
brokeshire, in connection with the new South of 
Ireland route of the Great Western and Great 
Southern and Western Railways, have now, after 
seven years’ labour, reached a most interesting 
stage. The Bay of Fishguard is in the form of a 
crescent, bounded to the north-east by Dinas Head, 
and to the north-west by Pen Anglas, a wedge- 
shaped headland, sloping gradually from the high 
ground of Penrhiw to the sea, a little beyond the 
rocks called the Cow and Calf, which render the 
roadstead perfectly sheltered, except when gales 
blow from the north and north-east. The extent 
of the bay from east to west is about 3 miles, and 
from north to south about 1} miles ; the general 
depth of water is from 30 ft. to 70 ft., according 
to the distance from shore ; and the quality of the 
bottom all over the Bay is sand, mixed with muda 
little below the surface, which holds well. 

The new harbour works are situated on the 
wostern side of the bay, adjoining the village of 
Goodwick. - The works may be classified as 
follows :— 

1. Vonstruction of a quay space half a mile in 
length and 250 ft. in average width, including space 
excavated and tipped out. 

2. Construction of a quay wall 1100 ft. in length. 

3. Construction of a breakwater 2000 ft. long, 
300 ft. broad at base and 70 ft. broad at top, and 
rising to a height of 20 ft. above sea level at high 
tide, making it in all 80 ft. deep. 

4. Construction of passenger station, live-stock 
lairages, electrical power-house, repairing and fit- 
ting-shops, and marine offices. 

1. The formation of the quay space has been a 
most arduous and difficult undertaking, inasmuch 
as the cliffs, varying in height from 100 ft. to 300 ft., 
descended precipitously to the sea, and so afforded 
no ledge for the men to begin working upon. Cranes 
and engines had to be brought by road to Letters- 
ton, then the terminus of the Clynderwen-Good- 
wick Railway, to the top of the cliff, and lowered 
in pieces ; while, owing to there being no foothold, 
the men also had to be slung by ropes. The 
amount of rock to be excavated was approximately 
24 million tons, of which 1,900,000 tons have been 
excavated to date. On an average the cranes have 
picked up 1500 tons a day, 2130 tons being the 
record pick-up. The cliffs are composed principally 
of intensely hard quartzite rock, and are through- 
out of volcanic origin. Hand-drills were em- 
ployed at first, followed by steam-drills; until 
finally a complete installation of Ingersoll pneu- 
matic rock-drills, with a 120-horse-power air-com- 
pressor engine, and a main half-a-mile in length 
was put down. Two methods are employed in 
bringing down the rock—namely, by blasting with 
gelignite, holes bored 2} in. in diameter, and from 
15 ft. to 20 ft. deep, and detonating colossal mines 
of black powder. The mines are prepared as fol- 
lows :—A tunnel 40 ft. in length is driven square 
into the face of the cliff, with two branches of 
about the same length on either side of it, the 
whole forming the letter T in shape. At the ends 
of the cross-tunnels small chambers are made, for 
the reception of two boxes which are filled with 
7 or 8 tons of black powder. The shafts are then 
built up, and the charges fired by electricity. 
Ten mines have been exploded to date; the 
largest, after five weeks’ preparation, brought down 
113,000 tons of rock, phi some blocks of an esti- 
mated weight of 5000 tons reached the ground. 
Very little noise or shock is caused by the firing of 
these mammoth mines ; indeed, the local residents 
are often not aware that one has been fired. 

Few more mines will be nevessary, for the amount 
still required to be brought down can be generally 
better accomplished by blasting with gelignite 
charges. The rock blasted down is utilised for 
building the breakwater, forming the concrete 
blocks for the quay wall, and filling and ballasting 
purposes generally. There are to be eight lines of 
way on the quay space, and for more than half the 
distance these are already in situ. 

2. The quay wall (see Figs. 1, 2, and 5, on page 
176, and Fig. 6, page 184) is built of concrete 
blocks, weighing from 6 to 9 tons. The wall will 
be 1100 ft. in length, and 50 ft. deep from top to 
bottom. The foundations are excavated by suction 





dredgers, with a Priestman grab hopper following, 
which removes the shingle down t» the rock. The 
latter is then levelled by divers, and filled up with 
concrete in bags, eight divers being regularly em- 
ce in this work. On the top of this concrete 
oundation is built the wall, the blocks being 
lowered by means of a Titan crane, and accurately 
set. The concrete blocks, consisting of one part of 
cement to seven parts of broken stone from the 
quarry refuse, are made on the works. 

More than three-quarters of the block work of 
the wall, which extends to within 3 ft. of high- 
water mark, has been completed. The upper part 
of the wall is made of mass concrete, and in it a 
cattle gallery, 800 ft. in length, is being formed 
by a cantilever of concrete, reinforced by rails in 
all directions. The gallery is connected by subways 
and ramps with a line of 68 cattle-pens on the 
inside of the quay space, and so will permit of the 
debarkment of cattle out of sight of travellers any- 
where along the wall. The gallery is shown in 
Fig. 5, page 176; its width is 6 ft., and height 
10 ft., the side next the sea being enclosed by gates 
which will be hung between the fender piles of 
Karri wood placed at intervals of 134 ft. throughout 
the seaward face. 

The crane equipment on the quay will comprise 
a 21-ton coaling crane, and nine cranes of 35-ft. 
radius for ordinary merchandise, having one wheel 
on the quay and another on the roof sheltering the 
quay platform. All of these cranes will be elec- 
trically worked, electricity being used to light the 
whole of the quay, and the passenger, goods, and 
cattle station. 

Three large steamships can berth alongside the 
quay wall, where the depth of water at low spring 
tides will be 20 ft. 

3. The breakwater (see Figs. 3 and 4, page 176) 
is completed for two-thirds of the distance. It is 
composed of stones, which weigh from 5 to 20 
tons on the sea side, and from 1 cwt. to 3 tons on 
the harbour side. When completed, the break- 
water (which is to afford the necessary protection 
from the north and north-easterly winds) will con- 
tain 1} million tons of materials, or 650 tons per 
lineal foot ; this work is being advanced 18 in. per 
day. It is intended to finish the breakwater with 
a 0 10 ft. high and 7 ft. thick on the top, and 
a lighthouse at the end. The extent of deep water 
protected by the breakwater covers an area of 76 
acres. 

4. The railway station will comprise a quay plat- 
form, a goods platform, and an island passenger 

latform, in the order named. The last-named will 

e 800 ft. long by 32 ft. broad, and have five blocks 
of station buildings upon it. There will be one 
large roof over the goods and passenger platforms. 
Passengers will reach the steamer from the arrival 
platform and vice verséd by subways and electric 
traversers. 

The large angle formed at the termination of the 
quay wall and the commencement of the break- 
water is the site of the electric generating station, 
repairing and fitting-shops, and offices of the Great 
Western marine department, which will be trans- 
ferred from New Milford hither. It is proposed 
to moor a floating dock, 346 ft. long, which will 
take a vessel of 3500 tons, in this corner of the 
harbour, as indicated in Fig. 2, page 176. 

The works have been designed and are being 
carried out departmentally under the direction of 
Mr. James C. Inglis, M. Inst. C.E., general 
manager and consulting engineer to the Great 
Western Railway Company, for whom Mr. G. 
Lambert Gibson, M. Inst. C.E., has acted as resi- 
dent engineer since the retirement of Mr. T. J. 
Mann, M. Inst. C.E., in 1902. 

The number of men employed by the company is 
rather over 400, and there are also two labour con- 
tracts let ; the one to Messrs. Treglown Brothers 
for boring and blasting the rock, and the other to 
Messrs. Howells and McGahan for setting the con- 
crete blocks of the quay-wall, these twu firms 
employing a further 100 men. 

he principal items of plant are :—One 120-horse- 
wer air-compressor engine, nine 8-horse-power 
ngersoll pneumatic rock-drills, 5 locomotives, 15 
steam cranes, 175 wagons, and one 60-horse-power 
American ballast-crusher, together with a steam 
suction-dredger and other floating plant. The 
ballast-crusher was the first of its type installed 
by any British railway, but the London and South- 
Western Railway have also acquired one, which is 
located at the Meldon quarries, near Okehampton. 
The Fishguard machine deals with 250 tons per 





day. Rock, tipped into a hopper, passes through 
the jaws, which do not rotate, but ‘‘ wobble,” and 
is ground down to 2-in. size, when it drops into a 
70-ft. elevator, which carries it to a large rotary 
screen. The screen sifts cut the j-in. chippings 
and sand, dropping them into the concrete-mixer 
or into a reserve bin, while the 2-in. stones find their 
way into large bins of 400 tons capacity, under which 
empty ballast wagons are placed, these being filled 
by opening the trap-doors in the bottom of the 
bins. Thus the rock utilised for ballast is not once 
handled from the time it is picked up by the cranes 
until it reaches the packers on the line, maybe in 
the suburbs of London. 

It is anticipated that the works will be sufficiently 
completed by Easter, 1906, for some, if not all, of 
the Great Western Railway boats to make Fish- 

uard their terminal port on this side of the channel. 

hree 23-knot turbine boats, each 350 ft. long by 
40 ft. beam and 14 ft. draught, with sleeping 
accommodation for 220 first-class and 100 second- 
class passengers, are building. 

The voyage between Fishguard and Rosslare, on 
the Wexford coast, is only 54 nautical (or 62 statute) 
miles, and it will be accomplished in about two and 
three. —— hours. The railway approach to Fish- 
guard Harbour is being improved. The existing line 
from Clynderwen to Goodwick, 23 miles in length, 
is for two-thirds of the distance utterly unsuited 
for express traffic, as it has grades as steep as 1 in 
27. The new route branches off at Jordanstown, 
4 miles from Goodwick, and runs thence to Clar- 
beston-road, which is the station west of Clynder- 
wen. The length of new line is about 12} miles ; 
and on it there is no steeper grade than 1 in 100; 
while a tunnel through solid rock at Spittal, a 
quarter of a mile long, is the most formidable 
engineering feature. The contractors for the con- 
struction of the railway are Sir John Firbank and 
Sons, Limited. The direct route from Paddington 
to Fishguard, vid the South Wales ‘ direct” and 
Clarbeston-road lines, will be 262 miles in length, 
and the distance may be still further shortened—or 
the journey, at any rate, rendered simpler—by a 
projected avoiding line from Neath to Llangennech, 
which would escape the stiff climb (1 in 50 in each 
direction) to the Cockett Tunnel. 

On the other side of the channel both the work 
of improving Rosslare Harbour, and the building 
of the new railway from Rosslare to Waterford, 
38 miles in length, are nearly completed. 

The works at Rosslare comprise the extension of 
the existing pier, and the reconstruction of the old 
viaduct. The contractors are Messrs. Brand and 
Son, of Glasgow. The new viaduct consists of steel 
girders carried on cylinders, and has eleven spans, 
each 80 ft. in length. On the outside of the main 
girders gangways are supported on cantilevers 
riveted to the girders, the gangway on the west side 
being intended for cattle, and that on the east for 
foot-passengers. The solid portion of the existing 
pier is being retained ; but it is being extended 
in a north-westerly direction in two cants, each 
about 500 ft. long. The new portion of the pier 
will Le over 100 ft. in width, and is being formed 
by an east and west wall, with an end wall joining 
them on the north. These walls are constructed 
of concrete blocks each 20 tons in weight, with 
filling in between, and they give from 17 ft. to 
20 ft. of water at low spring tides. A view of the 
pier extension is given in Fig. 7, page 184. 

The effect of the opening of the Fishguard- 
Rosslare route will be to shorten the distance 
between places in England and Ireland, to the 
extent, in many cases, of 100 miles, as compared 
with the existing route vid Dublin. It forms, 
indeed, the natural route between England and 
the South of Ireland. 








Tue Cunian Navy.—The Chilian Senate has appointed 
a Commission of specialists to concert measures for the 
re-organisation of the Chilian Navy. 


Nova Scorran Strert.—The Nova Scotia Steel and 
Coal Company has advised the Canadian Trade and Com- 
merce department that the manufacture of steel ingots 
will be commenced at its Sydney mines works this month 
(July). The plant there consists of one blast-furnace 
of 200 tons daily capacity, and four open-hearth furnaces. 

Coa. aT Hamburc.—The quantity of coal imported into 
Hamburg in June was 452,730 tons, as compared with 
422,657 tons in June, 1904. In these totals British coal 
figured for 288,199 tons and 233,699 tons respectively. 
The aggregate imports of coal at Hamburg in the first 
half of this year was 2,775,310 tons, as compared with 
2,459,894 tons in the first half of 1904, 
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ELECTRIC PLANT FOR FIXING RAILS 
AND PACKING PERMANENT WAY. 


We illustrate in Figs. 1 to 4, on page 177, a portable 
plant used on some of the French railways for perma- 
nent-way construction and repair. The various tools 
are electrically driven, the current being generated by 
a dynamo coupled to a steam-engine, the whole form- 
ing the set shown. A steam-engine has been preferred 
to a petrol-motor, seeing that it is capable of a wide 
range of speed and power without loss of efficiency, and 
also on account of the high cost of petrol in France. 

The steam is supplied to the engine at a 12-kilo- 
gramme (176 lb.) pressure by a Merryweather vertical 
tubular boiler, the capacity of which is 70 litres 
(154 gallons) only; it rests on a strong frame together 
with the other parts of the machinery and a 35U-litre 
(770 lb.) water-tank. The coal required is carried in a 
separate truck. 

The engine is of the Boulte-Larbodiére type, vertical 
compound non-condensing, developing 25 horse-power ; 
it is coupled to the dynamo by a belt provided with a 
tightening pulley. he current is continuous, at a 
pressure of 220 volts. The whole generating set weighs 
but 3.3 tons empty; it measures 1.95 metres (6 ft. 5 in.) 
in height, 2.60 metres (8 ft. 6 in.) in length, and 
1.90 metre (6 ft. 3 in.) in width. It can be carried by 
road or rail, and contains, as will be seen by reference 
to the illustrations, a pair of main wheels, made with 
a wide flat rim, for transport on common roads, and 
at each corner a pair of small flanged wheels for 
running on railway lines. The latter wheels are 
made to turn on vertical pivots; the axle carrying 
the central road wheels can be raised (see Figs. 1 and.2) 
or lowered by acting on a hand-wheel and toothed- 
wheel gearing, which operate a vertical screw, 
the nut of which on ing shifted effects the 
rising or the lowering of the axle. When the gene- 
rating set is run on rails, the road wheels are, as 
a rule, set for carrying it together with the small end 
wheels (Fig. 4). For placing the set as shown in 
Fig. 3, it is raised on the road wheels, the end wheels 
are turned round, and when they are level with the 
side track, loose rail lengths are placed underneath 
them on baulks, and the set is driven on the side 
track. While this is proceeding the men in charge 
place the current lead and return wire over a distance 
of 0.6 mile parallel with the permanent way. The 
lines consist of a 5-millimetre (0.19-in.) copper wire, 
carried on folding-ladders, each ladder being pro- 
vided with 50 metres (164 ft.) of line, and the 
necessary insulators. The arrangement is shown in 
Figs. 1 and 2. 

Current is collected and supplied to the machine- 
tools by small trolleys fitted with a handle and three 
rollers which run on the two wires. The coach-screw 
setting and unscrewing machine is driven by a small 
electric motor which turns round a vertical pivot and 
drives a horizontal shaft by a universal joint ; the 
outer end of the shaft is provided with a similar joint, 
to which is connected an extension fitted with two 
pinions. The latter gear in a horizontal toothed ring 
keyed on the vertical shaft of the screw - setting 
tool. Fig. 3 shows two such machines carried on a 
small truck, but one can suffice to work on both sides 
of a line. With four men—two to work the wood- 
screw machines, and two to hold the sleepers by 
means of crowbars—the two machines can set the 
200 screws of 18 metres (19.7 yards) of single track 
in 10 minutes ; the work being done, therefore, seven 
times quicker than by hand. 

The packing tool is connected to an electric motor 
by a shaft and universal joints similar to those which 
drive the screw-setting machines. They are also 
mounted in pairs on the same truck. The packing 
tools are inclined, as shown in Fig. 1; they are 
in two parts, the lower is fitted with a head and 
is driven by the upper, which acts as a hammer. 
This upper part bears at its top end against a spiral 
spring, the release of which ensures the required shock, 
the spring being compressed after each blow by the 
action of a cam on the horizontal shaft driven by the 
dynamo. The compression of the spring requires a 
stress of 110 kilogrammes (240 lb.) ; its stroke is 70 
millimetres (2?in.) A buffer device allows the packing 
tool to work, as occasionally happens, under no resist- 
ance, without risk to the device. The tool gives 400 
strokes per minute. The time necessary to completely 
pack a sleeper in broken stone is one minute, with six 
men: four at the tools, the other two providing the 
ballast. In sand the time taken is about 35 seconds. 

The small trucks carrying the wood-setting and 
packing tools are easily removed ; the dynamos and 
the tools attached are first carried from the pivot on 
which are placed the former, and the truck, which 
weighs only about 45 1b., is then lifted off. In most 
cases a telephone signal is given to the man in charge 
of a plant by the look-out man ; in others, telephone 
connections are established between the plant and the 
nearest railway station. 

The simultaneous screwing down of two wood screws 
takes 5.5 kilowatts, inclusive of losses in the line ; 
four packing-tools on one sleeper absorb 3.3 kilo- 


watts. The unscrewing of two wood screws takes 1.8 
to 2 kilowatts. When all the machines are working 
together their total consumption amounts to about 
75 per cent. of that based on the above figures. 

The system has been adopted by the Paris-Lyons- 
Mediterranean Railway Company, who have made a 
five years’ agreement for the maintenance of a section 
of their main line with a contractor using the appli- 
ance. Its inventor is Mr. A. Collet, engineer, 41, Rue 
Cardinet, Paris. 
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600-HORSE-POWER CARELS COMPOUND- 
CONDENSING ENGINE. 

By far the larger number of steam-engines in the 
Machinery Hall at the Liége Exhibition, direct- 
coupled, or coupled by belting, to continuous-current 
dynamos, are horizontal, Corliss valve, piston-valve, 
or double - beat valve engines. Among the latter, 
that exhibited by Messrs. Carels Fréres, of Ghent, 
situated in close proximity to the entrance from the 
Belgian Metallurgical Section, first attracts attention. 
In general appearance this engine illustrates a type 
very frequently met with in Continental installations 
since the innovation in steam-engine design put for- 
ward by Messrs. Sulzer Brothers, of Winterthur, and 
which we described in connection with our articles on 
the Paris Exhibition of 1878.* This early Sulzer 
engine was horizontal, compound-condensing, and was 
elaborated from a single-cylinder engine they had 
built several years previously, and which we described 
at the time in detail. + 

Messrs. Carels Fréres were among the earlier conces- 
sionaires for this type of engine. One of these, a com- 
pound condensing engine, direct coupled to a threo- 
phase, 3000-volt, 825-kilowatt Kolben alternator, 
supplied current to the Paris Exhibition of 1900.¢ The 
engine they have at Liége is illustrated in Figs. 1 to 20, 
of our two-page plate, which show a longitudinal 
section through the cylinders and condenser, cross- 
sections of the high and low-pressure cylinders, and 
details of the inlet and exhaust valves of both cylinders. 
Its principal dimensions are the following :— 


Diameter of high - pressure 





cylinder xe boa . 0.575 m. (22.63 in.) 
Diameter of low - pressure 
cylinder ie abe ... 0.900 ,, (35.43 ,, ) 


Stroke .. ...  ...  ... 0.950 ,, (37.40,, ) 
Speed... a ; 110 revolutions 
Pressure at inlet 10 atmospheres 

(147 lb. per eq. in.) 
Norms! power ... aie ... 600 horse-power 

The engine is coupled direct to a continuous-current 

dynamo built by the Société Anonyme des Ateliers 

de Constructions Electriques, of Charleroi. 

This engine contains several improvements on the 
one exhibited by the same firm at Paris in 1900. The 
inlet valve-spindles are centrally driven; a protecting 
shell is placed above and around the inlet valve-chest 
of both cylinders to facilitate cleaning ; a tail-rod and 
sleeve have been added to the engine. Both cylinders 
are steam-jacketed ; they are made of a high grade cast 
iron, having a tensile strength of at least 24 kilo- 
grammes per square millimetre (15.24 tons per square 
inch) and a compression strength of 100 kilogrammes 
(63.5 tons per square inch). The guides are bored, and 
both they and the main bearing are cast solid with the 
pedestal. The bearings are lined with white metal 
and are adjustable for wear. The low-pressure cy- 
linder is connected to the high-pressure in the rear by 
a cast-iron distance-piece in two parts, bolted together 
in a vertical plane. The steam flows through the 
jackets before its admission to the cylinders; the 
latter have forced lubrication ; the bearings and lower 
guide are water-cooled. The air-pump is horizontal, 
and placed underneath the engine-room flooring; it 
is worked from the crank-pin, as shown in Fig. 1. 
Steam distribution is effected bydouble-beat balanced 
valves, which work noiselessly and without shock, for 
this type of valve. These valves are perfectly steam- 
tight, and are guaranteed to last so for an unlimited 
period. The builders state as an instance the case 
of an engine they supplied in 1885 to a Belgian 
colliery, the valves of which are still intact after con- 
stant service extending over a period of twenty years. 
The same applies to the valves of engines using super- 
heated steam, a number of which have been running 
for the last eight years, and have not required any re- 
adjustment. The cut-off on the high-pressure cylinder 
is regulated by the governor ; that on the low-pressure 
is regulated by hand. The valves are worked by 
eccentrics keyed on a counter-shaft. This is driven by 
bevel gearing from the crank-shaft in the customary 
way. The cut-off in the high-pressure cylinder can 
vary up to 75 per cent. of the stroke under the action 
of the governor; owing to the great sensibility of the 
latter, and to the small resistance of the various parts 
forming the distribution mechanism, the regular 
running of the engine is maintained under considerable 





* See ENGINEERING, vol. xxvi., page 133. 
+ See ENGINEERING, vol. xvi., page 9, et seq. 





t+ See ENGINEERING, vol. lxx , page 76. 





variations in the load. The governor counterweight is 
adjustable by means of a regulating-screw ; this can be 
worked electrically from the switchboard, and it allows 
of variations in the speed of from 5 to 10 per cent. 
while the engine is running. 

Tests have not been carried out by outside experts 
with this particular engine, but the following figures, 
which relate to tests made on different Carels double- 
beat-valve engines by the Belgian Association for the 
Survey of Steam Boilers, will be found interesting. 

Engines Supplied by Messrs. Carels to the Litve Flax- 
Spinning Company. 
Date of construction ... Sep 1899 
» test ae — kn 1900 
Diameter of high - pressure 


cylinder a a ... 0.925 m. (36.41 in.) 
Diameter of low - pressure 

cylinder a .. 1.40,, (07.06 ,, ) 
Stroke... ie ™ ot Re a Tee aD 
Speed... - ae . 57.5 revolutions 


... 8.68 atmospheres 
(127.6 lb per sq. in.) 
Average indicated horse-power 1275 
Consumption of saturated 

steam per indicated horse- 

power hour, including drain- 

age from jacketsandreceiver 5.42 kg. (11.95 Ib.) 


Steam pressure... 


After having been in constant service for five years, 
and without any alteration to any part, this engine 
was tested last April by the same association at the 
request of the Spinning Company, when it was found 
that the consumption of saturated steam per indicated 
horse-power hour worked out at 5.329 (11.75 lb.) only. 

The following figures of recent tests made with 
Carels engines supplied with superheated steam are 
taken from a pl given us by the builders : — 


Diameter of high- } 0.450 m.  0600m. 0.500m. 0.676 m. 

pressure cylinder / (17.71 in.) | (23.62 in.) (19.68 in.’ 26.61 in.) 

Diameter of low-\ 0.725 m. | 0,900 m. 0.800m. 1.100 m. 

pressure cylinder f (28.54in.) (35.43 in.) (81.49 in.) (43.30 in.) 
os 0.850 m 5 . lm 1 


Stroke .. ool . | 1,509 m . . 150 m. 
(33.46 in.) (59.05 in.) (39.37 in.) (45.27 in.) 
Speed . .. Sirevs. | 65 revs. 60 reva. 93 revs. 


ean boiler pressure 8 kilog. | 0 ilog. 9.20 kilog, 9.96 kilog. 
(117.6 Ib.) | (182 3 Tb.) (186.5 Ib.) (146.2 Lb.) 
Mean steam tempe-  g49°. | 346°O. . 341.25°C. 204°C. 


vatuse at steam: | (64a F.) (655° F.) G10" F.) (561° F.) 


Normal horse-power 250 550 300 1000 
Mean I.H.-P. deve- 
loped : . 250.6 395.5 307.35 1055.09 


Superheated steam) 4 sek. 4.5 kilog. 4.7kilog 4.555 kg. 


Tee ption Perf (9.88 Ib.) | (9.92 Ib) (10.36 Ib.) (10.06 Ib 


The figures in the fourth column apply to tests 
made in April of last year on the third compound 
condensing engine built hy Messrs. Carels Fréres for 
the Antwerp Tramways Central Station. The steam- 
consumption tests lasted over ten hours, and the fol- 
lowing further figures concerning the trials will be 
found of interest :— 


Commencement, Conclusion, 
Time... ot és as 1.10 p.m. 11.23 p.m. 
Record on counter ; number 
of revolutions 13,194 at 1.15 69,637 at 11.31 


Boiler pressure ° ..9.7 atm. (142.6 Ib.) 9.7 atm. (142.6 Ib.) 
Mean boiler pressure during tests 9.95 atm. (146.2 1b.) 
Average speed oe - os jis 91,628 revolutions 
Total steam consumption. . be .. 49,103.97 kg. (108,225 Ib.) 
Steam temperature on exhaust from 
low-pressure cylinder .. -- 51.8deg. C. yy deg. F.) 


Temperature of condensing water .. 15 i 5 i 
a condenser diecharge.. 20.8 ,, (69 ~,, 
Mean vacuum from mercury gauge .. 68.2 cent. (26.85 in.) 


Mean vacuum from low-pressure cylin- 
der diagrams vs be - ow 59 em. (23.22 in.) 
Mean vacuum in exhaust-pipe aoe 65 to 66 cm. (25.59 in, 


low-pressure cylinder .. ate to 25.98 in.) 
high-pressure { front 347.48 1055.09 
Mean power cylinder rear $21.97 indicated 
developed low-pressure front 189.61 horse- 
cylinder rear 


196.03 ara 

Total number of horse-power hours .. 10,779.432 
© ption per indicated horse-power 
hour a. ‘; mn se ea 4.555 kg. (10.04 Ib.) 
Temperature of superheated steam at 
high-pressure cylinder inlet .. .. 204.1 deg. C. (561 deg. F.) 
All the above figures apply to the Continental horse- 
wer. 
The steel used in the construction of the Carels 
engines is to the following tests :— 
Mechanical rts:—Tensile strain, 88 kg. = 24.13 tons per 
square inch ; elongation on 8 in., 24 per cent. 

Crank-shaft :—Tensile strain, 67.5 kg. = 42.85 tons per square 
inch ; elongation on 8 in., 24.7 per cent. 

Connecting-rod, cross head, and crank :—Tensile strain, 57.3 kg. 
= 86.88 tons per square inch ; elongation on 8 in., 27 per cent. 











Tae AMERICANS AND CuiLi.—The Chilian Contracting 
Company has been formed by interests allied to the firm 
of Messrs. J. G. White and Co., 49, Exchange-place, 
New York, to undertake the construction of extensive 
public works contemplated in Chili, and, in fact, to 
invade that field which has hitherto been left to a large 
extent to European firms. One of the company’s under- 
takings will be the construction of a harbour for Val- 
paraiso, The formation of the company, which was 
effected in the offices of Messrs. White and Co., is of 
particular interest to American machinery men, as it 





practically opens a new field for them. 
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THE ordinary arrangement of the Edwards air- 
pump, with the crank-shaft overhead, is familiar to 
all who have to do with condensing plant; but we 
reproduce above illustrations showing a design in 
which, for special reasons, the usual arrangement is 
inverted. This ump, as will be seen by Figs. 1 and 2, 
has an external appearance very similar to that of 
an enclosed high-speed engine. It has three pump- 
barrels, each driven by means of its own crank. The 
cranks are cut from the solid at 120 deg. apart, and 
the shaft is carried in four pedestals, and provided 
with forced lubrication by means of an eccentric- 
driven oil-pump in the base-plate. From the centre 
of each bearing oil is led through a hole in the body 
of the shaft to the corresponding crank-pin, which is 
also in communication with the cross-head pin by a 
hole through the centre of the connecting-rod. Both 
ends of the connecting-rod are of the marine pattern, 
and the cross-head works in bored guides bolted to 
the-casing. Large doors on both sides render all parts 
of the motion work accessible. 

The pump-barrels are i0in. in diameter by 8-in. 
stroke, and the crank-shaft is driven at 300 revolu- 
tions per minute. The principle of the pump in no 
way differs from that of the ordinary type The suc- 
tion branch communicates with a chamber from which 
the water flows into the conical pockets beneath the 
barrels. The descent of the bucket drives it into the 
barrel, through the ring of ports, its entrance being 
assisted by the curvature of the upper edge of the 
pocket. The ascent of the bucket closes the ports and 
forces the water up through the head-valves into the 
hot-well above. Metallic packing is used for the 
pump-rods, and leakage of air is prevented by a water 
seal, fed by a copper pipe from the hot-well. This 
pipe communicates with all three packings, as shown in 


ig. 1. 

The construction of the pump is very rigid, and the 
crank-shaft being at the bottom, minimises vibration, 
and at the same time renders the coupling of an electric 
motor an easy matter. The pump we illustrate has 
been built by Messrs. Alley McLellan, Limited, of 
sam ta to the order of the Edwards Air-Pump 
Syndicate, of 3 and 5, Crown-court, Old Broad-street, 

.C, It is intended for use with a barometric jet 
condenser, but the type is equally suitable for counter- 





current condensers of the surface or jet type. It may 
also be used for exhausting air from the suction mains 
of circulating pumps, &c. A small amount of cold 
water is admitted to the pump in order to fill the 
clearances and keep the water-valves sealed. This 
water also acts as a lubricant, and the use of glycerine 
or oil is thus avoided. 








THOMAS’S CENTRAL AUTOMATIC BUFFER- 
COUPLING. 

Lookineé at the question of couplings merely as a 
mechanical problem, there is no difficulty in devis- 
ing any number of methods of automatically coup- 
ling railway vehicles which will fulfil the more 
obvious requirements of the case, and hence scores 
of inventors have attempted the design of such coup- 
lings with no more equipment for the task than 
a knowledge that something of the kind was re- 
quired. Of the latter fact there is no doubt, and 
this is realised as much by the railway companies 
as ng tome & but in view of the enormous ex- 
pense involved in alterations to the rolling stock, 
the companies naturally refuse to commit them- 
selves to such alterations unless there is a reason- 
able prospect of the change being final. An auto- 
matic coupling must, above all things, be simple 
in construction, and must hold, connect, or discon- 
nect wagons on any curve, and with several inches 
difference of height in the opposing ends. Dif- 
ferences of loading, small errors in workmanship, 
and differences in the strength of the springs of the 
vehicles may all act in conjunction to increase the 
want of alignment of the two parts, but must make no 
difference in the security of the coupling or the readi- 
ness with which it will engage or disengage. Besides 
this the coupling must withstand the shocks of heavy 
vehicles meeting at high speeds ; and how great these 
shocks are is rarely realised by people who have not 
worked in a railway yard or tried to sleep in the 
neighbourhood of such a yard where shunting opera- 
tions are carried out. 

Few of the automatic couplings invented ever 
proceed beyond the model stage, and of those that 
are made of working size little is afterwards heard, 
as a rule, We noticed in our issue of June 9 some 
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tests of an automatic buffer-coupling carried out under 
working conditions at Willesden Junction, and as this 
coupling withstood the tests satisfactorily and appeared 
to have many points of advantage over earlier designs, 
we now publish a fuller description of the apparatus 
and drawings, which will make its construction clear. 

From the centre of the buffer-beam of each wagon 
projects a cast-steel shank, terminating in a heavy 
head cast solid with the shank. The form of these 
heads is shown in Figs. 1 to 4, page 181, and the shank 
to which they are attached in Figs. 5 and 6. The 
shank is held in the framing of the vehicle by a 
strong compound helical spring surrounding it, and 
permitting it a maximum longitudinal movement of 
3 in. inwards or outwards under buffing or pulling 
strains. The springs are arranged to work entirely 
in compression in both buffing and pulling, and the 
use of two springs minimises ine from breakage, 
as well as affording greater elasticity in the space 
occupied. The springs are held between washers 
on the shank, and these washers again are held be- 
tween two fixed plates attached to the framing. The 
front plate is slotted.longitudinally, and the washer 
has a curved face, so that the shank can move hori- 
zontally several degrees on each side of the centre line. 
The natural tendency of the coupling is to remain 
central, because of the compression of its springs, but 
auxiliary springs are inserted in the buffer beam, which 
come into play on very sharp curves. If the wagon is 
not to work over curves of less than 3 chains radius, 
these latter springs are not required. 

The coupling-head is rectangular in shape, its two 
vertical sides terminating in broad flanges, which take 
the buffing shocks. The opposing heads are absolutely 
similar in form. From the upper and lower sides - 
ject a pair of extensions forming hooks. The back of 
each claw consists of an inclined facing, which meets 
the corresponding facing of the other head as soon as 
the vehicles come in contact. The pressure on these 
facings causes each head to revolve slightly until the 
catches can engage with each other The two heads 
then return to their normal position and the vehicles 
are coupled. The return of the heads is effected by 
the weight of a lever, which is made a sliding fit on 
the shank, so as to be unaffected by buffing, but cannot 
rotate independently of the shank on account of two 
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are separated a pin is inserted beneath it, through a 
This pin may conveniently be 
ite wagon, and in this 





flats formed on the latter (see Fig. 5). This lever 
reaches to the side of the vehicle, where it works in a 
quadrant, as shown in Fig. 9. By raising the lever 
of either wagon by hand the heads may be unco 
aud as, of course, the levers are on opposite si 
the train, uncoupling may be effected from either side. 

To avoid having to hold up the lever till the wagons 


hole in the quadrant. 
attached by a chain to the oppos 
case it will be withdrawn automatically when the 
vehicles are separated, and the coupling-head. will | 
'return to its normal position. 
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is for the attachment of ordinary coupling-chains, and 
the hook in the interior is provided tor the free end of 
the coupling-chain from the other vehicle. This pro- 
vision is necessary during the transition stage, before 
all vehicles are equipped with the automatic device ; 
and during the same time it is recommended that the 
left-hand buffer of each wagon with the automatic 
coupling should be made sliding. When two auto- 
matic vehicles come together, the sliding buffer on 
each would be put back out of action, and the buffing 
done by the coupling faces; otherwise the sliding 
buffer would be fixed in its forward position and act 
in the ordinary way. During the transition stage the 
coupling and uncoupling can be carried out by the use 
of the shunter’s pole in the usual way. 

As regards the practical tests carried out at Willes- 
den, it was found that the vehicles could be coupled 
automatically at all speeds and on a curved road. 
They could also be uncoupled under buffing or pulling 
strains, a point of considerable importance in saving 
time in shunting work. There seemed no reason to 
doubt that the device would work satisfactorily in 
every-day railway conditions ; but, of course, nothing 
but the test of time will confirm this. 

For carriage stock, when an absolutely tight coupling 
is required, the pattern shown in Figs. 7 and 8 is de- 
signed, In this type the claws alone revolve, being 
forged on the spindle, while the buffing is done by 4 
separate casting, through which the spindle passes, 

ith this arrangement no ae is required, 
and the pin and chain for holding the lever up when 
it is required to uncouple may be dispensed with, as 
the draw-springs will force the couplings apart enough 
to disengage the catches. The type, as shown in Figs, 
7 and 8, is suitable for 60-ft. carriages, and has enough 
side-play for the sharpest curves which would 
traversed, while.:it--will couple up with the wagon- 
coupling described above. The inventor of the coup- 
ling is Mr. J. Thomas, of 73, Kingsley-avenue, West 
Ealing, London, W. 








Leeps A Porr.—The ketch Mary Eliezer, which has 
been lying near Leeds Bridge, came to Leeds with 130 
tons of myrabdams, a kind of nut which is used in dye- 
ing, and ae has the credit of oes the biggest craft 
which has ever negotiated the locks of the Aire and 
Calder. Of German build, the py fom o has a woe 
tered burthen of 66 tons, and a m of 18 ft. She 
measures 88 ft. from stem to stern, and draws 7 ft. 6 in. 
water. She sailed from London to Goole in three days, 
and it took her three more to reach Leeds, considerable 
time having been occupied in unshipping her masts and 


Figs. 1 and 5, cast solid with the underside of the head, bowsprit. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, August 2. 

The month of July proved to be a record-breaker in 
the demand for rails, structural plates, and structural 
material of all kinds. 
aggregates 150,000 tons, and for structural shapes 
about 100,000 tons. By the close of the month orders 
began to fall off. During the past two or three days 
independent makers have been booking small orders, 
running from 50 to 1000 tons each, aggregating 10,000 
tons, while the orders taken by the American 
Bridge Company for steel for bridge construction 
amounted to 8000 tons. This company, during the 
past month, booked orders amounting to 70,000 tons, 
the largest single order being from the Maine Central 
Railroad for 1000 tons. During the past three days 
20,000 tons of steel rails have been ordered in 
standard sections, the largest order being a lot of 
12,000 tons from a south-western road. The past 
week has been a very active one in steel billets, 30,000 
tons having been contracted for—the largest order 
being for 10,009 tons—all to be delivered before 
October 1. During the past week several thousand 
tons of foreign structural material arrived at the 
Atlantic seaboard ; premiums are still placed for early 
deliveries on structural material, the price ranging 
from 2 cents to 24 cents at tide-water. Some of the 
large plate mills show some anxiety to secure business 
for late delivery, notwithstanding the large business 
that is being done. There are evidences of increasing 
producing capacity, and the anxiety to secure business 
is probably due to the promise of increasing compe- 
tition in autumn. The steel mills have been increas- 
ing their facilities in several localities during the re- 
pairing season. During the month of July prices for 
pig iron were practically stationary, and there is no 
probability to-day of any change owing to the large 
amount of business which has been placed recently 
by urgent consumers. Still there are rumours of a 
possible advance in crude iron of certain analysis for 
special purposes. Consumers have been acting as 
conservatively as they have been able to, anticipating 
in autumn an increase in output, which pod pene a 
them from an advance in price. Tin plate is held firmly 
at the recent advance owing tothe advance in tin pig. 
The opinion of leading brokers i3 that the advance 
in Southern iron has checked business, but before the 
advance is made nearly 200,000 tons of Southern iron 
was contracted for at prices ranging from 11 dols. to 
11.50dols. Thecar-makers have been booking somelarge 
contracts for the earliest possible delivery, and they 
will be in the market, if they are not already in, the 
result of which will be to reverse any drooping in 
common iron. The production of pig iron during the 
first half of the year, according to the published re- 
ports of the American Iron and Steel Association, was 
11,163,175 tons. During this time stacks have in- 
creased their stocks only 58,000 tons. This shows 
the enormous consumptive capacity which has to be 
taken care of. The demand for foundry grades of 
coke continues, but the coal-miners’ aggeement, which 
expires April next, is likely to bring about extensive 
purchases by way of preparation against the con- 
sequences of a widespread suspension of work. 








Coa 1n Betaium.—The imports of coal into Belgium 
in the first half of this year amounted to 1,937,955 tons, as 
compared with 1,815,137 tons in the corresponding period 
of 1904. The exports of coal from Belgium in the first 
half of this year were 2,183,335 tons, as compared with 
2,302,290 tons. It will be seen that the imports have in- 
creased this year, while the exports have declined. This 
was the outcome of labour difficulties during the winter. 


An AusTRALIAN ENGINEERING ProneER.—Information 
has reached us of the death of Sir Peter Nicol Russell, 
who was one of the pioneers of engineering and_metallur- 
gical industries in the Australian colonies. Sir Peter, 
who received the honour of knighthood last year, was 
the son of Scotch parents, who had migrated from 
Fifeshire in 1832, when he was in his sixteenth year. 
His father, who had a large family, intended to engage 
in farming in Hobart, and obtained a Government grant of 
land ; but in view of the capital involved in clearing 
6000 acres he decided to commence engineering and iron- 
ee on lines similar to those he had adopted in 
Kirkcaldy. After six years in Hobart, Mr. Russell recog- 
nised that there was a larger fielc. for enterprise at Sydney, 
and removed thither. Here Sir Peter and his brothers 
carried on extensive works, and on behalf of the New Zea- 
land Government, built mortars and gunboats, used in the 
Maori War. For the French Government a patent slip 
wa; constructed at Tahiti. He retorted gold for the 
first time in Australia in 1847. He erected gas and water 
works, and manufactured quartz-crushing machinery. 
Ultimately, on his retiring from the business, in which he 

d as partners some of his brothers and his foreman, he 
came to London in 1865, and acted as agent for the firm 
which he himself had founded. He has since resided in 
London, revisiting the colonies occasionally. His interest 
the fact that 
of Engineer- 


in New South Wales is further indicated b 
in 1899 he founded the P. N. Russell School 
ing in connection with the Sydney University, and two 
years ago gave a further large donation for this school. 


The business booked for rails T 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—When the market opened 
last Thursday the tone was flat, and Cleveland warrants 
eased a little from the closing price of the previous day. 
here were no cash transactions, and the small turnover 
of 3000 tons was done at 46s. 14d. and 46s. 2}d. six days, 
46s. 44d. twenty-nine days, and 46s. 6d. to 46s. 5d. one 
month. The closing quotations were 46s. 3d. cash and 
463. 6d. one month sellers. The settling prices were: 
—Scotch, 49s. 44d.; Cleveland, 463. 3d. ; Cumber- 
land, 553. 6d.; and Standard foundry iron, 45s. In 
the afternoon there was again a silackness in busi- 
ness, and the dealings consisted of 4900 tons of 
Cleveland warrants at 46s. 24d. to 46s. 34d. six days. 
The closing quotations were the same as in the morning. 
On Friday morning the market was very idle, and the 
turnover was limited to 1000 tons of Cleveland warrants 
at 46s. 9d. three months. The market closed with sellers 
at 463. 25d. cash and 46s. 5d. one month. Hematite iron 
was quoted at 55s. 6d. cash, and 55s. 9d. one month 
sellers. At the afternoon session the tone of the 
market was rather firmer, and prices of Cleveland 
warrants were, if anything, better. The turnover was 
3000 tons; this was done at 463. 2d. cash and five 
days, and 46s. 5d. to 46s. 6d. one month, the market 
closing at 46s. 34d. cash and 46s. 64d. one month 
sellers. Scotch No. 3 was quoted at 55s 9d. one 
month sellers. The market was closed on Monday, being 
August Bank Holiday. At the opening on Tuesday 
morning there was a strong tone, and Cleveland warrants 
went up in price. The dealings amounted to 10,000 tons, 
and this business was done at 4fis. 6d. to 46s. 8d. cash 
and 46s. 9d. to 46s. 1ld, one month. The closing quota- 
tions were 46s. 9d. cash and 47s. one month sellers, being 
an advance of 54d. on Friday’s closing quotations. In the 
afternoon the market was not quite so busy, the turn- 
over being only 5000 tons of Cleveland warrants. There 
were no cash transactions, and the above amount was done 
at 463. 11d., 463. 104d., 47s., and 46s. 114d. one month. 
The market closed rather easier than in the morning, 
being 46s. 84d. cash, and 463. 11d. one month sellers. 
Standard foundry iron was quoted 45s. 3d. cash and 45s. 
one month sellers. The prevailing tone of the pig-iron 
market to-day (Wednesday) was very firm, and although 
the business was only 5000 tons at the forenoon session, 
prices were well maintained. Cleveland warrants were 
dealt in at 46s. 9d. cash, 46s. 114d. and 47s. one month, 
and at 47s. 3d. three months. Sellers’ closing quotations 
were 463. 94d. cash and 47s. 0}d. one month. The settling 

rices were:—Scotch, 493. 43d. 5 Cleveland, 46s. 9d. ; 

umberland, 55s. 104d. ; and Standard foundry iron, 45s. 
In the afternoon a strong market again prevailed and 
Cleveland warrants advanced 2d. The business wassmall, 
only 2500 tons changing hands at 46s. 94d. to 463. 11d. 
cash, 47s. to 47s. OA one month, and at 47s. 6d. three 
months, this Jatter being for 1000 tons included in the 
above amount. The closing quotations were 46s. 11d. 
cash and 47s. 2d. one month sellers, closing buyers bein 
at 1d. less in each instance. Hematite iron was quot 
56s. 9d. sellers and 56s. 4d. buyers one month. The 
market quotations for makers’ (No. 1) iron are as follow:— 
Clyde, 563. 6d.; Calder, Gartsherrie, and Summerlee, 57s. ; 
Langloan, 60s. ; Coltness, 65s. 6d. (all shipped at Glas- 
gow) ; Glengarnock (shipped at Ardrossan), 57s.; Shotts 
(ship at Leith), 57s. ; Carron (shipped at Grange- 
mouth), 583. 

Scotch Steel Trade.—The local steel trade may be re- 

rted as in much the same position as a week ago. 

ee have of Jate been good buyers, and sales of 
steel for shipbuilding purposes have taken place at full 
market prices. The general inquiry is good, and conse- 
quently prices are still very firm, and the outlook con- 
tinues to be of a promising nature. With regard to the 
output in this district, it is expected that before long 
there will be a decided increase, as several makers are 
contemplating extensions in their works. Some heavy, 
new, and up-to-date plant is at present being put down 
in different works, and one maker alone is expecting 
shortly to be able to have an increased make of from 
20,000 to 30,000 tons per annum. Canadian inquiries for 
billets have recently been in the market, but the stron 
local position prevailing at present makes the local stee 
producers independent of that market, and business is 
only acceptable on their own conditions. 


Sulphate of Ammonia.—Little change has taken place 
in the sulphate of ammonia market this week, and the 
inquiry is much as usual. The current quotation is 
about 12/. 7s. 6d. per ton Glasgow for prompt delivery, 
and business has taken place at that figure. Shipments 
last week from Leith Harbour amounted to 334 tons. 


Locomotive Industry : Important Orders.—Some rather 
important orders for locomotives have just been secured 
by the North British Locomotive Company, Limited. 

he contracts amount to 128 engines in all, and were 
fixed up, after keen competition. They are as follows :— 
40 for the Indian State Railways, 44 for the Great Indian 
Peninsula Railway, 22 for the South Indian Railway, 
and 22 for the Argentine Railways. 








Liverroo. Trarric.—At the last meeting of the 
Mersey Docks and Harbour Board, it was announced that 
agreements had been signed and sealed between the board 
and various railway companies with refereuce to the 
handling of goods, by which a great amount of cartage 
would be avoided, and the convenience of shippers and 
others would be greatly served. The board is to make a 
considerable outlay in the provision of further lines and 
sidings in and about the dock system. The agreements, 
which are the outcome of many months of negotiation, 
are to be in operation for five years. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Messrs. Samuel Fox and Co.—The directors of this com- 
pany, whose works are at Stockbridge, announce that the 
aan for last year was 24,121/. 9s. 6d., which, added to 
82097. 14s. 8d. brought forward, made 32,331/. 4s. 2d. to 
be dealt with. They propose a dividend of 8 per cent., 
and to carry forward 8331/. 4s. 1d. 


Messrs. J. Grayson, Lowood, and Co.—Mr. C. B. Stuart 
Wortley, M.P., presided over the annual meeting of 
shareholders in the above company, and stated that there 
were indications of an improvement in trade which, he 
hoped, would become more pronounced. The quarter’s 
working resulted in a profit of 6084/., to which 400/. 
brought forward had to be added. After allowing for 
interest on all balances, depreciation, &c., there was sufli- 
cient to pay a dividend of 5 per cent., and to carry for- 
ward 223/. 


Iron and Steel Trades.—The armour-plate makers at 
the East-end are becoming concerned for the near future. 
The Government have arg out some instalments of the 
orders they promised, but they will not find much em- 
ployment, and the outlook is not encouraging. Rumours 
were prevalent a few weeks ago that Russia would soun 
be requiring armour, but they have not resulted in 
work. It is also feared that not until continental firms 
have booked as much as they can do will orders 
come here. Most of the firms engaged in the manufac- 
ture of forgings are fairly well ked, and some are 
keeping their men fully employed. A _ considerable 
weight of railway material is being turned out, chiefly on 
foreign account, and prices show a hardening tendency. 
‘There are inquiries for large supplies still in the market. 
A more cheerful tone pervades heavy trades generally ; 
but with regard to the lighter industries of the city, 
business remains very depressed. This is especially the 
case with the cutlery, plating, and tool trades. Such 
orders as are on hand are chiefly on foreign account. 


Coal and Coke Trade.—Most of the collieries engaged 
in the shipping trade ure fairly busy, and the men are 
making good time. The house and gas-coal pits are still 
under a cloud, and some of the largest of them are not 
working more than two or three days a week. A change 
of weather is needed to give a fillip to the demand. 
Efforts are being made to maintain prices. There is no 
change in the coke trade, as the consumption keeps up. 








Sream-Encines.—The value of the steam-engines, 
other than locomotives and agricultural engines, ex- 
ported from the United Kingdom in June was 167,635/., 
as compared with 211,980/. in June, 1904, and 144,927/. 
in June, 1903. The same slackness is observable in the 
exports for the first half of the year, their value having 
been 1,019,961/., as compared with 1,120,495. in the first 
half of 1904, and 871,849/. in the first half of 1903. We 
have been sending fewer steam-engines of late to Russia, 
the value of the engines shipped to that country in the 
first half of this year having been only 21,598/., as com- 
pared with 47,602/. in the first half of 1904, and 33,195/. in 
the first half of 1903. The value of the engines shipped 
to British South Africa has also shown a sharp decline 
this year, having amounted, to June 30, to only 59,991/., 
as compared with 120,757/. in the first half of 1904, and 
132,878/. in the first half of 1903. The value of our steam- 
engine exports to British India also declined in the first 
half of this year to 171,499/., as compared with 199,882/. 
and 137,763/. in the corresponding periods of 1904 and 
1903 respectively. On the other hand, Argentina took 
British steam-engines to the value of 139,321/. in the 
first half of this year, as compared with 104,121/. and 
68,8227. in the corresponding periods of 1904 and 1903 re- 
spectively. 


Gas FoR Power Purposges.—An important recommen- 
dation has been made by the Gas Committee of the Bir- 
mingham Town Council. The committee state that they 
have completed the purchase of coal for the current year 
on favourable terms; and in view of the saving effected, 
have reviewed the charges for gas supplied for use in gas- 
engines. In July, 1903, reductions in the prices to be 
charged for gas were sanctioned by the Council, based, 
as hitherto, on the quantity of gas used by a consumer in 
one building regardless of the purpose to which the gas 
was LS , and the lowest charge in the scale was 
1s. 10d. per 1000 cubic feet, less a discount of 5 per cent. 
on the usual terms, where the volume of gas supplied 
exceeded 1,000,000 cubic feet per quarter. Thecommittee 
have received communications from manufacturers direct- 
ing attention to the reduced charges made to their com- 
petitors by undertakings in other districts for gas used 
for motive power; and inquiry shows that reduced 
charges for gas supplied for that pur are made in the 
following centres of manufacture :—Bristol, Bury, Dar- 
lington, Derby, Glasgow, Leicester, Longton, Manchester. 
Newcastle, Nottingham, Rotherham, Sheffield, Stafford, 
Stockport, South Shields, Stoke-on-Trent, Wigan, and 
also at Oldbury, Smethwick, Stourbridge, Walsall, West 
Bromwich, and Wolverhampton. The attention of the 
committee has also been directed to the development and 
perfecting of appliances for the manufacture of producer 

, which can, under favourable conditions, be substituted 
Geant gas for motive power purposes; and after fully 
considering the position, the committee recommend that 
all for use in gas-engines, irrespective of yy. 
shall, as from the next quarterly aoe 4 of the meters, 
supplied at the lowest current rate of 1s. 10d. per 1000 
cubie feet, with discount of 5 per cent. on the usual terms, 
or slightly under 1s. 9d. per 1000 cubic feet net. Gas 
used for gas-engines will, as hitherto, be registered by 
separate meters. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Yesterday there was only 
a very small attendance on ’Change here, but the market 
was cheerful in tone, and a considerable amount of busi- 
ness was done. Traders reported that inquiries on autumn 
account were coming in very well, and they took a pretty 
cheerful view of the future. Little notice was taken of 
the fact that stocks in the public warrant stores continued 
to increase, the general opinion being that when the 
autumn demand sets in fully the output of Cleveland pig 
will not only be taken up, but the stocks will be consider- 
ably drawn upon. No. 3g.m.b. Cleveland pig was fully 46s. 
f.o.b., and buyers rather readily paid that price. No. 1 
was 47s. 6d.; No. 4 foundry, 44s.; grey forge, 42s.; mottled, 
4is. 6d.; and white, 41s. East t hematite pig was 
strong, and heavy sales were reported to have been made 
last week end. feces complained that prices were too 
low, and opined that the position justified an advance of 
quite 1s. Market quotations were on the basis of 54s. 6d. 
for early delivery of mixed numbers. Spanish ore was 
stiffer in consequence of rather better freights. Rubio 
(50 per cent. quality) was said to have been purchased at 
15s. 6d. ex-ship Tees, but 15s. 9d. was more like the 
general market quotation. Middlesbrough warrants 
closed 46s. 74d. cash buyers. To-day the market was 
very strong, and some makers would not accept yester- 
day’s rates for Cleveland iron, but prices were hardly 
quotably changed. The position, however, was strength- 
ened by Middlesbrough warrants being. forced up to 
46s. 10d. cash buyers. 


Manufactured Iron and Steel.—Good accounts are given 
generally of the manufactured iron and steel industries. 
Producers of most descriptions are well employed, and 
they report that orders continue to keep steadily coming 
in. One or two departments are busier than for some 
years past, and rail-makers are in particular kept very 
active. Prospects are certainly encouraging. So far there 
appears no likelibood of the unfortunate strike at the 
Britannia Steel Works being settled. Quotations all 
round are very strong, but they have not been actually 
raised. Common iron bars are 6. 7s. 6d.; best bars, 
6l. 17s. 6d. ; iron ship-plates, 6/. 2s. 6d.; iron ship-angles, 
61. 7s. 6d.; steel bars, 6/. 5s. ; steel ship-plates, 5/. 17s. 6d.; 
steel ship-angles, 5/. 11s. 3d.; steel a 6/. 17s. 6d. ; 
steel joists, 5/. 7s. 6d. to 5/. 10s.; steel sheets (singles), 
7/. 5s. to 71. 10s.; steel sheets (doubles), 7/7. 15s. to 8J. ; 
and heavy steel rails, 5/. 53.—all less the customary 
24 per cent. discount, except rails, which are net at 
works, 


Coal and Coke.—Fuel keeps steady and firm. There is 
a large supply of bunker coal, but demand is improving 
and quotations are stiffening. Unscreened Durhams are 
reported to have keen bought at 7s. 6d. f.o.b., but few 
sellers were under 7s. 9d., and in some cases up to 8s. is 
asked. The price of coking coal is unaltered. Coke is 
in good request, both for home consumption and for ship- 
ment. Medium blast-furnace coke is fully 15s. 6d. de- 
livered here, and export coke is in the neighbourhood of 
16s. 6d. f.0.b. 


Death of Mr. David Evans.—Mr. David Evans, general 
manager of the works of Messrs. Bolckow, Vaughan, and 
Co., died on Tuesday afternoon. The deceased gentle- 
man, who was 65 years of age, had been ailing for a con- 
siderable period, and his demise was not entirely un- 
expected, though the news will come as a shock to a large 
circle of friends throughout the kingdom. Mr. Evans 
was for thirteen years general manager of Messrs. Bolckow, 
Vaughan, and Co.’s steel works at Eston, a position from 
which he only retired in November of last year. He is 
a native of Wales, and prior to coming to Tees-side he 
was associated with the iron trade at Barrow. The 
deceased gentleman’s wife predeceased him two or three 
years ago. The members of his family are all grown up. 








GoLp.—The increased production of the South African 
gold-mines is telling considerably upon this year’s gold 
imports, which, however, have been scarcely so large as 
had, perhaps, been anticipated. The receipts of gold 
from the four principal colonial gold-producing districts 
in June compare as follows with the corresponding 
receipts in June, 1904, and June, 1903 :— 


Colonial Group. June, 1905. June, 1904. June, 1903. 





£ £ & 
British South Africa 2,348,105 1,892,579 1,704,174 
British India > 219,878 239,32 202,905 
Australasia .. 259,802 | 477,547 590,210 
Canada 1,120 nil ni 


It will be observed that the receipts of South African 
gold altogether throw in the shade the deliveries from 
every other quarter. The imports of gold into the 
United Kingdom to June 30 this year were 19,483, 437/., 
as compa with 17,110,4487. in the corresponding 
period of 1904, and 13,656'327/. in the corresponding 
period of 1903. To these growing totals the four prin- 
cipal colonial groups made the following contributions :— 





Colonial Group. 1905 1904. 1903. 
mail £ £ £ 
British South Africa . 10,278,071 8,012,062 6,297,151 
British India ° 3,161,506 3,810,065 1,274,368 
Australasia .. 2,152,800 2,438,156 8,045,863 
Canada 1,120 nil nil 








NOTES FROM THE SOUTH-WEST. 


Cardiff.—The amount of business passing in steam coal 
has been somewhat restricted. The best large descrip- 
tions have made 12s, 6d. to 12s. 9d. per ton, while secondary 
qualities have ranged from 11s. 6d. to 12s. per ton. The 
house-coal trade has shown little change. The best ordi- 
nary qualities have made 12s. 6d. to 133. 6d. per ton, 
while secondary descriptions have ranged from 10s. 6d. to 
lls. per ton. No. 3 Rhondda large has been quoted at 
13s. 9d. per ton. Foundry coke has made 17s. 6d. to 18s. 
per ton, and furnace ditto 16s. to 16s. 3d. per ton. As 
regards iron ore, Rubio and Almeria have been quoted at 
14s. per ton upon a basis of 50 per cent. of iron, and 
charges, including freight, insurance, &c., to Cardiff or 
Newport. 


The Swansea Valley.—The steel trade is in a fairly 
healthy condition; more furnaces have m smelting 
during the past fortnight than for the last two months ; 
the demand for bars has been quite equal to the supply. 
The tin-plate trade is less buoyant Ay oe mills are idle 
at Morriston. : 


New Submarine Dépét.—The Lords of the Admiralty T 


have decided to convert the submarine mining establish- 
ment at Pembroke dock, recently acquired from the War 
Office, into a refitting and experimental cépét for sub- 
marine boats. They also propose to construct a large 
workshop for submarines at Pembroke dockyard, and a 
railway along the foreshore between the dockyard and 
the new dépét, a distance of about three-quarters of a 
_ on estimated cost of the new works contemplated 
is 64,0007. 


Dowlais.—The production of steel rails at the Goat 
Mill has been principally on export account. There has 
been little demand for heavy rails, but large quanti- 
ties of light section rails, weighing 50 lb. to the yard, 
have been made; their ultimate destination is South 
Africa. The Big Mill has been employed on steel fish- 
eg principally on foreign account. Small parcels of 
ight section rails for colliery purposes have also been 
turned out at the Big Mill. 


Great Western Railway.—The directors report that 
good progress continues to be made with the various 
new lines in course of construction. These include the 
Bristol Harbour lines, the Clarbeston-road and Letterston 
line, the line from Garnaut to the Gwaun-cae-Gurwen 
Collieries, and the Landore loop. The Brynmawr and 
Western = line, which has been constructed jointly 
with the London and North-Western Company, to con- 
nect the Great Western Company’s Monmouthshire line 
at Nantyglo with the London and North-Western Rail- 
way at Brynmawr, will shortly be opened for traffic. 
The works of the Fishguard and Rosslare Railways and 
Harbour Company, in which the Great Western is inter- 
ested jointly with the Great Southern and Western Com- 

ny of Ireland, are in an advanced state, both on the 

rish and English sides; and in view of their early com- 

‘etion, the Fishguard Company has placed contracts for 

uilding three fast commodious steamers, fitted with tur- 
bine engines, to be run on the service. 


Mortehoe Water Supply.—A new water sup ly for 
Mortehoe and Woolacombe was inaugurated on nate 
The new supply is an extension of the Ilfracombe under- 
taking, and work in connection with it has been carried 
out with gra O 4) miles of iron pipes necessary to 
connect it with the Ilfracombe mains having been laid in 
nine weeks. Mr. O. M. Prouse, C E., surveyor to the 
Ilfracombe Urban Council, has acted as engineer for the 
scheme, which involved an expenditure of about 7000/. 
for laying pipes from Iron Gate to Woolacombe, and an 
additional 2000/. for filter-beds. 








MISCELLANEA. 

It appears that at Atlin, B.C., a discovery of mag- 
nesite has been made, On the east of the town is a low 
depression, which is swampy in character, and in places 
shows hummocks of white magnesite. The deposit covers 
several acres, and is exposed on the surface. It is pure 
and free from all foreign matter down to a depth of 
60 ft., to which it has already been dug. It is thought 
that underlying the deposit was some parficular stratum 
in the magnesic rock which, being soft, was worn away ; 
and that being more susceptible to the action of swamp 
waters carrying carbonic acid, it was altered from an 
oxide to a carbonate of magnesia. Two hundred tons 
have already been shipped for furnace-linings. 


According to the Jron and Coal Trades Review, the 
manufacture of peat fuel has of late years received in- 
creased attention in Sweden, and is under the care of 
the Government, who have granted considerable sums of 
money for the purpose of a and furthering the 
industry. Interest in the subject has become general, 
and new peat factories have been established in different 
parts of thecountry. While the present high rates of 
carriage prevail, however, peat cannot compete with 
other fuel except in the immediate neighbourhood of the 
place of production : which state of things will certainly 
act disadvantageously towardsa more general adoption of 
this fuel. During 1904 peat was used on the State 
locomotives on a large scale for goods trains; in some 
districts the peat was mixed with equal quantities by 
weight of British coal. During the latter part of the 
year the authorities purchased, after inviting tenders, 
9300 tons of peat fuel to be delivered at different locomo- 
tive stations. 

West Philadelphia, U.S.A., has now in operation an 
ozone plant for water purification, and tests have been 
made of its work. Raw water from the Schuylkill River 





contains as much as 2,500,000 bacteria per cubic centi- 


‘examined cases of the a 


metre; but after a preliminary straining this number is 
reduced to from 250,000 to 700,000, and after the ozone 
treatment to from 5 to 55, and these few are not of an 
injurious nature. The water is also deodorised and freed 
from colour. The nature of the process is as follows :— 
A motor generator, producing a current of 100 alternations, 
is operated by a current taken from the citysupply. The 
current from the generator is raised by transformers and 
condensers to a voltage of 10,000. Voltaic arcs are pre- 
vented, and sparks are limited by means of resistance 
coils and condensers, and the current in the form of a 
pencil of blue light passes from each of some millions of 
metallic discharge points across a short air-gap to nickel 
receivers. By means of a pump air is drawn across this 
gap, and in its passage is partially converted into ozone ; 
it is then forced through a stand-pipe in which it meets 
a current of water flowing in an opposite direction. The 
bacteria contained in the water are instantly destroyed 
by the ozone, and the water is purified. 


In a communication recently read before the Royal 
Society, Messrs. Bairstow and Alexander describe an 
interesting series of experiments on explosive mixtures 
of air and lighting gas recently carried out by them. 
he mixture was exploded in a strong cast-iron cylinder 
10 in. in diameter by 18 in. long, fitted with an electric 
ignition tube, a mixer to insure the homogeneity of the 
gases, and a pressure gauge and indicator. ‘They find that 
a mixture of coal-gas and air is not inflammable until the 
gas amounts to one-seventeenth the combined volume. At 
this limit only a small fraction of the gas present burns, 
the proportion increasing with richer mixtures until the 
coal-gas constitutes one-twelfth of the total volume. For 
all richer mixtures, combustion is complete so long as 
the air is in excess of that theoretically required. They 
find no evidence of an increase in the specific heat at 
high temperatures. In the first series of experiments, 
the initial pressure at the time of firing ranged from 
4 atmosphere up to 3 atmospheres, the mixture being 
0.168 volume of coal-gas to 1 volume of air. In the 
second series the pressures were the same as before, but 
the mixture ratios were as 1 is to 0.105; whilst in the 
third series the initial pressure was kept constant at 35 1b. 
per square inch, and the mixture was varied through the 
whole range at which it would explode. To reduce the 
loss by cooling at the walls, the charge was fired simul- 
taneously at four different points of the cylinder. 


C. Fremont (vide ee Rendu, vol. cxxxix.) has 

ence of brittleness in steel 
worked ‘‘in the blue” (‘‘ blue shortness”). Professor A. 
Ledebur, who in 1886 proposed this term, used it to 
denote the sudden increase in the brittleness of iron 
occurring at the temperature 250 deg. to 350 deg., at 
which the metal assumes a blue colour. Whilst and 
cold shortness may be ascribed to the presence of certain 
well-known substances, blue shortness he considered to 
be common to all varieties of iron and steel, but chiefly 
to the latter. Asa result of the observations of Ledebur 
and others, it is generally supposed that all irons and 
steels acquire shortness when subjected to permanent 
deformation, either by pressure or by shock, whilst at a 
temperature between 200 and 450 deg. Cent. The author 
has found that some steels, particularly those used in the 
construction of certain locomotive boilers, do not become 
brittle under these conditions, and he concludes that 
‘blue shortness” is not an absolute property of iron or 
mild steel, but a defect which may in certain cases be 
avoided by suitable conditions of manufacture. A. Perot 
and H. M. Lévy (vide Comptes Rendu, vol. cxxxix.) have 
examined, by means of an apparatus they have designed, 
certain specimens of steels. They find very variable 
results for the brittleness under apparently identical con- 
ditions, and conclude that it varies at different parts of 
the steel. The brittleness varies too with the rapidity of 
the shock ; for the same steel which suffers a considerable 
permanent deformation before breaking with a force 
slowly applied, breaks with much less previous deforma- 
tion as the speed of shock is increased, and at a sufficient 
speed of shock is perfectly brittle—that is to say, suffers 
no permanent deformation before breaking. 








South ArricaN Rartway Construcrion.—It oppenre 
from an official report that the cost of a proposcd line 
from Mossel Bay to Dwyka, vid George, is estimated at 
1,289,468. The length of the line would be 153} miles, 
the rails would weigh 60 lb. per yard, and the gauge 
adopted would be 3 ft. 6 in. An alternative route, vid 
the George, would be 143} miles in length, and, with 
rails wei ing 80 lb. per yard, the cost is estimated at 
1,510,238/. The works on the shorter route would pro- 
bably be heavier. “ay 





Mancuester Snip Canal.—The revenue of the Man- 
chester Ship Canal is steadily extending. In the first 
half of this year it amounted to 208,745/., as compared 
with 198,548/. in the corresponding half of 1904, 189, 422/. 
in the corresponding half of 1903, and 166,603/. in the 
corresponding half of 1902. The working expenses are 
also increasing, having amounted in the firet half of 1905 
to 120,449/7., as compared with 118,355/., 113.4467, and 
106,132/. in the corresponding p: riods of 1904, 1903, and 
1902 respectively. The net profits of the Bridgewater 
Canal were 14 700/. in the first half of 1905, as compared 
with 11,688/., 12.555/., and 12,331/. respectively. The net 
profits of the Manchester Ship Canal undertaking from 
all sources in the first half of this year were accordingly 
102,066/., as compared with 92,877/., 90,397/., and 73,876/, 
respectively. It is something that the net revenue now 
exceeds 200,000/. per annum ; but to place the undertak- 
ing upon a thoroughly satisfactory financial basis this 


amount must be carried to something over 500,0(0/. in 





each year. 
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HARBOUR WORKS FOR THE IRISH SERVICE OF THE GREAT WESTERN RAILWAY. 
(For Description, see Page 178.) 
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Fic, 6. GENERAL VIEW oF Harsour Works, FiIsHcvarD. 














Fic. 7. Extension oF Pier at Rosstare. 
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'SIIG ENGINE AT THE LIEGE EXHIBITION. 


 ATRIERS CARELS FRERES, ENGINEERS, GHENT, BELGIUM. 
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THE UNEMPLOYED WORKMEN'S BILL, 


Tue Bill ‘‘ To Establish Organisation with a view 
to the Provision of Employment or Assistance for 
Unemployed Workmen in Proper Cases”—a mea- 
sure which everyone, a short time back, considered 
to be practically dead—was read a third time on 
Monday last. It establishes by law an old principle, 
which is new in this country, although it has been 
tried elsewhere—notably in Paris—and found to be 
unworkable. Before proceeding to comment on 
the measure we will give a brief outline of the Bill 
as amended in Committee. It provides that there 
shall be established, by order of the Local Govern- 
ment Board, an organisation for finding employ- 
ment for those who cannot obtain it otherwise, or, 
as a natural corollary, we may point out, those 
who do not wish to obtain it otherwise—a very 
pregnant distinction. 

The Bill—which, we may say at starting, is not 
so much a bad Bill as that it introduces a bad 
principle—may be divided into two parts: that 
which refers to the Metropolis, and that which 
refers to other parts of the Kingdom. Taking 
the London section first, the Bill provides that 
there shall be established, by order of the Local 
Government Board, a Distress Committee of the 
Council of every metropolitan borough in Lon- 
don, and this Committee will consist partly of 
members of the Borough Council and partly of 
members of every board of guardians in the 
borough, and of persons experienced in the re- 
lief of distress. There is also to be established 
a Central Body for the whole of the administra- 
tive County of London, and this shall consist partly 
of members of the distress committees and of the 
London County Council, and aang of persons 
co-opted to be additional members of the body. 
The Local Government Board have also power to 
nominate certain persons, but the number of 
persons co-opted is not to exceed one-quarter of 
the total number of the body. One member at 
least of the committee or body established by the 
order is to be a woman. The functions of the 
members of the Distress Committee are : to make 
themselves acquainted with the conditions of 
labour within their area, and, if the central body 
shall require them to do so, they are to inquire 
into and discriminate between applications made to 
them from persons unemployed. 

So far, it will be evident to any one who has 
studied social questions that provisions of the 
above nature would lead to an enormous influx 
into the Metropolis of undesirable persons of the 
tramp order. Fortunately, however, the Bill has 
been so amended that the requisition of no person 
seeking employment shall be entertained unless 
the Distress Committee are satisfied that such a 
person has resided in London for a period not less 
than twelve months immediately before the appli- 
cation, or such longer period as the Central Body 
may fix as residental qualification. Even as it 
stands, the new law is likely to lead to a consider- 
able immigration of undesirables into the Metro- 
polis. Everyone knows what an attraction London 
has for the incompetent residue of the population 
who are unwilling or unable to work, and the pro- 
spect that a twelve months’ residence in the Metro- 

lis will qualify for relief, in return for which 
abour of a very questionable amount and quality 


% | is to be given, will lead to a swelling of the numbers 
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work and is temporarily unable to do so from ex- 
ceptional causes, over which he has no control, 
may refer the case for treatment by the Central 
Body, the Committee having no power to pro- 
vide or contribute towards the provision of work 
for any unemployed person. The Central Body 
will superintend the action of the Distress Com- 
mittees, and will establish labour exchanges, or 


7|take over those existing. The Central Body will 


also institute registers and collect information as 
they think fit. They may also assist the unem- 
ployed person by aiding the emigration or removal 
of such person to another area; or they may 
provide temporary work in such manner as they 





think best calculated to put the applicant in a 
position to obtain regular work or an means of 
supporting himself. 

he money to meet these conditions will be 
procured from a fund under the management of 
the Central Body, and this fund will be sup- 
ported by voluntary contributions given for the 
purpose, and by contributions made by the council 
of each metropolitan borough in proportion to the 
rateable value of the borough, and paid as part 
of the expenses of the council. Amongst other 
things, expenses may be incurred, with the con- 
sent of the Local Government Board, in the 
“en of land for the purposes of the Act. 

uring the discussion in the House of Commons 
Mr. Keir Hardie moved that the authorities should 
be empowered to use public money for employing 
labour on land thus acquired, arguing that the whole 
object of the Bill was to help workmen when out 
of employment. The motion was, however, nega- 
tived on a division ; and it thus stands that, whilst 
public money may be used for the purchase of land, 
voluntary contributions must be depended upon for 
putting the land to the use for which it will be 
acquired. The proposition seems somewhat illo- 
gical ; but it may be pointed out that the land will 
remain as an asset, whilst the result of labour may 
be of very doubtful value. 

The contribution by a council is limited to the 
amount that would be produced by a rate of one 
halfpenny in the pound, calculated on the rateable 
value of the borough, or such higher rate, not 
exceeding one penny, as the Local Government 
Board may approve. The City of London is to be 
treated as if it were a metropolitan borough, the 
Mayor, Aldermen, and Commons of the City 
occupying the position of the council of a borough. 
Any contribution required for the purposes of the 
Act is to be paid out of the consolidated rate. The 
provisions of the Act may be extended, with per- 
mission of the Local Government Board, to a 
borough or district adjoining or near to London. 

For other boroughs and urban districts outside 
the Metropolitan area distress committees of a like 
nature are to be established, if the borough or 
district make an application for the purpose to the 
Local Government on and the Board should 
consent. The Local Government Board have also 

ower, if they think fit, to establish a central 
y and distress committee, even if no appli- 
cation be made by the county or borough or 
district council—a provision that subsequently 
led to much adverse comment in the Lords. 
The bodies thus established will have the same 
duties and powers as those already mentioned in 
regard to the London district. In the Bill, as it 
came amended from the Committee, it was pro- 
vided that a population of 50,000 should be taken 
as the limit for the municipal boroughs and urban 
districts outside the London area. In the debate 
on the third reading, however, it was moved by 
Mr. Lloyd George that the population limit of 
boroughs outside London in which the Act may be 
applied should be reduced to 10,000, and, not 
being opposed by the Government, the amendment 
was agreed to. The expenses incurred by the County 
Council are to be paid out of the county fund, There 
are other provisions in the Bill to which reference 
need not be made here, so far as the understanding 
of its general scope is concerned. The Act is to 
continue in force for a period of three years. 

So far as the provisions of the Act go, there is 
something to be said in its favour, Common 
humanity would suggest that any man temporarily 
out of work through no fault of his own, able and 
willing to do his best to earn a living, has a claim 
for temporary relief on the resources of a wealthy 
state. This is recognised by the Poor Law, and 
the question that now arises is, how far the present 
Act is to be an extension of the principle which 
gives sufticient for existence to those unable to find 
employment. The problem is one of great com- 
plexity. The Labour leaders are not likely to 
countenance payment under the Act of wages below 
the trade-union rate, and it will be evident to 
anyone who brings common-sense to bear upon a 
consideration of the subject that payment of such 
wages by the State would lead to the establish- 
ment of Government workshops throughout the 
land. How far that would suit trade-union leaders 
is a matter for their consideration. The remarks 
of some of the speakers in Monday’s debate throw 
some light on this subject. Mr. Atherley Jones 
referred to the Bill as an absolute imposture. The 


Distress Committees, he said, were to have no 
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power. They were to investigate and report to the 
central authority, which might, if it pleased, proceed 
to spend. In the Metropolis, he thought, there 
would be 160,000/. or 170,000/. on a penny rate. 
It was ludicrous, he held, to suggest that that sum 
would do anything towards dealing with the terrible 
distress which existed in the Metropolis during the 
winter months. Mr. Keir Hardie, who is held in 
some quarters to be the power which produced the 
measure, said that the Bill was only a beginning, 
but he hoped a beginning on which a proper super- 
structure could be raised. Mr. Lloyd George, in 
his contribution to the discussion, said that the 
Bill in itself was not of very great importance, but 
it contained the germ of a revolution, and whichever 
party was in power, affairs could not stop where they 
were. The Bill recognised the right of a man to call 
upon the State for work ; having recognised that 
principle, it would be more or less an insult for the 
State to reply that, while recognising the right, it 
could not provide work, Everybody knew that the 
matter could not stop there. It will be evident 
from these remarks, which we select from amongst 
others, that the principle of State employment is 
to be pushed to its full extent; and if we could 
imagine that those who advocate such measures 
were to have their way, there could be, in our 
opinion, but one end—the extinction of private 
enterprise and the ruin of British industry. 

The Bill only sketches out in general principle 
what is to be the procedure in regard to finding 
work for the unemployed ; but when we come to 
consider details, so many difficulties present them- 
selves that the Act must fail from the unwieldiness 
of the procedure. For instance, what is to be the 
nature of the employment found for those who are 
out of work? Amongst them will be a number of 
men who have been engaged in different trades. 
There may be, for example, a batch of mechanics 
—say boilermakers or fitters. Is the central autho- 


rity at once to establish engineering works to find 
occupation for these men ? To answer this question 
—and it may be asked respecting every trade— 
in the affirmative would be absurd, as everyone 
knows. Much has been said in regard to reclamation 
work ; but labour directed to that end is likely to be 
ere than the stone-breaking and 


no more 
icking oakum of the ordinary workhouse régime. 
‘he absence of control over men employed in the way 

suggested absolutely precludes efficient work being 
done. However inefficient the labour may be, 
however much the men may loaf and shirk the 
work, it will not be possible to discharge them, 
for that only renders hem again unemployed. It 
does not require much knowledge of human nature 
to anticipate how far the labour will be efficient. 
Putting aside these questions, however, and sup- 

sing the Bill to be perfectly logical in principle, 
its success depends upon the way in which its 
provisions are carried out. The proposal is that 
a central committee, removed from the field of 
operations, shall have control of what is aimed at 
being a productive industry. We have some ex- 
perience of the way in which municipal bodies 
carry out their functions in the matter of employ- 
ment of labour, and every day reveals to us their 
shortcomings. Will the central bodies and distress 
committees be fearless in the discharge of their 
duty, above political influences, careless of the 
outcry of those they may decline to employ, and 
the ‘‘capital” that would be made out of such 
action by political agitators? Specimen cases of 
men who were refused work would be got up, until 
at last the administrators would be afraid to deny 
anyone who applied. 

The whole Codlawes appears to us an absurdity, 
however good the intention may be. But the Act 
—for there is no doubt the Bill will pass—may 
serve one useful end, as it is to last but three years, 
by once more showing how impossible all such 
efforts as that now proposed must prove to be. _ 

We may sigh for a Utopia; but the working 
man, in common with other man, must help him- 
self. In regard to finding new work, he is much 
better off than many members of the community. 
There is no Royal road, nor Parliamentary road, 
to security of labour. Universal State employ- 
ment—and it is to that that measures of this 
nature lead—would inevitably destroy the demand 
for labour, and working men would be the largest 
sufferers. It is possible that the Bill about to be 
passed may afford some relief to a few working 
men generally seeking employment, but we doubt 
whether it will be to more than a very few, whilst 
we feel confident that it will add largely to the 





number of ‘‘undesirables” in the country. A 
system of administration of public funds for charit- 
able purposes has never yet been successful in a 
country with a democratic government, and it seems 
against all hope that it ever will. 








THE LONDON ELECTRIC POWER 
SUPPLY. 

WHATEVER opinion may be held as to the merits 
of the County of London Electric Power scheme, 
no one will deny that the promoters have been 
very hardly used by Fate in failing to secure their 
Bill after it had successfully overcome an excep- 
tionally strenuous opposition, backed up by all the 
unedifying lobbying tactics for which the repre- 
sentatives of many local authorities of late years 
have acquired so unenviable a notoriety. It may 
be taken that no Private Bill of this kind passes 
the House unless the scheme involved is, as the 
French say, d’interet public, and hence if, owing to 
the prorogation of Parliament, the time and money 
expended by the promoters is lost, the public must 
ultimately be a sufferer. It would certainly be 
to the general advantage if, when a private Bill 
has successfully passed one House and the Com- 
mittee of another, it should be automatically 
carried over to another session. It is most un- 
reasonable that the heavy legal expenses should be 
duplicated by compelling the promoters to bring 
forward the Bill entirely de novo. 

The character of the Bill as finally reported has 
been considerably modified on its passage through 
the Houses of Parliament. Promoters know well 
that however reasonable their Bill may be in the 
first instance, amendments are certain to be 
insisted on, and this being so, it is common for 
much more to be asked for in the first instance than 
there is any expectation of getting in the end. If 
the Bill had been passed in the condition in which 
it was originally drafted, there is no doubt that the 
company would have been in a position to compete 
on somewhat unfair terms with the existing sources 
of supply. Where these are under the control of a 
company, the latter is hampered by a purchase 
clause and certain statutory obligations, from which 
the Power Company asked to be free. This led to 
a very pronounced opposition on the part of the 
present undertakers, which, however, was modified 
when the House of Lords inserted a provision to 
the effect that the new company should not supply 
within the area served by any existing company or 
local authority, unless it was proved to the satisfac- 
tion of the Board of Trade that they could supply 
more cheaply, and even then the existing company 
or council was to have the option of taking the 
current required from the Power Company at a price 
which would leave them a reasonable profit. With 
this clause there was no difficulty in coming to 
terms with the supply companies concerned, and 
with the more enlightened of the local authorities. 

The advantages gained by the latter under the 
Bill promised to be very substantial. The total 
cost of production at eleven metropolitan muni- 
cipal stations has been 197,2911. for the last twelve 
months for which returns are available, whilst the 
company are prepared to supply the same amount of 
current for 131,2691., which, if these stations really 
pay at present as our muni¢ipalisers claim, would 
mean a sum of no less than 66,0001. in relief of 
the rates, which would be gained with no risk or 
trouble to the local authorities concerned. In 
view of the figures stated, it is easy to under- 
stand that the Borough Council of Stepney decided 
to abandon their previous intention of spending 
250,000/. on a new generating station, and to 
come to terms with the Power Company, from 
whom they now propose to take their supply. 
The maximum charge is to be 3l. per annum 
per kilowatt of the maximum load, plus 0.33d. 
per unit; and this price is to be revised at 
intervals of five years by arbitration if neces- 
sary. The Council, on the other hand, will 
retail this current at a price not exceeding 
30s. more than they pay for it. If the Council 
do not wish to lay down themselves sufticient 
mains to meet the demand, the company reserve 
the right to do this. In the agreements with 
the local authorities of Bexley and Barking, the 
company take over the existing electrical under- 
takings. Inthe case of Bexley the Council will 
act as the distributing agent, receiving their current 
at a flat rate of 1.35d. per unit as a maximum. 
The Council may, moreover, be called on by the 
company to supply power-users at a lower rate than 





this, the loss incurred being refunded. As before, 
prices may be reduced by arbitration at five-year 
Intervals. At Barking the Council will not act as 
middleman, but the company will supply con- 
sumers direct, as also the Council’s tramways, 
public lights, and sewage-pumping plant. The 
maximum prices fixed are ld. per unit for powcr 
and traction, 1}d. per unit for public lighting, and 
4d. per unit for private lighting. 

Other public bodies have, unfortunately, been 
less business-like, but have allowed themselves to 
be swayed by considerations quite other than the 
true interests of the ratepayers. Thus in giving 
evidence for the Poplar Borough Council, Alder- 
man J. Bussey frankly stated that they would not 
accept a supply in bulk at a cheaper rate than they 
could generate themselves, and the City of West- 
minster equally objected to becoming a ‘‘ mere 
distributor” of current generated by an. indepen- 
dent company. It cannot be denied that in years 
past advocates of municipal trading have claimed 
support for their schemes on the ground that the 
expected profits would be available for the relief 
of the ever-growing burden of the rates. In 
fact, the policy was to a large degree in substitu- 
tion for that, previously popular, of relieving the 
rates by heavily taxing the unearned increment, 
and thus throwing the burden on the shoulders 
of the ground landlords who had reaped such 
immense gains from the increase in urban land 
values. It is now, however, evident that in many 
cases the expected relief of the rates played only 
a minor part in the development of municipal 
trading, since the prospect of obtaining a substantial 
relief without any liability is not sufficiently attrac- 
tive to many of these local authorities to persuade 
them to withdraw their opposition to a scheme 
which proposes to bestow such great benefits on 
the areas under their administration. Indeed, in 
working-class areas the bulk of the population 
appear to take very little interest in the amount 
of the rates. The small shopkeepers, professional 
men, and others that pay direct, form but a small 
proportion of the community which consists mainly 
of ‘‘compound householders.” Out of sight is 
proverbially out of mind, and rates being included 
with rent as one lump sum, are liable to be totally 
ignored. The interest of the compound householder 
is thus far greater in an extension of municipal 
trading 2 than in a reduction of rates, 
since the former offers him the prospect of obtain- 
ing a good billet with the much-longed-for security 
of tenure. 

The late Mr. Poland, Q.C., on one occasion 
drew a distinction between his ‘‘ opinion” and 
his ‘‘ argument,” which it turned out were totally 
opposed to each other. If the Roman augurs 
had to hide a smile in performing their sacri- 
fices, we think this must also often be the 
case with Parliamentary counsel when their brief 
demands the serious statement of objections 
which they can hardly help knowing to be 
utterly frivolous. Every power scheme in turn is 
invariably met with a cry by some local authority 
or another that it cannot have its roadways inter- 
fered with. In the case of the City of London, and 
some few other localities, there is undoubtedly 
much force in the contention, but it is also 
raised in other cases where the roadways are by 
no means inordinately crowded in the subsoil. 
Its usual insincerity is obvious from the fact that 
no borough council is as yet on record as having 
refused to instal a lighting or power scheme of its 
own because of the consequent disturbance to the 
roadways. In the present case it must, however, 
be admitted that it was not the counsel engaged, 
but Mr. John Burns, M.P., who reached the low- 
water mark of common-sense in opposition to the 
scheme. In the debate on the second reading, this 
gentleman opposed the grant of the powers sought 
on the ground that by cheapening production it 
would increase the number of unemployed. 

Doubts have been somewhat freely expressed as 
to whether the demand for power in London is 
likely to be anything but a small fraction of that 
anticipated by the promoters. Of course, if this 
proves to be the case, the shareholders will lose 
their money, since the whole success of the 
scheme depends on the possibility of generating 
on a very large scale. Owing to the adoption 
of large turbo units, the capital cost of establish- 
ment is put down at 8l. 10s., though Mr. C. E. 
L. Brown, in his evidence, gave it as his opinion 
that it might be done foz 71. to 7/. 10s., and both he 
and the Hon. C. A. Parsons agreed as to the possi- 
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bility of building 50,000-kilowatt units if desired. 
Mr. Merz does not, however, at present contem- 
plate units exceeding 30,000 kilowatts, and at the 
outset, of course, much smaller units will be used. 
The actual average cost of existing London stations 
has been 50/. 1Us. per kilowatt installed. It is 
thus not surprising that the average charge for 
power is 1.94d. per unit, whereas the Power 
Company propose 1.5d. as the maximum to be 
charged to any consumer. In Newcastle the 
average price is ?d. per unit. No single local 
authority can hope to compete with these figures, 
since the low price of installation is possible solely 
through the adoption of very large turbine units, and 
such units cannot be worked at their best efficiency 
without a much better supply of condensing water 
than it is possible to obtain with cooling towers. 
The cost of the distributing mains has been taken 
by the promoters as 91. per kilowatt, for which 
they stated they had firm tenders from responsible 
parties. On this head, however, Colonel Crompton 
gave what was, perhaps, the most damaging evi- 
dence that the promoters had to meet, since he 
stated that the cost of mains as laid in London 
had averaged 36.21. per kilowatt, the lowest price 
being 25.61., and the highest 541. Of course, a 
very large proportion of the cost of main-laying 
is almost independent of the capacity of the mains, 
and it is probably in this fact that the explana- 
tion of the enormous discrepancy between Mr. 
Merz’s estimate and Colonel Crompton’s figures 
is to be found. In any case the cost of the proposed 
generating-station is so small per unit that there 
will still be a large margin available for unanticipated 
expenses in main-laying before the total outlay 
per kilowatt begins to compare with the expendi- 
ture on existing stations. Provided, therefore, 
the company get the load they expect, they would 
seem to have a fair prospect of financial success, 
whilst the Londoner will reap the undoubted 
advantage of a very cheap and cleanly supply of 
power. “~~ shows that facilities create 
business. ut very few years elapsed after the 
completion of the first portion of the hydro-electric 
plant at Niagara before it was found necessary to 
double the capacity of the station ; and it is also of 
hopeful augury to note that the first of the power- 
gas stations opened in Staffordshire a few weeks 
since is already being driven at its full designed 
output. 

Besides the concessions by which the company 
acquired the support of the supply companies and 
the less prejudiced of the local authorities, the 
House of Commons also insisted upon a purchase 
clause being included in the Bill. This provides 
that the company can be purchased at the end of 
forty-two years by any authority authorised by 
Parliament to that end, on the basis of their audited 
actual capital expenditure, less depreciation, no 
allowance being made for goodwill or for the fact 
that the undertaking is acquired as a going concern. 

The sliding-scale for dividend was also amended, 
and it was agreed that when the average price 
charged was less than jd. per unit the authorised 
dividend might be increased in the ratio of 4 per 
cent. for every 1} per cent. by which the average 
price was below the standard, whilst for every 1} 
per cent. above the standard price there should be 
a reduction of 4 per cent. in the dividend. 

Some of the most important evidence in favour 
of the scheme was tendered on behalf of the 
railway companies, who declared that the pos- 
sibility of obtaining a supply would hasten the 
day when it would be feasible for them to elec- 
trify certain of their services. With increasing 
rates and diminishing dividends most of the 
railway companies are not now in a position 
to raise on favourable terms the large capital 
neéded to run their suburban trains by electricity. 
Some years since, Mr. George Westinghouse sug- 
gested that the difficulty might be diminished by 
the formation of power companies which would 
raise the capital needed, and supply electricity to 
the companies at rates which would enable them 
to show an immediate profit, the risk being thus 
born by the power company in place of by their 
own shareholders. This is exactly what will 
be feasible if the London company is success- 
fully established. The advantages of running 
suburban trains by electric power are great. On 


the Liverpool-Southport section the change from 
steam to electricity made it possible to reduce 
the time of stopping trains between termini from 
o4 minutes to 37, and at the same time to very 
largely increase the number of trains. 


This was 








possible because the time necessarily lost at the 
terminals with an electric train is only that required 
for the driver to walk from one end of the train 
to the other, whilst with a steam train the 
getting of a train in and out of a terminal 
is a complicated business, involving the changing 
of engines, so that in practice five minutes is about 
the minimum time in which one train can enter, 
get out again, and leave the platform clear for 
another arrival. By electrification the capacity of 
London termini could therefore be very largely 
increased, and if the Power Bill goes through next 
session, this increase will not necessarily involve 
any extraordinary capital expenditure on the part 
of the railway shentnalibian whilst the public will 
get quicker and more frequent services. 





THE WASTE OF SHIPPING. 

THE annual return of vessels totally lost and con- 
demned, just issued by Lloyd’s Register, shows 
that the waste of shipping during the past year was 
807 vessels, of 738,145 tons, excluding all vessels of 
less than 100 tons. This is about the average of 
the preceding ten years, but shows an increase on 
some recent years, due entirely to losses during 
the war. On studying the details of the vessels 
lost, we find that about 30 of the steamers were 
either blown up or sunk in connection with the 
operations at Port Arthur, so that if this abnormal 
condition is eliminated, there is no diminution in the 
steady decrease in the proportion of waste to the 
total tonnage owned. 

The list of losses includes 344 steamers, of 512,879 
tons, which is 34,000 tons more than in 1903, and 
104,000 tons more than in 1902 ; but the percentage 
of steamers lost during the five years ending with 
1903 is considerably less than those erased from the 
register during the previous quinquennial period. 
In sailing ships the year’s losses number 463 vessels, 
of 225,266 tons—the lowest for many years ; but it 
should be remembered that the total fleet of sailing 
ships is a steadily diminishing quantity. In the case 
of steamers, the proportion of losses to vessels owned 
was, during the past year, 1.87 tons, as compared 
with 1.81 tons in the previous quinquennial period, 
and 2.17 tons in the five years from 1894 to 1898. 
As regards sailing ships the proportion of loss in 
the past year was 3.74 per 100 tons owned, as 
compared with 4.61 tons in the preceding quin- 
quennial period, and 4.81 tons in the five years 
ending 1898. This proportion, it must be granted, 
is a very favourable one, perhaps too favourable 
for shipbuilders, and it is still more satisfactory 
when it is noted that on an average 200 vessels, 
of 143,000 tons—about one-tifth of the total tonnage 
—represent vessels broken up. 

During the past year the tonnage of vessels 
broken up and condemned made up nearly one- 
fourth of the total, but it should be stated that of 
this 133,477 tons were demolished voluntarily, 
only 10,000 tons being broken up owing to stress of 
weather. This, indeed, may be said to be charac- 
teristic of the practice in recent years. Wrecks, 
which means vessels stranded, &c., caused the loss 
of more than half the total amount of the tonnage 
removed—namely, 339,028 tons. Collision is the 
next most general cause of loss, especially in the 
case of steamers, the proportion being 10.8 per cent. 
of the total, while in the case of sailing ships aban- 
donment at sea accounts for 10.2 per cent. 

We have given the percentage on total loss, and 
it is, perhaps, interesting to note that in the case 
of steamers Britain’s loss rate is only 1.19 tons per 
100 tons owned, and in the case of sailing ships 2.35 
per cent. of sailing tonnage owned. If we take other 
nations owning more than 1,000,000 tons—namely, 
Germany, the United States, Norway, France, 
Italy, and the British Colonies—we find that the 
average percentage of loss in steamers is 1.66, and 
in sailing ships 3.81, so that Britain occupies in 
this respect a very favourable position. With a 
fleet of 15,391,000 tons of steam and sailing 
vessels, the percentage of tonnage lost is 1.30, 
whereas Germany, with only 3,369,800 tons, 
has a percentage of 1.47 ; the United States, with 
2,590,000 tons, a percentage of 2.09; France, with 
a fleet only a little more than one-tenth that of 
Britain—namely, 1,693,366 tons—has a percentage 
loss of 1.33; Norway, with 1,717,654 tons, a per- 
centage loss of 2.19 ; and Italy, with 1,187,566 tons, 
a percentage loss of 2.52. Generally, it may be 
said that the proportion of Joss is higher in the 
case of sailing ships than with steamers, Norway 
topping the list with 4.33 per cent.; Spain coming 











next with 4.25 ; France, 3.09 ; the United States, 3; 
Sweden, 2.94 ; Russia, 2.86 ; Italy, 2.62; Austria- 
Hungary, 2.37 ; Britain, 2 35 ; and Denmark, 1.63 
per cent. 








MOTOR-BOAT TRIAIS. 


Durixe the past week two competitions have 
taken place which are illustrative of a form of 
aquatic diversion that has resulted from one of the 
most recent developments of mechanical invention. 
On Tuesday, the Ist inst., the eliminating trials 
for deciding what boats were to compete this 
year for the international motor-boat trophy took 
place off Sea View, Isle of Wight; and on the 
same day what are known as “reliability trials” 
were commenced in Southampton Water. We must 
confess we have not much leaning towards motor- 
boat racing, nor, indeed, towards any machine- 
made sport. No doubt racing competitions tend 
to the improvement of engines and hulls, and so 
far there is a mechanical gain; but this is not 
sport. However, if a certain number of people 
like to spend their money in trying to get the 
swiftest racing machine possible, engineers will be 
content to accept such instruction as the experience 
brings forth. 

Five boats entered for the eliminating trials, but 
only two appear to have started in accordance with 
regulations. These vessels were :—Competitor, a 
35-ft. boat, owned by Lieutenant Mansfield Cum- 
ming, R.N.; and the Napier, a 40-ft. boat, owned 
by Lord Howard de Walden. The other boats that 
started were beyond the limit of time allowed after 
the second starting-gun. On Napier II., a boat 
39 ft. 4 in. long, the property of My. Lionel de 
Rothschild and Mr. J. S. Montagu, the cylinder- 
cover joint had blown before the start, and the 
repair was not completed for some considerable 
time after the second gun had fired. Another boat 
—Hutton II.—was disabled through a broken pump- 
shaft. Competitor and Napier crossed the line in 
succession, but the latter boat’s steering-gear broke 
down almost immediately, and she was disabled 
for the time. Brooke I. followed Napier over the 
line, but was outside the time-limit, as also was 
Napier II. by a considerable margin. 

Competitor, Brooke I., and Napier II. tra- 
velled round the course, which was to be covered 
seven times, the last-named vessel being a lap 
behind at the start. She was, however, travel- 
ling faster than the other two, but had to 
stop for a few minutes for some purpose, after 
which she continued to gain until both the 
other boats broke down, and Napier II. finished 
alone. Our contemporary, The Motor Boat, sent 
out a correspondent to the disabled boats in a 
petrol launch, and discovered that the trouble 
with Brooke I. was that her bilge pump had 
been choked, and water had accordingly accumu- 
lated to such an extent that short-circuiting had 
been set up, whilst the fly-wheel had splashed 
oil and water over the machinery and crew. In 
the Competitor it was a case of hot bearings. 
Napier II. completed the whole course of about 
35 miles in 2 hours 38 minutes 27 seconds, It will 
be seen, therefore, that out of five boats only one 
completed the course, and she did not comply with 
the conditions laid down. Whether the whole of 
these boats will be ‘‘ eliminated,” and there will 
be no British representative at the international 
contest to be held at Arcachon next September is 
a matter upon which we are not acquainted. 
Possibly some other vessel or vessels may be 
selected; there is a new boat designed by Mr. 
Linton Hope, and engined by Napier and Co., of 
which a good deal is expected. 

The reliability trials, which were promoted by 
the Motor-Yacht Club of Great Britain and Ireland, 
extended over two days. No less than 31 bvats 
started on the first day, Wednesday, the 2nd inst., 
and 13 of these made non-stop runs, the weather 
being fine and thesea quitesmooth. Onthe second 
day the conditions as to weather were reversed, 
and 26 boats started, five making non-stop runs. 
So far as our information goes, three boats made 
non-stop runs on both days, and these were all 
driven by petrol-engines. 

The object of the trials, as indicated by the 
title, was to ascertain the trustworthiness or re- 
liability of the boats entered. For this quality 
100 marks were to be awarded for ‘‘ non-stop,” 10 
marks being deducted for every stop, and, in addi- 
tion, 1 mark for each minute of duration of the stop. 
For general conditions 100 marks were to be 
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awarded ; for speed 50 marks; for the arrange- 
ment and protection of fuel tanks, pipes, and 
fittings, 35 marks ; economy of fuel, 20 marks ; 
efficiency of reversing, 10 marks ; arrangement, 
design, and finish of installation, 5 marks ; ease of 
control, 5 marks; and silencing, 5 marks. In 
apportioning the marks for speed the speed of the 
fastest boat in her class would be taken as the 
standard, and 1 mark would be deducted for every 
tenth of a knot below the standard. In regard to 
consumption of fuel, the boat in any class costing 
the least per knot would be taken as the standard. 

Seven classes of boats were on the programme, 
but there were entries in only five. These were :— 
Class EI., yachts’ launches not exceeding 25 ft. ; 
Class III., yachts’ launches exceeding 25 ft.; Class 
IV., yachts’ launches not exceeding 30 ft.; Class 
VI., unrestricted vessels exceeding 25 ft.; and Class 
VII., sea-going motor yachts with permanent cabin 
accommodation. The course was divided into two 
parts, known as the ‘‘sheltered course” and the 
** open course.” On the second day, owing to the 
considerable sea running in Southampton Water 
—-a really heavy sea for the small open boats— 
a third course was established. The sheltered 
course was wholly within Southampton Water, 
and extended from a mark-boat off Hythe Pier 
down Southampton Water to the buoy below the 
mouth of the Hamble River—known as the Bald- 
Head buoy —then turning west to the buoy above 
Calshot Castle and back to the starting point. 
The length of this course was not stated in the 
official programme, but we measure it as about 9 
nautical miles on the Admiralty chart. Of course, 
allowance should be made for rounding, and it 
will be understood that any course defined by 
buoys and measured on a chart is but approxi- 
mately correct. The open course extended from 
the Bald-Head buoy in a southerly direction into 
the Solent to the Calshot Spit Lightship, then 
westerly to the Solent Banks gas buoy and back 
to the western leg of the sheltered course. The 
distance is stated to be about 15 nautical miles. 

The open course was, of course, to test the sea 
qualities of the boats, and they were allowed to 
eater either for the sheltered course in Southampton 
Water, or for the extended course out into the 
Solent. The majority entered for the extended 
course, and they had in that case to go once round 
the open course each day. The conditions were 
that ten hours’ running was to be done each day, 
and an official observer was placed on each boat to 
note the results. 

With so many entries it would take too much 
space to chronicle the results of all, even to the 
extent for which information is at our command, 
and we can only remark on some of the salient 
features. When the judges’ awards are published 
there may be other points of interest to comment 
upon. Undoubtedly the most interesting boat of 
all was the Thornycroft gas-driven vessel, named 
the Emil Capitaine, illustrated and described in our 
last issue. This boat was the largest of all, being 
60 ft. long and 10 ft. wide. She was entered in 
Class VII., and was the only vessel propelled by a 
gas-engine, the gas being generated in a producer. 
As the possible prototype of a class of vessel that 
may, in the more-or-less distant future, include 
craft of the largest size, her performance was closely 
watched by many whose interest extended beyond 
the scope of the ordinary petrol motor-boats. It 
may be said that on the first day she acquitted herself 
admirably, making a non-stop run for the whole 
ten hours, ‘traversing the open course once, and 
making six rounds of the sheltered course in 9 hours 
12 minutes. The distance would be about 70 miles 
according to our calculation, but. probably this is 
an under-estimate. In any case the rate of pro- 
gression was not high—far lower than that to which 
the boat is capable of attaining, although she is not 
built for speed. The coal consumption, we are in- 
formed, was 469 lb. for 114 hours’ travelling, and 
for what was burnt in the producer to keep 
the fire alight during Tuesday night. The latter 
was but a small quantity. The cost of fuel would 
be about 4s. to 4s. 6d. per day; certainly a low 
figure for a.vessel of this size, and from one-fifth 
to one-sixth of the expenditure that would be needed 
for petrol. Economy is the strong claim for this 
system, and it is to be hoped some crucial trials 
over an accurately measured distance, and with indi- 
cator diagrams taken, will be carried out. Low fuel 
consumption may appeal more to those who require 
vessels for commercial purposes, but for the owner 


of pleasure craft it is also a most desirable feature. | 





Putting aside the question of expense, there is the 
great advantage of having to go through the dirty 
business of coaling at less frequent intervals, and 
the consequent wider radius of action. To be able 
to run a 60-ft. sea-going vessel for two days and 
two nights on a ton of coal is a feature that will 
appeal to all who have made coasting voyages in 
small steamers, when the fact of having to go into 
port to coal is one of the greatest annoyances ex- 
perienced. 

On the first day, as stated, the weather was fine, 
so that the sea-going qualities of the boats—even 
of the smallest—were not in any way tested ; but 
Thursday morning broke with a strong wind that 
soon hardened into a gale. Of course, in the 
Solent the waves were not as big as in the 
Channel, but there was sea enough running to 
test the capabilities of any of the craft entered. 
The Emil Capitaine was less fortunate than on 
the previous day. She started for the outside 
course, but near the bottom of Southampton Water 
the bearings of the circulating pump supplying 
cooling water for the cylinders seized. The engines 
of the boat had been designed for a vessel with 
more rise of floor, and the pump was to have been 
driven by toothed-gear. With the shallow hull of 
the Emil Capitaine this was not possible, so a belt 
had to be used. This belt had to be tightened up 
several times, as it was slipping, and that put an 
extra stress on tHe bearings. The boat had to be 
anchored for about two hours, and when she got 
under weigh again the trials had been stopped by 
the judges on account of the weather. There is no 
doubt, however, that this vessel would have done 
the outside course comfortably, as she proved her 
sea-going qualities whilst being towed round from 
the Thames, when the worst of the heavy weather 
of the previous week was encountered. On the 
whole, it may be said that the experience with the 
Emil Capitaine was very encouraging. The boat 
had hardly been run before she started on the 
Wednesday’s trial, and that she should have 
performed so well in what was practically the 
first attempt of a new system was distinctly 
satisfactory. 

As we have said, three of the other vessels are 
registered as having scored non-stop runs on both 
days. The first on the list was entered by John I. 
Thornycroft and Co., of Chiswick. She was driven 
by a two-oylinder four-cycle Thornycroft petrol- 
engine of 12 horse-power, and made the open 
course each day. It is no small testimony to the 
sea-going qualities secured by petrol-driven machi- 
nery that this little vessel should have gone through 
the really heavy sea, for so small an open boat, 
without mishap ; for, though the Solent is not the 
English Channel, there was sea enough running to 
test the qualities of much larger craft, to say 
nothing of the nerve of the crew. The next boat 
to make non-stop runs on both days also hailed 
from Chiswick, having been built by F. Maynard, 
of Grove Park. She was 30 ft. long and 6 ft. wide, 
and was propelled by a two-cylinder two-cycle 
Lozier motor,* of 10 brake horse-power, the cy- 
linders being 5 in. in diameter by 6in. stroke. The 
good performance of this boat in heavy weather is 
testimony to the efficiency of the two-cycle petrol 
motor. The third boat making a non-stop run on 
both days was built by Summers and Payne, and 
was fitted with a four-cylinder four-cycle Napier 
motor of 24 brake horse-power, the cylinders being 
4 in. in diameter and 6 in. stroke. 

The majority of the boats were petrol-driven, but 
six were fitted with engines using paraffin, and two 
were steam-driven ; there was also the gas boat 
to which reference has been made. Both the steam 
craft were built and engined by Messrs. Simpson, 
Strickland, and Co., of Dartmouth ; and their per- 
formance will, when the judges’ reports are issued, 
afford an interesting comparison with the internal- 
combustion engines. The reputation of the Dart- 
mouth firm is sufficient guarantee that steam will 
not suffer by its representatives. Contrary to 
general anticipation, the steam vessels did not make 
non-stop runs, as the boat in the 25-ft. class had 
to stop, owing to the breaking of a drain-cup. The 
other boat, 28 ft. long by 8 ft. wide, however, 
made a non-stop run on the first day, and covered 
the open course on the second day. 

One of the paraffin boats gave up through the 
heating of her clutch ; another stopped three times 
to change sparking-plug, and later broke a contact- 


* An illustrated description of the Lozier motor will be 
found in ENGINEERING, vol. lxxix., page 243. 





breaker spring; a third had her oil-pipe choked ; a 
fourth made a non-stop run on the first day ; and 
a fifth also had trouble with her fuel-pipe. The 
latter boat, a Thornycroft, made an excellent run 
on the second day, doing a non-stop run which 
included the outside course. This boat also made 
the run round from the Thames to the Isle of Wight 
without mishap. 

No doubt there are other details of interest con- 
nected with the trials, and these may come out 
when the judges’ report is published. For the 
en we have to acknowledge our indebtedness 
or some of the results of the trials here given to 
our contemporary the Motor Boat; a journal which 
deserves recognition for the energy displayed by 
its representatives in gathering information. 








THE ATTITUDE OF THE PUBLIC 
TOWARDS RAILWAYS. 

Tuat property has its duties as well as its rights 
was one of the catch-phrases of politics some 
quarter of a century ago, but so far as regards 
railway property there would now-a-days seem to 
be a danger of the nation forgetting that share- 
holders have some rights to be respected as 
well as duties to perform. This elementary fact 
appears to have been largely ignored in the report 
just published of the Committee appointed in 
1903 to inquire into the working of the Cheap 
Trains Act. If a corporation of any kind, as has 
been stated, has ‘‘no soul to be saved, or body to 
be kicked,” its advantages in this respect appear 
to be fully compensated for by its having also 
no personality to excite sympathy when it is 
the victim of misfortune or injustice. The re- 
cent sad disaster on the Liverpool and South- 
port line, for instance, arose solely from the 
mistake of a signalman ; and to prevent the possi- 
bility of such a mistake, the company had taken 
the expensive precaution of interlocking the signals 
and the points, so that with the points wrongly set 
the signalman was unable to lower his signals for 
the oncoming train. In place of realising the 
actual condition of affairs, the signalman assumed 
that the mechanism had gone wrong, and brought 
on the express by hand-signal, with fearful con- 
sequences to life and limb, but his error had also 
as another consequence that of letting his employers 
in for a loss of many thousands of pounds. Were 
an individual to suffer in this way from the mistake 
of another, there is little doubt that the public com- 
passion would not have been confined solely to the 
victims injured or killed in the collision, but some 
slight overflow of sympathy would have been ex- 
pressed for the unlucky proprietor, whose carefully- 
designed precautions were swept aside by the unfor- 
tunate over-confidence of one of his servants. As 
matters stand, however, almost the only references 
made to the company have been of a_ hostile 
character. Moreover, if instances of this kind lead 
the railway companies to attempt to adopt auto- 
matic signalling throughout, there is little doubt 
that this attempt to displace the uncertain human 
element by unerring mechanism will meet with no 
encouragement from the public, whose sympathy 
will then be excited 7 the sight of individuals 
superseded in their employment. 

he cases in which the railway companies suffer 
from injustice are too frequent to excite any par- 
ticular attention. The rating authorities, of course, 
have long considered them fair game, and take 
every step possible to ensure their over-assessment, 
acommission being frequently paid to the valuer on 
the amount of the valuation finally established. In 
rural districts the accepted practice is to under- 
value all property save that of the railway com- 
pany, and to overvalue that. The companies have 
practically no redress, since the old axiom that 
taxation should involve representation has long 
been abandoned by all political parties, and the 
companies are totally unrepresented on the local 
boards. By expensive legal proceedings—for which 
in all cases, as the principal ratepayers, they must 
contribute, in any event, a large proportion of 
their opponents’ costs—they may reduce the over- 
valuation of their own property ; but in respect to 
the undervaluation of that of other ratepayers 
they are entirely helpless. Injustice of this kind 
has long been notorious, but one of the recommen- 
dations made by the Select Committee seems to 
transcend in unfairness anything to which they 
have yet had to submit. Stated briefly, the Com- 
mittee recommend that if a ground landlord wishes 
to increase the value of his property by developing 
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it as a residential neighbourhood for working 
men, the companies should be compelled to help 
him in filling his pockets by establishing a train 
service for workmen in advance of the demand. 
Hitherto the Railway Commissioners have refused 
to act in this way, and this refusal is regarded as 
‘‘ unfortunate ” by the Commissioners. The only 
suggestion made by the Committee to mitigate the 
unfairness contemplated is that in exceptional cir- 
cumstances, and whilst the district is developing, 
the railway may continue to be rated at its previous 
valuation. 

The Committee make no attempt to protect the 
railway companies by defining a workman. Cases 
are not unknown where workmen’s tickets have 
heen tendered by ladies in evening dress, and where 
tickets are issued in batches, and as the cost of the 
return ticket is much less than that for an ordinary 
ticket for the single journey, it is difficult to pre- 
vent this unless there is some statutory definition of 
the class for which the tickets are meant. The 
difficulty can, of course, be avoided by issuing the 
tickets singly only, and on the morning of the day 
on which they are available ; but this leads to con- 
gestion at the ticket offices. 

Twopence seems to be a common charge for a 
workman’s ticket. For this sum on the Great Eastern 
Railway he is carried on one branch a distance of 
10} miles and back, or 214 miles in all. On the 
Metropolitan Railway a similar fare will carry him 
7? miles and back, and on the North London 
Railway 64 miles and back. On the Midland 
and the London and North-Western Railways the 
same fare is good for a journey of only about 24 
miles and back. In Belgium, although the lines 
are operated by the Government and wages are 
lower than here, the cost of workmen’s tickets is 
in practice not substantially different. He can 
obtain a weekly ticket carrying him 3 miles and 
back for 14d. per day. For 2d. he can travel 
8 miles and back, for 3d. 22 miles and back, for 4d. 
40 miles, and for 5d. 62 miles and back. The latter 
fares are probably merely examples of ‘‘ window 
dressing,” so as to enable the authorities to boast 
of the low fares possible with Government manage- 
ment and ownership. A workman who is able to 
afford the time requisite for a daily journey of 
124 miles in an average Belgian train, must in 
nautical phrase ‘‘ hold a very soft number.” In 
France, where the railways are subsidised by the 
Government, workmen’s fares are also much the 
same as here. Thus, on the Western of France 
Railway the fares are 1}d. for a journey of 5} 
miles and back, 2d. for a journey of 74 miles and 
back, and 24d. for one of 8? miles and back. 

As might be expected from the foregoing, the 
Committee advocate the removal of the present 
time-limit of 8 a.m., up to which workmen’s tickets 
are available. A necessary corollary of this would 
appear to be some legal definition of a workman ; 
but, as already stated, the Committee refuse to pro- 
vide this. As a consequence, there can be little 
doubt that an extension of the time up to which the 
tickets are available will lead to their use by persons 
not contemplated in the original Act. Many of 
these, such as the less-well-paid clerks and ware- 
housemen, doubtless are in no way better re- 
munerated than the average mechanic, and are 
probably less well paid than the more highly skiiied 
craftsmen. Yet they have not hitherto been in- 
cluded in what is generally understood as ‘the 
working classes,” for which only were these special 
privileges originally intended. 

It is, no doubt, true that many users of work- 
men’s tickets are now brought up into town some- 
what earlier than is required by the necessities of 
their business. If, however, the time limit is 
extended, as is suggested, these will overflow into 
the trains which now carry season-ticket holders, 
and are already crowded to nearly the limit of 
their capacity. The consequent congestion could 
then be relieved only by a very heavy capital ex- 
penditure, as existing terminal facilities are, in 
most cases, quite unequal to any great increase in 
the number of trains brought in and sent out again. 
The cry of the overcrowded season-ticket holder is 
already sutticiently loud. One of them, it will be 
remembered, has emphasised his protest by habi- 
tually refusing to give up his ticket, and the de- 
mand is frequent that the courts or Parliament 
should interfere and compel the companies to pro- 
vide more accommodation. This demand is certain 
to become more insistent, if the already crowded 
trains are compelled to accommodate also a large 

overflow of cheap-ticket holders. 





As matters stand, it has been ible to argue 
that the companies lost nothing by having to run 
early trains for workmen at extremely low fares. 
In the early hours of the morning there is little 
other traftic, and plant was being usefully employed 
which would otherwise stand idle. The condi- 
tion, indeed, was analogous to that of an electric 
generating station giving current at very low rates 
at the hour of minimum load. This, it is admitted, 
is a commercially sound procedure ; but the de- 
mand now made is that these low rates shall be 
extended to cover ‘‘the peak of the load,” so 
that the additional business done, instead of im- 
proving the power factor, will have an exactly 
opposite tendency. As already stated, none of the 
Metropolitan terminals are at present in a posi- 
tion to carry on a much heavier local traffic than 
they do at present. The London, Brighton, and 


South Coast line at an enormous expense are, it is- 


true, now engaged in fitting their Victoria ter- 
minus for the accommodation of a heavier sub- 
urban service. What they have had in view, 
however, has been an express traffic serving 
places some 20 or 30 miles out, a business in 
which there is some possibility of profit, since 
the terminal expenses are not a high proportion 
of the total fares paid. If, however, the com- 
pany are compelled to provide workmen’s trains 
up till a much later hour than at present, much of 
the extra platform accommodation which they have 
provided at so enormous a cost will be unavailable 
for its intended purpose, and the congestion during 
the rush hours will be as great as ever, and with 
traffic which, under the conditions in question, will 
be actually run at a loss. 

Another curious instance of a certain bias in 
the Committee as a whole is to be found in the 
recommendation that railway companies should be 
compelled to issue tickets at half price to sailors, so 
as to enable them to visit their homes, or to pass 
from port to port in seeking a ship. Facilities 
of this kind are, no doubt, highly desirable, but 
the fairness of compelling the companies to pro- 
vide them is very far from obvious. In certain 
cases sailors are’ now carried by the railways at 
these cheap rates. To act in this philanthropic 
fashion on one’s own initiative is, however, a very 
different thing from being compelled so to act by 
another. In the present case, if the recommenda- 
tions in question are adopted, the whole credit 
and gratitude for the cheap transport provided 
will be claimed by the members of the Committee, 
whilst the whole of the loss and trouble will fall 
on the railway companies, a partition which appears 
to us somewhat inequitable. 


SECRET COMMISSIONS. 

Ir appears that there is but little likelihood of 
the Bill for the prevention of payment of secret 
commissions becoming law during the present 
session. Introduced by Lord Russell of Killowen 
some years ago, a Bill similar to that now before 
the House of Lords has been promoted, and shelved 
for a number of years. We can only hope that it 
may become law at some future date. It is of 
interest to consider how far commercial men are 
enabled to protect themselves against injury from 
secret commissions. Let us first see what the Bill 
proposed to do. 

The object of the Bill may be shortly stated as 
an effort to check, by making them criminal, a large 
number of inequitable and illegal secret payments, 
all of which are dishonest, and which tend to shake 
confidence between man and man and to discourage 
honest trade and enterprise. There are certain 
clauses which make the gift, offer, receipt, and 
solicitation of any corrupt payments offences ; but 
no attempt is made to define corruption, inasmuch 
as the thing is so protean that to define it is almost 
impossible. For this reason the Courts have always 
declined to define fraud. Other clauses of the 
Bill deal with a different class of unconscionable 
transactions—viz., cases where A gives advice to B 
to do something that will benefit C, A having 
received, or being about to receive, a secret com- 
mission or other gift from C to induce him to give 
thisadvice. The advice may be good or bad advice, 
but it is not independent advice, and B ought to 
know that it is not independent advice, and given 
for his benefit solely. In a memorandum to the 
Bill as introduced in 1899, it was stated :—‘‘ This 
clause will, it is apprehended, touch many pro- 
fessional men; for there is reason to fear that the 








practice of taking commissions for advice is preva- 





lent in many of the professions amongst their less 
worthy members ; and it is hoped, therefore, that 
this clause will receive the warm support of honour- 
able members of those callings by whom these 
practices are deplored.” 

Whatever ground there may be for these imagin- 
ings as to the extent of the evil, there is no doubt 
that the evil exists, and the object of the measure 
is to make them criminal. But cases constantly 
appear in the Courts from which it appears that 
commercial men have a remedy if they but choose 
to enforce it ; the real difficulty is to bring for- 
ward the necessary evidence. A commission is by 
no means confined to the payment of money. It 
may assume a hundred different forms. Where a 
man in the position of a tradesman has been in 
the habit of giving secret commissions to servants 
fora number of years, he has probably not done 
so without a good return for his money. Will he 
be likely to turn round and inform against the 
servant at the risk of incriminating himself, and 
with the certainty of losing the custom which the 
servant in question has hitherto influenced? This 
primary ditficulty which operates to prevent an 
offender being brought to book is bound to be felt, 
whether the punishment of the giver or receiver of 
a secret commission is imposed by the criminal 
or by the civil law. 

What, then, is the remedy of a principal whose 
agent has received a commission from the other 
side? It appears that if he may not always set 
aside the transaction altogether, he may claim and 
recover the commission paid to the agent. 

It has long been the law that where an agent for 
a vendor accepts a bribe from the purchaser of 
property he will run the risk of forfeiting his com- 
mission. In Hovendon v. Millhoff ((1900) 83 L.T. 
41), Lord Justice Romer said :—‘*If a gift be 
made to a confidential agent with a view to inducing 
him to act in favour of the donor in relation to 
transactions between the donor and the agent’s 
principal, and that gift is secret as between the 
donor and the agent—that is to say, without the 
knowledge and consent of the principal—the gift 
is a bribe in the view of the law.” The Court will 
not inquire into the motive of the person who gives 
the bribe, there being an irrefutable presumption 
that the agent was influenced by it. 

A good example of the right of a principal whose 
agent has received a double commission is furnished 
by the cases of Andrews v. Ramsay (19 T.L.R. 620). 
It there appeared that the defendants, a firm of 
auctioneers, were employed by the plaintiff to sell 
certain property, and were promised a fee of 50. 
as commission. They procured a purchaser, who 
paid a deposit of 100/. upon the purchase price, of 
which the defendants retained 50l. in their posses- 
sion, and handed the balance to the plaintiff. 
Subsequently the plaintiff discovered that the de- 
fendants had received a secret commission of 201. 
from the purchaser, and he brought an action to 
recover this amount. He recovered the 20l., and 
he now sought to recover the sum of 50l. paid to 
the defendants as commission, on the ground that 
they had committed a breach of their duty as 
agents towards him in accepting a secret com- 
mission, and thus disabling themselves from using 
their best efforts to obtain for him the best price 
for his property. In giving judgment, the Lord 
Chief Justice referred to the case of Salomans v. 
Pender ((1865) 3 H. and C. 639), and said :—‘* That 
case turned upon the broad principle that where a 
person is not able to say ‘I have been acting as 
your agent and doing the work which you have 
employed me to do,’ he cannot recover the com- 
mission promised to him. I consider that a prin- 
cipal is entitled to have an honest agent, and that 
only an honest agent is entitled to receive a com- 
mission.” 

The case of Andrews v. Ramsay was discussed 
in a later case of Hippesley v. Knee (21 T.L.R. 5), 
which is an authority for the proposition that the 
receipt of a double commission is not always to be 
regarded as fraudulent. There the plaintiff em- 
ployed the defendants, who were auctioneers, to 
sell for him by auction certain pictures and other 
articles upon the terms that they were to be paid a 
commission of 5 per cent. on all lots sold, the mini- 
mum commission to be 20l., and also all out-of- 
pocket expenses in addition, which included ad- 
vertisements and printing catalogues and posters. 
The printers employed by the defendants to print 
the posters and catalogues allowed the defendants, 
as they were auctioneers, a trade discount of 10 per 
cent., which they would not have allowed to ordinary 


SERRE eeD 4 


































































190 


ENGINEERING. 


[AvG. 11, 1905. 











customers. The defendants also received a dis- 
count on the newspaper advertising account. The 
defendants charged the plaintiff the full amount of 
these two accounts without deducting the discounts. 
In an action to recover from the defendants the 
two sums allowed as discount and also the 201. 
minimum commission which had been paid, the 
defendants proved that there was a long-established 
usage or practice among auctioneers to receive 
these discounts, but it was admitted that no men- 
tion of the discounts was made to the plantiff, and 
his evidence was that he did not know of any such 
usage or a as to the printing discounts, 
though he kuew that there was such a practice with 
regard to advertisement accounts. The defendants 
in taking the discounts acted, as the Court found, 
honestly, and in reliance upon the usage or practice. 
It was decided that, as under the contract the de- 
fendents were only entitled to charge out-of-pocket 
expenses for printing and advertising, he must 
account to the plaintiff for the discounts, but that 
the plaintiff was not entitled to recover the 201. 
paid as commission. In giving judgment in this 
case the Lord Chief Justice pointed out there 
was no fraud in the case. He thought that an 
honest neglect to account for a commission or 
rebate allowed in some matter which had no bear- 
ing on the main duty or business of the agent did 
not come within the principle of Andrews v. Ram- 
say ; and he went on tosay that if it was brought to 
the knowledge of the principal that a commission 
was being paid, it ceased to be secret, and then, of 
course, no question could arise. 

Sometimes the consequences of a secret payment 
are even more serious than they turned out to be 
in the cases above noted. 

Examples of the disastrous results which may 
follow upon the receipt or payment of a secret 
commission may sometimes, we regret to say, be 
found in cases where members of the profession of 
engineering are concerned. In the case of Leeds 
Engineering Company ((1902) 19 Shf. Ct. R., 54), 
cross-actions were brought by an English engi- 
neering firm and an Aberdeen manufacturing 
company, the former suing for the price of machi- 
nery furnished, and the latter for damages in 
respect of defects, and for the payment of a 
commission by the English firm to a consulting 
engineer, through whom the Scottish company had 
conducted the negotiations. This gentleman was 
aw acting for the buyers, and was paid 

yxy them ; but he so planned the specifications that 
there was practically no competition for the work, 
and it was given to the English firm, with whom 
he had previously arranged a commission. The 
existence of the second commission was only dis- 
covered by the buyers in the course of corre- 
spondence regarding the alleged defects. The 
sheriff-substitute held that the commission paid 
by the sellers to the buyers’ agent had increased the 
price to the buyers’ injury, and that the buyers 
were upon this ground entitled to succeed. He 
also held that inasmuch as fraud, in the legal 
sense, had entered into the contract, the buyers 
were not bound by the ordinary rules as to rejection 
or notice, and that damages might be awarded for 
defects, although the buyers had kept the whole 
plant and had used part of it in their business 
steadily for four or five months. A considerable 
sum as damages was awarded to the buyers, in 
addition to repayment of the commission paid by 
the sellers to the buyers’ agent. The result of 
the engineer’s conduct was that the entire contract 
was vitiated, and the company who purchased the 
machinery were entitled to damages for defects 
which made themselves apparent only after the 
lapse of a considerable time. 

We have said enough to show that if the pay- 
ment of a commission is discovered, redress may be 
sought ; but we cannot hope to prescribe any satis- 
factory means of diagnosing what is a deeply- 
rooted disease in our commercial system. It is 
possible, however, that if the receipt or payment 
of a secret commission were made criminal, the 
knowledge that he was doing a criminal act would 
compel the wrong-doer to stay his hand. 


33-Kxor Destroyers ORDERED FOR THE 
British Navy. 

Contracts have now been arranged for the con- 
struction of five sea-going destroyers included in 
the Navy Programme for the current year, and 
these vessels will be built, one each by Messrs. J. I. 





Thornycroft, Limited, Chiswick ; Sir W. G. Arm- 
strong, Whitworth, and Co., Limited, Elswick ; 
Messrs. Cammell, Laird, and Co., Limited, Birken- 
head ; Messrs. R. and W. Hawthorn, Leslie, and 
Co., Limited, Newcastle-on-Tyne ; and Messrs. 
J. S. White and Co., Cowes. These vessels are 
a great advance upon anything that has yet 
been done in torpedo-boat destroyers, as the 
speed guaranteed, under penalty, by the con- 
tracting firms is to be 33 knots when the 
vessels are carrying a load of coal sufficient 
to give them a radius of action of 3000 miles 
at about 10 knots speed. This condition is 
much more severe than was exacted in the case of 
the 30-knot torpedo-boats; and, moreover, the 
scantlings proposed for these high-speed craft will 
he considerably heavier. It is true that speeds of 
32 to 33 knots were attempted by one or two 
builders in connection with the 1897-8 programme, 
but the highest realised on trial was 314 knots. 
Even then the boats were not required to meet the 
same stringent conditions as is the case with these 
new 33-knot craft. The boilers are to be of the Ex- 
press type, adaptable for using oil fuel, and the pro- 
pelling machinery in all cases will be of the Parsons 
turbine type, with arrangements similar to those in 
the Amethyst, where special turbines were fitted 
for low-speed cruising. The displacements of the 
the boats will average over 800 tons, so that very 
considerable power will require to be developed to 
attain the speed. It may be noted that the 30- 
knot destroyers were from 300 to 360 tons dis- 
lacements. When the scantlings were increased 
or what is now known as the ‘‘ River” class, the 
displacement was increased from 525 to 550 tons ; 
but the speed was reduced to 254 knots, under the 
same fuel-capacity conditions as in the new boats. 
It will therefore be seen that the new vessels will 
mark a great step in speed, and the contracts carry 
with them corresponding responsibilities. It is the 
intention to order later an experimental destroyer, 
which it is expected will have a speed of 36 knots. 


Tue Errect or War ON Foop ann Raw 
MateriaL Surpties. 


The two years’ deliberation of the Royal Com- 
mission on the supply of food and raw material in 
time of war, presided over by His Royal Highness 
the Prince of Wales, has resulted in a voluminous 
report, full of valuable information and important 
suggestions. Indeed, the subjects dealt with are 
so vital to the Empire, and affect so directly the 
industries of the country, that we prefer to defer 
closer examination of the important recommenda. 
tions made until a future issue. There are extensive 
data given regarding the imports, the stocks, and 
supplies of food-stuff and raw material in time of 
peace. It would seem, for instance, that our cotton 
supply in the kingdom is normally sufficient for 
seven months, although it has been as low as seven- 
teen days ; the supply of material for manufactur- 
ing steel is influenced by the shortage of manganese, 
of which there is usually only two months’ supply, 
while, as regards our food supply, the amount of 
wheat in the country varies between seventeen and 
seven weeks’ supply. The Commission suggest 
the construction of granaries, and in this matter 
they have probably been very considerably influ- 
enced by the offer made by Mr. Marshall Stevens, 
the managing director of the Trafford Park Com- 
pany, who is not only willing to store grain free 
of charge, but seeks no remuneration for taking it 
in and passing it out of the granaries, provided the 
Government pay 6d. per quarter per annum on 
the storage capacity, an amount which only covers 
the capital costs of the granaries. As Manchester 
is an admirable centre for distribution, and as 
the estate is so located as to preclude any possi- 
bility of attack, the proposal seems a_ very 
acceptable one, especially when it is noted 
that the annual charge for 500,000 quarters of 
grain would be but 12,500/. Thus 4,000,000 
quarters might be stored for an annual payment 
equivalent to the sum now paid for one of our latest 
torpedo-boat destroyers. The Report deals with 
the very important question of the extent to which 
the trade of the United Kingdom can be protected 
from interference on the part of an enemy during 
a maritime war, upon the course of action open to 
an enemy desirous of interfering with our ports, 
the influence of a maritime war on prices, and the 
eae 0 effect on the population of the United 

ingdom of a rise in prices. These subjects of 
themselves indicate the immense importance of the 
report before us, while the proposals for a national 





insurance and national indemnity of our ships in 
time of war are of no less interest. The difficulty 
in weighing the recommendations is intensified by 
the fact that, with only three exceptions, the report 
is not unanimous, and there are published fourteen 
reservation or supplementary reports. As a rule, 
however, these deal largely with details, all of some 
significance. 


A Nice Question or DAMAGES. 


The case of the Haversham Grange, which was 
reported in the Times of June 28, raised an interest- 
ing point upon the question of damages for the 
result of a collision. It appeared that on Decem- 
ber 25, 1904, the s.s. Maureen was run into and 
damaged by the s.s. Caravellas. The owners of 
the Caravellas admitted liability to the extent of 
50 per cent., and in order to repair the damage the 
Maureen had to go into dry dock for 22 days. On 
December 26, however, and before the Maureen 
went into dry dock, she was run into and further 
injured by the the Haversham Grange. To repair 
these injuries (liability for which was admitted), it 
was also necessary for her to go to dry dock. 
Both sets of injuries were, in fact, repaired 
in dry dock ; but the damage done by the Haver- 
sham Grange did not make it necessary for the 
Maureen to stay longer in dock than she would 
have done in order to repair the damage done by 
the Caravellas. In making a claim for damages 
against the owners of the Haversham Grange, the 
owners of the Caravellas demanded half the dock- 
ing charges. To this it was replied that, inasmuch 
as the vessel was bound to go to dock at the time 
when she was struck by the Havershain Grange, 
the owners of that vessel could not be held liable 
for any part of the dock charges. The Court of 
Appeal refused to accede to this proposition. The 
Master of the Rolls quoted the case of the 
Vancouver (11 A.C., 573), in support of the pro- 
position that where repairs in respect of damage 
for which underwriters are liable have been 
executed simultaneously with repairs as to which 
the owner is uninsured, and an expense has been 
incurred which would have been necessary for 
either purpose alone, such expense is not to be 
wholly attributed to one set of repairs alone, but 
forms a factor in the cost of each, and must there- 
fore be divided between them in some propor- 
tion, which prima fucie would be equally. He ad- 
hered to this statement, subject to this qualification, 
that the repairs must be such as the shipowner had 
no alternative but to have executed. His Lordship 
pointed out, however, that the principle does not 
apply where the shipowner simply avails himself 
of the opportunity of a ship being in dry dock to 
have something done to her. Thus in the case of the 
Ruabon Steamship Company v. The London Assur- 
ance (1900 A.C., 6), it appeared that during a voyage 
covered by a policy of marine insurance, a vessel 
was damaged by an accident insured against, and 
was therefore put into dry dock for the necessary 
repairs. While she was in dock, the owners took 
the opportunity of surveying her with a view to 
renewing her classification. It was held that the 
expenses of getting the vessel into and out of the 
dock, as well as those incurred in the use of the 
dock, fell upon the underwriters alone, and could 
not be apportioned between them and the owners. 
The case under notice, however, shows that where 
docking is required, owing to the wrongful acts of 
two tort-feasors, the expenses may be apportioned. 


EncuisH Coat in Russia. 


Of late years the question of using Russian 
instead of English coal in the Baltic provinces of 
Russia has often been discussed, and a consider- 
able amount of light has been thrown upon the 
subject. The imports of foreign coal and coke 
have increased considerably during the last ten 
years. In the year 1894 the aggregate imports to 
the Baltic ports of Russia of coal and cokes 
amounted to 106,650,000 poods (1,706,400 tons), 
against 145,210,000 poods (2,323,360 tons) in 1903, 
whilst the figure for 1899 heads the list with 
180,290,000 poods (2,884,640 tons). Of the imports 
during 1903, 96,700,000 poods (1,547,200 tons) went 
to St. Petersburg, 28,100,000 poods (449,600 tons) 
to Riga, 9,700,000 poods (155,200 tons) to Libau, 
and 7,010,000 poods (112,160 tons) to Reval. Only 
a very small portion of these imports go to the 
interior; in the year 1902, for instance, only 
13,000,000 poods (208,000 tons). A competition on 
the part of the Russian coal with English is only 
possible in the North-Western part of Russia, when 
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Russian coal can be delivered at a price no dearer 
than English and provided the railways in question 
have a sufficient capacity to handle such big quan- 
tities. It has been suggested that by building the 
requisite additional railways and by reducing the 
minimum railway freight for coal from ;}; kopek 
per pood-verst to ;}9 kopek per pood-verst, South 
Russian coal (of other kin s there can be no question) 
might be able to compete with English coal in North 
Western Russia. Another expert holds that the 
total railway freight from the Donetz basin to the 
Baltic ports should not exceed 8$ kopeks per pood 
(10s. 6d. per ton); but in order to bring the carriage 
down to this figure, the rate would have to be re- 
duced to 3}, kopek per pood-verst. Of this there 
seems little prospect, inasmuch as a tariff of even 
itg kopek involves a loss to the railway, or in 
any case gives no profit. The plan of building a 
separate railway for the transport of coal from 
Slawjansk to St. Petersburg does not seem to 
find much favour. From the town of Charkow 
it has been suggested to carry South Russian 
coal from the port of Mariupolj to the Baltic ports 
by vessel. The price of Donetz coal is calculated 
at 15.7 to 16.7 kopeks per pood at Riga, made up 
by a price of 6 kopeks for the coal at the mine, 
7 kopeks for the ship’s freight, and 2.7 to 3.7 
kopeks for the railway freight as far as Mariuy olj 
and the harbour dues at Riga: the port of Riga 
cannot dispense with dues when English coal 
is being superseded by Russian. The people in- 
terested in the coal industry would certainly have 
to find their own vessels; and it would also be 
necessary to deepen the Mariupolj Harbour and the 
passage at Kertseh to 24 ft. A fleet of twenty coal 
ships, of 5000 tons, would suffice for the conveying 
of 150,000,000 poods (2,400,000 tons) of coal annu- 
ally. As return freights, corn and timber might be 
taken from the Baltic ports. The great variety in 
the quality of the South Russian coal has a!so 
been pointed out; the consumer could have any 
quality he liked. There is coal in the Donetz dis- 
trict which not only equals, but even surpasses, 
Cardiff coal. From other sides grave doubts have 
been expressed as to the South Russian coal being 
able to stand the transport without crumbling to 
pieces, and as to the possibility of the output 
being able to accommodate itself to the demand; 
besides, there exists no classification whatever of 
South Russian coal. It has also been urged that 
the construction of a Cherson-Riga canal will be 
the only way of making Donetz coal take the place 
of English, and that under existing circumstances 
the industry of North-Western Russia must fall 
back upon English coal. There is, generally 
speaking, little prospect of success with peat 
briquettes or peat cokes. The experts have, how- 
ever, agreed that in principle it is possible to let 
South Russian coal take the place of English coal in 
North-Western Russia, and some preparatory work 
has been decided upon, including the ascertain- 
ing of what different kinds of English coal are 
used in those parts. 


Corton Inpustry oF BritisH InprA. 


We have frequently directed attention to the 
progress of the cotton industry in the Far East, 
and especially in Japan and China, and have indi- 
cated that Lancashire manufacturers should keep 
themselves informed regarding the developments 
which are taking place. Probably, from their 
point of view, what is being done in British India 
is of greater importance, as the competition 
thereby produced will be more directly felt. 
From a report received at the Board of Trade 
from the India Office we learn that for the 
official year ending March 31, 1904, there were 
in India 204 cotton mills, containing 46,421 looms 
and 5,213,344 spindles. Of this number, 113 were 
exclusively spinning-mills, a few were exclusively 
weaving-mills, and in the others both spinning and 
weaving were carried on. A daily average of 186,271 
persons were employed—viz., 118,640 men, 36,737 
women, 19,159 young persons, and 11,735 children. 
Nine of these 204 mills, with 171,960 spindles and 
1365 looms, were closed throughout the year. The 
aggregate of the nominal capital and debentures 
Invested in the mills is estimated to be slightly in 
excess of 200 millions of rupees, and of this, 158 
nillions of rupees, or 10,500,0001., is paid up. The 
Bombay Presidency possesses 69 per cent. of the 
iuills, 70 per cent. of the spindles, and 76 per cent. 
of the looms. In the native states and French 
territory there are 19 mills, with 3304 looms and 
267,902 spindles. Only 33 of the mills are owned 





otherwise than by joint-stock companies. The 
industry dates from 1851, when the first mill was 
started. In the last 20 years the number of mills 
has increased by 152 per cent., and their working 
capacity has been proportionately augmented, the 
number of looms having increased by 182 per cent., 
and of spindles by 156 per cent. The total pro- 
duction of yarn in the mills of British India is, so 
far as reported, indicated in the following table :— 


Year. Nos. 1 to 20. | Above No. 20. Total. 

















Ib. | Ib. Ib. 
1899-1900 ..  .. 439,591,918 | 62,093,277 | 501,685,195 
1900-1901 .. .. 272,772,488 70,005,109 342,777,547 
1901-1902 .. .. 475,608,532 84,398,316 560,004,848 
1902-1908 .. .. 463,032,381 95,779,659 | 558,812,040 
193-1904. 456,005,029 100,185,763 | 556,190,792 


The great decline in 1900-1901 was due partly to 
the drought in India, which impaired the purchasing 
power of the people, and at the same time raised 
the price of the raw material. A noticeable fact is 
the continued increase in the production of yarn 
of counts higher than No. 20, which now totals 
100,000,000 lb., being 18 per cent. of the whole 
production. Using Egyptian and other imported 
cotton, the Bombay mills are now spinning in 
appreciable quantity yarns of No. 40 and upwards. 
The production of the finer yarns—Nos. 31 to 40— 


increased last year to about 16,250,000 Ib., from |} 


less than 12,500,000 lb. in the two preceding years 
and 11,000,000 Ib. in 1900-1. The production of 
woven goods during the past five years was as 
follows :— 


Year. | Grey. Other Kinds, Total. 


Ib. Ib. Ib. 
1899-1960 .. .. 82,028,414 18,291,944 95,320,358 
1900-1901 .. .. 79583,046 | 16,261,544 95,844,690 
1901-1902 .. .. 96,210,170 19,755,989 115,966,159 
1902-1908 .. .. 94,443,353 22,841,279 117,284,632 
1903-1904 ..  .. 105,741,417 26,131,809 131,876,226 


The weaving-mills were lIcss affected than the 
spinning-mills by the high price of raw cotton in 
1903-4, for there was a considerable advance in 
the price of cloth, and both the home and the 
foreign demand was good. The production last 
year, therefore, increased by about 12} per cent. 
Weaving is concentrated in the Bombay mills to an 
even greater degree than spinning, the mills of that 
province producing about 86 per cent. of the whole 
quantity woven in British India. Madras and the 
United Provinces each produce about 4 per cent., 
and the Central Provinces 6 per cent. of the 
whole. The goods woven are mainly grey (un- 
bleached) goods, these representing 80 per cent. 
of the whole production. 








CanavA.— During the régime of Sir J. A. Macdonald 
it was always contended by his political opponents that 
his finance was reckless, and calculated to involve the 
ruin of the Canadian Dominion. Happily these dismal 
prognostications have been falsified by the course of 
events, the surplus revenue of the Dominion for 1904-5 
having been 15,056,000 dols., while for the last eight 
years the surplus has averaged 7,054,000 dols. per annum. 
Considering the still moderate population of Canada, 
such results as these must be regarded as highly satisfac- 
tory. Sir J. A. Macdonald was a great advocate for the 
establishment of the Canadian Pacific Railway, and the 
Dominion Government guaranteed interest upon the 
share capital of that important undertaking at the rate of 
3 per cent. per annum for a term of years. The gua- 
rantee has expired, but the company has shown itself 
thoroughly ale to earn a substantial interest upon 
its share capital, without any State aid, while the 
advantages which the undertaking has conferred upon 
the Dominion are almost incalculable. The present 
Canadian Government appears disposed to continue 
the policy of Sir John Macdonald, the following supple- 
mentary estimates having been submitted by it to the 
Canadian House of Commons for 1904-5 :—352,379 dols. 
to the Grand Trunk Pacific Railroad, for surveys, &e. ; 
1,000,000 dols. for the construction of the N. rite | Ana 
Continental Railway ; 1,000,000 dols. for terminals and 
rights of ways ; 70,000 dols. (in addition) for Ottawa and 
Georgian Bay surveys ; 25,000 dols. for p Waterways 
Commission ; 50,000 dols. for steamship service between 
Canada and Mexico ; 175,000 dols. for another ice-break- 
ing steamer on the Lower St. Lawrence and Northumber- 
land Straits ; 65,000 dols. for maintaining patrol vessels 
on Hudson’s Bay ; 28,000 dols. for completing surveys on 
the Trent Canal; 100,000 dols. for the improvement of 
the east branch of the Holland to Newmarket; 40,000 
dols. for electric lighting and power plant on the Welland 
Canal ; 761,000 dols. for old contract for pile-work and 
dredging in Meaforth Harbour ; 21,000 dols. for dredging 
Midland Harbour ; and 75,000 dols. for a steamer for 
hydrographic survey work on the Atlantic coast and in 
the St. Lawrence, 





LONGITUDINAL BULKHEADS IN 
WARSHIPS. 
To tue Epiror or ENGINEERING. 

Srr,—In a letter to the London Morning Post, 
August 11, 1893, Admiral de Horsey, R.N., pointed out, 
in his carefully studied and able comments on the loss of 
H.M.S. Victoria, that ‘after the collision the incoming 
water appears to have been more or less confined on one 
side, thus causing the ship to incline sufficiently to lose 
her equilibrium and capsize.” In enlarging on this point, 
the wise and experienced admiral stated that a longi- 
tudinal watertight bulkhead (notwithstanding its obvious 
merits in twin-screw vessels) was a distinct source of 
danger. 

The object-lesson furnished by the Russians in the 
battle of the Sea of Japan, where they lost the battleships 
Navarin, Borodino, Alexander III., and Kniaz Suvaroff, 
all by capsizing (not by straight settling, or plunging 
down, bow or stern), and the further fact that all four of 
these battleships were fitted with longitudinal ge a 
bulkheads, inspires Admiral de Horsey to return, after 
twelve years, and repeat his charge in a cogent letter, 
— again to the Morning Post, from Cowes, June 14, 
1905. 

Inspired doubtless by the same ‘‘ubject-lesson,’ an 
‘** Engineer-Commander, R.N.,” in a letter published 
in London ENGIngeRinG, June 16, 1905, asks, ‘* How is 
it that ship-designers almost invariably subdivide men-of- 
war in a similar way, notwithstanding the many disasters, 
both in peace and war, which show that such system is 
so fatal?” 

‘* Engineer-Commander, R.N.,” then repeats substan- 
tially, and in a most convincing manner, the charge and 
indictment of Admiral de Horsey against the longitudinal 
ulkhead. Both plainly point out to the public that when 
a sudden inrush of water occurs in a ship not fitted with 
a longitudinal bulkhead, this water must seek its level 
clear across the ship in the compartment damaged, and 
will cause her to sink evenly and still be manageable 
and fightable and saveable to the last moment, thus 
giving the crew a far better chance and more time to 
save the ship, or save themselves if the ship must go at 
last; whereas, if the ship is fitted with a longitudinal 
bulkhead, the water is confined to one side by such bulk. 
head, and therefore only a comparatively small inrush 
of water is sufficient to make her “turn turtle” and sink 
quickly, with no chance whatever to save anything or 
an y. 

All this is no new thing to the ship-designer, and every 
expert knows that ee have always been made by 
capable sea-going officers in navies and merchant marines 
of all countries against the longitudinal bulkhead. But 
no amount of such protests and arguments has seemed to 
affect the settled judgment and practice of the leading 
ship-designers in all countries in this matter. It has 
been known and admitted that the longitudinal bulkhead 
might become dangerous under certain conditions, and 
that an element of danger was inherent in its use; but, 
on the other hand, it is so convenient and so well adapted 
in many ways for strength, subdivision, and support in 
the complex structure, that it has been retained as the 

st possible compromise—and designing big ships is 
mostly a question of compromise between conflicting 
demands or desires. 

Ship-designers could not see their way clear to dis- 

mse with this longitudinal bulkhead (especially in the 

arge compartments for engines and boilers) and at the 
same time get proper subdivision or protection for big 
compartments in case of collision. Of late, however, the 
construction officers in at least one European navy have 
discovered in the ‘‘long-arm” system of power-doors 

what they believe to be a remedy for this difficulty and a 
better solution of the conflicting questions above referred 
to. These constructors have done away with the longi- 
tudinal bulkhead in the boiler-rooms of their latest 
—— design, and have in lieu of it used additional 
athwartship bulkheads, and paid special attention to the 
wing bulkibende (eonl-buaher Wullibenda sation of the 
latter safe, water-tight cofferdams on each side for these 
great boiler compartments, by using these safety electric 
power-doors for all bunker and passage openings. By 
this means the bunkers are made (virtually and for the 
safety of the ship) extensions of the ‘‘ double bottom,” 
and the boiler-rooms are protected throughout their floors 
and sides by two skins, the outer one of which can be 

unctured anywhere by collision without flooding the 

iler-rooms themselves. In this way the inherent danger 
of the longitudinal bulkhead has been eliminated without 
incurring a new danger. In fact, by the introduction of 
electrical powendee, solely on their merits in other 
respects, these constructors are satisfied that they have 
incidentally found the solution of this perplexing ques- 
tion of the longitudinal bulkhead by being able to cut it 


out entirely. 
W. B. Cow ess. 
The Engineers’ Club, 374, Fifth-avenue, New York, 
July 27, 1905. 








Ovr Locomotive Exports.—July was a good month 
for our locomotive export trade, the shipments being 
valued at 252,009/., as compared with 185,309/. in July, 
1904, and 161,773/. in July, 1903. The colonial demand 
was, however, disappointing in July, the demand for loco- 
motives for British South Africa being almost at a stand- 
still for the present. South America took British loco- 
motives to the value of 52,3297. in July, as compared with 
27,491/., and 13,228. in July, 1904, and July, 1903, re- 
spectively. The aggregate value of the locomotives ex- 
ported to July 31, this year, was 1,392,599/., as com d 
with 1,113,259/. in the corresponding period of 1904, and 
1,465, 2937, in the corresponding period of 1903, 
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COMPARATIVE LOSSES IN THE RUSSO- 
JAPANESE WAR. 


WE have frequently shown how much the Japanese 
have taken advantage of the applications of Western 
science in every department of national life. The 
growth of their industry and commerce has been 
most remarkable, and in many respects the steps 
which have been taken to develop them afford lessons 
to this country. Probably, however, even more 
important lessons are to be learned from the present 
war, which has been carried on with almost uniform 
succéss on the part of the Japanese. While the 
bravery and enthusiasm of the Japanese aré now 
universally admitted, it cannot be asserted that the 
Russians are deficient in courage and endurance, and 
therefore we may set these qualities in the two com- 
batants against each other, and attribute the great 
success of the Japanese to their superior skill, know- 
ledge, and experience, and to the scientific complete- 
ness with which all their arrangements were made. 
The relative losses of the Russians and Japanese by 
land and sea will therefore afford at least an approxi- 
mate measure of their comparative efficiency from a 
scientific point of view. The data in an oxttale by the 
Tokio correspondent of the 7imes gives us the figures 
which enable us to make such estimate. 

In the case of the land forces the calculation can 
only be very approximate. In round numbers the 
Japanese appear to have lost up to June of this year 
166,000 in killed and wounded. The losses on the 
Russian side are not so easily got at; but the Russian 
admissions, which are not likely to err by excess, put 
them at 320,000—that is, double those of the Japanese. 
But these latter figures are likely to be greatly ex- 
ceeded when the wastage by disease is taken into 
account, for there can be no doubt that the Russians 
have suffered far more in this respect than the Japa- 
nese. The sanitary arrangements for the Mikado’s 
army are much more complete and efficient than those 
for the Czar’s troops, and their food and methods of 
living are more conducive to health. 

According to the figures given by the Times corre- 
spondent up to the date he states, Russia has lost 
346,588 tons of fighting ships, not including minor 
craft ; while the Japanese navy will emerge from the 
fight with a displacement 25,435 tons greater than 
be a the war began. This latter figure, however, 
must be largely increased, as the latest information 
from Japan shows that a number of the large Russian 
vessels which were sunk have been raised, and they 
will be added to the Japanese Navy. The story of the 
Russian naval squadrons in Far Eastern seas since the 
war commenced is shown in the following table :- 


Russian Navy. 


Cap- In- | Remain- 

















| Engaged | 
| in the War. Sunk. tured. | terned. | ing. 
| 
Natureof | | | A 
Vessels, | eo eo i o o 
| | @3 a3 | | $+ 2.3 a3 
i.| Be .| Bg | &e ¥-F 54 a8 
iS} 2B WS 88 S\ 88 Ss Be © eB 
Z| @ 4 A” lA Z\A~ Zia 
| | tons tons | tons tons tons 
Battleships ../15| 180,980 12 144,958 | 2/23,110) 112,912 
Armoured | | 
cruisers ..| 7) 68,533/ 5 38,979 |.. 2 24,554 
Seagoing coast 
defence iron- 
clads. . 8} 13,212) 1 4,126 | 2 9,086 | j 
Cruisers .. {13} 66,416; 6 26,341/../ .. §/29,115 2) 9,960 
Other kinds, | | 
excluding | | | 
converted | } 
cruisers .. 21) 76,793 14 26,222 | 1/11,700/ 2/11,449 4) 28,422 
Destroyers .. 24) 10,200 19 65,666) 2) 590/11) 3,834 2 700 
Totals .. 83) 410,224 57 245,292  7/44,486 19 56,810 10. 63,636 


This table is not quite complete, as it does not 
include torpedo-boats, special service steamers, as well 
as converted cruisers ana a number of vessels whose 
fate is uncertain. The broad result is very striking : 
out of a total of 83 ships, with a displacement of 
410,224 tons, sent by Russia into the belligerent arena, 
only ten, with a displacement of 63,636 tons, remain 
in her fighting-line. 

The corresponding table for the Japanese Navy is 
as follows :— 

Japanese Navy. 


| | 


In- | Remain- 


nthe Was | Sunk. hn terned.| ing. 
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in the War. 
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ri " lg l@-| 1 
ge | | Ss] igs! 2s) | de 
é ee é ee é eS é eS 2 aS 
iz) AF BAS BAS Ze 2) 55 
Battleships ..| 6) 86,299 | 2/27,757! . .. | 4] 58,542 
Armoured cruisers) 8 74,178 |.) .. 8, 74,178 
Seagoing coast-de- | | 
fence cruisers ..| 2! 11,112 |../ .. |.. 2) 11,112 
Cruisers. ../20) 68,481 | 412,733, 16) 55,748 
Other kinds ..|L8) 26,689 | 4) 4,797). 14) 21,892 
Destroyers +22). 7,425 | 2) 738). 20) 6,687 
|— —|} -— — 
Totals .. \76 274,184 12/46,025 |. j (64) 228,150 





This table also does not include torpedo-boats, special 
service steamers, and converted cruisers. A compari- 
son of the two tables brings out the fact that the 
Japanese force of 76 vessels, with a displacement of 
274,184 tons, has sunk or captured 64 ships, with a 
displacement of 289,778 tons. On the other hand, 
while the Japanese have lost 12 ships, with a total dis- 
placement of 46,025 tons, they have captured or raised 
more than double this amount of tonnage. From the 
newspapers received from Japan by last mail we see 
that the Japanese naval authorities cal] attention to 
the fact that the Peresviet, which has just been raised 
at Port Arthur, was one of the strongest ships in 
Russia’s Pacitic Squadron. She left Kronstadt in 
1901. 

The Peresviet and the Ossliabya were laid down in 
1898, under Russia’s new programme of naval expan- 
sion, and were supposed to embody the best results of 
modern naval progress. The approval that was accorded 
to them by expert opinion, led to the laying down of 
the Pobieda, a sister-ship, in 1899. These vessels did 
not carry a very heavy armament—four 10-in. and 
eleven 6-in. guns. The Hochi Shimbun says that the 
Poltava will be the next, vessel to be floated, and that 
she will be followed by the Pobieda. The Poltava is 
asmaller type of vessel, and somewhat older. Her 
displacement is 10,960 tons, and her speed only 16 
knots. She is lying on an even keel. The Pobieda 
has a slight list, but it is not expected that any 
serious difficulty will attend her raising. The Retvisan 
(battleship, 12,700 tons, completed in 1900) and the 
Pallada (protected cruiser, 6630 tons) are said to be 
the most injured, but the expectation is that they too 
will be saved, and in that event the Sevastopol alone 
would remain at the bottom. This forecast, if trust- 
worthy, means that there will be added to the 
Japanese Navy three first-class and one second-class 
battleships, one first-class armoured cruiser, and one 
protected cruiser. Adding the results of the battle in 
the Sea of Japan, and the salvage operations at 
Chemulpo, we get this table :— 


Ships to be Added to Japanese Navy. 


Tons. 
Orel, battleship, 1902... 13,516 
Retvisan, battleship 1900 12,700 
Peresviet, battleshi:, 1898 12,674 
Pobieda, battleship, 1900 12,674 
10,950 


Poltava, battleship, 1894 << Bs: 
Nicholai I., battleship, 1889 __... ~ 9,700 


Bayan, armoured cruiser, 1900... 7,800 
Varyag, protected cruiser, 1899 6,500 
Pallada, protected cruiser, 1899 aa 6,630 
Seniavine, coast-defence ironclad, 1894 4,126 

4,126 


Apraxin, coast-defence ironclad, 1896... 


lt is stated that much of the success achieved in 
raising these ships is due to a new pumping machine 
ore imported. Two of these are at work. Each 

umps 4000 tons per hour. The name of Captain 
Siaeuie is specially mentioned in connection with 
the work. He commanded the unfortunate Yashima, 
and his exceptional skill in salvage operations has 
been conspicuous in the raising of the Bayan. 
These facts and figures speak volumes for the efli- 
ciency of the Japanese Navy, while the report of 
the Russian Admiral reveals a state of affairs, both 
as regards men and material, which go a long way 
towards explaining the complete defeat of the Russian 
squadrons. The Kokumiu Shimbun remarks truly :— 
‘** Never was a Navy burdened with a heavier and more 
onerous responsibility than the Imperial Japanese Navy 
at the beginning of the war. The enemy’s Vladivos- 
tock and Port Arthur squadrons combined were in 
themselves a fair match for all the naval strength we 
could place under Admiral Togo’s command ; but, in 
addition, the enemy had the Baltic fleet to draw upon, 
while we had nothing more to fall back upon ; so that 
Admiral Togo’s work was not only to demolish a strong 
foe present—a task hazardous enough in itself—but to 
exterminate his reinforcements to come. How well 
Admiral Togo executed his part the results very clearly 
show.” 

The war has also been the means of adding con- 
siderably to the Japanese mercantile marine. The 
appended list gives the merchant ships captured by 
the Japanese Navy, and no doubt it will interest 
many of our readers: when not described as a sailing 
ship, steamer is to be understood. It is to be noted 
that in no case was a non-combatant vessel sunk by 
the Japanese Navy. 

The Russian record of vessels captured is very dif- 
ferent from that of the Japanese. It is not necessary 
to reproduce it, as it only contains the names of fifteen 
ships, which have an average epee: > of 234 tons, only 
one being over 1000 tons. In addition, the Russian 
cruisers destroyed a considerable number of fishing- 
boats and small craft, which could offer no effective 
resistance. Such action might have been justified 
from a merely legal point of view, but very few naval 
powers would care to take advantage of such a pro- 
vision, as the whole tendency of modern civilisation 
is to recognise the principle of the immunity of 
private property. Thus the Japanese show to the 




















Ship’s Name. Nationality. | Tonnage. 

1. Ekaterinoslav .. Russia ; we 5,627 
2Mukden.. ... * Kaede | 1,567 
3. Russia .. ; B | 2312 
4. Argun .. — es ot 2,458 
5. Manjuria. . et “4 . 6,193 
6. Alexander ee my os é - ‘ 261 
7. Resnick, sailing ship .. ob be rs | 87 
8. Nicolai .. of on 4 : 123 
9. Mikhael .. a = 3,461 
10. Kotic eel ry B. 
ll. Juliade .. a ; s ? 
12. Manchuria : +3 “< 2,937 
13. Bobrick, sailing ship . a 125 
14. Nadejuta.. ... a 68 
15. Thalia a ? 
16. George France 179 
17. Fuhping .. Germany .. 1,393 
18. Veteran .. ae i, 1,199 
19. Nigretia .. / . England .. 2,368 
20. King Arthur ; ; a . 1,416 
21. Rosalie .. ; ‘ a 4,270 
22. Redington s 4 4,421 
23. Wilhelmina Holland .. 4,295 
24. Bawtry England .. 2,407 
25. Oakley * a 3,798 
26 Burmah .. Austria .. 3,071 
27. M. S. Dollar America .. 4,216 
28. Wyefield .. England .. 3,235 
29, Siam Austria .. 3,160 
30. Palos Germany .. 2,398 
31. Apollo Ss .. England .. 3,829 
32. Scotsman é : wa “e 1,677 
33. Silvania .. _ A ea 4,187 
34. Powderham ~~ os 3,019 
35. Severus Germany. . 3,307 
36. Romulus .. on i 2,630 
87. Easby Abbey England .. 2,963 
38. Vegga Sweden .. 2,562 
39. Venus. RS England .. 3,558 
40. Aphrodite = - - od 3,949 
41. Tacoma .. ; ... America .. 2,812 
42. Harbarton England .. 3,256 
43. Industrie. . ; Germany . 198 
44. Henry Bolckow.. Norway .. 1,006 
45. Quang Nam France 1,431 

Total ..over, 108,000 


advantage of the Russians, not only by their superior 
efficiency in every respect, but also by their greater 
regard to the dictates of humanity. 








CANADIAN ENTERPRISE.—The Dominion Bridge Com- 
pany of Montreal is contemplating the erection of branch 
works at Winnipeg, as great railway expansion and re- 
construction in the West offers a large business to bridge- 
building industry. The Canadian Pacific Railway Com- 
pany is double-tracking its line from Winnipeg to Fort 
William ; the Canadian Northern Railway is continuing 
its line across Canada; and the Grand Trunk Pacific 
Railway is about to call for tenders for the construction 
of its Lake Superior branch. The Western Counties 
Electric Company has been incorporated, with a capital 
of 500,000 dols. Itis to distribute electric power, &c.; its 
main business is su to be the working of trans- 
mission lines in the Niagara district, where two producing 
companies are now developing electricity on a large scale 
on the Canadian bank—the Canadian Niagara Power 
Company and the Ontario Power Company. A year 
hence the Electrical Development _ > large plant 
is expected to be producing power. The Kaministiquia 
Power Company, with a capital of 2,000,000 dols., has 
been incorporated to utilise a omg site on the Kaminis- 
tiquia, near Port Arthur. The Merralls Engineering 
Company, with a capital of 100,000 dols., has been incor- 
porated to manufacture machinery for mining, milling, 
and other purposes. Its head office is to be in Toronto. 





American Scout Cruisrers.—The scout cruisers to be 
built at Bath, Maine, and Quincy, Massachusetts, for 
the United States Navy, are of the following dimen- 
sions :—Length, between perpendiculars, 420 ft.; breadth, 
moulded, 46 ft. 8 in.; displacement on speed trial, not 
more than 3750 tons; mean draught to bottom of keel at 
trial displacement, not to exc 16 ft. 94 in.; total coal- 
bunker capacity, about 1250 tons; coal carried on speed 
trial, 475 tons ; feed-water carried on speed trial, 50 tons. 
The hull of each cruiser is to be of steel throughout. 
The armament will consist of twelve 3-in. rapid-firing 
guns, two submerged torpedo-tubes, and a full allow- 
ance of rifles, revolvers, and cutlasses for the crew. 
The magazines are at each end of the ship, of equal 
capacity, with ventilation spaces next to the bulkhead, 
where the same separates them from heated compart- 
ments. ‘The ammunition hoists, electrically driven, 
deliver their ammunition as near as possible to the 
place where it is required. The sides of the vessel 
will be covered throughout the limits of the machinery 
space with 2-in. nickel steel, to an average height 
of about 8 ft. above and 3 ft. below the water-line. 
The following is a summary of the weights to be carried. 
Armament and two-thirds of ammunition and’stores, 120 
tons; total protection, nickel steel, about 183} tons; 
steam propelling plant, with water in boilers, con- 
densers, piping, &c., and stores, except those furnished 
by the Government, &c., 798 tons ; engineers stores sup- 
plied by the Government, two-thirds full supply, 8 tons ; 
reserve feed-water for steaming purposes, 50 tons ; equip- 
ment complete, including anchors, chains, electrical 
plant, &c., and two-thirds full supply of equipment 
stores, 123} tons; coal trial supply, 475 tons; outfit, in- 
cluding boats, ladders, furniture, and blocks, 35 tons; 
nes mee Lem stores and fresh water, two-thirds full 
supply, 40 tons; officers, crew, and effects, 457 tons ; 
provisions, clothing, and small stores, 40 tons. Steam 
turbines are being adopted for propulsion. 
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WELLBURY’S KEYWAY LOCATOR. 
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THERE are two methods in general use in the shops 
for determining the position of eccentric key-ways in 
engine crank-shafts. In the case of small engines it 
is not uncommon to assemble the valve gear in posi- 
tion, set the valve correctly, and mark a key-way in 
the shaft corresponding to the key-way already cut 
in the eccentric. Such a method gives the minimum 
chance of error, but for large engines it involves too 
much time and labour, as all details of the valve gear 
must be previously finished, and the work of erecting 
them, and of subsequently removing the crank-shaft 
for the key-way to be cut, is considerable. Hence for 
such engines a sheet-metal template is prepared from 
drawing-office data, as to lap and lead, and the centre 
line of the eccentric scribed on the crank-shaft in the 
position indicated by the template. Both methods, 
besides being tedious, require a certain amount of 
care and skill; and it is to simplify the operation of 
locating the key-way, and enable it to be entrusted 
to any ordinary workman, that the instrument we 
illustrate in Figs. 1, 2, and 3, on the present page, 
has been designed. 

Referring to the illustrations, it will be seen that 
the frame of the instrument consists of a light metal 


plate with a handle at one end, and terminating at- 
the other in_two double points, which are held in con- 
tact with She circumference of the shaft. To the 


centre of this plate is fastened a Y-bed, on which can 
slide a scale-plate furnished with a level. At the 
upper front corner of the scale-plate is pivoted a block, 
through the upper portion of which can slide a pointer 
graduated in inches ; while the lower portion of the 
block carries a rigid tail-piece, on which rides a small 
adjustable index. The latter is on the surface of the 
scale-plate, which is engraved with two sets of lines, 
one set being straight and corresponding to various 
values of the lap and lead of the slide. valve, and the 
other set being circular arcs corresponding to different 
lengths of travel. 

'o find the position of the centre-line of an eccentric 
i crank-shaft, the lap, lead, and travel of the valve 


Ol 








being known, the shaft is first supported in some con- 
venient way with the crank vertically downwards. 
The instrument is then held horizontally against the 
circumference of the shaft, and the pointer cramped in 
its sleeve, so that it projects by an amount equal to 
the radius of the shaft, the graduations of the pointer, 
which for convenience read in inches of diameter, en- 
abling this to be done with no difficulty. The scale index 
is then moved to the intersection of the lines correspond- 
ing respectively to the required valve travel and lap 
and lead, the swivel-block being rotated if necessary, 
to enable this to be done. The swivel-block and 
index are then cramped, and the scale, together 
with these fittings, moved inwards along its slide, 
until the end of the pointer comes in contact with 
the shaft. The place where the pointer touches the 
shaft is the centre line of one eccentric. To find that 
of the other, apply the instrument to the other side of 
the shaft. That this indicates the required positions 
will be obvious upon consideration. The end of the 
pointer, the pivot of the swivel-block, and the point of 
the scale index are all in a straight line, and as the 
part of this line between the end of the pointer and the 
swivel-pin is equal to the radius of the crank-shaft, the 
imaginary line is inclined to the horizontal by an angle 
equal to the advance angle of the eccentric. But the 
inclination of the line is determined by the position of 
the index on the scale, which is defined by the same 
conditions as define the correct angle of the eccentric 
sheave ; hence the instrument transfers to the crank- 
shaft a copy of a position which has been found by the 
ordinary rules for the location of an eccentric 

If, for any reason, it is inconvenient to set the crank- 
shaft with the crank vertically downwards, the instru- 
ment may still be used, provided the crank-webs have 
parallel sides, in the following manner. The bottom 
edge of the instrument, which is planed truly parallel 
with the slide, is placed on the crank-web, and tie 
swinging frame at the back rotated until one of the 
levels is horizontal. This frame is locked thus, and 
the instrument moved round the shaft until the other 


level becomes horizontal, the main level being dis- 
regarded. The pointer will then give the position as 
before. 

On the scale-plate there is also engraved a quadrant 
of a circle divided in degrees. This allows an eccen- 
tric position to be found at once, provided its angle of 
advance is known, and also enabl:s the instrument to 
be used for determining any angular position on a 
shaft, which may be required for setting a cam or 
other fixing having no connection with the valve-gear. 
The patentee of the instrument is Mr. R. R. Well- 
bury, 15, Wilberforce-street, Newcastle-on-Tyne. 








Sours Arrican GoLp-MInrna.-—The value of the gold 
produced this year in South Africa seems likely not only 
to reach 20,000,000/., but even to considerably exceed that 
total. The monthly gold output of the Transvaal to 
June 30, this year, compared as follows with the corre- 
sponding monthly output in the first half of 1904 :— 


Month. 1905. 1904. 
oz. oz. 
January 369,258 288,824 
February 363,811 289,602 
March 399,823 308,242 
April 399, 166 305,946 
May .. 416,395 314,480 
June ‘ 412,317 308,219 
The Rhodesian monthly output moved on thus :— 
Month. 19065. 1904. 
oz. oz. 
January 32,531 19,309 
February 30,131 18,673 
March 34,927 17,756 
April 32,267 17,862 
May .. 31,332 19,424 
June.. 35,256 20,302 


The combined Transvaal and Rhodesian production 
tuined, accordingly, the following importance :— 


Month. 19065, 1904. 
oz. oz. 
January 401,789 308,133 
February ay .,942 308,178 
March 434,700 325,998 
April 432, 433 323,793 
May .. 447,727 333,904 
June 447,573 $28,521 


The aggregate production in the first half of this year 
accordingly amounted to 2,558,214 oz., as compared with 
1,928,532 oz. in the first half of 1904. At 4/. 5s. per fine 
ounce the value of this half-year’s output comes out at 
10,872,409/., as compared with 8,196,261/. in the corre- 
sponding period of 1904; and as the monthly production 
is still growing, it appears quite possible that for the 
whole of this year a value of 22,500,000/. will be attained. 
The great increase in production this year is the result of a 
more abundant supply of labour, both native and Chinese. 


Our Coat AsRroap.—The exports of coal from the 
United Kingdom in June amounted to 3,829,256 tons, as 
compared with 4,243,700 tons in June 1904, and 3,678,787 
tons in June, 1903. The principal shipments were :— 


Country. | June, 1905. | June, 1904. | June, 1908. 
tons tons tons 
Russia 367,987 466,880 369,894 
Sweden 315,681 357,592 318,223 
Germany 572,695 634,129 560,120 
France 493,790 528,954 622,427 
Italy .. 562,082 586,327 414,634 


The good demand for English coal in Germany in June 
is accounted for by the necessity of making up stocks 
which were a good deal run down by labour difticulties 
earlier in the year. The. position of British coal upon 
the French markets appears to be slightly affected by the 
export duty of 1s. per ton im about four years 
ago. The aggregate exports of coal from the United 
Kingdom to June 30, this year, were 22,893,560 tons, as 
compared with 22,604,579 tons in the corresponding period 
of 1904, and 21,724,922 tons in the correspondin period 
of 1903. These totals were increased by the addition of 
coke and patent fuel to 23,765,627 tons, 23,586,668 tons, 
and 22,489,303 tons respectively. The following coun- 
tries took upwards of 1,000,000 tons each of British coal 
during the first halves of the last three years :— 














, , Jan.to | Jan. to Jan. to 
Country. June, 1905. | June, 1904. | June, 1908, 
tons | tons | tons 

Sweden is = ..| 1,230,088 | 1,821,384 | 1,268,293 
Denmark * ..| 1,074,925 | 1,126,923 975,674 
Germany... ie .. 8,806,985 | 2,828,067 | 2,815,545 
Holland 4 .. 1,121,084 | 448,002 | 325,089 
France te he ..| 8,191,891 | 38,444,507 | 3,430,061 
Spain .. 1,161,505 1,206,125 | 1,210,114 
Italy .. 3,306,476 | 3,247,522 | 3,015,238 
Egypt.. 1,085,082 | 1,125,385 | 1,030,620 


The observation previously made with regard to German 

applies, of course, to the increase in the exports of Britis 

coal to that country for the first half of this year. It will 
be observed that the demand for British coal in Italy 
shows a steady increase, while we appear to be losin 

ground upon French markets. ‘The quantity of oa 
shipped in the first half of this year for the use of steamers 
engaged in foreign trade was 8,480,547 tons, as compared 
with 8,334,461 tons in the corresponding period of 1904, 
and 7,890,636 tons in the corresponding period of 1903. 
It follows accordingly that in one way or another coal has 
left our shores this year ut the rate of 64,892,348 tons per 
annum, as compared with 63,842,258 tons per annum in 





the corresponding period of 1904, and 60,759,878 tons per 
annum in the corresponding period of 1903. 
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INDUSTRIAL NOTES. 


Tux riotous scenes which took place in Manchester 
last week in connection with the parade of the un- 
employed through the streets are most regrettable 
from every point of view. It may not be generally 
known, but the by-laws of the Manchester Corpora- 
tion are more strict than those in most municipal 
cities and towns in the matter of obstruction in the 
public streets. The police have authority to move 
on or disperse any considerable gathering which 
may cause an obstruction. The meetings themselves 
in Albert-square are not permissible except by con- 
sent of the authorities; but in this case they have not 
hitherto been interfered with. They are now for- 
bidden by the City Council. The language used at 
some of these meetings was calculated to lead to 
obstruction, if not to actual riot, and the resolve to 
organise a march upon London was viewed with some 
alarm in the public mind. It is noticeable that the 
trade-union leaders and officials in Manchester keep 
aloof from these gatherings, and yet some of the 
great unions have their head-quarters there, such as 
the Amalgamated Carpenters and Joiners, the Amal- 
gamated Society of Tailors, the Steam-Engine- Makers’ 
Society, the Typographical Association, the Machine 
Workers, and some other bodies, while most of the 
unions have strong and flourishing branches there. It 
is alleged that the police in their interference and 
dispersion of the crowd used unnecessary violence ; 
one writer in the Manchester Guardian vouches for 
this, though not a sympathiser with the procession or 
the objects and action of the unemployed. This is a 
matter which the City Council will inquire into, and 
with some labour members of that body no doubt the 
inquiry will be searching. But what is the real object 
of these gatherings and violent speeches? Not merely 
the Unemployed Bill, for that is condemned on all 
hands. If the leaders of that agitation think that 
they can overawe the authorities, they are mistaken. 
Violence cannot at this time of day advance any good 
cause. Force is no remedy, least of all in the matter 
of unemployment. 

The wisest thing yet done, or proposed to be dons, in 
connection with the unemployed problem is the ap- 
pointment of a Royal Commission to inquire into the 
whole matter of the Poor Laws, not only as regards the 
law itself, but its far-reaching administration. There 
has been no general inquiry for over 70 years. The Poor 
Law Commission, appointed in 1832, reported generally 
in 1834, and upon that report was based the ‘‘ New 
Poor Law” of 1835. But there were many special 
reports subsequently, all of which had reference to the 
then state of the law and its administration, and to the 
condition of the poor in town and country. Since that 
date statute has been piled upon statute, but no con- 
solidation has taken place. The result is that we 
have a mass of Acts, often contradictory, generally 
obscure, and most difficult of comprehension. In addi- 
tion to which we have a mass of Orders and Regula- 
tions, all of which have to be read with, often into, the 
provisions of Acts of Parliament, so that even experts 
are sorely puzzled to understand the actual law in 
force. Consolidation of the laws is sorely needed, and 
also simplification. Every clause in the Education 
Acts bearing upon Poor Law relief ought to be trans- 
ferred to the Poor Laws proper, and all similar provi- 
sions in other Acts. When this is done, it may be pos- 
sible to construct an unemployed measure, or insert 
provisions in the New Consolidation Act. No mea- 
sure of such far-reaching effects and consequences 
ought to be passed in haste, or we may have to repent at 
leisure. In the Manchester City Council it was said 
that the major portion of the ratepayers of Manchester 
were only earning about 23s. per week on the average, 
and could not afford te pay under an unemployed 
measure. 


The feeling among the cotton operatives in Lanca- 
shire in favour of giving notice of a strike is much 
stronger than was anticipated. In the unions where 
the vote in favour of a strike must be a very large 
percentage of the whole, the proportion was over 90 
per cent. This is practically unanimity. In accordance 
with the result of the ballot, notices have been given 
in as provided for in the agreements between the 
operatives and the employeis. But this may not 
mean that an actual strike will take place. Negotia- 
tions will go on, and possibly terms may 
made so that a strike will be averted. Neither 
side desire a dispute, ending in a cessation of work. 
If such a result were to follow, probably the state 
of the cotton market would have as much to do 
with it as the attitude of the operatives. The parties 
concerned are able to deal with labour questions and 
wages as they arise; but the cotton market is often 
beyond their control—in the hands of speculators 
either in America or at home, or both. Already sug- 

estions are being made as to a possible solution of the 
difficulty, one being that the advance demanded by 
the operatives should be given temporarily, the terms 
to be reviewed at the end of three months. 





certainty exists as to the course of events, nor can 
there be any reliable forecast until the Employers’ 
Federation meet to discuss the matter. One feature 
of the dispute of favourable import is that there is 
no bitterness in the discussion of the question. There 
are no threats of this or that if the employers hesitate 
to concede the advance. All parties seem inclined to 
let the negotiations proceed in the usual leisurely way, 
and meanwhile allow events and circumstances to 
determine what shall occur if the employers and 
operatives fail to agree in conference. 


The Aliens Bill passed through the Committee stage 
in the House of Lords without amendment, though 
there were several divisions upon some of the clauses. 
It was referred to by one noble lord as ‘‘ the one little 
Bill” of the Government. But, of course, other 
measures have been carried—mostly, however, general 
and departmental Bills relating to the several services 
of the State. Had the Bill been amended in the Lords, 
it would have to be returned to the Commons, where 
— some further debate would have taken place. 

his the Government wanted to avoid. 


The Forty-First Report of the Directors of the 
Independent Order of Rechabites to the High Movable 
Conference, which assembled in Aberdeen on Tuesday 
last, states that there was an increase of 42,346 mem- 
bers since the previous report; the total now oe 
346,213. Of these, 204,884 were adults, and 141,33 
juvenile benefit members. The increase of funds 
amounted to 211,473/. 9s. 2d.; the total balance being 
1,£26,500/. 13s. 3d. As all members have to adhere 
to the rigid enforcement of the total abstinence 
pledge, the army of total abstainers is a large and 
growing one. 


The delegates attending the High Court of the 
Ancient Order of Foresters, to be held at Newcastle- 
on-Tyne, will have to consider the question of salaries 
again, as previous conferences failed to agree. The 
staff allowance is about 755/. a year. The proposals 
of the council would raise the amount to 1039/. per 
annum. Other proposals would raise the total to 
1000/. a year. Considering the vastness of the 
Ancient Order of Foresters, its numerous High Courts 
and other Courts, the enormous roll of members, and 
the gigantic funds belonging to the Order, the cost of 
management by the permanent staff is singularly small, 
while the duties are various and onerous. Such work 
deserves liberal pay. 

There has been no change of importance in the iron 
and steel trades in the Midlands, but it appears that 
there is a steady demand for finished iron. The sheet 
trade shows the greatest tendency to expand, the in- 
creasing quotations being no bar to business. The 
commoner brands of iron are not in such good request 
as the better and best brands, and the prices of the 
former are not so steady in the market. As the Mid- 
land Wages Board have not yet absolutely fixed its 
new basis, the wages of puddlers and others are 
regulated by the North of England Board of Concilia- 
tion and Arbitration, with the addition of the differ- 
ence in the two scales. 

In the Lancashire districts the iron and steel trades 
are quiet, butsteady. If there is no rush with orders, 
the demand is pretty regular, and prices are fairly 
firm. The engineering branches are busier than they 
were, and these require a steady supply of material 
for present use. 


The strike of gas-workers at Bolton, and the manner 
in which the leaders are conducting it, led to some 
very plain speaking at the Bolton Trades Council last 
week. The secretary of the council protested against 
the action of the strikers, and of the } vere repre- 
‘* They had,” he said, ‘‘ assumed a 
wrong and impertinent attitude. They came with a 
pistol in one hand and negotiations in the other.” It 
is a healthful sign when the local labour leaders and 
trade-union officials speak out in this way. One of 
the first and chiefest lessons a labour leader has to 
learn is that dictation is not in good form when nego- 
tiating for better wages, decreased hours, or better 
conditions of employment. Threats are out of place 
in negotiations, and they always embitter a contest. 
In arranging labour questions, the best way for either 
‘ood to succeed is to assume that a fair bargain is to 

made on either side. To assume otherwise is to 
question the honour of those in conference negotiating 
on behalf of those whom they represent. 


senting them. 


The question of treatment by the Shipping Federa- 
tion of some stevedores imported into Liverpool owing 
to the dock strike came before the Lord Mayor’s Court, 
Guildhall, London, last week. The men alleged bad 
accommodation, sleeping in coal-bunkers, and in ver- 
minous and dirty blankets. The accommodation, it 
was said, was so bad that they left and returned to 
London. The Alderman gave his decision in favour 
of the men, and against the Shipping Federation for a 


But no. week’s wages, but deducted the men’s fares to London, 





But in doing so, he said that he considered the ac- 
commodation provided was sufficient. He was asked 
to state a case for the higher court, and allowed 
5l. 5s. costs. The report of the case is a little obscure, 
for if the allegations of the plaintiffs were not proven, 
the question is, Had they the right to break their 
contract ? 


The dispute as to prices at the Hemsworth-Fitz- 
william Collieries, near Barnsley, ended last week in 
the collieries being closed. The matter had been con- 
sidered by the Yorkshire Miners’ Association, and the 
Council advised the men to postpone their notices, and 
subject the whole question at issue to arbitration. At 
a meeting of Hemsworth miners this advice was re- 
jected. The management, therefore, decided to close 
the pits, at which some 1500 men are employed. 


Mr. Shackleton called the attention of the House of 
Commons to the “ time cribbing ” practice in some of 
the cotton mills in Lancashire, by means of which the 
operatives sometimes put in as much as 60 hours per 
week instead of 554, which are the regulation hours. 
The hon. member was careful to distinguish between 
the classes of employers who resorted to this and other 
practices condemned by the workers, and those who 
sought even-handed justice for all parties concerned. 
A few unfair employers can make it extremely difficult 
for the fair ones to compete. The former do an injus- 
tice to the workers and those of his own class—other 
employers. 


A strike has occurred in the gold-fields of West 
Australia owing to the reduction of the wages of 
fitters, turners, and blacksmiths. It threatens to 
develop into a general strike of all sections of workers. 
Several mines, it is reported, have been already closed 
owing to the dispute. 


A strike of Irish harvest men in South Lincolnshire 
resulted in all their places being filled up, as other 
workers were willing to do the work at the wages 
offered. 


The secretary of the Berlin Trades-Union Federation 
has addressed an appeal to British trade-unionists, 
through Mr. Alderman Mitchell, L.C.C., secretary of 
the General Federation of Trade Unions, in support 
of the 20,000 locked-out engineers, ironfounders, and 
metal-workers generally in Sweden. It is said tnat the 
weekly cost to support the men and their families will 
be 150,000 kroner (a kroner equals 134d.). 


Matters are apparently in suspense in the Australian 
Commonwealth, for the labour leaders seem to be very 
quiet. Parties are at variance as to the basis of co- 
operation, but the fiscal question, or Protection versus 
Free Trade, is the one subject about which they differ 
materially, and yet that is the question upon which a 
strong Government can only be constituted. The 
labour men will only be a section in the fight. 








Street Licutine aT Newcast_E.—The general manager 
(Mr. E. Hatton), of the Newcastle Corporation Tramways, 
has made a report in reference to public street lighting. 
In the course of the report, Mr. Hatton says the net 
receipts over expenditure for the present 200 arc lamps, 
at an annual cost to the lighting committee of 2980/., are 
317/., allowing for ample depreciation on the equipment. 
It must be borne in mind that a reserve of electrical plant 
has been installed in the station, the whole interest and 
sinking fund of which has now to be provided for by the 
tramways committee, even assuming the possibility of this 
source of power supply to be cut off ; and that further ex- 
tension be not sanctioned by the Council. The only items 
which will vary in proportion to the power production per 
unit are fuel, water, and oil, and stores in part; and, conse- 
quently, these are the only items which require taking into 
consideration for an inc or diminished output from 
the power-station, to determine the extra or decreased cost 
of production on the whole station, provided further capital 
charges are not incurred. The number of units produced 
in the power-station for the year ending March 31, 1905, 
was 8,581,301. Since part of this production was used in 
the power-station for auxiliary plant, a deduction must 
be made in order to arrive at the net production for the 
supply of outside sources, and the cost of the same per 
unit. The items were as follows :—Units used in power- 
station, 273,325; at pumping-station, 380,575; leaving a 
net balance for disposal of 7,927,401 units. The total cost 
of producing these 7,927,401 units was 33,541/., including 
all capital charges, rents, rates, &c., and the total price of 
production was, therefore, 1.015d. per unit. Of last year’s 
a 328,393 units were used for the present 200 ar: 

mps. It is proposed to increase the number by a further 
160 arc lamps, making a total of 360 arc lamps. This will 
necessitate a further expenditure on cables, &c., and new 
lamps, of 45007. The total cost of this additional supply, 
aN g 8,194,008 units, will be 33,753/., or a total cost 
of 0. . perunit. As it is proposed to reduce the prict 
paid per lamp from 15/. 10s. to 12/. per annum, the tota! 
revenue derived from the 360 arc lamps will be 4320/7. ; and 
the expenditure, including additional maintenance on the 
increased number of lamps, together with the additional 
capital charges, will be 42297. per annum, leaving a net 
balance of 91/, 
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FRACTURES IN LARGE STEEL BOILER- 
PLATES.* 


By J. T. Mitton, Chief Engineer-Surveyor to Lloyd’s 
Register, Vice-President. 
(Concluded from page 166.) 
APPENDIX II. 
Alternating Shock Bending Tests. 
Deflection, ,% in. each side. Alternations per minute, 168. 





26 
Cee 
See Cold Bending Tests. 
g £ “i Remarks on Heat 
a¢ 356 3 a Treatment. 
S 3<25 Ordinary. — Nicked. 
$1 1330 =| Double, flawless : As received. 
82 1456 & 110 Ditto 
83 1352 Double, flawless, 2 Annealed at 1150 deg. 
rough Cent. for two hours, 
and cooled overnight. 
S4 1361 | «e 140 Ditto 
Ll 1025 (Double, flawless ay As received. 
1.2 2 | od 44 Ditto 
L3 420 |Double, flawless ae Normalised (heated to 
} 900 deg. Cent. to 950 
| deg. Cent , and cooled 
| in air). 
14 1232 | - 49 Ditto 
Lj 1308 (Double, but a rh Annealed at 950 deg. 
| few holes o1 Cent. for half an hour, 
| tears in the and cooled in muffle 
| middle of the about six hours. 
outside 
L6 13386 | oe 53 Ditto 
L7 1379 =| Double, flawless Oil-quenched from 950 
deg. Cent. 
Ls 694 - 41 Ditto 
L9 328 20 deg. broke Water - quenched from 
950 deg. Cent. 
L10 266 ss 9 | 7 Ditto 
Deflection, ,* in., as before; but alternations per minute, 266. 
S5 860 = 87 |As received. 
Sé 870 “é 90 Ditto 
Si 916 és 100 Annealed at 1150 deg. 


Cent. for two hours, 
and cooled overnight. 
Se 868 | ws 90 Ditto 
St 266 Double, flawless Heated to near the melt- 


rough ing point, and cooled 
in air. 
$10 334 Double, flawless, jn As above, but coldsample 
rough normalised. 
$11 x > 66 Heated to near the melt- 
ing point, and cooled 
in air. 
Sk: : ot 110 Asabove, butcold sample 
normalised. 
Lil 433 Double,  sligh’ As received. 
crack 
L12 864 om 76 Ditto. 
L13 438 oe 42 Ditto. 
Lu 520 Double, flawless de Ditto. 
L15 538 » but spli oe Ditto. 
L16 168 Double, flawles: sa Ditto. 
L17 368 Ditto ee Ditto. 
L18 260 Ditto 


Normalised (heated to 
900 deg. Cent. to 960 
deg. Cent. and cooled 


in air). 

Lig 500 _ 47 Ditto. 

Lx 388 a 44 Annealed at 950 deg. 
Cent. for half-an-hour, 
and cooled in muffle 
about six hours. 

L21 781 +e 62 Ditte. 

L22 630 dé 39 Oil-quenched from 950 
deg. Cent. 

123 240 - 60 Ditto. 

L24 156 es 6 Water - quenched from 
950 deg. Cent. 

L2 314 2 Ditto. 


L2 400 Double, flawles: Water -quenched from 
,; 900 deg. Cent., and 

heated to 600 deg.Cent. 
L27 336 Ditto eo | Ditto. 


S = Spencer's steel. L = American steel. 


APPENDIX III. 


I BEG to report to your Committee details of thirty 
paar sy me tests made on the piece of boiler-plate 
alleged to be from the fractured American boiler. 

_ This piece of plate had evidently been bent over a rela- 
tively small radius. Ten test-pieces were taken on the 
convexity, or outside of the plate, ten in the middle of the 
plate near the neutral axis, and ten next the concavity, 
or inside of the plate. It will be evident that the O, or 
outside, pieces are stressed in tension, and the I, or inside, 
pirces in compression ; whilst the M, or middle, pieces will 
be relatively little stressed, and these give distinctly the 
best results; whilst the results from the pieces in com- 
pression stress are better than those obtained from the 
pleces in tension. These are very remarkable results. 

Another noticeable feature of the test exhibited by the 
table is that all along the line where the stress was parallel 
to the face of the plate the results are inferior to the tests 
in which the stress was applied at right angles to the 
surface of the plate. 

. [send also three micro-sections, the identity of which 
1s marked in the table and stamped on the back of the 
sections. Your chief engineer, on comparing these with 
the micro-sections of the original plate, will find that 
there is much more pearlite present, a fact due to the 
presence of 0.35 per cent. of carbon against 0.2 per cent. 


* Paper read before the Institution of Naval Architects, 
July 20, 1905, 





in the first oe of American plate. Another noticeable 
feature in the sections is the complete absence of the con- 
stitutional lamination so remarkable in the first plate, 
and present to a much less extent in the Spencer stand 
plate. The difference between the parallel and the cross 
tests may be possibly due to discs of sulphide of man- 
ganese being stressed in one case on the flat, and in the 
other on the edges of the discs. 

_I trust you may be successful in obtaining a genuine 
piece of the original plate, since it seems to me that it 
will decide beyond doubt an extremely important issue. 

The results in the table herewith are not comparable 
with those of previous reports, owing to varying condi- 
tions of the die radius, as I have been unable to get my 
standard machine, with dead square hardened dies, com- 
pleted in time for these tests. 


Tests on Steel Alleged to be from the Faulty American 
Steel Plate. Alternating Shock Bending Tests. 
Deflection, ,% in. on each side. Alternations per minute, 266. 


| 


! 
| Number 

















| 
of Alterna- Position Direction 
Mark. tionsto | Average. of Test- ofStress | Average. 
Complete Piece. & Strain. 
Fracture. 
L.O.F. 1* 930 Outside | || 
Lo 1 982 fi l Pn 
LO. 2 772 i | por 866 
L.O. 3 746 ae | 
-... 4 908 ne | J Plate 
cm. & 904 916 2 
LO. 6 918 »” t) 
L.O. 7 942 ” L ;ditto 965 
LO. 8) 970 a L J 
L.O.F. 2 1060 se a 
LLF. 1 1008 Inside | 
L.I. 3° 896 o Hl 
Li. 63 950 ve i ¢ dittc 975 
a 3 1000 ” i] 
a 2 1020 i ni m 
ia +s) os . 
LI. 6! 1026 » TE | 
LI. 7]| 1150 »  |L pditto| 1018 
ns. » 902 ” i | 
LLF. 2 986 a 
LM. 1*| 914 Middle |" 
LM. 2 1018 i. | 
LM. 8 1048 o | ditto 1020 
L.M. 4 1034 »” ;u 
L.M. 5 1056 1087 a i 
L.M. 6 1100 . tl + 
LM. 7, 1068 o» | ] 
L.M. 8 1178 9 |. ‘ditto 1115 
LM. 9 1140 . a | 
L.M. 10 1088 | o bs 
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APPENDIX IV. 


The information you sent in your last letter has enabled 
me to come to a provisional conclusion as to the cause of 
the fracture of the American steel plates in a direction I 

not previously considered. 

In the first place I send you thirty-two tests made on 
the last piece of plate sent from America, which negatives 
the apparently reasonable theory that one side of the 
plate was g and the other bad. The plate, as a matter 
of fact, is most irregular in quality all over, as you will 
see from the attached test-table. You will observe that 
I have made the results given by the new machine fairly 
comparable with those obtained on the old one, by lengthen- 
ing the test-piece so as to ease the severity of the test on 
the new machine. 

In one set of results you will see that the average of the 
X side of the plate was rather worse than the Y side. In 
the second set this is reversed, the X side being rather 
better than the Y side. Hence there must be areas in 
which the molecular structure (invisible to the micro- 
scope) is very bad. All the microscope has indicated is, 
that the plate had been over-heated and rolled too hot ; 
but the instrument is incapable of distinguishing between 
the good, bad, and indifferent areas mixed all over the 

late. 

. In this connection it must be remembered that we have 
never got either a bad or indifferent result in any of the 
numerous tests made all over the set of three standard 
plates sent by Spencer’s for comparison. I have made 
numerous inquiries amongst boiler engineers and makers, 
whose names you will not wish me to mention, and have 
obtained in two cases, one in Scotland and onein Eng- 
land, from reliable men, corresponding views and ex- 
periences in this matter. I am able in an impersonal 
manner to give you some remarkable data which seem to 
me applieatis to the American plates. We must remember 
that these would be cast from a heat weighing about 25 
tone, and as each — weighed a little over 3 tons, we 
may conclude that the faulty plates were rolled from two 
out of eight ingots, the other six being satisfactory. 
Therefore this particular pair of ingots got overheated, 
whilst the other six did not. 

I have been able to obtain records of a similar case, 
the investigations having been carried out by an ex- 
perienced boiler engineer, whose accuracy is beyond 
suspicion. The facts are as follows:—A set of ne ? in. 
thick were rolled from a heat of ingots, and of these plates 
two, owing to overheating in the mill, were brittle, not- 
withstanding that they gave good tensile and bending 








tests. Their brittleness was discovered in the following 








TABLE TO APPENDIX IV. 
Alternating-Stress Tests on Old Machine. 
{ in. stroke. 242 alternations per minute. Length under test =3} in. 


Mark Side Number. a Result. Mean. 
LX 1 769 Bad 
LX 2 1292 Good X 825 
LX 3 546 Bad a 
LX4 693 ” 
LY 1 818 Grea 
LY 2 1177 0c * on. 
LY 3 804 Bad ¥ 908 
LY 4 1172 Good 


Alternating-Stress Tests on New Machine. 
§-in. stroke. 670 alternations per minute. Length under test =4 in. 





LX 5 1064 Good 
LX 6 112 “v 
LX7 890 Very bad 
LX 8 772 Bad 
LX9 1020 Good 
LX 10 1020 - Ria 
LX 11 948 Fair X 025 
LX 12 1240 Good 
LX 13 858 Bad 
LX l4 918 Fair 
LX 15 868 Bad 
LX 16 848 es 
LY 5 1038 Good 
LY6 1152 a 
LY7 256 Very bad 
LY8 494 Bad 
LY 9 284 Very bad 
LY 10 1054 Good 
LY 11 982 Fair - Y¥ 7388 
LY 12 996 a 
LY 13 978 i 
” LY 14 994 ° 
ext , , 
LY 15 230 Very bad 
— Mi 16 998 Fair 


Norr.—Comparatively, Spencer’s standard plates endure about 
12C0 alternations, 


manner :—They were being made into butt straps, and, as 
a preliminary, two 3-in. strips were sheared off one edge 
of the plates. One of these strips broke in two in the 
shears, and on attempting to straighten both strips for 
tests, they both snapped under the hammer. In similar 
tests made on the uninjured plates of the heat, they, after 
shearing, were straightened, bent double, and the bends 
closed under the hammer without fracture. 

I wish you to note very particularly that in all these 
tests one edge of the strips had been sheared some time pre- 
viously. My friend then determined to try to confirm a 
theory he had formulated from previous experience— 
namely, that in plates brittle from overheating, minute 
rupture lines set up on the edge of the plate by the shearing 
stress had the capacity of slowly extending into the body 
of the plate to the distance of aninch or more. He mad» 
the following experiments. Let the accom nying sketch 

eo 
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were old shear lines. Nos. 1, 2, 3, and 4 represent frac- 
tures of the 3-in. strip first sheared off, No. 2 in the 
shears, and Nos. 1, 3, and 4 whilst straightening under 
the hammer. Four more strips were then sheared from 
the plate, 5 and 6 with old shear lines, and 7 and 8 with 
one edge drilled and the other newly sheared ; 5 and 6 
were very brittle under the hammer, whilst 7 and 8 were 
fairly satisfactory. 

It seems to me that we have here a similar case to that 
of the American plates, ‘and that the last-named, after 
shearing at the steel works, had minute flaws on the 
sheared edges, which, in the very bad areas, worked 
inwards far beyond the }-in. machined off previous to 
drilling, These flaws would naturally be aggravated by 
the operation of bending; in other words, in the finished 
boiler there were at intervals along the edges of the 
plates a few incipient flaws, particularly on the trans- 
verse edges, which became starting-points not only for 
the fractures under the hydraulic tests, but also for the 
press fractures obtained on attempting to straighten the 
ruptured plates. 








APPENDIX V. 
Fina Report or Proressor J. O. ARNOLD. 


I have the honour to make to your Committee my final 
report on the fracture under hydraulic test of two shell- 
plates of the main boiler of an American vessel. 

I have, in the first place, to express my indebtedness 
to the Society's chief engineer-surveyor for his co-opera- 
tion in collecting, as far as ible, all engineering 
details of the case, without which it would have been 
impossible to have come to any reliable conclusion as to 
the cause of this remarkable failure. 

It is necessary, as a preliminary, to marshal in its 
correct sequence the information collected by Mr. Milton. 
The plates were manufactured in America from basic 
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open-hearth steel, from slab ingots, weighing about 
7000 lb. each. After casting, the ingots were allowed to 
go cold, were reheated in a furnace, and rolled in the ordi- 
nary way. The edges of the plates would be sheared at 
the fom works, presumably when cold. No tests on the 
plates were made by the Society’s surveyors at the steel 
works. The noon | plates were despatched to the boiler 
works, and there, presumably, } in. was machined off each 
of the sheared eiges. The plates were bent cold and the 
rivet-holes drilled in a radial machine, and the boiler was 
riveted hydraulically. Thesteel of these shell-plates was 
tested by one of the Society’s surveyors at the boiler 
works. 

It is particularly necessary to notice that these tests 
were made on pieces of steel presented to the surveyor 
after having been cut from the portion of plate removed 
from the manhole in shell, and hence presumably 
drilled out from the middle of the plate. These pieces 
gave satisfactory cold and temper bends, and the tensile 
test registered 26.7 tons per square inch with 27.5 per 
cent. of elongation. Although the latter figures may 
not be eminently satisfactory, nevertheless, no reasonable 
objection could have been raised as to the results of the 
tensile test. ; 

On February 5, 1902, the Government inspector sub- 
jected the completed boiler to hydraulic pressure of 
228 lb. per square inch, and duly stamped and 
it. On February 8, 1902, the Society’s inspector sub- 
jected the boiler to a pressure of 260 Ib. per square 
inch, postponing the completion of the test, owing to 
leakages from joints of mountin On February 19, 
1902, the works officials subjec the boiler to a test 
of 305 lb. per square inch. On February 20, 1902, 
the empty boiler was subjected to a steam pressure of 
65 lb. per square inch. On February 21, 1902, the works 
officials again applied the hydraulic test ; and when a 
pressure of 270 it r square inch was reached, the shell 
plate I have marked L split from side to side transversely, 
und the shell plate marked R about three-quarters across. 
On February 27, 1902, two of your surveyors examined the 
ruptured boiler, and, in addition to the main fractures, 
found the inside strake ruptured at the middle lap in two 
laces, at. the twelfth and sixteenth rivets above the main 
lnatabe. These two smaller fractures extended from the 
edge of the plate, through a rivet-hole in the outside row 
to a little beyond the edge of a rivet in the second row. 

On May 27, 1902, the two surveyors, in a supplementary 
report, state the boiler-makers in their absence attempted 
to straighten the two fractured plates cold, when the R 
plate broke transversely into four pieces, and the L plate 
into six. Samples of the fractured plates were submitted 
under the inspection of your steel-works surveyor to 











beyond all doubt that there are on both sides of the plate 
mixed areas of steel, identical in chemical composition and 
in visible micro-structure, but good, bad, aa indifferent 
in quality. These facts seemed so far-reaching in their 
significance that, to obviate any possibility of a mistake 
as to the partial breakdown of the microscope in this case, 
I took (see last report) test-bars LX 2, which broke at 
1292 alternations, and LY 15, which broke at 230, 
and made from them micro-sections (see Fig. 3, annexed) 
just below the actual line of rupture in each case. 
found their structures identical, and almost exactly the 
same as that of the American plate I have micrographi- 
cally delineated (see Fig. 2. page 166 ante). 

In my last report I laid before Mr. Milton some ex- 
tracts from an investigation communicated to me by an 
eminent boiler engineer. The evidence obtained pointed 
most strongly to the conclusion that, in the case of a boiler 
plate inju by overheating, the operation of shearing 
developed on the edges of a plate minute cracks capable 
of extending as invisible cleavages to a considerable dis- 
tance into the body of the plate ; and I am of opinion that 
we have here the clue to the extraordinary behaviour of 
the American plates. 

Before putting into the forms of conclusions the con- 
centration of evidence towards this point, it is necessary 
to refer to the behaviour of the second sample of plate 
sent from America, which is quite distinct in every respect 
from the first and third samples. 

Its micro-structure does not exhibit any marked ab- 
normal features. Its carbon is 0.35 instead of 0.2 per cent., 
as in the other two plates. Personally, I consider it too 
hard for a boiler plate. I have already reported to 
Mr. Milton that thirty alternating tests on this plate, 
although exhibiting distinct mean differences between the 
concave, middle and convex portions of the plate, did not 
register a single test which could be called unsatisfactory. 
One edge of this plate, nevertheless, presented a fracture 
line; but the evidence of its identity is not very satis- 
factory. If it be really one of the plates of the boiler, it 
is presumably plate L, which was the most brittle under 
the straightening test. J am unable to reconcile these 
facts, and can only state them. 

CoNncLUSIONS. 
L 

Statement.—That of the seven or eight ingots from the 
heat of open-hearth steel from which the plates were 
manufactured, two were overheated and rolled at too high 
a temperature. 

Reasons.—That only two plates are known to have 
failed, and although the effects of this overheating were 
incapable of being detected by the chemical, tensile, and 
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chemical, tensile, and severe bending tests, with satis- 
factory results. On Auguet 2, 1902, the first sone of 

late was forwarded to me by the Society. In all pro- 
Pability this piece was taken from a position which I have 
cross-hatched in the blue print R. As I have already 
reported, my chemical, tensile, and bending tests sub- 
stantially confirmed those of the Society’s surveyors, 
giving no indications capable of explaining the remark- 
able brittleness of the steel under the hydraulic test. 

The microscopical examination, however, strongly sug- 
gested that the ingot had been overheated, and the plate 
rolled too hot. At my request Mr. Milton obtained from 
Messrs. Spencer three pieces of their best boiler plate, 
which gave tensile tests somewhat superior in elongation 
to the American steel; but to this circumstance I do not 
attach much importance. I have already delineated in a 
former report the structures of the Spencer and American 
steels, and return herewith the micrograph then submitted 
(see Fig. 1, 166 ante). All cedinary methods of test- 
ing having broken down, I devised a rapid alternating- 
stress test, working a little beyond the elastic limit of the 
material. Under this test the American plate exhibited 
remarkable variations in quality: so marked that in a 
former report to Mr. Milton I was inclined to assume 
that the good tests came from one side of the plate, and 
the bad ones from the other. To a considerable extent, 
no doubt, this was so; but the fact must be regarded 
merely as a coincidence. 

It is necessary to reiterate that all three pieces of the 
Spencer plate gave good and reasonably concordant results. 
I have, in fact, constantly used these plates as standards 
with which to compare a variety of materi The 
results on the third piece of plate sent to me by the| 
Society show it to be identical with the sample first sent ; 
but the table of 32 tests forwarded in my last report prove | 
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bending tests, they are nevertheless most strongly sug- 
gested by the coarse crystallisation, the angular ferrite 
crystals, and the well-marked “ghosts” in the micro- 
structure. 

2. 


Statement.—That, although the micro-structure broadly 
indicated an overheated steel, it nevertheless entirely 
failed to differentiate between the good, bad, and rotten 
areas indiscriminately distributed throughout the plate. 

Reasons.—Under the alternating stress test, with iden- 
tical conditions, extremes of resistance to rupture were 
found, varying from 1240 to 230 alternations ; a ratio of 
about 54 to 1; and that the steels giving these extreme 
test-limits were practically identical in micro-structure. 


3. 


Statement.—The facts enumerated under Conclusion 2 
bring metallurgists face to face with a hitherto unsus- 
pected phase of the crystallisation of iron—namely, that 
overheated mild steels, which necessarily leave the 
rolls at a high temperature, cool relatively slowly, and 
hence slowly and more or less perfectly crystallise, after 
the microscopically-visible crystallisation is completed ; 
there takes place from a series of centres a secondary and 
microscopically-invisible phase of crystallisation, which 
may be best described as a sharp, molecular development 
of potential cleavage planes. Steel in the centres of such 
development will be brittle. The steel near their circum 
ferences in which the molecular rearrangement is only 
partially developed will be indifferent in quality, whilst 
steel beyond the radius of these developments of mole- 
cular cleavage will be good. 

Reasons.—The crystalline structure visible to the micro- 
scope being in the and brittle areas identical, it 
follows that the mischief is molecular, and in crystalline 





minerals, of which ferrite is one, it is well established 
that brittleness is associated with well-marked cleavage. 
In 1863 Dr. Sorby concluded that iron crystallised in the 
cubic system, and in 1885 Professor Bauermann came to 
the conclusion that the cleavage of iron was parallel to 
the fave of the cube, but owing to the toughness of the 
element was very rarely developed. In my opinion this 
rare development is present in the brittle areas of the 
American plates. ‘ 


Statement.—The evidence .n connection with the frac- 
ture of these plates, in my opinion, proves beyond all 
doubt that the main and secondary fractures under the 
hydraulic test commenced at the edges of the plates, and 
the same remark applies to the fractures under the 
straightening test. 

Reasons.—The minor fractures observed by the Society’s 
surveyors undoubtedly commenced at the edges of the 
plate, and were uncorrelated with rivet-holes. 


5 


Statement.—The commencement of the fractures at the 
edges ef the plates must have been brought about by 
some specific cause. In connection with a boiler two 
such possible causes suggest themselves—namely, the 
stress and strain of the punching operation, and the 
vibrations of the riveting operation. In the case of 
these plates both these alternatives may be at once dis- 
missed. 

Reasons.—The plates were drilled and not punched, 
and, being hydraulically riveted, vibration was absent. 
6. 

Statement.—On the other hand, it is certain that in the 
shearing operation the extreme edges of the plates were 
subjected to great stress, and, in addition, to a certain 
amount of strain; also, that in bending operations the 
transverse edges of the plate were on the convex side put 
under considerable tensile stress, and on the concave side 
under a corresponding compression stress. 

Reasons.—These are too obvious to need elaborating. 


= 


qs 

Statement.—I am of opinion that during the shearing 
operation minute cracks or incipient cleavages were 
formed in brittle patches existing at intervals along the 
edges of the plates. Also, that during the considerable 
interval which would elapse between shearing and machi- 
ning the edges of the plates these incipient flaws worked 
inwards in these very bad areas, too far to be removed 
by the machining operation. On bending the plates the 
stress and strain still further develo these flaws. 
Then the repeated hydraulic tests and the stresses caused 
by heat expansion during the steam tests converted these 
incipient flaws at the edges of the plates into actual 
cracks; so that on February 21, 1902, at a pressure of 
35 lb. per square inch below that of the test made on the 
19th, the tears, doubtless fully developed on the edges 
of the plate by the steam test on the 20th, suddenly 
extended almost from end to end of the boiler; and given 
such decisive edge-cracks for starting points, it is pro- 
bable that even good steel would have ruptured in a 
similar manner. 

Reasons.—I consider that the evidence obtained from 
the experiments made by an eminent boiler engineer, 
which I have already communicated to Mr. Milton, prove 
that shearing flaws harmless in a good steel are capable 
of dangerous inward development in a steel highly crystal- 
line from overheating 


Statement.—I am of opinion that whichever plate frac- 
tured first, did so in a direction a few degrees from the 
horizontal, and thus determined the almost identical angle 
of fracture in both plates. The probability is that the 
main fracture commenced in plate R. 

Reasons.—The Society’s surveyor found in this plate 
other two cracks which also would have developed right 
across the plate had not the pressure been relieved by the 
bursting of the boiler. 


SUGGESTIONS AS TO THE TREATMENT OR DETECTION OF 
OVERHEATED PLATES, 


I have already handed to Mr. Milton tables which 
prove conclusively that all generally-used methods of heat 
treatment failed entirely to restore toughness to the 
ruptured steel plates. his confirms on a small scale 
the results which I am told were observed in the notorious 
Livadia case. These plates are reported to have failed 
during punching, and were therefore annealed to toughen 
them ; their subsequent disastrous failure is well known. 
1 therefore strongly deprecate any attempt to restore 
brittle boiler-plates by heat treatment; they should be 
scrapped. In connection with the manufacture of plates, 
it would be interesting to find the variations in the tem- 
peratures at which the plates leave the rolls by means of 
the Wanner optical pyrometer ; in my opinion the best 
and most practical instrument of its type yet devised for 
this kind of work. ; 

I am of opinion that from a practical point of view 
neither Fremont’s shock test nor my own alternating 
stress shock test is likely to be of much use. These over 
heated plates are so irregular in quality that duplicate 
tests by these methods, from each plate, would quite as 
often register the steel of good quality as of bad. At 
least twenty tests from each plate would be necessary, 
and to this, manufacturers would, with reason, object. 
Such a remedy would be out of all proportion. To submit, 
say, 999 plates to unreasonable testing to register the 
bad quality of the 1000th plate is, in my opinion, as a 
commercial matter, out of the question. 

I therefore suggest that all tests should be made not 
from pieces drilled from manholes, &c., but from the edges 
of the sheared plates, and that the hending tests on these 
should be made as severe as possible. Guod steel will 
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stand such tests. Should a plate fail, it may be reserved 

for farther examination, either by the shock or alternat- 

ing shock test ; at any rate, in such cases it will be advis- 
able, when possible, to machine considerably more than 

} in. off the edges of the sheared plates, if the latter fail 

under a severe bending test. 

APPENDIX VI. 

Results of Tensile and Fatigue Tests made upon Steel 
Plates which were all Rolled from Pieces Cut from the 
same Ingot, the Rolling Temperature and the Subsequent 
Heat Treatment being Varied. 

















r F ot Le 
Size of Test- |< 2 3 fo .js£3 
| Piece. i%$ g Sa Siete 
| lG=> |O ZeslRee 
| 2H - .2 igs Z 
} = 2 a3 | 3 sat 
Description. ' wd 55 G26 
a: ia Ss as sss 
| s c = ° — | =; 
Sis! g Be4|/ §> Bele se 
Se £ 28s exe SS2ESE8 
eu < aPe| a £>- F545 
in. |in sq. in. | in. dg. 
One-Inch Plate. 
Rolled too hot ; no heat | 
treatment ..  ..| 23/1 2.125 27.1 | 23 90 | 13 —20 
Rolled too hot, and)|/ 2 1 2 27.7 | 30 142 | 144—22 
then normalised..f| 2 Ll 2 a -- | 102 | 164—22 
Rolled too hot, and\ 2 1 2 26.8 | 24 | 185 | 14 —22 
then overheated..jf|/2 1 2 al - 130 | 144-22 
Rolled normal: .. \ 21,2 27.3 27 =| 2 | 13 —20 
nosubsequent heat } 
treatment. . a 21°38 és -_ 104 | 144—22 
Rolled normal,and \ 2 1 2 26.8 | 26.5 170 | 144—22 
then normalised..j,2 Ll 2 ok zS 110 | 144—22 
Rolled norma!,and }' 2 1 2 26.6 31.5 216 | 144—22 
then overheated..j/' 2 L 2 - te 176 | 144—22 
Rolled too cold, and) 13 1 1875 27.1 25 108 | 13 —20 
nosu bsequent heat | 
treatment .. sa 2132 P -» | 148 | 144—22 
Rolled too cold,and, 2 1 2 27.0 27 | 150 | 144—22 
then normalised..f|2 1 2 . | vo» | 385 | S—22 
Rolled too cold, and) 2 Lt 2 26.6 29 167 | 144—22 
then overheated..j 2 1 2 ‘ on 205 | 144—22 





Half-Inch Plate. 
Rolled normal : - V) 2h |1 | 1.125) 28.6 
no heat treatment / | 2} L | 1.125 
Rolied normal, and \ 
then normalised .. / 
Rolled too cold ; \ 
no heat treatment f 
Rolled too cold, and )\ 
then normalised f | 


_ 


30 616 | 144—22 
.. | 524 | 14j—22 
2} | 3] 1.125 | 284 | 29 594 | 14}—22 
23 | 4| 1.375 | 289 | 27 440 144-22 
23 | 3) 1.375| .. .. | 484 | 144—22 
24 | 4) 1.125 | 27.0 | 27 348 144-22 
Quarter-Inch Plate. 


Rolled normal : | 24 -625 | 32.0 ; 23 2464 | 144—22 


1| 24 | 
no heat treatment I) 24 625) .. .. | 2464 | 144-22 
Rolled normal, and \ | 24 -625 | 29.2 | 24.5 | 2640 | 144—22 
then normalised... f | 24 Mi .. es 2816 | 144 -22 
Rolled too cold, and | | 2 5 32.3 18.5 , 1470 | 138 —20 
no heat treatment f | 13 409 .. 1408 | 144—22 


Rolled too cold, and \ | 4, 
then normalised... f |) “? 

Rolled too cold, and 4 | 2 
then overheated .. } 


-625 32.3 18.5 | 1848 | 144—22 
-562 30.0 24 | 1760 144—22 
-562 | -- | 2552 14$—22 
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KXPLOSION OF A DRYING-CYLINDER. 

A FORMAL investigation was lately conducted by the 
Board of Trade, at the Town Hall, Bolton, with regard to 
the cause of the explosion of a cylinder, heated by steam 
and used for drying purposes, at the Starmount Bleach 
Works, Bradley Fold, near Bolton, owned by Messrs. 
Schmidlin, Brown, and Co. By the explosion one of the 
workmen was killed. The Commiagianeen were Mr. 
A. P. Longstaffe, barrister-at-law, and Mr. ¥. J. Pilcher, 
consulting engineer. The case for the Board of Trade 
was conducted by Mr. G. C. Vaux. Mr. Fearnley, 
solicitor, ap i | for Messrs. Schmidlin, Brown, and 
Co.; Mr. Horridge, solicitor, for the widow of the 
deceased ; and r. Bertwhistle, solicitor, for Messrs. 
Rigby and Meller, coppersmiths, Bury, the makers of 
the cylinder. Other parties interested,in the case were 
also legally represented. ° 

In opening the proceedings, Mr; Vaux said that Messrs. 
Schmidlin, Brown, and Co. were calico-printers and 
dyers, carrying on business at Bradley Fold. The 
cylinder was used for drying cloth, and was originally 
4 ft. long by 6 ft. in diameter, and appeared to have been 
worked for thirteen years at a pressure of 10 lb. on the 
square inch. In July, 1904, the owners decided to have 
the cylinder lengthened, and entrusted the work to Mr. 
Rigby, of the firm of Messrs. Rigby and Meller, Britannia 
Works, Bury. Mr. Rigby called and saw the cylinder, 
and took the measurements for the work. His instruc- 
tions were to make a new cylinder 12 in. longer than the 
old one, and the arrangement was that the ends of the 
existing — and other parts were to be utilised in 
making the new one. No specification had been got 
out, and nothing appeared to have been settled with 
regard to the method of construction; but it was 
stipulated that the new cylinder should be fit to carry 
10 lb. working pressure, and Mr. Rigby undertook 
todo the work. The old cylinder was then sent to his 
works, and the firm then made the new cylinder, which 
was a little different; its length being 5 ft. and the 
diaineter 6 ft. The old ends were used again. On 
August 26 the cylinder was erected at the Bleach Works, 


and was connected with the main anon on a an ordi- 
1n 


nity wheel stop-valve of 1} in. diameter g fitted to 
the pipe near the cylinder. On the following morning 
the machine was running up to half. past ten, when it was 


Sto) ped to prepare the cloth. Shortly afterwards steam 
Was admitted to the cylinder, and when the gauge 
appeared to indicate 2 Ib. or 3 lb. pressure, the engineer 
g4ve orders to stop admitting the steam. After a short 





interval steam was again let in, and the pressure rose to 
5 lb. . One of the shaft-bearing brackets on the machine 
was then seen to be slack, and about 11 o’clock the machine 
was stopped, the steam inlet valve to the cylinder being 
stated to be closed. The owner of the works, the engi- 
neer, and other persons were present at the time; and 
after the machine had been again started, it was stopped 
to correct something that had gone wrong. At about a 
quarter past eleven, when the cylinder was at rest, a 
violent explosion occu , and one of the persons pre- 
sent—a labourer—received fatal injuries. 

ney Pe witnesses called by Mr. Vaux was Mr. 
Joseph Schmidlin, one of the owners of the works, who 
stated that when the explosion occurred, no steam was 
being admitted to the cylinder. He came to the conclu- 
sion that the inlet valve was shut, and considered that it 
was a mistaketo have no safety valve on the ¢ylinder. 
When he saw the cylinder after the explosion he was not 
at all satisfied with it from what he saw ; and had he 
known it was constructed as it turned out to be, he would 
not, on any consideration, have accepted it. 

Mr. David Speirs said he had been engineer at Star- 
mount Works for thirteen years. He gave a description 
of the old cylinder, which had no safety valve nor reduc- 
ing-valve. These were, however, applied to their other 
cylinders. The cylinder had worked well, and it never 
occurred to him that it should be supplied with such 
valves. It was an oversight not to have recommended 
their being applied. When the order for the new cy- 
linder was given to Mr. Rigby, he was told to be as 
reasonable as possible in price, and to use up as much of 
the old cylinder as he could. The firm had done work 
for them before, and he had full confidence in them. 

By Mr. Vaux: He attributed the explosion to the ends 
of the cylinder, which first gave way, being improperly 
fitted. The hot air, the bad construction, and the bad 
workmanship all contributed. 

By Mr. Horridge: After examining the cylinder he 
was of opinion that it was not fit for any pressure of 
steam, not even 3lb. He had not seen a cylinder like it 
for the last twenty years. 

By Mr. Fearnley: Supposing the body of the cylinder 
could have been made out of one piece, it would have 
been of greater strength than if made out of strips. If 
he had known how the cylinder had been constructed, he 
would not have sanctioned its delivery at the works. 

Mr. Groves, foreman finisher at the works, said he 
was present at the time of the explosion. The highest 
pressure he saw on the gauge was 51b. He never saw 
anyone touch the inlet-valve, which was closed at the 
time of the explosion. He could not remember whether 
he turned the steam off, but thought he did. 

A fireman at the works stated that the maximum pres- 
sure on the boilers was 50 1b. 

Mr. William Rigby, of the firm of Messrs. Rigby and 
Meller, Bury, makers of the cylinder, described its con- 
struction, and stated that he had made hundreds of 
similar vessels, and thousands were working in various 

rts of the world. Every cylinder was tested before 
eaving their works, and only one accident during testing 
had occurred, and that was caused by defects in the 
material. He calculated the bursting pressure of the 
cylinder at the Starmount Works at 401b. Thecylinder 
was adapted to work at a pressure of 10 lb. per square 
inch, e considered that at the time of the explosion 
the pressure was within about 3 lb. of the boiler pressure, 
which was 50 lb. The cylinder burst, he thought, through 
over-pressure, and it was never intended to bear the 
strain to which it was subjected. 

By Mr. Fearnley: His firm had made between 200 and 
300 cylinders on the same principle, with the ?-in. flange. 
He did not think that the end of the flange came out 
first, but that the body of the cylinder gave way in the 
first instance. 

Mr. Lewis, engineer-surveyor to the Board of Trade, 
presented his report on the construction of the cylinder, 
and the cause of its explosion. From tests he had made, 
he calculated the ultimate bursting pressure at between 
43 lb. and 441b. The explosion was caused by the shell 
not being sufficiently strong to withstand the pressure to 
which the cylinder was subjected. 

By the Commissioner: He was not at all in accord with 
those witnesses who suggested that the hot air was the 
cause of the explosion. 

By Mr. Vaux : The method of making the flange at the 
end of the cylinder was not a desirable one, and the 
workmanship was not what it ought to have been. He 
considered that the primary cause of the explosion was 
the failure of the material to stand the pressure, and the 
secondary cause was the weakness in construction of the 
flange at the end of the cylinder. 

By Mr. Bertwhistle: Witness said that, in his opinion, 
steam must have been going into the cylinder at the time 
of the explosion, or just immediately before it. 

This concluded the evidence ; and counsel on behalf of 
Messrs. Schmidlin, Brown and Co. addressed the Court, 
contending that the explosion was due to the weak con- 
struction of the cylinder, and not to any ee on the 
part of his clients. Mr. Horridge also addressed the 
Court on behalf of the widow of the deceased, and con- 
tended that the explosion was due to faulty construction ; 
and called Mr. Robinson and Mr. Pritchard, coppersmiths, 
Bury, to prove that the cylinder was not Properly con- 
structed, the flange not bps Be = enough. r. Bert- 
whistle addressed the Court on behalf of Messrs. Rigby and 
Meller, and called a witness to depose to the testing of 
the cylinder. Mr. Vaux then addressed the Court on the 
whole case, on behalf of the Board of Trade ; and, after an 
adjournment to the following day, Mr. Commissioner 
Longstaffe gave judgment. 

In doing this, Mr. Longstaffe reviewed in detail and at 
great length the evidence that had been given and the 
report presented by the Board of Trade engineer, as well as 








the particulars of the case as laid before the Court by 
Mr. Vaux. With reference to the method of working the 
drying-cylinder in question the Commissioners » he 
said, come to the conclusion that it was not a safe and 
el one, inasmuch as there was no reducing-valve 
itted on the steam pipe and no safety valve on the cylin- 
der. It could not be too constantly borne in mind that, 
even with such an appliance of precaution as a reducing- 
valve, it was a fitting that very frequently got out of 
order, and if there had been such a valve without a safety 
valve, the Conmissioners thought they would have been 
perfectly justified in coming to the conclusion at which 
they had arrived. As to the terms of contract for the 
cylinder, they were of opinion that Messrs. Rigby and 
Mellerundertook to supply, and Messrs. Schmidlin, Brown, 
and Co. to accept, a cylinder which would etand a pres- 
sure of 10 lb. per square inch, at a price left to be deter- 
mined by each party as they should consider reasonable. 
The Commissioners further thought that the cylinder was 
not properly constructed, and certainly unfit to stand a 
working pressure of 10 lb., by reason of the defective 
method of flanging the ends; and, further, by reason of 
the fact that there was neither a reducing-valve nor 
safety valve fitted. Among the various questions sub- 
mitted to the Court by Mr. Vaux was, ‘‘ What was the 
cause of the explosion?’ In reply, the Commissioners 
thought that the cylinder was unable to stand the pressure 
put upon it, owing to the faulty method of construction 
in regard to the attachment of the flanges to the ends of 
the shell. Another question put by the Board of Trade 
was, ‘‘Was the explosion caused by the neglect of 
Messrs. Schmidlin, 7 and Co., Mr. Speirs, Mr. 
Graves, or any of them ; and, if so, are they responsible 
for such neglect ?” The Commissioners thought that the 
explosion of the cylinder was not brought about by the 
neglect of either of them, but they had shown a great 
amount of carelessness in the use of the cylinder, Mr. 
Schmidlin and Mr. Speirs for not having seen that a 
reducing valve and a safety valve were attached, and Mr. 
Graves for the carelessness and inattention which; it 
was perfectly clear to the Court, he showed during the 
test in regard to the pressure which was being applied to 
the cylinder. He should certainly have taken more care, 
and paid more attention to the gauges, to note if the 
pressure was rising or aap. Mr. Vaux further asked, 
‘Was the explosion caused by the neglect of Mr. William 
Rigby?” To this the Commissioners replied ‘* Yes,” for, 
but for Mr. Rigby’s failure to carry out the contract the 
explosion would not have happened. So far as the blame 
was to be apportioned between the persons mentioned, the 
Commissioners had come to the conclusion that it must 
fall upon Mr. Rigby, and upon him alone. 

On this finding of the Court Mr. Vaux drew attention 
to the question of the costs of that inquiry, which would 
amount to considerably over °100/. he question was 
whether the public should bear the costs, or whether Mr. 
Rigby, whom the Commissioners had found responsible 
for the explosion, should bear some portion. 

In reply the Commissioners ordered Mr. Rigby to pay 
the sum of 50/., being about half the costs. In making 


‘this order Mr. Longstaffe added that the Commissioners 


would like it to be known that the mere fact that a large 
number of cylinders made in the way this one was were 
in use throughout the country, and had been used for a 
number of years without any accident, did not, in the 
opinion of the Court, justify anybody in holding the 
belief that they could be continued in use without being 
a source of very great danger. 
The inquiry then terminated. 








THE EFFECTS OF STEAM-JACKETING.* 


An Investigation to Determine the Effects of Steam-Jacket- 
ing upon the Efficiency of a Horizontal Compound Steam- 
Engine. 

By “A. L. Metiansy, M.Sc., of the Municipal School of 

Technology, Manchester. 


At the present time there is much diversity of opinion 
as to whaler steam-jacketing the cylinders of recipro- 
cating steam-engines has any considerable influence upon 
their economy. Much information has been collected by 
the committeest appointed by this Institution to in- 
quire into the subject, and the results of many trials 
have been collected and tabulated by them. As the out- 
come of these and other investigations, opinion has be- 
come somewhat settled on the following lines : 

1. That jackets are useful for slow-revolution, but not 
for quick-revolution engines. 

2. That jackets are useful for simple and compound 
engines, but that their efficiency is doubtful if they are 
applied to triple or quadruple expansion engines. 

t has long been obvious that there was considerable 
room for further experimental research upon this subject. 
The author therefore determined to take advantage of the 
opportunity which he had of carrying out tests upon the 
ae engine at the Manchester School of Tech- 
nology, to see whether some definite knowledge upon 
this important point could not be obtained. 

In most of the tests that have been published, it has 
been the custom to run a trial on any available engine 
that was fitted with jackets, and to find out the water 
used per indicated horse-power per hour. This water 
would include the amount that entered the cylinder, and 
the amount that was conde! in the jackets. Another 
trial would then be made with the jackets shut off, and 


* Paper read before the Institution of Mechanical 
Engineers at Liége, June 20, 1905, 

+ See Steam-Jacket Research Committee’s reports : 
First report, Proceedings, 1880, page 703; second report, 
1892, e 418 ; third report, 1894, page 535; and Steam- 
ingles ansevch Committee’s first report, 1905, Part IT. 
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the consumption per indicated horse-power oe hour again 
measured. In some cases it has happened that the jacket 
steam has had the effect of reducing the eee or 
increasing the horse-power, and so improving the economy. 
In other cases it has happened that any reduced engine- 
feed or increased horse-power has been more than counter- 
balanced by the extra steam used in the jackets. In the 
majority of the experiments published, the jacketed and 
unjacketed trials have been run at the same load, and no 
attempt has been made to find the best conditions for 
either case. The chief reason for this has been that the 
engines experimented upon were in actual service, and 
their load was fixed by the amount of work they had to 
do, and not with regard to their best performance. Com- 
parisons from such trials are of little scientific value, as 
it might easily happen if an engine were working at its 
most economical load for the jacketed conditions, the 
same load would not be the most suitable when the jackets 
were off. A certain amount of work has been done upon 
the experimental 5 om in colleges and _ technical 
schools, but this work has not had much effect upon: cur- 
rent practice. In most cases the engines are so small 
that manufacturers have not sufficient confidence in their 
results to apply them to the design of large commercial 
engines. Also, few systematic series of trial have been 
published. 

After devoting considerable thought to the matter, the 
writer determined upon the following scheme of experi- 
ments. To run a series of trials at the same boiler pres- 
sure, revolutions, and vacuum with different points of 
cut-off in the high-pressure cylinder. 

At each point of cut-off to run five trials. 

1. With both cylinders unjacketed. 

2. With the ends of the high-pressure cylinder jacketed. 

3. With the ends and barrel of the high-pressure 
cylinder jacketed. 

4. With the ends and barrel of the high-pressure and 
the ends of the low-pressure cylinder jacketed. 

5. With the ends and barrels of both high and low- 
pressure cylinders jacketed. 

It will be seen that this gives five series of trials with 
various grades of expansion, and, if the range of expan- 
sion be sufficient, curves may be eumtouten which will 
allow us to determine the most economical number of 
expansions, and the consumption at that point for each 
series, From these curves the effect that jacketing has 
upon the economy can at once be determined, and the 
most efficient trials of the five series compared with one 
another. It seemed desirable that an attempt should be 
made not only to find out whether jacketing was efficient, 
but the reason for any efficiency it might have. Until 
the paper on ‘‘ Cylinder Condensation,” read before the 
Institution of Civil Engineers in 1897 by Messrs. Cal- 
lendar and Nicolson, it had been the generally-accepted 
opinion that any reduced steam consumption with steam- 
jacketing would be altogether due to reduced initial con- 
densation. Messrs. Callendar and Nicolson, however, 
pointed out that initial condensation in steam-engines 
was much less than had hitherto been suspected ; and that 
a considerable portion of the ‘‘ missing quantity,” or 
difference between the indicated and actual weight of 
the steam passing through the engine, was due to valve- 
leakage. So far as the author knows, no experimental 
evidence has been addu to disprove the assertions of 
the above-named experimenters. As he had carried out 
some of the valve-leakage experiments mentioned in their 
paper, he determined to adopt their method of calculating 
the amount of condensation, and of inferring the pro- 
bable valve-leakage. This will be referred to more fully 
later on. 
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Description of the Engines.—The engines are of the 
horizontal compound side-by-side type, with high-pressure 
cylinder 114 in. in diameter, low-pressure cylinder 20 in. 
in diameter, and stroke 36in. The high-pressure cylinder 
is provided with Corliss valves and gear, and the low- 
pressure with slide-valves and Meyer expansion plates. 


The ends and sides of the cylinders are steam-jacketed. 
The jacket steam for both cylinders comes direct 
from the main steam-pipe without any intervening 
reducing valves, and there are separate supply-pipes 
each with a shut-off valve leading to each end and 
each barrel jacket. Fig. 1 shows the arrangement 
of the jacket supply and drain-pipes. In all the trials 
the steam pressure in the jackets was practically equal to 
that at the high-pressure stop-valve. During the trials 
the condensed jacket-steam passed into separate cali- 
brated vessels, where it was measured and then discharged 
to waste. The condenser used in these trials was of 
ordinary surface type. The air-pump was separately 
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driven by an electric motor of variable speed, and after 
taking the condensed steam from the condenser, delivered 
it into calibrated cast-iron measuring-vessels. 

The brake used was a flat iron tube passing round the 
fly-wheel. Cold water continually circulated through the 
tube to keep down the temperature. The load consisted 
of dead weights applied through levers, but this load was 
romaoe | measured by the pressure in a ——— 
through which the actual pull was transmitted. The 
author, however, regrets that, when these trials were 
being carried out, the gauge attached to the diaphragm 
cylinder had not been calibrated, so that it has not been 
found possible to give the brake horse-power of the 
engine. As the point of cut-off in the high-pressure 
cylinder was fixed for each trial, any change of pressure 
or vacuum tended to alter the speed of the engine. An 
observer was therefore placed at the brake, whose duty 
it was to watch a tachometer, and keep the speed of the 
engine as constant as possible by varying the brake load. 
The clearance volumes and surfaces of the cylinders are 
given in Table I., annexed. 

The observations on the various trials were made by the 





supervision of the author. Before carrying out these 


| less 


third-year students at the school, under the personal | 





| trials, they had had considerable practice in engine-test- 
ing, and all of them took the greatest care to get accurate 
readings. Observations of pressures, temperatures, and 
| revolutions were taken every five minutes, of the air- 
pump discharge every 2} minutes, and indicator cards 
were taken every 10 minutes. Two indicators were 
directly attached to each cylinder, one at each end, to 
avoid inaccuracies in the diagrams due to long connecting- 
pipes. The observations were taken simultaneously, the 
signal for making them being given by a whistle blown 
by one of the students. After the trial was completed, 
the records were plotted on a time basis. This gives an 


| admirable means of checking the results of the various 
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Fig.5. JACKETS ON H.R CYLINDER ENDS AND BARREL, 
AND ON L.2 CYLINDER ENDS. 
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observers, as it enables any inaccuracies to be easily de 
tected. a 
If the effect of steam-jacketing is to reduce initial 
cylinder condensation, it would appear that the best 
results ought to be obtained when the engine is running 
slowly. It was, therefore, decided to run the engine at 
about half its normal speed—a fact which ought to be 
remembered when comparing the results here given with 
those from engines of a similar type. Had the engine 
been working at its maximum speed, the consumption 1n 
terms of the indicated horse-power would have been much 
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It was decided to carry out these trials with a boiler 
pressure of 150 lb. per square inch (gauge) at about 60 
revolutions per minute, and with a back pressure in the 
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TABLE 11.—GENERAL RESULTS OF TRIALS. 
. a . SES Here EE 
—_— 25 EXPANsions. | 18 Expansions. | 12.8 Exranstons. | 8.1 Expansions. 
1. Number of Trial .. --|_ 108 | 109 105 §8 89 90 93 4 95 96 97 98 99 100 101 102 103 104 
2. Date of trial .. June 21,| June 21,|June 14, April 22, April 26, April 26,) May 8, | May 8, |May 10, |May 10, May 10, May 17, May 17,| May 31,| May 31, June 7, June 7, June 14, 
; : 1904 | 190% | 190 1904 | 1904 1902 | 1994 | 1904 | 1904 | 190% | 1904 1904 1904 | 1904 | 1904 | 1904 | 1904 1904 
3. Duration of trial .. = -| 6) min. | 60 min. | 60 min. 60 min. 60 min. 55 min. 69 min. 50 min. | 50 min. | 50 min. | 55 min. 60 min. 60 min. | 60 min. 60 min. | 60 min. | 60 min. | 55 min. 
4, Steam-pipe pressure Ib. abs.| 166 168 165 161 163 165 163 163 160 160 160 165 1638 | 161 164 158 161 
5 ” temperature deg. F.| 365.5 365.2 366.7 364 366 3€6.5 365.2 365.0 363.5 363.8 363.3 365.4 365.3 364.5 365.7 363.8 364 3641.2 
6. High - pressure exhaust pressure | 
Ib. abs. 18.2 16.6 22.6 22 21.4 25 26 | 26.4 25.6 25.2 29.4 31.3 33.3 33.3 31.8 35 
7. ” ” ” tempera: | 
ture es oe os deg. F. 219 214.4 255 230 228 236 239 | 241 239 288 248.3 252 257 256.5 254 257.5 268 
8. Low - pressure exhaust pressure 
Ib. abs. 3.1 3.1 2.75 2.75 2.7 2.7 2.7 2.7 27 2.9 2.9 2.9 2.9 3.1 3.1 
9. ” ” ” tempera- 
ture - oe ve deg. F. 135 | 135.6 141 on 133 129 132.5 133.7 132 132 132 135.3 137.5 187 137 138.6 140 142.5 
10. Vacuum . inches of mercury 25.2 25.2 24.7 24.6 25.2 25.2 24.8 24.9 24.8 24.8 24.8 24.8 24.8 24.8 24.8 24.9 24.9 24.7 
11. Barometer. . +: ”, — | $0.23 30.23 29.7 29.6 30.2 30.2 29.9 29.9 29.8 29.8 29.8 29.76 29.76 29.81 29.81 30.16 30. 16 29.7 
12. Air-pump discharge during trial ..| 1603 1508 1488 | 1757 1735 1505 1686 1897 1820 | 1715 1815 1967 1955 | 2757 2672 | 2557 2580 2365 
13. ” ” per hour --| 1603 1503 1458 1757 1735 1642 1686 1676 2184 2058 1910 1967 1955 2757 2672 2557 2580 2580 
14. Steam condensed in low-pressure 
steam-chest .. bas fates - os 163 129 99 156 145 110 171 139 65 93 86 150 148 132 122 135 145 169 
15. Steam condensed in high-pressure 
cover jackets .. .. — .. --| OF 66 46 Off 59 55 39 36hour) Off 47 42 39 38 Off 48 41 47 | 46(hour) 
16. Steam condensed in high-pressure 
barrel jackets .. yes a ~ - or 51 - Off 54 56 52,hour) es Of 43 43 38 ~ Off 49 36 = 35(hour) 
17. Steam condensed in low-pressure 
cover jackets .. .. es ‘ i ” 63 .. o Off 30 i(hour)) ,, me Off 89 108 | iw ” off 110 | 70(hour) 
18. Steam condensed in low-pressure | 
barrel jackets...  .. .. nee - = 75 Pa +s = Off <é60(hour)|  ,, ES - Off 87 - - 9 Off | 108 (hr.) 
19. Total steam used during trial.. --| 1603 1569 1693 | 1757 1794 1614 1811 + 1820 1762 1900 2133 2226 2757 2720 2647 2773 
20. ”, per hour we --| 1603 1569 1693 | 1757 1794 1762 1811 1865 2184 2114 2073 2138 2226 | 2757 2720 2647 2773 2845 
21. Total revolutions during trial -. 8544 3563 3510 | 8521 3544 3214 3596 2977 3007 3007 3356 3519 8519 | 3583 3573 3503 3555 3283 
22. Average revolutions per minute --| 59.1 59.4 58.5 58.7 59.1 58.4 59.9 59.5 60.1 60.1 61 58.6 58.6 | 59.7 59.5 58.4 59.2 597 
23. Mean _ pressure in high-pressure cy- | 
linder .. . 1b. per sq. in. 50 50 47 54.4 56.5 59 55 62.5 | 66 67 67.5 61.2 62 79 78 77.5 74 | 70 
24. Mean pressure in low-pressure cy- | 
linder .. se . per sq. in. 8.4 7.3 13 114.3 13.6 13.4 17 19 12 11.7 11.3 14.1 15.5 19.6 19.2 18.7 21.7 25 
25. Mean pressure reduced to low-pres- | 
sure cylinder .. Ib. per sq. in., 24.7 23.6 28.8 35.8 35.4 35.4 37.9 39.2 29.7 30.1 30.5 32.0 32.6 45.3 44.6 43.9 45.8 47.8 
26. Indicated horse-power oe - os 81 78 92 120 118 120 123 128 97 99 99.0 107.0 108 151 148 143 151 169 
27. Steam per indicated horse-power per 
ur oe *s oo oe Ib. 19.75 20.1 18.35 18.2 17.9 17.3 17.2 17.4 18.1 18.14 17.78 16.93 17.27 18.25 18.4 18.5 18.35 17.9 
28, High-pressure cylinder feed per revo- 
lution .. oe - S- Ib. 0.452) 0.421 0.415 0.605 0.571 0.541 0.559 0.556 0.499 0.489 0.468 0.469 0.469 0.769 0.747 0.730 0.726 0.720 
29. Low-pressure cylinder feed per revo- 
lution a* ‘3 -- Ib 0.406, 0.385 0.387 0.584 0.540 0.516 0.514 0.512 0.455 0.448 0.431 0.421 0.431 0.732 0.713 0.691 0.685 0.669 
30. Clearance surface temperature, high- 
pressure cover end deg. F. 324 340 345 335 342 842 342 342 828 342 344 336 338 344 349 344 346 347 
31. Clearance surface temperature, low- 
pressure cover end deg. F.. 192 187 325 211 209 211 308 318 205 205 204 306 318 222 223 221 
Fg.G. JACKETS ON H.P CYL.ENDS8 ANO BARREL, Taste III. | amount of this condensed steam for the different trials is 
AND ON L.P CYL,ENOS AND BARREL, given in Table II., line 14. The total steam per hour line 
Steam Pres- | shows the air-pump discharge, together with the steam 
Best Steam per | sure Re- | used in the jackets. This latter does not, of course, appear 
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condenser equal to 5 in. of mercury. The driving gear 
was disconnected from the governor, and, by means of an 
arrangement which allowed the governor-sleeve , to 
raised or lowered, the point of cut-off in the high-pressure 
cylinder could be fixed at any part of the stroke. 

Four sets of trials were made, each set having a different 
point of cut-off in the high-pressure cylinder as follows :— 


First set with 8.1 total expansions. 
12.3 


Second _,, % 
Third al a ” 
Fourth ,, 25 ” 
In cach set there were five trials (with the exception of 


the fourth, which contained only three), one unjacketed 
and the others with various degrees of jacketing, as ex- 
plained in a previous paragraph. The point of cut-off in 
the low-pressure cylinder remained fixed for the whole of 
the trials. This was in accordance with the work done 
by Professor Weighton and the author on the engines 
at the Durham College of Science, and the actual point 
of cut-off was fixed from the curves given in Professor 
Weighiton’s paper.* 

The author would here express his regret that more 
trials were not made with a greater variety of points of 
cut-off. So many variables come into play in an engine 
trial that it is practically impossible to run one test under 
exactly similar conditions to another. If there are a 
large number of experimental points, errors due to these 

ifferences can be generally eliminated when the results 
are reduced to diagrammatic form, and several discre- 
~ es which appear in the di ms might not have 

en there if more experiments had been made. The 
work involved in the preparation of the paper has, how- 
ever, been so enormous, since every calculation and indi- 





_* Proceedings of the North-East Coast Institution of 
Engineers, vol. xvi. 
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in Fig. 2 (page 198). From the curves of total steam per 
hour and of indicated horse-power the curve of steam 

r indicated horse-power per hour has been constructed. 
This enables one to find the number of expansions at 


| which the engine will work most economically, and the 


. Number 
Nature of Trial. Horse- | Low-Pres- 
—- Power | sure Cylin- 
— Hour. der at 60 
Revolutions 
No jackets ge ee ..| 1ltol7 181to 18.2 38.2 to 30 
High-pressure ends jacketed) 11 ,, 1417.7 ,,17.8 | 87.8 ,, 33.5 | 
High - pressure ends and 
barrel jacketed ..| 11,, 15 17.3 ,, 17.4 | 87.6 ,, 82.8 
High-pressure ends and 





barrel, and low-pressure 
ends jacketed ‘0 > 
High-pressure and low-pres- 
sure ends and barrels 





jacketed . 13.4 ,, 19 |17.25 ,, 17.35) 36.6 ,, 31.4 
TABLE IV. 

= Power in 

€ | Mean Pressure Low-Pressure b 
| & 

B Nature of Trial. Produced to Oylinders. i 

s | Low-Pressure | Power in g 

é | Cylinder. Hi h-Pressure 2 

Zz Gylinders. a 





H.P. L.P. Total 
5.8 


95 |No jackets oe 21.5 14.3 3 0.66 0.83 


High - pressure ends 


jacketed oe .., 2L8 13.6 35.4 0.62 0.82 
97 High-pressure ends and 
barrel jacketed ..| 22.0 13.4 36.4 0.61 0.82 
98 High-pressure ends and 
and low-pres- 
sure ends jacke .| 20.9 17.0 37.9 | 0.81 | 0.85 
99 High-pressure and low-) | 
ressure ends and Ee. 
| barrels jacketed ..| 20.2 19.0 39.2 0.94 |0.88 


cator diagram had to be worked out by the author alone, 
that it would have been almost impossible to finish the 
investigation had more been added to it. Z 
Results from the Trials.—Table II., annexed, gives the 
chief readings and results from the trials, the most impor- 
tant of which have been plotted in Figs. 2, 3, 4, 5, and 6, 
on the opposite and present pages. In these res it will 
be seen that the base-line taken is the total number of 
expansions—that is, it is the value of r R, where r is the 


stroke __ in the high-pressure cy- 
piston travel to cut-off 
linder, and R is the ratio of the volume of the low-pres- 
sure to the high-pressure cylinder. No correction has 
been made for clearances, as it was felt that the results 
would be more useful to engine-builders if the terms used 
were those generally employed in everyday commercial 
work. ; 
The line marked ‘‘air-pump discharge” in the illus- 
trations gives the quantity of steam in pounds per hour 
that passes through the high-pressure cylinder. As the 
low-pressure steam-chest was drained, the whole of the 
air-pump discharge did not enter the low-pressure cylin- 
der. The steam condensed in this chest passed through 
a measuring vessel, and thence to the condenser. The 
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best results in terms of the indicated horse-power under 
the various conditions. 

From curves Figs. 2 to 6, on the opposite and present 
pages, Table IIT., annexed, has been constructed. 

t will be noticed that in each case there is a consider- 
able range of expansions within which the efficiency of 
the engines in terms of the indicated horse-power varies 
very little. The effect of the jackets was therefore, on 
the whole, to somewhat lessen the consumption of the 
engine. The best results were obtained when the whole 
of the high-pressure and the ends of the low-pressure 
cylinder were jacketed. The extra steam used for the 
barrel of the low-pressure cylinder (line 5) does not seem 
to have been sufficiently compensated for by decreased 
cylinder feed or increased horse-power. 

One practical result worth emphasising is that the mean 
effective pressure of a compound engine may be made 
much higher than it usually is in practice without any loss 
of efficiency. On this point the results may be com- 
oared with those published by Professor Weighton. 
Tn that paper* he showed that for an entirely different 
type of engine, with a much pl boiler pressure, the 

d only be obtained with 
a mean pressure much higher than was generally adopted. 
Both of these sets of trials seem to show that engine- 
builders may construct smaller engines to develop a 
certain power than they usually do without decreasin 
their economy. If the consumption had been measu 
in terms of the brake horse-power, then the point of 
maximum efficiency would be further moved to the left, 
or the most efficient mean pressure would be even higher 
than that given in Table Ith 

It is worth while to analyse the trial results, and see 
how the application of the jackets does alter the efficiency. 
If one simply looks at the decrease or increase of the con- 
sumption of steam per indicatéd horse-power per hour, 
very little will be learnt. If, however, one observes how 
the indicated horse-power is increased or decreased by 
the action of the jackets, and how the steam passing 
through the cylinders per hour is affected, although the 

int of cut-off is fixed, some idea of the nature of the 
influence of the jackets will be obtained. 

Effect upon the Indicated Horse-Power.—The applica- 
tion of the jackets to the high-pressure cylinder has the 
general effect of decreasing the mean effective pressure 
of the engine—that is, of decreasing the indicated horse- 
power. In all cases when jackets are used in the high. 
pressure cylinder, the pressure at high-pressure release, 
the back-pressure of the high-pressure and the admission- 

ressure of the low-pressure cylinder are diminished. 

ooking at the indicator-cards alone, it appears as if less 
steam were present in the engine when the high-pressure 


* Proceedings of the North-East Coast Institution of 
Engineers, vol. xiii. 
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ag is jacketed than when it is unjacketed (see 
ig. 14, to be published later). ; 

he jacketing of the low-pressure cylinder has a diffe- 
rent effect. The release pressure in the high-pressure 
cylinder is further diminished to a slight extent ; but the 
high-pressure back-pressure and the low-pressure admis- 
sion-pressure are considerably increased. It may, there- 
fore, be said that the low-pressure jackets appear to 
slightly lessen the steam in the high-pressure cylinder, 
but to increase that passing through the low-pressure 
cylinder. 

It is interesting to notice how the jacketing affects the 
distribution of power between the two cylinders. From 
trials 95 to 99 inclusive, Table IV. has been constructed. 

The ‘diagram factor” is the usual relation, 


Actual mean pressure, 
P(1 + loge r. R) _ P, 
r.R 


where P is the absolute steam-chest pressure, and P» is 
the condenser back-pressure. This constant is useful in 
fixing the sizes of engines for estimating purposes, and, as 
very few values have been published, Fig..7 on this page 
has been drawn. This figure gives the theoretical and 
the actual mean a for jacketed and unjacketed 
trials, and shows how the diagram-factor Varies with the 
number of expansions. 

Effect upon the Steam Consumption.—The application 
of the jackets seems as a general rule to uce the 
amount of steam passing through the cylinder of the 
engine. It has been suggested in discussions on engine 
trials that the increase in the area of the low-pressure 
cards was due to leakage of the high-pressure jacket 
steam into the cylinders. An inspection of the results in 
Table II. will show, however, that this was not the case 
in these trials, as the air-pump discharge is generally 
reduced when the low-pressure jackets are applied. 
Table II., line 13, shows these results. With only the 
high-pressure jackets on, the total steam per hour— 
namely, air-pump discharge and jacket steam—is less than 
when the engine is unjacketed. When the low-pressure 
jackets are applied, although the air-pump discharge is 
lessened, the total steam used is inc ; 

To study the action of the jackets, their effect upon the 


Fig. 7. DIAGRAM-FACTOR. 
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C A B 
‘‘missing quantity” has been observed. Fig. 8 shows 
how this has been done. It represents one of the dia- 
grams from the high-pressure cylinder. Assuming the 
length of the card A B to represent the volume of the 
cylinder, the clearance volume A C has been set off to 
the left on the same scale. At D any point after com- 
pression the distance D E represents the volume of 
cushion steam imprisoned in the cylinder. Assuming this 
steam to be dry and saturated, its volumes at different 
pressures have been calculated,’ and are represented b 
the dotted line. The amount of Fe: ne os throug 

. steam during tria 
the cylinder per stroke ( strokes during 0ri “i) has been 
found, its volumes at different pressures obtained from 
steam tables and set off to the same scale as the other 
volumes on the di m. ‘Thus at the point H near 
cut-off, the distance F G shows the volume of the cushion 
steam, and G H the volume of steam shown by the indi- 
cator to be passing through the cylinder. This amount 
G H reduced to pone r hour is called the “‘ indicated 
weight at cut-off.” G gives the actual amount of 
steam passing through the engine as measured by the 
air-pump discharge, and the distance H K shows the 
difference between the indicated and the actual weight. 
This distance H K reduced to pounds per hour is called 
the ‘‘ missing quantity of cut-off.” Similarly, L M is 
the indicated weight at release, L N the actual weight 
at release, and M N the ‘missing quantity at release.” 
The indicated weights at release and compression have 





been calculated for all the trials; their values are given 
for the high-pressure cylinder in Table V., and for the 
low-pressure cylinder in Table VI. These values have 
been plotted in Figs. 2 to 6 (pages 198 and 199) for the 
high-pressure cylinder only. 


Taste V.—Particulars from High-Pressure Cards. 


| Increase of Indicated 


| Indicated Missing 
Weight Quantity 
| (Pounds per (Pounds per 
Hour) at 


Indicated Weight*| 
Actual Weight 
at 


Hour) at 


Cut-| Re- in } 
Off. lease. Cut-Off.) Release. 


Let eat 
| 


Re- 
lease. 


| Number of Trial. 
Weight between Re- 
lease and Cut-Off. 


811 
723 


0,53 
0 55 
0.572 
0.61 
0.63 
0.67 
9.67 
0.66 
0.68 
0.71 
0.76 
0.74 
0.74 
0.73 
0.75 
0.76 
0.76 
0.77 


1140 
1107 | 
| 1128 
1403 
1358 
1342 
1329 
1349 


cossoesessess 


552 
560 
| 807 
715 | 
674 | 
675 


643 


§ Sessssscss 
Seee2eesagees 


520 
442 


—7—F—) 


104 | 2580 | 1937 


* Cushion steam included. 


Tasie VI.—Particulars from Low-Pressure Cards. 


| 
Missing | 
Weight | Quantity | Indicated Weight* 
| (P Re og 
_ (Pounds per | ( ‘ar Actual Weight 
Hour) at | at | at 


| | 
Cut-  Re- | Cut- | Re- 
Off. | lease.| Off. lease. 


| 
| Indicated | 


Air-Pump Discharge 
Minus Low-Pressure 
Chest Drain 
Weight between Re- 


Increase of Indicated 
lease and Cut-Off. 


Cut-Off. Release. 


| Number of Trial. 


3 


108 
109 
105 


806 


1090 
| 1164 
1060 
1013 
1223 
1267 
1204 
1155 
| 1140 
1385 
1522 | 1547 
1575 | 1595 
1505 | 1560 
1443 | 1552 
| 1678 | 1746 
| 2015 | 2069 


as 
senna 
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t 
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| 0.70 
5 | 0.84 


88 
89 
90 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 


* Cushion steam included. 


It will be at once noticed that the indicated weight at 
release is in all cases greater than that at cut-off—that is, 
the missing quantity is less, or there is more steam shown 
to be present in the cylinder by the indicator at release 
than at cut-off. Referring to Figs. 2 to 6, it will be seen 
that the difference between the two curves of indicated 
weight and the air-pump discharge curves gives the miss- 
ing quantity in pounds per hour at release or cut-off. 

he two curves showing these quantities have also been 
drawn. It is apparent that jacketing the high-pressure 
cylinder decreases the missing quantity both at cut-off 
and at release ; but it appears to make more difference 
in the former than in the latter case. This accords with 
the fact already noted, that the pressure shown by the 
indicator at release in the high-pressure cylinder is smaller 
in the jacketed than in the unjacketed trials. The indi- 
cated weight of steam at release appears, therefore, to be 
greater in the latter than in the former trials. Fig. 14, 
to be published later, illustrates this point. 


(To be continued.) 








Consett Iron Company, Limitep.—The directors of 
this company report that the result of the past year’s 
working was more satisfactory than might, perhaps, have 
been anticipated in view of the inactive condition of 
trade in the first half of the year. The profit for 1904-5 
comes out at 244,825/., as = with 250,0677. in 
1903-4, 231,3247. in 1902-3, 299,996/. in 1901-2, and 575,087/. 
in 1900-1. The dividend proposed to be paid is at the 
rate of 25 per cent. per annum, as compared with 25 per 
cent. per annum in 1903-4 and 1902-3, 30 per cent. 
per annum in 1901-2, and 50 per cent. per annum 
in 1900-1. The following special appropriations have 
been made out of revenue during the last five years :— 
1900-1, 60,123/.; 1901-2, 14,2877.; 1902-3, 7974/.; 1903-4. 
6781/.; 1904-5, 22,7947. To make up the dividend of 25 
per cent. proposed to be paid for 1904-5, it is recommended 
that 54697. should be taken from undivided profits. The 
chairman and the general manager have recently returned 
from inspecting the Dunderland Iron Ore Company’s 
railways, harbour, and ore-treatment works; and they 
expect that before the close of the year the shipment of 
ore in the form of briquettes will be commenced. 





LAUNCHES AND TRIAL TRIPS. 


On Tuesday, the Ist inst,, Messrs. William Simons and 
Co., Limited, Renfrew, launched complete, with all machi 
nery on board, and with steam up, ready for work, a large 
and powerful bucket-hopper dredger constructed to the 
order of the Port Trustees, Karachi, for the improvement 
of Karachi Harbour. The new dredger, which is a sister- 
ship to the William Price, constructed over seven years 
ago by the same builders for the Karachi Port Trust, 
has a hopper capacity for 1250 tons of dredgings, and 
has been built to Lloyd’s highest class for a vessel of 
this ope. The bucket-ladder is designed for dredging 
to a depth of 45 ft. below water-level. The vessel 1s 
propelled by two sets of triple-expansion surface con 
densing eagines. . Either set of engines can be employed 
for dredging, and change gear is provided, so that the 
full power of the engines can be exerted when the vessel 
is working on hard und. Steam is supplied from 
two large multitubular boilers for a working pressure of 
180 lb. per square inch. On trial on Thursday and 
Friday, the 3rd and 4th inst., the vessel dredged at the 
rate of 1200 tons per hour, and steamed 10} knots—both 
results being in excess of the contract. 


There was launched from the yard of Earle’s Ship. 
building and Engineering Company, Limited, Hull, on 
Tuesday, the 1st inst., the Lord Curzon, a steam trawler, 
built to the order of the Yorkshire Steam Fishing Com- 
pany, Limited, Hull. Her dimensions are 130 ft. by 
22 ft. 3 in. by 13 ft. 10in. depth of hold. She has been buiit 
under Lloyd’s survey, and is intended for the Iceland 
trade. She.is fitted with a whale back, and is specially con- 
structed to encounter heavy weather, and to providea 
shelter for the deck hands forward. The machinery will 
consist of a set of triple-expansion engines, with an extra 
large boiler capable of developing 500 horse-power at sea, 


The newsteamer Rheinfels, the latest addition to the fleet 
of the Deutsche Dampfschiffahrts Gesellschaft ‘‘ Hansa,” 
of Bremen, sailed from the Tyne on Tuesday, the Ist 
inst., after a successful trial trip. The vessel has been 
built by Messrs. Swan, Hunter, and Wigham-Richardson, 
Limited, and is 435 ft. in length by 55} ft. beam ; she has 
been fitted with four-crank quadruple-expansion engines 
on the Yarrow-Schlick-Tweedy system. The steamer is 
intended for the Hansa Company’s Eastern trade, and 
will carry over 8000 tons dead-weight on a light draught 
of water. On the trial the machinery worked without the 
slightest hitch and gave complete satisfaction to all con- 
concerned. 


There was launched on Wednesday, the 2nd inst., from 
the Ayr yard of the Ailsa Shipbuilding Company, 
Limited, the steel screw-tug Guardsman, which is being 
built to the order of Messrs. T. Gray and Co., Limited, 
Hull. The vessel immediately thereafter proceeded in 
tow to Glasgow, to receive her machinery, which is being 
constructed by Mr. James Ritchie, Partick. 


Elleray was launched from the shipbuilding and graving 
dock works of the Blyth Shipbuilding Company, Limited, 
Blyth. The vessel has been built to Lloyd’s 100 Al 
class special survey, to the order of Messrs. Sharp and 
Co., Newcastle-on-Tyne. She measures 239 ft. by 33 ft. 6in. 
by 17 ft. 3in. Triple-expansion engines of high power 
will be supplied by the North-Eastern Marine Engineer- 
ing Company, Limited, of Wallsend. 


The torpedo-boat destroyer Magne, for the Royal 
Swedish Government, was launched on Wednesday, the 
2ud inst., from Messrs. Thornycroft’s Church Wharf 
Works. She is a vessel of the Shirakumo type, which 
has proved so successful in the present Russo-Japanese 
War. Her guaranteed speed is 304 knots, to be main- 
tained for three hours with a load of 55 tons on board. 
The vessel is 219-ft. 9 in. long over all, 20 ft. 9 in. beam, 
and has a draught of 8 ft. 3 in. at the screws. The 
machinery, which is over 7200 indicated horse-power, 
consists of two sets of four-cylinder vertical triple- 
compound condénsing engines and four Thornycroft 
water-tube boilers, worked under forced draught on 
the closed stokehold principle. The bunkers have 4 
capacity for 80 tons of coal, giving a radius of action 
of 2800 nautical .miles at a speed of 15 knots per 
hour. The armament consists of six 57-millimetre quick- 
firing guns—one mounted on the conning-tower, one aft, 
and Le on the broadside. There are‘also two 45-centi- 
metre revolving torpedo-tubes. The boat is extensively 
sub-divided into water-tight compartments by transverse 
bulkheads and water-tight decks under the living spaces. 








NewcastLE TRAMWAYS.—The capital expended upon 
the Newcastle Corporation traimways stood at the close of 
March, 1905, at 1,130,758/. The Town Council has fifty 
miles of single track in working, it is employing 1054 
workpeople, and it is paying 88,489/. per annum in wages 
and 4246/. per annum in rates. Since the commencement 
of its tramway undertaking, the Council has paid 178, 5‘/2/. 
for street paving and 49,582/. for street widening. ‘Te 
Council has 185 cars in stock, and last year it ran 4,326,152 
miles. The receipts for the year were 197,850/., and the 
working expenses were 127,019/., leaving a gross protit of 
70,831l. for the twelve months. The working expenses 
averaged 7.05d. per mile run in 1904-5, as compared with 
7.19d. per mile run in 1903-4, It is pro that 9955/. 
should be invested to form the nucleus of a depreciation 
fund. The amount paid for interest and sinking fund in 
1904-5 was 63,662. The amount paid for the redemption 
of loans to the close of March, 1905, was 83,371/, 
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LOCOMOTIVES AT THE LIEGE 
EXHIBITION. 
By H. W. Hanzury, A.M. Inst. C.E. 
Tue BELGIAN AND FRENCH LocoMOTIVEs. 


Tue International Exhibition at Liége, which 
commemorates the seventy-fifth anniversary of 
Belgium’s independence, demonstrates to the 
world in an unmistakable manner the remarkable 
progress made by that country in all branches of 
industry during the last three-quarters of a century, 
thanks to the enthusiasm and enterprise of its 
people. Although not large, and, therefore, not to 
be ranked amongst the great Exhibitions of recent 
years—those of Paris, Chicago, and St. Louis, for 
example—yet it has, for so small and unpretentious 
an Exhibition, certain sections which are surpris- 
ingly complete and interesting, and particularly can 
this be said of that devoted to locomotives. 

The exhibits of this section, over thirty in 
number, are practically confined to engines designed 
by the locomotive engineers of Belgium and France, 
and which have, with one or two exceptions, been 
constructed in those countries. Although, there- 
fore, not partaking of an international character, 
and not representing locomotive practice through- 
out the world, the exhibits—as far as the particular 
practice of the countries above named is concerned 
—are very completely representative ; and we may 
add that, taking into consideration the variety of 
the types exhibited (not the precise number _of 
exhibits), the collection may very favourably be 
compared with those of other Exhibitions having 
much more ambitious pretensions. 

Perhaps we are wrong in making the statement, 
but we imagine the average visitor to an Exhibition, 
interested in a vague sort of way in ‘‘ engines,” 
prefers to gaze upon a number of. “freaks” 
gathered from all parts of the world than upon a 
series of locomotives appearing to his unpractised 
eye more or less the same. To such a visitor the 
locomotive section of this Exhibition will be a dis- 
appointment, for the only exhibit deserving in any 
way of the title ‘‘freak” is the Brotan boiler 
exhibited by the Mannesmann Tube Company (the 
full title of this company—viz., the Deutsch-Oes- 
terreichiche Mannesmannroéhren- Werke —is a little 
too long for ordinary. use). To the locomotive 
engineer, however, the exhibits are of considerable 
educational value—far more than any collection of 
“freaks” could possibly be—and give an excellent 
idea of prevailing French and Belgian practice. 
The majority are situated in an annexe to the 
Great Halls, in the division of the Exhibition called 
“‘Vennes.” The Société Anonyme John Cockerill 
and the Société Anonyme de la Meuse, however, 
each show three locomotives in the Machinery 
Hall, side by side with their other exhibits. The 
former company also exhibit one in the annexe. 

_ On the whole, the arrangement of the exhibits 
8 good. It is possible in most cases to walk all 
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round them ; in some few the visitor is allowed to 
view the cab from the interior, and in one or two 
to examine the smoke-box. Unfortunately, a very 
limited number are accompanied by a general 
drawing, or have particulars attached to them. 
Excessively polite and _ elaborately-uniformed 
officials, to be sure, do occasionally put in an appear- 
ance; but although apparently in charge, do not 
seem to be overburdened with information con- 
cerning the engines. A leading question usually 
extorts, in tones of mystery and pride, that the 
Belgian State Railways do not care to give the 
desired information. A call at the builders results 
in a similar response, and to apply to the workmen 
is practically useless. It will be seen, therefore, 
that to obtain information is no easy matter. This 
difficulty, however, is one that is frequently met 
with at Exhibitions ; in fact, it would be surprising 
to the writer if it did not exist ; and perhaps, after 
all, in this respect that of Liége is very much on 
a par with other exhibitions. 

It is our intention in the present article not to 
enumerate the principal dimensions and types of 
the various exhibits, as we have been in the habit of 
doing on previous occasions when dealing with 
Exhibitions ; but to note the leading differences 
distinguishing them from those of British manufac- 
ture ; and to discuss very briefly any novelties in 
construction and design which are likely to be of 
interest to the locomotive engineer. 

Before we proceed to do this, however, we intend 
to remind our readers of a little of the early history 
of the Belgian and the French railways whose 
exhibits are the most important of those to which 
we shall have occasion to refer. This history natur- 
ally possesses a peculiar interest to ourselves as 
being the pioneers and builders of the first railway 
inthe world. As everybody knows, this was the 
old Stockton and Darlington Railway, opened in 
1825, and closely followed by the Liverpool and 
Manchester Railway in 1829. It may not be gene- 
rally known, however, that at the instigation of 
King Leopold I., Messrs. Simons and De Ridder, 
two well-known engineers, were sent over from 
Belgium as early as the year 1831 for the express 
purpose of studying and reporting on the working 
of these railways, and that owing to the very satis- 
factory nature of their report the Belgian Parlia- 
ment voted some 18 million francs for the purpose 
of constructing railways in Belgium. In spite of 
tremendous opposition, not only from the general 
public but from men of the highest intellectual 
standing, and of the many ridiculous statements 
advanced as to the result of the advent of 
the locomotive, the first Belgian railway was 
inaugurated in the year 1835— to be correct, 
on May 5 in that year; Belgium thus being 
the first Continental nation to establish a rail- 
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the cattle grazing in the fields, owing to their 
digestion being upset by the passing trains,” as 
some authority is credited with having affirmed 
would be the result; but, instead, it became the 
origin of the system which to-day has some 
2600 miles of track, and of a department of the 
State which employs nearly 63,000 men. 

In 1904 these railways carried nearly 135 million 
passengers, and 40 million tons of merchandise— 
eloqueut figures, which speak volumes for the far- 
seeing policy and enterprise which are so character- 
istic of the Belgian people. Following upon us in 
the construction of railways, they had also the 
advantage of our experience with the actual loco- 
motive, and it was not surprising that they should 
have adopted very similar designs. At the present 
time the general characteristics are still almost 
identical, progression in both countries having been 
on much the same lines : although at the same time 
there has of late been a growing tendency to take 
the French locomotive as a standard rather than 
our own. 

The appearance, neatness of design, and general 
finish of the locomotives in the Exhibition are in 
every way equal, if not in some cases superior, to 
our own. Although this, perhaps, is the case with 
the exhibits at Liége, those locomotives actually 
seen running on the railways cannot be compared, 
as a rule, with the average British engine, either in 
power or appearance. Judging from the latter, 
they are run as long as possible ; as long, in fact, 
as they can be expected to hold together—perhaps 
longer. Yet whatever else may be said, and granted 
that the speed at which they run is a very moderate 
one, it cannot be said that they do not keep good 
time ; and we cannot help thinking that it would 
be well if one or two of our own railway companies 
—notorious offenders in this respect—would pay 
as much attention to this important point as the 
administrators of the Belgian State Railways appear 
to have done. 

With regard to railways in France, it was not 
apparently until the year 1833 that the Govern- 
ment considered the matter at all seriously. In 
that year they began a systematic survey of the 
country, with a view to map out a complete railway 
system. In 1842 it was decided to grant private 
companies half the cost of constructing railways, 
provided that they undertook to work and equip 
them themselves, With this encouragement, some 
half dozen companies were in operation by the year 
1857, At the present day, although not owned by 
the State, extensive rights of regulation are re- 
served by it over all French railways—rights not 
only referring to business but to engineering 
matters. 

With these brief introductory historical remarks 
we shall continue our subject, first indicating the 





way system. The railway was from Brussels to 
Malines, a distance of about 21 kilometres. It | 





did not ‘‘ruin agriculture and cause the death of | 





various causes leading to differences in the loco- 
motive practice of different countries. 
On the subject of these differences it may be as 
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well toremember that they are not in the main due 
to the caprice or fancy of some particular engineer, 
but are the natural outcome of the endeavour to adapt 
the locomotive to the very varying conditions under 
which it will have to run. In many cases it is, of 
course, possible to assign the precise reason for a cer- 
tain difference in practice ; but, naturally, it would 
be going too far to say that this can always be done; 
some few differences being due to individual taste 
or national prejudice, or being the resultant of 
more or less accidental causes. The difference 
between the two practices, to which we shall par- 
ticularly refer—viz., the British and the French 
and Belgian—is not after all particularly great: 
nothing like so great as between either and that of 
America, where the natural surroundings and con- 
ditions of running are so entirely opposed to those 
on this side of the Atlantic. The primary causes 
of what little difference does exist are probably the 
longer distances which have to be traversed, the 
single track, the heavy gradients to be dealt with in 
certain parts of the country, and, finally, the very 
poor quality of the fuel which is available. The first- 
_ hamed causes have, of course, tended towards an 
increase in the weight of trains, and, consequently, 
the necessity for more powerful engines, with an 
increased number of coupled axles ; while the last- 
named has led to the enormous grates and fire- 
boxes which are one of the distinguishing features 
of continental locomotives, and in particular those 
of Belgium. 

We shall now proceed to indicate the most 
striking differences in practice between that of this 
country and that. of Belgium and France, as ex- 
emplitied by the Exhibition at Liége. 

he first point which the locomotive engineer 
will notice is the almost universal adoption of the 
Walschaert valve-gear. This gear is in use on no 
less than twenty-five of the thirty-one locomotives 
exhibited, the remaining six having the ordinary 
Stephenson link motion. The former gear is, of 
course, what is known as a radial gear, and has the 
advantage of giving a constant lead in whatever 
position it may be: an advantage not possessed by 
the Stephenson motion, the use of which is so 
intimately associated with our own practice. The 
steam distribution is also particularly good and 
uniform on both sides of the piston at different 
ints of cut-off. This is not the case with the 
atter motion, where the obliquity of the connecting- 
rod results in inequalities. In the former very 
slight inequalities are certainly due to the small 
obliquity of the eccentric-rod, but that of the con- 
necting-rod has no effect. Again, with outside- 
cylinder engines, the whole of the valve-gear, when 
of the Walschaert type, can very conveniently be 
arranged to come outside the frames, where it is 
readily accessible in case of failure or breakage— 
no small advantage on a railway where “pits” are 
few and far between. As engineers are aware, 
radial gears in this country are usually resorted to 
for the most powerful types of inside-cylinder 
engines, for the simple reason, among others, that, 
owing to the thickening-up of the crank webs in 
order to make them of the necessary strength, 
sufficient space is not available for the four eccen- 
trics of the Stephenson motion. Again, the large 
size of cylinders necessitates the placing of the 
valves above or below them: both inconvenient 
positions for the use of the latter motion. The 
radial gears, on the other hand, dispensing with 
all or some of the sccentrics, and being easily 
arranged to suit valves in any position are, there- 
fore, eminently suitable for such engines. The 
two radial gears most extensively applied are, of 
course, the Joy—probably the best radial gear ever 
devised—and the Walschaert. Theoretically, the 
former gear gives a faultless distribution. The 
only objection that can be raised against radial 
gears—not, however, by any means to be con- 
sidered a trivial one—is the large number of parts, 
and consequent liability t> wear slack; this, no 
doubt, being the reason why the simpler Stephen- 
son motion has been so generally adopted in Britain 
in preference to any other. 

lt is very evident that the four-cylinder com- 
pound is firmly established in favour in both Bel- 
gium and France—that is, if we may judge from 
the number among the exhibits to which we are 
referring. Altogether there are nearly a dozen, 
the only other compound being of two-cylinder 
type, and of entirely new design. Of the former, 
examples of the de Glehn, the Henry, the du 
Bosquet, &c., are shown, as well as several modifi- 
cations of these systems. It is not necessary to 





enter into a description of them, for these systems 
of compounding are now very generally known ; 
but we will refer to one or two in which modifica- 
tions have been introduced. 

The first of these is a very fine six-coupled loco- 
motive, with a leading four-wheeled bogie, built for 
service on the Belgian State Railways by the 
Société Anonyme John Cockerill, of Seraing. In 
this engine all the cylinders are arranged in a 
transverse line side by side across the engine ; and 
each pair, consisting of a high and low-pressure 
cylinder, is provided with a single set of modified 

alschaert gear. Thus only two sets of Walschaert 
gear are used for the four cylinders. A very in- 
genious rocker, situated transversely to the frames 
at the back of the cylinders, and moving in a hori- 
zontal plane, transmits the motion of the low- 

ressure valve to the high-pressure valve, the 
ormer aad their low-pressure cylinders being out- 
side the frames, the latter within. The low- 
pressure cylinders drive the second axle, the high- 
pressure cylinders the first: a very general system 
with four-cylinder compounds. 

A very similar arrangement as regards the trans- 
verse rocker for driving both valves, and the use of 
one set of Walschaert gear for each pair of cylinders, 
is in use on another four-cylinder engine built by 
the Société Anonyme de la Meuse. This engine, 
however, is not compound, the four cylinders being 
all of the same size. It is of the same type as the 
Cockerill engine, and also intended for express 
service on the Belgian State Railway. Both en- 
gines are also provided with superheaters, the 
former being of the Cockerill type, and to which 
we shall again have occasion to refer in the course 
of this article ; the other a modified form of the 
well-known Schmidt superheater. 

Another four - cylinder compound worthy of 
notice is the large goods engine with flexible wheel- 
base, designed by M. du Bosquet, and intended for 
service on the Chemin de Fer du Nord of France. 
This engine was specially constructed to cope with 
the heavy coal traffic between Lens and Hirson—the 
most important traffic that this railway company has 
to deal with. At present only two engines of this 
type have been built—‘‘ No. 6121,” which is ex- 
hibited, and ‘* No. 6122,” which is now in actual 
service. 

The locomotive is carried upon two eight-wheeled 
bogies, the six leading wheels of the front and the 
six trailing wheels of the rear bogie being coupled, 
and forming two distinct groups of driving-wheels, 
the one operated by the low and the other by the 
high-pressure cylinders attached to their respective 
bogies. This arrangement is not unlike that of the 
Baltimore and Ohio articulated compound exhibited 
at St. Louis last year, but with the important differ- 
ence that the rear set of coupled wheels, with frames 
complete, were rigidly attached to that engine, the 
front set only being on a bogie. In this case both 
sets are independent of the main body of the en- 
gine (as in the well-known Fairlie type), although, 
of course, connected by the necessary spherically- 
jointed steam and exhaust pipes. 

With regard to the two-cylinder compound to 
which we have referred, we are not in a position 
to say very much about it. We understand that 
the inventor, M. Nadal, assistant chief-engineer on 
the Chemin de Fer de l’Etat of France, has not yet 
concluded the experiments he is engaged upon in 
connection with it, and no definite information as 
to its capabilities and advantages are at present 
available. The actual locomotive is an old one, 
which has been given the name ‘‘ Boursay,” and 
which was constructed by Messrs. Schneider and 
Co., of Creusot, the new system having been 
recently fitted to it, together with all the necessary 
appliances for a systematic test of its merits. The 
novel feature about it is the provision of two 
separate piston valves for each cylinder, the one 
regulating the admission of steam to and the other 
the exhaust from the cylinder. The cylinders are 
outside, the high-pressure cylinder being situated 
on the right-hand side of the engine, and the low- 
pressure cylinder on the left-hand side. Each 
pair of valves is placed above its respective cylinder, 
those regulating admission being on the outside. 
A modified form of Walschaert gear operates 
them, the one valve being connected up to the 
other through a rocking-shaft. 

In the case of most of the compounds, steam or 
air reversing gears are in use, and, as a rule, pro- 
vision is made for operating both sets of motion in- 
dependently. The starting-valves are also operated 
by steam or compressed air, steam being taken 





direct from the boiler in the one case, and air from 
the reservoir of the Westinghouse brake in the other. 

In addition to compounding the Belgian rail- 
ways have gone in largely for superheating. We 
believe that these railways, and those of the Prus- 
sian State, are the only two which have done so to 
a considerable extent, although we are aware that 
some few companies have experimented with one 
or other of the many forms of superheaters that 
have been brought out in recent years. The French 
railways do not appear to have done anything at all 
in this direction. 

The most successful superheater, if we are to 
judge from the fact that it has been more generally 
adopted than any other, is, undoubtedly, the 
Schmidt. This superheater, of which there are at 
least two distinct forms, is used on both the Prus- 
sian and the Belgian State Railways. As we have 
already described them very fully on previons occa- 
sions we shall not enter into a description of them 
in the present case, but would merely remind our 
readers that the two forms may be described as 
the ‘‘smoke-box form” and the ‘‘boiler form,” 
the first-named having the whole of the superheater 
tubes contained in the smoke-box, and the second 
in groups of four in separate flues passing through 
the boiler above the ordinary tubes. It is the 
latter form that the Belgian State Railways have 
adopted. 

Only two compounds, both constructed by the 
Société Anonyme John Cockerill, have been fitted 
with superheaters, one which we have previously 
referred to, and which will be remembered, had 
only one set of Walschaert gear for each pair of 
cylinders, having the Schmidt superheater, but 
modified on the Cockerill system, the other having 
the ordinary form. The four-cylinder La Meuse 
locomotive, which we have also referred to, is like- 
wise provided with a superheater. These three 
engines are the only ones other than two-cylinder 
engines so adopted. 

The locomotive with the Cockerill superheater 
is more or less experimental, the superheater being 
designed so that the steam may be superheated at 
its entrance to the high-pressure cylinders and 
afterwards at its entrance to the low-pressure cylin- 
ders, or at the entrance to the low-pressure cylin- 
ders only. With this arrangement it will be 
possible to determine which of the two processes 
result in the greater economy, one or other process 
being then modified or abandoned to come into 
line with this condition. To carry out these 
objects, the rather complicated arrangement of 
steam-chambers and valves, which we shall now 
endeavour to give an idea of, has been devised. 

In the first place, it should be noted that the 
superheater tubes are divided into two distinct 
groups right and left of the engine. These groups 
enter chambers at the front and back ends, the 
front chambers being situated in the smoke-box, 
the back chambers just in front of the fire-box 
tube-plate. For the purpose of this description we 
shall designate the former ‘‘collectors.” The 
regulator is situated in the dome and is provided 
with branch-pipes at the back end, one of which 
enters each of the chambers referred to, while at 
the front end a pipe conveys steam direct to the 
high-pressure cylinders. The passage of the steam 
is regulated by two valves situated in the smoke- 
box, the one at the end of this pipe, the other in 
the regulator. These valves work together—that 
is to say, the movements of the latter are auto- 
matically repeated by the former. : 

The path of the steam in the first process—viz., 
that of superheating at the entrance to the high, 
und also at that of the low-pressure cylinders, is as 
follows :—Steam enters the regulator, passes the 
first valve and enters the left-hand chamber, pass- 
ing through the ee group of tubes into 
the collector at the end. From thence it passes in 
a high state of superheat through the other valve to 
the high-pressure cylinders. After doing work in 
these cylinders it passes into an exhaust-pipe lead- 
ing to the last valve once again, through which it 
arrives, by means of a separate pipe passing through 
the boiler, in the chamber of the right-hand set of 
superheater tubes. From thence, after traversing 
the tubes, it arrives at the low-pressure cylinders 
superheated as required. ; 

n the second process—viz., superheating only 
at the entrance to the low-pressure cylinders, tlic 
path of the steam is as follows :—By changing the 
positions of the valve in the regulator steam | 
allowed to enter the pipe leading through the othe: 
valve direct to the high-pressure cylinders. Frou 
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thence, after doing its work, it is again conducted 
back by another pipe to the last-named valve, and, 
passing through it, enters the left-hand collector 
and the corresponding group of tubes. Through 
these it passes, and arrives at the left-hand chamber. 
Again passing the regulator-valve, it enters the 
other chamber, and thence through the right-hand 
set of tubes to the other collector and the low- 
pressure cylinders. : 

These processes are not a little complicated, and 
the necessary pipes and chambers are very cumber- 
some and take up a great deal of room in the smoke- 
box; so much so, in fact, that the smoke - box 
had to be extended. The valves regulating the 
admission of the steam to the proper pipes are also, 
we should imagine, somewhat delicate pieces of 
mechanism, although we have had‘no opportunity 
of examining them, and no drawings are to be 
obtained. It should be borne in mind, however, 
that this engine is purely experimental, and, as 
such, cannot be subjected to the same criticism 
as other engines, particularly as in this case no 
particulars or test results are available. 


(To be continued.) 








COMMERCIAL TRAINING FOR 
ENGINEERS. 


By R. D. SuMMERFIELD. 


AttHoUGH the question of the proper education 
for engineers is practically never absent from the 
technical journals or the meetings of various 
societies of engineers, yet the great bulk of what is 
written and spoken on this subject refers mainly to 
the technical and scientific side of an engineer's 
education, and, in the writer’s opinion, not enough 
stress is laid on the necessity of obtaining that 
commercial knowledge which an engineer must 
have if he is to hold satisfactorily a really re- 
sponsible post. es 

At present the great majority of our young 
engineers enter the works from school or technical 
college with a profound contempt for the business 
side of engineering, this being largely owing to the 
attitude of their teachers, who, as a rule, know 
practically nothing about commercial matters, and 
rarely mention them, or, if they do, it is to speak 
of commerce as of quite minor importance when 
compared with pure science. 

Now the bulk of engineering—that is, the 
business of making all kinds of materials and 
machinery for sale—is really a commercial pursuit. 
Engineering works are not run for scientific ex- 
periment, or for amusement, or from philanthropic 
motives, but solely to make and sell at a profit ; and 
in nine cases out of ten it will be found that the 
men who manage paying engineering works are 
business men rather than engineers, as the term is 
generally understood. It is rare to find a paying 
works actually managed by a highly scientific engi- 
neer, but there have been numerous cases of such 
men failing to run a works successfully, although 
they may have made great names for themselves as 
discoverers and inventors. 

An engineer with the ordinary shop and drawing- 
office training, supplemented perhaps by a technical 
college course, finds that he has a great deal to 
learn if suddenly called upon to take the manage- 
ment of a works. He must learn to write business 
letters, and, what is more difticult, to dictate them 
quickly to a shorthand clerk. He must learn 
enough of book-keeping to enable him to check the 
expenditure and earnings of the concern from the 
books, and to detect any irregularity in the keeping 
of the latter, in order to keep the clerical staff up to 
the mark. 

He must know something of freight charges by 
land and water, the best ports to ship from for his 
particular class of goods, the full meaning of com- 
mercial terms, such as f.o.b., c.i.f., &c., in order 
that he may know how to price his manufactures. 

He will have to go into questions of insurance, 
advertising, law, and disputes with customers and 
workmen, and a good deal of his time will be taken 
up by interviews with all kinds of people. He 
must be a good judge of character, and something 
of a diplomat, and, besides all this, he should be a 
sort of walking price-list of the materials and 
machinery which he sells and buys. 





_ Now a man may be a very good engineer, both 
in theory and practice, and yet know practically 
nothing of the work outlined above ; and in the | 
Writer's opinion all young engineers, with the | 
exceptions mentioned later on, should receive a 


commercial training as well as a technical one, as! advantage of both. This system has already been 


the majority of the best positions in the engineer- 
ing profession are filled by men chosen for their 
business capacity rather than their scientific attain- 
ments. 

It is rare to find the two qualities combined in 
one man, but there is no reason why a man should 
not be a good engineer and a good business man 
also, if he is properly trained and all his capabilities 
made the most of; and if the majority of our 
engineering managers were of this class, we should 
have little to fear from American or German 
competition. 

What is needed is to give our young engineers a 
broader grasp of their profession. They must be 
taught to look upon the actual making of an engine 
or machine as only part of their work, and they 
should be encouraged to study the prices of the 
various materials they have to handle, and to know 
the reasons which make such materials cheap or 
dear in connection with the purposes for which 
they are used. 

While going through the workshops they have a 
unique opportunity, generally completely neglected, 
of finding out from their own observation the actual 
labour cost involved in the manufacture of various 
engineering products, as they can note the time 
required to do any particular job, the number of 
men employed on it, and their rate of wages. 

A student who keeps his eyes open and his note- 
book handy during three or four years of shop-work 
will provide himself with data which will stand him 
in the greatest stead in after years ; but in order to 
learn how to apply this information, and make the 
fullest use of it, he should be sent into the com- 
mercial offices for a couple of years at least, to get 
experience in estimating, buying, and accounting. 

hether the commercial experience should come 
before or after the drawing-office training depends 
on circumstances, but the writer is of opinion that 
the diawing-office should come first, and in order 
to distinguish his scheme from the system generally 
followed he proposes to contrast them. 

At present, the usual course of training for a 
mechanical engineer is somewhat as follows :— 

He enters the works straight from school, at the 
age of 16 or 17, as a pupil, sometimes paying a 

remium and sometimes not ; but in any case, if he 
- accepted as a pupil, he is granted the privilege of 
passing through the various shops, and going into 
the drawing-office afterwards. 

In many cases the boy has a two years’ technical 
college course after his ordinary school course, in 
which case he will enter the works at a greater age, 
but it will not be necessary for him to attend 
evening classes to learn the theory of his profession, 
as he would have had to do had he entered the 
works straight from school. 

After three or four years in the shops, in which 
he probably passes through the pattern, moulding, 
fitting, and machine-shops, and learns to handle 
tools and read drawings, he is moved into the 
drawing-office, where for a year or two he will 
probably get nothing but tracing, copying, and 
minor detail drawings to do. 

After a few years in the drawing-oflice, our 
engineer (provided always that he worked in- 
telligently in the shops, is well up in the theory 
of his work, and possesses a fair amount of 
mechanical ability) will be qualitied to take a post 
as chief draughtsman, shop foreman, inspector, or 
technical expert, but ‘he is not qualified by any 
means to take a manager’s post, and if he is 
fortunate enough to obtain a position in which the 
actual management of a works, however small, falls 
upon him, he will find that he has most of his 
duties to learn, and will begin to discover that the 
purely commercial side of engineering is of, at 
least, as much importance as the technical side. 

Now, in order to save this waste of time in 
learning new duties, and to get a better and more 
useful class of engineer, the writer would propose 
to train him as follows :— 

Taking a bright, strong lad of about 16, who 
wishes to become an engineer, he should go straight 
from school into the workshops of a medium-sized 
general engineering works, making, if possible, 
electrical plant as well as general machinery, as 
it is necessary now-a-days for every engineer to 
have some knowledge of electricity. An arrange- 
ment should be made by which the lad does not 


'go to the works on Mondays, but attends instead 


morning and afternoon or evening classes in engi- 
neering at a technical college, thus doing his prac- 
tical and theoretical work side by side, to the 


tried with success in this country. 

While in the shops, the pupil should be en- 
couraged to use his note-book, and to ascertain the 
labour cost of doing work, as before mentioned, also 
to discover the reasons why the theoretically best 
forms of machinery are modified in actual practice ; 
and it should surely not be too much to ask that the 
works manager, in the interests of the future genera- 
tion of engineers, should give up one or two hours 
per month to a sort of informal examination of the 
pupils under his charge, thus ascertaining their 
progress, and giving them some encouragement to 
persevere in their work and studies. A lad whose 
relations are not engineers especially feels the need 
of a little interest taken by those above him, as he 
has no one to advise him about his work. 

The writer is of opinion that the workshop course 
should follow the course of machinery through the 
works—that is, the pupil should start in the pattern- 
shop and go on to the foundry, the machine-shop, 
and the fitting or erecting-shop in rotation. A year 
in each of these four shops should be sufficient to 
give the pupil a thorough grounding in the practical 
principles of his profession, and, if he shows promise 
at the end of this time, he should be placed in the 
drawing-office for a couple of years. 

At the end of these two years he should go into 
the accountants’ department, and be kept at purely 
commercial doled work for another year, after 
which he might go into the estimating department 
for two years more, and, provided always that the 
lad has shown enough ability to justify his being 
given these opportunities, at the age of 25 we havo 
a young engineer admirably adapted for a post as 
assistant manager, or even as manager, provided 
again that he is possessed of the power of ruling 
others, which is, of course, a physical characteristic, 
and has little or nothing to do with training. 

During the training outlined above the lazy, in- 
competent, or unambitious students would find 
their proper level, becoming mere workmen, fore- 
men, or draughtsmen, but among a number of 
young would-be engineers there are generally some 
few to whom the scientific side appeals more 
strongly than the practical. 

These lads are good at mathematics, and fond of 
experiments; they take the prizes, scholarships, 
and degrees at technical colleges. To teach them 
the business side of engineering is to waste their 
talents ; there is always room in the engineering 
world for a certain number of men who are really 
well up in theory. Every large drawing-oftice 
requires a man of this sort to check important 
calculations ; analytical chemists are wanted in 
steel works and blast-furnace plant, and skilled 
men in considerable and increasing numbers are 
needed to carry out tests and experiments on metals, 
engines, boilers, and machinery. 

en with a bent in this direction are happy at 
such work; they make discoveries, write fog 
and in some cases earn very fair salaries ; but the 
managing business man is their master after all, 
and unless the young engineer has a genius for 
mathematics and experiment, it is the business 
side of his profession that he should cultivate if he 
wishes to get on. 








THE TURBINE-DRIVEN CHANNEL 
STEAMER “DIEPPE” 

Interest in the turbine steamer Dieppe, built 
by the Fairfield Shipbuilding and Engineering Com- 
pany, Limited, at their works at Govan, Glasgow, 
for the Newhaven and Dieppe service, is centred 
largely in the nature of the official trials which 
were run, as these afforded more accurate data on 
one or two of the most important undetermined 
possibilities of the steam turbine for marine pro- 
pulsion. One by one the objections to this new 
prime mover have been overcome, notably in con- 
nection with the difficulty of running propellers at 
the high rate of speed inherent to the system, and 
with the steam economy in relation to marine pro- 
pulsion. There remained practically only the 
question of the stopping power of turbine-driven 
propellers when the engine was reversed. This 
objection the Dieppe has proved to be practically 
non-existent ; and although there may be still 
questions as to repairs, sea-going qualities, &c., 
it would almost appear as if the turbine, when 
manufactured with due experience, and when fitted 
with suitable propellers, will meet most of the 
expectations of the marine engineer. We admit 








that these provisos are very important, but with 
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THE PARSONS STEAM-TURBINE MACHINERY OF THE CHANNEL STEAMER “ DIEPPE.” 
CONSTRUCTED BY THE FAIRFIELD SHIPBUILDING AND ENGINEERING COMPANY, LIMITED, GOVAN, N.B. 





Fig. 6. 
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extended experience all difficulties will be met, 
and the turbine system of marine propulsion will 
be extensively adopted. ° 

In the case of the Dieppe, which is jointly owned 
by the Western Railway of France and the London, 
Brighton, and South Coast Railway, it was stipu- | 
lated in the contract that the ship, when steaming | 
at 12 knots, was to be brought to a state of 
rest within 100 metres of the position when) 
orders were given. to reverse the turbines, and 
in the design this stipulation was a primary 
consideration. The proportion of power for going 
astern was therefore made greater than in any pre- | 
ceding turbine vessel. It is difficult to estimate | 
precisely the proportion of astern power to total | 
ahead power in any ship, as a great deal depends | 
upon the efficiency of the screw when going astern 
as compared with that when going ahead. But it 
may be said generally that from the time the first | 
turbine- propelled merchant steamer—the Clyde | 
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Rew per Fig.1. TURBINE &.8. DIEPPE” | steamer King Edward—-was built, there has been a 


growing increase in the efficiency of the astern tur- 

| bines, and now, in the later vessel, there is obtained 
|nearly the same number of revolutions astern, on 
| the wing shafts, as for going ahead. Of course, the 
go-astern turbines each take steam at the initial 
pressure, so that the ratio of expansion is confined 
to that possible ie tlie one turbine ; but this, it is 
scarcely necessary .to point out, is greater than is 
possible even with the compound engine. 

Another feature affecting the question of rapid 
reversal of the machinery, and therefore of the 
direction of the ships’ movement, is the arrange- 
ment of the manceuvring gear. There is in this 
— matter a considerable range of opinion between the 
various builders of turbines. In the King Edward, 
which was the first passenger steamer fitted with 
turbines, separate stop-valves were fitted for ahead 
= es = —3 8 Seo and astern, and these have worked very well. In 

i ** | subsequent vessels a slide-valve arrangement has 
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been adopted, with a master-valve to regulate 
the intaly of steam through the slides, this 
latter being thrown across the ahead and astern 

orts by a combined steam and hydraulic engine. 

his arrangement, which the Parsons Company 
fitted in the Allan liner Virginian and the Isle of 
Man steamer Viking, my be followed by reference 
to the view of the starting wheels in the engine- 
room of the latter steamer given in Fig. 12 on page 
840 of our last volume. In some of the recent 
Channel steamers, however, a special type of piston- 
valve has taken the place of the slide, the reversing 
engine being arranged to move as desired, so as to 
obviate the work of the master-valve, which can 
then be kept open whilst manceuvring. This 
arrangement is applicable only to triple-screw 
designs. In the case of the Dieppe, the slide-valve 
differs slightly in order to meet the conditions 
specified by the owners. The reversing engines 
connected with the valves were made powerful 
enough to throw over the slides with their full 
load, in order to ensure a quicker reversal of the 
engines. This certainly gave very satisfactory 
results on the trial. In the case of the four-shaft 
arrangement of turbine machinery, as fitted in some 
of the earlier destroyers, there is a separate valve 
system, as in the case of the King Edward. It is 
simple, and, as a rule, effective for all practical 
purposes. 

As regards the results of these special applica- 
tions, we give in Fig. 1, page 205, a curve showing 
the rapid fall in revolutions upon the order to re- 
verse being given from the bridge. This curve shows 
the result when the engines had been driving the ship 
at a speed of 124 knots; and it will be seen that 
the time which elapsed between the order for going 
astern—given when the engines were making 380 
revolutions per minute—until the engines actually 
reversed was 6} seconds, the rate of decrease being 
practically uniform. As regards the effect upon 
the ship, a trial was made between two stake-boats 
moored off Dieppe on the occasion of the speed 
trials, to be referred to later. Thestake-boat was ap- 
proached at a speed of slightly over 12 knots. Within 
6 seconds of the order ‘‘ Full speed astern ” being 
given the turbines were running astern, and in 
41 seconds the ship herself was moving astern, the 
distance traversed from the time the order was 
given to reverse until the ship began to go astern 
being about 100 yards, or nearly 28 ft. less than 
that required by the contract. 

The turbine machinery of the Dieppe is illus- 
trated on page 205 by Figs. 6 to 9; the starboard 
condenser being omitted in Fig. 7. As in the now 
widely-adopted three-shaft arrangement, the high- 
pressure turbine is coupled to the centre shafting, 
whilst the low-pressure turbines—two in number— 
drive the wing-shafts. The whole installation is de- 
signed for 6500 horse-power at 610 revolutions per 
minute, the horse-power here quoted being the rated 
or equivalent horse-power, taking the reciprocating 
engine as a standard. As is shown, the operating of 
the turbines is accomplished by the fitting of extra 
large manceuvring or reversing valves operated by 
powerful combined steam and hydraulic reversing 
engines of the well-known Brown’s type. The 
handles for operating the machinery are brought 
together on an upper platform at the level of the 
main deck, and have been specially arranged with 
a view to certain and expeditious handling. 

The condensers, of which there are two, are placed 
in the wings of the ship, and each is connected to 
one of the two low-pressure turbines by eduction 
pipes of extra large size ; an important and neces- 
sary provision in view of the advantages of high 
vacuum with turbines. An independently-driven 
air-pump of the direct-acting type is fitted in con- 
nection with each condenser, and in addition a 
dry-air pump, in which the clearance has been 
reduced to a very small quantity, is driven by a 
prolongation of the piston rod of each circulating 
engine, the dry-air pump being attached tandem 
fashion above the steam cylinder of the circulating 
engine, and connected to a vertical stand-pipe, of 
considerable height, on the ordinary air-pump suc- 
tion-pipe from the bottom of the condenser. The 
principle of fitting the air-pump in such a manner 
that it can only .pump air, and providing another 
pump-— in this case the main air-pump—to deal 
with the water of condensation, has been advocated 
from time to time ; but the importance of carrying 
a high vacuum ina turbine installation has made 
the question one of practical politics. Water is 
cinoulated through the condensers by two inde- 
pendently-driven centrifugal pumps, the engines 





of which, as above stated, also drive the dry-air 
pumps. The circulating-water pipes are 13 in. in 
diameter. A feed-heater is also fitted, and its 
presence may be regarded as, in a sense, the natural 
outcome of the dry-air pump, the use of which is 
necessarily accompanied by a low hot-well tem- 
perature. 

Steam is supplied by four single-ended boilers, 
14 ft. 9in. in diameter and 11 ft. 3 in. long, worked 
under forced draught on the Howden system. 

In conformity with recent experience, only three 
Se are employed, one on each shaft. It 

as been found possible in this case to dispense 
with the intermediate shaft brackets hitherto found 
necessary in turbine steamers, and by making the 
wing propeller shafts hollow and of increased size 
the ordinary shaft brackets fitted next the pro- 
pellers become the only external supports needed. 

The speed required by the contract was 21.19 
knots—an unusual rate, arranged to ensure that the 
vessel would steam between the berths at Newhaven 
and Dieppe in a given scheduled time. This is 
by no means a high speed for modern Channel 
vessels, but was exceptionally difficult of realisa- 
tion because of the limitations in dimensions pre- 
scribed by the somewhat tortuous channel at Dieppe 
Harbour. This disadvantage has long been operative 
against the Newhaven and Dieppe route, notwith- 
standing the beautiful scenery on the railway line from 
London and to Paris, and it is satisfactory to know 
that work has already been commenced with a view 
of overcoming the difficulty, so that for the future it 
will not be necessary to limit the dimensions of the 
vessel, as in the case of the Dieppe, to a length of 
274 ft., a beam of 34 ft. 8 in., and a depth of 
14 ft. 6in. Notwithstanding the high speed stipu- 
lated, and the limited dimensions, the Fairfield 
Company easily exceeded their guarantee, as on the 
run to Dieppe the speed was 21.523 knots, and 
on the return journey 21.764 knots, an average of 
21.643 knots. On the run to France the draught 
of the vessel forward was 8 ft. 11} in., and aft 
9 ft. 64 in., giving a mean of 9ft. 3in., the dis- 
placement being 1360 tons. We give in parallel 
columns the results of the run to and from Dieppe. 

Results of Official Trial of the Turbine-Driven Channel 
Steamer ‘‘ Dieppe.” 
From Newhaven 
to Dieppe. 


From Dieppe 

to Newhaven. 

Draught of Ship: 
re 8 ft.11 in. 


Forward 8 ft. 114 in. 
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Mean 
8 a “ 
Boiler pressure 


Revolutions of Turbines : 
igh-pressure .. 
Port, low-pressure 
Starboard, low-pressure 


Steam Pressure: 
Main valve ee +7 
High-pressure turbine casing 
Low-pressure, port .. ° 
os starboard 


Vacuum : 
Port condenser oe 
Starboard condenser. . 

The Dieppe embodies all the salient features of 
her predecessor, the Brighton, but considerable 
improvements have been made in the new ship. 
The beam has been increased, and the after portion 
of the vessel, which was open in the Brighton, has 
been closed in. This gives greater comfort and pro- 
tection to the second-class passengers, and adds to 
the safety of the ship. The deck plans are repro- 
duced on page 204. The shade dee is of sufticient 
length to permit of all the boats being carried 
thereon. This gives below a clear and spacious pro- 
menade deck fore and aft. The shade deck also 
extends right across the vessel, affording ample 
shelter to the passengers on the promenade deck. 

On the promenade deck (Fig. 3) there are the 
first-class deck saloon, first-class entrance, ladies’ 
boudoir, and several special state-rooms, all luxu- 
riously fitted up, and fitted with Stone’s vertical- 
motion square windows, giving ample light. The 
ventilation is a special feature, electric fans being 
introduced in the entrance and saloon, and gene- 
rally the whole af the internal arrangements have 
been designed to give the greatest amount of com- 
fort to the passengers. 

On the main deck (Fig. 4) there is at the forward 
end the first-class dining-saloon, extending right 
across the ship, capable of dining sixty-two persons. 
At night it is possible to make up beds here for 
thirty-six persons. The officers’ rooms, galleys, 
and pantries, &c., are arranged amidships on the 
main deck. 


: 91.523 knots 21: 764 knots 
150 Ib, 1 1b. 
614.5 
661 
629.5 


614.4 
630.6 
630.6 


148.3 Ib. 
135.2 ,, 
17.4 5 
16.8 ,, 


27.2 in. 
27,2 
TE as 


The second-class sleeping-saloons are on the! 





lower deck (Fig. 5), and there is accommodation for 
nearly 200 passengers. The steering-gear aft is by 
Messrs. Brown Brothers and Co., Limited, and 
is operated by telemotor gear. The ship has been 
well sub-divided, and water-tight doors have been 
fitted having shafts and gearing led to the working 
deck, from which the doors can be promptly closed 
if occasion arises. Loud-speaking telephones, as 
fitted in His Majesty’s Navy, have been introduced. 
The boats have been provided with the most im- 
proved method of lowering and detaching gear. 
Large bilge keels have been introduced to minimise 
rolling, and the lines have been designed with a 
view of giving the greatest possible steadiness at sea. 

In conclusion it may be stated that the con- 
struction of the ship and machinery was super- 
intended, on behalf of the owners, by Captain 
Morris, the marine superintendent, and by Mr. 
H. B. Fisher, marine engineer, of the London, 
Brighton, and South Coast Railway ; and that Mr. 
William Forbes, the general manager of that rail- 
way, is to be congratulated upon the splendid result 
attained, and upon the enterprise displayed in add- 
ing another to the number of turbine steamers on 
this route. 
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Experimental Researches on Reinforced Concrete by 
Armand Considére. Translated and arranged by LEon 
S. Moisszirr, C.E. New York: The McGraw Pub- 
lishing Company. [Price 2 dols.]} 

Ir is now some twenty years or more since M. 
Considére published his remarkable essay on 
U Emploi du Fer et del Acier, a contribution to the 
theory of construction in iron or steel which cleared 
away many difficulties and illuminated many 
obscure points unaccounted for in the ordinary 
theory of elastic structures. In particular, if our 
memory serves us, it was here that the true theory 
of the resistance of solid metallic beams was first 
set forth, and the old puzzle explained as to the 
reason why the ultimate strength of such beams 
was very much greater than it ought to be on the 
hypotheses ordinarily adopted. In the work trans- 
lated by Mr. Moisseiff, M. Considére goes far to 
render engineers the same service in respect to the 
theory of ferro-concrete that he did as regards 
metallic structures in the work just cited. 

The new volume is in part theoretical and in part 
experimental. Experiments on ferro-concrete in 
the past have too often served merely to illustrate 
the truth of Karl Pearson’s dictum, that 50 per 
cent. of the data laboriously issued from the 
different mechanical and physical laboratories of 
the world are useless, in spite of the great expendi- 
ture of time and patience which have been expended 
in their determination. Important factors are too 
frequently neglected, or else the data are incom- 
plete, the conditions under which they have been 
attained being lacking; so that it is quite impossible 
with any degree of certainty to make use of them 
in estimating the results to be expected in condi- 
tions which may differ from those of the experi- 
ment. A reproach of the nature indicated cannot 
in apy way be brought against the experiments of 
M. Considére. In fact, omissions of the kind in 
question are most generally to be met with in con- 
nection with the work of so-called practical men, 
who too often fail to realise the necessity of testing 
but one thing at a time, and consequently make 
their experiments under such complicated condi- 
tions that it is often impossible to estimate the 
relative importance of a number of separate factors, 
any one of which may have a preponderating influ- 
ence in determining the final result. 

On the other hand, whilst laboratory tests on 
cement and concrete may be made in a simple and 
straightforward fashion, it is by no means safe to 
anticipate that equivalent results will be obtained 
in actual structures on a practical scale, since it is 
impossible in the latter case to exercise the same 
care in mixing and ramming the material as is 
easily secured in the laboratory. M. Considére 
has fully realised this, and quite a large proportion 
of the work before us is devoted to a discussion 
of the modifying influences of careless workman 
ship, or the conditions under which hardening 
takes place, on the strength of structures ot 
ferro-concrete. The volume opens with a de- 
scription of the experiments by which the author 
proved that reinforced concrete could be stretched 
without cracking some twenty times as much as 
similar concrete not strengthened by the insertion 
of metal rods. Pieces of concrete cut away from 
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the beam, and after having been subjected to this 
abnormal deformation, proved quite as strong as 
similar control specimens made from the same 
mixture and not previously strained. The results 
set forth have been questioned by certain American 
and German engineers, who, having found cracks 
in the tension side of ferro-concrete beams with ex- 
tensions much less than those noted by M. Consi- 
dére, have rushed to the conclusion that the cracks 
were caused by the extension. M. Considére has, 
however, pointed out that the cracks here referred 
to arose from an entirely different cause, being really 
hardening cracks due to the shrinkage of concrete, 
which always occurs if it is allowed to harden in 
air. Not the least important chapter of the work 
under review is that in which the author discusses 
these volume changes during the process of harden- 
ing. If concrete or cement is allowed to harden 
under water, it tends to expand, the expansion 
being sometimes as much as 1 part in 500 for neat 
cement, down to as little as one-tenth of this for 
concrete, in which the ratio of aggregate to the 
cement is high. It is easy to see that if the con- 
crete is reinforced, the steel rods will tend to pre- 
vent this expansion, so that after hardening under 
water the concrete is in a state of compression, 
whilst the rods are in tension. Ifa ferro-concrete 
beam which has hardened under these conditions be 
tested, no cracks will be found in its tension side 
until the stresses in the steel work approach the 
elastic limit of the metal. 

On the other hand, concrete which is allowed to 
harden in dry air tends to shrink, the shrinkage 
being much the same as the expansion met with in 
similar specimens hardened under water. This 
shrinkage is resisted by any metal reinforcement 
which may be present, with the result of throwing 
the concrete into a state of tension, which in its 
weak state during the early days of the process 
gives rise to cracks, and these are readily visible 
on afterwards testing a reinforced beam hardened 
in air. It should further be observed that concrete 
which has hardened under water shrinks on re- 
moval, but the material is then so consolidated that 
it can withstand, without cracking, the moderate 
tensile stresses thus developed. 

In most cases it is not practicable to permit 
constructions to harden under water, and thus it 
is not uncommon to entirely neglect any possible 
effect of the tensile strength of the concrete on 
the strength of a ferro-concrete beam. M. Con- 
sidére shows that owing to the fact that the neutral 
axis occupies a different position in a sound beam 
from what it does ina cracked one, there is no great 
difference in the calculated strength of the two, 
provided the percentage of the steel to the total 
volume is fairly high. With 2.4 per cent. of steel 
the difference in the calculated strength is only 
6 per cent., and with 3 per cent. of metal there is 
no difference in the strength of a sound and a 
cracked beam. 

Perhaps the most important part of M. Con- 
sidére’s work is that in which he shows that it is 
possible, knowing the elastic constants of the 
concrete and metal used, to calculate the deflection 
of a reinforced beam with considerable accuracy. 
A plot of deflection against loads is not straight for 
a concrete beam, as it is in the case of a metallic 
girder; but the deflections increase somewhat faster 
than the loads. The method given for calculating 
the deflections is not as clearly set forth as it might 
be ; though whether the fault is due to the trans- 
lator, or is also to be found in the original, we are 
unable to say. M. Considére takes the deflection as 


1l—2 
8= _ d 
* P ” 


where § is the deflection, x the distance of any 
point from the centre of the beam, p the radius of 
curvature at the same point, and / is half the span. 
This equation, it should be noted, is correct only 
for the case of a beam centrally loaded ; but this 
is not stated in the text, so that some readers may 
have a difficulty in deriving it.* 
The value of p, the writer points out, is given by 
the relation— 
u 
P=X+r° 
Where \ is the “‘elongation” of a fibre on the 


* If W isa load applied at any point of a beam, and M 
the bending moment at any point, then the deflection of 
the point at which W is applied will be 


s-fM 4Mq,_ /1aMg, 


tension face of the beam at the point considered, 
and r the “shortening” of a similar fibre on the 
other side, whilst i is the depth of the beam. We 
have put the words “elongation” and ‘“ shorten- 
ing” in inverted commas, because, though so- 
called in the text, they are really mere numbers, 
being the ratio of a strain in an element of a fibre 
to the original length of that element. Making the 
substitution stated, M. Considére gets 


1) 
b= f. +7 (U-2) dz, 


where A and r can be read off stress strain 
curves made in simple tension or compression. 
The integration can be effected by Simpson’s or 
some similar rule. It will be seen that there is a 
slight misprint in both integrals, since the upper 
limit should be J, and not unity, as printed. 

As to the strength of such beams, M. Considére 
gives some relatively simple formule, which, if 
more complex than those of M. Hennebique, have 
at least a rational basis, and can therefore be con- 
sidered reliable under all conditions; whereas 
empirical formule, such as that of M. Hennebique, 
being wrong in form, can never be applied with 

rfect confidence outside the phate: 5m narrow 
imits of the experiment on which the constants in- 
volved in them have been based. It is, however, 
interesting to note that in a comparison of the two 
formule as applied to a series of beams by M. 
Considére, this empirical formula really showed 
e unexpectedly well, and it has, of course, the 
advantage of simplicity. M. Hennebique con- 
siders a ferro-concrete beam as made up of two 
chords, the upper chord being the compression half 
of the beam, and the lower chord the metal rein- 
forcement only. The stress on the compression 
half is considered constant throughout, and its 
moment about the mid-point of the beam is taken 
as being equal to half the bending moment applied. 
Taking 350 lb. per square inch as the safe working 
stress on concrete in compression, 2 H as the depth 
of the portion of the beam in compression, e the 
width in inches, and M the total bending moment 
in inch-pounds ; this assumption gives 


H = 0.038, / M_ 
€ 


The other half of the bending moment is taken 
to be entirely sustained by the moment of the 
metal about the neutral axis of the beam. Hence, 
if D is the distance of this metal from the neutral 
axis, the area required in square inches is 

M 
28,000 D’ 

The working stress on the metal is taken as 
14,000 Ib. 

The illogical nature of these rules is obvious; 
nevertheless, many thousand cubic yards of ferro- 
concrete have been designed by their aid, and 
certainly with success. 

A very interesting portion of M. Considére’s work 
is that relating to the reinforcement of struts. 
He shows that this is much more effectively done 
by wrapping the concrete with a metallic spiral 
than by embedding in it straight metallic rods. 
The saving in the amount of metal required is very 
substantial ; and we understand that the method 
has recently found application in France to a bridge 
of some importance. For details as to the con- 
siderations and experiments on which this proposal 
is based, we must refer our readers to the volume 
under review, for the issue of which the publishers 
deserve the thanks of every engineer engaged in 
structural work. 
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Science and Hypothesis. By H. Potxcarr, Member of 
the Institute of France. With a Preface By J. LARMOR, 
.Sc., F.R.S., Tucasian Professor of Physics in the 
University of Cambridge. 1905. London and New- 
castle-on-Tyne: The Walter Scott Publishing Com- 
pany, Limited. [Price 3s. 6d.] 
Students of physics will find much to interest them 
in this little volume. It contains much food for 
thought and reflection ; and it has a further and 
quite special value for English readers in that it 
forms a splendid example of the severely logical 
reasoning which is so typical of the French mind. 
It is good for us to try to understand the point of 
view from which French scientists attack their sub- 
ject, and to compare it with ourown. The British 
school of science is very largely experimental, and 
reasons from experimental facts to more or less 
general theories; the French school, on the other 
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hand, is analytical, and, in its early days at 


least, rather adopted the plan of working out its 
theorems from original hypotheses by a process of 
mathematical reasoning, and then turned to prac- 
tical experiment for confirmation. The distinction 
is clearly recognised by the French themselves, 
and in this volume Professor Poincaré on several 
occasions refers to it. Thus, for example, he opens 
his chapter on ‘‘ The Classical Mechanics,” in which 
he discusses the validity of the definitions, postu- 
lates, and axioms adopted in that science, in these 
words :— 

“‘The English teach mechanics as an experi- 
mental science; on the Continent it is taught 
always more or less as a deductive and 4 priori 
science. The English are right, no doubt. How 
is it that the other method has been persisted in 
for so long? How is it that Continental scientists, 
who have tried to escape from the practice of 
their predecessors have in most cases been un- 
successful ?” 

The same distinction is again emphasised when 
the author comes to discuss Maxwell’s theory, 
which was not arrived at, in the French manner, 
by a process of logical reasoning from clearly enun- 
ciated and generally accepted hypotheses, but was 
rather an attempt to give expression to conclu- 
sions arrived at by physical intuition. On this 
subject the author says :— 

‘The first timea French reader opens Maxwell’s 
book his admiration is tempered with a feeling of 
uneasiness, and often of distrust. It is only after 
prolonged study, and at the cost of much effort, 
that this feeling disappears. Why is it so difficult 
for the ideas of this English scientist to become 
accliinatised among us? No doubt the education 
received by most enlightened Frenchmen pre- 
disposes them to appreciate precision and logic 
more than any other qualities... Thus, on 
opening the pages of Maxwell, a Frenchman expects 
to find a theoretical whole, as logical and as precise 
as the physical optics that is founded on the hypo- 
thesis of the ether. He is thus preparing for 
himself a > 5 emacgee which I should like the 
reader to avoid.” 

These extracts point to the distinguishing charac- 
teristic in the points of view of the two nations ; 
but whereas Frenchmen have taken pains to under- 
stand our point of view, too little attention has 
been paid by English students to the French line 
of thought, and therefore this translation of Pro- 
fessor Poincaré’s work deserves to be studied. 
The translator, with undue modesty, has sup- 
pressed his identity, giving only the initials 
‘““W. J. G.” at the end of a short ‘‘Translator’s 
Note” at the beginning of the volume. He has 
done his work well, and deserves thanks for having 
made the contents of this volume available to 
English readers. 
he inquiry pursued by the author in these 
pages is to determine the position held by hypo- 
thesis in science, to examine the grounds on which 
hypotheses are based, and to distinguish between 
the different kinds. When a new scientific fact is 
discovered, a hypothesis, till then accepted, may 
have to be modified to fit in with that fact, or 
perhaps for the time being set aside altogether ; 
and in such a case the unscientific person is apt to 
jeer at the scientist as a man who propounds as 
ton what are purely arbitrary assumptions. This 
is, of course, a great mistake, for no hypothesis 
which has been fertile in results is arbitrary ; and 
it occasionally even happens that a theory which 
has at one time been laid aside as unsatisfactory is 
afterwards resumed in the light of fresh know- 
ledge. In this volume Professor Poincaré dis- 
cusses the whole question by passing in review 
‘*the series of sciences from arithmetic and 
geometry to mechanics and experimental physics,” 
and submitting the hypotheses in each to a severely 
logical analysis. The chapters dealing with modern 
views in physical science, though in some respects 
not quite up to date, having been collected from 
other works by the author published some years 
ago, are of great interest. e cannot deal here 
with them in detail, but we should like to quote 
the author’s distinction between the rdédles of 
experimental and matherratical physics, which 
seems to deserve attention, _He says:—‘‘I may 
be permitted to compare science to a library 
which must go on increasing indefinitely ; the 
librarian has limited funds for his purchases, 
and he must therefore strain every nerve not to 
waste them. Experimental physics has to make 








the purchases, and experimental physics alone can 
enrich the library. As for mathematical physics, 
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| important, inasmuch as those funds are entirely 
|inadequate. That is the réle of mathematical 
| physics.” 

Professor Larmor has written a very interesting 
Introduction to the volume, which will materially 
help the reader to an appreciation of Professor 
| Poincairé’s discussion. 


Warships: A Text-Book on the Construction, Protection, 


| Stability, Turning, &c., of War Vessels. By Epwarp 
L. Atwoop, M.1.N.A. London: Longmans, Green, 


| and Co. 
|Tue object of this book is primarily to supply 
instruction to naval officers, but the author believes 
that the work will prove a useful introduction to 
the subject of naval architecture for apprentices and 
| students at the Royal dockyards and elsewhere. 
| It is essentially on practice, the book at once 
| entering into the details of the various subjects into 
| which it is divided, and there being a very large 
number of illustrations of a practical nature. 
FORGE 8 8 EE ree | Indeed, throughout the book bears evidence of 
Sop as Loo eee Ae ae ; init |having been written with a serious purpose, and 
without padding, by a man who is thoroughly con- 
n | Versant with his subject. Having said so much, 
Fic. 2. | little remains for us to do but to give an idea of the 
contents of the work. The first chapter is on the 
her duty is to draw up the catalogue. If the cata- riches; and also, by showing the librarian the strength of ships, the author dealing with structu: il 
logue is well done, the library is none the richer for gaps in his collection, it will help him to make a|strains, and describing the effects by familia 
it, but the reader will be enabled to utilise its judicious use of his funds, which is all the more | instances, illustrated by diagrams. The familiar 
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(For Description, see Page 210.) 
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case of a vessel being poised on the crest of a wave 
of the same length as the ship, and astride the 
trough of a wave of the same length, is given to 
illustrate hogging and sagging. It is pointed out 
that the upper deck plating, the side plating 
adjacent, and the structure of the keel are much 
stronger in a cruiser of 14,000 tons than in a battle- 
ship of 15,000 tons. This, of course, would be 
apparent to reason if we remember the greater 
proportionate length of the cruiser. In the illus- 
trations given the vertical keel of the battleship is 
42 in., of 25 lb. plating, whilst the vertical keel of 
the cruiser is 48in. The inner bottom of the 
battleship is 20-lb. plating, and the outer keel of 
the cruiser 45-lb. plating. The adoption of a high 
tensile steel in recent cruisers is referred to, the 
tensile strength of the special steel going, in some 
cases, up to 38 tons per square inch. Such ex- 
pensive material is only used for positions where 
hogging and sagging stresses are most felt, such as 
parts of the upper.deck, and the upper and lower 
parts of the outer bottom plating. In torpedo-boat 
construction still higher tensile strength material is 
used, going up to 37 tons and 43 tons per square 
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The next matters treated upon are stems, stern- 

sts, rudders, and shaft brackets, examples being 
illustrated by numerous engravings. Rudders and 
steering gears are also dealt with, the latter 
receiving a chapter to themselves. Pumpin 
arrangements and drainage are also described an 
illustrated from examples in existing ships. A 
chapter on corrosion and fouling introduces the 
subject of sheathed ships. In treating of methods 
of coaling, various devices are dealt with, and 
methods followed in the Royal Navy are illustrated. 
In the next section the important subjects of 
armour and deck-protection are treated upon, 
numerous views being given showing the arrange- 
ment of armour from the days of our first ironclad 
vessel, the Warrior, up to the presenttime. In the 
remaining part of the book those features are dealt 
with which are, to a greater extent, common to all 
naval architecture, such as displacement, tonnage, 
buoyancy, stability, rolling of ships, resistance, and 
manceuvring powers. There is a chapter on the 
loss of the Victoria, and an appendix consisting of 
questions on various subjects dealt with in the 
book, so that the reader may test his knowledge. 


MANUFACTURING COMPANY, 


> RAK 
“YZ | w 


ee 







Ds 
Up 
LD 





inch, The methods of testing material and details! Our readers will not judge of the value of this 
of riveting are given. | book by the length of this notice ; it is not a work, 
The chapter on the framing of the various types | 48 We have said, that lends itself to criticism, but, 
of ships is interesting, sections being given of the | nevertheless, it will be a most useful book for all 
Royal Sovereign, the Duncan, King Edward VII., | Connected with warships in any capacity, and Mr. 
the Edgar, the Diadem, and various other vessels, | Atwood’s position and reputation afford sufficient 
the arrangement of armour, coal bunkers, ammuni- guarantee that the information he gives is sound. 
tion, passages, &c., being shown, as well as details | 
of construction, such as the support of armour, the | 
methods of attaching beams, the arrangement of | 
hatchways, and the — of armoured decks. The| in the University of Oregon. New York and London: 
plating of outer and inner bottoms and water-tight | Macmillan and Co. 
subdivision is described in another chapter. Water- |The volume embodies a course of lectures given at 
tight bulkhead doors also receive notice, the details | the University of California during the years 1898 
being illustrated by numerous detailed engravings. |to 1901, and the fact that the author especially 





Applications of the Kinetic Theory to Gases, Vapours, 
Pure Liquids, and the Theory of Solutions. By WILLIAM 
Pinery Boynton, Ph.D., Assistant Professor of Physics 
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acknowledges his indebtedness tu A. G. Webster 
and to Jaeger, while disclaiming any originality in 
material or in the treatment of the subjects, might 
suggest a doubt as to the merits of the book. The 
reader will, however, be satisfied with this exposi- 
tion of the main theorems of the kinetic theory of 
gases in its application to gases, vapours, change of 
state, molecules in a pure liquid, dissociation and 
condensation, The author writes for students 
acquainted with the fundameutals of physics and 
chemistry, and does not resort to calculus more 
than is indispensable. He rather states than dis- 
cusses the generally accepted views, and he keeps 
controversial points for his final chapter—his sum- 
mary—in which he duly notices the most recent 
researches. The book appears to give in clear, 
concise language all the information that one can 
reasonably expect from a volume of this size. 
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VIADUCT OVER THE RIVER BARROW. 


In our issue last week we gave a detailed descrip- 
tion of the work being carried out, under Parlia- 
mentary powers obtained in the sessions of 1898 and 
1900, by the Fishguard and Rosslare Railways and 
Harbours Company for new harbours and railways in 
connection with the joint scheme of the Great Western 
and Great Southern and Western Railway Companies 
for a direct route between London (Paddington) and 
the south of Ireland, with a sea passage between 
Goodwick, near Fishguard, on the Pembrokeshire 
coast, and Rosslare, in the County of Wexford, two 
miles shorter than the Holyhead and Kingstown route. 
We publish on page 201 a view of a viaduct over the 
River Barrow in Lreland, which forms a most impor- 
tant link in this improved chain of communication 
with the south and west of Ireland. 

The construction of the railway between Rosslare 
and Waterford, and its extension across the River 
Suir to join the existing railway to Cork and the 
west, is now nearing completion. In this length of 
about 35 miles there are two important viaducts, one 
over the River Suir, west of the City of Waterford, 
and another about 6 miles east of Waterford, over the 
River Barrow. This latter viaduct is 2131 ft, between 
abutments, and consists of thirteen spans of 140 ft. in 
the clear and two opening spans of 80 ft., with a head- 
way of 25 ft. above high water. It supports a single 
line of railway of 5-ft. 3-in. gauge. The motive 
power for operating the opening girders is electricity, 
generated at site, and in a view of the viaduct on 
page 201 this opening span is clearly shown almost 
finished. After completion of the work we propose 
giving full particulars and illustrations. 








UNIVERSAL MILLING-MACHINE, 

We illustrate on pages 208 and 209 a universal 
milling- machine, made by the Brown and Sharpe 
Manufacturing Company, of Providence, Rhode Island, 
and now being introduced here by Messrs. Buck and 
Hickman, Limited, of 2 and 4, Whitechapel-road, E. 
The machine embodies a number of novelties, designed 
to facilitate its use and to increase the rapidity with 
which work can be executed. A general view of it is 
represented in Fig. 1, page 208. As there shown, it is 
arranged for a motor drive, but it can also, of course, 
be driven by a belt from the countershaft in the usual 
way, with the exception that no speed-cones are re- 
quired, all changes of speed and feed being provided 
for by a system of s gears having a great range of 
variation. It may further be noted that the speed 
and feed are quite independent, and an alteration of 
one does not change the other. 

The overhanging arm is of steel, and solid. It can be 
clamped in its sleeve by moving a single lever, the 
clamping bolts being geared together by a device which 
insures that each shall be turned with equal force. 
When not required the arm can be pushed back clear 
of the table, so that any attachment can be put in 
place without having to remove this arm. The spindle 
is of crucible steel, with journals ground true, and it 
runs in adjustable phosphor-bronze bearings. The 
front end is ieaied externally, to take a chuck or 
large cutter. It is, of course, hollow, the hole at the 
front being finished to a standard taper. A guard-nut 
protects the external threads when they are not re- 
quired. To facilitate small adjustments of the spindle 
it can be turned by hand when desired, by pullingout the 
knob shown to the right-hand top corner in Fig. 7, 
page 209. This then gears a pinion with the large 
spur-wheel G, mounted on the spindle, and by turning 
the knob this spindle can then be rotated. 

The speed-gears between the driving-pulley and 
the spindle are shown in Fig. 6.. The belt-pulley 
shown to the left of Fig. 6 is driven at a constant 
speed by the motor, and the speed ratios provided 
vary from 1 tol up to 11020. This range is obtained 
by the use of two back-gears, and a set of spur-wheels 
ot different diameters shown at A. These are, as 
shown, mounted on a shaft parallel ta the pulley shaft. 
The latter carries a long spur-wheel as indicated, and 
by means of an idler any one of the four spur-wheels 
shown can be put into gear with this long spur-wheel. 
This idler is carried in a swinging frame, which can be 
traversed also in a direction parallel to the shafts. It is 
locked in position opposite any,one of the four spur- 
wheels by the handle shown at B, Fig. 8, which, it will 
be seen, moves in a slot provided with four notches. 
The handle shown at C swings the frame carrying the 
idler in or out of gear with the spur-wheels. As 
arranged in Fig. 6, motion is transmitted from the 
spur-wheels at B through the largest, which is in 
gear with a pinion cut on a sliding sleeve E. This 
sleeve can, however, be traversed axially, so that the 
large wheel cut on it comes into gear with the smallest 
wheel of the set at B. This arrangement, it will be 
seen, is thus equivalent to a back-gear. It is moved 
to either of its two positions by the lever shown at 
D in Fig. 8, and also by dotted lines in Fig. 6. This 
lever actuates a spur-pigion gearing with teeth turned 
in the sleeve E. 





A second back-gear of the usual type is also pro- 
vided, as shown in Fig. 7. The sliding-sleeve E drives, 
by means of a feather, a second sleeve on which it 
slides. This latter sleeve is loose on the spindle, 
but has keyed to it at the back a pinion F; whilst 
at the front it is provided with a flange having 
holes bushed with steel, into which fit pins, pass- 
ing through the main spur-wheel G. These pins 
can be moved in or out by the sliding - collar H, 
which is actuated by a fork operated by a cam 
on the eccentric- shaft I. In turning this shaft 
to throw the back gear into action, the cam firat 
withdraws the locking-pins by means of the fork and 
sliding-collar, and then a continued rotation of the 
hand-wheel at J throws the back gear into mesh. In 
taking out the back gear the sequence of events is, of 
course, reversed. It will be seen that under no condi- 
tions is it possible to have the back gear in mesh, and 
the spur-wheel G also locked to the plate behind it. 
A table is cast on the machine, showing the revolutions 

r minute with any arrangement of the speed and 

ack gears. 

An arrangement of very similar character is used 
for changing the table feeds, the gears in this case 
being represented in Fig. 10. Here the shaft K 
is driven by a chain from the first motion shaft. This, 
by means of a long pinion and idler, transmits motion 
to one or other of the five spur-wheels shown at L, 
and the latter by means of a back gear quite similar 
to that at E, Fig. 6, drives the feed-shaft. The 
change-levers are shown in Fig. 9. Here N swings 
the idler in or out of gear, and O traverses it along 
from one spur-wheel to another, whilst P operates the 
back gear. The feed-shaft M (Fig. 10) is connected 
by a telescopic shaft and Hooke’s joints to the table ; 
the starting, stopping, and reversing of which is also 
controlled by levers attached to the gear-box shown 
below the table in Fig. 1. © 

The work-table is connected to its bracket by a 
swivel, and can be turned completely round, end for 
end. The bracket itself is adjustable vertically by 
means of a telescopic screw, which does not extend 
below the base of the machine, whatever the height of 
the table. Both transverse and longitudinal feeds are 
automatic, and, if desired, the vertical feed can also be 
fitted for automatic operation. A ‘‘ knock-off” is pro- 
vided for throwing out the feed automatically at any 
point desired. Adjustable dials, graduated to read 
1vvv in. of feed, are fitted to all the traverses ; and the 


swivel on which the work-table is mounted is also. 


graduated to 4 deg. 

A special feature of the machine is a new spiral head, 
shown complete in Fig. 2. The spindle of this head 
can at will be geared to the feed-screw of the table by 
means of change gears, so that any spiral desired can 
be cut in this way. Two systems of dividing are em- 
ployed. By using the plate shown to the right of the 
head in Fig. 2, and suitable change gears, a circle can be 
divided into any aliquot number of parts from 1 to 382. 
In this case the spindle is driven by worm gearing. 
The worm is, however, not connected direct to the 
handle shown, but is actuated from this handle by 
means of change gears. The underplate, on the other 
hand, is mounted on the worm-shaft, and turns 
with it. There is thus a differential motion be- 
tween the index crank and the index plate. Thus, 
if the plate had forty holes in it, and the crank 
were turned round until it entered the same hole 
again, it will not have turned through 360 deg., but 
through some other angle, greater or smaller, accord- 
ing to whether the crank and the plate are moving in 
the same or in opposite directions. By introducing 
suitable change gears, it will be seen that matters can 
be adjusted so that in the conditions named the 
index plate will have turned through either ,th or 
7th part of a complete revolution, thus providing an 
easy way of getting unusual prime numbers. With 
the machine is issued a table, showing at a glance the 
change gears, the circle in the index plate, and the 
number of complete and fractional turns of the crank 
needed to give any number of divisions from 1 to 382. 
In order to avoid a possible risk of error in making 
the fractional turn of a crank, two adjustable stops 
are provided on the index plate, as shown in Figs. 3 
and 4. In setting the instrument, one of these is brought 
up against the index crank, and then moved on through 
the number of holes required. The necessity of count- 
ing these holes may be avoided by the use of the divided 
circle shown. A table is provided, showing what 
angle corresponds to any number of holes. This 
prevents any mistake being made by the attendant 
counting the holes in the wrong circle. The second 
stop being set as described, the attendant can then 

roceed without risk of error. He simply, in moving 
orward the dividing spindle to a new position, with- 
draws the locking-pin on the crank, and revolves this 
through the number of complete turns required ; and 
this done, moves the handle on farther, till he brings 
it against the second stop, when the pin will natu- 
rally fall into its proper hole. The two stops are 
then moved on till that in the rear again comes in 
contact with the locking-pin. The other is then in 
the proper position for stopping at the next movement 





of the head. As shown in Figs. 3 and 5, the crank 
is adjustable, since it can be rotated slightly with 
reference to the plate, by means of the micrometer 
screws with milled heads shown. This adjustment is 
frequently convenient, as the crank can be adjusted to 
the work instead of having to adjust the position of the 
work to the crank. For ordinary simple rapid index- 
ing, this differential system is not used. It is, in 
fact, thrown entirely out of gear, and the indexing 
accomplished by means of a plate mounted on the 
spindle direct. This spindle can be tilted through an 
angle of from 10 deg. below the horizontal to 5 deg. 
beyond the vertical. It is graduated at the side in half- 
degrees, enabling the actual angle made to be readily 
read off. The footstock which accompanies this head 
has a centre adjustable for height by means of a rack 
and pinion, and also adjustable for angle, so that it 
can always be made lineable with the spindle of the 
centre head when that is tilted slightly above or below 
the horizontal. 








WARNER’S WINDMILL AND PUMPS. 

In the account we gave in our last volume, of the 
machinery at the Royal Agricultural Society’s Show, 
we briefly referred to an improved design of windmill 
exhibited by Messrs. R. Warner and Co., of 97, 
Queen Victoria-street, E.C., and Walton-on-the-Naze, 
and we then promised to publish further particulars of 
itat a future date. These particulars we are now able 
to give to our readers, and to reproduce drawings of 
the apparatus. The head is mounted on the top of a 
20-ft. steel tower, a view of the general arrangement 
being shown in Figs. 1 and 2, page 212. The sail is 
12 ft. in diameter, each section being fixed, and not 
hinged, as was the case in some of the earlier designs 
of the company. An enlarged view of the head is 
shown (Figs. 3, 4, and 5), Fig. 3 being a sectional side- 
elevation, Fig. 4 a sectional end-elevation, and Fig. 5 
a plan. The working shaft A runs in self-oiling bear- 
ings 1Zin. in diameter, and the connecting-rod is 
adjustable at both ends by tightening up the top bear- 
ing only. This rod is shown in detail in Figs. 6 and 7. 
An oe view of the shaft and bearings is shown 
in Figs. 8 and 9, from which the general method of 
the construction may be gathered. 
white metal, and is rivg-lubricated. 

The fantail B is balanced by the counterweight. C, 
and the weight of both balances the weight of the 
sail, so that the entire mill is balanced in every posi- 
tion. The weight of the complete revolving portion 
of the mill-head is carried by a ball-bearing (which is 
not shown in our engravings), at the lower end of the 
sleeve, about 2 ft. down the tower, and the weight of 
the fantail is carried by a similar bearing at the bottom 
of its shaft at D, Figs. 1 and 3. 

The crosshead guide is of the trunk type, and the 
circular guide-block is so arranged that the lower end 
of the connecting-rod works in a bath of oil, so as to 
require no attention for lubrication. This is shown 
at KE, in Fig. 4. 

The sail is held to the wind by a helical spring 
enclosed in the box F, Figs. 1 and 5, and is connected 
by a jointed-rod G to a lever H on the fantail shaft. 
When it is desired to stop the mill, the fantail is 
pulled round by a wire rope K, Figs. 1 and 10, which 
can be manipulated through a small worm-geared crab 
by a hand-lever at the bottom of the tower, clearly 
shown in Fig. 1. The rope acts through a pair of 
levers and a sliding sleeve, and passes over suitable 
guide-pulleys, as shown. The pump fitted to this 
mill has a diameter of 44 in. and a stroke of 4 in., its 
average duty being to raise about 440 gallons of water 
per hour 30 ft. high. In their catalogue Messrs. 
Warner and Co. give the duty of this mill at 350 
gallons per hour raised 100 ft. This duty is, 
however, for light winds; with a 15-mile per hour 
wind double the foregoing quantity can, we under- 
stand, be easily raised. The whole apparatus is well 
and substantially made ; and although Messrs. Warner 
and Co. have always put good material and workman- 
ship into their windmills, the design of the one we 
have just described is a marked adyance on the earlier 
ones turned out by the firm. Strength and reliability 
are of prime importance in mills sent to foreign coun- 
tries, where they have to work in out-of-the-way 
places. 

In connection with their pumping machinery, 
Messrs. Warner and Co. also exhibited a special form 
of bore-hole pump, which we illustrate in Figs. 11 
and 12; the former being the form adopted for large- 
size pumps, say over 6 in. in diameter ; and the latter 
for small sizes, below 6 in. In this form of pump the 
usual suction-valve is dispensed with, and a delivery- 
valve is placed above the bucket, so that the water in 
the stand-pipe is not allowed to follow the bucket 
on the down stroke, as it would do with the 
usual foot-valve, in case the barrel should from any 
cause be not fully charged with water—owing, 
for instance—to fast running, for it is well known 
that this causes a more or less heavy concussion, 
according to circumstances. For the small sizes of 
pumps ordinary single valves are mostly used, as 


The shaft runs in 
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shown at A and B, Fig. 12; but in most cases the ay ae bie as ; 
larger pumps are fitted with duplex valves, as shown Sarpeinc Estertnc tak Consucar District or NAGASAKI IN 1903 AND 1904. 
at C and D, Fig. 11, both in the bucket and the delivery ; 
valve. In the foregoing arrangement the top valve Toran. 
is really a rider valve, and the object in having it per- Sane. Sense. eee 
fectly free to act independently of the main one is, that 1908 198 
it shall lift in advance of the latter and also close after NATIONALITY, ; ’ 
it. The main valve does not lift until the area through r atiaaee s. 
the rider is too restricted, and causes sufficient pres- Number of wong Number of, Number of Number of 
> ~ 4 ne l. , ons. - Tons. - 7 
sure for the latter to assist the former ; and in closing Vessole, Vessels. Vessels. Vessels. wm 
a reverse action takes place. It follows that in slow- | Japanese K 65 6,541 192 163,336 257 169,927 a 960,958 
running pumps the main valve does not move, for the | Austro-Hungarian es os 4 10,836 4 10 836 3 7,849 
area through the rider valve is sufficient ; and under ——— 5 = . ot one | - yn ve am 
. se | eee: 2 : 263, 271, 8 20, 
such circumstances wear only takes place on one set Chinese .. ao - 5 2'868 H “2868 - 8 a ene 
of —— : Korean .. 7 2,044 7 2,944 10 575 
We understand that a considerable number of these — = 3 2,61; 3 2,617 7 7,878 
valves have been made for various kinds of pumps, | poh, - * aes H Bas f om 2 int 
and that they are giving very satisfactory results. | German .. 3 5,£08 17 802,172 120 307,676 11 | 824,207 
Pumps having a diameter of 2 ft. 9 in. and a stroke} Italian .. ~ .. 2 8,412 2 8,412 
of 4 ft. have run quite smoothly and free from shock, eee = eo - 237,549 104 | 93,104 
at a — of 22 strokes per minute, or about 176 ft. Spanish — : : 203 : aoe 176 252,227 
per minute. : wedish . . és es : 2,976 3 2,976 2 2,323 
As will be seen from the engravings, the bucket and United States .. °° ‘ 1 809 40 221,729 41 222,588 85 140,931 
the delivery valve can be withdrawn at the same time, Total a m4 20,067 1204 2,273,688 1278 2,293,705 ares Pane 
and afterwards replaced together, so that no fishing », 1903.. wi 28/121 1417 2'610,372 s » 1518 2,633,493 


for the usual suction valve is necessary. 








SHIPBUILDING AND SHIPPING IN 
NAGASAKI. 


THe most important items in the recently-issued 
report by Mr. Consul F. W. W. Playfair for Nagasaki 
for the year 1904 are those relating to shipbuilding 
and shipping. The total foreign trade of Nagasaki 
during the year amounted to 2,515,996/., consisting of 
imports 2,085,642/. and exports 430,354/. The figures 
for the import trade of 1904 show an increase, as com- 
pared with the previous year, of 765,39¢/., while the 
exports, on the other hand, show a decrease of 78,252/. 
The foreign trade of the two other ports included in 
the Consular district of Nagasaki-—viz., Karatsu and 
Kuchinotsu, for 1904 was :—Imports, 82,746/., and 
exports, 596,365/., or a total of 679,111/., showing 
an increase over 1903 of 14,230/. When these figures 
are added to the figures given above for the port of 
Nagasaki, the whole foreign trade of this Consular 
district during 1904 will be seen to amount to :— 








Value. 
1904. 1903. 
£ £ 
Imports 2,168,388 1,363,376 
Exports 1,026,719 1,130,358 
3,195,107 2,493,734 


The increase in imports from the United Kingdom 
amounts to 813,657/. The United States, Indo-China, 
and Siam show substantial increases as compared 
with 1903. Kerosene oil accounts for the increase in 
imports from the United States, and rice for that 
from Indo-China and Siam. In the general export 
trade there is a marked advance in the figures for 
Hong-Kong and Korea, and a very slight improve- 
ment in those for Belgium and Germany. All other 
countries show a decrease. We need not, meantime, 
however, go into details. 

By far the most important industrial establishment 
in Nagasaki is the Mitsu Bishi Dockyard and Engine 
Works, of which we have from time to time given 
detailed information. The following are particulars 
of work done during the year :— 


Vessels Docked During the Year 1904. 


Number of Gross 
Vessels. Tonnage. 

Japanese :— 
War vessels ah 15 13,552 
Merchant vessels 71 162,647 

Foreign :—- 

War vessels ss 1 6,802 
Merchant vessels 28 50,383 
Total.. 115 233,384 


The largest war vessel was of 6802 tons, and the 


largest merchant ship 6748 tons. 


List of Vessels Built During 1904. 


} 


Name. Description. 


Length. 
Breadth. 
Depth. 
Gross 
Tonnage. 


| 1.H.-P. 





ft. in. ft. in. ft. in. 














Ceylon Maru Single-screw _ steel 
” cargo steamer .. 385 0 485 6 29 { 5068 3832 
Daivei Maru Single-screw _ steel 
cargo & passenger 
steamer .. .. 212 0 31 6 21 O 1199 1378 
\\ssagiMaru Wood steam launch 60 0 15 0 7 0 42 
“hohakusan Single-screw _ steel 
ae cargo steamer .. 280 © 37 11 22 6 2029 1894 
No. 158 W steam launch 36.0 8 9 47 10 2% 
3 Dock caisson + BDBUBEFa og. mn 
5 .. Steel lighter. . -. 150 0 28 0 10 ¢ 
» 164 .. Steel kerosene oil 
lighter oe . 40 013 0 5& & 


80 | Kaisha. 


The following was the work in hand at the close of 
the year 1904 :— 














2 8 | } 
Name. Description. 4 3 < g& As 
& ry = O° 
Ss 8 AIs®(\ a 
ft. ic. in. ft. in. 
Tango Maru* .. Twin-screw stee] | 
passenger and | 
cargo steame: 44/| §2 ( 36 6) 7,463 6,499 
Tahung Maru .. Ditto 23; 40 ¢( 10 OQ} 1,660 950 
No.1... .. Dock caisson, 
steel .. oo] W117 € 8 © 
Iki Maru .. Twin-screw s‘ee) 
passenge) | 
steamer .., 260) 36 ¢ 22 G| 1,58C 1,800 
Tsushima Maru Sister-ship of Iki | 
Maru .. os 1,580 1,800 
Daishin Maru .. Single - screw 
steel passen- | 
ger and cargo 
steamer 228) 34 0 19 CC) 1,259 920 
Tetsurei Maru.. Ditto 28; 39 O £3 ¢) 2,100 2,300 
Joshin Maru Ditto 212; 32 6 20 (| 1,200 1,300 
Masan Maru .. Sister-ship of | 
Joshin Maru.. .. Pe ' .. | 1,2C0, 18500 
Total . oe ‘a y -. |18,033 :6,869 


* Since complet-d. 


In addition, a large floating duck of steel, with a 
lifting power of 7000 tons; length, 387 ft. 6 in.; length 
over all, 412 ft. 6 in.; breadth, 85 ft.; depth, 41 ft. 
7 in., was built during the year, and was successfully 
launched in May of this year (1905). This is to be 
taken to Kobe for the works of the Mitsu Bishi Com- 
pany there. No. 3 dock was completed and opened in 
March of this year, and the Tango Maru, 7463 tons, was 
docked on the 17th of that month. Steel castings and 
Stone’s manganese bronze castings were commenced 
last year, and are now produced with satisfactory 
results. The number of workmen employed in the 
establishment at the end of the year was 5243, which 
shows its importance. 

Nagasaki is the most important shipbuilding centre 
in the Far East, and it is certain to make its 
influence felt in the developments which are now 
going on in the commerce and industry of the 
Pacific area. 

The war at present being carried on between Japan 
and Russia has had a most marked effect on the ship- 
ing during the year, the three ports of Nagasaki, 
<aratsu, and Kuchinotsu showing a decrease of 
344,734 tons. The total number of Japanese ships 
was 257, of 169,927 tons, against 776 vessels, of 
960,953 tons, in 1903, or a total decrease of 519 
vessels and 791,026 tons. The majority of the 
Japanese vessels which entered belonged to the 
Nippon Yusen Kaisha and the Osaka Shosen Kaisha. 
The former company usually sends steamers to 
Shanghai, ‘Bombay, Australia, and Europe, as well 
as to Korea, Vladivostock, and Formosa. For the 
greater part of the past year this company had to 
suspend its services to Shanghai, Australia, and 
Europe, and replace its vessels to a certain extent on 
other runs by chartered steamers. A considerable 
number of vessels were taken by the Government as 
transports, and the lines to Korea and North China 
were stopped for this reason, as was the line from 
Japan to San Francisco, owned by the Toyo Kisen 
The vessels to Formosa were also largely 
replaced by chartered foreign steamers. The Osaka 
Shosen Kaisha is not so large a concern as the 


Nippon Yusen Kaisha, but it also had to cease 
running on some routes and replace some of its 


The figures for British shipping at the three ports in 
1904 and 1903 are as follows :— 























19)4. 1903. 
Port. 
Number Number 
of Vessels. Tons. of Vessels. Tons. 
Nagasaki 8538 831,805 194 ~ 540,990 
Karatsu 42 86,288 22 42,608 
Kuchinotsu 150 353,332 93 287,452 
Total 550 1,271,425 += S09—| «820,950 


oe an increase of 241 ships and 450,475 tons in 
4. 

The tonnage of French vessels which entered the 
ports of the district in 1904 was 16,869 tons, as com- 
pared with 20,391 tons in 1903. German shipping 
shows a decrease of 16,531 tons, while the United States 
shipping at Nagasaki increased by three vessels and 
78,624 tons in 1904 as compared with 1903. The increase 
is chiefly due to the fact that several very large United 
States steamers now make use of this port. As was 
only to be expected, the fall in Russian shipping is 
very noticeable. In 1903, 175 vessels, of 250,853 tons, 
entered Nagasaki; in 1904 only. sixteen vessels, of 
15,490 tons, entered—a decrease of 159 vessels and 
235,363 tons. 

The table above shows the shipping which entered 
the three ports within the Consular district of Naga- 
saki in the years 1903 and 1904. 








PrRsoNAL.—Messrs. Dorman and Smith, of Ordsal 
Electrical Works, Salford, inform us that they have ap- 

inted Messrs. Andrews, Davidson, and Co., of 126, 

othwell-street, Glasgow, to represent them in Scotland 
for the sale of their electrical fittings. —The town council 
of East London has appointed Mr. C. Lambe, of Jobhan- 
nesburg, town electrical engineer, at a salary of 5002. per 
annum. Mr. Lambe was formerly borough electricai 
engineer of Kimberley. There were fifty-three applica- 
tions from Europe and twenty-one applications from South 
Africa for the appointment.—Messrs. Andrew Barclay, 
Sons, and Co., Limited, locomotive engineers, Kilmarnock, 
have appointed Mr. John Cawley, 13, Victoria-street, 
Westminster, as London agent to deal with their loco. 
motive business in London.—Messrs. T. Sugden, Limited, 
of 180, Fleet-street, London, E.C., have been appointed 
sole agents in Great Britain and Ireland for Zschocke’s 
patent water-coolers, blast-furnace gas purifying and 
similar plants. 





Tuer Rattways or THE Wor_p.—Mr. J. D. Diacomidis, 
of the Engineers’ Department of the Egyptian State Rail- 
ways, has compiled a series of tables giving statistical 
information of the working of railways in the United 
Kingdom, France, Belgium, the East Indies, Japan, 
Algeria, and Tunis. For the first three of these countries 
he gives length of line, particulars of rolling-stock, train- 
mileage, receipts (total per kilometre and per locomotive) 
both of goods and passengers, the work done by trucks 
and carriages, expensés (set out under sixteen headings), 
total capital, and results of working. For the other 
railways mentioned above statistics are given of the 
length of line, rolling stock, annual mileage, annual re- 
ceipts, annual mean receipts for passenger traffic and 
goods traffic, expenditure, capita], and results of working, 
the particulars being worked out under sixty sub head 
ings. A third set of tables deals with fourteen European 
countries, Canada, the United States, and twelve Eastern 
and colonial railway systems under similar headings. The 
last table shows comparatively the results of working of 
the same twenty-eight railway systems. We do not re- 
member to have seen so much statistical information re- 
lating to railways collected in a single pamphlet before. 





steamers, taken for Government service, by chartered 
vessels, 








It is published at the Imprimerie Nationale, Cairo, and 
is partly in French and partly in English, 
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CONSTRUCTED Bb 


WINDMILL AND PUMPS. 
Y MESSRS. R. WARNER AND CO., 
(For Description, see Paye 210.) 








> 
| 











Lay 





er oe 


a ae 








ee 





—- 




















Yt | UAW 
*, =) 


% 
i 


18,000 HORSE-POWER ROLLING-MILL 
ENGINES. 


WE illustrate on our two-page plate and on pages 213 
and 216 a vertical rolling-mill engine capable of indi- 
cating 18.000 horse-power, recently constructed b 
Messrs Richardsons, Westgarth, and Co., Limited, 
Middlesbrough. The engine is designed to take steam 
at 200 1b. per square inch, and to run at 200 revolutions 
per minute; and weighs 500 tons. The engine is in- 
tended to drive the heaviest class of rolls, and to be 
very economical in steam. The general character of 
the engine is capitally shown in our two-page plate, 
which conveys an excellent idea of its massive propor- 
tions. The three cylinders are all 45 in. in diameter, 
with a 52-in. stroke. The engine.can either be worked 
as a compound engine, having one high-pressure (the 
middle one) and two low-pressure cylinders; or high- 
pressure steam can be admitted direct to all three, the 
change being made instantly, by means of a patent 
valve operated by hydraulic pressure. The engine bed- 
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plate is 4 ft. deep, the metal being 3 in. thick, whilst 
the crank-shaft, which is in three interchangeable 
pieces, is 22 in. in diameter at the bearings. The 
cranks are arranged at 120deg. The bearings are lined 
with white-metal and are unusually long. Nickel steel 
has been used for the piston and connecting-rods, and 
other working parts. 

Until quite recent years few rolling-mill managers 
paid much attention to the matter of steam economy, 
and in one such works we remember a steam-pipe 
was carried for a quarter of a mile through an under- 

round drain which frequently ran full of water. 
Of late years, however, economy in all points has had 
to be studied at steel works, and as a consequence 
condensing engines have gradually come into favour, 
and fly-wheels have also been dispensed with, as, 
whilst they helped the engine in an emergency, 
they made the engine much less easy to handle, and 
thus led to a waste of steam. With a view to 
a further reduction in steam consumption, it was 
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PLAN WITH CAP REMOVED. 
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were certain difficulties to be overcome in view © 
the extreme suddenness with which the load on 


¢ 





highly desirable to compound these engines, but there 


the engine varies. The governing gear must act direct 
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DETAILS OF VALVE-GEAR OF 18,000-I.-H.-P. ENGINE. 
CONSTRUCTED BY MESSRS. RICHARDSONS, WESTGARTH, AND CO., MIDDLESBROUGH. | 4tter valve is of the Cornish double-beat type 
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Fig. 3. 


|expansion valves are shifted to cut off earlier simul- 
| taneously with the closing down of the throttle-valve 
}on the main steam supply. As shown in Fig. 2, the 
. A link 
connects it with a way-bar running along the the whole 
front of the engine, as shown in Figs. 4 and 5, page 
216; and links and bell-cranks leading from this con- 
trol the positions of the expansion valves. 

As represented in Fig. 2, the valves are all of the 
piston type, with the expansion valves working inside 
the main valves. The main valves are in two parts, 
connected together by a central rod, as shown. The 
lower of the two portions is connected by two hollow 
|rods with a head sliding in guides, this head being 
driven direct by the link. This link is driven by eccen- 
| trics in the usual way, but, as shown in Fig. 3, there are 
two forward eccentrics and a single reverse eccentric 
—an arrangement which gives straight leads for the 
eccentric rods. These eccentrics, it will further be 
noted, are mounted on a side shaft driven by gearing 
from the crank-shaft, and not mounted direct on 
the latter. The expansion valve-rods pass through 
the hollow rods driving the main valve, as shown. 
They terminate in links connecting them to opposite 
ends of a lever, the centre point of which is mounted 
ona link pivoted on the sliding-head of the main valve, 
and is also further controlled by being coupled to the 
| inside end of a lever, the outer end of which is con- 
| nected to the top of the rod for the expansion eccentric 
|The only possible motion of the cut-off valves, it will 
| be seen, will be due to a rocking ou its bearing of the 
| lever to which their rods are coupled. This motion is 
| procured by means of the lever and links marked a, 6, 
|c, d, e in the diagram. The position of the point e 
depends on the position of the throttle-valve, to which 
it is connected, as already explained, and on nothing 
‘else. Hence, as the sliding head of the main valve 

moves up, and as the end of the expansion-rod 
|eccentric also moves, the lever a is rocked to and 
\fro, the mean position about which it rocks being 
dependent solely on the position of the 
point e, and this in its turn on that of the 
governor valve. The lever a being rocked 
in this fashion, its motion is communicated 























to the cut-off valves, the position about 
which they oscillate over the main valves 
being thus ultimately dependent on the 
position of the governor gear. Engines 
fitted with similar valve-gear have been in 
use for some time in Continental steel 
works, and have shown a great saving in 
_| the expenditure of steam. Thus at the 
Differdingen Works the blooming mills 
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were originally driven by two non-condens- 
ing engines, each having two cylinders 
514 in. in diameter with a 55 in. stroke. 



































/ racing as an ingot left the rolls. With 
this view the Cockerill Company, of 
Seraing, placed a throttle-valve between 
the intermediate receiver and the low- 
pressure cylinders, and this valve was 


worked simultaneously with the high- | 


pressure throttle-valve. The same object 
is attained in the engines under discus- 
sion by the adoption of the Rottmann 


on both the high-pressure and low-pressure cylinders, , patent valve gear, which is shown in detail in Figs. 2 
a8 otherwise there would be quite sufficient steam | and 3. With this gear each cylinder is fitted with cut- 


in the low-pressure cylinders to give rise to serious off valves working inside the main valves, and these 








One of these engines was replaced by a 
compound condensing engine fitted with 
the Rottmann gear, and the saving of 
steam in working a bloom down to 5b in. 
square from 19? in. square was not less 
than 916 lb. per bloom, the daily produc- 
tion being 350 blooms. 

An emergency governor of Crowe’s cen- 
trifugal type is fitted on end of crank-shaft. 
It operates an hydraulic valve, which closes 
the emergency stop-valve when required. 
This valve can also be controlled and re-set 
from the starting platform, and the start- 
ing gear is fitted on a platform (not shown 
on the drawings) opposite to the mill, so 
that the attendant controlling the engines 
is directly opposite to the rolls. 

These engines which appear to be of an 
exceptionally strong design and heavy con- 
struction, and carefully worked out in 
detail, are one of two sets which the 
builders have in hand for the Cargo Fleet 
Iron Company, Limited, of Middlesbrough, 
for their new works. The engine illus- 
trated is for the cogging mill, to which it 
is geared two to one, the second engine will 
be coupled direct to the finishing mill. 




















Cupan Exvectric Rai.ways.— The Havana 
Central Railroad Company, which has been 
purchasing extensively in the New York 
machinery market of jJate, is carrying out a 
large railroad project in Cuba, The company 
is building a network of electric railways from 
Havana to -— towns, and it is layin 

120 miles of single track. The line will be for freight an 
passenger service, and it is the intention to transport 
perishable products to Havana, where a dock is being 
construeted by the company. Hitherto, fruit has been 
|earried into Havana by wagon, and then transported 
in boats to steamers, because the harbour was too shallow 
to admit of the docking of large sea-going vessels. When 
the harbour has been dredged and the dock has been con- 
structed, machinery will be provided for handling and un- 
loading freight from cars to steamers. The company has 
bought twelve General Electric Company locomotives and 
a power-house, machine-shop, and car-building plant are 
being built. Mr. G. F. Greenwood is chief engincer. 
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PHILADELPHIA, August 8. 

Most of the American blast-furnaces are well over- 
sold, contracts reaching in some instances as far as 
six months ahead. As a natural result of this condi- 
tion but little business is being done at present, though 
there has bsen remarkable activity up to within a 
recent period. The demand up to within a month 
or two has covered all kinds of pig iron made, 
but for the reasons above stated most of the larger 
consumers especially are now out of the market, and 
it is not probable that they will make any effort to 
purchase any more material until conditions change 
for the better, or until they secure sufficient new busi- 
ness to warrant the purchase of material to cover it 
The smaller companies in the south have been booking 
business, and are now satisfied to remain out of the 
market. The advancing tendency in pig iron still con- 
tinues, and it is shown especially in the attitude taken 
by the managers of some Northern furnaces in re- 
fusing to accept contracts for late delivery, excepting 
on a basis of 15 dols. for No. 2X. This determination 
to exact higher prices is more likely to extend than 
decline, as the furnace interests are, so far, oversold. 
Consumers, however, are closely watching the course 
of the furnace interests, and notwithstanding their 
present apparent indifference, it may be found that 
they will be active buyers before the close of the 
summer. We are entitled to whatever dulness there 
is for us at this season of the year. 

Much interest is felt in the steel-rail situation. 
Prices of rails, plates, and beams remain where they 
have been for a long time past, while billets are a 
dollar higher than last year. 

Last year the United States Steel Corporation 
turned out 1,242,646 tons of steel rails, and this year 
the output is estimated at 1,500,000 tons. This year 
the increase in prices of leading steel products over 
last year are as follows: ~Wire rods, 4.50 dols. a 
ton ; steel bars, 15 cents per 100 lb.; sheets, 20 cents; 
cut nails, 15 cents per keg. The earnings of that 
corporation last year were 73,177,000 dols. on a pro- 
duction of 6,793,000 tons of finished material, or 
nearly 11 dols. per ton. If the company produces 
9,000,000 tons of finished steel this year, the net 
opm based upon the profits of last year, will 

ey! 100,000,000 dols. The present outlook for 
steel is bright, and the rail mills will have barely any 
time to make repairs. There is a constant flow of new 
orders for rails and new railroad building enterprises 
are constantly coming up. Besides this nearly every 
railroad company in the country wants track equip- 
ment, machine-shop material, rolling stock, sad Lec 
motives. The car builders are overrun with orders 
for both wooden and steel cars, and there is also a 
very urgent demand from small buyers of irun and 
steel, including much material intended for house and 
general building construction. There is a remarkable 
increase in building activity this year over last, with 
a corresponding increase in demand for lumber, iron, 
steel, and lesser building materials. 








Contracts.— Messrs, C, and A. Musker, Limited, of 
Liverpoul, have received the order from the Mersey 
Dovks and Harbour Board for the sluice-machines, gate- 
machines and capstans, required for the Tranmere Bay 
Development Scheme.—The Chain Belt Engineering 
Company, Derby, have secu a large order from the 
Dunder'and Lron Ore Company, Limited, for a complete 
conveying and loading plant, capable of handling 130 tons 
of iron ore briquettes per hour. The plant includes 
three elevators, a slat conveyor, and five pan conveyors, 
one of the latter being no less than 800 ft. long.—The 
Muson’s Gas Power Company, Limited, Levenshulme, 
Manchester, received instructions from Messrs. N. Green- 
ing and Sons, Limited, of Warrington, to proceed with 
the erection of gas-producer plant, wire-annealing fur- 
nace, &c., for their new works at Warrington. They have 
also received from Messrs. Cochrane and Co. a fourth 
order for gas-producers, 


‘Tux Copper Hanp-Boox.”—The fifth annual edition 
of this compendium of the copper-mining industry of the 
world has recently appeared. Tis a well-printed volume 
of nearly 900 pages, containing chapters on the geogra- 
phical distribution, metallurgy, finances, and statistics 
of the metal. Glossaries of the chemical names and 
mining expressions bearing on the industry are given, 
but the greater portion of the work, nearly 700 pages, 
consists of an alphabetical list of the copper-mining 
companies of the world. No less than 3849 companies 
are mentioned, paragraphs varying in length from two 
lines to twelve pages being given about each. No 
small part of the value of the work lies in the honest 
endeavour made by the author to distinguish between 
sound and fraudulent concerns, The latter and their 
promoters are spoken of with a freedom which, under 
our stricter libel lawa, is impossible. We find such 
phrases as *‘a swindle of the most rotten and bare-faced 
sort, and every man connected with it is either a fool or a 
rascal.” Fraudulent directors are also mentioned by 
name, with ali the wealth of American invective. The 
book is published at the price of 5 dols. by Horace J. 
Stevens, Houghton, Michigan, U.S.A., who will send a 
copy to any address on approval, 





NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market was very idle, but prices were well 
maintained, the improved character of the home trade 
reports and the favourable American advices oe 
tended to encourage holders. Two lots of Clevelan 
warrants changed hands at 47s. 14d. one month, the 
market closing with sellers at 463. 104d. cash and 47s. 14d. 
onemonth. The settling prices were :—Scotch, 49s. 44d. ; 
Cleveland, 463. 104d. ; Cumberland, 56s. 14d. ; and Stan- 
dard foundry iron, 45s. Inthe afternoon the dealings were 
again small, consisting of 2500 tons of Cleveland warrants 
at 47s. O4d. eighteen days, 47s. 1d. and 47s. 2d. one 
month. ‘I'he market closed a shade stronger than in the 
morning, sellers being a 1d. more for cash and 4d. more 
for one month iron. On Friday forenoon the tone of 
the market continued firm, but the turnover was only 
4000 tons of Cleveland warrants. The prices were 
46s. 114d. cash and five days, 47s. 24d. one month, 
and 47s. 4d. two months, with closing sellers at 
47s. cash and 47s. 3d. one month. Throughout the 
afternoon session there was considerably more activity 
than had been evident for some time before. Cleve- 
land warrants advanced to 47s. 1d. cash, at which 
figure dealings took place, and also at 47s. 34d. twenty- 
eight days, 47s. 3d. and 47s. 24d. one month, 47s. 6d. to 
47s. 64d. three months. The turnover, independent of a 
good business in options, was 7000 tons, and sellers’ closing 
quotations were 47s. 14d. cash, 47s. 44d. one month, 
47s. 74d. three months, with closing buyers for the latter 
date at 47s. 64d. Cumberland hematite iron was quoted 
56s. 6d. buyers and 57s. sellers one month. When 
the market opened on Monday morning the tone was 
very firm, and Cleveland warrants advanced 4d., being 
done up to 47s. 54d. cash and 47s. 9d. one month. 
The business was 55U0 tons, and the various prices were 
47s. 44d. and 47s. 5}d. cash, 47s. 7d. eighteen days, 
47s. 74d. to 47s. 9d. to 47s. 84d. one month. The settling 
prices were :—Scotch, 49s. 44d.; Cleveland, 47s. 44d.; 
Cumberland, 563. 104d.; and Standard foundry iron, 
45s. 6d. In the afternoon the — were rather less 
than in the morning, but the standard of prices was 
maintained. Cleveland warrants were done at 47s. 54d. 
and 47s. 5d. cash, 47s. 8d. and 47s. 9d. one month, 
closing with sellers at 47s. 54d. cash and 47s. 84d. 
one month, buyers being at 4d. less in each case. 
The turnover of 3500 tons included 1000 tons at 
48s. three months, with buyers over at that figure, 
and sellers at 48s. 1d. Standard foundry iron was 
quoted at 453. 9d. cash sellers. On Tuesday morning 
a fair business of between 5000 and 6000 tons of Cleve- 
land warrants was done at steady prices. Cash iron 
changed hands at 47s. 54d., which was also the closing 
price, and one month iron changed hands at 47s. 8d. and 
47s. 9d., and 24 days’ iron realised 47s. 8d. Three 
months’ iron was a shade easier at 47s. 104d. buyers 
and 48s. sellers. In the afternoon a flatness came 
over the market, and although the turnover reached 
nearly 7000 tons the price of Cleveland warrants was 2d. 
down. Business was done at 47s. 3d. cash and 47s. 74d. 
to 47s. 6d. one month, and three months’ iron was 
offered at 47s. 10s., but there were no buyers. Sellers’ 
closing quotations were 47s. 34d. cash and 47s. 64d. 


one month. When the market opened to-day (Wednes- | y 


day) Cieveland warrants were steady, and only a small 
business was put through. The dealings consisted of 2000 
tons at 47s. 4d. cash and 47s. 6d. twenty-three days, and 500 
tonsat 47s. 94d. three months, with buyers over for that date 
at 47s. 9d., and sellers at 47s. 104d. The ene Sg 3 
were 47s. 44d. cash and 47s. 74d. one monthsellers. In the 
afternoon business was again quiet and prices steady. 
Cleveland warrants to the extent of 2000 tons changed 
hands at 47s. 4d. cash, 47s. 74d. one month, and 47s. 104d. 
three months. Sellers’ closing quotations were 4d. less 
than at the close of the morning session. Standard 
foundry iron was quoted at 45s. 44d. cash sellers, and 
hematite iron at 57s. 6d. one month sellers. The market 
quotations for makers’ (No. 1) iron are as follow :—Clyde, 
57s. 6d.; Calder, Gartsherrie, and Summerlee, 58s. ; Lang- 
loan, 60s. ; Coltness, 66s. (all shipped at Glasgow) ; Glen- 
garnock (shipped at Ardrossan), 57s. 6d.; Shotts (shipped 
at Leith), 57s. ; Carron (shipped at Grangemouth), 58s. 6d. 


Scotch Pig Tron Advanced in Price.—On Monday after- 
noon several brands of Scotch pig iron were advanced in 
price. Messrs, William Baird and Co., Limited, of 
Gartsherrie, intimated an advance of 1s. per ton in all 
their brands, and Messrs. Merry and Cunninghame have 
also advanced their No. 1 Glengarnock and Nos. 1 and 4 
Carnbroe by 1s. per ton, and No. 3 Glengarnock by 6d. 

r ton. All round the prices for Scotch pig iron are 
firmer, and makers report that the demand is exceedingly 
good, better, in fact, than it has been at this season for 
some years. Inquiries for forward business are also said 
to be ver satisfactory. This advance is the second 
upward change in about a fortnight, and prices are 
now practically at about the best points of the year, and 
are from 1s. to 3s. per ton better than merchants’ quota- 
tions for the several Scotch brands at this time last year. 
A prominent feature of the current dealing has been the 
demand from the Midlands of England, several thousand 
tons having been bought for that district within the last 
few days. 

Sulphate of Ammonia.—There has been a rather better 
an pd for sulphate of ammonia during the past week, 
and the market is, if anything, a shade firmer. Quota- 
tions are steadier, and are round about 12/. 7s. 6d. to 
12. 10s. for prompt business. The amount shipped last 
week from Leith Harbour was 366 tons. 


Scotch Steel Trade.—Good business at present continues 
to be the report from the various Scotch steel works. 


Order-books are generally very full, and the inquiry of 
late has been fairly satisfactory. Rumours have been 
current during the past week that quite a number of 
contracts have been placed with the local _ship- 
builders for new steamers, but so far only a few of 
| these orders have been made public. If the shipbuild- 
|ing industry continues to improve work will be very 
| plentiful in the steel trade for a number of months 
ahead. The advance in prices hinted at recently has 
|now taken place. On Tuesday afternoon, at a meet- 
|ing of the Scotch steel makers held here, it was re- 
| solved to advance the price of angles and bars by 2s. 6d. 
|per ton. The oo now being:—Angles, 5/. 10s. 
per ton ; bars, 6/. 10s. per ton ; each less 5 percent. It 
1s fully two years since angles and bars were at these 
figures. No change was made in the quotations for ship 
and boiler-plates. The directors of the Steel Company of 
Scotland, Limited, at their meeting to-day recommended 
that, subject to audit, 50007. be carried to the credit of the 
reserve fund account, and 22,302. be applied to the pay- 
ment of a dividend at the rate of 5 per cent. per annum, 
free of income-tax, carrying forward a balance of 4265/. 


Shipbuilding.—The shipbuilding boom continues, and 
it is pleasing to be able to record the placing of several 
orders for new tonnage. In the Leith yards things have 
not been too brisk for some time, but signs of a revival 
there are evident. Messrs. Hawthorn and Co., Leith, 
who are fairly busy at present, have just contracted to 
build a fast steel twin-screw passenger steamer for the 
Galloway Saloon Steam Packet Company, of Leith. 
This steamer is intended for the summer pleasure sail- 
ings on the Forth, and will be 185 ft. in length 
and 25 ft. in breadth.— Messrs. William Hamilton 
and Co., Port Glasgow, have received orders to build 
two large steamers, one of these being for Messrs. 
Glen and Company, Glasgow.—The P. and O. Steam 
Navigation Company have placed an order with Messrs. 
Caird and Co., Greenock, for two intermediate steamers 
of between 6000 and 7000 tons capacity. These two vessels 
will be about 450 ft. in length, and similar to the two at 
ea-2 under construction in Messrs. Caird’s yard. The 

uilders will also supply the engines. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Messrs. Samuel Fox and Co.—Mr. William Chesterman 
presided at the annual meeting of shareholders in the 
above company, and stated that the requirements of 
engineers with regard to the heavier goods which the 
company manu!a:tured had placed them in such a posi- 
tion that the d'rectors were arranging for putting down 
—_ to deal with them, and to increase the output at 

iminished cost. It was also stated that Mr. Henry 
Sharp, for many the a manager of the com- 
pany, had through failing health been obliged to resign, 
and Mr. F. Scott Smith, who had served under him, had 
been appointed his successor. A dividend at the rate of 
8 per cent. was declared. 


The Hull Coal Trade.—The Hull coal returns for the 
t+ month are regarded as fairly satisfactory. Nine 
rms, as compared with seven in June, sent to the ports 
10,000 tons and upwards. The weight was 332,266 tons, 
against 351,088 tons in the corresponding period of last 
ear. The consignments for the seven months were 
2,091,792 tons, against 1,991,824 tons in 1904, or an in- 
crease of nearly 100,000 tons. Trade coastwise was also 
well rite tao wen f There has been a marked falling off in 
business with Russia. Only 42,223 tons were shipped to 
that country last month, against 66,713 tons in July, 
1904. There has also n a considerable decline in the 
exports to Sweden. 


The Iron and Steel Trades.—In the iron trade there 
is rather more buying going on, and after the holi- 
days it is quite expected that consumers will be re- 

lenishing their stocks, which are generally rather low. 

he trade, however, is still quiet, and prices remain 
about the same. Orders continue to come in for steel 
both from the home and foreign markets, and makers are 
generally well employed. A decided improvement is 
going on in many branches of the engineering trade, 
and more men are being employed than for some time 
past. With the prospect of better trade firms are renew- 
ing and increasing their plant, and the hope is entertained 
that the tide in business has been turned. Orders for files 
and certain classes of engineers’ tools are coming in freely, 
and more file and rasp-cutting machines are being required. 
A very long discount on files is still being allowed. 


South Yorkshire Coal Trade—There isa slight improve- 
ment this week, owing to heavy orders which have come 
into several of the large engineering works. The ship- 
ping demand has fallen away, but is still above the 
average for the season. 








THE LATE Sirk WituiamM Lairp Crowrs.—The death 
is announced of the late Sir William Laird Clowes, the 
well-known writer on naval matters, which took place on 
Monday last at St. Leonards-on-Sea. The deceased 
gentleman was born in 1856 at Hampstead, and was 
intended for the bar, but, like many other barristers, 
drifted into journalism. His interest in naval matters 
seems to have been excited first when assisting the naval 
editor of the Navy Gazette, and he soon established « 
reputation as an authority on naval history. He was the 
gold medallist of the United States Naval Institute in 
1892, and he was a frequent contributor on naval matters 
to the principal London dailies, the ‘Naval Annual, 
and ‘‘ Whitaker's Almanack.” He was knighted in 
1902, principally in ition of his work as editor of 
“*The Royal Navy—A History from the Earliest Time to 
the Present.” 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Yesterday the attendance 
on ’Change was only very thin, but the tone was cheer- 
ful, and a considerable amount of business was reported. 
Quotations again moved upwa and consumers of pig 
iron, realising that the autumn demand had commenced, 
and that there was apparently nothing to gain by further 
delay, came forward By! reely. News of a Fe agp | 
kind from the United States, as well as the fairly g 
shipments, assisted materially in strengthening the 
market. At the same time it was admitted that, as yet, 
the whole of the supply of Cleveland pig was not being 
taken up, and this was shown by the continued addition 
of rather over 1000 tons per day to the warrant stores. 
Traders, however, opined that ere long the production 
would not only be needed, but that stocks would be 
drawn upon. No. 3 g.m.b. Cleveland pig was, at the 
opening, 46s. 74d. cok, and some buyers endeavoured 
to purchase at rather less; but as the day wore on the 
price stiffened, and by the close of the market 463. 9d. 
was angen A quoted. No. 1 was 48s. 6d.; No. 4 
foundry, 44s. 6d. ; grey forge, 423. 3d. ; mottled, 41s. 9d. ; 
and white, 41s. 3d. Middlesbrough warrants opened at 
47s. 5d., and closed 47s. 3d. cash buyers. East Coast 
hematite pig was in good demand. Mixed numbers sold 
at 55s. for early delivery, and No. 1 realised 55s. 6d. 
No. 4 forge hematite, however, was weak, and could be 
bought at 51s. Spanish ore was, if anything, rather 
firmer ; but there was little doing in it, consumers having 
bought what they need for the present. To-day there 
was no change of any moment in the market. 


Manufactured Iron and Steel.—Very good accounts are 
given of the manufactured iron and steel industries. 
Orders have lately come in apace, and some firms have 
made contracts which will keep them going for some 
months. Producers have not advanced their rates, as 
they did not wish to check the buying. Quotations, 


however, are very strong, and may be put up at any 
time. Common iron bars are 6/. 7s. 6d. ; bars, 
6l. 17s. 6d.; iron ship-plates, 6/. 2s. 6d.; iron 


ship-angles, 6/. 7s. 6d.; iron ship-rivets, 7/. 7s. 6d. ; 
steel bars, 6/. 53.; steel yt ga 5l. 17s. 6d. ; 
steel ship-angles, 5/. 11s. 9d.; steel joists, 5/. 7s. 6d. to 
5l. 10s. ; steel boiler-plates, 6/. 17s. 6d.; steel sheets 
(singles), 77. 5s. to 7/. 10s.; and steel sheets (doubles), 
7l. 15s. to 8.—all less the customary 24 per cent. dis- 
count for cash. Heavy sections of steel rails are 5/. 5s., 
tram rails, 5/. 15s.; and cast-iron railway chairs, 3/, 123. 6d. 
—all net at works. 


Coal and Coke.—Fuel, on the whole, is strong. Demand 
for gas coal is growing as the days shorten, but as 
yet the supply is by no means taken up. Good Durham 
gas coal is 7s. 9d. to 83. 3d. per ton. Bunker coal is 
in fairly large request, but there is plenty on the 
market. Unscreened Durhams may be quoted 7s. 104d. 
to 8s. 3d. f.o.b. Coking coal is firm. le home con- 
sumption coke continues to find a ready market, but for 
shipment demand is not so good as could wished 
Medium blast-furnace qualities are firm at 15s. 6d., 
pp mae, Export coke is quoted 16s. 3d. and up- 
wards [.0.bD. 








NOTES FROM THE SOUTH-WEST. 

Cardiff.—The outlook in the steam-coal trade is con- 
sidered to be somewhat brighter. The best large steam 
coal has been quoted at from 12s. 9d. to 13s. per ton, while 
secondary qualities have ranged from 11s. 6d. to 12s. 6d. 
per ton. The best ordinary household coal has made 
from 12s, 6d. to 13s. 6d. per ton, while secondary descrip- 
tions have brought 10s. 6d. to 11s. per ton. No. 3 
Rhondda large has been quoted at 13s. 3d. to 133. 6d. 
per ton. Coke has shown little change; foundry quali- 
ties have been quoted at 17s. 6d. to 18s. 6d. per ton, and 
furnace ditto at 16s. to 163. 3d. per ton. As regards iron 
ore, Rubio and Almeria have made 14s. per ton upon a 
basis of 50 per cent. of iron, and charges including 
freight, insurance, &c., to Cardiff or Newport. 


Dowlais.—The Goat Mill has turned out a very con- 
siderable quantity of steel rails, principally upon foreign 
account ; the production last week amounted to 4000 tons. 
There has also been a large output of steel sleepers for 
foreign buyers. Two—and possibly three—new furnaces 
are about to be added to the Dowlais works. The new 
furnaces will be upon the latest American principles. 
pee improvements and extensions are also in contem- 
plation. 


_ New Coal Area.—Beneath the Crumlyn Burrows, near 

Swansea, lie 4000 acres of steam coal awaiting develop- 
ment. There are signs that this development is not 
remote, as, although the area has only just been placed 
- hn market, negotiations are on foot for the sale of 
000 acres, 


_ The Swansea Valley.—The output of steel bars has been 
®5out an average. In the tinplate trade production has 
been upon somewhat restricted lines. No improvement 
has been reported in the coal trade; in the anthracite 
district the men have been only working about three- 
«uarter time, 


_ Gloucester Railway Carriage and Wagon Company, 
Limited.—The directors’ report states that the disposable 
valance, after making the usual provision for depreciation 
(S110, ), and deducting the interim dividend paid March 1 
(91977.), amounts to 33,954/. The directors recommend 
the payment of a dividend for the past half year at the 
rate of 10 percent. per annum, free ~! adam tax (18,394/.), 
snaking 74 per cent. for the past year; that 5000/. be added 
to the reserve funds; and that the balance (10,560/.) be 


carried forward. The company now repairs and main- 
tains 23,311 wagons, including those belonging to it. 


South Wales Coal and Iron.—The shipments of coal 
from the six principal Welsh ports--Cardiff, Newport, 
Swansea, Port Talbot, Neath, and Llanelly—in July 
were :—Foreign, 1,722,852 tons ; coastwise, 366,781 tons ; 
or altogether, 2,089,633 tons. The shipments of iron and 
steel from the six ports in July were 20,413 tons; of coke, 
7454 tons ; and of patent fuel, 100,362 tons. The aggregate 
shipments of coal from Cardiff in the first seven months 
of this year were:—Foreign, 8,303,969 tons; coastwise, 
1,528,777 tons. The te shipments from Newport 
were :—Foreign, 1,835,269 tons; coastwise, 465,165 tons. 
From Swansea :—Foreign, 1,023,051 tons; coastwise, 
172,870 tons. From Port Talbot:—Foreign, 434,653 
tons; coastwise, 179,872 tons. From Neath :—Foreign, 
54,977 tons; coastwiee, 126,371 tons. From Llanelly :— 
Foreign, 121,634 tons; coastwise, 55,340 tons. The aggre- 
gate shipments of iron and steel were :—Cardiff, 47,490 
tons ; Newport, 49,488 tons ; Swansea, 16,004 tons. 








RkcENT DEVELOPMENTS OF SINGLE-PHASE RAILWAY 
Traction : ErratuM.—With reference to the article on 
**Recent Developments of Single-Phase Railway Trac- 
tion,” which appeared on 103 in our issue of the 
28th ult., we are informed by the be ne agree» Publishing 
Department that an error occurred in the table they sent 
us, where the length of the demonstration line at Trafford 
Park was given as 10.1 miles. This ought to have been 
three-fifths of a mile. 





INTERNATIONAL CONGRESS ON THE EconomicaL Ex- 
PANSION OF THE GLOBE.—On September 24 next an 
international congress is to be held at Mons, in Belgium, 
with a view to carry out systematic discussions of a 
number of vital problems relating to instruction, statistics, 
political economy, customs tariffs, « matters, the ex- 
pansion of civilisation, and so forth. The object of the 
congress has received the assent of the King of the Bel- 
gians. The presidents are the leaders of both Chambers 
and the Secretary of State. The meetings, which will 
last over five days, promise to be well attended. The 
secretary’s offices are 8, Rue de la Loi, Brussels. 





TURBINE AND ReEcrPROCATING ENGINES IN THE MID- 
LAND RatLway Company’s Boats: ErratuM.—On page 
161 of this volume, in our reprint of the above paper by 
Mr. William Gray, an omission occurred, and the author 
has called our attention to it, and to the fact that he 
made a correction when the paper was read on July 20, 
before the Institution of Naval Architects. It refers to 
the speed of the Manxman. In our reprint it is stated 
that the speed given was attained when two boilers 
were in use, whereas three boilers were supplying steam 
to the engines at the time. The other vessels mentioned 
were run with two boilers. 





THE Panama Rariroap.—In connection with the 
development of the great canal through the Isthmus of 
Panama the question has of late presented itself for con- 


*| sideration : ‘* What is to be done with the Panama Rail- 


road?” The Panama Railroad Company was organised 
under the laws of the State of New York in 1849, and it 
completed its line, which is 49 miles in length, in 1855. 
A concession granted to the company by the Republic of 
New Granada—now the Republic of Colombia—gave the 
railroad company an exclusive right to build a line across 
the Isthmus, and provided that no canal should be con- 
structed without the company’s consent. In 1881 the 
French Panama Canal Company purchased sixty-eight 
seventieths of the stock of the railroad company for 
17,000,000 dols. This stock formed part of the assets of 
the French company when it was purchased by the 
United States. At the time of the purchase the 
railroad company had a bonded indebtedness of 
2,372,000 dols. From 1853 to 1881 the average annual 
dividend paid by the railroad company was nearly 16 per 
cent., while from 1881 to the time when the ha 
taking was acquired by the United States the average 
annual dividend was a little under 5 per cent. The 
equipment of the railroad is old-fashioned and out of date, 
but the property of the company includes practically all 
the land on which Colon, the Atlantic terminus, is built, 
three wooden wharves there, as well as three wooden 
wharves at Panama, and a steel wharf at La Boca. For 
twelve years the company has also carried on a line of 
steamers between New York and Colon, and six ships are 
now in use—three owned and threechartered. Mr. J. L. 
Bristow, formerly fourth assistant Postmaster-General of 
the United States, has been charged with the duty of 
investigating the position and management of the under- 
taking. After carefully reviewing the facts of the case, 
Mr. Bristow has come to the conclusion that it is desirable 
that the Panama Railroad should be continued as a com- 
mercial line; that its facilities for handling traffic should 
be improved ; that it should be double-tracked and re- 
equi - with modern rolling stock ; that its port facilities 
deal be enlarged by the construction of additional 
wharves ; and that modern facilities for handling cargoes 
should be provided. Mr. Bristow further considers that it 
is desirable that the line of steamers between New York 
and Colon should be continued ; that existing contracts 
with the Pacific Mail Company and certain South Ameri- 
can lines should be cancelled ; and that the ports of Colon 
and Panama should be opened for the use of all steam- 
ship lines upon equal terms. Mr. Bristow thinks that 
failing the establishment within a reasonable time of a 
regular steamship service between Colon and the Gulf 
ports, a line should be developed by the Panama Rail- 
road Company. Mr. Bristow finally suggests that in 
traffic connections American steamship lines should be 





favoured so far as this can be done. 


. MISCELLANEA. 


Tue Electrical Review (New York)states that an elec- 
tric power company in America has recently taken a 
contract to pump a supplemental water supply of a city 
at therate of 0.3d. per 1000 imperial gallons. The head 
varies between 133 ft. and 200 ft. Comparative esti- 
mates made for the city showed a large saving in the 
annual cost due to the adoption of the plan stated, as 
against building an additional steam pumping plant, 
although coal was obtainable at a cost of but 8s. 11d. per 
ton delivered at the station. 


In our last issue we referred to a test made of a Mond 
gas plunt erected at Heysham Harbour for the Midland 
Railway Company. Through an oversight, we omitted to 
mention that the contractors for the whole of the plant 
were the British Westinghouse Company, of Trafford 
Park, Manchester, from whom we have now received 

rticulars of a very similar plant which they have recently 
installed at the London —_ Mills, Dartford. The 
Mond gas-producers here were supplied by the Power-Gas 
Corporation, Limited, of London, and there are three 
Westinghouse gas-engines rated at 250 brake horee-power 
each. On test, the fuel consumption in the producers 
a out to only 1.82 1b. of coal per kilowatt-hour at full 
oad. 


The Board of Trade have recently confirmed the fol- 
lowing Orders made by the Light Railway Commis- 
sioners:—Bath Electric Tramways (Light Railway Ex- 
tensions) Order, 1905, authorising the construction of a 
light railway jin the rural districts"of Bath and of 

eynsham, in the county of Somerset (being an exten- 
sion of the existing and authorised undertaking of Bath 
Electric Tramways, Limited). Axholme Joint Railway 
(Hattield Moor Extension Light Railway) Order, 1905, 
authorising the construction of light railways in the 
county of | Phe Th and the West Riding of the county of 
York. Devon South Hams Light Railways Order, 1905, 
authorising the construction of light railways in the 
county of Devon from Newton Ferrers to Yealmpton and 
from Kingsbridge to Slapton and to Salcombe. 


The Marquess of Londonderry, K.G., President of the 
Board of Education, has appointed Mr. 8. Herbert Cox 
to the Professorship of Mining at the Royal School of 
Mines, South Kensington, vacant on the death of Sir 
Clement le Neve Foster. In view of the changes in 
organisation that may be found desirable in the Royal 
College of Science and the Royal School of Mines after 
the completion of the investigations now in pro by 
the departmental committee, it has been thought best to 
make this appointment a temporary one. Mr. Cox is an 
Associate of the Royal School of Mines. After experience 
as assistant geologist and inspector of mines in New 
Zealand, he was appointed instructor in geology, mine- 
ralogy, and mines in Sydney Technical College; con- 
currently with his tenure of this office, he was employed 
to give technical lectures at various mining camps in New 
South Wales, and practised as a mining engineer. Since 
1890 he has been entirely engaged in private practice, and 
has had experience of mining in England, France, Spain, 
Egypt, the United States, and Canada. Mr. Cox was 
president of the Institution of Mining and Metallurgy in 
1899-1900. 


Mr. Kurbatow, in vols. xxxvi. and xxxvii. of the 
Journal of the Physical and Chemical Society of Russia, 
1905, describes the behaviour as etching agents of solu- 
tions of nitric, hydrochloric, and picric acids in different 
fatty alcohols, with and without addition of organic 
nitro-compounds. The results obtained show that the 
difference between austenite and martensite, and also 
other fine differences of microstructure, can be sharply 
defined by using the following solutions as etching 
agents :—(1) A 4 per cent. solution of nitric acid in com- 
mercial iso-amylalcohol ; (2) a mixture of one part of solu- 
tion (1) with three parts of a saturated solution of 
nitraniline in acetic anhydride; (3) a mixture of three 
parts of a 20 per cent. solution of bydrochloric acid in 
isoamylalcohol with one part of a saturated solution of 
nitraniline in alcohol ; and (4) a mixture of one part each 
of methyl, ethyl, and isoamylalcohols, and a 4 per cent. 
solution of nitric acid in acetic anhydride. Experiments 
with a steel containing 1.9 per cent. of carbon, 0.02 per 
cent. of sulphur and phosphorus, and 0.02 per cent. of 
manganese, showed that during the annealing of the 
hardened steel at low temperatures the martensite and 
austenite are converted into a network of lamelle of 
cementite surrounded by troostite. By annealing at tem- 
peratures above 350 deg. Cent., the cementite and troostite 
are converted into cementite and ferrite. The author 
concludes from his experiments that the only true chemical 
individuals present in steel are cementite and a, f, y, and 
6 ferrite ; all other phases which can be recognised under 
the microscope must be regarded as solid solutions. The 
names “ troostite” and *‘ sorbite” are generally given to 
those structural elements which acquire a dark colour on 
etching with acids, but as this dark colour can be ex- 
me only by the separation of fine particles of dis- 
solved carbon, troostite and sorbite must be regarded as 
solid solutions of carbon in different kinds of ferrite. The 
structural elements which remain light coloured on etch- 
ing, and which have been named “martensite” and 
‘* austenite,” are considered by the author to consist of 
solid solutions of cementite in y and 6 ferrite respectively. 








American Street Ratts.—The exports of stcel rails 
from the United States in June amounted to 22,340 tons, 
as compared with 51,101 tons in June, 1904. The aggre- 
gate exports for the twelve months ending June 30 this 
year were 409,429 tons, as compared with 160,894 tors in 

1903.4. 
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Austria, Vienna : Lehmann and Wentzel, Karntnerstrasse. 

Bruaium : E. F. Satchell, 8, Rue Capouillet, Brussels. 

Care Town : Gordon and Gotch. 

Eprnsur@s : John Menzies’and Co., 12, Hanover-street. 

Franck, Paris: Boyveau and Chevillet, Librairie Etrangére, 22, 
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Frankfurt-am-Main : Messrs. G. L. Daube and Co. (for 
Advertisements). 

<<: F. A. Brockhaus. 

Mulhouse : H. Stuckelberger. 

G.aseow : William Love. 

Iyp1A, Calcutta : eneaen, HOM, and Co. 

; a ~~ pam Limited. 
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LIVERPOOL : Mrs. Ta lor, Landing Stage. 

MANCHESTER : John Heywood, 143, 

Norway, Christiana: Oammermeyer’s handel, Carl Johans 
Gade, 41 and 43. ; 

New Sourh Wa.ks, Sydney: Turner and Henderson, 16 and 18, 
Hunter-street ; Gordon and Gotch, George-street. 

mn, Christchurch, and Auckland : 
Gordon and Gotch, , Limited. 
QUEENSLAND (SoutH), Brisbane : Gordon and Gotch. 
(Norts#), Townsville : T. Willmett and Co. 

RorrerpaM : H. A. Kramer and Son. 

South AusTraia, Adelaide : W. OC. Rigby. 
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Chicago : H. V. Holmes, 957-958, Monadnock Block. 

Victoria, Melbourne: Melville, Mullen, and Slade, 261-264, Collins- 

street ; Gordon and Gotch, Limited, Queen-street. 


New ZEALAND, Wellin 


We beg to announce that American subscriptions to ENGINEERING 
may now be addressed either direct to the Publisher, Mr. O. R. 
JoHNsON, at the offices of this journal, Nos. 35 and 36, Bedford- 
street, Strand, London, W.C., or to our accredited Agents for the 
United States: Mr. W. H. Wiley, 48, East 19th-street, New York, 
and Mr. H. V. Holmes, 957-958, Monadnock Block, Chicago. 
The prices of subscription yable in advance) for one year are : 
For thin (foreign) paper edition, 1%. 16s. 0d.; for thick (ordinary) 
paper edition, 21. 0s. 6d. ; or, if remitted to agents, 9 dollars for 
thin and 10 dollars for thick. 


NOTICE TO AMERICAN ADVERTISERS. 

American firms desirous of advertising in ENGINEERING are 
requested to apply to Mr. H. V. Holmes, 957-958, Monadnock 
= » wens from whom all particulars and prices can be 
obtain 





ADVERTISEMENT RATES. 
The charge for advertisements is three shill for the first 
four lines or under, and eightpence for each additional line. The 
line averages seven words. Payment must accompany all orders 
for single advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on the wrapper 
and on the inside es may obtained on application. Serial 
advertisements be inserted with all practicable regularity, but 
absolute regularity cannot be guaran 
Advertisements intended for insertion in the cur- 
rent week’s issue must be delivered not later than 
5 p.m. on Thursday. In consequence of the necessity 
for going to press early with a portion of the edition, 
alterations for standing Advertisements should be 
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A NATIONAL TELEPHONE SYSTEM. 


Last week we directed some remarks to the 
singular injustice so often observed in the attitude 
of the public, and of the representatives of the 
public, towards the railway companies. A very 
similar spirit is noticeable throughout the discus- 
sion on the telephone question, which terminated 
in the vote of the House of Commons last week, 
confirming the agreement arrived at between the 
Post Office and the National Telephone Company. 
That agreement makes possible a uniform and 
national telephone system. The gist of the agree- 
ment, which was signed last February, after a year 
of negotiation, is that the Post Office is enabled to 
take over at the expiry of the licence in December, 
1911, the whole business and plant of the National 
Telephone Company at the lowest price that pos- 
sibly could be fixed by the keenest of bargainers— 
the value of the plant in situ, no allowance being 
made for goodwill, except as regards the private 
line business and the isolated cases in which the 
licence runs beyond 1911. Thus, for the price of 
the plant as working plant, the State may step into 
a business and property which have been placed 
by private enterprise on a sound commercial basis, 
returning a good profit and in condition to be 
developed indefinitely. 

Most business men would regard this as a good 
bargain for the State; and, having regard to the 
fact that the company had acted as pioneer in a 
new industry, and had worked up a great business 
under enormous difficulties, naa: be indisposed to 
cavil over details, much less to reject the whole 
agreement. But so widespread is the hostility to 
private enterprise that nearly half the Select Com- 
mittee, and a good proportion of the House of 
Commons, were anxious to cancel the agreement, 
apparently because it was thought that the terms 
were too good for the company, and that a further 
era of indiscriminate municipal competition would 
enable the State at some future date to impose such 
terms as would result in a serious loss to the in- 
vestors who have risked their money in building up 
a great public service. 

Throughout the proceedings of the Select Com- 
mittee, which were dragged out to inordinate length 
by the opposition of a few municipalities, in the 
debate in the House, in which the opposition to 
the agreement voiced only the unreasonable claims 
of the municipal traders, and in the general com- 
ments of the lay press, we find hardly a word of 
appreciation of the pioneer work done by the 
telephone companies in building up an industry 
which in its early days was purely experimental, 
and has been conducted from the beginning under 
many harassing restrictions. Of the many diffi- 
culties put in the way of the development of the 
telephone by the persistent hustility of the Post 
Office—the Post Office had no sooner licensed 
telephony as a private industry than it discovered 
in the telephone an alarming rival of the telegraph 
—of the dog-in-the-manger obstruction of many 
municipalities, and notably of the London County 
Council, we have no space to speak here. The 
innumerable telephone Blue-books are full of 
testimony relating to the artificial manner in which 


_| the industry has been hedged in; while the very 
‘| fact that in ten years there have been four pro- 
8| tracted telephone ‘‘ inquiries,” all provoked by 
g| official action, indicates the amount of official in- 


terference which the industry has had to contend 
with. 

Yet in spite of all these difficulties a great busi- 
ness, a great property, and a great public service 
have been built up. By the new agreement the 
State is to step in as owner on terms which no 
private proprietor would accede to were he free to 
reject them. But there is hardly a word of praise 
for the energy and enterprise which have built up 
the business and borne the burden and heat of the 
day. On the contrary, the chorus is, ‘‘ But these 
people are going to get their money back—give us 
a chance at them and we will ruin them for you.” 


con The municipal traders are annoyed at the idea 


of a private investor getting his money back, it is 
so contrary to their principles ; and they calmly 
suggest that long-term licences shall be extended 
to them with compulsory free intercommunication, 








the National Company’s licence to be restricted 
to 1911. The fact that the National Telephone 
Company’s licence expires in 1911 is the whole 
reason why the Post Office has been able to drive 
such a hard bargain. The term of the licence was 
fixed twenty-five years ago, when the real capa- 
bilities of the telephone were undreamed of. 
Although it makes no difference in the equity of 
the situation—the business has been built up and 
the service must go on, licence or no licence—the 
date of the expiry of the licence is a legal technic- 
ality that there is no getting over. The legal right 
of the company to on the business ceases at 
the end of 1911. This gives the carpers the 
opportunity to say to the Post Office, ‘‘ Why buy 
the plant of these private adventurers? Build an 
alternative plant of your own, and then they will 
be ruined.” The excuse for this suggestion is the 
fear that the Post Office will pay too much for the 
plant, and the suggestion is put forward by those 
apostles of economy— the municipal traders. 

The whole of the opposition to the agreement, 
and all of the carping criticism of the National 
Telephone Company and of the Post Office, came 
from the advocates of municipal trading. How 
slender is the claim of the municipalities to have 
the telephone question settled according to their 
views was shown by Lord Stanley in the figures he 
gave the House of Commons. It appears that 
there are 1334 local authorities which might have - 
applied for telephone licences under the Tele- 
graph Act of 1899. Of these, 59 made inquiries 
of the Post Office on the subject of telephone 
licences ; of the 59, only 13 took out licences, and 
of the 13 only six actually established systems. 
Of the six municipal telephone systems begun, 
only five remain, as one sold out to the National 
Telephone Company after a short experience. It 
was op behalf of these five municipalities that the 
—— to the agreement was made before the 
Select Committee and in the House of Commons. 

It is unfortunate that the solidarity with which 
the municipalities stand by each other in all ques- 
tions in which the lightest of their interests or the 
most indefensible of their pretensions are touched 
leads them to such extremes of opposition. In 
this case they have simply made themselves ridi- 
culous—to such an extent that it was Mr. John 
Burns, of all men, who told them bluntly that they 
had no title to stand in the way of a businesslike 
arrangement conceived in the interest of the whole 
country. The claim of the municipalities was 
that fresh municipal licences should be issued 
without the corresponding extension of the licence 
of the National Company guaranteed by the Act of 
1899, and that free intercommunication should be 
made compulsory between every new municipal 
system auc the existing National system. These 
recommendations of the Select Committee were 
contrary to the Act of 1899, and, of course, could 
not be accepted either by the telephone company 
or by the Government. It was so explained in the 
clearest terms by Lord Stanley, and the House sup- 
ported his views by a majority of 77. 

This decision puts an end to municipal telephone 
enterprise. All the licences which have not been 
acted on have been cancelled ; no new licence will 
be granted, and no existing licence extended. The 
five municipalities which are actually working tele- 
phone systems would, therefore, in rather a 
difficult position if it were not for Lord Stanley's 
offer to buy them out. The suggestion that the 
Government should generously help the telephone 
corporations out of their difficulties was made by 
Mr. John Burns, and was promptly acceded to by 
Lord Stanley, who said he would be ready to nego- 
tiate at once with any of them. This offer will 
doubtless be accepted with equal promptness, for 
the five corporations, in spite of the astonishing 
bluff put up before the Select Committee, have 
neither been wise in their telephone investments 
nor successful in their competition with the National 
Telephone Company. Lord Stanley’s willingness 
to negotiate with the corporations for the sale of 
their telephone systems provides the solution for a 
situation which had already become difficult at 
Glasgow and elsewhere, and since the recent deci- 
sion of Parliament has become impossible. 

The confirmation by Parliament of the telephone 
agreement does two things—it puts an end to the 
pretensions of the municipal traders to interfere in 
a business which, for many reasons, is outside the 
most elastic interpretation of the legitimate scope 
of municipal trading ; and, much more important, 
it opens the road to a broad development of 
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the telephone service along sound lines, The un- 
certainty as to what would happen at the end of 
the licence is removed; investors who provide 
money for the development of the telephone ser- 
vice are at least rid of the possibility that their 
investment may be confiscated or made worthless ; 
and they are also safeguarded against the futile and 
wasteful competition of the municipalities. During 
the next few years the British telephone service 
should move forward at such a rate of progress 
as will remove the reproach of inferior rate of de- 
velopment which at present attaches to it when 
comparison is made between British and American 
telephone enterprise. 

Compared with the great Continental States, 
British telephony is well to the fore. Our nearest 
neighbour—France—where the telephone has been 
a State monopoly for some sixteen years, has 
less than half the number of telephones that we 
have, and the service there is renowned for its 
lack of efficiency. It is open to question whether, 
if the telephone had been always a State monopoly 
in this country, we should have been much better 
off in our telephone service than the French are. 
Under Government control the development of the 
telephone is largely neglected because the prin- 
cipal interest of the officials is in the telegraph, 
which was a well-established service long before 
the telephone began to talk. Something of the 
same spirit has animated the attitude of our 
own Government officials towards the telephone. 
A large part of the lay press regard the present 
telephone agreement as a cure for all telephonic 
evils, because it means eventually a State-controlled 
telephone service. We are not so sure that State 
control necessarily guarantees cheapness and efli- 
ciency. It certainly does not guarantee commer- 
cial management and self-supporting finance, as 
the annual Post Office report amply proves. The 
telegraph and telephone department of the Post 
Office is operated at present at a large annual loss, 
and the loss is increasing year by year. Apparently 
no branch of the telegraph department of the Post 
Office really pays its way; and if comparison be 
made with commercial conditions the annual de- 
ficiency reaches figures that are truly startling. 
The figures in the Post Office report relating to 
telephone and telegraph finance need no little 
analysis to arrive at even a moderately clear under- 
standing of them, so we will reserve our comments 
fora future article. 








FOOD AND RAW MATERIAL DURING 
WAR. 

Tue report of the Royal Commission on the 
Supply of Food and Raw Material in War Time 
(Cd. 2643), presided over by Lord Balfour of Bur- 
leigh, has been issued within the last few days. It 
is a publication of considerable importance, and 
contains a large amount of information not gene- 
rally at the disposal of the public. The first part 
is divided into four sections, in which the supplies 
of raw materials and of foodstuffs are discussed ; the 
operation of shipping in relation to the supply to 
the United Kingdom also forms a section of the 
first part of the report. In the second part of the 
report the probable effect of a maritime war upon 
importations into the United Kingdom is con- 
sidered. Here are reviewed the courses of action 
open to an enemy desirous of interfering with im- 
yorts; the extent to which trade with the United 
Kingdom can be protected from interference on the 
part of an enemy during a maritime war; the 
influence of maritime war upon prices; and the 
probable effect of a rise in prices upon the popula- 
tion. The third part contains considerations and 
criticisms of proposals put before the Commission 
with reference to the storage of grain and the pro- 
posed national insurance and national indemnity of 
owners for loss. Ultimately, in a fourth part of the 
report, the conclusions arrived at are given. The 
main report is signed by H.R.H. the Prince of 
Wales ; leat Balfour of Burleigh (the chairman); the 
Duke of Sutherland ; Lord Burghclere ; Mr. Henry 
Chaplin, M.P.; Mr. John Lloyd Wharton, M.P.; 
Sir John C. R. Colomb, M.P.; Sir Alfred E. Bate- 
man ; Sir Henry Seton-Kerr, M.P.; Mr. Henry S. 
Cunynghame; Mr. Edmund Robertson, K.C., 
M.P.; Professor T. E. Holland, K.C.; Mr. Alfred 
Emmott, M.P.; Lieut.-Colonel Robert Mont- 
omery ; Mr. Joseph Edward Street; and Mr. 
oe Wilson, M P. These are all the original 
members of the Commission with the exception of 
Mr. A. S, Harvey, who died during the progress of 





the inquiry, and Admiral Sir Gerard H. U. Noel, 
who had to resign his position on the Commission 
on appointment to the commandership of the China 
Station ; in his place the King appointed Vice- 
Admiral D. H. Bosanquet. Although the report 
was thus signed by all the existing members of the 
Commission, only three—the Prince of Wales, Lord 
Balfour of Burleigh, and Admiral Bosanquet— 
signed it unconditionally, the others adding reser- 
vations and memoranda, qualifying in some cases 
to a considerable extent the opinions expressed in 
the main report. Mr. W. H. Clark was appointed 
Secretary to the Commission, and Mr. W. T. Layton 
acted as assistant-secretary. In addition tothe main 
body of the report and the reservations of the more 
or less dissentient members, there are six ‘‘ an- 
nexes, ’ containing matters bearing in detail upon the 
subject of inquiry. The whole report and annexes 
occupy over 200 pages of folio Blue-Book size. 

In the first part of the report a great deal of 
information is given as to the consumption of im- 
ported food and raw material under normal condi- 
tions in the time of peace. Much of the data con- 
tained is not to be found in the ordinary statistical 
returns of the Government ; although a good deal 
of matter is taken from ordinary sources of refer- 
ence. A Royal Commission has at its command 
powerful machinery for gaining information, and 
the figures contained in the report are doubtless 
more trustworthy than those often put forward by 
private inquirers, who, naturally, have not the 
same resources for obtaining information at their 
command. Those of our readers who are inte- 
rested in questions of this nature—and the inquiry 
covers a very wide field—would do well to purchase 
the report. It can be obtained from the usual 
official publishers, the price being 1s. 8d. 

It may be said at once that the tone of the main 
report is of a distinctly reassuring character ; but 
any optimistic views that might be founded on 
its perusal are likely to be considerably modified 
when the ‘‘ reservations and memoranda ”’ appended 
by the majority of signatories are read. This more 

rticularly applies to the joint reservations of the 

uke of Sutherland, Mr. Chaplin, Mr. Wharton, 
Sir H. Seton- Kerr, and Mr. S. Cunynghame. 
This supplementary document is a report in itself, 
and occupies twenty-five pages of the Blue-Book. 
Mr. Holland also expresses himself as being largely 
in agreement with the ‘‘ reservations”’ of the above- 
named members of the Commission. We have, 
however, had so many terrible pictures drawn from 
time to time of the dreadful state to which this 
country would be reduced by the cutting off of food 
supplies in case we were engaged in war with a 
considerable naval power, that it is refreshing to 
read the cheerful paragraphs in the report. Wheat, 
naturally, occupies the position of greatest import- 
ance in the inquiry ; and, as we stated in our issue 
of last week, many schemes were brought before 
the Commission for relieving the pressure that 
would undoubtedly be experienced by the poorer 
classes,‘even under the most favourable conditions, 
in case of this country being involved in serious 
war. The general conclusion expressed in the main 
report appears to be that the stock of wheat 
within the United Kingdom usually represents 
about seventeen weeks’ supply in September, 
and would not fall much below seven weeks’ 
supply except in the month of August, when it 
might be six-and-a-half weeks. This minimum 
could only occur, the report says, in the unlikely 
contingency of first-hand, second-hand, and farmers’ 
stocks being at their lowest point at the same time ; 
and even under these circumstances this result could 
only be reached in the period from June to August, 
when the home-grown crop is to a large extent 
exhausted. The report states that it is not likely 
that at any given time the stock will actually be at 
the above-mentioned minimum, and the conclusion 
is put forward as the worst that it is necessary to 
take into account. The figures on which this 
opinion is based are given in a table contained 
in the report. 

The supplementary report of the Duke of Suther- 
land and four other members, to which reference 
has been made, does not quite agree with this 
estimate, but states that the difference is of no 
great importance ; ‘‘ for whether it be five and a- 
half, or six, or seven, or even a larger number of 
weeks, the result of this part of the inquiry dis- 
closes a ition which, if not actually ‘‘ perilous,” 
as saiad tay a witness of forty years’ experience 
in the milling trade, appears to us to be unsatis- 
factory inthe extreme.”’ No doubt this view would 





be far more than warranted if all possibility of 
renewing supplies were entirely cut off, but that 
would suppose a freedom of action for our enemy’s 
cruisers which the Navy is not likely to tolerate. 
The degree of peril, or unsatisfactoriness, would 
depend, therefore, on the strength of the Navy, 
for we can never hope to store sufficient grain to 
support the population during the continuance of 
a war of any considerable duration. The average 
consumption of wheat per year for the United 
Kingdom is put down at about 31 million quarters, 
and of this rather less than 6 million quarters are 
grown at home. At the present it would appear 
that on an average 11b. of wheat is consumed a 
day by each unit of the population; the report 

uts the demand at 350 lb. per person per annum, 
but this is somewhat less than some other esti- 
mates. 

Our average weekly requirements are taken at 
about 600,000 quarters ; but it is pointed out that 
in case of war the demand might be increased above 
the usual rate of consumption, in view of the low 
cost of bread and its great dietetic value in pro- 
portion to its cheapness. 

In addition to the stocks within our shores, it 
appears that there is usually afloat, and bound for 
the home ports, an amount of wheat averaging 
from about two to four million quarters, equal 
to. about 3$ to 7 weeks’ supply, and probably 
about one-fifth of this would 4 within about one 
week’s sail of the United Kingdom. How much of 
this food supply in transit would reach our ports, 
and how much would be likely to be cut off by 
hostile war vessels, is a matter open to opinion, the 
nature of which will be governed by the character 
of the individuals forming it, whether they are opti- 
mistic, or otherwise. It is pointed out by the report 
that the present variety of the sources from which our 
supplies of wheat are drawn is likely to contribute 
to our advantage in time of war, and for that reason 
the recent decline in exports from the United States 
is of moment. Instead of drawing 62 per cent. of 
our total imports of wheat and flour from a single 
source, we are at the present time dependent on 
four countries in widely different parts of the world 
—namely, British India, Russia, the Argentine, 
and the United States. These countries sent out 
respectively, during the year 1904, 21 per cent., 
19 per cent., 18 per cent., and 16 per cent. of our 
total imports. It should, however, be remembered 
that the year in question was one of small pro- 
duction in the United States. 

We must, however, leave this important and 
somewhat intricate branch of the subject, and turn 
our attention to another matter. A large part of 
the report is taken up with a discussion on in- 
ternational law, more especially in its bearing on 
the liability of our shipping, and of cargo carried 
by neutral vessels for English ports, to be inter- 
fered with by hostile war vessels. A study of this 
subject leaves the impression that there is very 
little international law at all, or at any rate the 
state of the law is so ill-defined that a belligerent 

wer would be able to act according to its own 
interpretation and convenience. Nations are very 
much in the position of individuals of primitive 
times, when the prevailing plan was that ‘‘ they 
should take who have the power, and they should 
keep who can.” That must inevitably be the case 
when there is no paramount authority to decide 
equitably between disputants and with power 
to enforce the law. We cannot, for instance, 
imagine a neutral country declaring war because our 
enemy contravened some doubtful point of inter- 
national law ; nor even if the case were fairly well- 
defined, which, indeed, few cases are. There is, 
therefore, a great deal of truth in the conclusion 
arrived at by the Commissioners, that the more 
numerous the neutral powers supplying our wants 
the less probability is there of the violation of 
international law by our enemies; for several 
neutral powers would be likely to combine together 
to take active measures if ships sailing under their 
flags were interfered with. 

On this subject the report says :—‘‘ It would be 
unwise to allow the safety of our supplies to — 
too largely upon the observance of every rule of 
international law by a hostile power ;” but at the 
same time the report expresses the opinion that 
international law will be ‘* one of the factors which 
will contribute in an important degree to the 
maintenance of our security by placing restrictions 
upon the operations of our enemies.” As an 
example of the poor security offered by interna- 
tional law, it is pointed out that the rules to 
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he effect that a neutral flag covers an enemy’s 
goods (except contraband of war), and that neutral 
goods, unless contraband, are free even when 
carried in belligerent bottoms, might conceivably 
be evaded by the declaration that foodstuffs were 
unconditionally contraband. It is, we may point 
out, not only conceivable, but it is certain that 
food would be declared contraband. 

So far there is therefore a certain advantage—to 
be set off against the drawbacks—in the fact that 
the supplies of our principal foodstuffs should be 
drawn in a greater proportion from foreign coun- 
tries than from British possessions. In the triennial 
period between 1900 and 1902 over 80 per cent. of 
our annual imports, both of wheat and flour and of 
meat (including animals for food), came from foreign 
countries. As regards wheat and flour, this pro- 
portion has been somewhat modified by the recent 
decline in imports from the United States ; but it 
is still considerable, amounting, we are told, to 
73 per cent. in 1903 and 61 per cent. in 1904. 

These facts lead to the conclusion that the most 
favourable way in which we could spend our money 
in time of peace would, as we have before inti- 
mated, be in the establishment of a navy large 
enough to give undisputed possession of the high 
seas ; and a consideration of the evidence brought 
forward in favour of establishing national granaries, 
or subsidising private individuals to hold large 
stocks of grain in the country, strengthens this 
conclusion. At first sight it seems that the most 
reasonable method for an island kingdom like our 
own, unable to support itself by the produce of the 
soil, would be to take such measures as would lead 
to the storage of large quantities of grain within 
its shores. When, however, the proposals that 
have been put forward come to be considered, there 
appear so many difficulties of an economic nature 
in the way of carrying out such a scheme, that it 
is doubtful if it would be. workable, or, at any 
rate, whether the burden of supporting it over a 
a long period of time would render it worth the 
expenditure that would be entailed. It must be 
remembered, also, that the scarcity of bread, 
although the most serious, would not be the sole 
consideration that would have to be taken into 
account in maintaining the life of the nation. In 
a prolonged war, raw materials, such as cotton, 
iron ore, &c., are of vital importance, although, 
as we have said, food would be the most im- 
mediate concern. There is undoubtedly a very 
wide margin of retrenchment possible in regard 
to the use of iron and clothing; but compara- 
tively little in regard to cereals. Nevertheless, 
it is needful to have raw material to keep our pro- 
ductive industry in operation, and the closing of 
our factories for any lengthened period would mean 
an economic crisis that would lead to the ruin of 
the country, and compel us to capitulate on the 
best terms we could. Therefore, we repeat, it is 
needful that the British Navy should be over- 
whelmingly strong; and although we can never 
hope that our oversea trade will not be interfered 
with at all, such interference must be of so slight 
a nature as not to paralyse industry. During the 
last great naval wars in which England was engaged, 
although British ships were captured or destroyed 
to a large extent, the trade of the country abso- 
lutely increased during the period of warfare. 
That historical lesson must be repeated if ever we 
are unfortunate enough to be engaged in another 
contest of similar importance. 

A good deal of evidence was taken from naval 
and shipping authorities as to the amount of inter- 
ference there would be with our maritime trade, 
and it was shown that we should have to suffer some 
captures of our ships, more or less numerous in 
accordance with the conditions of warfare and the 
strength of theenemy. The report states, however, 
that not only is there no risk of a total cessation of 
our supplies, but there is ‘‘no reasonable proba- 
bility of serious interference with them; and that 
even during a maritime war there would be no 
material diminution in their volume,” unless, of 
course, we suffered a very serious naval reverse. 
it is further pointed out that whatever number of 
weeks might be taken as the minimum period over 
which supplies might be expected to last, it was 
not to be assumed that such a period would see the 
country at the end of its resources. The report 


states the belief that it would be beyond the power 
of any naval force which would be at the disposal of 
any possible combination against us altogether to 
prevent the importation of supplies, while any in- 
crease in price would be a considerable stimulus to 








induce shippers abroad to run the necessary risks 
of importing food into this country. It is not there- 
fore apprehended that any situation would be likely 
to arise in which there would be a risk of the actual 
starvation of our population into submission. 

Although the main report is so far reassuring, 
the Commission look with some apprehension on 
what is described as the “‘ panic” rise of prices of 
staple articles of food which might take place in the 
excitement caused by the outbreak of a great mari- 
time war. The condition of the rer classes 
would undoubtedly be one of considerable hard- 
ship; those who the least reserve of means 
would be the first to suffer, and the least edu- 
cated are naturally the most impulsive, and per- 
haps the least patient. The elements that tend 
to riot might presumably gain the upper hand, 
and bring such influence to bear as would cause the 
conclusion of a peace not politically advisable. 
For this reason, the report gives countenance to 
the suggestion for a scheme of national indemnity 
against loss by capture on the high seas. This, 
it is pointed out, would operate both as an 
additional security for the maintenance of oversea 
trade, and would have an important steadying 
influence upon prices. We have not space at 
present to discuss this matter, and can only set 
forth the fact that this important Commission 
‘* distinctly places on record the opinion that the 
advantage to be gained from some well-considered 
scheme of the kind seems very largely to outweigh 
any objections which have been stated.” The 
report does not, however, draw out the precise 
terms of such a scheme, but looks rather in the direc- 
tion of national indemnity than in that of national 
insurance, although the latter might at first sight 
appear more attractive, since the amount received 
by the State in premiums would be a set-off against 
what might have to be paid on account of losses. 
It is recommended that a small expert committee 
should be appointed to investigate this subject, and 
frame a scheme for carrying out the proposal. 

We have not space at present to notice many of 
the other subjects dealt with in this important 
report ; but we may have occasion to refer to them 
at some future time. 








THE LONDON BUILDING ACT 
AMENDMENT ACT. 

Amone the several Acts that obtained Royal 
Assent at the conclusion of the past Parliamentary 
session there is none that affects property owners 
more closely than the London Building Act 
Amendment Act, which was promoted by the 
London County Council. For although the Act, 
as passed, only occupies twenty-eight pages of 
print, as compared with the 101 pages of the 
original Bill as put forward by the London County 
Council, the enactments arrived at practically 
affect almost every house in the county area that 
does not happen to be a domestic building occu- 
pied by not more than two families. In other 
words, practically every factory, warehouse, work- 
shop, and almost all business premises are more 
or less affected. Although not directly touching 
the pocket of the tenant or occupier—for any 
alterations that have to be made have to be borne 
by the landlord, and the occupier or tenant has to 
be compensated for any damage—we have little 
doubt that in a few years’ time a large number 
of occupiers will also indirectly be affected by the 
new enactments, for the expenditure the landlord 
has incurred will in some form or other have to 
be reimbursed by an increase of rentals. 

That the new Act should affect so wide a circle 
is, perhaps, the more extraordinary, as the subject- 
matter dealt with in its clauses is limited to one 
question only—namely, the question of ee 
from fire, whilst all the other many proposals, 
which came under review in the Council’s original 
Bill, have either had to be shelved or have been 
ruled out. In other words, but a fraction of the 
Council’s proposals have become law. There was 
much, of course, in the original Bill, particularly 
in respect of street improvements and the like, that 
appeared very harsh for property owners—although, 
no doubt, eminently beneficial for the community 
at large—and the original drafting of the clauses 
scarcely allowed for an equitable form of adminis- 
tration or appeal. Thus, very naturally, the Bill 
was bitterly opposed and resulted in a fiasco in all 
but its fire-escape clauses which are now on the 
statute-book. 

The portion of the Bill which has now become 





law would have met with the same fate but for 
two reasons. The first was, that, quite apart from 
the fact that the London County Council was the 
initial promoter in this matter of the safety of 
life from fire, there was behind the Council’s pro- 
posals a small but extremely active group of men 
interested in fire protection: gentlemen who, 
although not appearing before the = eye, 
either in giving evidence before the Select Com- 
mittees, or otherwise, brought a very considerable 
amount of pressure to bear in the interests of these 
clauses, and an influence which culminated in a 
more than usually strong —_ from high 

uarters, as well as from one of the Government 

epartments, which reported most favourably on 
these special clauses of the Bill. The other reason 
was the fairly obvious one—that no conscientious 
legislator was likely to throw out a measure solely 
intended to safeguard life, if it were at all possible 
to obtain this safeguard on equitable lines ; and 
thus one might almost say that the members of 
the Select Committees individually were in favour 
of the precautionary steps proposed, and only 
had to search for means to attain them without 
undue harshness to the vested interests concerned. 
Thus, seeing that the clauses obtained were, in a 
way, fathered by quite a different coterie from the 
unfortunately unpopular County Council, and, fur- 
ther, seeing that the individual legislator favoured 
improvement in this special direction, if it was at 
all financially feasible, the combined Houses of 
Parliament arrived at a result which should 
eventually give London greater safety of life from 
fire than any other city in the United Kingdom, 
and this under what may be deemed to be not 
unfair conditions. The Act comprises in the main 
certain rules and principles based on the word 
‘*reasonable,” the reasonableness to be defined, 
in case of dispute, by the existing tribunal of 
appeal, originally appointed under the Act of 
1894, which has always been found to do its 
work effectively, independently, and economically. 
This tribunal consists of three members, appointed 
respectively by a Secretary of State and the 
Councils of the Royal Institution of British Archi- 
tects and of the Surveyors’ Institute. Had the 
London County Council, in drafting its original 
Bill of 101 pages, employed the same equitable 
principles as govern the clauses that have come into 
force, we have no hesitation in saying that the 
clauses known as the constructional and fire-pre- 
ventive clauses, and dealing with certain improve- 
ments of a hygienic and fire-protective character, 
would have evoked less resistance in Parliament, 
and might have been adopted. Similarly, if the 
other many clauses of the original Bil] had been 
somewhat more moderate in purpose, and had also 
been accompanied by an equitable and economical 
form of appeal, they would scarcely have encoun- 
tered the same fierce opposition they met with— 
opposition that was easily victorious. 

e understand that the clauses of the London 
Building Act Amendment Act that were thrown 
out by Parliament—i.e., those that refer to the 
formation and widening of streets, the alterations 
to building frontages, the open spaces about build- 
ings and the height of buildings, the construction 
of buildings, temporary buildings, the question of 
dangerous structures, &c., are to be brought 
forward again in a Bill promoted by the County 
Council for the session of 1906; but we can 
only advise those who have the management 
of these matters to modify their requirements, 
and to bring the equitable basis of the now exist- 
ing Amendment Act into the proposals intended, 
unless defeat is to be invited. We should, in fact, 
prefer seeing the County Council going step by 
step, and limiting their proposals for the coming 
session to their original Part VI., relating to the 
construction of buildings ; their original Part V., 
the open spaces to buildings ; and Part VII., the 
question of temporary structures, and such other 
clauses in the original Bill as may affect these parts. 
If moderation be observed and equitable principles 
introduced, we have no doubt that Parliament 
would look upon what would obviously be improve- 
ments in the Metropolis with a more favourable 
eye. We certainly think that the whole question 
of the formation and widening of streets might well 
be left for a later occasion, as also the question of 
the alterations to building frontages, whilst many 
of the miscellaneous items proposed could also be 
deferred. We trust that the County Council will 
not ask too much during the next session. It 
would be quite sufficiently to the Council’s credit if 
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even only one or two of these parts—V., VI., and 
VII. of their original Bill—came on to the statute- 
book as the result of their efforts next year. 

As to the Amendment Act, for which Royal Assent 
has been obtained, its principal sections relate to 
the protection against fire in certain new buildings, 
and the protection against fire in certain existing 
buildings. Protection from fire in both cases 
practically means the provision of means of escape 
from fire, and not fire protection in its general 
sense, or fire prevention in the matter of improved 
construction. 

Next in importance are the provisions as to pro- 
jecting shops, and next, again, the rules for living- 
rooms over premises used for the storage of in- 
flammable liquids. There are also clauses referring 
to the means of access to roofs. Practically, every- 
thing else in the Act is of a more formal character 
referring to the primary provisions just named. 
That is to say, these additional clauses refer to the 
maintenance of the means of escape, the powers of 
the officers of the Council and district surveyors, 
and the exemption of certain classes of buildings, 
the methods of appeal, and the like. 

As to protection against fire in new buildings, we 
think little can be said against the proposals. The 
proposals are well drafted as they now stand ; they 
are sufliciently elastic, and certainly cover essentials 
which can be easily met by anyone erecting a new 
structure. 

As to the protection from fire in existing build- 
ings, a principle of far-reaching importance has 
been introduced, namely, that of retrospective 
legislation ; for, to put it plainly, every existing 
high building (which means individually any build- 
ing having a floor more than 50 ft. above street 
level), and every building in which sleeping accom- 
modation is provided for more than twenty persons, 
or which is occupied by more than twenty persons, or 
in which more than twenty persons are employed, 
now comes under the purview of the London County 
Council and its ofticers, and has to be improved as 
far as safety of life from fire is concerned, no matter 
what the existing conditions, and practically no 
matter what the cost, as long as it is ‘‘ reasonable ” 
in the eyes of the tribunal of appeal. There is 
nothing new in this in principle, as many pro- 
perty-owners have been obliged to reconstruct 
their drains during the last few years. That such 
retrospective legislation was necessary no one can 
dispute. The death-traps in wholesale and retail 
businesses, in factories and workshops, are simply 
extraordinary. The Queen Victoria-street fire was 
only a specimen of what may eventually occur in 
many directions, if new buildings are not con- 
structed from this point of view of safety of life 
from fire, and if old buildings are not improved 
in this respect. The general carelessness of the 
average employer of labour from the fire point of 
view was such that nothing but legislation would 
remedy the evil. 

In connection with fire losses it is necessary to 
discriminate between loss of hy sie and loss of 
life. The former may be met by insurance, as far 
as the individual is concerned, and it is perfectly 
legitimate, both from the point of view of the occu- 
pier of premises and also from that of the general 
public, which has, in the long run, to bear the loss, 
that a certain fire hazard should be accepted. It 
is conceivable that fire losses of buildings could be 
absolutely abolished, and losses of the contents 
enormously reduced, by the adoption of other 
methods of construction. But buildings so con- 
structed would be nearly useless for business pur- 
poses, or, at best, would entail additional expenses 
that would pay fire premiums ten times over. 
Evidently, it would be economically unsound to 
insist on methods of construction that entailed 
greater expenditure than the saving they effected. 
But when we consider the risk to life other con- 
siderations supervene. It ir; not usually the man 
who saves money by building death-traps that 
loses his lifeinthem. The victims are workpeople, 
who are forced by necessity to spend their time in 
them, and who are usually quite unable to make 
provision, by insurance, for those dependent on 
them, and who certainly never get any increased 
remuneration for the risks they run. Life and 
death are not merely economic questions. There 
is, doubtless, a point beyond which we cannot 
go in the way of providing safeguards against 


the innumerable dangers that beset us; but, 
nevertheless, it is right that-we should go much 
farther in protecting life than in protecting pro- 


perty. 


Unfortunately, many traders act upon a 





totally contrary principle. They safeguard them- 
selves against loss of their goods by fire by means 
of insurance, and neglect to provide a ladder and a 
door in the roof for the benefit of their employés. 
The greedy, unscrupulous man creates a demand 
for legislation, with the result that his more 
generous neighbour finds himself subjected to 
official interference which must of necessity be 
somewhat inelastic in its operations. 

From the general manufacturer’s and construc- 
tional engineer’s point of view, we do not think 
that the requirements will involve the great ex- 
pense feared, for the tribunal of appeal will en- 
deavour to see that the requirements are equitable. 
It is also easier, as a rule, for the manufacturer 
and engineer to effect the alterations in his build- 
ing than is the case with ordinary business men : 
for the simple reason that he has generally got 
a staff of workmen on the spot, and he has the 
advantage of being able to obtain his mate- 
rial at first hand, and so get his improvements 
practically carried out at cost price. Those who 
are far more likely to be affected, as far as we can 
see, are the large retail traders, who as a rule 
have no building staff at their disposal, and who 
have to take professional advice and go to builders 
to get their work done. 

Throughout the Act the principle adopted is 

ractically that the district surveyor names the 

uildings he thinks come under the Act, and the 
Council thereupon proposes the improvements to 
the owner. If the owner agrees, well and good ; 
but if he dissents, he has the right of appeal, and the 
matter is settled finally by the tribunal of appeal. 
As far as occupiers are concerned, they have the 
right to be compensated for any interference in 
their tenure owing to the improvements having to 
be made; but otherwise they are not affected 
directly, except by a certain amount of incon- 
venience. We regret the centralisation of so much 
additional work with the County Council, as the 
whole of the work could have been very well dealt 
with by the district surveyors, who are independent 
statutory officers, and who could have dealt with 
each case on its merits during the ordinary conduct 
of their work, there yet being the right of appeal. 
There cannot be the slightest doubt that there 
must be much inconvenience in having to refer 
everything to Spring Gardens, particularly for 
owners of property in the outlying districts. We 
think the district surveyors, as a whole, with but 
few exceptions, have so far carried out their work 
to the general satisfaction of the public, and are 
more popular than the Council. 

Only in one matter, we would add, has the present 
Act touched on constructive questions. We find a 
schedule appended to the Act as to fire-resisting 
materials. This schedule, we think, has not been 
prepared quite on the lines of modern experience, 
and, although an improvement on the previous 
schedule, could preferably have been drafted in a 
different manner. It seems extraordinary to de- 
scribe slate, granite, and stone as fire-resisting ma- 
terials ; or to speak of terra-cotta—unless modified 
by the term “porous,” or ‘‘ semi-porous ”—as a 
fire-resisting material, as it has been proved time 
after time, both in Europe and in the United 
States, that it is not so. It is also an error to 
name stone chippings as a suitable material for 
concrete, when used as a fire-resisting material, 
as concrete made of stone chippings is much 
the reverse. On the other hand, we see some 
material improvement in this schedule regard- 
ing the hardwoods as used for doors and stairs, 
the Australian hardwoods being put on a line 
with oak and teak. Coke breeze and pumice 
have also been introduced as permissible com- 
ponents for concrete, and there is also a general re- 
arrangement of the schedule discriminating between 
the application of the materials, which is an advan- 
tage. Remarkably, but certainly quite deservedly, 
we find also certain forms of glazing named as fire- 
resisting ; in future both wire-glass and electro- 
glazed glass can be used, as affording fire-resistance. 
This is particularly a matter of importance to the 
owner of factories, who finds the heavy oak doors a 
constant source of annoyance and inconvenience, 
owing to there not being a suitably-glazed panel, 
so that one may see through the door. Much in- 
convenience can henceforth be obviated by applying 
panels in such glazing as now permissible ; for, if 
we understand rightly, both wire-glass and electro- 
prisms can now be obtained polished and thoroughly 
transparent. 

We should like to see the schedule of this Act 





still further improved ; and perhaps this improve- 
ment can be brought about when the Council make 
a second attempt on those portions of their original 
Bill which have so far been thrown out. 








RELIABILITY TRIALS OF MOTOR- 
BOATS. 

In our last issue, under the heading of ‘‘ Motor- 
Boat Trials,” we gave an account of the proceedings 
at the recent Southampton trials of small mechanic- 
ally-propelled vessels, basing our description on 
the information then at our command. This, as we 
explained at the time, was by no means exhaustive; 
and it will be easily understood that with over 
thirty boats competing during two days over an 
extended course it was not possible to obtain full 
and accurate information. Now that the judges’ 
awards have been made public, it appears that the 
performances of the boats give a better record 
than at first appeared, seven boats out of the 
thirty-two starters making non-stop runs on both 
days. These were the Thornycroft 25-ft. yacht’s 
launch ; the 30-ft. yacht’s launch, built by F. 
Maynard, of Chiswick, with a Lozier two-cycle 
engine; Simpson and Strickland’s 30-ft. steam 
launch; the Maudslay Motor Company’s 30-ft. 
launch ; the 30-ft. launch by Summers and Payne, 
with a Napier motor ; a sea-going motor-yacht 45 ft. 
long by 9 ft. 6 in. beam, entered by S. F. Edge, 
with a Napier engine; and the sea-going motor 
yacht built and engined by Mr. D. Goedkoop, of 
Amsterdam, and fitted with a paraffin motor. 

The judges’ awards have now been made public, 
and it appears that five gold medals, four silver 
medals, five special awards, and a 50-guinea chal- 
lenge cup have been distributed ; besides these, 
special mention is made of three vessels—namely, 

apier Major, Werft Kromhout, and the Thorny- 
croft gas-engine boat Emil Capitaine. The gold 
medals are distributed to the following vessels :— 
To the Simpson and Strickland 25-ft. steam launch ; 
to the Simpson and Strickland 30-ft. steam launch ; 
and to D. Goedkoop’s sea-going motor yacht. These 
were the three gold medals awarded in the ordinary 
way, and it will be seen that not one of them was 
taken by a petrol boat, Messrs. Simpson, Strick- 
land, and Co., of Dartmouth, capturing two with 
their steam-driven launches, whilst the Dutch boat 
had a paraffin engine. In our report of last week 
we unintentionally did both Messrs. Simpson, 
Strickland, and Co. and Mr. Goedkoop some in- 
justice in not including their vessels among those 
which made a non-stop run on both days. We, 
however, had not the information before us at the 
time we wrote. 

A certain amount of dissatisfaction has, we under- 
stand, been expressed by some of the competitors 
at two gold medals going to steam craft. It is, 
however, a little late to raise objections on this 
score, for it was stated in the programme that 
boats taking part in the trials might be propelled 
by any form of engine, ‘‘ thus allowing those fitted 
with steam engines to compete with petrol and 
other internal-combustion motors.” Although the 
conditions were thus clearly laid down, it is open 
to question whether it is wise to admit steam to 
the competition. The trials are known as ‘‘ Motor- 
Boat Trials,” and though a steam-engine is un- 
doubtedly a motor, the term, in connection with 
boats, has been so generally applied to prime movers 
of the internal-combustion type, that no one would 
think of speaking of a steam-launch as a ‘‘ motor- 
boat.” The competition has always. been under- 
stood to have been instituted for the purpose of 
encouraging the progress of motor-boats—that is, 
boats with internal-combustion motors—and espe- 
cially the reliability of their motive machinery. 
It is certainly not necessary at this time of day to 
run the beautiful steam-launches that Messrs. Simp- 
son, Strickland, and Co. produce for ten hours on 
two consecutive days in order to prove that they 
will go through such an ordeal without breaking 
down, and we fancy the firm will conclude they 
have won two gold medals very easily. The small 
steam launch has been popular for the last thirty 
or forty years, ever since Sir John Thornycroft 
made the great improvement which was illustrated 
by the Miranda and the boats that were built 
about that period. During all the subsequent 
time, many minds have been at work, and a large 
number of improvements have been made; 80 
much so, that it would seem that craft of the 
description Messrs. Simpson, Strickland, and Co. 
build have little, if any, room for improvement. 
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This firm is amongst the most prominent that 
have taken part in this march of progress, and they 
were—about twenty-five years ago—amongst the 
first to introduce the compound-condensing engine 
into very small vessels. The internal-combustion 
engine, on the other hand, has everything before 
it; there is very small experience to fall back 
upon, and the improvement shown in the boats 
tried at Southampton at the beginning of this 
month over those of last year demonstrates how 
much room for progress there has been, and the 
fact that so few motor-driven boats ran the two 
days without stopping indicates how much remains 
to be developed in the future. 

Turning again to the judges’ awards, we find 
that a special gold medal was placed at the dis- 
posal of the judges by Mr. Lionel de Rothschild 
for award in any class. This was given to Vis- 
count Royston for the 30-ft. launch, built by 
Summers and Payne, and having a petrol Napier en- 
gine. This boat made a non-stop run on both days. 
A special gold medal was also given to Messrs. 
Thornycroft and Co., in recognition of their suc- 
cessful endeavours to adapt a suction-gas producer 
to motor marine work. This is a fitting acknow- 
ledgment of the enterprise of this firm for their 
efforts in a new direction. As we stated in our 
last issue, the Emil Capitaine ran without a hitch 
on the first day; the one stoppage that occurred 
on the second day was not through any fault 
inherent to the system, but was, as we have 
already explained, owing to a mechanical defect 
caused by the engine being fitted in a boat for 
which it was not designed. We hear that since 
the trials were made the boat has been run con- 
tinuously in a most successful manner. Silver 
medals were awarded to the following craft :—The 
Thornycroft 20-ft. launch, with a petrol motor. 
This little boat did exceedingly well in the second 
day’s trial, covering the course in Southampton 
Water once, and going four times round the 
shortened course. ‘The same firm (Messrs. J. I 
Thornycroft and Co.) received a silver medal for 
their 25-ft. petrol boat. As this was one of the few 
boats that made a non-stop run on both days, it 
would seem that the award was fully deserved on a 
reliability trial. Another silver medal was awarded 
to the 30-ft. launch by the Maudslay Motor Com- 
pany; this boat also made non-stop runs on both 
days. The remaining silver medal was given to Mr. 
Edge’s 45-ft. sea-going motor-yacht with a Napier 
motor, which also made a non-stop run on both days. 
Special awards were made for the best all-British 
boats in each class—to the little 20-ft. Thornycroft 
boat already mentioned ; to the Simpson and Strick- 
land 25-ft. steam launch; to the Simpson and 
Strickland 30-ft. steam launch ; and to the 26-ft. 
boat by A. B. Collis, Limited, which was entered 
in the *‘ unrestricted” class. A special award was 
also made to the 45-ft. sea-going Napier boat, 
already mentioned as having received the silver 
medal, The remaining award is one of some interest. 
It consisted of a 50-guinea challenge cup presented 
by the Autocar for the boat considered by the judges 
to have made the most meritorious performance 
irrespective of class. This cup was given to the 
Werft Kromhout, the Dutch boat already referred 
to as having received one of the three regular gold 
medals, . 

It is not open to us; withthe information at our 
command, to comment upon the awards of the 
judges ; but we cannot help noticing that the only 
boat which made a non-stop run on both days, and 
which did not receive a reward, was the 30-ft. 
launch built by Maynard, and fitted with the Lozier 
motor. Possibly this boat may have failed to fulfil 
some of the conditions laid down for competition ; 
otherwise it is difficult to understand why it should 
have been left out of the list of awards. It will, of 
course, be remembered that “reliability” was not 
the only quality for which marks were to 
awarded, although it received the highest number 
of 100 marks, speed coming next with 50 marks, 
whilst 100 marks were to be awarded at the discre- 
tion of the judges. 

Since the trials have been concluded, the question 
has been raised whether reliability trials are useful. 
Undoubtedly they are a great expense to manu- 
facturers, and it is for them to judge whether the 
return they get is worth the money spent. From 
the public point of view the trials are distinctly 
useful, but some modifications might be made in 
the conditions im We assume that the 
judges are thoroughly competent mechanical en- 
gineers (for it is the machinery, not the boats, that 








is under trial). In the late competitions they were 
Lieutenant Mansfield Cumming, Major Lloyd, Mr. 
A. Graham White, Mr. Bircham, and Mr. Bernard 
Redwood. We do not recognise any of these 
gentlemen as being eminent in the profession, but 
no doubt they were competent to perform the 
functions assigned to them. Where so many boats 
are entered, however, as on the last occasion, it is 
naturally impossible for the judges to keep the 
performance of the different vessels under their own 
eyes. An observer is appointed to each boat, and 
decisions must largely be governed by the reports 
of these gentlemen. It is evident that it must be 
difficult to get thirty-three competent engineers 
to give up two days of their time for the purpose 
of running trials, and, even if it be possible, it is 
hardly wise to trust to the decision of one person, 
who, naturally, would be favourably disposed 
towards the boat to which he was appointed. We 
think therefore that, as in the case of a race, more 
positive data should govern the awards, and not so 
much should be left to the opinion of individual 
persons. No doubt the judges should have some 
discretionary powers, but whatever value should 
attach to these, the reasons for the decision should 
be plainly stated. 








CUSTOMS IN THE TINPLATE TRADE. 
THe mutual rights of employer and employed 
have so often formed the subject of legal discus- 
sions that it is surprising to find a case reported 
in which an entirely novel point has been under 
consideration. The case of Devonald v. Rosser 
and Sons, in which Mr. Justice Jelf gave judgment 
on June 6, appears to involve a novel question, 
which is of interest not only to those concerned in 
the tinplate trade in South Wales, but to all 
employers and employed. 
he point at issue may be briefly stated. The 
plaintiff was a rollerman in the employment of the 
defendants at their Cilfrew Tinplate Works, near 
Neath, and he brought an action to recover 
damages for breach by the defendants of an alleged 
agreement to find him employment during a period 
of six weeks from July 20, 1903, to August 31, 
1903. One of the terms of the plaintiff's contract 
of service was that no person regularly employed 
should quit or be discharged from the works 
without giving or receiving twenty-eight days’ 
notice in writing, such notice to be given on 
the first Monday of any calendar month before 
12 o’clock at noon. The plaintiff alleged that 
he was dismissed without notice on July 20, 
1903, the defendants failing or refusing to keep 
him in their employment. It appeared that 
from July 20 to August 31—the period during 
which the plaintiff claimed to be paid wages—they 
had no work at hand for any of their rollermen 
to do; and that from July 20 to August 31 the 
defendants were unable to find remunerative work, 
and they closed their works. The defendants 
denied that they had ever agreed to find the plain- 
tiff employment ; and, further, in the alternative, 
they set up a custom to the effect that they were 
entitled temporarily to shut down their works and 
suspend the employment of their men, whenever 
they were not in a position to obtain specifications 
for orders at remunerative rates. 

Evidence was given on the part of the defen- 
dants of the existence of a custom in the trade under 
which works could be closed without giving twenty- 
eight days’ notice in certain events, which included 
depression in trade and consequent shortage of 
orders ; and they stated that that custom was well 
recognised in South Wales, both by masters and 
men. Witnesses called on the part of the plaintiff 
denied that there was any custom which would en- 
title the masters to close the works without notice, 
in the case of lack of orders and depression of trade. 


be | They admitted, however, that there was a custom 


under which the masters could close the works in 
the event of breakage of machinery, repairs, or want 
of water or material. 

The plaintiff, like most of the employés, was 
paid by piece-work, or, in other words, he received 
wages pro rata, according to the number of boxes 
turned out ina day. The two questions which the 
judge had to consider were :—(1) Whether the 
= has any implied right under his contract to 

e provided, while the contract lasted, with a reason- 
able amount of work ; (2) whether there was a custom 
which enabled the employers to shut down the 
works without notice to, and cease to employ, the 
plaintiff and their other workmen. Acting on the 








authority of a case which was tried in 1871, Mr. 
Justice Jelf decided that the employer was bound 
to provide work. 

n the case of Turner v. Goldsmith (1891), 1 Q.B. 
544, the defendant, a shirt manufacturer, by con- 
tract in writing agreed to employ the plaintiff, and 
the plaintiff agreed to serve the defendant as agent, 
canvasser, and traveller, on the terms—first, that 
the agency should be determinable by either party 
at the end of five years by notice ; secondly, that 
the plaintiff heutl do his utmost to obtain orders 
for and sell the various goods ‘‘ manufactured or 
sold by the defendant, as should from time to time 
be forwarded or submitted by sample or pattern to 
the plaintiff.” It was further provided that the 
plaintiff should be remunerated by such commission 
as was specified in the contract. After about two 
years the defendant's manufactory was burnt down, 
and he did not resume business, and thenceforth 
did not. employ the plaintiff, who brought an 
action for damages for breach of contract. It was 
decided by the Court of Appeal, reversing the 
decision of Grantham, J., that the action was main- 
tainable, and that the plaintiff was entitled to sub- 
stantial damages ; for the defendant, having agreed 
to employ the plaintiff for five years, did not fulfil 
that agreement unless he sent him a reasonable 
amount of samples to enable him to earn his com- 
mission; and that the defendant was not excused 
from fulfilling his agreement by the destruction of 
his manufactory by fire. It will be seen that the 
facts of this case were closely analogous to the 
facts in the case under review, inasmuch as in both 
cases the employé was to be paid (so to speak) by 
the job. But where the contract is merely to 
employ a man at wages, he has no right to insist 
that he shall be found employment. Thus, in 
Turner v. Sawdon and Co. (1901) 2 K.B. 653, the 
defendants agreed to engage and employ the plain- 
tiff as their representative salesman for a period of 
four years. Before the expiration of that time, 
the defendants, though willing to continue to pay 
wages to the plaintiff, refused to give him any 
work to do as their representative salesman. In 
an action to recover damages for breach of con- 
tract, it was held that the defendants were under 
no obligation to provide the plaintiff with work. 
The Master of the Rolls, in giving judgment, said : 
—‘‘It is said that if the salesman is not given em- 
ployment which allows him to go on the market, 
his hand is not kept in practice, and he will not be 
so efficient a salesman at the end of the term. To 
read in an obligation of that sort would be to con- 
vert the retainer at paid wages into a contract to 
keep the servant in the service of his employer in 
such a manner as to enable the former to become 
au fait with his work.” 

The next point which the judge had to consider 
is even more interesting—namely, whether the 
defendants had established the existence of a 
custom which enabled them to get rid of their 
workmen when trade was bad. A custom, in order 
to be capable of altering or modifying the terms 
of a contract, must be so universal that no work- 
man could be supposed to have entered into the 
service without looking to it as part of the 
contract. 

Having considered the evidence on either side 
the learned judge said :—‘‘ On the whole the defen- 
dants have not satisfied me of the existence of a 
custom that they may shut down without notice 
for want of remunerative orders, or specification, 
so universal as to be practically incorporated in the 
contract. Moreover, a custom, in‘order to prevail, 
must be reasonable, and I am of opinion that the 
custom set up by the defendants would not be 
reasonable. lt would place the men at the mercy 
of the masters as to the occasions when, for 
their own convenience, and looking to their 
own interests, the masters might think fit to 
stop the work. The men would by the 
custom be liable to be summarily stopped on any 
given day from earning wages, without the means 
of judging whether the point at which orders are 
unremunerative has been fairly reached ; or how 
long the stoppage would be likely to last, or whether 
it would be wise for them on their side to give the 
twenty-eight days’ notice to quit or not. ... On 
these grounds I am of opinion that the defendants 
have failed to cut down the contract by the alleged 
custom, and that the plaintiff is entitled to damages 
for the failure on the part of the defendants to find 
him reasonable work during the six weeks in ques- 
tion.” Had the defendants been able to show that 
the custom alleged was of universal application, 
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they must have had judgment. As an instance of 
a custom which is imported into every contract of 
service of a particular class, we may mention the 
custom under which a domestic servant is entitled 
to give or receive a month’s notice. A custom, 
however well known, may be expressly over- 
ruled by a contrary stipulation in the agreement 
between the parties. In a case which was 
heard some time ago at the Denbigh County 
Court an attempt was made to establish the 
existence of a custom in the slate trade. An 
action was brought to recover damages for the non- 
delivery of certain quantities of slate. On Sept- 
ember 8 the plaintiff ordered 4000 slates, stipulating 
that they should be delivered at once. On Sept- 
ember 20 the defendants accepted the offer, and 
promised to deliver at once, but never did so ; and 
in consequence of frequent delays the plaintiff had 
to buy elsewhere. It was argued on the part of 
the defendants that in law, and according to the 
conditions prevailing in the slate trade in North 
Wales, the defendant could only be expected to 
supply the slates within a reasonable time from 
the receipt of the order, having regard to all the 
circumstances of the case. It was stated that at 
present ships had to remain in harbour for months 
waiting for cargoes of slate, and the principle 
raised in the case was one of serious importance to 
the slate industry and merchants generally. In 
giving judgment, his Honour said :—‘‘ In a trans- 
action of the kind now before me the conditions 
of the slate trade must, no doubt, be considered ; 
but, judging from the correspondence, the defen- 
dant clearly promised upon: several occasions to 
supply slate at certain times, and invariably broke 
those promises. There must be judgment for the 
plaintiff for the full amount.” 








NATAL GOVERNMENT RAILWAYS. 

THe annual report of the general manager of the 
Natal Government Railways for 1904 opens with a 
statement in the light of which all the details of 

solicy and administration during the past year must 

e regarded. For some cause, or combination of 
causes, the gross revenue from the railways fell from 
2,561,5517. 10s. 5d. in 1903 to 1,933,9331. 19s. 4d. 
in 1904, a reduction of 567,6171/., or 24.5 per cent. 
It speaks well for the management that in spite of 
this tremendous reduction in revenue, the receipts 
were sufficient not only to pay all interest and 
working expenses, but to allow a surplus of over 
17,5001. to be handed over as net profit to the 
Colonial Exchequer. This profit, moreover, is not 
a fictitious one, obtained i assuming, after the 
manner of some of our municipal authorities, that 
awkward items of expense may be charged to the 
capital account, but is the balance after paying for 
all additions and improvements to buildings, ways, 
and works out of the gross revenue. Nothing is 
set aside for depreciation ; but provided that neces- 
sary repairs are not delayed for the sake of a nice- 
looking balance-sheet, and that they do not occur 
so spasmodically as to much affect the accounts 
from year to year, the absence of a separate de- 
preciation charge and the practice of entire main- 
tenance from revenue would seem both simple and 
satisfactory. It has been followed in connection 
with the Natal railways—and, indeed,. with all the 
great railways of the world—since their commence- 
ment in 1880. 

In Natal, as in other countries, the railway 
returns form a fair index of the trade conditions 
prevailing, and the shrinkage of revenue reflects 
the stagnation of trade which has characterised the 
whole of South Africa during the past year. The 
general goods traffic showed a reduction of 280,104 
tons, with a consequent reduction of 593,082/. in 
receipts, and the number of passengers carried was 
less than in the preceding year by 117,212, account- 
ing for a further drop in sevenue of 30,248/. If 
it had not been for the importation of Chinese 
labour for the Transvaal mines, a circumstance 
which cannot be counted on as a regular source of 
revenue, the passenger traffic would appear worse 
even than it does. The through traffic across the 
colony shows an increase of 28,674 passengers, 
paying 10,173/., but of these 21,992 where Chinese, 
who added 14,254/. to the revenue. The increase 
of 6700 non-Chinese through bookings hence caused 
a pure loss of 4000/., and the decrease of 145,886 
in the local traftic, and of 40,4211. in the revenue 
therefrom, show that without the aid of the Chinese 
immigration an even worse balance-sheet would 
have had to be presented. 





Of the goods traffic, which is separately classified, 
the conveyance of coal is by far the most important 
item. The efforts which have been made to develop 
the beds of excellent coal in the colony have 
resulted in the railway transportation of 670,000 
tons during the year—an increase of 163,000 tons 
over the figures for the previous year. Of the 
total, 120,000 tons were conveyed overland to the 
other South African colonies, and 214,000 tons 
used for railway and other purposes under depart- 
mental contracts. That the increased coal traffic 
could be obtained in spite of the industrial depres- 
sion is due partly to the reduction in price at the 
mines and partly to the reduction in railway rates ; 
the extra 163,000 tons carried only added 97331. to 
the revenue. The smallness of the extra revenue 
as compared with the extra traflic makes it a fair 
question whether the present rates are computed 
on a paying basis, for although cheap transport of 
coal is of undoubted assistance to the industries of 
the colony, itis hard on the railway management 
that they should have to provide this assistance at 
a loss to their own undertaking. As regards other 
classified traffic, it is satisfactory to note that South 
African produce has increased by 27,042 tons, with 
a corresponding increase of 15,558]. in revenue. 
Mealies accounted for over 23,000 tons of the extra 
traffic. Wool dropped in amount by 1300 tons, and 
entailed a reduction in the receipts from this article 
of 648/. As evidence of the interdependence of the 
South African colonies, it is noteworthy that in 
1904 54 pe cent. of .the total traffic value was 
accounted for by goods and passengers going to and 
from the Transvaal. The figures for 1903 are even 
more striking, as although in that year there was 
no Chinese trafic, the proportion shared with the 
Transvaal was 56 per cent. 

The decline in traffic which we have particularised 
became acute in February, and prompt steps were 
taken by the management to bring the expenditure 
down in line with the reduced revenue. Con- 
ferences of the officials of the various departments 
were held to consider means of effecting economies 
with the minimum of suffering to the employés and 
inconvenience to the service. Short time was 
introduced in the running and works departments, 
all vacancies were filled from the existing staff, and 
the thoroughness of the economy enforced is shown 
by the fact that the average monthly expenditure 
was reduced by nearly 14 per cent., the reduction 
being spread over all departments. 

At the end of the year the open mileage was 775} 
miles, exclusive of the 23} miles between Van 
Reenen and Harrismith, operated on behalf of the 
Central South African Railway Administration. The 
capital invested in open lines was 11,170,4871., the 
cost per mile open, including workshops, rolling 
stock, &c., being 15,0041. The net profit to the 
colony, as already stated, was 17,5141. The earn- 
ings and working expenses per average mile open 
were respectively 25981. and 2057/., the percentage 
of expenses to earnings being 78.18 per cent. The 
general policy of the management has been for 
many years in the direction of strengthening the 
permanent way and employing wagons of greater 
capacity and heavier engines. From iron rails of 
40 lb. to the yard, the standard has been raised to 
steel rails of 78 lb., and new work will be laid with 
80-lb. rails, in accordance with the dimensions laid 
down by the Engineering Standards Committee. 
The latest design of engine weighs 125 tons, and 
the standard wagon now has a carrying capacity of 
35 tons. The locomotive stock consists of 309 en- 
gines, of which 57 were under erection or out of 
service for repair. Fourteen tender engines were 
put into service out of 52 on order, this type of 
engine having been introduced for the heavy express 

nger service ; 21 more of them were either 

in the colony or on their way from England. They 
are reported as giving the greatest satisfaction, and 
an equally favourable account is given of the 25 
improved Dubs engines also importéd last year. 
During the year 190 wagons, to convey 35 tons of 
peying load, have been delivered from the Leeds 
orge Company and put in service. Their tare 
weight is 14 tons 1 cwt., and they also are reported 
as giving excellent results. Ten American wagons 
ordered for comparison have not yet been delivered. 

Among the Cipestencital reports contained in 
the Blue-Book is one from the Stores Superinten- 
dent at Durban, which, being almost hidden be- 
tween large folding pages of tabulated matter, and 
— in comparatively small type, is liable to 

overlooked. It is therefore well that we should 
draw attention to one section of it which is of 





special interest to British firms doing an export 
trade. The Stores Superintendent is compelled to 
again complain of the want, not only of care, but of 
ordinary common - sense, exercised in king 
machinery for abroad. The packing-cases, he says, 
are frequently well made, but the contents are 
often put inside without straw or any other mate- 
rial to prevent concussion, so that they arrive 
at their destination either broken or severely 
damaged. It is the worst of folly for a firm to risk 
its reputation and its chances of future orders by 
a short-sighted economy in the peckingshop, or to 
rely on such notices as ‘‘ Fragile,” ‘‘ This side up 
with care,” and ‘‘ To be kept dry,” being religiously 
observed at every trans-shipment on a journey of 
thousands of miles. Again, except finding his 
castings in more pieces than when they left 
England, nothing is more exasperating to the 
recipient than not having correct packing lists 
giving the contents of every case ; and there is no 
possible excuse for this frequent omission. Another 
common piece of carelessness is the neglect of the 
shop erector to paint or stamp distinguishing marks 
on the various pieces, so that they may be re- 
assembled without guesswork. A case illustrating 
this recently came under our notice, in which the 
boss of a built-up fly-wheel weighing 50 tons 
arrived at its destination with a large B painted 
on one side. After consideration the erector 
decided that this letter indicated that a balance 
weight for the cranks would be cast in the rim 
segment which would come opposite the letter, and 
on this very reasonable assumption he staked the 
boss on the shaft with the B diametrically oppo- 
site the cranks and fitted his keys. As the other 
portions of the wheel were delivered they were 
put in place, and not until the balance segment 
came to go on was it found that instead of being 
weighted it was cored out, the result being that 
the completed wheel had to be unkeyed, the shaft 
turned inside it, and the whole staked and keyed 
afresh. Blunders of this nature are more common 
than might be thought, and as their origin is in 
almost all cases carelessness on the part of the 
shop staff, they may be reduced to a minimum by 
efficient management. 








NOTES. 
Tar British Association. 

Reuter reports that the opening meeting of the 
new session of the British Association was held at 
Cape Town on Tuesday evening, when the new 
President, Professor George Darwin, delivered the 
first portion of his inaugural address. This dealt 
mainly with the mutability which recent scientific 
theory and experiment have indicated as character- 
istic of the chemical atoms, previously held to be 
the unchanged and unchanging primordial compo- 
nents of the universe. As our readers well know, 
this view has of late years had to be abandoned, so 
that the existing atoms are presumably the surviv- 
ing representatives of a much more numerous 
family. Professor Darwin drew an interesting 
analogy between this ‘‘survival of the fittest” in 
the physical and chemical world, and tlte doctrine 
of evolution in biology, where the same principle 
has long been accepted as the main factor in the 
origin of the species. Reasoning from analogy, he 
suggested a doubt as to whether biologists have 
been right in looking for continuous transformation 
of species, and whether it was not more probable 
that slight continuous changes occurring during a 
long period of time were not followed by a some- 
what sudden transformation into a new species, or 
by a rapid extinction of the old. As important con- 
tributors to the new ideas as to the constitution of 
and mutability of the atom, he mentioned the names 
of Lenard, Rontgen, Becquerel, the Curies, Larmor 
and Thomson, giving pre-eminence to the ijatter. 
This judgment will, we imagine, be disputed by no 
one able to appreciate the beauty and ingenuity of 
the methods by which Professor Thomson not only 
broke up the atoms, but counted and weighed the 
resulting fragments. The series of researches, in- 
deed, constitutes an actual scientific m. It is, 
of course, early days to forecast the ultimate out- 
come of the new hypotheses, but Professor 
Darwin quotes Mr. Whetham to the effect that 
Thomson’s present crude electrical model of the 
atom simulates with ‘‘ almost satanic exactness ” 
some of the most obscure and yet most funda- 
mental properties of the chemical elements. The 
minuteness of the corpuscles which Thomson 
has succeeded in weighing was illustrated by Pro- 
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fessor Darwin as follows :—Lord Kelvin has esti- 
mated that if a drop of water were magnified so as 
to occupy a sphere with a radius equal to that of 
the moon’s orbit the individual molecules would be 
smaller than a cricket-ball and larger than marbles. 
Professor Darwin states that the component atoms 
of this molecule bear, perhaps, the same relation to 
it as it does to the drop of water, and in their turn 
the Thomson corpuscles bear about the same rela- 
tion to this atom. The second half of Professor 
Darwin’s address is to be delivered in Johannésburg, 
and will be devoted to a consideration of various 
theories of evolution in the heavens. 


SuBMARINE CaBLE TO ICELAND. 


The Great Northern Telegraph Company has now 
secured a concession for the establishment and 
working of a submarine telegraph between the 
Shetland Islands, the Fiiroe Islands, and Iceland. 
The work has already been taken in hand, and 
tenders for cables will soon be invited. The cable 
will proceed from the Shetland Islands to Thors- 
havn, the biggest town in the Firoe Islands, and 
from there the cable will go direct to the east coast 
of Iceland, landing either at Seydis Fjord or Reydar 
Fjord, from whence an overland line will be carried 
to Regkjavik, the capital of Iceland, which line 
will also touch several smaller Icelandish towns. 
The cable and the overland line have separate 
owners, the former being laid and worked by the 
Great Northern Telegraph Company, whilst it is the 
Icelandish exchequer which defrays the cost of the 
construction and the working of the overland line. 
The Telegraph Company, however, contributes 
300,000 kr. towards the construction of the land 
line ; on the other hand, receiving an annual sub- 
vention of 54,000 kr. (3000/.) from the Danish Go- 
vernment, and a further 35,000 kr. (about 20001.) 
from the Icelandish exchequer. These subventions 
have to be paid for a period of 20 years from the time 
the-cable is opened to traffic. The maximum tariff 
is to be fixed by the Danish Minister for Public 
Works for a period of five years at a time. The 
Great Northern Telegraph Company’s concession is 
given for a period of twenty years, but can be 
renewed. If the company does not want the con- 
cession renewed without subvention, Denmark and 
Iceland are entitled to jointly take over the cable 
without any remuneration to the company at the 
proportion of two-thirds and one-third; and if 
Iceland will not join, Denmark is entitled to take 
over the cable alone. As long as the concession 
holds good, concession for telegraphic connection 
between Iceland and Europe can be given to no one 
else. This, however, does not apply to wireless 
telegraphy, which Iceland and the Fiiroe Islands 
are at liberty to arrange. The cable is to be ready 
for working about October 1, 1906. 


River Courses, Eppies, AND THE RoTaTION 
OF THE EARTH. 


It has often been asserted, but rather asserted 
than proved by actual measurements, that, owing to 
the rotation of the earth, the rivers of our northern 
hemisphere are deflected to the right, and tend to 
erode their right bank more than the left. The 
Volga is generally quoted as the most conspicuous 
example of this law of Baer. The Volga enters 
the Caspian by many more or less parallel arms, 
and has in historical times visibly. shifted its lower 
course to the right. The action of the earth’s rota- 
tion would not be strong, and may often be masked 
by prevalent winds, the nature of the banks, cur- 
rents, &c.; but the rotation effect would be con- 
stant. Perrot’s experiment of 1859 seems to point 
to such an influence. Perrot let water flow out 
through an epening in the bottom of a cylindrical 
vessel, and noticed that the water particles, in 
rushing from the circumference inward, did not 
move radially, but were deflected to the right. 
Jean and Bernard Brunhes, the one at Fribourg, 
in Switzerland, the other at the Puy-de-Déme 
Observatory, having drawn attention to this 
experiment, it was recently successfully repeated 
by L. Maillard and A. Kuenzi at Lausanne ; 
little floats of wood or glass, or simply saw-dust, 
were used to mark the stream-lines. Brasch- 
mann had, in 1860, already mathematically traced 
this deflection back to the earth’s rotation, and 
Maillard confirms his formule. Jean Brunhes 
has recently approached the problem from another 
point. Watching the eddies in a river just below 


® bridge pier, he noticed that the eddies on the 
right turned counter-clockwise, and those on the 
left clockwise ; the numbers of these two kinds of 








eddies were fairly equal. Such eddies form in any 
shallow watercourse from which stones project. 
When the water-level rises, most of the eddies dis- 
appear ; but among those still distinguishable, the 
counter-clockwise movement decidedly predomi- 
nates. Examining, then, carefully the ‘eddies in 
many Alpine rivers and rapids, and confining him- 
self to whirls which are marked by surface froth, 
he observed that 90 per cent. of all the eddies 
were counter-clockwise. Similar observations have 
been made on the rivers of the Pyrenees, and 
by E. A. Martel on the subterranean water- 
courses of Trans-Caucasia. The prevalence of 
the counter - clockwise eddies is not recognis- 
able in very shallow, very deep, and very rapid 
streams, and is on the whole more marked in 
the middle courses of rivers than in their upper 
and lower courses. B. Brunhes has given analo- 
gous reasons why counter-clockwise vortices and 
cyclones should predominate in our atmosphere ; 
and J. Brunhes concludes that, though the law of 
Baer may be too general, the diurnal rotation of 
the earth has an effect on the middle courses of 
rivers and on their eddies. , The conclusions are not 
in agreement, or, at any rate, not supported by 
I. Bowman, of Ypsilanti, Michigan, who studied 
the defiections of the Mississippi. It is well 
known that the Lower Mississippi meanders ver 

much. Under the direction of Professor M. 
Davis, of Harvard, Bowman has examined the sets 
of maps published by the Mississippi River Com- 
mission, and recording the surveys of 1883 and 
1896. Paying attention in his investigation to 


‘bends, that is, curves which tend to shorten their 


radii, meanderings which increase their radii, 
straight reaches, which are most difficult for navi- 
gation, and to island and bank cutting, Bowman 
finds that the river wears its one bank about as 
much as the other. He will continue his studies 
on other rivers. It would certainly be desirable 
to have this problem fully investigated. 


Tue Errect or Cuituinc Bronzes (ALLoys 
or CopreR AND Try). 


L. Guillet, in the Comptes Rendu, vol. cxl., gives 
the results of his tests of the effect of chilling 
bronzes, containing from 5 to 21 per cent. of tin, 
from temperatures varying between 300 deg. and 
800 deg. Cent. In the case of alloys containing 
more than 92 per cent. of copper, the breaking 
stress and elongation were slightly increased by 
chilling from temperatures between 400 deg. and 
600 deg. Cent. In the case of alloys containing 
less than 92 per cent. of copper, the breaking stress 
and elongation showed a sharp rise when the tem- 
perature from which the alloys were chilled ex- 
ceeded 500 deg. Cent. These results confirm those 
of Heycock and Neville (see Proceedings of the 
Royal Society, vol. lx., pages 160 and 164), who 
suggested the formation of complex molecules of 
SnCu or SnCu, existing in solid solution, and also 
the results on chilling by the same experimentalists, 
given in the Proceedings of the Royal Society, vol. 
Ixviii., year 1901. The maximum breaking stress 
was shown by alloys which had been chilled from 
about 600 deg. Cent., irrespective of their com- 
position. On the other hand, the maximum 
elongation was attained by chilling at temperatures 
which differed according to the composition of the 
alloy. For example, with the bronze containing 
91 per cent. of copper and 9 per cent. of tin, the 
maximum elongation was attained by chilling from 
800 deg. Cent., whilst for the alloy containing 79 
per cent. of copper and 21 per cent. of tin, the 
corresponding temperature was 600 deg. Cent. 
The difference between the breaking stress of the 
alloy as cast and that of the alloy chilled from 
the most suitable temperature was greater the 
smaller the percentage of copper. It is clear that 
the chilling of bronzes from temperatures between 
600 deg. and 800deg. Cent. improves considerably 
their tensile strength, but the influence of this 
treatment on the resistance of the alloys to friction 
must also be investigated, more especially as chill- 
ing causes the disappearance of the compound 6 
(Cu,Sn), a very hard substance, which may play 
an important part in this'respect. On this point, 
also, the author’s conclusions are in agreement 
with those of Messrs. Heycock and Neville (loco 
citato). In the Journal of Physical Chemistry, 

ublished at Cornell University, June, 1905, 

essrs. E. S. Shepherd and G. B. Upton give the 
results of tests * the tensile strength of copper- 
tin alloys. They have examined the effects of 
composition, annealing, and chilling, and amongst 


.| without affecting t 





other results find: (a) Bronzes containing 74 to 
87 per cent. copper are much stronger if annealed 
above the inversion temperature (510 deg.) than if 
annealed below. (b) Prolonged annealing tends to 
coarsen the crystalline structure, to decrease the 
tensile strength, and to increase the ductility. 
(c) When tested as cast, the ductility of bronzes 
decreases with decreasing copper content. (d) The 
ductility of cast bronzes can be increased about 
5 per cent. by bringing to a red-heat, and then 
uenching in water. ith bronzes containing less 
than 88 per cent. of copper, this treatment in- 
creases the strength markedly. (e) Annealing at 
540 deg. for one week causes an enormous increase 
in the ductility, especially of bronzes containing 
88 to 90 per cent. of copper. (jf) Annealing the 
85 to 90 per cent. copper Goonane at 400 deg. for 
one week causes an effect on ductility similar to, 
but less than, that due to annealing for the same 
time at 540 deg. (g) It is possible to make a cast 
bronze with an ultimate tensile strength of over 
60,000 lb. per square inch, and an ultimate elonga- 
tion of about 1.5 per cent., ora bronze with an 
ultimate tensile strength of 45,000 pounds per 
square inch, and an ultimate elongation of 39 per 
cent. (h) By suitable heat treatment it is possible 
to vary the ultimate elongation of a bronze contain- 
ing 90 per cent. wa from 10 to 37 per cent. 
e tensile strength materially. 
(i) The bronzes have no maximum load in the sense 
that iron and steel have. 








CaNaDIAN Evecrric Linges.—The Toronto and Niagara 
Power Company is mapping out a plan of extended 
operations, with St. Catharine's as their centre. It is in 
contemplation to build electric lines between that place 
and Stony Creek, to connect with Hamilton and even- 
tually with Toronto, while a main line is to run from 
Stony Creek to Buffalo, touching at Allanburg. 





Locomotives ON Raitways.—The number of locomo- 
tives upon the twenty-four principal railways of England, 
Wales, and Ireland at the close of June, 1905, compared 
as follows with the corresponding number of engines upon 


the same systems at the close of mber, 1904 :— 
System. June, 1905. Dec., 1904. 
Barry .. oe es . 138 126 
Central London. 3 30 30 
City and South London .. 52 52 
Great Central ‘ os 616 623 
Great Eastern 1085 1085 
Great Northern... tr. 1279 1279 
Great Northern (Ireland). . 157 157 
Great Western ses e “ 2330 2279 
Great South & Western (Ireland) 283 282 
Lancashire and Yorkshire 1378 1378 
Brighton ve os 535 535 
Tilbury os 74 74 
North-Western 2555 2555 
South-Western 736 736 
Metropolitan . sy 89 
Metropolitan-District 54 54 
Midland - - ee 2790 2790 
Midland Great Western (Ireland) 138 137 
North-Eastern ~~ - ne 2000 2142 
North London 95 95 
North Stafford 167 167 
Rhymney . : 110 110 
South-Eastern and Chatham 746 746 
Taff Vale... ” ini 198 198 


The number of engines upon the twenty-four systems at 
the close of June this year was accordingly 17,635, as 
compared with 17,719 at the close of December, 1904, 
showing an apparent decrease of 84. This decrease was, 
however, more apparent than real, as it arose from a 
change in the manner of dealing with duplicate engines 
upon the North-Eastern Railway this year. The Central 
London Railway has 28 electric and two steam locomo- 
tives. Al] the engines upon the City and South London 
Railway are electric. The Great Central Railway has 
also the use of 86 locomotives supplied by the Railway 
Rolling-Stock Trust, Limited, under a hire-and-purchase 
agreement. The Great Northern of Ireland Railway 
has eleven electric tram cars. In the course of the 

ust half-year the Great Western Railway built 26 
Goonstieis and supplied new boilers to 33 more at 
the cost of revenue. The Lancashire and Yorkshire Rail- 
way has 73 duplicate engines. The London, Brighton, 
and South Coast Railway built or purchased nine loco- 
motives during the past half-year, and broke up or 
sold a similar number. The London and North-Wes- 
tern Railway had 500 duplicate engines at the close 
of June. The London and South-Western Railway owns 
three motor-cars and two motor-omnibuses. All the 
steam locomotives rng the Metropolitan Railway are 
tank engines. At the close of June the Metropolitan 
Railway owned 43 electric motors. All the steam loco- 
motives upon the roy ee District Railway are also 
tank engines; at the close of June, the Metropolitan 
District Railway owned 118 electric motors, 112 Tose 
been added during the past half-year. The Midland Rail- 
way has two steam motors. The North-Eastern Railwa: 
owns 58 electric motors. At the close of June the Nort 
London Railway had 25 duplicate locomotives. The 
North Staffordshire Railway has one motor. The South- 
Eastern and Chatham Railway has 20 duplicate locomo- 
tives and two steam motor-cars; the duplicate locomo- 
tives have been rebuilt in advance at the cost of revenue, 
The Taff Vale Railway has 13 steam motor-cars. 
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THE LATE MR. W. E. LANGDON. 

Ir is with much regret that we announce the death 
of Mr. W. E. Langdon, Past-President of the Institu- 
tion of Electrical Engineers, which took place on 
Saturday last at Westcliff-on-Sea. Mr. Langdon’s 

’ health had for some time been precarious. 
Indeed, it was owing to ill-heaith that he, in 1902, 


resigned his post as telegraph superintendent and | pread 


chief of the electrical department of the Midland 
Railway Company, which he had held for 24 years. 
The p Doers entleman was the son of the late 
Commander J. W. Langdon, R.N., assistant hydro- 
grapher to the Admiralty. He was educated at 
the Naval School, New Cross, and in 1851 entered 
the service of the Electric and International Tele- 
graph Company, where he was soon given a post as 
junior engineer. On the transfer of the telegraphs 
to the Post Office he took charge of the — 
department of the London and South-Western Rail- 
way, but was soon engaged by the Post Office as an 
assistant-divisional engineer. This post he resigned 
in 1878 to take up the appointment with the Midland 
Railway Company already mentioned. He was one of 
the original members of the Institution of Electrical 
Engineers, joining it when it was founded in 1872 as 
the Society of Telegraph Engineers. In 1877 he acted 
for a short time as secretary of this body to meet 
an emergency, and in 1895 was put on the Council, 
becoming President of the Institution in 1901. He 
contributed a number of papers to the proceedings 
of the society, his first, presented in 1874, dealing with 
the preservation of telegraph poles. Hig later papers 
were mainly connec with railway matters, the 
earlier of them with the application of electric re- 
peaters to railway signals and of electric lighting to 
railway purposes, whilst a third was devoted to a 
discussion of recent improvements in railway tele- 
graphs. His last contribution to the Institution’s 
publications was his ron ‘‘The Supersession of 
the Steam by the Electric Locomotive,” read in 1900, 
which, it will be remembered, gave rise to a lively and 
highly interesting discussion 








Sream Avuto-Cars.—The Great North of Scotland 
Railway Company have now introduced steam auto-cars 
on their system, and on Wednesday afternoon, the 9th 
inst., their first steam-car made a trial run from the 
Inverurie Works to Aberdeen. ‘T'he steam-car may be 
said to consist of a locomotive and passenger carriage all 


in one. Passengers enter at the rear end, and the seats 
in the car (which is open from end to end) are garden- 
seats, like those on the top of a tramcar. he car 


holds forty-five sengers, and there is no distinction 
between first and third class, the seats being all the same. 
The Ton eS resembles a diminutive tank engine, 
was built by Messrs. Barclay, Sons, and Co., of Kil- 
marnock, and the boiler, which is by Messrs. Cochran and 
Co., of Annan, is of interest, as it is of a new type, bein 

a vertical boiler with horizontal return fire-tu an 

this being the first instance of its use for railway loco- 
motive purposes. The body of the car, which is hand- 
somely finished outside as well as in, was built at In- 
verurie, and the car was me together there under the 
direction of Mr. Pickersgill, the locomotive superinten- 
dent of the company. 





Improved Raiway Points AND Switcues.—Of the 
details of the permanent way equipment of railways there 
is probably none which costs so much in attention and 
upkeep as the points and switches. The cost of oiling 
and cleaning of railway switches, the danger to the man 
engaged on the work, and the greater danger to the 
public if it is not done effectively, all enter directly or 
indirectly into the working expenses of the line; and the 
number of derailments when shunting, and the time and 
labour they involve, are almost.all: due to faulty operation 
or maintenance of the points. essrs. W. J. Jenkins 
and Co., Limited, of Retford, Notts, are now manufac- 
turing an improved pattern of railway points, the chief 
feature of which is that there is no sliding motion what- 
ever of the switch tongues over the chairs, and conse- 
quently no need of the perpetual oiling and cleaning 
necessary to keep the sliding surfaces in good order. The 
tongues are connected by the usual cross-ties, and are 
carried from one position to the other by the ends of a 
~~ of small vertical levers set cross-wise in the track 

tween the rails. The weight of the tongues renders 
the combination only stable in its extreme positions, so 
that the points cannot remain in any intermediate position. 
The elimination of the slides renders operation very easy, 
and the more so as no balance weight is required on the 
operating lever. In fact, the latter can often be replaced 
with advantage by a simple al mechanism, so that a 
shunter may work it with his foot if his hands are en- 
cumbered with the usual lamp and coupling-pole. The 
ease and certainty of operation are very noticeable, and 
we understand that four sets of the points have been 
working day and night in a very busy yard for over two 
years without a drop of oil and without cleaning. One 
of these sets, installed where derailments due to flyin 
shunting were icularly frequent, has entirely elimi. 
nated the trouble from that source. The mechanism is 
extremely cients, containing neither balance-weights, 
springs, nor sliding surfaces, and can be applied to any 
existing points, whether worked by hand, electric, pneu- 
matic, or other power. 





LAUNCHES AND TRIAL TRIPS. 


On Wednesday, the 2nd inst., the official trial of the 
twin-screw steam lifeboat Moseley, built by Messrs. 
Forrestt and Co., Limited, Wyvenhoe, Essex, to the 
order of the Crown Agents for the Colonies, for service 
at took place on the River Colne. The vessel, 
which is of the tunnel type, and is the first twin-screw 
lifeboat yet built, has a length of water-line of 57 ft. ; 
th on water line, 12 ft. 6 in.; breadth, extreme, 
15 ft.; and a draught when fully loaded of 3 ft. 6 in. 
The hull is built of steel galvanised, and is divided into 
twenty-one water-tight compartments, there being suffi- 
cient buoyancy in the different compartments (which in 
service will constantly closed), exclusive of the 
engine and boiler-rooms, coal bunkers and reserve feed 
tanks, to float the vessel should the machinery parts 
become flooded. A cockpit is arranged aft of the ma- 
chinery space, from which the vessel will be worked, 
and in its floor are fitted relieving valves to drain off 
any water which may find its way into the cockpit. The 
vessel has a very complete outfit, including stockless 
anchors, steam windlass for working cable, hand-screw 
steering-gear, mast, sails, &c. The machinery, which 
has been supplied and fitted on board by Messrs. Plenty 
and Son, Limited, of Newbury, consists of two sets of com- 
pound surface-condensing engines, having cylinders 7 in. 
and 15 in. in diameter, and an 8-in. stroke, with separate 
condenser, separate circulating pumps, and Edwards’s 
air-pumps; the auxiliaries include separate feed-pump, 
forced-draught fan, donkey pump, and evaporator. The 
boiler is of the Yarrow patent water-tube type, working 
under forced draught in a closed stokehold. During the 
three hours’ continuous trial the machinery worked with- 
out a hitch, and the mean of six runs on the measured 


mile showed a s of 10} knots, this being three- 
quarters of a knot over the contract ser which makes 
the Moseley the fastest steam lifeboat afloat. The 


Moseley will be shipped complete on the deck of one 
of Messrs. Elder, mpster, and Co.’s West African 
steamers, and will leave London for Lagos about the 
middle of August. 





A remarkable looking vessel, named Wrecker, was 
launched from Messrs. yy and Ferguson’s ship- 
building yard on Wednesday, the 2nd inst. The vessel 
has been specially built for the East Coast Salvage 
Company, imited, Leith, and is 140 ft. long, 30 ft. 
beam, and 13 ft. hold. She will be propelled by twin- 
screw engines made by Messrs. Ramage and Ferguson, 
Limited. When completed, the Wrecker will the 
most powerful and efficient salvage steamer in the United 
Mieghem; her steam pumping power will be fully 4000 
tons per hour, and she will rovided with all the latest 
improvements in pneumatic drilling and cutting tools, 
electric light throughout, also a portable aout driven 
from one of her steam winches. There is accommodation 
for forty persons on board. The Wrecker is the second 
salvage steamer the builders have constructed for the 
East Coast Salvage Company, Limited. 


The steamship Pheenix, built to the order of Messrs. 
Hoyland and Co., London, was launched from the yard 
of Messrs. Earle’s Shipbuilding and Engineering Com- 
pany, Limited, Hull, on Wednesday, the 2nd inst. The 
ship’s dimensions are :—Length, 340 ft. ; breadth, 50 ft. ; 
depth, 27 ft. She has been built of steel to Lloyd’s 100 Al 
class, and to the Board of Trade requirements, for grain- 
carrying, and is fitted for carrying a very large quantity 
of water ballast in cellular double bottom and in aft peak 
tank. The machinery consists of a set of triple-expan- 
sion engines and two large single-ended boilers working 
at a pressure of 180 lb. per square inch. The engines 
have cylinders 24 in., 39 in., and 66 in. in diameter, with 
a 45-in. stroke. The ship has finer lines than those 
a adopted for heavy cargo steamers, and, it is ex- 
pected, will maintain a good speed at sea in all weathers. 


There was launched from the a gee of Messrs. 
Cochrane and Sons, shipbuilders, Selby, on Thursday, 
the 3rd inst., a steel-screw trawler, the principal dimen- 
sions being 115 ft. by 21 ft. 6 in. by 11 ft. 9 in. depth of 
hold. The vessel has been built to the order of Messrs. 
Pecheries 4 Vapeur, of Ostend, and will be fitted with 

werful tri a engines by Messrs. C. D. 

olmes and Co., of Hull. The vessel is replete with all 
the latest improvements for fishing purposes. 








The new steamer Patani, which has just been com- 
leted by Messrs. Workman, Clark, and Co., Limited, 
or Messrs. Elder, Dempster, and Co., of Liverpool, left 
Belfast on Friday, the 4th inst., for Liverpool, having 
had a preliminary cruise in Belfast Lough on Thursday, 
the 3rd inst., including a successful trial of — The 
Patani has been built for the West African Coast trade, 
and is 384 ft. long, with a gross tonnage of 3400. The 
machinery consists of a set of triple-expansion engines, 
with three steel multitubular boilers fitted with Howden’s 
system of forced draught. 


On Friday, the 4th inst., the Northumberland Ship- 
building ae Limited, Howdon-on-Tyne, launched 
the Queen Amelie, built to the order of the Dunlo 
Steamship Company, Limited. This steamer is the fift 
built for the above company, and is 382 ft. long by 48 ft. 
beam by 30 ft. 8in. deep. The machinery will be sup- 
plied by the North-Eastern Marine Engineering Com- 
pany, Limited. The engines have cylinders 244 in., 
40 in., and 68 in. in diameter, with a 48-in. stroke. 
Steam will be supplied by three large steel boilers at 
180 lb. pressure. The steamer will carry about 7200 tons 
loaded, and is expected to steam at about 10 knots. 








A new turbine steamer has been added to the Cross- 
Channel Fleet under the Belgian flag, for running between 
Dover and Ostend. This vessel, the Princess Elisabeth, 
350 ft. long by 40 ft. beam, recently constructed at 
Antwerp, successfully went through her trials on Wed- 
nesday, the 9th inst., on the Clyde, between the Cloch 
and the Cumbrae Lights, and maintained an average 
speed of 24 knots on four runs, which, we believe, is a 
record for this class of ship. The hull of the vessel, 
boilers, and parts of the machinery have been built by 
the John Cockerill Company, of Seraing; the turbine 
machinery was constructed at Wallsend under contract 
with the Parsons’-Foreign Patents Company, Limited ; 
the auxiliary machinery, wet and dry-air pumps, cir- 


culating, feed, oil, sanitary, and bilge pumps bave all 
been supplied by Messrs. G. and J. Weir, Limited, of 


Glasgow. The boilers, eight in number, have been fitted 
with Howden’s system 6f: forced draught, with fans and 
motors supplied by Messrs. James Howden and Co., of 
G w. During the trials the machinery and boilers 
worked most satisfactorily. The manceuvring powers of 
the vessel were tested very severely, and a mean speed of 
16 knots per hour was obtained when going astern. This 
fully secures ample stopping power in case of emer- 
gencies. During the trials the Belgian Government was 
represented by a commission of officials, presided over 
7 Mr. Mage ge and the builders and contractors by 

r. Greiner, the director-general of the John Cockerill 
Company. Representatives of Messrs. Parsons, Messrs. 
Weir, and Messrs. Howden, and others interested were 
also present. 


On Monday, the 14th inst:, the s.s. Stagpool, built by 
Messrs. Ropner and Son, of lasciatem santo, made her 
official trial trip in the Tees Bay. The steamer has been 
built to the order of the Pool Shipping Company, Limited, 
West Hartlepool, and is fitted with the builders’ patent 
improved trunk deck. The vessel is 366 ft. in length, 
and has a deadweight carrying capacity of about 7200 
tons. The engines are of the triple-expansion type, built 
by Messrs. Blair and Co., of Stockton-on-Tees, and are 
of about 1850 indicated horse-power. After a very satis- 
factory trial trip the vessel proceeded to the Tyne to load 
for Alexandria. 





There was launched on Tuesday, the 15th inst., from 
the Wallsend Shipyard of Messrs. Swan, Hunter, and 
Wigham-Richardson, Limited, a steel-screw steamer 
named Kingsway, which has been built to the order of 
Mr. H. W. Dillon, of London. Her dimensions are :— 
Length over all, 386 ft.; beam, extreme, 47 ft. 3 in. ; 
depth, moulded, 30 ft. 9 in. ; and she has been designed 
to carry a dead-weight cargo of 6950 tons on a moderate 
draught of water. e machinery is being constructed 
by the Wallsend Slipway and Engineering Company, 
and consists of a set of triple-expansion engines, having 
cylinders 25} in., 42in., and 70 in. in diameter, with a 
48-in. stroke, steam being supplied by two large single- 
ended boilers working at 180 lb. pressure. 





On Tuesday, the 15th inst., Messrs. Ropner and Son 
launched from their yard at Stockton-on-Tees a steel- 
screw steamer, the Tolosa, of the following dimensions :— 
Length, 350 ft. ; breadth, 46 ft. ; depth, 26 ft. lin. The 
vessel will be classed 100 A 1 at Lloyd’s, and is built on the 
three-deck rule. The engines will be of the triple- 
expansion t by Messrs. Blair and Co., Limited, 
Stockton-on-Tees, of about 1350 indicated horse-power, 
and fitted with spare tail and end shaft. There will be 
two steel boilers 16 ft. by 10 ft. 6 in., with a working 
pressure of 180 1b. The vessel has been built to the order 
of Messrs. Gladstone and Co., of West Hartlepool. 








AMERICAN TRADE InDEX.—The National Association 
of Manufacturers in America have recently issued the 
seventh annual édition of their Trade Index, a copy of 
which we have received. The book is issued annually 
because there is-a constant increase in the membership 
of the association; and developments in manufacturing 
enterprise among the members call for it. The book 
must prove of £ value to business people, in different 
eet of the world, -who are interested in importing or 

a 


ndling Ameri¢dn ' goods, for it is sent to all pro- 
minent business ‘firms; or, in fact, to anyone who 
can show. himself sufficiently interested in American 
trade and manufacture. The membership of the National 
Association now includes three thousand of the leading 
manufacturers of the United States, and every manufac- 
turing industry of importance is represented in the 
index, the different trades being arranged in alpha 
betical order. The book is divided infive parts: Part I. 
being an alphabetical list of all the members, together 
with a description of the goods they manufacture or sell. 
Part Il. is an alphabetical list in English of the different 
trades, with the names of the members belonging to them 
placed under each ; while in Parts III., IV., and V. the 
names of all the different trades described in Part II. are 
repeated ; but instead of being in English they are given 
in Spanish, German, and French. Opposite each of the 
trades alluded to in these three languages a number 1s 
placed, which corresponds to the number opposite the 
trade in Part II. where the names of the different manu 
facturers aregiven. By this means the task to foreigners 
of finding any trade they may require is much simplified. 
The book also contains a an pos mca code for the use 
of members of the association, and through it are inter- 
— perforated leaves, on which are printed, in the 
three languages mentioned, questions relating to the 
business of any would-be saeunber, These leaves can | 
filled in and returned to the association by the candidate 
for membership. 
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THE PEARL SQUARE AUGER AND MORTISING TOOL. 














WE illustrate above a novel form of square auger | 
for mortising. It is manufactured by the Pearl 
Square Auger Manufacturing Company, of New York, 
and is a combination of an ordinary circular auger 
bit; which bores a round hole, and two side cutters, | 
which’ form the square, all arranged on the same | 
spindle. The round bit, seen at the end of the tool | 
on the left-hand side of our engraving, is detachable, | 
and can, if necessary, be screwed off the spindle. | 
The square head which is formed on the end of the | 
shell that carries the spindle is cut away on two| 
opposite sides, at the extreme end, and in the recesses 
so made two cutters are placed, which revolve in 
planes parallel with each other, and their outer sur- 
faces project very slightly above the surfaces of the 
square end of the casing or carrier. These side 
revolving-cutters gear with a small star-wheel on the 
spindle, and revolve rather slower than the round bit. 

As the side cutters leave between them a small por- | 
tion of the wood which the round bit, owing to its circular | 
form, has not removed, two small fixed disc cutters, 
oue on each side of the square head between the side 
cutters, remove this as the tool passes into the hole. | 
These small discs are held in place by screws, one of 
which may be seen on the front face of the head in| 


HENDRY’S LAMINATED 


our engraving. The tail-end of the shell-piece forms a 
ball-bearing, which supports the spindle and takes the 
thrust. The bearing is held in 4 by a screw, shown 
in the illustration. Between the ball-bearing and the 
head the spindle has on it a helical band which re- 
moves the wood as it is cut away and throws it out 
through the opening in the side-of the shell. 

When the tool is used for mortising, it is essential 
that the wood is held firmly in place, and that the bit 
runs truly and does not vibrate in the chuck or spindle 
of the machine that drives it. There are several ways 
by which the shell may be prevented from revolving 
while in use, one of them being the employment of a 
split bushing which fits tightly over the shell and is 
fixed by a clamp-nut. The bushing may have a light 
projecting arm which bears against some part of the 
machine which drives the bit. Special machines are 
made by the Pearl Square Auger Manufacturing Com- 

any for use with these bits when they are employed 
or mortising. ‘ 

All parts of the bit we have described are accurately 
made, and are carefully hardened, so as to ensure 
durability. Additional particulars as to this auger 
can be obtained from Messrs. Thos. Thompson and 
Co., of 35, New Broad-street, London. 


LEATHER BELT. 
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We illustrate above a form of leather belt which, 
though it has been on the market for some con- 
siderable time, and possesses several distinct advan- 
tages, does not appear to be very generally known. 
It is, as will be seen by our engravings, ‘bulit,up of | 





narrow strips of leather placed side by side, the strips 
being stitched through across the belt ; hence its name, 
‘‘laminated.” It is made by Mr. James Hendry, 
Bridgetown, Glasgow, whose agent is Mr. A. V. Wine- 
ampstead, N.W. The 


bloom, 84, Savernake-road, 





leather strands of which the belt is composed are 
made in long lengths, and have holes punched through 
them at equal distances apart. In all belts, except 
those of large dimensions, there are 2] holes in a 
distance of 12in._ In heavy belts the holes are placed 
rather closer than this. A piece of one of these strands 
is shown in the lower part of Fig. 1. Before the belt 
is built up, the strands of which it is composed are 
well stretched, so that, in the majority of drives, 
the belt seldom requires shortening. 

The method of stitching the belt at a joint is shown 
in Fig. 2. The two ends which are to be joined are 
first prepared by scarfing the strands where they meet, 
and then fitting them together in the manner shown in 
Fig. 1, where the joint has been slightly drawn apart, 
so as to show clearly the arrangement of the strands 
and scarfs. When the joint is drawn together, and all 
the strands are closely fitted, the belt is pinned up as 
shown in Fig. 2, and the stitching is commenced, the 
pins being drawn out one by one to make way for the 
needle as the work proceeds. Before beginning the 
stitching, the thread in the body of the belt, where the 
joint commences, is drawn out, and the new thread is 
knotted to it, close up to the leather. When the joint 
has been stitched, the threads are again knotted, so 
that the stitching is continuous.. These belts are 
wonderfully supple, the thickest make being as flexible 
as an ordinary single leather belt. They can there- 
fore be used round very small pulleys: They also 
adapt themselves readily to the curve of the pulley 
sideways. 

Among other advantages it is claimed that they are 
of uniform thickness throughout, are noiseless in 
running, and work perfectly straight. The joints are 
quite smooth, and have no projection such as are 
common in lace-joined belts ; in fact, the joints are so 
smooth that when once made they are not easy to 
distinguish, and the belts are practically continuous. 

The belting is made in four thicknesses: No. 1 equal 
to single heavy, No. 2 equal to light double, No. 3 
equal to heavy double, and No. 4 equal to 3-ply best 
leather belting. 

We understand that large quantities of this beltin 
have been supplied to His Majesty’s dockyards, an 
that many of the large engineering firms in the North 
of England are using it. From its nature it seems well 
suited for driving dynamos and high-speed machinery. 








INDUSTRIAL NOTES. 

Tuer seventeenth annual report by the Labour De- 
partment of the Board of Trade on strikes and lock- 
outs in the United Kingdom states that 1904 was 
singularly free from industrial stoppages—the number 
of disputes, of workpeople affected, and of working 
days lost in such disputes were the smallest on record. 
This is all the more gratifying because it was a year 
of depression in trade, when it is usual for wages to 
drop, and hitherto, under such circumstances, resist- 
ance to reductions has been almost general. There 
was a total of 354 disputes recorded, involving 87,000 
workpeople, or under 1 = cent. of the industrial 
population of the United Kingdom, exclusive of sea- 
men and agricultural labourers. The aggregate dis- 
putes, new and old, in progress during the year re- 
sulted in a loss of about 1,450,000. working days ; of 
these, more than two-fifths were in connection with 
mining and quarrying industries. If spread over the 
whole industrial population the working time lost was 
equal to about one-seventh of a day per head during 
the year. In the five years ending with 1903—that 
is, 1899 to 1903—the average number of disputes was 
568, the average number of workpeople affected was 
184,000 ; and the average duration of the disputes was 
3,125,000 working days. In the previous five years— 
1894 to 1898—the corresponding averages were :— 
Disputes, 835 ; workpeople affected, 254,000; dura- 
tion of disputes, 8,927,000 working days. The figures 
for 1904 show favourably in comparison with the 
averages in each of the five preceding years, in all 
cases and respects. The chief causes of disputes in 
1904 were matters of wages in a falling market. The 
other causes were over working arrangements — re- 
fusals to work with non-union men. hese showed 
a considerable decrease as compared with the previous 
year—1903. The results generally were more favour- 
able to employers than to. workpeople, as might have 
been expected But, as a set-off, the disputes were 
fewer, and the numbers involved, smaller than the 
general average for the last ten years. 

The oma report contains not only a series of 
tables illustrative of the disputes, numbers involved, 
and time duration, but also a series of very clear and 
useful diagrams, by means of which comparisons over 
a number of years are rendered easy and distinct. It 
is not necessary to reproduce any of them here, as 
only a condensed abstract can be given for want of 
space. In the introduction to a diagram of disputes 
for ten years past, the leading large and general strikes 
of miners and engineersare mentioned specially, because 
of their importance in the averages and — com- 
parison. In the analysis of trades affected by disputes, 
industries are classified into eleven groups, The dis- 
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putes in coal-mining are far away ahead of all others in 
the number of persons affected, ranging from 207,095— 
the highest—in 1902 to 44,453—the lowest—in 1904 
during the last five years. The textile trades come next, 
ranging from 24,143 in 1900 to 9458 in 1903. In the 
transport group—dock labour, &c.—the numbers in 
1900 were 23,026 ; in 1902 they were 1590. The engi- 
neering and shipbuilding trades stand next in general 
average, ranging from 15,806 in 1903 to 7686 last 
year. The building trades come next with 19,178 in 
1900; in 1903 the total affected was 3663. Employés 
of public authorities stood low in the list in 1904— 
only 45 persons being affected. The mean percentages 
for the five years show that 12.2 per cent. of the total 
number affected were in the coal-mining trades ; 2.2 per 
cent. in other mines and quarries ; 1.5 per cent. in the 
engineering, shipbuilding, and other metal trades in 
the group ; 1.3 percent. in the textile trades ; only 0.9 
per cent. in the building trades ; 0.4 in the clothing ; 
and the same in all other trades. The mean propor- 
tion of all to the working a was 1.7 per cent. 
The highest mean was in 1902, when the proportion 
rose to 2.7 per cent.; the next highest was in 1900, 
when the proportion was 2 per cent. of the whole. 
Similar tables are given as regards the duration of 
disputes and the causes of disputes in each of the 
eleven groups of industries. The singular thing is 
that the hours of labour play so small a part in labour 
disputes, seeing that the cry was for a universal eight 
hours’ day in all trades, to be enforced by Act of 
Parliament. 

The progress made in peaceful settlement of disputes 
in recent years is very striking. The figures are given 
for the last five years in a couple of tables, the first 
showing by what means the disputes were settled, the 
second showing the numbers involved. The following 
condensed statement will perhaps make the matter 
clear. In 1900 there were 648 disputes ; of these, 487 
were settled by direct arrangement, the result of 
negotiations between the parties themselves, or their 
representatives ; 19 were settled by arbitration, and 
14 by conciliation. In 46 disputes the workpeople 
returned to work on the employers’ terms ; in 74 the 
strikers were replaced by others; in four cases the 
works were closed ; while in four others the results 
were indefinite. In each of the other four years up 
to 1904 there was a decrease in the averages: Thus, 
averages :— By return to work, 37; by replace- 
ment, 65; by closing the works, 44; indefinite, 0.8. 
The number involved likewise decreased in even 
greater proportions. There was, of course, a pro- 


ae eeseng increase in the number of cases settled 


means of negotiation and conciliation. This habit 
of negotiation will grow and extend. Men will see 
that, after all, it is a matter of fair bargaining, in 
which each party to the contract has an interest; 
and really it is a disadvantage to both to have a dis- 
pute which may involve losses on the one side and 
suffering on the other. In the detailed reports the 
information given is full and complete. One can see 
the material forces in conflict—the causes of the dis- 
pute, the numbers involved, the results of the conten- 
tions, and such other matters that pertain thereto. It 
is not too much to say that our own Labour Depart- 
ment has matured its plans and completed its arrange- 
ments in such a way that the reports will compare 
most favourably with those of the Labour Bureaux in 
the United States. If it were possible to get the re- 
ports a little earlier in the year it would be better. 


The Amalgamated Engineers’ Journal for August 
deals editorially with the present Government, and 
with the combination of both the “ins” and the 
** outs” on the London Electric Power Bill. In the 
latter Note it comments very severely upon those who 
helped to carry the measure on the second reading of 
the Bill. The moral of the comment is—‘‘ Put no 
faith in either political party, or in any combination 
of parties, in the House of Commons.” The future of 
labour from the editorial point of view lies in the 
hands of the Labour Party, but to this a wide inter- 
pretation is given. The brief article on the supply 
of electricity by the Electric Combine and by the 
St. Pancras Council shows that the latter supplied 
current at a much lower rate per Board of Trade unit 
than promised by the former, and gained a profit of 
40,000/. into the bargain. Attention is called to the 
case of three workmen injured in the course of their 
employment and the treatment alleged to be dealt 
out to them after they had accepted lower compensa- 
tion in the expectation of being re-employed. The 
society now numbers 97,221 members. There was a 
slight decrease in the number of unemployed, which is 
still large ; but it is 1000 less than a year ago, and 
1000 more than in the same month of 1903. In the 
general portion of the journal technical trade matters 
receive attention ; also the Unemployed Demonstra- 
tion in Hyde Park, landlordism, municipalisation of 
the drink traffic, and other matters. The journal is 
still feeling its way into an independent channel which 
shall represent labour and political questions from the 
labour point of view, a position which as yet it has 
hardly found. But then labour has now so much 





attention from all sorts of ——. journals, 
magazines, reviews, &c., that it is difficult to strike 
out a new course, and more difficult still to keep to it. 


The Jronworkers’ Journal devotes considerable space 
this month to statistics of trade, a with iron 
and steel production in Americain 1904. The figures 
show an all-round decrease last year. The figures 
given are from official sources, and are not con- 
nected with the fiscal question. In another article 
the rumoured “International Rail Pool” is dealt 
with. It is intended, it seems, to control the markets 
and prices. If trade unions strive to regulate 
wages they are abused by the men who usually form 
these combines, trusts, and pools; but the latter 
seek to regulate supply solely with the view to fix 
and keep up prices. Singularly enough the editorial 
article aM s the importation of cheap American 
and German steel bars as it has enabled the galvani- 
sing and tin-plate trade to compete in the world’s 
markets. The writer says that steel bars are as much 
raw material for sheet and tin-plate mills as ‘‘ ore” is 
for the blast-furnace. The Journal is no longer 
antagonistic in tone towards the Midland Wages 
Board. On the contrary, at a meeting at the Great 
Western Hotel, preceded by an excellent luncheon, 
The Midland Wages Board was proposed as a ‘‘ toast,” 
its work and usefulness being highly eulogised. 
Reference was made to the position of workmen’s 
representatives many years ago, compared with the 
recognition by employers and with the important 
status enjoyed by the workmen’s representatives 
to-day. It was pointed out that the Ironworkers’ 
Association was the motive power of the Wages Board ; 
it was the instrument for good to the whole trade and 
district. The public value of those references is that 
they indicate the continuance of the board with the 
full confidence of the workers who created it, and 
belong to it. Further articles deal with the increasin 
exports of galvanised sheets, and with the sheet an 
tin-plate trades’ scales at Pittsburg, where, after two 
days’ conference, the wages question was adjourned 
without reaching a settlement. 


The August report of the Associated Ironmoulders 
of Scotland states that the statistics of trade and em- 
ployment are always a little uncertain at this season of 
the year owing to the summer holidays. These are 
over now, just as it may be said that we in England 
are in the very midst of them. The report states for 
the information and encouragement of the members 
that the tonnage of shipping under construction in the 
upper and lower reaches of the Clyde is now higher b 
over 160,000 tons than it was this time last year, and, 
further, that in other shipbuilding centres in the United 
Kingdom it is proportionately as high. This indicates 
increased work for all branches of the engineering and 
shipbuilding groups of trade. It appears that there 
are large nF 0 on hand from Germany, Scotland, 
Norway, Sweden, Austria, and Portugal, so that our 
shipbuilding industries, although they have passed 
through a period of depression, are not ruined, nor on 
the road to ruin. Attention is called to the apparent 
decrease of about 100 in membership ; but this, it is 
hinted, is due to want of accuracy in the branch 
officials’ returns. There is doubtless more trouble in 
getting at the members while on holidays, and their 
contributions run into arrear. The total number of 
members is given as 7536, as compared with 7644 in 
the previous report. There was a reduction of 162 
in the number of unemployed on benefit. This is re- 

arded as excellent progress in the holiday season. 

he number is affected by the patternmakers’ strike ; 
when that is settled more moulders will be required. 
The expenditure was a trifle over the income in the 
month, but this is sometimes due to extra payments 
in some months over others. The tone of the report 
is hopeful ; a good spell of active employment is anti- 
cipated. 


The report of the Associated Blacksmiths refers to 
the Scottish holiday season as a time when it is diffi- 
cult to give a fair reflex of the condition of trade. 
The returns to hand show considerable fluctuations in 
employment ; in some branches the reports show im- 
provement, in others a decline. The membership 
also shows a shrinkage, but this was due to the 
Belfast branch alone. The council calls attention to 
the decline ‘in membership as a danger to this branch 
of trade, and every member is urged to do his best to 
increase the numerical strength of the union. No 
coercive action is suggested, but friendly personal 
visitation when a member gets into arrears with his 
contributions. The financial position is represented 
as fairly good. There was a slight decrease in the 
income, as compared with the corresponding month of 
last year, but an increase compared with 1903. The 
number of unemployed on benefit was reduced by five, 
but as this was the holiday season the reduction is 
important. There was a reduction of seven on sick 
benefit, and of three on superannuation allowance. 
The cash balance in hand was 23,768/. 15s. 7d. This 
is regarded as fairly satisfactory, considering the de- 





pression in trade during the last two years. The 
report on the state of trade is not discouraging. There 
have been great fluctuations ; the conditions have been 
unsettled, but there has been a considerable improve- 
ment over 1904. It appears from the report that there 
were at the commencement of this second half of 1903 
some 300,000 tons of additional shipping in the course 
of construction in the United Kingdom. The locomo- 
tive industry is described as fairly good, and also 
general engineering and the machine trades. The 
prospects are therefore encouraging as a whole, but 
August must be out before any real activity can be 
expected, for the well-to-do are in holiday attire. 


The report of the Provincial Association of Cotton 
Spinners shows that there were 14,863 members of all 
grades at the end of July, an increase of 121 in the 
month, and of 706 in the year. The status of all 
sections is given in the report. The number of unem- 

loyed full members on the funds was at the rate of 

8 per week, or 3.22 per cent. of the full members, as 
compared with 3.73 last month and 11.58 per cent. in 
the same montha yearago. The above figures include 
payments under the piecing scale allowance. The 
officials had to deal with 21 cases of dispute in the 
month ; previous month 24, same month a year ago 20 
There were 29 accident cases ; previous month 41, same 
month a year ago 22. These were provided for by 
the society, one member being granted the full sum of 
1007. There were in addition 17 claims under the 
Compensation Act. These were sent to the employers. 
In the previous month there were 22 cases ; same month 
a year ago only eight. The sums of 344/. 13s. 2d. and 
54/. 10s. 2d. were added to the superannuation fund, 
which now amounts to 19,482]. 23. ld. There was a 
financial gain of 1151/. 14s. 11d. in the month, but a 
penny for each member had to be deducted for the 
joiners’ strike at Mossley. 


The Monthly Circular of the Durham Miners’ Asso- 
ciation refers to the ‘‘ gala day.” The first of these 

rocessions was held in 1871, thirty-four years ago, 

fore which the meetings, it is said, were in secret. 
The spirit of conciliation now dominates the relations 
between employers and employed in the mining districts 
of Durham. The secretary is jubilant over the suc- 
cess of the aged miners’ home movement, which is a 
credit to all concerned. 


Reports from the Lancashire cotton districts appear 
to be ominous as regards the dispute with respect to 
wages. In certain districts covered by the Employers’ 
Federation the operatives are striving for an advance 
of 5 per cent. in wages, and the usual formal notices 
were given by the operatives to cease work. In the 
Bolton district it appears that the employers have 
given notice of a reduction of 5 per cent. This com- 
plicates matters. The employers generally are averse 
to the advance asked for by the workpeople, and many 
of them say that a stoppage for a time would be 
rather beneficial than aitoin, The position is, 
therefore, a delicate one, and will require tact and 

atience if it is to be dealt with so as to avoid conflict. 

ut both parties are accustomed to negotiate, and 
although notices have been tendered, it may not result 
in open strife. It is to be hoped, in the interests of 
all concerned, that a modus operandi will be found out 
of the difficulty. 


It is not only in Lancashire that there is unrest in 
the textile trades. In Germany a great lock-out of 
some 20,000 —— is notified, mostly in the spin- 
ning mills of Saxon Thuringia. As the dyers will also 
be affected, the total number it is said will be 40,000. 
The dyers refuse a minimum wage of 1]4s. per week 
offered by the employers; the latter say that they 
cannot pay more on present contracts. 


The South Wales miners are face to face with 
another proposed reduction of 3% per cent. This will 
reduce wages to the minimum rate. The workmen’s 
representatives have been pressing the coalowners to 
fix a date for the consideration of a revised Conciliation 
Board agreement. It was agreed that such date should 
be fixed at the next meeting. 

It is estimated that the cost of the stop-day litigation 
will cost the miners 70,000/., including all the costs on 
both sides. This is a ruinous policy. 

The Conciliation Board for the federation area of 
the National Miners’ Federation agreed at their last 
meeting to pee the proposed reduction in wages 
for six months. 


All the ships’ painters, tank men, and ship engine 
cleaners at Cardiff, Barry, and Penarth went out on 
strike to the number of 2000, as their dispute with the 
employers was not settled or averted. 


The Clyde Engineer Employers’ Federation has re- 
fused the demand of the men for increased wages. 
The men are now agitating for a strike, but will be 
guided by the executive council in London. 
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THE EFFECTS OF STEAM-.JACKETING.* 


An Investigation to Determine the Effects of Steam-Jacket- 
ing upon the Efficiency of a Horizontal Compound Steam. 
Engine. 

By A. L. Meviansy, M.Sc., of the Municipal School of 

Technology, Manchester. 


(Concluded from page 200.) 


Tue effect of the jacketing upon both the indicated 
horse-power and the steam consumption can be seen in 
the expanded cards shown in Figs. 9, 10, and 11, page 228. 
Fig. 9 is from Trial 95, where no jackets were used. The 
curves showing the volume of saturated steam actually 

assing through the engine at the different pressures have 

n drawn, and the distance between these curves and the 
indicator expansion curves shows the missing quantity at 
the various pressures. Fig. 10 is from Trial 97, when the 
whole of the high-pressure cylinder was jacketed. me = 
is from Trial 99, when all the jackets were on both 
high-pressure and low-pressure cylinders. It ought to 
be remembered when looking at these figures that the 
points of cut-off in both high-pressure and low-pressure 
cylinders are the same in the three trials, and that the 
steam passing through the cylinders per hour is less for 
trial 99 than for trial 95. 

From an inspection of the curves of consumption, it 
would appear that if one wished to improve the economy 
of an engine, one ought to aim at reducing the ‘ missing 
quantity.” In order to reduce this loss one ought to 
have a clear idea as to its cause, so that it may be known 
how best to apply the remedy. The necessity for a 
true explanation of this source of loss has long been 
obvious, and various theories have been brought forward 
by different writers and experimenters. The most com- 
monly accepted explanation is, that the cylinder walls 
are cooled by the outgoing exhaust steam, that the 
incoming steam on meeting these cold walls is imme- 
diately condensed, and fresh steam then passes in to 
supply the place of that condensed. A careful inspection 
of most text-books reveals the fact that it is the general 
opinion that the temperature of the cylinder walls follows 
that of the steam, and that at the end of release the walls 
are cooled down to the exhaust temperature. However, 
Professor Cotterill has pointed out that, if this were true, 
the missing quantity would be much greater than it 
usually is. He therefore inferred that the temperature 
range of the metal was less than that of the steam; and 
suggested that although the maximum temperature of 
the metal and steam would be probably the same, yet the 
minimum temperature of the metal was higher than that 
of the steam. 

The calculation of the amount of heat flowing into a 
metal plate whose surface undergoes a periodic tempera- 
ture change is given in the Appendix (page 229). It will 
be there seen that if T, is half the temperature range in 
degrees Fahrenheit, and N the number of periodic 
changes per minute, the heat flowing into the metal per 


square foot per cycle =- . = British thermal units. 


In applying this formula to ascertain the condensation 
taking place per revolution in a steam-engine cylinder, it 
is generally assumed that the surface of the metal 7 
through thesame temperature cycle as the steam. It is 
also usual to assume that the temperature changes follow 
the simple harmonic law, and that the clearance surfaces 
may be treated as if they were portions of an infinite 
plate. Consider trial No. 95. In this case the tempera- 
ture range of the steam is from 357 deg. to 247 deg. Fahr. 
= 110 » ot Fabr. or T; = 55. At 60 revolutions per 
minute the British thermal units absorbed per square foot 

* _ 4 ... 4x 
per revolution = a ; 
VN /60 

Therefore the British thermal units absorbed per square 

foot per minute 


= 220 x 60 _ 920 x 7.73 = 1700. 
/60 

If one imagines that all the condensation has taken 
place at cut-off, which is not quite the case, then one 
may take the amount of surface upon which condensation 
takes place as being equal to the clearance surfaces, 
together with half of the barrel surface exposed up to 
cut-off ; this amounts to 6 square feet at one end. 

Therefore the heat absorbed per minute = 6 x 1700 = 
10,200 British thermal units at each end. 

Taking the latent heat at 860. 


Pounds of steam condensed per minute = 10.200 11.9 at 


each end. 

Therefore the steam condensed per hour at both ends 
= 11.9 x 60 x 2 = 1428 Ib. 
__In the actual trial the missing quantity at cut-off was only 
753 lb. per hour, so that it is evident that the cylinder 
walls did not have so great a range of temperature as the 
steam. 

_ To give an idea of the inaccuracy involved in the suppo- 
‘ition that the temperature of the steam follows a simple 
harmonic law, the indicator diagram from the high-pres- 
sure cylinder in Trial 95 has been re-drawn so as to show 
the varying temperatures of the steam on a base of crank 
angles. The temperatures have been obtained from steam 
tables on the assumption that the temperature at any 
part of the stroke is the temperature of saturation. This 
cycle bas been analysed by the Fourier method, and its 
equation has been found to T= 5 + 52.3 sin 
(¢ + 18° 0.35’) + 22.3sin (20 - 8° 0.47’) + 16.5 sin (3 0 
= i" + 2.6sin (40 — 70° 0.17’) — 22 sin (50 + 
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228). The dotted black curve shows the sum of 
these three curves, and the amount it differs from the 
actual temperature curve drawn in a full black line will 
be seen. The rate at which heat would be absorbed and 
rejected has been calculated from the first three terms of 
the equation, and has been plotted in Fig. 13, where the 
steam temperature is again shown. The quantity of heat 
that this represents to be flowing into the metal up to 
cut-off has m calculated to be 30.5 thermal units per 
square foot per revolution. It is proportional to the area 
shown by the shaded lines. From this it is estimated 
that the heat absorbed by the metal at both ends is equal 
to 1,320,000 thermal units per hour, which represents a 
condensation of 1530 lb. of steam per hour. This is 
equivalent to saying that, if the metal went through 
the same temperature-cycle as the steam, the missin 
quantity at cut-off ought to be 1530 1b. per hour ins' 
of the actual amount 753 1b. It appears, then, that if the 
whole of the missing quantity is put down to condensa- 
tion, the opinion of Professor Cotterill must be accepted 
that the temperature range of the metal is less than that 
of the steam. 

The researches of Messrs. Callendar and Nicolson 
throw aconsiderable amount of light upon this question, 
and bring forward a source of loss that has hitherto been 
in most cases unconsidered. It has already been shown 
that if the temperature range of the surface is known, the 
range of any depth within the metal can be found. Con- 
versely, if the range at any depth of the metal can be 
measured, then, assuming a simple harmonic temperature 
range at the surface, the surface range, and also the heat 
absorbed per cycle can be easily calculated. Messrs. 
Callendar and ecken set themselves to measure the 
range of temperature at various depths within the metal 
of a steam-engine, and found that the surface tempera- 
ture, instead of following that of the steam, went only 
through a very small range. Thus, at a speed of 70 revo- 
lutions per minute, whilst the steam temperature within 
the cylinder varied for 335 deg. Fahr. to 212 deg. Fahr., a 
range of 123 deg. Fahr., the temperature of the inside 
surface of the metal only went through7 deg. Fahr. From 
this it was easy to show that only a small proportion of 
the missing quantity was due to condensation, and they 
suggested that the greater part of this missing steam was 
due to direct leakage past the slide-valve into the exhaust 
pipe. It followed also from these experiments that the 
rate of condensation of steam, instead of being practically 
infinite, as had been generally su , must take place 
at a much slower rate. From these and other experi- 
ments* it was suggested as a provisional law that the 
rate at which steam condenses on a metal surface is pro- 
portional to the difference of temperature between the 
steam and the metal, and may be given by the following 
equation :— 

British thermal units given out per second per square 
foot = 0.74(T — @) where T = temperature of the steam, 
@ = temperature of the metal in degrees Fahr. 

If this law is taken to be true, then it is easy to make 
an estimation of the amount of condensation per revolu- 
tion. Figs. 15 and 16 (page 228) are the indicator cards 
from the Lich geese cylinders in trials 95 and 97, drawn 
so as to show the variation of the temperature of the 
steam with the angles traced by the crank. One may, 
therefore, say that the base line represents time. Ther- 
mometers in the metal of the covers give the average tem- 
perature of the clearance surface. The holes for these 
thermometers were drilled to within a distance of about 
8 in. from the inside surface, leaving sufficient metal to 
avoid any possible — change of temperature. These 
temperatures are shown on the diagrams. Assuming, 
then, that Messrs. Callendar and Nicolson’s experiments 
were correct, the fluctuation of temperature of the surface 
of the metal is so small as to be practically negligible. If 
also their law of condensation is taken for granted, then 
at any instant condensation is taking place on the clear- 
ance surfaces at a rate proportional to the difference of 
temperature between the metal and the steam. Thus the 
difference between the horizontal line and the indicator 
line measures the rate of condensation at any time. 
Remembering that the base line represents time, it can 
be seen that the amount of condensation, or the amount 
of heat passing into the metal up to cut-off, is propor- 
tional to the shaded area, If, therefore, this area is 
measured by means of a planimeter, the amount of con- 
densation can be calculated from the equation :—Con- 
densation per square foot per second =0.74(T — 4), because 
the area represents = (T - 6) dt to a scale that can be 
found. It therefore follows that this area, measured 
in degree-seconds, multiplied by 0.74 times the area of 
the clearance surface, gives the condensation in thermal 
units taking place on one end of the cylinder per minute. 
If the distribution of temperature along the barrel is 
known, the condensation taking place on the barrel 
surface up to cut-off can also be found. The method 
adopted is somewhat similar to the one immediately de- 
scri for the clearance surfaces, but is a much more 
tedious process. The barrel surface must be divided into 
strips, and the condensation area for each strip found 
between different crank-angles. The amount of con- 
densation taking place on each strip per minute can thus 
be measured, and these amounts added together will give 
the barrel surface condensation. 

The relation between the temperature of the steam 
and the temperature of the metal, both in the clearance 
space and along the cylinder walls, can be seen in g = 
9, 10, and 11, page 228. The temperatures of the 
steam in relation to the stroke have been obtained 
from the indicator diagrams, and plotted to the same 
scale as the observed temperature of the cylinder walls. 
The manner in which the thermometers are arranged to 
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( The first three sine-curves have been drawn in Fig. 12 ! 


measure the wall temperatures is shown in Fig. 18, page 
228. The condensation areas for the unjacketed Trial 95 
and the jacketed trial have been measured for the high- 
pressure cylinders. As might be expected, the mean 
temperature of the metal for Trial 97 is higher than for 
95, but the difference is not very marked. The results 
obtained are as follow :— 


Trial 93. 
Condensation on clearance surface B.T.U. 
per minute ... ‘in a ee = 665 
Condensation on barrel Surfaces per 
minute... = 159 


Total condensation up to cut- —- 
off per minute “a = = 824 
Therefore steam condensed per hour at average tem- 
perature of 355 deg. Fahr. at each end = 57 Ib. 
Therefore total condensation per hour = 114 Ib. 


Trial 97. 
Condensation on clearance surfaces 
per minute ... ‘ie rw are = 530 
Condensation on barrel surface per 
minute ai ae oa ae = 4 
Total condensation up to cut- a 
off per minute mn = 573 


Therefore steam condensed per hour at average tem- 
perature of 355 deg. Fahr. at each end = 40 Ib. 

Therefore total condensation per hour = 80 Ib. 

So that the effect of jacketing the high-pressure cylin- 
der is to uce the initial condensation bon 114 1b. to 
80 lb. per hour. If we assume that the law of re-evapo- 
ration is similar to that of condensation, at the end of 
expansion the steam in the cylinder will be dry, eo that 
~ missing quantity at release must be due to leakage. 

If one tries to picture how this leakage takes place, it 
will be seen that the action must be very complicated. 
Let any -— ~ there may be past the piston be neglected 
altogether. During admission to the high-presssure cy- 
linder there is the probability of a direct leakage past the 
exhaust-valve from the high-pressure steam in the cy- 
linder. If, as Messrs. Callender and Nicolson say, the 
leakage is proportional to the difference of pressure on 
the two sides of the valve, the leakage during this period 
may be very great. After cut-off the pressure in the 
cylinder diminishes, so that the rate of leak from the 
cylinder to the exhaust will diminish ; but at the same 
time steam will now leak past the admission-valve into 
the cylinder at a rate increasing as the pressure in the 
cylinder gets lower. It would appear, then, that during 
expansion more steam would leak into the cylinder than 
out of it, and one would expect to have a greater indi- 
cated weight at release than at cut-off. After release, 
steam would continue to leak past the admission-valve 
into the cylinder, and be carried out with the exhaust 


steam. 

Fig. 17 (page 228) shows the low-pressure card for Trial 
95, set out to a base of crank-angles and temperatures. The 
condensation area has been calculated as in the previous 
cases, with the following results :— 

British 


Thermal Units. 
Condensation on clearance surfaces per 


minute ... vee pe ; .» = 3010 
Condensation on barrel surfaces per 

minute ve vie — - = 780 
Total condensation up to cut-off 

per minute se = 3790 


Therefore steam condensed per hour at average tem- 
perature of 235 deg. Fahr. at each end = 239 lb. 
Therefore total condensation per hour = 478 lb. 

In Trial 99, where the low-pressure cylinder was 
jacketed with high-pressure steam, the mean clearance 
surface temperature is far above the saturation tempera- 
ture of the steam, and consequently there could be no 
initial condensation. Fig. 11 (page 228) shows the relation 
between the wall temperatures and the steam tempera- 
tures on the assumption that the latter was saturated, 
This was mee not the case, as it is possible that the 
steam in the cylinder was superheated at some portions 
of the stroke. 

In Trial 97 the missing quantity of cut-off = 746 Ib. 
Probably in this case the greater part of the leakage is 
directly past the valve into the exhaust. If this be 
assumed, then one has of the missing quantity at cut-off 
478 lb. condensation ‘per hour, which gives 746 -— 478 = 
268 lb. per hour leakage. 

In Trial 99 the missing quantity at cut-off is 285 Ib , all 
of which may be put down to leakage. 

From these examples it is apparent that the effect of 
the jacket is to reduce the leakage as well as the conden- 
sation, especially in the high-pressure cylinder. In con- 
nection with the low-pressure cylinder, a complication is 
introduced by the fact that the steam-chest pressure is in- 
creased when the jackets are used. This agrees with the 
results of Callendar and Nicolson, who found by warming 
the valve-face a considerable reduction in the leakage 
past a slide-valve was effected; and shows that one valu- 
able feature of the jackets is that they warm the valve- 
faces, and so prevent the steam leaking past them in the 
form of water. More direct evidence is, however, given 
by these trials that the temperature cycle of the metal 
must differ from that of the steam, If both had the same 
ranges, then they must also have had the same mean 
temperature, but in all cases the mean temperature of the 
metal is considerably higher than that of the steam. Thus 
in Fig. 15 (page 228) the mean temperature of the metal 
is 335 deg. Fahr. and the mean of the steam is 284 deg. 
Fahr. Since the highest temperature of the steam is 
356 5, the maximum temperature range of the metal could 
not be more than 2 (356.5 — 335) = 43 deg. Fahr., unless 





* Proceedings, British Association, 1897, page 418, 


the temperature cycle of the metal were of an extraordi- 
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THE EFFECTS OF STEAM-JACKETING. 
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Fig. 9 
EXPANDED INDICATOR DIAGRAMS. 
TRIAL N° 95, NO JACKETS. 














Fig. 10. 
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Fig.14, CARDS FROM H.P CYL. 


15, TEMPERATURE OF STEAM ON BASE OF CRANK ANGLES. 
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narycharacter. Taking this temperature range, and assum- 
ing it to be of asimple harmonic nature, the formula :— 


Heat absorbed per revolution = * , may be applied to 


find the condensation. . i) i 
On working this out for the conditions of the trial, it 


appears that such a temperature range would give a total | 





270 


condensation, or a missing quantity near cut-off, of 555 1b. 
of steam per hour. Now, as the actual missing quantity 
is 753 lb., and as it seems impossible that the temperature 
range could be more than 43 deg. Fahr., it appears that, 
even without the evidence of endar roe Nicolson’s 
experiments, a considerable quantity of the missing 


| quantity must be due to leakage. An inspection of the 


indicator cards shows what again seems to the author to 











nd 
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be a strong proof that condensation accounts for only a 
small portion of the missing quantity. Figs. 9, 10, and 
11 (above) show that both for the jacketed and un- 
jacketed trials the indicated weight between cut-off and 
release is always less than the actual weight shown by the 
air-pump. It would thus be generally said that the steam 
was wet throughout expansion in all cases. There is nv 
doubt, then, that if water were present in the cylinder, 
the re-evaporation between cut-off and release would be 
greater from the hot jacketed walls than from the un- 
jacketed ones. Both the indicator-cards and Table V. 
( 200 ante) show that thisisnotso. Indeed, it appears 
that in almost every case there is less apparent soereeo 
ration during expansion with the high-pressure cylindei 
jacketed than there is when it is unjacketed. It is 
difficult to see how this can be so, unless the view be 
accepted that the missing quantity is largely due tc 
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leakage, and that the steam in the cylinder is dry before 
release takes place. 

Although it is the almost universal opinion that initial 
condensation on the cylinder walls is the prime cause of 
inethiciency in steam-engines, the author feels that the 
work of Messrs. Callendar and Nicolson and the experi- 
ments that have been described in this paper afford con- 
siderable evidence that this is not the case. The subject, 
however, is one of so much difficulty, and one upon 
which so varied opinions are held, that it is only by con- 
siderable experimental research that the actual truth can 
be reached. Seeing that the elimination of the missing 
quantity would so greatly reduce the running cost of all 
steam-engines, it is not stating too much to say that the 
subject is worthy of the attention of all experimenters 
upon the steam-engine. 

The author has now commenced a series of experiments 
to determine the effect of superheated steam, and he 
hopes soon to have some more evidence of what is the 
actual cause of the steam losses. If it can be proved that 
valve-leakage is the principal cause of loss, then engine- 
builders will have their attention directed to the improve- 
ment of the valves now used, and the costly and compli- 
cated arrangements that are often made to reduce initial 
condensation will be done away with. 


Summary OF RESULTS. 


The following is a summary of what appears to be the 
most important results obtained from this series of trials. 

1. Best Mean Pressure.—That compound engines with 
a boiler pressure of 150 lb. may be worked with a mean 
pressure referred to the low-pressure cylinder of about 
40 lb. per square inch without any loss of efficiency in 
terms of the brake horse-power. 

2. Maximum Efficiency.—That the jackets have their 
maximum efficiency when the whole of the high-pressure 
and the ends of the low-pressure cylinders are jacketed 
with high-pressure steam. (See Figs. 2 to 6, pages 198 
and 199 ante.) 

3. Variation of Indicated Horse-Power.—That when 
the jackets are applied to the high-pressure cylinder, the 
total indicated horse-power is slightly reduced ; but when 
applied to the low-pressure cylinder, the total indicated 
horse-power is considerably increased. (See Table IV., 
page 199 ante, and Fig. 7, page 200 ante.) f 

4. Initial Condensation.—That the jackets have little 
effect in the high-pressure, but have a considerable effect 
in the low-pressure cylinder upon initial condensation. 
(See example worked out from trials Nos. 95, 97, and 99.) 

5. Temperature-Cycle of Metal.—That the temperature- 
cycle of the cylinder walls next to the steam must be 
considerably less than that of the steam. 

(a) Because the actual missing quantity is much less 
than it would have been had the steam and metal gone 
through the same temperature changes. = 

(b) use the mean temperature of the metal is higher 
than that of the steam. 

6. Missing Quantity.—That the greater part of the 
‘missing quantity ” must be due to leakage, and not to 
initial condensation. . 

(a) Because the application of the methods suggested 
by Callendar and Nicolson shows the condensation to be 
but a small fraction of the total missing quantity. 

(») Because the apparent re-evaporation during expan- 
sion is less for jacketed than for unjacketed engines. 


APPENDIX I. 
If heat is being steadily transmitted through a metal 
plate thickness x, whose temperature on one side is T,, 


and on the other is Ta, then if Q be the quantity of heat 
transmitted in unit time across unit area, it is known that 


QO= &, T,- T, where K isa constant called the conduc- 
x 
tivity. Ifthe flow is not steady, we can find the heat 
transmitted across any section at any time if we know the 
thermal gradient : T at that section, forQ=-—K . ‘ 
da 


x 

Consider now the flow of heat through a long bar of 
section A. Let T be the temperature at a distance x 
from one end above the surrounding medium, and let the 
mean value of the thermal gradient over-cross section A 


at this point be . 
dz 


The flow of heat per unit time =-K A ot. 


The temperature of an adjacent point « + dz = T + 
. 5 a.*. flow of heat across a section at the point x + 


jini cae (T+o, 22) 


dx 


dz da 


KA (<= + oF. 32). 
dx d x? ‘ 


If the flow of heat has attained a steady condition, the 
difference between the heat flowing into any layer thick- 
ness 6 and that flowing out must be lost in radiation. 

This difference = K A at 

d x 

Let the perimeter of the bar = p. 

Then the surface of the layer = p. da. 

If E = the surface emissivity of the bar. 

Heat radiated = E.T.p.d2. 


 KAST ge E.T. p82. 
d 22 


ba. 


Kia.Ot 2B. 7.01 
ia P (1) 

Next consider the flow of heat before a steady state is 
acquired. During this stage the difference between the 
eat flowing into and that flowing out of an elementary 





layer thickness 5x is not all radiated. Some of it is 
spent in raising the temperature of the layer. If in time 
6 t the mean temperature of the elementary layer increases 
5 T and if C = thermal capacity per unit volume. 

Heat spent per unit time in raising the temperature of 


the layer = C. A. dz. a 
a 
Equation (1) becomes 


- @&@T . aT 
A ©. =B.». As Os ~ 2 
_— mn. 2. T4+a.d ne (2) 

If the bar be covered with a non-conducting substance. 
or if instead we consider the heat to be flowing through 
a plate of infinite area, then E = O, and ean (2) be- 

K @T_ ~or k. @T _4@T wherek = 
C dx dt da dt Cc 
and may be defined as the diffusivity of the material, 

This equation gives us the connection between the 
temperature at different points in the thickness of the 
metal and the rate of change of the temperature. If 
now we consider one face of the plate to be periodically 
heated and cooled, a thermometer placed within the 
metal would have corresponding changes of temperature, 
alternately rising and falling. 

When the periodic heating and cooling has been main- 
tained for some time the temperature changes at a point 
along the bar will attain a fixed chardcter and the mean 
temperature will remain steady. 

In considering these changes of temperature it will be 
convenient to measure time by the angle turned through 
by a uniformly rotating crank. 

Let the crank make N revolutions per minute. 

Then 2 7 N radians are traced per minute. 

.*. the time occupied in tracing any angle 0 = t = 


comes 


minutes. 


2aN 
Assume the surface of the plate to go through a 
— change of temperature so that any time T = T, 


cos 6, 

Where T is the surface temperature and T, the range 
of temperature. Both T and Fos measured from the 
mean temperature—i.e,, we shall cali the mean tempera- 
ture O, and the maximum temperature will be T,, and the 
minimum temperature — T). 

The temperature changes at the surface are represented 
by T = T; cos 0 = T, cos 2 r N ¢, and the temperature 
changes within the metal by equation 


pet _aT , ’ (3) 
dx wut 
or 
@T _dT oaN @T 2rN qT_o 
“dm dd-” * * dat k °dé@ 
Let - 
/N* =p 
k 
Then 


@T g 2tT ~O. 
d x? dé 
The solution of this equation that satisfies the condi- 
tion of the problem is T = T, e~ “” cos (@ — u x), which 
gives the temperature at any point within the metal at 
~ time. 

f we compare this with the surface equation T = T, 
cos 0, we see that the temperature range is reduced from 
T! to T, e “™ and that the temperature lags behind by 
an amount which is measured by the angie Ba. 

Now cos @ has the same value as cos (@—2 7) 

.". when 42 = 27 the temperature waves lag behind a 
a complete period—i.e., they agree in phase with those 
at the surface. 

To find the depth at which this takes place 


@ 27 
7 

s2= 7 WW &e = N.« 
tad / 5 


: J4 wk n/t 
oe hee = N 
VN . 


From the researches of Messrs. Callendar and Nicolson 
it a rs that for cast iron the value of k = 1.20 [K = 
5.40 = 4.5). ) / 

ae SS se ae 
“BN a \ N 
the range of temperature at this point T = T,e~"* 
cos 0, so that the maximum value of T = T, e~“* = 
-2 
Tie ” a Thus, at the depth where the tempe- 
vz 
rature changes are in step with those at the surface the 
range is less than 4, of the surface range. 

Since this distance has been shown to be 

15.1 

N 
if we the changes to take place at the rate of 60 
per minute, x would equal 


a/ ia = 0.5 in, 
60 


from which we can see that a thermometer placed in the 
metal at this depth would give practically a stationary 
reading, 
Rate of Flow of Heat.—Q =-K . m 
x 
mental equation connecting flow of heat with tempera- 
ture gradient, In order, therefore, to find Q at any time 





is the funda- 








we must obtain << at the surface. To do this take the 
az 


equation T = T, e “* cos (6 — u x), differentiate with 
— to x, and then put z = O. 

aT _ 

dz 


=—pT,e “* cos(@ — ux) + wT e “sin (0 - 2). 
Putting x = O. 
¢ T(e=0)=nT;(—cos0 +siné). *, Q=KuT,(cos6 — sind), 


We must next find for what period of time or between 
which values of @ heat is flowing into the metal. 

Q ae zero when cos @ — sin @ = O, or when cos @ 
= sin 0. 

This is the case when 60 = 7 or —3*. 

Again, Q has its maximum positive value when cos 0 
- sin @isa maximum. To find the value of @ when this 
takes place differentiate and equate to zero. 


d ‘ 
cos @ — sin #) = O 
a6! ) 
— sin? — cos? =O 
cos 6 = — sin 0. 
This happens when 6 = - 7”, and since Q is zero 


3a we can see that heat must be 


34 
4 


when @ = ; and — 


fl,»wing into the metal whilst @ changes from — 


T 
to 


4 
From this we can obtain the amount of heat received 
(or rejected) per revolution of the crank. 
Since heat flow per unit time = Q = K «T, (cos @ — 
K 


sin 6) .*. the heat flow per unit angle = 





‘ ; 27N~ 2xeN 
# T (cos @ — sin @).*. the amount flowing in per revolu- 
tion 

Tv 
-\|r1l1 x ~ si - 1 c 
-| dan RMT (cos 8 sin 0)d@ sch KuT, 
7 -3r 
| (cone ~ sin yao ¢= _! gag, 
2rN 
-3r 
{ a J 4 
y {sin 0] 4 + [cos 6}4 
3 —~3r 
4 4 
sl . fl 1 1 1 ) 
“oan Keli ie + va rye * yas 


_ | = o. V2KuT 
“gen Kel 2 v2— oN , 


But « = A/S =f 
k 


*. heat flowing i luti : / 3 
ee 1 = 
ng in per revolution VIN EN: T\. 
Substituting the values of K = 5.4andk=12. 
5.4 2 


Heat flowing per revolution 
= 4T, 


= ——. 
VN 
Or the heat absorbed in British thermal units per 
square foot of the metal plate per revolution of the 
' 


crank is equal to a , where T; is half the actual tem- 


N 
oe ops range of the metal and N the revolutions made 
y the crank per minute. 


a 
Jiz2 ¥ 314n’' 








_ Pic In Germany.—The production of pig in Germany 
in the first half of this eames 5,098, 588 am. The penooe 
sponding output in the corresponding period of 1904 was 
4,999,413 tons. In these totals Bessemer pig figured for 
3,319, 105 tons and 3,174,401 tons respectively. 





_ Fue. in Germany.—The production of coal in Germany 
in the first half of this year was 56,630,591 tons, as com- 
pared with 58,825,710 tons in the corresponding period of 
1904 ; of coke, 6,554,776 tons, as compared with 5,999,402 
tons; of lignites, 24,944,082 tons, as compared with 
23,251,206 tons ; and of briquettes, 6,077,639 tons, as com- 
pared with 5,439, 468 tons. 

Our Raits Asroap.—There was some revival in the 
exports of rails from the United Kingdom in July; the 
total shipments for the month coming out at 58,048 tons, 
as compared with 44,219 tons in July, 1904, and 58,287 
tons in July, 1903. The rally was due to larger deliveries 
to the Argentine Republic, which took 13,028 tons for the 
month, as com with 1285 tons in July, 1904, and 
2096 tons in July, 1903. 





ARGENTINE RAILWAY AMALGAMATION.—A special com- 
mission, opens to consider the question of the amal- 
gamation of the Buenos Ayres end Remi and Central 
Argentine Railways, has submitted its report to the 
Argentine Government. It is pro that the under- 
taking resulting from the fusion should be exempt from 
all Argentine taxation for a term of twenty-five years. 
On the other hand, the Argentine Gover t is to 
receive 1 per cent. of the gross receipts. 
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LARGE GAS-ENGINES.* 
The Growth of Large Gas-Engines on the Continent. 
By M. Ropo.teur E. Martuor, of Brussels. 
(Translated from the French.) 

As large gae-ong a 
in industry, it will be of interest to cast a retrospective 
lance at their evolution. So long as town gas was the 
uel par excellence for industrial engines, by reason of the 
facility attending its use, the aang of the explosion 
engine were limited to 50 to75 horse-power, beyond which 
the cost of working was found to be excessive. Poor gas 
roduced under —— with the old apparatus of the 
Bonen type enabled one, it is true, to venture upon 75 
to 100 horse-power, and even greater powers, with more 
practical results; but the oe ee gg of the gas- 
generating apparatus, the initial cost, and the space 
taken up by the producer-plant and engine, rarely com- 
a favourably with the steam-engine and boiler. The 
atter, moreover, adapts itself better to every class of 
fuel, whether gaseous, liquid, or solid. Amongst solid 


a... CAM FOR VARIABLE *. 
GAS ADMISSION. STEPPED PECKER 
GAS ADMISSION. 


to date back further than five to six years. Eight to ten 
— ago a were initiated simultaneously in Germany, 

ngland and Belgium, early attempts being made to 
utilise blast-furnace gas, which was expected to open up 
such a vast field for the employment of large engines. 
Although the first trials were only attempted on small 


|couragement to the efforts of the investigators. he 


acting Otto cycle engine of 200 horse-power, which has 
| been working ——— at their establishment for six 
years. This stage in the path of progress was strongly 
accentuated by the 600-horse-power engine of the 
Delamarre-Deboutteville system, which the Cockerill 
Company exhibited at the Universal Exhibition at Paris 
in 1900. This magnificent engine was single-acting, the 
piston having a diameter of 1.300 metres (4 ft. 3 ,°; in.) 
and a stroke of 1.400 meters (4 ft. 74 in.). It was designed 
to develop its power at 80 revolutions per minute, which, 
with an initial explosive pressure of 310 Ib. to 325 lb. 
per square inch, mare wal on the piston a pressure of 
300 tons at each explosion. In a short time several 





BLOCK FOR VARIABLE 


|soting Ot Company, of Belgium, constructed a single- | 


| which have not yet received experimental confirmation, 
| these engines have gained ground in application to various 
| industries with exceptional rapidity, compared with any 
| other kind of motive power. The invention of gas-pro- 
| ducers and the an ete 9 made in the last few years, 
| and especially in those working with the direct suction of 


ines have now won an important place | engines, the results of the experiments soon gave en- | the engines, are manifestly most important factors in this 


| success, 
Before examining the successive developments of these 
| producers, the ——— phases of the improvements 
| through which the engines themselves have passed will 
be analysed. It was first of all in Germany, and then in 
England, that their construction underwent the most 
| rapid development. Afterwards America was the country 
| which produced the greatest number. It is therefore not 
| surprising to notice that each type has retained in its 
| construction or design something which, as a birth-mark, 
| reveals its nationality. The German engine has always 
| presented the appearance of a well-finished machine as 
regards constructional details—all the parts machined 
| were usually polished bright, which disclosed a real 
anxiety on the part of the makers to impart a high finish 


Fig.5. 
MIXING VALVE AND THROTTLING 
BUTTERFLY-VALVE .(BENZ.) 











CARD WITH SHARP EXPLOSION 
OWING TO RICH MIXTURE. 
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Fig.6. VARIABLE ADMISSION-VALVE WITH STROKE CONTROLLED 
. BY THE GOVERNOR. (OTTO DEUTZ.) 








fuels coal-dust, as also peat, vegetable waste, straw, 
and sawdust constitute very advantageous fuels without 
requiring complicated and troublesome furnaces. 

In order to compete successfully with the steam- 
engine, the explosion motor required to be provided with 
cheap gas, easy of production by means of simple and 
economical apparatus. Suction gas-producers have de- 
cided the question for the industry in general ; whilst the 
purifying and washing processes for blast-furnace gas, 
coke-oven gas, &c, have, in an unexpec manner, 
brought about the possibility o” applying explosion engines 
to the greatest motive powers ul in the metallur- 
gical industry. Whilst in electric-lighting stations the 
steam-engine, in spite of its great regularity in work, 
encountered a serious rival in the gas-engine, the petrol- 
engine has decided the question of road locomotion. 
Motoring, thanks to the wonderful attributes of small 
engines, has led to the application of internal-combustion 
engines for this purpose. Submarines have already been 
fitted with these engines ; and it is safe to ict that at 
no remote date the explosion engine will take its place in 
the mercantile marine, side by side with powerful steam- 
—", for the propulsion of our vessels. 

he development of large gas-engines can be said not 

* Paper read before the Institution of Mechanical 

Engineers at Liége. 
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famous firms entered, in their turn, upon the construc- 
tion of large engines intended to utilise the gases libe- 
rated by the various reactions occurring in the manufac- 
ture of iron, coke, &c.; and the metallurgical industry 
was not long in entering upon the path of progress, by 
replacing its old boilers Se pth by powerful instal- 
lations of explosion engines. It remained, however, to 
conquer the vast dominion of manufacturing industry. 
It is in this sphere that the struggle is taking place with 
the steam-engine, which a long career has endowed with 
improvements in methods and execution.. The physical 
laws which govern the production and utilisation of steam 
as a motive power have long been known, having at an 
early date eme from the obscurity which enveloped 
their interpretation, and thermodynamic science has given 
them definite sanction by numerous investigations. 
Improvements in construction advanced side by side 
with the progress of scientific theory to accomplish 
mechanical marvels. Steam is, however, a fluid much 
less complex in nature than explosive mixtures. The 
action of steam is governed by precise laws which pertain 
only to the sphere of physics, whilst the production of 
combustible gases and their mode of evolution under the 
form of explosive mixtures in engines are as much 
within the domain of chemistry as of physics and 
mechanics, Although the generic theory of gas-engines 
has rested up to the present on a series of hypotheses 
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BALANCED INLET-VALVE AND 
ROLLING PATH LEVER. 
(WINTERTHUR.) 
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to their machines. This, of course, affected the price, 
but the life of the engine was materially increased thereby. 
There are cited as examples of longevity certain ‘‘ rack” 
engines of the Otto-Langen type and make, which aie 
completing a career of thirty years’ service. 

The English makers took up another position—namely, 
that of producing cheaply in order to produce on a large 
scale. Thus we are indebted to them toa great extent 
for the propagation of small engines for industrial pur- 
poses. hls was a fertile field for investigation and 
experiment, which our makers, deeply immersed in the 
construction of powerful engines, have often failed sutfti- 
ciently to notice. English engines, designed for the use 
of town gas, vie with each other in ingenuity in the 
arrangement of their parts in order to attain efficient 
and simple mechanical devices. The lift of the valves 
and their mode of operation are in general obtained by 
cam and lever movements with a definite movement 
giving a positive action. The governor itself is reduced 
to its most simple expression, since in the “* hit-and-miss 
arrangement its action consists merely in displacing to a 
slight extent a small piece which is normally interposed 
at the point of contact between the controlling lever and 
the stem or spindle of the gas-valve, in order to open it or 
to leave it closed, and which transmits the motion by 
which the valve is opened ; when the piece is displaced 
the motion is no longer transmitted. Unfortunately, this 
type of governing is not compatible with the requirements 
of the working conditions of modern large engines. 

The English makers are familiar with the series of very 
special phenomena produced by the system of “‘ hit-an‘- 
miss” regulation. In particular they are aware :— 
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1. That after a stroke with no charge the following ex- 
plosion is more powerful in certain cases and weaker in 
others, according to the form and the arrangement of the 
explosion chamber and its ports. 

. That violent explosions are often produced, the 
consequences of which are the more injurious to the life 
of the working parts, as the — are larger, and con- 
sequently oppose the inertia of heavier masses to move- 


ment. 

3. That the intermittance of the explosions produces 
cyclic variations or irregularities in the revolutions of the 
fiy-wheel, regarded individually ; and that these irregu- 
larities are incompatible with the working conditions of 
dynamos for lighting, &c. 

4. That in order to overcome these difficulties it is 
necessary to use extra heavy fly-wheels, which constitute 
an additional load on the engine, and cause a reduction of 
mechanical efficiency. 

As against these defects it will, it is true, be contended 
that the “‘ hit-and-miss” constitutes the simplest form of 
governing as regards construction, the least liable to get 
out of order; that it keeps within very small limits the 
variations of speed resulting from alterations of load ; 
and that it is the mode of regulation which secures the 
lowest consumptions at the different speeds, because with 
a constant charge the latter is always properly propor- 
tioned, and is fixed once and for all. It must, however, 

ised that if this system has so far satisfied the 
conditions required in the case of small engines for indus- 
trial pur which have for a long time made the repu- 
tation of the English makers, it is incompatible with 
what should be obtained from large engines of hundreds 
or thousands of horse-power, if they are to compete with 
the steam-engine as prime-movers, 

The merit of having entered upon the new path which 
the construction of gas-engines has followed for five or 
six years undoubtedly belongs to the Germans. The old 
makers of -engines in Germany took the initiative of 
departing from old methods. Ina short time their pro- 
cesses were themselves improved and perfected by the 
makers of steam-engines, long accustomed to circumvent 
or overcome practical difficulties in the construction of 
large engines. Without large gas-engines tending towards 
asingle type, it may be said that they all have manifest 
tendencies to resemble the modern steam-engine from the 

int of view of their form and valve gear. Having re- 

rd to the fact that valves are the common means of 

istribution, that they are operated by a side-shaft, and 
that large engines now work double-acting, it was natural 
and logical that the explosion machine should borrow 
from the steam-engine the design and methods with 
which it has been equipped in its long and victorious 
career. The introduction and growth of suction gas- 
producers, and the utilisation of blast-furnace gas, coke- 
oven gas, &c., which have marked the development of 
la gas-engines, have led to the creation of different 
designs for their construction. Different principles have 
thus been modified in their applications: such as the regu- 
lation, the compression, the cooling, and the ignition. 
Without a upon the different stages of their trans- 
formation, it will be shown in what way modern methods 
differ from old methods, and the probable direction of 
future change, having regard to the knowledge and prac- 
tical experience already acquired. 

Regulation.—For the reasons which have been enume- 
rated, the “‘ hit-and-miss” system of regulation has been 
completely abandoned. This system, moreover, does not 
lend itself to working with very light charges, or with no 
charge, in the case of engines fed by suction gas-producers. 
As in these circumstances the gas supply Ghesbeion with 
three, four, or even five strokes with no charge, it happens 
that the suction which determines the supply of air to the 
producer is not sufficiently uniform, and that the fire 
finishes by being extinguished ; or, to say the least, by 
producing a very poor gas through the lack of activity in 
the furnace. German makers then invented the conical 
cam for thé admission of the gas (Fig. 1, page 230), which, 
being disptaced by the action of the governor, produced 
variable lift of the gas-valve. But this device was only a 
variation of the step cam or of the stepped pecker- 
block (Fig. 2), which the English makers had tried in their 
electric types, and they soon discovered the uneconomical 
results it caused. The stepped arrangement had the 
advantage over the conical cam of lessening the work 
upon the governor. But as both systems acted on 
the quantity of gas admitted whilst the quantity of 
air of the mixture remained constant, mixtures of 
variable composition—often too rich in the case of a 
full charge, Fig. 3. and always too poor with the 
weak charge, Fig. 4—were formed. In the latter cases 
the ignitions were tardy, the diagrams bad, and the 
efficiency less as the charge was reduced in richness. 
Whilst with a good engine regulated by the ‘ hit-and- 
miss” system the consumption at half load, which from the 
industrial point of view is the most interesting, was not 
more than about 20 per cent. higher per horse-power 
hour than with full load, it became 40 to 50 per cent. 
higher with an engine with variable mixture. 

It is, therefore, towards the system of admission of a 
variable quantity of mixture, but of uniform composition, 
that makers have directed their path. A few English 
makers, Tangye Willans and Robinson, also Westing- 
house, decided the question by throttling, by meansof a 
butterfly-valve or a cylindrical slide-valve, the mixture 
regulated in advance, this butterfly-valve or slide-valve 
being controlled by the governor and placed immediately 
before the valve admitting the mixture to the cylinder. 
The principle was still further improved by an automatic 
mixing valve, preceding this regulating device (Fig. 5). as 
constructed by Benz in his four-cycle engines. How- 
ever, the majority of the Continental makers, with the 
object of obtaining a prompter and more reliable action 
of the governor, have endeavoured to combine under one 





single control and in a single device the slide or inlet 
valve and the mixing valve; and, instead of throttling the 
charge in the passage, they have provided the mixing 
valve with a variable stroke under the action of the 
governor (Fig. 6). The application of this device has 
not, however, been extended to very large engines, as it 
was found to be too heavy and cumbersome to handle and 
dismantle for the purposes of cleaning. Admission in 
variable quantity of a uniform mixture involves variable 
compression, and the necessity of a high original com- 
pression. If forthe full admission of the charge this com- 
pression was from 170 lb. to 200 lb. per square inch, it 
might fall to less than 45 lb. to 55 lb. per square inch for 
the minimum admissions, which would interfere with the 
prompt ignition of the very poor mixtures which are at 
the present time used in engines applied for industrial 
purposes. Further, this oni of admission produces at 
the time of the suction with light charges a vacuum or 
negative work which would me considerable in 
engines of high power. This has been avoided by com- 
bining with the variable admission of the constant mix- 
ture an additional admission of air or impoverished mix- 
ture, in order to effect at the same time the constant 
compression and minimum vacuum in the cylinder. The 
firms of Cockerill and Niirnberger Maschinenbau have, 
as the author foretold three years ago in ‘‘ Power” of 
New York, already adopted mechanism for this purpose. 

Control.—The lift of the valves, which is usually effected 
in the old engines by simple movements of levers, at one 
end of which a cam acts upon a roller, bas also undergone 
some alterations. 

In large engines this has been replaced by eccentrics 
and “‘roller-path” levers, thus imitating what is applied 
to steam-engines of the Sulzer type. .Fig. 7 shows an 
application of this kind, adopted by the Winterthur Com- 
pany. Some special valve-gears have even been provided 
with ratchet movements with air - pistons, such as 
Cockerill’s and Niirnberg’s. 

The main object of these improvements has been to 
secure a more gentle and silent action, relative to the size 
and weight of the parts to be actuated. 

It is advisible to bear in mind with regard to English 
and American engines that the compression generally 
adopted for large gas-engines is from 170 Ib. to 200 Ib. per 
square inch. 

Cooling.—Cooling is one of the points which has most 
attracted the attention of makers of large gas-engines ; as 
the effects of tension in the castings, due to unequal ex- 
pansion, play a considerable part in the heavy pieces 
which enter into their construction. Cylinder heads or 
explosion chambers have been, in fact, one of the prin- 
cipal sources of difficulties and disappointment, as without 
any apparent reason they fracture at the most unexpected 
places. It is only long experience, assisted by numerous 
examples, which has placed makers on the track of the 
most appropriate forms for securing the strength of cylinder 
heads, rather than the selection of the material to be em- 
ployed in theirconstruction. Steel itself has been tried with- 
out success. The principal factor for the preservation of 
cylinder heads is the manner in which the cooling water 
circulates therein; and the type which appears to be 
favoured at the present time for Otto engines is the one 
which places the inlet and exhaust-valves in the same 
vertical axis. Both are placed in a passage or ante- 
chamber surrounded on all sides by the cooling water. 
In order to secure for the whole of the parts an equal 
expansion, this chamber is arranged symmetrically rela- 
tively to the axis of the cylinder. The exhaust is allowed 
to discharge on the extension, and is surrounded as com- 
pletely as possible by water. An abundant circulation is 
thus provided around the seat and the stem of the 
exhaust-valve, which is also provided with an internal 
circulation in the case of engines of more than 60 to 100 
horse-power. The water which has entered at the bottom 
of the cylinder head escapes at the top ; or, if need be, in 
the case of engines of less than 75 horse-power, completes 
its circulation in the jacket of the cylinder proper, Fig. 8, 
page 231. It will be noticed on this occasion that this 
jacket is cast with the frame, and that the cylinder itself 
is independent and free to expand, whilst the cylinder 
head is attached by flanges and bolts. This arrangement 
is the only one which secures.a large base for the engine, 
and avoids the overhanging cylinder, which is completely 
banished from modern construction. 

In order to combat the excessive temperature which 
attends high compression, certain makers, amongst whom 
we may mention the Niirnberger Maschinenbau Com. 
pany, have even provided the piston ends of their single- 
acting engines with a water circulation. This is effected 
a a pump forming part of the engine, Fig. 9, page 231. 

his is evidently a complication which others have easily 
avoided, for engines even of 150 horse-power, by arranging 
the piston so that a free access of air, due to the to-and- 
fro movement, alone effects the cooling. In order to 
derive every economical advantage from high compression 
without running the risk of self-ignition, the firm of 
Kérting has even arranged inside the explosion chamber 
of their Otto cycle engines a hollow casting through which 
there is a special water circulation, Fig. 10. This cooling, 
effected in the very heart of the mixture, deals with the 
excessive temperature there, and is said to have given the 
best economical results. In double-acting engines the 
cooling is still the object of great attention; and, apart 
from the cylindrical jacket and cylinder ends, inde- 
pendent water circulation is used to cool the piston and 
piston-rods, the seats of the exhaust-valves, and the 
stuffing-boxes (Fig. 11). The general temperature of the 
surrounding parts is kept cooler than in English engines, 
and for this = water is delivered at certain parts, 
such as the piston and piston-rods, at pressures from 
1 to 4 atmospheres (15 lb. to 60 lb.) by means of a special 


pamp. P - 
It appears from several experiments which the author 


has made on double-acting Otto cycle engines that the 
quantity of circulation water required for the different 
parts is as follows :— 
Per Brake-Horse-Power Hour 
for ines of 200 to 1000 
orse- Power. 
Cylinders, © cylinder - ends, 
and stuffing-boxes x 
Pistons, piston-rods 
Valve-boxes and seats and 
exhaust-valves ss 


Gallons. 


tg 28) 
(&., 18) 


Or a total of 30 to 42 = (68 to 98) 


These figures imply water admitted on an average of 
12 deg. to 15 deg. Cent. (53.6 deg. to 59 deg. Fahr.), and 
leaving the cylinder jackets at 25 deg. to 35 deg. Cent. 
(77 deg. to 95 deg. Fahr.), the pistons at 35 deg. to 40 deg. 
Cent. (95 deg. to 104 deg. Fahr.), and the valve-seats and 
boxes at 45 deg. Cent. (113 deg. Fabr.), on an average. An 
engine of 1000 horse-power, of the two-cylinder double- 
acting type, would therefore require about 40 cubic 
metres (8900 gallons) of cooling water per hour. As this 
is an excessive quantity, which is not available at every 
works, recourse is commonly had to the use of cooling 
towers, which reduce the consumption of water to 
about 0.5 litre (one-ninth gallon) per horse-power hour, 
absorbed by evaporation. This method has also the 
2 eam advantage over the ordinary water circulation 
of eliminating, owing to the continuous use of the same 
water, the deposit of calcareous incrustations. Without 

ing in the case of gas-engines the same dangers as 
in steam-boilers, lime-scale and deposits still constitute a 
drawback. They obstruct the pipes and passages, and 
impede the regular cooling by coating (with a non-con- 
ducting material) the metal at the Aw where a high 
temperature is most injurious. At the parts cast with a 
double jacket, and which cannot be dismantled, it is neces- 
sary to arrange large openings covered by bolted lids, in 
order to enable free access to the inside to remove these 
deposits. 


Litres. 


18 to 24 
8 ,, 12 


4,, 6 





(To be continued.) 








CATALOGUES, 

WE have received from Mr. L. G. Mouchel, of 38, 
Victoria-street, S.W., a handsomely-illustrated volume, 
giving particulars as to the special features of the Henni- 

ique system of ferro-concrete construction. The volume 
also contains illustrations of numerous important works 
executed on this system within the United Kingdom and 
abroad, including jetties, warehouses, bridges, water- 
towers, and covered reservoirs. 

The Western Electric Company, North Woolwich, have 
published a bulletin describing their patent telephones 
specially adapted for electric traction systems, for use as 
a means of communication between drivers or motor- 
men and the generating station and engineers. 

‘**Rolling Stock, 1905,” forms the title uf an elegant 
pamphlet recently published by the Brush Electrical 
Engineering Company, of Loughborough. The book 
opens with a brief description of the Falcon Works, illus- 
trated by views of tl.e different shops, and illustrations 
are also given of a number of different types of tramcars, 
electric railway. coaches and locomotives, built by the 
company. The tirm have met with great success with 
their trucks, and in regard to these they state that ‘at 
the present day there are still a few tramway engineers 
whoare ‘ Little Englanders,’ and are not open to argument 
as to the possibility of British manufactures being equal 
or superior to imported products. But the great majority 
are more enlightened, and as a natural consequence quite 
two-thirds of the truck orders are now executed at Lough- 
borough.” Weare very glad to note this. 








Tue Navat Pocket-Book.—One of the most service- 
able publications connected with the Navy is that which 
has m issued annually since 1895 by Messrs. W. 
Thacker and Co., 2, Creed-lane, E.C., at 7s. 6d. net. 
This is the ‘‘Naval Pocket-Book,” edited by Sir W. 
Laird Clowes. It is of a very convenient size for the 
pocket, and yet comprises almost every item of informa: 
tion which the naval expert can _—. Details of ships 
of every type belonging to each of the navies of the world 
are recorded with a fulness which is not to be found 
elsewhere; while there are reproduced plans of the 
more important modern ships to illustrate the dis- 
position of the armour and the location of the guns. 
An attempt is this year made to classify the ships 
according to size and age; and in connection with 
this there is added, for the first time, a comparative 
summary of the fighting fleets of the world, according to 
this classification. Sir William Clowes shows that of 
ships which might be employed in the line, including 
battleships, sea-going coast-defence ironclads, and large 
armou cruisers, England possesses 104; France, 62 ; 
Germany, 44; United States, 41; Russia, 27 ; Italy, 25; 
Japan, 20; Austro-Hungary, 19 ; Sweden, 14 ; Turkey, 9; 
Holland, 8; Denmark, 8 ; and the Argentine Republic, 7. 
This, it will be noted, shows that Great Britain has three 
less than the combined fleet of any two powers—namely, 
France and Germany. Of cruisers, Britain is shown to 
possess an excess of 28 over the two-power standard ; 
and of coast-defence ships, 71 less; while of torpedo 
flotilla we have 286 less. The book contains a series of 
tables regarding ballistics of guns and small-arms, notes 
on torpedoes, and a list of the dry docks throughout the 
world, and their dimensions ; together with several ready- 
reckoning tables of use in connection with the calculation 
of results, so that the book will be most useful to anyone 
interested in the Navy. 
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The number of views given in the Specification Drawings is stated 
in each case ; where none are mentioned, the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, 
é&c., of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sale 
ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 

the uniform ner of 8d. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement of the tance of a Complete Specification, 
give notice at the Patent O of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


AGRICULTURAL APPLIANCES. 


9645. W. Rainforth and H. S. Rainforth, Lincoln. 
Screens. [4 Figs.] May 8, 1905.—This invention relates to 
screens for dressing grain and other substances, and has special 
reference to the construction of such screens of wire of the novel 
and peculiar formation hereinafter described. a represents the 
wire of which the screen is constructed, and which, in accordance 
with the invention, is rolled or otherwise formed with a convex 
back or outer periphery a!, a concave inner periphery a2, and 
angular sides a? converging from the outer to the inner peri- 
phery. The outer periphery at its widest part is made of a less 
height from the centre of its width than its half-width, so as to 
be of a flatter curve than it would be if struck from such centre 


by an arc having the half-width of the wire for its radius ; and the | 


inner periphery of the wire is made of a curvature approximately 
that of, and preferably a little greater than that of, the radius of 
the wire of the spacing coil ), 80 as to be adapted to locate the 
adjacent convolutions of such coil nested thereinto, and the sides 
of the wire are preferably flat, but may be very slightly convex 
or concave. By this means there is attained in one formation of 
wire, when coiled into a screen such as aforesaid, the respective 
advantages due to the formation of the wire with a rounded back 
part, but to a greater extent than has hitherto been attained, as 
there is obtained a more effective cleaning action of the brushes 


a 





which act on the screen externally, owing to any grain that may 
lodge between the screen wires being caught nearer to the outer- 
most edge of the screen, so that the brushes can more easily 
dislodge it, the formation of the wire with angular outwardly 
diverging sides (so as to form outwardly converging screening 
spaces between the adjacent convolutions of the screen wire), 
and the following advantages especially incidental to the forma- 
tion of the wire with the concave inner periphery—namely, the 
construction of the screen is facilitated by facilitating the applica- 
tion thereto of the spacing and adjusting spring coils, the re- 
spective convolutions of which are soldered, as at l!, and bound, 
as at b2, to the convolutions of the screen wire, while nesting in 
their concavities a2; the screen is strengthened and afforded 
better support at the junctions of the convolutions of the screen 
and spacing coils ; the liability of the spacing coils getting laced to 
one side of the centre of the screen wire, incidental to existing con- 
structions, is avoided, and accuracy of mesh is ensured through- 
out the length of the screen ; a rougher interior screening surface 
is presented to the grain, whereby it is retarded in its course 
along the screen and caused to be tilted into the meshes between 
the screen wires, and a better screening action and elimination of 
the matter desired to be removed jis ensured, and a cleaner 
sample is obtained ; and the screen is generally rendered better 
adapted for its purpose of utility. (Accepted June 7, 1905.) 


ELECTRICAL APPARATUS. 


13,051. M. Walker, Old Trafford, Mancheste 
Dynamo-Electric Machines. [4 figs.) June 9, 1904. 
This invention relates to the construction of end connectors on 
the revolving parts of dynamo-electric machines which are in- 
tended to be rotated at a very high speed, and has for its object 
the production of a revolving part which will hold together 
under great centrifugal forces, and will always maintain its 
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tion can be placed on the outer surface of each bar. The end 
connectors for the bars according to the present invention take the 
form of rings 4 which are shrunk or pi over the insulation 
3, so as to surround the ends of all the bars 2; the number of 
rings will, of course, be equal to the number of end connectors 
required, and each ring is insulated from the adjacent rings, as 
indicated at 5. At suitable points of the rings the insulation is 
removed, and the ring is electrically connected to the proper 
bars, a suitable method of doing this being by means of a flexible 
strip of sheet copper, as indicated at 6. The endwise displace- 
ment of the connector ring may be prevented by a suitable end- 
plate 7 secured to the shaft. It will be seen that the connector 
rings serve to prevent the ends of the bars from flying out when 
the revolving part is rotated at a very high speed ; at the same 
time they serve as end connectors between the bars. Each ring 
is dynamically balanced before it is put in place, so that it can 
be revolved at a high speed without tending to vibrate and 
destroy the insulation between it and the bars. (Accepted June 
15, 1905.) 


4859. The Elektricitats Actien Geselischaft, vor- 
mals A eyer and ° r ort-on-the- 
| Maine, Germany. Alternate-Current Electrical 
| Machines, [1 Fig.) March 8, 1905.—This invention relates to 
the field-magnet arrangements of alternate-current electrical 
machines, and has for its object to enable an inner pole and an 
outer pote machine to be combined in a simple structure occupy- 
ing but little space. The invention is more especially applicable 
for machines having different frequencies ; but it can also be used 
| with advantage when two machines working separately, or in 
; parallel, and of the same frequency, have to be mounted on the 
same shaft. In the first case the difficulties due in the usual 








| 


machine are avoided. The improvement consists in arranging 








pole machine on a spider common to both. The accompanying 
drawing illustrates in section an arrangement for two machines, 
in accordance with this invention. «¢ represents an inner-pole 
machine, and a@ represents an outer-pole machine, both of which 
are mounted on the shaft w. The fiy-wheel rim s, which carries 
the inner-pole arrangement i, is provided with an outward exten- 
sion carrying the outer-pole arrangement a. The stationary part 
J of the outer-pole machine is fixed in any suitable manner to a 
bed-plate by means of the framing g. In the arrangement, 
according to this invention, the fly-wheel rim s can, if desired, 
be extended on the other outer side so as to permit of the use of 
a third magnetic field. It will thus be seen that this invention 
enables two, or, if desired, three, machines to be arranged in the 
smallest possible space, and of utilising advantageously the fly- 
wheel mass required to regulate the working of the machine. 
(Accepted June 7, 1905.) 


5834. Siemens Brothers and Co., Limited, West- 
minster. (Siemens-Schuckertwerke, G.m.b.H., Berlin, Ger- 
many.) Field- et Wind (3 Figs.) March 2v, 
1905.—In the windings on the field-magnet limbs of electrical 
machines, and particularly those where the field-magnets revolve 
instead of the armature, it is sometimes necessary to wind the 
limb with flat copper strip, instead of circular or square wire, with 
the edge of the strip at a right angle to the axis of the limb. This 
method of winding, however, necessitates the removal of the pole- 
shoes, or other projections, which would prevent the coils, which 
are separately wound, from being slipped over the body of the 
magnet limbs, as, on account of the increased strength required 
in the field-magnets, especially when used in connection with 
machines coupled to high-speed turbines, it does not appear prac- 
ticable to make these field-magnets in several parts. To be able, 
therefore, to use this edge-on copper-strip winding on field-magnet 
limbs without the necessity of winding it on direct, the following 
method may be used. Fig. 1 shows two J-shaped winding ele- 
ments a, b opposite to one another, which, after being placed 
singly over the magnet limbs, have their arms 1, 2 connected to- 


; ig. 2. 
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gether, by soldering or other suitable method, so that when so 
connected they constitute together one convolution of the total 
winding, more elements are then placed on the magnet limb in 
regularly alternating positions, and the arms of the neighbouring 
elements are likewise connected together in the manner described, 
thus forming a continuous series of convolutions of flat copper 
strip to the number required. The surfaces or faces of the wind- 
ing elements which are not connected together are se; ted 
by suitable insulating material placed between each element. 
The winding thus formed is shown in Fig. 2, which is shown with 
the various turns slightly drawn apart for clearness. In order 
that a uniform thickness or section may be attained throughout 





dy namical balance. Referring to Figs. 1 and 2, the revolving 
element is indicated as being built up of laminz 1 with holes or 
slots near the edge through which the conducting bars 2 are 
thrust ; the said conducting bars are all of the same length, and 
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ond the edge of the slots, as shown | 


project a suitable distance —_ 
ace of the projecting ends of the | 


in Fig. 2. The external su 
bars—which would, of cou 


covered with a hard insulating bush 3, or a strip of hard insula- 





rse, be substantially cylindrical—is | gular shape, of half thickness, and joined together by suitable 


the whole winding, the arms of each winding element, where 
joined to the neighbouring element, are made of half the total 
required thickness, as shown in Fig. 1 at c and d, and this reduc- 
tion of section or thickness may be attained by reducing the 
amount of metal by such mechanical means as milling, forging, or 
pressing, to that required as shown in Fig. 1, or each element 
may be built up of two strips of copper of approximate L or an- 


construction to the torsional stress developed between the two | 


the magnets of the inner pole machine and those of the outer | 








PRODUCERS, HOLDERS, &c. 


| 10,385. J. W. Cross, London. Oil-Engines. [7 Figs.) 
| May 5, 1904.—This invention relates to internal - combustion 
engines of the type designed to burn heavy oil, such as paraffin 
or petroleum. The present invention has for object to enable the 
charges of oil supplied to an oil-engine to be readily ignited, and 
| burnt in a practically complete manner. The combustion-chamber 
| end of the engine cylinder a and the inner end of the engine 
piston b are respectively constructed with an annular tubular 
extension adapted to take one into the other when the piston 
arrives near the end of its compression stroke and form two 
separate concentrically-arranged compressed-air compartments, 
the inner of which is provided with an uir-inlet valve g, and with 
an inlet re, through which a charge of oil can be forced at 
the required times by any suitable means, such as by an oil-pump, 
and also with an ignition device, such as an ordinary sparking 
| plug. The sizes of the compartments may be in any desired 
| ratio. The arrangement is such that the piston }, on its suction 
stroke, will draw in air through an opening controlled by the 
inlet valve g, and on its succeeding in-stroke it will compress the 
air 80 admitted, and finally divide it into two separate portions 
by reason of the tubular extensions on the piston aa in the 
combustion-chamber taking one into the other. The charge of 
oil is then forced by the pump into the compressed air in the 
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central compartment through the passage and ignited by the 
igniting device, and the piston ) commences to make its work- 
ing out-stroke. On the piston leaving the tubular extension 
in the combustion -chamber the two compartments will be 
placed in free communication with each other, and their con- 
tents allowed to mix freely together, with the result that 
the combustion of the oil will be completed by the excess of 
air, which, by absorption of some of the heat of combustion, will 
be rendered available as motive fluid, such absorption of heat at 
the same time preventing too high a temperature being main- 
tained in the cylinder a. On the next inward or exhaust stroke 
the hot gases will escape in the usual way past an exhaust valve. 
Means may be provided to assist the admixture of the con- 
tents of the two compartments. For this purpose those surfaces 
of the tubular extensions that are adjacent to each other when 
in position to divide the interior of the cylinder into two com- 
partments may be formed with spiral grooves, through which the 
heated contents of the inner compartment can, after ignition has 
taken place, escape in a spiral direction into the compressed air 
in the outer compartment, until the two compartments are placed 
in free and open communication with each other by the complete 
moving apart of the tubular extensions. (Accepted June 15, 


905.) 
HYDRAULIC MACHINERY. 
14,379. A. R. Trist, St. Albans. . (3 Figs.) 


Packing. 
June 25, 1904.—This invention relates to packing for use in 
stuffing-boxes about moving surfaces, and consists in the con- 
struction of a packing especially devised to suit hydraulic rams 
and the like, which shall, by the transmission of pressure either 
from the fluid or from the gland to a special lip formed thereon, 
make a tight sliding joint against the moving surface of the rod 
or other device. The packing is at the same time very durable, 
and is strong enough to resist the high pressures which obtain in 








hydraulic machines, and avoid all risk of being turned over in the 
stuffing-box by the friction of the rod. To carry this invention 
into effect, the eae is prepared conveniently in a rectangular 
form, of which one side is considerably longer than the other: 
the said rectangular blocx being then cut or divided diagonally 
so as to form elongated wedges. The layers of the material of 
which the packing is made—for example, of cotton duck or other 
fibrous material, held together by rubber composition or other 





means. (Accepted June 7, 1905.) 





adhesive material—are so disposed that they present to a more or 
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less extent the ends of the layers to the surface of the rod or other 
device with which they have to make a sliding joint. The upper 
elongated portion of each of the wedge pieces of packing is then 
bent over so that the fine feather edge of the packing projects 
considerably below the flat base of the wedge. The elongated 
wedge has now been converted into an approximately rectangular 
form, the upper portion being curved at the point of bending, and 
the lower portion having a flat base angularly dis to the 
rabbing surface with a fine flexible lip arranged on the inner side 
of the packing. ‘The packing can be put into its ultimate form 
by being pressed or moulded into the permanent shape in a suit- 
able machine, in manner well unders , and is afterwards formed 
into rings, 80 as to embrace a piston or plunger when inserted into 
a stuffing-box, one ring upon another, to any required number in 
the usual way, asshown. In order to preserve the feather edge 
on the lowest ring of packing it is desirable to place at the bottom 
of the stufting-box upon the neck bush ¢ a ring of ordinary hemp 
packing d or any other suitable material, so as to provide a proper 
support for the oblique base of the bottom ring of packing. e 
<hltens base of the next ring of packing rests upon the rounded 
top of the ring immediately below it. The fluid in which the rod 
is working can oy toa certain extent into the pressure space ¢ 
and thus force the lip against the surface of the rod working in 
the a. In order to provide a suitable lip on the portion 
of the packing remote from the rod a cut is formed at the corner 
of the packing, the lower outside edge which can make a joint 
with the wall of the stuffing-box. (Accepted June 15, 1905.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


13,101. F. N. Baker, Coventry. Worm-Gearing. 
{3 Figs.) June 10, 1904.—This invention relates to worm-gearing, 
and its object is to provide means of adjustment so that backlash 
may be reduced to the minimum, The thread of the worm, 
instead of forming one solid spiral, is split into two spirals A and 
f, which, after being threaded together, are locked in abutment. 
In the construction illustrated, the locking is effected by the 
rings Cand D. The pitch of the abutting surfaces, indicated by 
the line E, is greater than the pitch of the working surfaces a and 
b. Consequently, by causing one spiral to advance to the requi- 
site extent porwr Led to the other, the width of the split or bipar- 
tite thread is increased sufficiently to fill the space between two 
teeth of the worm-wheel. Or the width of the split or bipartite 
thread could be reduced to any necessary degree by causing one 
spiral to recede relatively to the other. One of the two spirals 
* that constitute the split or bipartite thread may form a solid part 
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of the shaft or of asleeve, the other spiral being threaded upon 
and locked to the shaft or sleeve. Or both spirals may be sepa- 
rate from, but threaded upon, and locked to the shaft or sleeve. 
In the particular construction represented in the drawings, the 
spiral A and the body G of the worm are in one piece. The free 
spiral B is threaded upon the y G. The shaft has two 
feather-ways to receive the two feathers g and g! (Fig. 2) of the 

y G. Each end of the body G is coned and split in twelve 
places. The locking-rings C and D have internal screw-threads 
that engage with screw-threads on the ends of the body G. 
These rings are also coned internally; and, when screw up 
tightly with the spanner J (Fig. 2). cause the split coned ends of 
the body G to grip the shaft H. The rings C and D at the same 
time lock by frictional grip the free spiral B, as will be readily 
understood. The spiral A may, if desired, be undercut to contain 
a corresponding ledge on the free spiral B. Any other suitable 
means may be employed for locking the split or bipartite thread 
of the worm in its working position. (Accepted June 15, 1905.) 


MOTOR ROAD VEHICLES. 


2225. J. M. Fleming, G ow. Moving Wagons- 
{6 Figs.) February 4, 1905.—This invention relates to improved 
means for moving traction wagons in the absence of ‘the tractor, 
the object of the invention being to move the wagon by hand, 
loaded or unloaded, into any position desired in the absence of 
the tractor. Prévious to a wagon — moved, the draw-bar A 
is lifted clear of the ground, as indicated by the dotted lines, the 
said draw-bar being preferably held up by means of a chain 
connected to the wagon. The front wheels B are then locked so 
that the wagon may be moved in the desired direction, and a 


Fig./. 






































motion of rotation is given to the hand-wheel C on the front end 
of the wagon, whereby the wagon is propelled by means of the 
| my C!, worm D, worm-wheel E, pinions F and G, spur-rings 
Hi and J, secured to the rear wheels K. A feature of the im- 
provements is that the wagon can be propelled by one person 
actuating the gearing by means of one hand-wheel, such as C, 
the tointion of the rear wheels K being effected simultaneously. 
The direction in which the wagon is to be propelled may be 
determined by inserting a pin through the swimmer-plates M, N 

-that is to say, the frame carrying the fore wheels B may be 
swivelled to any desired angle from zero to about 80 deg. to the 





left or right, the oe being inserted through an aperture in a lug 
of the swimmer-plate into any one of the corresponding apertures 
on the plate N, so that the fore wheels are locked by the pin. 
The actuating spindle C! of the hand-wheel C may be supported 
by a bracket, the rear end of the spindle is provided with 
the worm D, the spindle C! having its back bearing in a bracket 
secured to the supporting bracket P for carrying the rear wheels 
K. Mounted across the wagon below the worm D is the worm- 
wheel and pinion shaft ¢, which is supported in brackets, the 
brackets being bolted to the underframing of the traction wagon. 
The pinion-wheels F and G are fitted on to the ends of the spindle 
e, and the worm-wheel E is situated between the said pinions, so 
that when a motion of rotation is given to the worm D a motion 
of rotation is also imparted to the spur-rings H, J through the 

dium of the pini G, F and worm-wheel E. (Accepted June 7, 





1905.) 


PRINTING AND ALLIED MACHINERY. 
6675. Addressograph, Limited, London. 
Addressograph Company, Chicago, lil., U.S.A.) Printing 
Plates. (3 Figs.) March 29, 1905.—In the specification of 
Letters Patent dated January 10, 1902, No. 776, there is de- 
scribed and claimed a printing device for use with addressing- 
machines, and the object of this invention is to provide such a 
printing plate which is simpler and cheaper than those therein 
described. The plate 1 is made preferably of metal which will 
permit of the printing characters being stamped in relief thereon. 
he plate 1 is provided with spacing guards 2 formed by bending 
over the edges of the plate in the form of flanges, and these guards 
are preferably provided at the ends of the plate so that a number 
of plates can be piled one above another or arranged side by side 
in a tray or holder without rubbing or injuring the printing 
characters thereon, as each plate will be 5 apart by the 
guards 2 a distance slightly greater than the height of the print- 
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ing characters upon the plate. These guards also serve to stiffen 
and strengthen the plate transversely, and at the lower edge of 
the plate a bead 3 is formed to stiffen and strengthen the plate 
lengthwise. On the upper edge of the plate, between its end a 
tab is provided to receive an index character, which tab is made 
integral with the plate and may be formed at any desired point 
between the ends of the plate. The index characters may be 
stamped, printed, or otherwise affixed to the tab to enable the 
Ee to be used in a card-index system, or they may consist of 
etters, numbers, or other characters. The improved printing 
plate is simple in construction and inexpensive to manufacture, 
and the tab renders it applicable for use in a card-index system, 
as the tabs can be lettered or numbered for reference purposes 
where each plate bears one address of a subscription list in which 
each subscriber has an individual number or letter. (Accepted 
June 7, 1905.) 


RAILWAYS AND TRAMWAYS. 


13,274 C. W. G. Little, Westminster. Controlling 
Zreiley. Petes. (3 Figs.) June 11, 1904.—This invention has 
for its object to provide simple means whereby the movement of 
the trolley u in connection with the overhead system of 
electric traction is controlled in such manner that should the 
trolley leave the trolley-wire, damage and injury to overhead 
construction, other apparatus, or to passengers is prevented. 1 
is the trolley-rope which is, as usual, secured at one end to the 
trolley-head, or pole, and hangs down. The end of the rope 
remote from the trolley-head is passed through a hole in a cap 2 
that closes the upper end of a vertically-arranged tube 3 secured, 
for instance, to the dashboard of the vehicle. The portion of the 
rope that is within the tube 3 passes under a pulley 4, and its 
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end is secured to the tube 3 in any convenient manner. The 

ulley 4 is rotably mounted in bearings in a frame 5. This 
rame 5 carries a downwardly extending pin 6, and the connection 
of the pin to the frame is such that the one can turn relatively 
to the other. Mounted onthe pin 6 s0 as to be capable of end- 
wise movement thereon is a cross-piece 7, This cross-piece is 
normally maintained in a position just below the frame 5 by a 
spring 8, the stresson which is adjustable by means of a nut 
that can be screwed up or down the pin 6. Mounted on the lower 
end of the pin 6 is a conical piece 10. This conical piece 10 is 
internally screw-threaded to correspond with the thread on the 
pin. 11 isa nut that serves to lock the conical piece 10 in posi- 
tion. To two opposite ends of the cross-piece 7 downwardly de- 


pending arms 12 are pivotally connected. These arms have 
cheeks on their outer faces, which, when the arms are moved 
outwardly, come in contact with the inner wall of the tube 3. 
The action of the controlling means is as follows :—The control- 
ling means are free to rise or fall within the tube 3 in accordance 
with the movements of the trolley-head. Should the trolley-head 
make a sudden upward movement, as happens when the trolley 
leaves the trolley-wire, the controlling means will move upward 
in the tube 3, and relative movement of parts of the controlling 
means will take place ; that is to say, the cross-piece 7 and arms 
12 will lag behind the conical ~~ 10 owing to their inertia. 
The conical piece 10 will thus be moved upward between the 
arms 12, and will cause the same to be moved outwardly when 
the cheeks and, it may be, parts of the arms will come in con- 
tact with, and grip, the walls of the tube 3. As soon as this 
gripping action takes place, further upward movement of the 
trolley will be prevented. The degree of sensitiveness of the 
apparatus can be altered by varying the stress on the spring &. 
(Accepted June 15, 1905.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


15,675. W. B. Thompson, Dundee. Adjusting 
Valve-Setting. [2 Figs.) July 14, 1904.—This invention 
relates to the valve-setting of steam engines, the object being to 
provide means for effecting this purpose and which can be operated 
outside the valve-case in any easy, effective, and accurate manner. 
In carrying out this invention as applied to valves operated by 
link gear, 3 being part views of the links, there is threaded on 
the extremity of the valve spindle 4 an adjustable combined 
slide and buckle 5, which is capable of being longitudinally ad- 
justed on the valve spindle by means of screwed nuts 6 and 7 
placed at each extremity. Within the buckle 5, which is circular, 
is fitted the bearing of the link die-block 8, it being so arranged 
that such die-block can oscillate about the axis of the buckle, and 
thus it is enabled to adjust itself to any position the links 3 may 
assume. Through the centre of the die-block 8, and at right angles 
to the axis of the buckle, is a hole 9, through which the valve-rod 
4 passes, such hole being of sufficient s‘ze as to allow of the block 
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vibrating the desired amount. The portion 10, which forms the 
slide, reciprocatesin a guide on a casting attached to the cylinder 
such guide and cylinder not being shown in the drawings, as they 
are of the usual type. From the foregoing it will be seen that the 
valve-rod 4 can reciprocate as much as is required, and that the 
die-block 8 must reciprocate along with the valve-rod, while at 
the same time it is free to vibrate in the circular buckle 5; or, 
conversely and finally, that the relative distance between the centre 
of the die-block and the centre of the valve can be varied by ad- 
justing the nuts 6 and 7 on the valve spindle which keeps the 
slide and buckle in position. Although an arrangement has been 
described in which the buckle 5 carries a die-block 8, yet the same 
type of adjustable buckle may be used for carrying a pin provided 
with a hole 9 instead of a die-block, and thus any two rods may 
be coupled together, and at the same time their lengths rela- 
tively to one another adjusted when so coupled. (Accepted 
June 15, 1905.) 





OVERHEAD TROLLEYS versus ToIrD Ratis.—President 
Mellen, of the New York, New Haven, and Hartford 
Railroad, has announced that the company proposes to 
substitute the overhead trolley for the third-rail system 
on its line connecting Hartford, New Britain, and Bristol, 
Connecticut, over which there has been contention owing 
to claims that the third rail is a menace to life. The 
company had previously announced that it would return 
to a steam passenger service, but this was ‘strongly de- 
precated by the cities and towns affected. It is also 
proposed to equip the Highland division, between Hart- 
ford and Rockville, with the overhead trolley system for 
| suburban service. 





Ex.ectricity At BirmincHam.—The Electric Supply 
| Committee of the Birmingham ‘l’own Council states that, 
'in addition to proposed sub-stations for va Road, 
Bordesley, and Balsall Heath, the extension of the tram- 
ways system renders an additional sub-station necessary 
|in the Saltley district. The committce has purchased a 
| suitable piece of land for this purpose in Scholefield 
Street for 16002. The cost of the lighting cable between 
this station and Summer Lane, and the necessary lighting 
feeders for the district, is estimated at 16,0007. The com 
mittee will recommend that it should be authorised to 
instal additional machinery at Summer Lane station, to 
carry out the additional building and equipment _of sub- 
stations at Bordesley, Dudley Road, and Balsall Heath ; 
| to equip a new station at Saltley, and to lay extra under- 
| ground cables necessary ; and that for these purposes, and 
|for the purchase of land for the Saltley su >-station, the 
' finance committee should be instructed to borrow 99,5507. 
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MICROSCOPIC OBSERVATIONS ON 
NAVAL ACCIDENTS. 


Part III. 


Fractured Steel Piston-Rod Cross-Head Bolt, 
H.M.S. * Lee.” 


By THomas Anprews, F.R.S., M. Inst. C.E., 
F.C.S. (Telford Medallist and Telford Prizeman, 
Institution of Civil Engineers ; Gold Medallist 
and Bessemer Prizeman, Society of Engineers) ; 
Metallurgical Chemist and Testing Engineer, 
Wortley, near Sheffield. 


FracTuRED Steet Piston-Rop Cross-Heap Bott ; 
INTERMEDIATE-PRESSURE CYLINDER, Port En- 
cinE, H.M.S. ‘* Lee.” 

On July 12, 1899, a serious accident occurred to 

the engines and machinery of H.M.S. Lee, from the 

fracture of the outside steel piston-rod cross-head 
bolt of the intermediate-pressure cylinder of the 


7] Fig. 1. ) 


The threads of the bolt were originally six to 
the inch in number, and were apparently of the 
usual type. 

The fracture was a straight-cut transverse one, 
comparatively free from any indications of fibre, 
except a very little fibrous appearance at one 
side. The fracture had apparently started from 
the bottom groove of one of the screw threads, 
and the author is of opinion that the angle at 
the bottom of the V screw-thread of this bolt is 
too acute, and that the fracture had been started 
therefrom under the stress put upon it. Steel is 
especially liable to develop a fracture from any 
sharp transverse cut. 

The screw threads had_either been worn by 
torsional twitching or tightening, or strained to 
some extent, for a distance below the fracture, as 
the two top threads were found to be ,; in. wider 
than the others. 









A considerable amount of transverse strain had 


of the threads, illustrations of which are given in 
Figs. 4and5. Such a condition of the threads is 
calculated to set up sources of weakness and to 
lead to fracture in steel bolts. 

It will also be noticed that many of these defects 
in the sides of the threads go right down into the 
roots of the threads, and the author considers this 
state of things has been to some extent responsible 
in weakening the bolt as a whole. The rough 
state of the sides is not confined to one or two of 
the threads, but it is very noticeable in many of 
them. It is not desirable for bolts with threads in 
such a state to be used where great resistance to 
strain is required. 

Such 8 condition of the threads may possibly 
have been accentuated and made worse by torsional 
twitching stress during the tightening of the nut. 
In any case this is a thing to be carefully guarded 

inst. 





About jin. below the fracture there was ob- 


DIAGRAM OF ACTUAL LOADS INLBS WHEN SHIP WAS UNDER STEAM . 
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port engine, whilst the vessel was on her trial trip. N 
tn the Appendix attached will be found a condensed 
account of the grave nature of the damage caused lee nokdencts j 7 4 r 3 4 4 thea 


by the fractured bolt, also the working pressure of 
steam, and other information extracted from a 
more lengthy report kindly furnished to the author. 
A portion of the fractured bolt, in half longitudinal 
section, was sent to the author for examination, to 
ascertain, if possible, any of the causes which had 
led to the breakdown. 

The approximate nature of the actual stress on 
the various working parts of the engines when 
under steam during the trial trip at the time of the 
accident was given to the author. The author gives 
above some descriptive illustrations. 

Fig. 1 is an illustration in elevation of the piston- 
rod cross-head, showing the position and construc- 
tion of the outside bolt A, which fractured. 

Fig. 2 shows the fractured bolt in longitudinal 
section and indicates the position of the fracture. 

Fig. 3 is a diagram giving the actual loads in 
pounds on tke piston-rod, the piston-rod bolts, 
and on the connecting-rod bolts during the work- 
ing of the vessel. A summary of the results will be 
found in Table I. 

TaBLE I.—Table of Maximum Stress when Ship was 

under Steam (see Diagram). 





Dia- | Area | 








Stress 
— Ri, Bottom Bottom Marimam™ Pet 
Thieads lensends Inch. 
in. in. | 8q, in. Ib. Ib. 
Piston rod bolts ..| 2} 2.0967 | 3.26 { —< } 5617.6 
Canecting - rod 2} 2.0367 3.26 { 44000.000 } 6748.4 | 
Piston-rod screw... 8 44017.982 7244.5 | 


2.7867 | 6.07 


GENERAL EXAMINATION. 














































































































Fie. 4.—Fractured Steel Piston Rod Crosshead Bolt. 
—. bw Fracture, showing also Condition of Screw- 
s. 


apparently been endured by the bolt adjacent to 
the fracture, as one side of the bolt for a distance 
of nearly ? in. below the fracture had been dis- 
torted to some extent from the longitudinal line, 
showing that a heavy one-sided strain had been 
imposed upon the bolt. 

This may possibly, however, have been done by 
the smashing about of the machinery subsequent to 
the actual fracture. The appearance of half the 
actual fracture is given in Fig. 4. 





The total length of the portion of the bolt | 
received for examination was 3 in., which was the 
only available piece, so that the complete investiga- 
tion was necessarily attended with somewhat un- | 
usual and considerable difficulty. 


| 





There appear to be indications on the face of the 
fracture of the existence of a transverse flaw nearly 
} in. deep, which the author is inclined to consider 
had occurred prior to the actual final fracture. 

It is needful to draw attention to the rough, 





jagged, and defective condition of the sides of most 





Fie. 5.—Fractured Steel Piston-Rod Crosshead Bolt, 
H.M.8. Lee. Face of Fracture, showing also Condition 
of Sides of Screw-Threads. 


served, on examination of a polished surface with 
a low-power microscopic objective, an exceedingly 
fine transverse flaw starting from the VY bottom of 
one of the screw-threads and running inwards 
towards the centre of the bolt for a distance of 
nearly ,'); in. This micro-flaw reduced in size as it 
proceeded inwards, and gradually vanished from 
sight. 

The author attributes such fine transverse flaws 
to the action of vibratory or concussional stress 
acting on the root of the screw-thread, the acute 
angle of which he considers has promoted the de- 
velopment of the fine fissures. Such action is especi- 
ally liable to occur in screw-bolts of steel, unless 
the roots of the threads are well rounded in form. 

It is possible that the roughened character of 
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Fractured Steel Piston-Rod Crosshead Bult. Fie. 9.—Flaw B. Fractured Steel Piston-Rod Crosshead Bolt. 
near Centre of Bolt. Transverse Internal Micro-Flaw, near Centre of Bolt. Transverse Section, 
as seen at Magnification of 100 Diameters. Actual Magnifica- 
tion of Engraving, 80 Diameters. 


Fie. 7.—Flaw A. Fractured Steel Piston-Rod Crosshead Bolt. Fi¢. 8.—Flaw A. 
Internal Micro-Flaw, near Centre of Bolt. Transverse Sec- Internal Micro-Flaw, 
tion, as seen at Magnification of 100 Diameters. Actual Section, as seen at Magnification of 100 Diameters. Ac- 


Magnification of Engraving, 80 Diameters. tual Magnification of Engraving, 80 Diameters. 


Terminal Fic. 12.—Fractured Steel Piston- Rod Crosshead Bolt. In- 
ternal Micro-Flaw, near Centre of Bolt. Transverse Section, 
as seen at Magnification of 300 Diameters. Actual Mag- 
nification of Engraving, 240 Diameters. 


Fic. 10.—Flaw B. Fractured Steel Piston-Rod Crosshead Bolt. Fic. H.—Fractured Steel Piston-Rod Crosshead Bolt. 
Terminal of Internal Micro Flaw, near Centre of Bolt. Trans- Development — Internal Micro-Flaw — near Centre of Bolt. 
verse Section, as seen at Magnification of 300 Diameters. Transverse Section, as seen at Magnification of 300 Diameters. 
Actual Magnification of Engraving, 240 Diameters, Actual Magnification of Engraving, 240 Diameters. 


Bolt. Fig. 15.—Fractured Steel Piston-Rod Crosshead Bolt. 
Micro-Crystalline Structure and Internal Micro-Flaw s, 
near Centre of Bolt at Fracture. Longitudinal Section, 
as seen at Magnification of 125 Diameters. Actual 
Magnification of Engraving, 100 Diameters. 


Fis. 12.—Fractured Steel Piston-Rod Crosshead Bolt. Fie. 14.—Fractured Steel Piston-Rod Crosshead 
Micro-Orystalline Structure and Internal Micro-Flaws, Micro-Crystalline Structure and Internal Micro-Flaws, 
near Centre of Bolt at Fracture. Longitudinal Section, near Centre of Bolt at Fracture. Longitudinal Section, 
as seen at Magnification of 125 Diameters. Actual as seen at Magnification of 125 Diameters. Actual 
Magnification of Engraving, 100 Diameters. Magnification of Engraving, 100 Diameters. 


the sides of some of the screw-threads ‘may have| The author thinks, however, from their appear- were also made from the threads only of the bvlt, 
been increased, or even caused, by a partial loosen- | ance that these defects were primarily present. as shown in Table III. 


ing of the grip of the screw-bolt, under the in- ; A comparison of the results demonstrates that 
fluence of the intense vibration caused by high CHEMICAL ANALYSES. general uniformity of chemical composition existe 


speed and stress of work. | Chemical analyses were made from drillings taken _ between the outside and centre of the bolt, and that 
At such high speed the least looseness of the respectively from the outside, and from the centre there were no indications of local segregation of the 


screw would cause the rapid disintegration of the | of the bolt, with results given in Table II., page | chemical constituents having occurred. ; 
threads. 238. Special determinations of the combined carbon! The combined carbon was satisfactory for but 

















Fic. 18.—Fractured Steel Piston - Rod Crosshead Bolt. 
Micro-Crystalline Structure, near Bolt Centre. Transverse 
Section, as seen at Magnification of 250 Diameters. Actual 
Magnification of Engraving, 200 Diameters. 


Fic. 19.—Fractured Steel Piston-R:d Crosshead Bolt. Micro- 
Crystalline Structure, near Bolt Centre. Transverse Section, 
as seen at Magnification of 300 Diameters. Actual Magnifica- 
tion of Engraving, 240 Diameters. 


Fig, 22.—Fractured Steel Piston-Rod Crosshead Bolt. Micro- 
Crystalline Structure, near Bolt Centre. Longitudinal 
Section, as seen at Magnification of 250 Diameters. Actual 
Magnification of Engraving, 200 Diameters. 


steel, the silicon was high, as also the manganese 
for Siemens steel, the sulphur and phosphorus 
were satisfactory, and the percentage of arsenic was 
high. The percentage of copper was very unusual 
and excessive, and such as is rarely met with in 
steel ; and this, the author considers, is probably a 
chemical cause of physical weakness, which may 


Fie. 17. — Fractured Steel Piston-Rod Crosshead Bolt. 
Micro Crystalline Structure, near Bolt Centre. Transverse 
Section, as seen at Magnification of 300 Diameters. Actual 
Magnification of Engraving, 240 Diameters. 


Fie. 20. — Fractured Steel Piston-Rod Crosshead Bolt, H.M.%. 
Lee. Micro-Crystalline Structure, near outside of Bolt. Longi- 
tudinal Section, as seen at Magnification of 300 Diameters. 
Actual Magnification of Engraving, 240 Diameters. 


Fic. 23.— Fractured Steel Piston-Rod Crosshead Bolt. Cry- 
stalline Slip Bands, produced by Torsional Twist of 405 deg., 
or 14 revolutions, as seen at Magnification of 250 Diameters. 
Actual Magnification of Engraving, 200 Diameters. 


have contributed to the fracture, as some of the! 
other elements were present in fairly satisfactory 
proportion. Further allusion to the adverse phy- 
sical influence of an excess of copper will be found | 
in the microscopical part of the investigation. The | 
analyses would appear to indicate that the steel 
had been originally made from an iron ore con- 


Fie. 18. Fractured Steel Piston-Rod Crosshead Bolt. 
Micro-Crystalline Structure, near Bolt Centre. Trans- 
verse Section, as seen at Magnification of 300 Diameters. 
Actual Magnification of Engraving, 240 Diameters. 


Fie, 21.—Fractured Steel Piston - Rod Crosshead Bolt. 
Micro-Crystalline Structure, near Bolt Centre. Longitu- 
dinal Section, asseen at Magnification of 250 Diameters. 
Actual Magnification of Engraving, 200 Diameters. 


Fie. 24.—Fractured Steel Piston-Rod Crosshead Bolt. Cry- 
stalline Slip Bands, produced by Torsional Twist of 405 deg., 
or 1} revolutions, as seen at Magnification of 400 Diameters. 
Actual Magnification of Engraving, 320 Diameters. 


taining an abnormal and unusually high percentage 
of copper, and therefore the author scarcely thinks 
the steel had been made from pig iron of English 
manufacture ; this, however, is only an expression 
of opinion based on the analysis of the finished 
steel bolt. 

It may also be mentioned that both the per- 
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TaBie II.—Chemical Analysis of Fractured Piston- 
Rod Cross-Head Bolt. 


| Analysis 
| from the 
Centre of 
the Bolt. General 


| Average. 


Analysis from Near 
the Outside of 
the Bolt. 


| 
Analysis Analysis Analysis | 
No. 1. No.2. | No.1. | 





Combined carbon by 
coloration test 

Silicon .. > 

Manganese 

Sulphur 

Phosphorus .. 

Copper .. 

Araenic of 

Iron by difference 


0.210 
0.070 
0.720 
0.025 
0.043 





Tabie III.—Percentage of Combined Carbon in Threads 
of the Bolt. 


Analysis | Analysis | Analysis . 
No. 1. No, 2 No. 3. Average. 





Combined carbon by 
coloration test - 0,230 0.190 €.210 0.210 
centages of silicon and manganese appear high for 
Siemens steel, and these percentages seem more in 
conformity with what is usually found in Bessemer 


steel than in steel made by the Siemens process. 


PaysicaL ExamMinaTion,—TENSILE Tests. 


Portions were machined longitudinally from the 
fractured bolt respectively from the centre of the 
bolt (sample marked 1), and from near the outside 
or periphery (sample marked 0), and tensile tests 
were made, with the results given in Table IV. 


TaBLe 1V.—Tensile Tests of Fractured Piston-Rod 
Crosshead Bolt. 


Original 
Dimensions. 


Remarks. 


tween Gauge 
Reduction of } 


2 
» 
2 
3 
2 
a 


Elongation. 


sq. in, 
0,049 
0.101 


0.251 


Silky, fibrous. 
0,359 i 


Ditto 


oot 
YPo 
e to* 


} 
1} | 29.34 





The test-piece from the centre of the bolt had a 
roaky mark on the surface, indicative of the exist- 
ence of a slight longitudinal internal flaw. 


Paysican ExaMination.—ComPression TESsTs. 


Other portions were’ cut from the bolt, one 
longitudinally and the other transversely, from the 
positions shown on Fig. 6, and compression tests 
were made, the compressive force being applied in 
the one case longitudinally on sample marked L, 
and in the other sample, marked T, transversely, 





with the results given in Table V. 


TaBLe V.—Compression Tests oF FractureD Piston-Rop Cross-Hrap Bott. 


Areain Height E 
Square} before ‘¢ 
Test. 


lastic 
Stress. 


Mark on Diameter 


Sample. in Inches. seed 50 


Inches, 





in. tons per tons 


8q. in. 
0 376 O1lll 0.376 20.09 10.47 


0.378 0.112 | 0.377 | 19.91 


| ! | 


Low-power microscopic observations were taken 
of sample L after having been compressed 25 per 
cent., 37.5 per cent., and 50 per cent. of its original 
height ; but there was no indication of cracking, 
and at the conclusion of the tests the sample was 
sound, 

The total tonnage stress on the sample when 
compressed 50 per cent. of its original height was 
equal to 94.3 tons per square inch. 

Sample T was compressed 25 per cent. of its 
original height, and was found to be sound. 

Fig. 6 shows the positions from which the 
test-pieces were taken, the arrows indicating the 
direction of the compressive force applied. 


PuysicaAL EXAMINATION.—ToRSIONAL Tests. 


Another portion was cut from the bolt and 
submitted to torsional tests, with the results in 


Stress when Com- 
r r Cent. 
of Original Height. of Original Height. pression 


tons per 
sq. in. 
91.3 





Table VI. 


TABLE VI.—Torsional Test of Fractured Piston-Rod 
Cross-Head Bolt. 


| Number of 
| Twists in 1 In. 


Mark on 


Sample. Remarks. 


Diameter. 








0.250 Sample not broken 


and apparently quite 
sound. 


After the above test, of a twist of one and one- 
eighth turns, the sample was sound. 

The appearance of the crystalline slip-bands pro- 
duced by the torsional stress is illustrated in Figs. 
23 and 24, as seen at a magnification of 250 and 400 
diameters respectively. The crystalline slip-bands 
produced by the torsional stress were of a normal 
character. 


L. 1 


Hicu-Power Microscopic ExaMInaTION. 


Special micro-sections were machined, each being 
about 4 in. square and ,), in. thick; one trans- 
versely near the centre of the bolt and not far 
from the fracture, another section was cut longi- 
tudinally from the outside diameter of the bolt 
and including the line of actual fracture as one of 
its boundaries. 

A further longitudinal section was prepared at 
the centre of the bolt, one side of which also con- 
tained the line of fracture. 

The micro-sections were specially prepared, 
polished, and etched in very dilute acid suitable 
to the nature of the investigation required ; the 
results of this part of the investigation were as 
follow :—- 

The general micro-structure was, with some ex- 
ceptions, fairly normal; the carbide of iron areas 
were found to be fairly evenly and proportionately 
distributed throughout the mass of the ferrite, 
which preponderates in this bolt, as it should 
normally in steel of this percentage of combined 
carbon. 





Many of the carbide of iron areas were elongated, 
and exhibited in places a tendency to run into each 
other. There were some small areas of micro- | 
scopic segregation, though these were not of any | 
considerable extent. There were various micro- | 
flaws, apparently generally consisting of slag and 
sulphide of manganese or iron, scattered about in 
the mass ; but these were mostly in a condition of 
isolation, and consequently were comparatively | 


harmless; some of them were of tolerable size ; |‘ 


the dimensions of several typical ones are given in 
Table VIT. 

Some internal fissures or cavities were found in 
the interior of the bolt, near the centre, two of 
these being of noticeable size and of comparatively | 
large dimensions. They are delineated in Figs. 7, | 
8, and 9, as seen in the transverse section at a 
magnification of 100 diameters; and the internal 
terminations of some of these micro-flaws, as seen in | 
section at a magnification of 300 diameters, are 
shown in Figs. 10 and 11. 


Stress when Com- | Total 
pressed 25 per Cent. Com- Remarks. 
tons | tons per in. 
| sq. in. 

; 0.188 Sample sound. The sample was 

observed when compressed 

} 37.5 per cent. of its originai 

height, but there was no ap- 
arance of cracking. 

0.094. Sample sound. 


6.00 | 53.6 


TaBLe VII.—Dimensions of Some T'ypical Internal Micro- 
Flaws in Fractured Steel Piston-Rod Cross-Head Bolt. 


Dimensions in Parts of an Inch. 





Longitudinal Dimensions. 


Transverse Dimensions. 


0.012 0.0004 





The largest fissure (see Figs. 7 and 8) measured 
about 45 in. in length and was about 0.005 in. in! 


width at its widest part. The other internal flaw 
(see Fig. 9) was about 0.042 in. long by about 
0.014 in. wide. 

There was also another internal micro-flaw ob- 
servable, illustrated, as seen in transverse section 
at a magnification of 300 diameters, in Fig. 12. 

These fissures appear to the author to be origi- 
nally attributable to pipe cavities in the ingot from 
which the bar was rolled. 

There were several othcr extremely fine longi- 
tudinal micro-flaws found near the outside of the 
bolt adjacent to the point of fracture. 

Illustrations of some of these, as seen in longi- 
tudinal section at a magnification of 125 diameters, 
are givenin Figs. 13, 14, and 15. 

Some of these varied in length from about 0.008in. 
to 0.002 in., and in width from about 0.0002 in. to 
0.00004 in. ; 

The above two flaws appeared to emanate from 
one micro-flaw, of the following dimensions—viz., 
0.0001 in. long by 0.0008 in. wide. 

A fine internal micro-flaw was found running 
back longitudinally from the actual face of the 
fracture for a distance of 0.007 in. 

At the place where it left the fracture it was 
0.0002 in. wide, and within a length of 0.007 in. 
it gradually died out. 

Another similar fine fissure or crack running into 
the actual fracture was observed ; the size of this 
was about 0.024 in. long, and it was 0.003 in. at its 
greatest width, and it gradually vanished. 

These fine hair flaws having been found at the 

int of the actual fracture (which started at the 
Sotbies or root of one of the screw-threads), taken 
in conjunction with the presence of another larger 
transverse hair crack which was observed starting 
from the root of one of the screw-threads, and to 
which reference has previously been made, would 
seem to locate one of the initial causes of the frac- 
ture. 

The presence of these fine micro-flaws in quan- 
tity was evidently intimately connected with the 


| cause of the fracture, and they represent points or 
| locations of mass weakness which have helped to 


induce loss of strength in the bolt when it was 
under stress. 

Some of the finest of these hair-like micro-flaws 
appear to the author to be to some extent attribut- 
able to a minute local micro-segregation of the 
excessive percentage of copper, which is shown by 
the chemical analyses to exist in abnormal quantity 
in the steel, and the inter-crystalline junctions of 
some of the elongated crystals seem to afford indi- 
cations of this condition; also the presence of an 
extremely fine long hair flaw appears to the author 
to be due to this initial cause (see Fig. 11). 

The excess of copper would doubtless distri- 
bute itself in certain local areas of micro-segre- 
gation, during the cooling and solidification of 
the steel, in -fine lines-along some of the inter- 


| crystalline spaces of the ultimate crystals of the 


steel, and thus prevent direct metallic contact and 
cohesion. 

The consequences would be the development of 
long fine internal areas of weakness in certain 
localities in the mass, which, when under stress, 
would probably facilitate the initial stages of 
fracture. 

The general microscopic structure of the bolt, 
adjacent to the centre of the bolt near the point of 
fracture, as seen in transverse section at a magnili- 
cation of 250 diameters, is shown in Fig. 16, and 
as seen at a magnification of 300 diameters in 
Figs. 17, 18, and 19. 

The general micro-crystalline structure near the 
outside diameter or periphery of the bolt, near the 
point of fracture, as seen in longitudinal section at 
a magnification of 300 diameters, is given in Fig. 20. 


Description OF HiaH-Power Microscopic 
ILLUSTRATIONS. 

Fig. 7 shows a portion of an internal fissure 
(Flaw A) near the centre of the bolt as seen in trans- 
verse section at a magnification of 100 diameters. 

This fissure appeared to have longitudinal deve- 
lopments. It is designated on the illustration as 
Flaw A. 

Fig. 8 is another portion of the same fissure, 
Flaw A, as seen in transverse section at a magni- 
fication of 100 diameters. 

It is indicated on the illustration as Flaw A. 

Fig. 9 is an illustration of another internal micro- 
flaw, or fissure, Flaw B, near the centre of tlie 
bolt, as seen in transverse section at a magnification 
of 100 diameters. 
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It is shown on the illustration as Flaw B. 

Fig. 10 shows the terminal of the last-named 
micro-flaw, or fissure (Flaw B, see Fig. 9), near 
the centre of the bolt, as seen in transverse section 
at a magnification of 300 diameters. 

Fig. 11 shows, in transverse section, at a magni- 
fication of 300 diameters, an extremely fine terminal 
development proceeding from the internal micro- 
flaw (Flaw B, Fig. 10), which appears to be in part 
due to minute micro-segregation of copper, or other 
impurity. 

Fig. 12 shows an internal micro-flaw, as seen 
in transverse section at a magnification of 300 
diameters. 

Figs. 13, 14, and 15 are illustrations, at a mag- 
nification of 125 diameters, of several fine longi- 
tudinal micro-flaws found near the centre of the 
bolt adjacent to the point of fracture. 

Fig. 16 is an illustration of the normal micro- 
crystalline structure near the centre of the bolt, as 
seen in transverse section at a magnification of 250 
diameters. 

Figs. 17, 18, and 19 are illustrations of the 
normal micro-crystalline structure near the centre 
of the bolt, as seen in transverse section at a mag- 
nification of 300 diameters. 

Fig. 20 is an illustration of the general micro- 
crystalline structure near the outside diameter or 
periphery of the bolt, near the point of fracture, as 
seen at a magnification of 300 diameters in longi- 
tudinal section. 

Figs. 21 and 22 are illustrations of the general 
micro-crystalline structure near the centre of the 
bolt, as seen in longitudinal section at a magnifica- 
tion of 250 diameters. 

Fig. 23 shows the crystalline slip-bands produced 
on the fractured bolt by a torsional twist of 405 
deg., or one and one-eighth revolutions, as seen at a 
magnification of 250 diameters. ‘ 

Fig. 24 shows the crystalline slip-bands produced 
on the fractured bolt by a torsional twist of 405 
deg., or one and one-eighth revolutions, as seen at a 
magnification of 400 diameters. 

The above indications of crystalline slip under 
the influence of torsional stress are of a normal 
character. 


—_ 
GENERAL REMARKS. 


After a careful consideration and correlation of 
the results of the general examination, chemical 
analyses, physical tests, and microscopic investiga- 
tions, the author has formed the following conclu- 
sions as to the probable causes of the fracture :— 

1. Local constructive weakness of the nature 
alluded to combined with defective chemical com- 
position appears to the author to be amongst the 
causes responsible for the fracture. The author 
considers that the angle at the bottom of the V- 
screw thread of the bolt is more acute than desir- 
able, and that the fracture had probably been 
started thereby under the stress of wear. He ob- 
served that an exceedingly fine transverse flaw had 
started from the Y bottom of one of the screw- 
threads and ran towards the centre of the bolt 
for a distance of nearly yy in. This micro-flaw 
having gradually reduced in size as it traversed 
inwards, showed that it had originally opened from 
the outside at the bottom of the Y-thread. Steel 
is especially liable to develop a fracture from any 
acute transverse cutting of this nature. 

2. The author thinks that the rough and some- 
what jagged condition of the sides of many of the 
screw-threads (see Figs. 4 and 5) has had a ten- 
dency to set up causes of weakness and to induce 
fine flaws under the stress of work. 

3. The results of the chemical analyses showed 
a general freedom from tendency to local segrega- 
tion of the chemical elements. The percentages of 
owe silicon and manganese were high for Siemens 
steel. 

The chemical analyses appear rather to indicate 
that the bolt was made from Bessemer steel. 

The percentage of arsenic was high, and the amount 
of copper was abnormal and excessive — beyond 
what is sometimes found in steel. To this excess 
of copper the author is inclined to attribute some of 
the initial causes of crystalline weakness in the 
general physical structure of the mass, which had 
apparently led to the development of some of the 
minute internal micro-flaws or fissures, whose exist- 
ence had undoubtedly promoted the fracture of 
the bolt when under the stress of its work. 

4. The results of the tensile, compression, and 
torsion tests showed that in the parts removed 
from the point of fracture the physical structure of 


the steel in the mass was generally satisfactory, 
and these tests have thrown but little light on the 
possible ultimate causes of the frac‘.ure. 

The chemical analyses and microscopical exami- 
nations have, in this case, better elucidated the 
initial sources of internal weakness. 

5. The low-power and high-power microscopical 
examinations he considers have helped to establish 
some of the causes of initial internal local crystalline 
weakness, as a reference to the detailed remarks 
under this head will show (see Figs. 4 to 22). These 
numerous microscopic illustrations at a high mag- 
nification have visibly indicated some of the weak 
points in the crystalline structure, apparently due 
to certain defects in the chemical composition of the 
steel. 

The presence of some of these internal micro- 
fissures and flaws has no doubt been instrumental, 
in conjunction with the other sources of weakness 
alluded to, in promoting the tinal fracture of the 
steel bolt when under the vibratory stress incident 
to its work. 

6. Whilst being fully conversant with the advan- 
tages of steel for many purposes, yet, from past 
experience, the author does not consider steel to 
be the most suitable or reliable material for engine 
bolts; and for this application he believes that best 
wrought iron has the advantage. If steel is desired 
for this purpose, the greatest care will be needed 
in ascertaining its adaptability for any special pur- 
pose, the same remark also applying in the case of 
wrought iron. 


GENERAL SUGGESTIONS. 


1. With regard to the number of threads for 
bolts of this size, the author thinks six to the inch 
should be satisfactory, and in the case of steel bolts 
he thinks this is better than having a. larger 
number of threads per inch, as in the latter case 
there is more liability of increasing the number of 
possible sources of transverse weakness. In any 
case, in view of the results of this investigation, he 
considers it desirable that the roots of the screw- 
threads should be less acute, and more rounded 
in form than the screw-threads of the fractured 
bolt of H.M.S. Lee, and the sides of the threads 
should be primarily free from defects. 

2. In cases where steel bolts are preferred, it 
seems to the author to be needful to insure that 
they should be made from the best Siemens open- 
hearth steel made by the acid process, and that the 
chemical analyses of the finished bolt should be of 
an approved character. 

Moreover, it appears desirable that the Siemens 
open-hearth steel should be made from the best 
selected English West Coast hematite pig, generally 
conforming to an approved type of chemical 
analyses. 

The author does not think it desirable to employ 
steel made either by the acid or basic Bessemer 
process for bolt purposes. 

3. In view, however, of the failure of the steel 
bolt of H.M.S. Lee, and also of the steel boiler 
stay-bolt of another of His Majesty’s ships which he 
has recently examined, and of the fracture of the 
steel connecting-rod of H.M.S. Bullfinch, and of 
othersudden fractures of steel engineering structures 
with which the author is conversant, he is of opinion 
that the very best wrought iron would be a more 
suitable and reliable material for engine or other 
similar bolts, subjected to heavy and varying con- 
cussional and vibratory stress. 


DESCRIPTION OF THE MICROGRAPHS. 


Figs. 7 to 22 inclusive.—The black and very dark 
ortions of each of the above figures are the 
internal micro-flaws ; the lighter shaded parts are 
the primary crystals (or pearlite) of the steel, com- 

sed of distinct and detached crystalline areas of 
iron saturated to various extents with combined 
carbon. These constitute the normal iron carbide 
areas (or pearlite) of mild steel as distinct from the 
pure iron crystals (or ferrite) of the steel. The 
white portions of the mass consist of crystals of 
pure iron, or ferrite, which have not been affected, 
or but very slightly, by the carbon.. The fine 
divisional lines in the figures show the line of 
junction or intercrystalline spaces between the 
ultimate crystals of the steel. 


APPENDIX. 


BREAKDOWN OF Macuinery oN H.M. Torpepo- 
Boat * Lee.” 


July 12, 1899, having on board two Naval Engi- 
neers and three other Admiralty officials. 

The machinery was driven at full speed within 
25 minutes of clearing the piers. The six measured- 
mile runs were completed at an average speed of 
30.15 knots, and the average revolutions of the 
engines were 366. 

After reaching the measured mile at Whitley, the 
vessel had run in course of her usual three hours’ 
trial for about 1 hour 25 minutes, when, without 
the slightest warning, the front bolt in the inter- 
mediate piston-rod crosshead of the port engine 
broke. The engine appears to have made about 
12 revolutions before the connecting-rod became 
detached from the crosshead. The general break- 
up of the machinery in consequence of the failure 
of this bolt was disastrous in the extreme. A 
very circumstantial and detailed account of this is 
contained in the report. A brief extract from the 
report reads as follows :— 

‘*The intermediate-pressure cylinder on. the 
port engine is destroyed, with all its fittings. 

‘*The cylinder cover is badly strained; it has 
held its place throughout largely due to its under sur- 
face and the upper surface of the piston having been 
machined to template, enabling the effects of the 
blows of the piston to be distributed uniformly 
over each of the studs holding down the cover. 
The piston is much nearer an oval than a circle in 
shape; the piston-rod is bent to about 35 deg. 
and the crosshead is badly deformed. The cross- 
head brasses and caps are broken and destroyed. 

‘*The connecting-rod is bent to about 45 deg. by 
contact with the bedplate girder, and the upper 
end is deformed, while the bolts of the bottom end 
are damaged by contact with the bedplate. 

‘*The two fr®nt columns of the intermediate- 
pressure engine are bent. 

‘*The piston-rod guide is broken and rendered 
useless, The girder supporting the bottom end of 
the guides is destroyed. 

‘*Until the engines are completely taken out 
of the vessel and carefully tested and examined, 
it is impossible to say to what extent damage 
is done.” 

In addition to the tests the author (Thomas 
Andrews) has made, other tensile tests have also 
been made. A copy of the results is appended :— 

Four test-pieces were cut from the broken bolt : 

A and B. Two were screwed { in. in diameter at 
either end, and reduced in the middle of their 
length for 2} in. long to }} in. in diameter. 

C. One was screwed { in. in diameter at each 
end, and reduced in the middle of its length for 
2} in. to a diameter corresponding to that at the 
bottom of the thread. 

D. One was screwed (in. in diameter over its 
entire length. The results of these tests are 
given below. 

















ig \§ 
— Break- d a . 
Mark. Rf Area. ing oo | Hee — Remarks. 
Weight. 55 Sc 
is) > ae 
tons cwt in. 
A 0.69 0.3739 10 65 | 27.41) 44 34.875 July 14, 1899.— 
| Good fracture. 
B 0.69 0.3739 10 5 | 27.41) }} 34.875 July 14, 1899.— 
Good fracture. 
© 0.74 0.48 11 12/| 27.00| 23 35.04 \July 15, 1899.— 
Good fracture. 
D 0.74 0.43 13 2 | 30.46 jh 34.375 July 15, 1899. 


Good fracture. 








THE BIRMINGHAM UNIVERSITY. 

ALTHOUGH it is only about five years ago that the 
inhabitants of the Midlands were seriously con- 
fronted with the idea of a local university, the 
matter was taken up with so much enthusiasm that 
in the short time which has since elapsed about 
half a million sterling has been subscribed for this 
purpose, and the university has already well entered 
on its career. The natural site of a Midland 
university was in Birmingham, the centre of a 
populous manufacturing district, to whose needs 
the university was especially intended to administer, 
and where the existing Mason College would serve 
as a nucleus for the more ambitious institution. 
Having decided on the formation of a university, 
the citizens determined that no pains or expense 
should be spared to make it worthy of the name, and 
Birmingham owes no small gratitude in this, as in 
other local matters, to the interest and influence of 
the Right Hon. Joseph Chamberlain, whose un- 








The vessel was on her builders’ trial trip on 


tiring efforts on behalf of the new university have 
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been recognised by conferring upon him the honour 
of its Chancellorship. 

The beginning of higher technical education in 
the Midlands was marked by the opening of the 
Mason College at Birmingham by Huxley in 1880. 
This building, illustrated in Fig. 1, annexed, is 
situated in the centre of the city, and forms part 
of the Chamberlain Square, which contains the 
Town Hall, Free Library, Art Galleries, and Muni- 
cipal Council House. In the foreground of the 
illustration, to the left of the Chamberlain Memorial 
fountain, can be seen the statue of Sir Josiah Mason, 
a successful Birmingham manufacturer, who built 
and endowed this fine-looking edifice, which was 
to be called the ‘‘ Mason Science College.” It is evi- 
dent that what he desired was that some practical 
method of education in science should be provided 
for those in the Midlands, and he evidently had a 
great dread of religious difficulties. He made 
definite statements that no creed or dogma was to 
be taught in the College, but that science-teaching 
should be the first consideration. Fortunately, he 
was persuaded to allow literature and foreign lan- 
guages to be included in the curriculum, but he 
never withdrew his relentless opposition to the 
teaching of theology. He richly endowed the 
College, and amongst the first professors appointed 
were Doctors Poynting, Bridge, Lapworth, and 
Tilden. 

In 1892 the Birmingham Medical School was 
absorbed by the Mason College, and thus the first 
step towards the real university work was taken. The 
College was then called the Mason University 
College, and many of the students were prepared 
for the London University examinations. This 
Science College did good work in its time, and the 
Chair of Engineering was founded ip 1881, and was 
endowed by Sir James Timmins Chance in 1900. 
The first occupant of the chair was Professor 
Robert H. Smith, who was appointed in 1881, 
and a mining professor was appointed in 1883, so 
that it will be seen that applied science was 
taught from the outset. Professor Thomas Turner, 
graduate and life governor of the University, 
who now controls the work of the Metallurgical 
Department, was in these days the lecturer in 
metallurgy, and the good work done by him in 
that capacity was widely recognised. For some years, 
however, the work of the mining department was sus- 
pended, possibly owing to there being no proper 
equipment for teaching that science. In 1897, 
Professor Burstall, at that time on the staff of 
King’s College, London, and reporter for the Gas- 
Kngine Research Committee of the Institution of 
Mechanical Engineers, was appointed to the Chance 
Chair of Engineering; Mr. F. H. Hummel, the 
present lecturer on civil engineering, was at about 
the same time appointed to assist Professor Burstall, 
while the late Mr. Housman was the lecturer in 
electrical engineering. Thus in 1897 we see that 
the total number of staff for applied science con- 
sisted of the professor, his assistant, one lecturer 
in electrical engineering, with one lecturer in 
metallurgy. At the present moment there are five 
applied science professors, in mechanical, electrical 
and civil engineering, mining and metallurgy, as 
well as lecturers in the same subjects, making 
altogether five professors, five lecturers, and three 
assistant lecturers in applied science. 

The New University.—1t was in 1898 that Mr. 
Joseph Chamberlain publicly announced the idea 
of a Birmingham or—as it might perhaps with 
advantage be called—a Midland University. The 
necessary money having been subscribed, and the 
requisite formalities gone through, the Charter was 
granted in 1900. In April of that year a report 
on engineering education was issued by a special 
advisory committee, of which Mr. Arthur Chamber- 
lain was chairman. This committee made a very 
exhaustive enquiry into the special needs of the 
district. From its conception the ideal of this 
university has been that it should be especially 
prepared to thoroughly educate the leaders of local 
industrial undertakings. This may account for the 
prominence given in its syllabus to utilitarian sub- 
jects. The study of the humanities is included as 
at other universities, but while at Birmingham a 
broad, catholic education—in fact, a real university 
education—in any subject is obtainable, yet it will 
certainly specialise in applied science and commerce. 

When the advisory committee issued their im- 
portant report, it was clear that, although they had 
made a careful study of the various systems of 
technical education which obtained in other English 
colleges, they were not at all satisfied with what 





was at that time being done in this country. At | new buildings which it had been decided to erect. 
this time Mr. Andrew Carnegie forwarded a/| A site of 25 acres had been generously presented by 
munificent donation of £50,000, with the admirable | Lord Calthorpe. It is situate about three miles from 
advice that, before anything was done in Birming- | the centre of the city—at Bournbrook—about ten 
ham, the council should be well informed of what | minutes’ walk from Mr. Cadbury’s model village of 
was taking place in America. Bournville. 

The Deputation to America. — Accordingly, a| In June, 1900, Mr. Joseph Chamberlain, as 
special deputation (consisting of Mr. George H.|Chancellor of the new University, addressed the 
Kenrick, Professor Poynting, and Professor Bur- | first meeting of the Court of Governors. In that 
stall) was sent to the United States, some four | speech he emphasised the importance of research. 
years before the Moseley Educational Commission | ‘‘ They believed that those were the best teachers 
was despatched on its famous tour of inspection| who were themselves constantly learning, and 
over the same ground. One wonders why the| that without adding continuously to the common 
report of the Birmingham deputation was not made | stock of knowledge, they would not be fulfilling 
more public, as a great deal of the information so| their duties.” He went on to ask for a further 
carefully collected by Mr. Moseley’s Commission | endowment of a quarter of a million sterling. 


was already available in the archives of the Univer- | ‘‘ They had received already promises of 330,0001.” 

















3. 1. Tue University Bortpincs (FoRMERLY Mason Science CoLiece), EpmuNpD STREET, 
BIRMINGHAM. 


sity of Birmingham. Apparently the Continent | Mr. Carnegie, Mr. Charles Holcroft,and Mr. George 
was not visited, and strangely enough there appears| H. Kenrick are among the donors mentioned. 
no mention in the report of such an important engi-| Mr. Chamberlain emphasised the fact that this 
neering training ground in this country as the Royal | Midland University must be a distinctive one. It 
Naval College at Keyham. The report dealt with| must take colour from its environment. It must 
and recommended the American system (which is a| *‘not only be a school of general culture,” but it 
copy of the Keyham system) of engineering educa-| would also ‘‘ practically assist the prosperity and 
tion, and that report was adopted by the Council | welfare of the district in which it was situated by 
of the University. While this committee were | the exceptional attention which it would give to tle 
busy with the preparation of their great scheme, | teaching of science in connection with its applics- 
other faculties and departments of the University | tion to local industries and manufactures.” lle 
were developing rapidly. The energetic Chancellor | then went on to speak of the great Applied Science 
had evidently realised the advantage of having a| Universities in America, which they hoped to 
man of wide sympathies and world-wide scientific | imitate. ‘‘ All that is wanted is money” he said in 
reputation as Principal of the University, and the | 1900. In less than four years there has been 
Crown appointed to this important position the sanctioned a building contract for over a quarter of 
famous scientist who for four years has ably repre-|a million pounds for the huge laboratories tor 
sented this University, Sir Oliver (then Dr. Oliver) | teaching applied science in a practical manner. 
Lodge. | It is clear that the Chamberlain ideal for the 

The next step was the appointment of Messrs. | Midland University has always been a school of 
Aston Webb and Ingress Bell as architects for the! general culture, specialising in the facilities for 
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training applied scientists. It is not a technical 


Birmingham before the University was erected. It 


is for training ‘‘ captains of industry,” not the rank 
and file, or even the non-commissioned officers. 


Tue Rouuine Bopy. 


The Council of this University consists of five 
nominees of the Birmingham City Council, twelve 
members appointed by the Court of Governors, the 


Deans of the four faculties (Science, Arts, Medi- | 


cine, and Commerce), and the chief officials of the 
University—viz., the Chancellor, the Vice-Chan- 


cellor, the pro- Vice-Chancellor, the Treasurer, the | 


Principal, and the Vice-Principal. On the Court 
of Governors are all the chief officials in the 


neighbourhood of Birmingham, ten of the M.P.’s | 
Midlands, six persons elected by the | 


for the 
Guild of Graduates, three elected by the Under- 
graduates, and nominees of the County Borough 
and County Councils. The basis of representation 


| They estimated that the total cost of land, | of the present expenditure becomes more known 
school ; there was already a most excellent one in | buildings, machinery, and fittings would be 155,0001. | the gifts and legacies to the funds of the University 


When it is mentioned that the buildings alone 
have cost over 250,000/., it will be seen that the most 
hopeful expectations of this Committee, concerning 


|funds, has been exceeded. This Committee es-| 
| timated that the annual cost of maintenance (in- | 
jcluding staff) would be 10,4501. per annum. | 
Already the Applied Science Staff alone receive | 
The Committee | 


something like 5000/. a year. 
| estimated that their scheme would provide accom- 
| modation in the first instance for 200 day students, 
increasing afterwards to 500 students. There is no 
doubt that there will be enough students to fill the 
laboratories and take advantage of their equip- 
ment, for the old equipment at’ Edmund Street 
attracted over a hundred students in applied 
science. In the Municipal Technical School at 
| Birmingham there are classes each containing over 
/@ hundred students in engineering, and each year 
|some thousands of students in applied science 


will increase in number and magnitude. For the 
present we will concern ourselves with dissecting 
the expenditure of the 450,000/. already so gener- 
ously subscribed. 


A GENERAL Description oF THE NEW 
Bournsrook BuiLprnas. 


Those who know Birmingham will realise that it 
was no small achievement on the part of the pro- 
moters of the University to obtain a site of about 
25 acres for the new buildings within three miles 
of the centre of the city. An electric tram-car will 
carry you from the old buildings at Edmund-street 
out to the Bournbrook buildings in less than half 
an hour. When you arrive at the site you are 
struck with its open aspect, for on all sides, except 
the south, it is bounded by green fields. Possibly 
soon this will be altered; at present it certainly 
adds to the appearance of the buildings. 





Three years ago this 25 acres was a patch of 
Already students are coming in from the! arable land. Since that time hundreds of men, 
It is obvious that the pro-|ends of the Empire to this University, which| working on levelling, the foundations, and the 


is most wide. The Principal is appointed by the| must attend the evening classes of the Technical | 
Crown ; the Vice-Chancellor is elected by the| School. 
Court of Governors. 
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In London, or any | buildings, have made a great transformation. The 


specialises in what they want. 
other city of Great Britain, there are at present no | site is situated in about the centre of a large plot 
such facilities for training young engineers as are | of land, bounded on the north by a country lane, 
here offered (always excepting those few mechanical | on the south by the main road from Birmingham 
engineers whom the Admiralty have of late per-|to Bristol, and on the east by a road through to 


moters of this most modern University intended 
that the government of it should be popular in the 
best sense of the word. The curriculum should | 
also be such as would appeal to those living in its 
\_-ality. It shows no desire to immediately imitate i 
oiuer universities, but rather to develop boldly for| mitted to pass through Keyham College), and| Edgbaston. On the west there is the Worcester 
itself a broad system of national education suited | yet some of the London Colleges have to refuse | Canal and the main line of the Midland Railway. 
to modern times and to the practical needs of life | admission to applicants. It is, in fact, probable | On three sides of the site there are its own fences 
in an active and essentially commercial city of our | that in seven years’ time the numbers: of would-be | separacing it from the rest of the land; on the 
great Empire. It is, perhaps, parochial as well as | engineers seeking admission to the Birmingham | north the fine, newly-made road, called ** University- 
Imperial. Its funds come from the local rates! University will be more than the accommodation | road.” When handed over to the University 
(Birmingham contributes a half-penny rate and the | will satisfy, judging by the sharp bends in the authorities the site was by no means level, and 
neighbouring County and Town Councils various | curve plotted by the Moseley Commission, which during the winter of 1901 there were a hundred 
sums) as well as the Imperial Exchequer. Its|shows how the numbers of such undergraduate | men at work the whole time preparing it for the 
students are from the Midlands and India, the | engineers in America have increased. One notices, | building contractor. 

Colonies, and all parts of the Empire. | however, that the fees of the trans-Atlantic institu-| It may be said now to consist of three terraces, 
pers are less than the forty guineas per annum | with about a 15 ft. drop between them. University- 
Tue Committee or THREE. |asked for by the authorities at Birmingham, but | road will constitute the diameter of a semi-circle, 
In the report of the Deputation to America, the | the problem of suitable fees is one which can be around the circumference of which will be grouped 
authors state ‘that their object has been the| easily solved by the advisers of the Council. |the new buildings. These buildings, of course, 
establishment of a college teaching science in its| Birmingham owes its existence and astonishing | face University-road, but are well set back, the 
application to industry, and in the first place to the growth to applied science in one form or other, front portion being left for gardens, tennis courts, 
industries of the district, coupled with such tech-|and the people of that district will not be slow to | or new buildings as required. 

nical instruction in handicrafts as will enable the avail themselves of the great opportunities offered When fully completed, the scheme as at present 
students to complete their course in the University |to them there. As for funds, that is a larger | outlined will consist of ten separate blocks of great 
itself.” They classify the industries of the district | question. There is a paragraph in the report of | proportions, arranged as shown in the ground plan 
as follows :--Mining, metallurgy, engineering, and this Committee which our own rich men might lay | of the University given in Fig. 2, annexed. These 
chemical trades. They emphasise the need of | to heart—‘‘ Everywhere we found that the wealthier | blocks will be all more or less symmetrical. At 
creating the Chairs in Applied Science, which the | citizens realise the importance of university educa- | present, of the ten, four have been put in hand, 
University have since obtained, and one which will | tion, and encourage the Universities by generous | and three are already finished, and are in use. A 
surely soon follow—a Chair of Applied Chemistry. | gifts.” It is confidently hoped that as the result | detailed description of each of these blocks will be 
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given later. Block A is devoted to the engineers, 
and contains the drawing-office, pattern, fitting, 
and machine - shops, and machinery hall. The 
second block (B) is also to be used by the engineers. 
It contains the laboratories (other than the heat- 
engine laboratory, which is in the power station) 
and lecture-rooms. 

The block containing the Great Hall is a magnifi- 
cent edifice. In it will be held all public cere- 
monies, such as degree congregations, &c.; it has 
been building for two years, but will probably not 
be completed until August, 1906. The next block 
(C) is devoted to the Mining and Metallurgical 
Departments. 

The front entrance to the buildings is reached 
across grass plots from the University - road. 
Entering the main building we find ourselves in a 
spacious entrancé hall, 50 ft. square. Below these 
are hat and cloak rooms, and to the right and left 
are lavatories, entered from corridors 12 ft. wide, 
lined with lockers. Below the Great Hall are the 
common rooms and refectory part of the building. 
Here there are ample rooms for dining and reading 
for both students and staff. The whole of this 
important part of student accommodation has 
received careful attention, and will, it is hoped, 
prove very practical, workable, and attractive. 
Below these common rooms are the kitchens. 
Rooms are also provided for the Vice-Principal and 
for the Secretary, and separate rooms for the 
professors. 

The ordinary blocks (A, B, and C), all of which 
are now finished, are of no insignificant size. Each 
is approximately the size of the Birmingham Town 
Hall. The central block, containing the Great 
Hall, will rise to an impressive height. This hall 
will be, when completed, a truly magnificent and 
palatial room. It is said to be the express wish of 
the Chancellor that it shall be worthy of the 
undertaking. Internal buttresses at intervals down 
the length of both sides will add to the impressive- 
ness of its size, and at the end there will be a 
raised dais for the accommodation of the Council 
and Senate on all official occasions. 

The height of the dome at the top of the Great 
Hall is, from the level on the south side, 140 ft., 
and it will present a very imposing appearance. 
At the north end of each block is a dome of some- 
what smaller dimensions, situated over the 
museums, Beneath the Great Hall are, as has 
been already stated, the dining-hall and kitchens. 
The dining-hall is 84 ft. long and 64 ft. wide, 
and is situated at the end of the block. Close 
to it is a staff dining-room, 41 ft. by 33 ft. 
There is a room, of considerable dimensions, 
which the architect, humorously or otherwise, has 
called the ‘“‘ bar.” The kitchens cover an area, the 
sides of which are 70 ft. long, and these kitchens, 
dining-rooms, &c., all run underneath the Great 
Hall. On the same floor are the students’ and 
staff's common rooms, each 43 ft. by 34 ft., as well 
asa large cloak-room, 50 ft. square. The remaining 
space is filled by cycle stores, which are 112 ft. 
by 42 ft. 

Some idea of the work done by the builders 
on this new site may be gathered from the fact 
that their contracts have run into a quarter of a 
million sterling, and that for the last two and 
a-half years they have always had at work 350 men, 
and at times the numbers have exceeded 400, as 
the shape of the ground rendered the building 
operations and setting out very difficult. The site 
as presented by Lord Calthorpe was very uneven, 
and at one extremity it was many feet below the 
other. At present the lower ground floor, which 
is on the ground level at the back of the building, 
is 40 ft. below the upper ground floor, which is 
on a level with the University-road and the front 
of the building. 

As will be seen from the plans in Fig. 2, page 
241, the general outline of the main buildings is 
that of T-sha blocks, radiating from the dia- 
meter formed by University-road. There are con- 
necting blocks along the circumference of the half- 
circle from which these main blocks radiate, and 
under these connecting blocks, which will be used 
for lecture-rooms, is a long subway, containing 
the heating gas and steam pipes. This subway is 
450 ft. long, 12 ft. broad, and 13 ft. high. There 
is also a subway from the main building to the 
power-station, and this is 650 ft. long, 6 ft. high, 
5 ft. wide, and 10 ft. below ground level. This is 
built of brick and concrete, and conveys up to the 
radial stairway the pipes for steam and gas. It also 
contains the pipes for the waste water returned. 





The electric cables are all buried underground. In 
the building itself 2-in. Accrington bricks are used, 
and the outside appearance is decidedly plea- 
sant. In the structure steel and concrete roofs are 
used ; and wood has been almost entirely eliminated, 
for fireproof reasons. All plastering is on extended 
metal lathing to secure this end. The roofs are 
covered with green Kentmere slates, and the 
numerous cornices and strings of stone-facings are 
of Darley Dale stone. All the soil drains are of 
cast iron, aud the surface and rain-water drains are 
of tested earthenware, cemented by concrete. 


(To be continued.) 








LOCOMOTIVES AT THE LIEGE 
EXHIBITION. 
By H. W. Hansvry, A.M. Inst. C.E. 
(Concluded from page 203.) 

Aut the locomotives to which superheaters have 
been applied, as well as many to which they have 
not, are provided with oil-pumps for lubricating the 
cylinders and valves, instead of, as in this country, 
the more usual sight-feed lubricators. Where 
superheaters are used it is almost necessary to have 
such a method of lubricating, but in other cases we 
consider that ‘it is hardly necessary. The opinion, 
however, seems to prevail among Continental en- 
gineers that these automatic pump lubricators are 
to be preferred—whether for superheating, com- 
pound, or simple engines —above other kinds 
because of their great reliability, simplicity, and 
freedom from failure in working. And although 
rather extravagant in their use of oil, it is better 
that this should be the case than that excessive wear 
and tear should result owing to defective lubrication. 
We have ourselves had some experience with both 
classes of lubricators, and although we do not con- 
sider that the ordinary sight-feed lubricators, if 
properly looked after, are prone to failure, we are 
inclined to be of somewhat the same opinion as our 
Continental friends. Another point in the favour 
of pump lubricators is that they practically relieve 
the driver of all responsibility when once properly 
set going, and he has not the trouble of continually 
looking at them, as is necessary with sight-feed 
lubricators. 

The type of oil-pump generally used is either the 
Ritter or the Bourdon. The principle of both is 
much the same. In the former a number of pistons 
or rams (usually six) carried on a common head are 
slowly forced into a chamber containing oil by 
means of a wheel and screw actuated by a ratchet, 
which, in turn, is worked by a rod driven in a 
variety of ways by the locomotive itself. The oil is 
thus gradually forced along pipes to the desired 

ints, small non-return valves in each preventing 
its return. In an article dealing with some 
Schmidt’s engines which were constructed for the 
Cape Government railways, and which appeared in 
our issue of January 22 of last year, we gave draw- 
ings of this particular lubricator, and also a short 
account of it, so we must ask our readers to refer to 
it should the foregoing description be inadequate. 

The Bourdon telescopic pump lubricator is, in 
principle, very much like the Ritter. It consists 
of a chamber or box R (see Figs. 1 to 3 on page 
243), provided with a flange S, by means of 
which it can be attached to the platform of the 
engine, or wherever required, and with a lid AB 
for the purpose of charging it with oil and for 
examination. An oscillating lever L, driven from 
the trailing axle by a suitable arrangement of 
rods in a precisely similar manner to the Ritter 
lubricator, operates a ratchet N, engaging the 
wheel O, which is slowly turned at each second 
oscillation of the lever. This wheel is kept in 
position by the ratchet N! when it is not revolving. 
As it turns, the eccentric M attached to it moves 
in the box F, which it raises and lowers, and con- 
sequently also the plungers T T, so forcing the oil 
in the cylinders C g through the non-return valves 
HH to the desired points requiring lubrication. 
The plungers are provided with sleeves D D, which 
are shrunk on to them, and which, bearing against 
the lower part of F as it rises, causes the plungers 
to be raised to the end of the stroke. The plungers 
are forced down as F descends by the screws V V, 
the points of which take a bearing on the ends of 
the plungers, and which may be adjusted so as to 
regulate the length of the stroke, and therefore the 
amount of oil discharged. 

The plunger G, which acts as a guide to the box 
F and the plungers TT, has a small hole drilled 





up its centre, through which oil is forced as it 
comes down, lubricating M and the faces of F, with 
which it comes in contact. The removal of the 
screw Q admits of the oil chamber being cleaned 
out whenever necessary. 

A glass tube is sometimes fixed on one side of 
the lubricator to indicate the quantity of oil in the 
chamber R ; but this is not absolutely necessary, as 
upon raising the lid A B the amount can readily be 
seen. 

The on show a four-plunger lubricator in 
general use on locomotives ; but these lubricators 
are, however, made with a greater or less number 
of pumps, as required. 

As we have already observed, they are, as a 
rule, driven by a suitable arrangement of rods 
and levers from the leading or trailing axle; in 
some cases, however, by a rod attached to the top 
or bottom of one of the reversing links or from the 
valve spindle. The easiest p'an is, of course, 
adopted, and the one which interferes least with 
other details of the locomotive and offers the 
greatest accessibility. The pump itself is usually 
placed upon the platform at the front of the 
engine near the smokebox, or at the front of the 
cab; but is occasionally supported by a special 
bracket attached to the frames. Being driven 
from the engine, all the time the latter is in motion 
oil is being supplied to the cylinders and valves ; 
directly the engine stops the supply of oil ceases. 
The lubricator-pipes are in most cases carried out- 
side the boiler clothing; and although, from an 
esthetic point of view, not exactly conducive to 
the artistic appearance of the locomotive, are, of 
course, more readily accessible in case of failure. 

This point—viz., accessibility, seemed at one 
time to be a primary consideration of Continental 
engineers, appearance apparently being of no im- 
portance whatever. Especially was this the case 
with French engineers. On the other hand, 
British engineers have usually endeavoured to com- 
bine both appearance and accessibility. In the 
case of cylinder-lubricator pipes, which we usuaily 
place under the boiler clothing, in which position 
they can hardly be said to be accessible, we confess 
that the latter point has been lost sight of. In the 
main, however, much more attention is devoted to 
goo in this country than in any other, with 
the result that our locomotives are perhaps the 
neatest in the world. After all, locomotives are 
not built for appearance, but for work, and acces- 
sibility is of the utmost importance. Of late, 
Continental engineers have noticeably studied ap- 
pearance, with the result that their locomotives are 
now barely distinguishable from our own in that 
respect. One has only to look at the old engine 
‘* Boursay ” in the Exhibition, to which we have 
previously referred, and compare it with the latest 
— in close proximity to it to notice the remark- 
able change which has taken place. The ‘* Boursay” 
is simply covered with a network of pipes and in 
general appearance could hardly be more ugly, 
while the splendidly finished six-coupled locomo- 
tive, for example, exhibited close by, and con- 
structed by the Société Anonyme de St. Leonard, 
Liége, is a model of neatness and compact design. 

Among the smaller, and, perhaps, less important 
differences, the adoption of the Serve tube by 
the French railway companies is a noteworthy fea- 
ture of French practice. It seems strange that no 
other railways have so generally favoured this par- 
ticular tube. In Britain it has been tried, but 
principally in marine and not in locomotive boilers, 
and the results appear to have been satisfactory. 
We are not aware, however, of any locomotives of 
British build now running in which these tubes 
are in use. Cleaning is apparently more difficult 
and requires a little more personal attention; also 
ashes collect very readily at the mouths as they 
impinge against the ends of the webs which are 
there cut away to admit of the expanding, and soon 
choke them up. Although this has been found to 
be the case we see no reason why, if the tube is 
really an advantage and to be preferred, British 
locomotive engineers should not surmeunt the 
trouble, more particularly when in France no great 
difficulty seems to be experienced with it, and 
where it is evidently giving every satisfaction. The 
whole question, of course, is, ‘‘Is there anything 
to be gained by their use?” Apparently, French 
engineers consider that there is. Many of our 
readers will remember the long series of experi- 
ments extending over several years carried out by 
Monsieur Henry, of the Paris, Lyons, and Medi- 
terranean Railway. These experiments, which 
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were begun in 1885, were undertaken with the|a great many times. Sections of two tubes, the 
object of determining the relation between the!smallest and the largest, are given in Figs. 4 
length of locomotive tubes and the steaming power, |and 5 herewith. We understand that up to the 
and at the same time to compare Serve with plain present these tubes have not been the subject of 
tubes. Tubes varying from 23 ft. to 9 ft. in length | experiment, or been used in any boiler—locomotive 
were experimented with. It was found that plain or otherwise. It will be interesting to know how 
tubes between 13 ft. and 14 ft. in length, and | they compare with both plain and Serve tube. The 
Serve tubes about 8 ft. in length, gave the maximum | same difficulty—that of cleaning—would be the 
steaming power and economy. | principal objection, although at the same time 
The conclusion naturally following upon these |they appear to have a little advantage over the 
results was that the use of Serve tubes permits of | latter tube in that respect. 
considerable shortening of the boiler without de-| Leaving the subject of tubes, and with regard to 
creasing its power or duty, an undoubted advan- ‘minor differences in practice, the use of a slight 
tage in certain cases where weight has to be|screen in front of the chimney at the top, some 
considered. 3 in. or 4 in. high, and which extends nearly half- 
While on the subject of tubes we might mention | way round, is very common. It is, of course, in- 
that the Mannesmann Tube Company have re-| tended to prevent the wind from interfering with 
cently brought out a new locomotive tube, several| the draught. Damper-plates are also fitted to 
of which are exhibited at Liége. It isa solid drawn | many of the chimneys, particularly to those of the 


tube with plain ends, the centre being ‘‘ corrugated 
spirally,” the object being, of course, as in the case 
of the Serve, to increase the surface in contact with 





absorption of heat from them. 


French engines. The old-fashioned enormous square 
chimneys, so common at one time on the Belgian 
engines, have apparently been discarded, none 
of the locomotives exhibited being provided with 
them. Their object was to soften the draught by 





the flue gases, and so result in there being a readier | 


The Mannesmann Company claim the following | having as large an area as possible, rendered neces- 
advantages of this tube over the ordinary tube :—1. | sary by the grade of fuel employed. 
Greater resistance against external and internal| Variable blast-pipes are used very considerably. 
pressure than plain tubes. 2. Owing to the cor-| Perhaps the commonest form is that having two 
rugations they have a certain spring, consequently | nearly semi-circular conical flaps, the distance apart 
the connections are less affected by vibrations and | of which can be varied by the driver by means of 
shock. 3. The corrugations prevent sparks flying|a handle or wheel situated in the cab. ‘The flaps 
through the chimney, thus reducing to a minimum | are so made that when as close as possible they 
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the danger to the track and to property adjacent | still form a small circular orifice, in which position, 
thereto. 4. The heating surface of corrugated tubes | of course, the ‘‘sharpest”’ blast is obtained. The 
is approximately about 10 per cent. greater than| flaps are hinged to the top of the blast-pipe by 
that of plain tubes, both on the inside and outside means of pins passing through holes in the pipe 
—that is, for fire or water—and consequently, 5, | and in the flaps. These pins or shafts are extended 
the heating effect is greater and the consumption through the ladioten, usually on the left-hand 
of fuél less, thus bag oe the cost of the latter side of the engine, and terminate in levers, the ends 
considerably. 6. The incrustation is much less, | of which work, the one on a right and the other on 
owing to the greater friction raised by water and | a left-hand screw in line with each other and on 
steam on the tubes. ; | the same rod. This rod is prolonged to the cab, 
The idea of a corrugated tube is not by any | and is provided with a nag the rotation of which 
means a new one—in fact, it is years old. Mr./ brings the levers together or separates them, so 
Webb, the late locomotive engineer of the London | ‘‘ le ” or ‘‘ softening” the blast, as the 
and North-Western Railway, once tried a tube! case may be. 
having eight corrugations or reeds passing about, Another form—this being used on the four- 
once round it in its length, the Midland Railway cylinder compound, of flexible wheel-base type, to 
which we have already referred when on the sub- 
; | ject of compounds—is designed so as to permit of 
the raising or lowering of a bronze plug in the 
i | |nozzle of the blast-pipe; and so by decrease or 
; | |imerease of the annular exhaust space causes the 
‘s . | desired alteration in the blast. 
as | Piston-rod tail-rods are very general, both for 
3 © | outside and inside cylinders. The front and hind 
‘ 8 cylinder water-cocks are very often connected by 
means of a copper pipe about 3 in. in diameter, 
| perforated with holes to allow the water to escape, 
| |and for the purpose of muffling the sound of the 
-4..! | escaping steam when the water-cocks are opened. 
x | Many little novelties of this nature are to be 
6 , . — — |seen on the locomotives, some of considerable in- 
ompany also, but the latter ha ve corru- | terest. 
gations with a somewhat sharper twist. The| Several engines are fitted with the Flaman speed 
former ——— :~> tried ——. having rei | indicator and recorder. This instrument, we believe, 
*‘ corrugations.” These were all of an experimental | is not generally known in this country ; and we 
nature, and apparently proved of no particular | shall cme give a short dosviatinn. kids may 
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visitors interested in it are allowed an opportunily 
of examining it, and seeing it in operation at vary- 
ing speeds. It is necessarily a complicated piece 
of apparatus, and a reference to the drawings, 
Figs. 6, 7, and 8, page 244, and the following table 
explanatory of the various parts, before we proceed 
to briefly indicate its action, will, we think, be of 
assistance in understanding it :— 


A. Shaft deriving its motion from the engine. 

B. Escapement shaft. 

C. Cam. 

D. Pawl working E. 

E. Ratchet-wheel whose movement is proportional 

to the spéed of the engine. 

F. Pin on wheel E. 

G. Paw) arresting backward rotation of E. 

. Cam which causes D to be disen from E at 
the end of the time during which the speed is 
taken. 

. Lever opersted by H disengaging D from E. 

. Needle indicating speed on the dial in kilometres 


_ 
—_ 


Ae 


per hour. 

Ratchet-wheel which transmits to J the angular 
displacement of E. 

. Pin on the bottom of the wheel K. 

. Pawl arresting backward rotation of K. 

. Cam operating N. 

. Cam operating G. 

. Lever releasing D from E at the beginning of 
each period of time. 

Cam operating P. 

Tooth wheel to which J is attached. 

Rack changing the circular motion of the needle 
into a rectilinear motion. 

Pencil drawing speed curve. 

Archimedean spiral whose movement is derived 
from the clock. 

. Pencil drawing time curve. 

. Handle for winding clock. 

. Roll of paper on which is registered speed, time, 
distance, and duration of stops. 

Cylinder over which curves are brought, marking 
intervals corresponding to a distance of 1 kilo- 
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metre. 

Fixed stop against which F comes when E is at 
rest. 

Gear for automatic winding (in operation when 
engine is running). 

This instrument consists really of a combination 
of a clock with speed-indicating and recording 
devices, and the general principle of its action is as 
follows :— 

The shaft A, see Figs. 7 and 8, is driven by 
means of bevel gearing from the coupling-rod of 
the locomotive. This gearing is boxed up to 
prevent the entrance of dust, and is attached below 
the platform of the engine. A glance at the view, 
Fig. 6, will show that the gearing is operated 
by a crank connected by means of a pin to an 
arm rigidly attached to the coupling-rod. This pin 
is free to move in a groove or slide in the crank. 
The rotating shaft A provided with a cam opera- 
ting a pawl D causes angular displacements of the 
wheel E, this displacement being proportional to 
the speed of the locomotive. The wheel K trans- 
mits this displacement by means of bevel gearing 
to the needle J, which is constrained to take up an 
angular position on the dial corresponding to the 
angular displacement of E. The dial is divided so 
as to read kilometres per hour direct. 

The actual record or curve showing the speed is 
obtained by transforming the rotary motion of the 
needle into rectilinear motion. This is very simply 
done by means of a toothed sector to which the 
needle is attached, and which gears with a rack 
carrying a pencil at its extremity. This pencil, as 
it rises and falls, draws a curve on a roll of paper. 
The ordinates of this curve are, of course, propor- 
tional to the speed. The paper upon which this 
curve is drawn passes over a roller Y, provided 
with needles or sharp projections at the top and 
bottom, which prick holes at regular intervals. 
These holes are at a distance apart, corresponding 
to 1 kilometre, two occurring close together indi- 
cating each successive distance of 20 kilometres. 
The paper is unrolled automatically in proportion 
to the distance travelled, and after passing over Y 
is wound round another roller X, shown to the left 
hand in our engraving (Fig. 7). 

Successive periods of ten minutes are indicated 
on the face of a dial, on which 40 divisions, each 
representing a quarter of a minute, are marked. 
A needle worked by the clock portion of the 
instrument travels from 0 to 10 during every 
period. The curve showing the distance traversed 
every 10 minutes, the duration of the journey, and 
the length of the stops, is obtained by changing 
the circular motion of this needle by means of an 
Archimedean spiral on its axis into reciprocating 
motion, a pencil being thus caused to draw a ‘‘ saw- 
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advantage. The Mannesmann tube differs only in| prove useful to our readers. We may observe that 
having one ‘‘ reed” or corrugation passing round it | one is exhibited at Liége as a distinct exhibit, and 
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FLAMAN’S SPEED INDICATOR FOR LOCOMOTIVES. 
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Fig.7. 
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time. We show, in Fig. 9, actual examples of both 
curves taken during a trial run. From these the 
position of the locomotive can be found at any given 
moment—that is to say, its distance from a fixed 
starting point, conversely the time at which it 
reached a certain spot knowing the distance from 
the starting point, and also the average speed 
at the spot. Lastly, the duration of the stops is 
given by the length of the ordinate traced by the 
pencil when the engine is stationary, the paper 
then not unrolling. Sufficient paper is provided 
to run for from 6000 to 7000 kilometres without re- 
charging. 

The instrument is only intended to be used in 
recording ordinary speeds ; but it is graduated up 
to 126 kilometres per hour, and can be applied to 
any engine without modification. In applying it to 
another engine all that is necessary is to design the 
motion transmitting the movement of the engine 
to the shaft A, so that the shaft turns the same 
number of times for the same distance run. This, 
of course, may be done by changing the driving 
gear in the inverse ratio of the diameter of the 
driving wheels. 

The instrument is enclosed in a cast-iron box, a 
door being provided in the front, so as to allow the 
rollers to be removed and replaced when being 
charged with paper. It is usually attached to the 
inside of the cab. We understand that over 200 
of these instruments are now in actual use, and 
that the makers are Messrs. Lamaziere et Cie., 
Paris. 

It is more than probable that some question may 
be raised as to the reliance to be placed upon these 
speed indicators as regards their correct time- 
keeping, and we must admit that their accuracy 
cannot be vouched for by us, as we have had no 
opportunity of a practical test, nor have any satis- 
factory assurances been placed before us. Past 
experience with time-indicators tend to show their 
unreliability in this respect; not that they uni- 
furmly lose or gain time during a journey, which 
would not be of very serious importance, as then 
the time-curve could be proportionaily corrected ; 
but the clock is either arrested or induced to go 
faster in a most erratic manner by the effect of the 
oscillation of the locomotive upon the escapement ; 







































































DIRECTION OF RUNNING. —> 


this, of course, being more marked over the varying 
sections of a poorly-kept permanent way. Should 
these indicators have the same defect, then one may 
imagine that the records taken will be far from 
accurate, judging from the imperfect state of the 
roads of some of the Continental railways. 

With this we bring our article to a conclusion. 
In it we have endeavoured to indicate briefly the 
main differences in practice, and to show the lines 
upon which the French and Belgian engineers are 
advancing, of which, as has been seen, the general 
adoption of the four-cylinder compound and the 
superheating types is the distinguishing feature. 
We do not pretend to have done more than touch 
upon the fringe of our subject ; however, in further 
issues we hope to describe more fully some of the 
more important locom..tives, and to publish engrav- 
ings showing the principal details of their con- 
struction. 





_TyNE Ferry Sreamers.—A contract for the construc- 
tion of two twin steamers, intended for passenger traffic 
between North and South Shields, has been let to 
Messrs. Cox and Co., of Falmouth. The new boats will, 
it is expected, be ready for delivery in the early part of 
next year, when, in completion of their scheme of ferry 
improvements at Shields, the Tyne Improvement Com- 
nissioners will be enabled to keep passenger and vehi- 
cular traffic entirely separate. There will be accommo 
dation for about 500 passengers on each of the new boats. 


Frencu SusMaRINES.—Three new French submarines, 
the Opale, the Emeraude, and the Sapphire, will be the 
largest yet constrvcted. Their displacement is to be 42 
tons, their length 1464 ft., and their beam 12? ft. They will 
each have two propellers, worked, when on the surface, 
by gas-engines, and when submerged, by electric motors 
drawing their current from accumulators. The engines 
will develop 600 horse-power, with a corresponding speed 
of 12 knots per hour. Each boat will carry six torpedo 
tubes. They will be more habitable than boats of previous 
types, and they will have an increased radius of action. 
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Fig. 11. 


On our two-page plate and on this page we illustrate 
some bolt and nut-forming machines which we saw 
in operation at the St. Louis Exhibition, and at the 
works of the makers—the Acme Machinery Company, 
of Cleveland, Ohio. Most of these machines may 
also be seen at the rooms in Ludgate-square, E.C., 
of Messrs. Burton, Griffiths, and Co., who are agents 
in Europe for the Acme Company. Figs. 1 and 2 
illustrate a heading and forging machine. Figs. 3 to6 
show a four-spindle bolt-cutter ; Figs. 7 to 9 a4-in. 
bolt-cutter ; Fig. 10 is an automatic bolt-threader ; 
and Figs. 11 and 12 an automatic-nut tapper. 

The first machine illustrated (Figs. 1 and 2) repre- 
sents a 14-in. heading and forging machine, Fig. 1 being 
a perspective view, and Fig. 2a plan. This represents 
one of a group of machines made by this firm, the 
standard sizes ranging from ? in. up to 4in.; though 
in the larger machines the design is modified to suit 
the heavier work. The general principle of these 
machines is fairly well known. The bar is put in to 
a given distance, the gauge which regulates the distance 
being moved out of the oe go cam-motion, when the 
work is held. A plunger advances and upsets the 
end of the part, whilst dies, working laterally, give the 
required shape. The machine is fitted with power 
shears for cutting off. The clutch is arranged so that 
the machine may be run continuously by throwing in a 
treadle-latch. The hub is, however, fitted with a steel 
pin that engages with the clutch by means of a treadle, 
the clutch being automatically disengaged when the 
foot is removed. The operation can be effected twice 
in every revolution. In this way, when making special 
forgings, one or more blows can be given. A recent 
improvement in these machines is known as ‘the 
automatic relief and adjustable time device.” This is 
a combination of spring and toggle mechanism, the 
spring acting on the links that move the gripping 
dies to bring the latter to the closed position. The 
arrangement is such that as the motion commences the 
spring has least power, but as the dies close the power 
increases, until, with the dies in the closed position, 
and all centres in a line, the grip is absolute. In this 
way, if the stock should get caught in the dies, or if, 
through accident, anything should fall between the 
dies, the spring will yield and the toggles will not 
come to the position of all their centres in line. In 
this way the dies will not be rigidly closed, and the 
machine will not be injured. The automatic time- 
pated 9 te for the dies remaining closed for the 
required time for the heading plunger to act. This is 
secured by the pitman which closes the dies being 
I-ngthened or shortened in accordance with the nature 
of the work. When small parts are being produced, 
such as rivets, for instance, the dies need remain 
closed for a very short time indeed, the action being 
almost instantaneous. For larger parts, where more 
material has to be up-set, the pitman is so lengthened 
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that the spring will be compressed as the machine 
passes the centre, and the dies will therefore remain 
closed for a longer time. The machine illustrated is, 
as stated, a 14-in. header, and it will upset bars of that 
diameter up to the limit imposed by natural laws. This 
limit has been found to be 24 diameters, so that the 
machine will, by a single stroke of the plunger, up-set 
a mass on the end of a 14-in. bar that shall contain 
3} in. of the length of the bar. This is the greatest 
amount of up-set that can be made on this diameter 
at a single stroke, and therefore an increase in the 
size of the machine, or the power employed, would only 
result in the material folding over into cold sheets. 
The Acme Company appear to have worked out the 
design of these machines with considerable care, so 
that the style of the machine exactly indicates its 
capacity. A number of examples of work done in 
these machines were shown on the company’s stand 
at the St. Louis Exhibition ; amongst them were the 
following :—A wagon axle, made from 3-in. square 
steel, with an 8-in. disc, 1} in. thick, the disc to 
form a hub for the wheel ; a 3-in. bolt with head and 
nut ; single cranks for engines ; an eye-bar 34 in. by 
1 in., with head up-set to a diameter of 8 in. in two 
operations, being flattened after under the hammer. 
The next machine we illustrate is a 14-in. four- 
spindle bolt-cutter. The general arrangement of the 
machine is well shown in Figs. 3 and 4, which are 
respectively a perspective view and a side elevation. 
The most important and characteristic part of the 
machine is the die-head, and this we illustrate 
separately in Figs. 5 and 6. The head consists of 
a barrel and a die-ring. The former has at one end 
four steel slots bushed with hardened tool-steel, and 
in these slots the dies slide. The dies are let into 
tool-steel die-caps, which can slide in the radial slots 
of the die-ring. To move the the dies there is a large 
screw at the top of the yoke, in which the die-ring is 
carried. This part of the mechanism is shown in 
Fig. 4. By sliding the die-ring on the barrel the dies 
are moved in or out, as required to suit the work. A 
locking mechanism consists of a rr, ° toggle near the 
lower end of the yoke, as shown in Fig. 4. As this is 
outside the parts of the die-head itself, it is possible 
to make it larger than if it were contained in the die- 
head. Strips of hardened steel are provided for rubbing 
parts, and the die-ring and barrel are ground to fit. 
The dies may be closed by hand, or the die-head may 
be operated automatically by the travel of the car- 
riage, a rod with adjustable stops being provided for 
the purpose. This machine is well within the capacity 
of one operator, and is especially suitable for use on 
soft steel when the work has to be done at a slow 
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In Figs. 7, 8, and 9, on our two-page plate, we give 
three illustrations of another machine of the same 
class made by the Acme Machinery Company. This is 





Fig. 7 is a per- 


la 4-in. single power-feed bolt-cutter. 
spective view, Fig. 8 a front elevation, and Fig. 9 an 
end elevation through section A A in Fig. 8. Machines 


of this class are made from 4 in. up to 6 in., the ex- 
ample illustrated being suitable for threading and 
tapping from g in. up to 14 in., either right or left- 
handed. This machine is fitted with a power-feed 
attachment and lead screw, the latter being practically 
a templet, or master-screw, that corrects any tendency 
in the dies to lose pitch. It is especially useful 
in threading difficult bastard thread work or for 
ordinary pitches where very thick nuts have to be 
threaded, or bolts have to be screwed into deep 
holes. Change-screws are used for different threads. 
The makers point out that the lead screw of a bolt- 
cutter and that of a lathe differ materially in regard 
to their natural wear, the former usually producing a 
full thread at one cut. The bolt-machine lead screw 
is consequently more stressed than in the case of the 
lathe where several cuts are taken. There is there- 
fore a difference of pressure upon the screw between 
the two cases, and if a long train of gears be used, 
there will be too much lost motion to produce threads 
of perfect pitch. The power-feed enables coarse 
bastard threads of true pitch to be made, and the 
attachment is especially recommended for stay-bolt 
work. The reduction of lost motion is secured by the 
spindle to which the lead screw is attached being 
driven directly from the main spindle by two spur- 
gears. The carriage is oneal with a split nut, 
which is opened and closed through a cam disc 
operated by a hand-lever. Another detail in these 
large machines to which attention may be called is 
the double-screw device for adjusting dies. When the 
work has to be gone over more than once, it is difficult 
to get a uniform result. With the double-screw arrange- 
ment it is possible to clamp one nut ; the dies can then 
be opened with the certainty that the finishing cut 
will give the same depth in all cases. At the Exhibi- 
tion some good specimens of the work done by these 
;machines was shown; a prominent example being a 
| 3-in. steel bar, having cut on it a square thread } in. 
| wide and ,', in. deep, the pitch being two threads to 
|the inch. The quality of the work was all that could 
be desired. 

| In Fig. 10 we give a perspective view of a 4-in. 
automatic bolt-threading machine by the same com- 
|pany. This machine is designed for threading }-in. 
|to 4-in. bolts to ordinary length if not over 44 in. 
|long. The bolts are placed in the hoppers shown and 
| are caused to arrange themselves by automatic means, 
so that they pass into the inclined slots shown. They 
| hang by their heads travelling down, to be grasped in 
turn by the jaws of the vice, where they are held by 
their heads. The dies close on them, and after they are 
threaded they are ejected by automatic means. The 
makers do not claim that this automatic machine will 
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do more work in a given time than can be turned out 
by a single hand-operated machine; but it is ad- 
vanced that a man, with a boy toassist, could attend 
to ten or twelve of these machines all operating at 
once. Attomatic relief devices are provided to guard 
against the danger of breakage if any hitch occurs in 
the working. 

The last machine we illustrate is a companion to 
the last, being a 4-in. automatic nut-tapper. Fig. 11, 
page 245, is a perspective view, and Fig. 12 a sectional 
elevation. The machine is double-ended, and the blanks 
are placed in the two hoppers shown, from whence they 
pass to the tapping position. The tapping spindles, of 
which one is shown in both illustrations, extending 
the whole length of the machine just above the base, 
carry taps at each end, so that the backing-out motion 
of each tap is the tapping motion of its fellow. In 
this way the quick-return problem is very neatly 
solved by avoiding it altogether. The actuating 
mechanism is well shown in Fig. 11, and does not 
need general description. The tap-chucks are fitted 
with a releasing-clutch, so that should a blank fail to 
get into its proper position, neither the tap nor the 
feed-lever would advance. In this way the danger of 
the tap breaking is avoided, and the feed-lever failing 
to act prevents untapped nuts passing on. The 
arrangement of the blanks in proper order, as they 
pass from the hopper, is secured by the rising and 
falling of an inverted Y slide within the hopper at 
the outerend. The slide edges the blanks into posi- 
tion on the angles of the Y, from which they drop 
into the vertical tube shown on their way to the lever, 
which carries them to the tapping position. These 
feeding devices in both the bolt-machine and nut- 
tapper acted admirably in the example shown. 

Amongst other machines shown by the Acme 
Machine Company may be mentioned a _ hot-pressed 
nut-machine, which the pierced blanks for nuts 
are formed. The principle on which this machine 
works is too well known to need lengthened descrip- 
tion. The blanks are separated from the heated bar 
by a cutter carried on the main slide of the machine, 
and the same motion carries the blank into the die 
when the cutter presses the blank against the 
‘‘crowner,” and, at the same time, the blank is 
pierced and ejected from’the machine. Another ma- 
chine was a 1-in. vertical spindle nut-tapper. The 
new features are the ao being in the centre 
of the machine in place of being at the top, thus les- 
sening the cause of vibration. All the mechanism is 
behind removable plates, thus adding to safety in 
operation. 

All the machines are self-contained, and have ample 
means of lubrication by their own pumps. From what 
has been said, our readers will gather that the display 
of the Acme Machinery Company at the St. Louis 
Exhibition was one of more than usual interest. 








40-TON BLOCK-SETTING TITAN. 

Tue titan, of which we give an illustration on 

ge 252, is a 40-ton block-setting titan, which has just 
com completed for Table Bay Harbour by Messrs. 
Cowans, Sheldon, and Co., Limited, of Carlisle, under 
the supervision of Messrs. Coode, Son, and Matthews, 
Westminster, and its principal feature is the great 
radius at which it works, this being 115 ft. 

The titan is carried on 32 wheels, 16 on each side, 
having centres of cast iron, with steel tyres shrunk on. 
The wheels are 2 ft. 6 in. in diameter ; the axles are 
of steel, 63 in. in diameter, and the machine travels on 
two double lines of rails, 3-ft. 6-in. gauge, and 31-ft. 
centres. The whole of the wheels are fitted with 
volute springs, four to each wheel, making a total 
number of 128. The axle brackets are of cast iron, of 
very heavy construction, and are fixed on the under- 
side of the bottom girders, which are formed of steel 
plates and angles, box section. The main uprights of 
the carriage and diagonal cross-girders are all of steel 
plates and angles of box section. On the top of the 
main cross-girders is a circular box-girder of steel 
plates and angles, and to this girder the revolving 
rack of cast iron is fixed. This girder also carries a 
pathway of wrought steel, 32 ft. in diameter, a similar 
pathway being fixed to the underside of an upper 
circular girder carrying the cantilevers, and between 
these two pathways is introduced a live roller ring of 
cast-steel rollers. The cantilevers are 175 ft. long 
and 11 ft. deep, and weigh 135 tons, They are built of 
steel plates and angles of lattice type, and wind brac- 
ings formed of steel goer angles, and channels are 
fixed on the outside of each cantilever. The monkey 
runs on steel bridge rails of 100 lb. section, bolted on 
the top of the cantilevers. A ballast-box containing 
the necessary amount of ballast is placed under the 
tail end of the cantilevers which carry the machinery. 

The whole of the motions are worked from one pair 
of engines by means of friction and claw clutches, The 
engines have cylinders 12 in. in diameter by 18 in. 
stroke, working at a pressure of 80 lb. The boiler is of 
the vertical types 6 it. in diameter, 12 ft. high, fitted 
with cross-tubes. The main lifting purchase is con- 
trolled by a strap brake of the ordinary type, and also 





by one of Matthews’ patent hydraulic brakes, the 
latter giving perfect control over the load. The whole 
of the levers for operating the titan are brought 
together at the front of the house, thus affording the 
operator a good view of his work. The titan is 
capable of the following movements—viz , lifting and 
lowering the load, racking the crab in and out, and 
revolving and travelling ; and it is also fitted with a 
separate crab for grabbing purposes. 

he crab cheeks are of steel plates, stiffened with 

angles riveted round the edge, and have cast-iron 
bosses fitted with brass bushes for carrying the shafts 
required for the various motions. The barrel is of cast 
iron, 6 ft. 10 in. in diameter by 5 ft. 2} in. long, and is 
capable of taking the whole of the rope without over- 
lapping. The wheels and the gearing are of cast iron, 
and the pinions of cast steel, and the greater part of 
the gearing is machine-cut from the solid. The lifting- 
rope is 4 in. in circumference, 134 ft. long ; the racking- 
ropes are four in number, 34 in. in circumference, two 
being each 121 ft. long, and two 237 ft. long; the 
grabbing-rope is 44 in. in circumference and 260 ft. 
long. The gearing is protected by a house, framed of 
steel angles and tees, covered with light steel sheets, 
and fitted with the necessary doorsand windows. The 
roof is of corrugated iron. The height to the rail on 
which the travelling monkey runs is 36 ft. 3in., and the 
over-all height of crane is about 51 ft. The travelling 
monkey covers a range of from 20 ft. minimum radius 
to 115 ft. maximum radius. 

The titan was tested in all its movements in Messrs. 
Cowans, Sheldon, and Co.’s yard by Messrs. Coode, 
Son, and Matthews, and in every case the specified 
requirements were largely exceeded, the speeds as 
specified, and as actually developed at the test, being 
as follows, with a test load of 50 tons :— 

Lifting full load : specified speed, 8 ft. per minute; 
pes ma speed, 16 ise oe - 

Lifting light load of 10 tons: specified speed, 50 ft. 
per minute; actual s , 70 ft. per minute. 

Titan travelling with full load suspended: specified 
speed, 50 ft. per minute ; actual speed, 50 ft. per 
minute. 

Racking the travelling monkey with full load sus- 
pended : specified speed, 20 ft. per minute ; actual 
speed, 144 ft. per minute. 

Racking the travelling monkey without load: specified 
speed, 50 ft. per minute; actual speed, 144 ft. per 
minute. 

Slueing motion, one complete revolution with full 
load: specified time, 3 minutes, equalling about 
240 ft. per minute at the hook; actual time, 
97 seconds, equalling a speed of 446 ft. per minute 
at the hook. 

As the authorities at Table Bay Harbour were not 
ready for the titan, it is at present being erected at 
Tynemouth, for the construction of the pier there. 








ALUMINIUM ALLOYS. 

M. H. Prcuevx has contributed to the Comptes 
Rendus from time to time the results of his investiga- 
tions into the alloys of aluminium with soft metals, 
and the following constitutes a brief summary of his 
observations :— 

Lead.—When aluminium is melted and lead is 
added in proportion greater than 10 per cent., the 
metals separate on cooling into three layers—lead, 
aluminium, and between them an alloy containing 
from 90 to 97 per cent. of aluminium. The alloys 
with 93, 95, and 98 per cent. have densities of 2.745, 
2.674, and 2.600 respectively, and melting points near 
that of aluminium. Their colour is like that of 
aluminium, but they are less lustrous. All are 
malleable, easily cut, softer than aluminium, and have 
a granular fracture. On re-melting they become some- 
what richer in lead, through a tendency to liquation. 
They do not oxidise in moist air, nor at their melting 
points. They are attacked in the cold by hydrochloric 
and by oo, | sulphuric acid, with evolution of 
hydrogen, and by strong nitric acid when hot ; strong 
solution of potassium hydroxide also attacks them. 
They are without action on distilled water, whether 
cold or hot. 

Zinc.—Well-defined alloys were obtained, corre- 
sponding to the formule Zp,Al, Zn,Al, ZnAl, ZnAl,, 
ZnAl;, ZnAl,, ZnAl,, ZnAl,), ZnAl,,. Their melting- 
points and densities all lie between those of zinc and 
aluminium, and those containing most zinc are the 
hardest. They are alldissolved by cold hydrochloric acid 
and by hot dilute nitric acid. Cold concentrated nitric 
acid attacks the first three, and cold dilute acid the first 
five. The Zn,Al, ZnAl,, ZnAl,), and ZnAl,, are only 
slightly affected by cold potassium hydroxide solution ; 
the others are strongly attacked, potassium zincate 
and aluminate probably being formed. 

Tin.—A filed rod of tin-aluminium alloy plunged 
in cold water gives off for some minutes bubbles of 
gas, composed of hydrogen and oxygen in explosive 
proportions. An unfiled rod, or a filed rod of either 
aluminium or tin, is without action, though the unfiled 
rod of alloy will act on boiling water. The filed rod 
of alloy, in faintly acid solution of copper or zinc sul- 
phate, becomes covered with a deposit of copper or zinc, 





whilst bubbles of oxygen are given off. M. Pecheux 
believes that the metals are truly alloyed only at the 
surface, and that filing lays bare an almost infinitely 
numerous series of junctions of the two metals, which, 
heated by the filing, act as thermocouples. 

Bismuth.—By the method used for lead, bismuth 
alloys were obtained containing 75, 85, 88, and 94 per 
cent. of aluminium, with densities 2.86, 2.79, 2.78, and 
2.74 respectively. They were sonorous, brittle, fine- 
grained, and homogeneous, silver-white, and with 
melting points between those of their constituents, 
but nearer that of aluminium. They are not oxidised 
in air at the temperature of casting, but are rapidly 
attacked by acids, concentrated or dilute, and by 
potassium hydroxide solution. The filed alloys behave 
like those of tin, but still more markedly. 

Magnesium.—These were obtained with 66, 68, 73, 
77, and 85 per cent. of aluminium, and densities 2.24, 
2.27, 2.32, 2.37, 2.47. They are brittle, with large 
granular fracture, silver-white, file well, take a good 
polish, and have melting-points near that of alumi- 
nium.- Being viscous when melted they are difficult 
to cast, and when slowly cooled, form a gray spongy 
mass which cannot be re-melted. They do not oxidise 
in air at the ordinary temperatures, but burn readily 
at a bright red heat. They are attacked violently by 
acids and by potassium hydroxide solution, decom- 
pose hydrogen peroxide, and slowly decompose water 
even in the cold. 

Tin, Bismuth, and Magnesium.—The action of water 
on these alloys just referred to has been recently 
demonstrated ona larger scale, 5 to 6 cubic centimetres 
of hydrogen having been obtained in 20 minutes from 
2 cubic centimetres of the filed tin alloy. The bismuth 
alloy yielded more hydrogen than the tin alloy, and 
the magnesium alloy more than the bismuth alloy. 
The oxygen of the decomposed water unites with the 
aluminium. Larger quantities of hydrogen are ob- 
tained from copper sulphate solution, apart from the 
decomposition of this solution by precipitation of 
copper at the expense of the metal alloyed with the 
aluminium. The alloys of aluminium with zinc and 
lead do not decompose pure water, but do decompose 
the water of copper sulphate solution, and, more 
slowly, that of zinc sulphate solution. 








EDUCATION OF ENGINEERS. 
To THE EpITOR OF ENGINEERING. 

&rr,—In your issue of June 9 last, your editorial article 
dealt in a masterly manner with the subject of the educa- 
tion of engineers, and it was with regret that, as. the 
matter is, in my opinion, vital to the continued prosperity 
of the engineers’ profession, your article has not been fo!- 
lowed by correspondence in your columns. 

It will not, I hope, be considered presumptuous on my 
part, if I, who am not an engineer, venture to express my 
views on certain points which you have raised. I plead 
as my excuse the great interest I take in the matter, en- 
joying as I do an intimate association with some successful 
engineers, with some insight into their workshop practice, 
and having for some years past taken an active profes- 
sional part in testing the results of education for the engi- 
neering and allied professions. 

The Council of the Institution of Civil Engineers are to 
be congratulated on the substantial financial assistance 
which the generosity of a private donor has afforded them 
to supplement the excellent work they are now doing b 
the encouragement they offer to young engineers through 
their students’ and associates’ classes, and they will now 
have the means of opening a path to the engineering 
profession to many clever youngsters who, from neces- 
sitous circumstances, would otherwise be kept out of it. 

The question of how the candidates are to be selected 
is, of course, the great difficulty. 

I take it that the desire will be to choose only such as 
give good evidence, not only of success in their school or 
college class list, but of diligence and earnestness of 
character, a natural bent for engineering, and the sound 
ae which is necessary to insure success in the 
indoor and outdoor work of the practical scientific engi- 
neer. 

May I venture a few suggestions on this matter of 
selection ? 

Assuming, for instance, that the income available will 
be sufficient for giving the required help to, say, eight 
students, and that it will be continued for two years in 
each case, then four selections will have to be made 
annually. Teachers might be invited, by public advertice- 
ment or otherwise, to send in applications on behalf of 
such of their students as they may deem eligible, giving 
their own and other testimony of 

. Necessitous circumstances. 

2. Good character and exceptional ability. 

3. Physical fitness. 

4. Natural bent for mechanics. 

I should at once reject any candidate failing to meet 
all of these requirements. I consider 4 essential, as it is 
notorious that many students who have passed brilliantly 
through the routine of a technical college have no pro- 
spect whatever of succeeding in the practical work of an 
engineer through want of necessary innate talent—in- 
stinct, I might call it—for mechanical things. 

Assuming now that the Committee of Selection has 
chosen from the certainly large number of candidates, 
say, the twenty who best satisfy the requirements enu- 
merated. These chosen twenty should, I think, be inter- 
viewed 7 two or more tactful members of the committee, 
who would easily, after an informal talk with the boys 
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decide upon, say, half of them who appeared the brightest 
and apparently the best fitted for an engineer’s life. These 


selected ten should then be required to submit themselves | 


to a final competitive test. 

My strong belief in the advisability of this final ex- 
amination, and my views as to what should be the proper 
scope of it, have provided my chief motive in writing this 


letter. 

Although I know that competitive examinations alone 
as often as not fail utterly to select the best material for 
any practical scientific profession, yet I feel strongly 
that, especially in connection with the scheme now being 
discussed, a final competitive test is more than advisable, 
and for these reasons: Firstly, that without it, some dis- 
appointed candidates, or their parents, may, as sometimes 
happens, have suspicions of favouritism; and, secondly, 
experience tells me that reliance cannot always be put 
on the reports of teachers, however conscientious, as to 
the real ep | of their pupils. They often knew them 
only in their class-rooms, and are led away by the high 
marks which diligence and a good memory alone will 
often earn at an examination. I hope the Council will 
make the intellectual test themselves. 

As to the subjects of the examination, candidates 
should be required to show a good knowledge of arith- 
metic and elementary mensuration, algebra, trigono- 
metry, and geometry (theoretical and practical), and 
they should write a short essay on some simple subject, 
which they might choose from a fairly long list supplied 
to them, the object of such essay being to show that they 
can express themselves clearly and accurately in the 
King’s English, an ability in which, I am sorry to say, 
many young engineers are lamentably wanting. 

They should also be examined on their knowledge of 
the fundamental principles underlying the sciences of 
mechanics, heat, and electricity with numerical applica- 
tion in simple cases. Little or no credit should be given 
to the mere knowledge of formule, but the questions 
should be designed rather to find out how much the 
candidate really understood than how many facts or 
formule he may temporarily and unintelligently have 
crammed into his memory. 

My experience as an examiner leads me to the convic- 
tion that many of the technical colleges, in their desire to 
get their students on early (too early, I often think) to 
the technical application in mechanical and electric engi- 
neering, are neglecting to insure that their pupils have 
that sound knowledge of fundamental principles on which 
. the superstructure should raised, and that in conse- 
quence the instruction becomes too mechanical in the 
sense that it does not sufficiently develop the intelli- 
gence. The student who will make most advance here- 
after is not necessarily one who knows all the stereotyped 
formule and graphic methods in his note-book, but one 
who, having a thorough knowledge of principles, can 
adapt bis reasoning to a novel departure, and can intelli- 
gently grasp the full bearing and possibilities of future 
discovery and invention. 

The final selection of the candidates to be assisted b 
the Council should, I think, be strictly in accordance with 
the Examiners’ report, and the Council would, no doubt, 
follow their present wise practice of publishing only the 
list of successful candidates, without order of merit or 
number of marks obtained. 

I believe that, with precautions such as I have ventured 
to indicate, the new ‘‘capacity catching ” machinery so 
generously placed at the disposal of the Council will 
result in the bringing into the ranks of the profession 
much talent which would otherwise be lost to it, and will 
materially help the Institute in their noble efforts for the 
advancement of scientific engineering. 

The importance of this subject and my desire to see it 
ventilated in the columns of the engineering Press are my 
excuse for inflicting at such length on your readers the 
deductions from my experience. 








EXAMINER. 
“CRITICAL NOTES ON PEARSON AND 
ATCHERLEY’S INVESTIGATION INTO 


THE STRESSES ON MASONRY DAMS.” 
To THE EprTor oF ENGINEERING. 

Sir,—Will you allow me in your columns to éxpress 
regret to Professor Pearson for having, in common with 
others, failed to notice sufficiently the modifying remarks 
in the memoir by Professor Pearson and Mr. Atcherley 
on dams? Although I have no claim to be called a 
mathematician, yet I am able to appreciate the fact that 
‘deviations from parabolic disteibation of shear are of 
the same order as deviations from the linear distribution 
of pressure.” Nevertheless, to assume linear distribution 
of pressure and parabolic distribution of shear on the 
base of a dam such as that considered by Professor 
Pearson in his memoir may lead to unnecessary severity 
in design. It is not sufficient for an engineer to know 
that he is on the safe side in his design of astructure. He 
wants to know how much his factor of safety is. I repeat 
that the toe of the dam cannot be broken off without 
the maximum possible frictional resistance being deve- 
loped between it and the substratum. If friction is the 
resistance to be assumed in determining the stability of 


in horizontal ghee much in the same manner as in ver- 
| tical planes. Masonry is usually built in horizontal layers, 
and even when the stones are not of uniform depth, there 
| will be horizontal joints extending over very consider- 
able areas; but to obtain only one continuous vertical 
joint in masonry would require special attention on the 
part of the mason towards that object. 

I do not know why Professor Pearson would be sorry 
for any dam design which did not break joint horizon- 
tally as well as vertically, especially in view of his sub- 
sequent statement that he believes it to be a healthy rule 
that a good masonry structure should be stable, even if 
all the stones cracked or sh across. Professor Pear- 
son is guite correct in his assumption that no special 
weight need be given to my opinion, but I fail to see 
where he has shown the fallacy which he says lies in my 
reasoning regarding the value of his experiments. 

I think, however, that I can point out a most fallacious 
statement made by Professor Pearson in his reply to my 
criticism. He asserts that masonry should stand, even 
if sliced through in any direction, by the force of 
friction only. t him suppose the dam sliced through 
entirely by a plane pomes through the point of the toe, 
and making an angle with the horizontal plane slightly 
exceeding the angle of repose of masonry on masonry. 
What would then have to be said regarding the stability 
of the upper portion, using Professor Pearson’s ‘‘ con- 
sistent” methods of determination? From Professor 
Pearson’s assertion it would follow that no masonry 
structure could stand which was not of a pyramidal or 


conical shape. 
an Yours ere. 
W. J. Ditiey. 


THE NEW TRADE MARKS ACT. 
To THE EpiTor or ENGINEERING. 

Srr,—The Trade Marks Act, which was passed last 
session, and comes into operation next year, will make a 
new and most useful era in commercial legislation. 

One of the first points which arrest attention is the 
sensible definition of a trade mark :—‘‘It shall mean a 
mark used, or proposed to be used, upon or in connection 
with goods, for the purpose of indicating that they are 
the goods of the proprietor of such trade mark by virtue 
of manufacture, selection, certification, dealing with, or 
offering for sale.” Hitherto it was necessary to use a 
trade mark on the goods or on the bottle containing them. 
Under the new law it may in connection with 
goods—that is, = show-cards, posters on the hoardings, 
circulars, or by advertisements. Such pictorial embellish- 
ments are largely employed to attract public attention 
and to indicate various goods. The registered proprietor 
may be anyone practically who handles the goods. 
Hitherto trade marks have been held exclusively by 
manufacturers and merchants. Now the buyer who 
selects and the expert who certifies the goods may each 
register his brand. 

The Comptroller-General of Patents, Doin, and 
Trade Marks is appointed the Registrar of Trade Marks, 
and in any proceedings before him has power, with the 
consent of the parties, to require the attendance of 
witnesses, take evidence on oath, award costs, and be in 
the same position in all respects as an official referee of 
the Supreme Court. 

What is a registrable trade mark has always been a 
vexed question, and a fruitful source of litigation. 
Section 9 enlarges the scope of registration as follows :— 

** A registrable trade mark must contain or consist of 
at least one af the foMowing essential particulars :— 

**(1) The name of a company, individual, or firm re- 
presented in a special or particular manner; (2) the 
signature of the applicant for registration or some pre- 
decess>r in his business; (3) an invented word or in- 
vented words; (4) a word or words having no direct 
reference to the character or quality of the goods, and 
not being according to its ordinary signification a geogra- 
phical name or a surname; (5) any other distinctive 
mark, but a name, signature, or word or words, other 
than such as fall within the description in the above 
paragraphs (1), (2), (3), and (4), shall not, except by order 
of the Board of Trade or the Court, be deemed a distinctive 
mark: Provided always that any special or distinctive 
word or words, letter, numeral, or combination of letters 
or numerals used as a trade mark by the applicant or his 

redecessors in business before August 13, 1875, which 
~ continued to be used (either in its original form or 
with additions or alterations not substantially affecting 
the identity of the same) down to the date of the applica- 
tion for registration shall be registrable as a trade mark 
under this Act. For the purposes of this section ‘dis- 
tinctive’ shal] mean adapted to distinguish the goods of 
the proprietor of the trade mark from those of other 
persons. In determining whether a trade mark is so 
adapted the tribunal may, in the case of a trade mark in 
actual use, take into consideration the extent to which 
such user has rendered such trade mark in fact distinctive 
for the goods with respect to which it is registered or pro- 
posed to be registered.” 
A company will now for the first time be allowed to 
register its name if represented in a special or particular 
manner. This is an improvement on “ particular and 











masonry structures, then the actual frictional resistance 
which must exist before failure takes place should be con- 
sidered. It may be more accurate to assume linear dis- 
tribution of shear on the base along with linear distribu- 
tion of pressure. Professor Pearson and other eminent 
men occupied with scientific and engineering matters are 
more competent than I am to deal with these questions ; 
but without wishing to appear dogmatic, I venture to 
think that it was competent for me to su gest a point 
which seemed to have been overlooked. In defending 
the value to be placed on his experiments, Professor 


distinctive manner” in the present Act. The registra- 
tion of the signature of the applicant’s predecessor is also 
a useful innovation, as it enables a joint stock company to 
register its founder’s signature as a new mark. Words 
having indirect reference to the character or quality of 
the goods will now be registered. This would appear to 
cover “‘ Electric” velveteen, ‘‘Tower” tea, ‘‘ Beatrice” 
shoes, and similar names which have been held not to be 
fancy words. Geographical names and surnames also, 
which have been excluded under the present law, will 
now be registrable, if their ordinary signification is not 





Pearson states that masonry in actual dams breaks joint 





a geographical name or a surname. 





trade marks have been refused registration because they 
were found among the names in the gazetteers and direc- 
tories which include *‘* Abbey,” Brook.” ** Palmer,” 
**Silver,” and “Golden,” among thousands of common 
names. 

Any other distinctive mark can be registered. This is 

very broad, as, under Section 3, a mark includes a device, 
brand, heading label, ticket, name, signature, word, letter, 
numeral, or any combination thereof. 
_ The registration of associated trade marks is another 
important and useful provision. It enables an applicant 
to register the essential features of a label as separate 
trade marks, and the user of the whole label shall be 
deemed to be a user of such separate trade marks. 

A new feature is contained in Section 41, which enacts 
that registration shall, after seven years, be taken to be 
valid in all respects, unless obtained by fraud or calculated 
to deceive, or contrary to law and morality. 

No proceedings to prevent infringement or recover 
damages in respect of an unregistered trade mark can be 
instituted unless the mark was in use before August 13, 
1875, and has been refused registration under the new Act, 

Yours faithfully, 
REGINALD W. BARKER, 

Vulcan House, 56, Ludgate Hill, E.C., August 22. 





BrowN AND SHARPE MANUFACTURING COMPANY'S 
UNIVERSAL MILLING-MACHINE.—With regard to this 
machine, illustrated and described in our last issue, 
Messrs. Charles Churchill and Co., Limited, of Leonard- 
street, Finsbury, E.C., ask us to state that they are 
— mts in this country for the makers of the machine 
refe to. 


Bewé1an Biast-Furnaces.—The number of furnaces in 
blast in Belgium at the commencement of July was 35, 
while six furnaces were out of blast at the same date. 
The corresponding number of furnaces in blast at the 
commencement of July, 1904, was 34, while six furnaces 
were then idle. The total of 35, representing the number 
of furnaces in blast in Belgium at the commencement of 
July this year, was made up as follows :—Charleroi group, 
12; Liége group, 17; Luxembourg, 6. The output of 
pig in Belgium in the first six months of this year was 
670,278 tons, ag compared with 649,707 tons in the corre- 
sponding period of 1904. 





IRRIGATION IN THE UNITED STates.—An effort is pro- 
to be made to transform 85,000 acres of the arid 

uma desert into fertile farming land. The United States 
Reclamation Service has awarded acontract for the work 
to Messrs. J. G. White and Co., Incorporated, New 
York. The project presents exceptional difficulties in 
many ways. The nearest town is Yuma, 12 miles down 
the Colorado. Suitable drinking water is extremely 
scarce, and the summer temperature in the Yuma desert 
ranges from 100 ~~, to 120 deg. At a point where the 
Colorado forms a dividing line between California and 
Arizona a dam 1 mile long will be built. It will extend 
compu across the valley, and will have a sluiceway at 
either end, which will be connected with the inain arteries 
of the system of irrigating canals. ; 





Ten Years’ Patents.—The number of applications 
for patents and the number sealed during the decade 
ending with 1904 inclusive were as follow :— 


Year. Applications, Sealed. 
1895 25,062 12,191 
1896 30,193 12,473 
1897 30,952 14,210 
18938 27,649 14,063 
1889 25,800 14,160 
1900 23,924 13,170 
1901 26,788 13,063 
1902 28,976 13,764 
1903 28,832 15,718 
1904 29,678 15,089 


The number of designs registered last year was 22,565 
single, and 966 sets. The number of trade-marks regis- 
tered last year was 3819. 





American Coke-Makinc.—Including the production 
of coke from by-product retort ovens, the output of the 
coke ovens of the United States last year was 23,621,520 
tons, against 25,275,281 tons in 1903—a decrease of 
1,652,761 tons. The value of the production declined in 
a much greater proportion, falling from 66,498,664 dols. in 
1903 to 46,026,183 dols in 1904, or a decrease of 20,472,481 
dols. The decline in production was due to weakness in 
the iron trade during the summer months. While this 
condition of affairs also affected prices, the great differ- 
ence between the values of the production in 1904 and 
1903 was due to the abnormally high prices which pre- 
vailed in the early = of 1903, when, in consequence of 
the anthracite strike of the preceding year, manufac- 
turers Of coke were able to obtain almost any terms they 
might demand. Stimulated by the active demand for 
coke which prevailed in 1902, new construction was ener- 
getically carried forward, and during 1903 over 10,000 new 
ovens were added to those already built. At the close of 
1902 the total number of coke ovens in the United States 
was 69,069. At the close of 1903 the number had increased 
to 79,334, and at the close of 1904 to 83,499. The number 
of ovens idle in 1903 was 1999, leaving a total of 77,335, 
which produced 25,274,281 tons of coke, or an average of 
327 tons per oven. In 1904, out of 83,499 ovens, 6478 were 
idle, leaving 77,021, which produced 23,621,520 tons of 
coke, or 307 tons peroven. At the close of 1904 there 
were 4430 new ovens under construction, of which 882, or 





Hitherto many good ! 


18? per cent., were of the retort or by-product type. 
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STEAM COACH 


; GREAT 


NORTH OF SCOTLAND RAILWAY. 


CONSTRUCTED AT THE COMPANY’S WORKS. INVERURIE, UNDER THE DIRECTION OF MR. W. PICKERSGILL, LOCOMOTIVE ENGINEER. 








In our issue of August 18 we mentioned briefly a 
steam passenger coach, the first of its kind to be 
adopted by the Great North of Scotland Railway 
Company. We are now able to give, in Fig. 1 above, 
an illustration showing the general appearance of the 
new vehicle. It has accommodation for forty-five 
passengers, who enter through a side door near the 
end and sit in garden-seats placed transversely, as on 
the top of an omnibus, From a technical point of 
view the most interesting thing about the vehicle is 
the type of boiler fitted. This is an adaptation of the 
well-known Cochran boiler modified to suit locomotive 
conditions, and its construction is well shown in 
Figs. 2 and 3, on the opposite page. Fig. 4 shows its 
general external appearance when standing by itself 
without lagging on. Firing is done from the footplate 
us usual, but the products of combustion leave the fire- 
box at the side, and being deflected by a firebrick arch, 
pass through the lower half of the tubes, set trans- 
versely with regard to the engine. 
meet in a combustion-chamber, Tom which they return 
through the upper half of the tubes to a space above 
the firebrick arch, which is connected by a flue with 
the chimney. On each side is a door giving access to 
the ends of tubes. 

The construction of the furnace is also worthy of 
note. It is hemispherical in shape, and entirely seam- 
less, being pressed to shape hydraulically from asingle 
flat plate, so that there are no rivets or welded joints 
in the furnace exposed to the action of the fire. The 


two openings, for firing and out-take ny oa ote , are | 
e foundation | 


also formed without riveted flanges, and t 
ring is, like the furnace, pressed from a single plate. 
This construction avoids the local heating due to thick 
joints, and the tendency to grooving at the edges of 
such joints is also absent. 

We understand that on its trials this steam coach 
attained a speed of 60 miles an hour, and proved itself 
capable of hauling two additional loaded carriages, at 
30 miles an hour, up a fairly heavy gradient, the boiler 
in both cases maintaining steam without difficulty. 

The coach was built at the Inverurie Works of the 
Great North of Scotland Railway Company, to the 
designs of Mr. Pickersgill, the engine being supplied 
by Messrs. Barclay, Sons, and Co., of nthe and 
the boiler by Messrs. Cochran and Co., Annan, 
Limited, of Annan, N.B. 








Henpry’s LAMINATED LEatr' ER BELT. — With reference 
to the above belting, which we described on page 225 of 
our last number, we have been requested by Mr. A. V. 
Winebloom, who is Mr. James Hendry’s agent, to state 
that his address is now 7, Bishopsgate-street, Without, 
E.C., and not Hampstead as we stated in our article. 


Coat IN France.—The imports of coal into France in 
the first half of this year were 4,834,560 tons, as compared 
with 5,335,380 tons in the corresponding period of 1904. 
The exports of coal from France to June 30 this year were 
811,940 tons, as compared with 547,680 tons. France has 
aceennaey been less dependent upon foreign coal this 

ear. @ production of coal in the French basin of the 

Vord and the Pas-de-Calais in the first half of this year 
was 11,223,165 tons, as compared with 11,835,523 tons in 
the first half of 1904. 


The gases then | 


| CURRENT RAILWAY CONSTRUCTION. 


Tue principal new works on hand upon home rail- 
| ways arise from electrification and widening opera- 
| tions ; still the development of new lines is not alto- 
|gether arrested. Works in connection with the 
| widening of the Great Central Railway between 
| Ardwick and Hyde Junction have made satisfactory 
| progress, and various portions of the widened line with 
| pneumatic signalling have been brought into use. It 
|1s proposed to open out the Bridgehouses tunnel and 
| to provide improved accommodation on the down side 
| of the Victoria Station at Sheffield. It is also proposed | 

to construct an additional running line on the down 
side of the main line from Woodhead to Torside for a 
distance of four miles. During the past half year good 

rogress was made with the works comprised in the 

Yeasden and Grendon Underwood contracts, and it is 
|expected that the new line will shortly be opened for 
the conveyance of goods and mineral traffic ; in view 
of its early opening also for passenger traffic a con- 
siderable amount of rolling-stock is being built. The 
Great Eastern Railway has no new line in hand, but it is 


| establishing a service of road motor-cars from various | 


| stations upon its system. The expenditure made on 
| capital account by the Great Northern Railway during 
the past half year was 168,873/.; this included 28,407/. 
|expended on account of the Great Northern and City 
line, and 10,844/. expended on account of the Great 
Northern, Piccadilly, and Brompton line. The works 
in connection with the Great Northern, Piccadilly, and 





Brompton Railway between King’s Cross and Finsbury 
| Park were commenced in September, 1902, and all the 
tunnels under the Great Northern Company’s property | 
|are now completed ; the line has, however, not yet 
been opened for traffic. The Great Northern of Ireland | 
Railway reports that the laying of the permanent way | 
of the Ballyroney and Castlewellan line is now} 
| approaching completion, and that the contractors are 
| proceeding with the erection of the station buildings. 
| The Great Western Railway has made good pro- 
| gress with various new lines in course of construction. | 
hese include the Cheltenham and Honeybourne line, 
certain Bristol Harbour lines, the Saltash and St. | 
| German’s deviation, the Clarbeston-road and Letters- 
ton line, a line from Garnant to Gwaun-cae-Gurwen 
| Collieries, the Landore loop, and the joint line between 
Northolt and Grendon Underwood. The Castle Cary 
and Langport line has been brought into use between 
Castle Cary and Charlton Mackrell, and the remaining | 
portion is well advanced. A curve near Savernake 
has been completed. To meet the growth of traffic in| 
the Birmingham district, the Great Western Railway is 
being widened between Olton and Tyseley. Tenders 
have been invited for the construction of the Birming- 
ham and North Warwickshire line between the 
main line at Tyseley and the Stratford branch, a 
length of about 18} miles, and it is proposed to 
proceed with the widening and improvement of the 
Stratford - on - Avon branch between Bearley and 
Honeybourne, thus completing plans for improved 
communication between Birmingham and South Wales 
and the West of England. Works in connection with 
the electrification of the Hammersmith and City line 
and a new electrical generating station at Park Royal 


] 
| 
| 
| 


are well in hand. A new engine-shed at Old Oak 
Common is in a forward state. The Brynmawr and 
Western Valley line, which has been constructed 
jointly with the London and North-Western Railway 
to connect the Great Western Monmouthshire line 
at Nantyglo with the London and North-Western 
line at Brynmawr, will be shortly opened for traffic. 
The works of the Fishguard and Rosslare Railways and 
Harbours Company, in which the Great Western Rail- 
way is interested, jointly with the Great Southern and 
Western (Ireland) Railway, are in an advanced state 
upon both the English and Irish sides, and the Fishguard 
Company has placed contracts for the building of three 
fast steamers to be fitted with turbine engines. The 
Great Southern and Western (Ireland) Railway has 
practically no new works in hand ; plans for an ex- 
tension of the Waterford Station have, however, been 
approved. The Lancashire and Yorkshire Railway is 
widening its line at Bullfield, Bolton, and has com- 
pleted widenings between Kirkby and Rainford Junc- 
tion and between Orrell and Pemberton, as well as 
between Hebden Bridge and Luddendenfoot. Con- 
tracts have been recently let for a connecting line at 
Miles Platting and for widening works between Holme 
and Portsmouth. The main work which the London, 
Brighton, and South Coast Railway has in hand is the 
improvement and extension of the Victoria Station. 
The company has, however, also made good progress 
with the widening of its main line between Earlswood 
and Horley, and the widening is to be carried as 
far as Three Bridges. The outlay of capital during 
the past half year on the enlargement of the Vic- 
toria Station and widening the line between Victoria 
and Battersea was 73,6897. The London, Tilbury, 
and Southend Railway has nearly completed the 
widening of its line between Bow and Barking, and 
the electrical equipment of the section between the 
junction with the Whitechapel and Bow line at Camp- 
bell-road, Bow, and East Ham has been finished. The 
Metropolitan District Company’s electric trains will 
shortly be running to East Ham. 

Widening works upon the London and North- 
Western Railway between Euston and Camden, under- 
taken in order to separate fast and local traffic and to 
facilitate the shunting and marshalling of trains, are 
now in use, and new sheds, comprising an area of about 
3} acres, and accommodating 230 carriages, are also 
available. It is expected that the whole of the arrange- 
ments, including the electric power working of signals, 
&c., will be completed during the current half-year. 
The Trent Valley section is now widened between the 
north end of Rugby Station and Brinklow ; the earth- 
work is in a forward state, nine of fifteen bridges have 
been completed, and a viaduct over the Avon has 
been finished. The London and North-Western Rail- 
way Company has a new line in progress between 
Wilmslow and Levenshulme ; the length of this line 
is 94 miles ; about 35 per cent. of the excavation has 
now been completed, and of 46 bridges 16 have been 
built. At Wilmslow there is a viaduct over the 
Bollin, comprising 13 openings ; another viaduct over 
the Mersey near Cheadle, with 13 openings, has also 
been completed ; and a third viaduct over the Dean, 
with 12 openings, has been commenced. A con- 
tract has been let for the construction of the 
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new South Dock at Garston, which will have a/| works of the Bentley and Bordon light line and the 
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| Western Railway have now so far advanced that four 
| lines are at present in use between Clapham Junction 
and Basingstoke. The enlargement of Waterloo 
Station is proceeding as quickly as circumstances will 
permit. A new ary dock at Southampton to 
accommodate comes of the largest size is practically 
finished, and will be brought into use as soon as 
dredging operations in the outside channel are com- 
leted. An extension of the Midland Railway from 
Newlay to Kirkstall is nearly completed. The first 
5 miles of the West Riding line of the Midland Rail- 
way from Royston to Crigglestone have been opened 
for goods and mineral traffic ; from Crigglestone to 
Dewsbury the earthwork and bridges are finished, 
and four-fifths of the permanent way have been laid. 
The remainder of the Finchley-road and Welsh Harp 
widening of the Midland Railway will be brought into 
use during the current half-year. The construction of 
the Burton and Ashby light lines is making satisfactory 
ae) about three-fourths of the permanent way 
ave been completed, and contracts for the electrical 
equipment, generating plant, cables, power station 
buildings, and cars are well in hand. In _ the 
course of the past half-year the North-Eastern Rail- 
way expended 73,187/. upon its new bridge over the 
Tyne at Newcastle. Expenditures were also made 
during the half-year of 45,829/. upon an extension of 
Middlesbrough Dock, 23,676/. upon the Dunston and 
Gateshead extension, and 10,381/. upon the electrifica- 
tion of certain Newcastle suburban lines. The North 
Staffordshire Railway has opened a light line from 
Leek to Waterhouse. The principal works which the 
Rhymney Railway has had on hand have been im- 
provements at Aber Junction and the construction of 
the Cylla branch. The South-Eastern Railway has 
now completed the whole of the widenings which have 
been proceeding for some years between London and 
Orpington. An extension of the Kent and East 
Sussex light line from Tenterden to Headcorn has 
also been opened for traffic. The principal expendi- 
ture (15,752/.) made on capital account by the Taff 
| Vale Railway in the first half of this year was for 
| tips and roads at Penarth Dock. 











Power 1n Cautrornta.—The Central California Elec- 
tric Company is to construct a 25,000-horse-power hydro- 

| electric plant on the banks of the river American at Alta 
| station, about 60 miles from Sacramento. After passing 
| the present pumping-station at Alta the water will be 
| conveyed by means of a short canal to a point where a 


water area of about 144 acres. A new up -— Bulford extension of the Amesbury and Military Camp | drop of 2160 ft. can be obtained. There will be four 


at Clifton and Lowther, on the Lancaster an 


London and South-Western Railway reports that the 








tt ; light line are in a forward state, and will, it is ex- 
Carlisle section, has been opened for traffic. The pected, be completed in the current half-year. 
widenings of the main line of the London and South- | a speed of 750 revolutions per minute. 


| direct-connected turbines of a capacity of about 6500 
| horse-power each, with polyphase generators working at 





250 


ENGINEERING. 


[AuG. 25, 1905. 








NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was fairly steady, and a small business 
of 4000 tons of Cleveland warrants was put through. 
Prices were almost unchanged, and the transactions took 
place at 47s. 34d. cash and 47s. 6d. one month, and at 
47s. 4}d. fifteen days, 47s. 54d. twenty-two and twenty- 
five days. Forward iron was quoted at 47s. 10d. three 
months, and the closing quotations were 47s. 4d. cash 
and 47s. 7d. one month sellers. Cumberland hematite 
changed hands at 57s. 14d. one month, closing at 57s. 34. 
one month sellers. In the afternoon the market was 
rather firmer, and Cleveland warrants were done at 
47s. 4d. cash, 47s. 64d. one month, and 47s. 54d. fifteen 
days, three months’ iron being quoted 47s. 9d. buyers 
and 47s. 104d. sellers. The turnover was 3500 tons, and 
sellers’ closing quotations were 47s. 44d. cash and 47s. 7d. 
one month. On Friday morning the market was very 
quiet, but prices remained steady. Only 1000 tons of Cleve- 
land warrants changed hands at 47s. 4d. cash and 47s. 7d. 
one month, closing at 4d. more in each case. The set- 
tling prices were:—Scotch, 50s. 6d.; Cleveland, 47s. 44d.; 
Cumberland, 56s. 104d.; and Standard foundry iron, 
45s. 3d. At the afternoon session the market was again 
very idle, the business only amounting to 1500 tons of 
Cleveland warrants, which were done at 47s. 34d. cash, 
47s, 6d. one month, and 47s. 5d. fifteen days. Sellers’ 
closing quotations were 47s. 34d. cash and 47s. 64d. one 
month, buyers at 4d. less. Hematite iron was quoted 
563. 9d. cash and 57s. one month sellers, buyers at 56s. 6d. 
cash and 563. 9d. one month, but no business was re- 
ported. On Monday morning there was little improve- 
ment in the way of business, only 1500 tons of Cleveland 
warrants changing hands at 47s. 34d. cash and 47s. 6d. 
twenty-eight days. The market closed much firmer, 
with sellers at 47s. 5d. cash and 47s. 84d. one month. In 
addition to the above transactions, 500 tons of hematite 
iron were dealt in at 563. 104d. one month, and at the 
close sellers quoted 57s. one month. In the afternoon 
the dealings smounted to 1500 tons of Cleveland war- 
rants, and 1000 tons of hematite iron. Cleveland was 
done at 47s. 5d. and 47s. 44d. cash, and closed with 
sellers at 4d. less for cash and 1d. less for one month 
than at the close of the forenoon session. 
iron was done at 563. 7d. twenty days and 56s. 6d. 
eleven days, the market closing with buyers at 
563. 3d. and sellers at 563. 5d. cash. The tone of 
the market was easier on Tuesday morning, and 
the turnover was again small, only some 3000 tons of 
Cleveland warrants being dealt in. The prices were 
47s. 34d. cash and 47s. 7d. to 47s. 6d. one month, 
closing at 47s. 24d. cash sellers and 47s. 6d. one month 
sellers. The settling prices were:—Scotch, 50s. 6d. ; 
Cleveland, 47s. 1}d.; Cumberland hematite, 56s. 3d. ; and 
Standard foundry iron, 45s. 3d. In the afternoon the 
dealings consisted of nearly 6000 tons of Cleveland war- 
rants at 47s. 2d. cash, 47s. 5d. to 47s. 54d. to 47s. 5d. 
one month, and sellers closing quotations were 47s. 24d. 
cash and 47s. 54d. one month. Standard | iron 
was quoted at the close at 453. 3d. cash buyers. To-day 
(Wednesday) the market was exceedingly idle, and only 
one lot of 500 tons of Cleveland warrants was done at 
47s. 34d. five days. The closing prices were 47s. 34d. 
cash and 47s. 64d. one month sellers. In the afternoon 
there was a decided improvement in business and quite 
15,000 tons of Cleveland warrants were dealt in, and of 
that amount 10,000 tons were done at 47s. 64d. one month. 
The other dealings were at 47s. 34d. cash and five days, 
the market closing a shade firmer at 47s. 4d. cash and 
47s. 7d. one month sellers. Some Standard foundry iron 
changed hands at 45s. 34d. cash. The market quota- 
tions for makers’ (No. 1) iron are as follow :—Clyde, 
57s. 6d.; Calder, Gartsherrie, and Summerlee, 58s. ; Lang- 
loan, 60s. ; Coltness, 66s. (all shipped at Glasgow) ; Glen- 
oy (shipped at Ardrossan), 58s.; Shotts "oe at 

ith), 57s. ; Carron (shipped at Grangemouth), 6d. 


Scotch Pig Iron again Advanced in Price.—Another 
advance in the price of Scotch big iron was intimated on 
Monday of this week by Messrs. Merry and Cunninghame, 
Limited. This advance is 1s. per ton in their Carnbroe 
No. 3 brand and 6d. per ton in their Glengarnock No. 3 
brand. The demand for Scotch pig iron continues good, 
and prices remain very firm. 

Malleable Iron Advanced in Price.—At a meeting of 
the Scotch Malleable Iron Trade Association, held here 
last Friday afternoon, it was decided to advance all pro- 
ducts by 2s. 6d. a ton. The increase was to take effect 
from Monday of this week; and it is said that in the 
interval quite a lot of orders were placed at the old rates. 
The prices now are :—Iron angles, 62. 5s ; branded bars, 
6/, 23. 6d.; cross-bars, 6/. 53.; and best bars 6/. 12s. 6d. 
per ton. 

Advance in Iron Plates.—The price of iron 
eee been advanced by 2s. 6c. per ton to 61. 
ton, 


Sulphate of Ammonia.—During the past week there 
has been an upward move in the price of sulphate of 
ammonia, and with a stronger tone all round the value 
of this commodity is likely to be still further advanced. 
The current quotation is 12/. 103. to 127. 12s. 6d. for 
|e business, and 12/. 12s. 6d. to 12/. 15s. for forward 

elivery. Last week 472 tons were shipped from Leith 
Harbour. The inquiry this week has been very good, 
and a fair amount of business has been done. 


Scotch Steel Trade.—The good tone at present prevailing 
in the Scotch steel industry shows every sign of con- 
tinuing. Inquiries generally are very favourable, and 
the noticeable improvement in local trade circles has had 
a stréngthening effect on the steel industry. ian 
inqiiiries are still in the market, and it is reported that a 


en has 
s. 6d. per 
ess 24 por cent. delivered to Clyde stations. 


Hematite | P. 





local firm of producers has just booked an order for 1000 
tons of a certain kind of bars for the Dominion. 


Clyde Shiphuilding Contracts.—The general improve- 
ment in local business circles is, in a large measure, due 
to the improved state of the Clyde shipbuilding in- 
dustry. For some months back nearly every week has 
seen the placing of orders for two or three new steamers, 
and the past week has been no exception. Messrs. George 
Brown and Co., Garvel Shipbuilding Yard, Greenock, 
have contracted to build a small cargo steamer for the 
East Coast Steamship Company, King’s Lynn. The 
dimensions are :—120 ft. in tae 22 ft. in breadth, and 
9 ft. 9 in. in depth (moulded) ; and the engines are to be 
supplied by Messrs. Colin Houston and Co., Glasgow.— 
Messrs. Murdoch and Murray, Port Glasgow, have con- 
tracted to build another passenger and cargo steamer for 
service on the River Amazon. This steamer is to be 
larger than the others constructed for this service, and is 
ray supplied with engines by Messrs. David Rowan 
and Co., Glasgow.—An order has been placed with 
Messrs. Fleming and Ferguson, Limited, Paisley, to 
build two 1200-ton 11-knot hopper steamers for the 
Clyde Navigation Trustees. These two vessels are to be 
similar to the four supplied by the same firm last year. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Iron and Steel Institute.—Arrangements for the 
forthcoming meeting of the Iron and Steel Institute at 
Sheffield are approaching completion. A _ very full pro- 
gramme of papers for discussion on subjects of special 
interest to members has been provided. The Executive 
Committee have found difficulty in meeting the wishes of 
all who desire to visit local works. As it is regarded as 
impossible for the proprietors of the works to make pro- 
vision for the reception of so many visitors local ponies 
will have, in the majority of instances, to waive their 
claims to accompany members from a distance. 


The Iron and Steel Trades.—There is every expectation 
that after a few days the contracts for armour which the 
Government require for the completion of the battleships 
they have on hand will be stool and a very considerable 
roportion of them it is intimated will come to Sheffield. 
The information is very welcome, as the work on hand is 
rapidly approaching completion. There is more activity 
in the departments devoted to the production of material 
for shipbuilding and railway requirements. A moderate 
business is going on in the iron market, and prices are 
stiffening. Sor kinediodbine qualities an advance of 1s. 
per ton has been made. Business, however, is expected 
to be quiet until after the holidays. The general demand 
for Bessemer and Siemens steels is vo and there is 
more buying for forward delivery than for some time. 
Steels are required chiefly in the heavy branches of trade, 
as there is no appreciable increase in the requirements of 
cutlery and tool manufacturers. 


The South Yorkshire Coal Trade.—The tone of the coal 
market continues to be more hopeful. The demand for 
steam coal for export and the use of manufacturers and 
railway companies is well maintained, and leading col- 
lieries are working practically full time. Prices for South 
Yorkshire hards vary from 8s. to 8s. 3d. per ton at the 
pits. The house-coal trade is moving more freely, and 
orders for future deliveries are being placed. All kinds 
of common coal, owing to the short time that is being 
worked by the soft coal pits, are scarce and prices keep 
up remarkably well. They vary from 2s. to 6s. per ton. 

he consumption in Lancashire and the West Riding is 
very large. Further gas-coal contracts for delivery during 
next year have been placed at a reduction of 2d. to3d. per 
ton on expiring rates. 





New Dock ror Grimspy.—The new dock which the 
Humber Commercial Railway and Dock Company is 
about to construct at Immingham, near Grimsby, will 
have a water area of about 42 acres, seater with a lock 
and entrance from the Humber. A double line of railway 
about 44 miles long will commence by a junction with the 
New Holland branch of the Great Central Railway at 
Uleceby Station, and will terminate near the site of the 
new dock. Other railways and sidings surrounding the 
dock will have an aggregate length of about four miles. 


Tue Port or MancuEster.—The progress of Man- 
chester as a port during the last ten years is not a little 
remarkable. Raw be as well to observe that Manchester 
was constituted a customs port as from January 1, 1894, 
Runcorn being included within its limits. The combined 
value of the imports and exports at the port during the 
decade ending with 1904 inclusive was as follows :— 

Year. Total. 
18,223,726 
16,351,845 
15,987,410 
17,381,504 
19,647,952 
23,984,221 
23,161,519 
25,931,208 
29,576,320 
ee os es oe es ee 33,392,211 
Manchester has now passed the following British ports in 
respect of its import and export trade :—Barrow, Blyth, 
Boston, Bristol, Cardiff, Dover, Fleetwood, Folkestone, 
Gloucester, Goole, Grimsby, Hartlepool, Harwich, King’s 
Lynn, Maryport, Middlesbrough, Newcastle-on-Tyne, 
Newhaven, Newport, Plymouth, Port Talbot, South- 
ampton, Sunderland, Swansea, We ymouth, Aberdeen, 
Ardrossan, Dundee, Grangemouth, Granton, Greenock, 
Kirkcaldy, Leith, Belfast, Cork, Dublin, Limerick, &c. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Yesterday there was only 
a thin attendance on Change, many of the frequenters 
being absent on holiday bent, as is usual during race 
week—a time when business is always quiet. The tone 
of the market, however, was — — —s of 

ig iron appeared in no way anxious to do business, the 
oP recently booked very substantial orders, po | 
being of the opinion that quotations are more likely to rise 
than otherwise in the near future. No. 3 g.m.b. Cleve- 
land pig was 46s. 9d. f.o.b., and that price was generally 
named by both makers and merchants. No. 1 was 
48s. 3d.; No. 4 foundry, 44s. 74d.; grey forge, 42s. 6d.; 
mottled, 41s. 6d.; and white, 41s. East Coast hematite pig 
was very firm in price, and the fact that the improvement 
is entirely due to increased consumption, and not in any 
way to speculative influences, gives great satisfaction to 
producers, several of whom have sold their output for the 
next few months. For early delivery of mixed numbers 
the quotation was 55s., and efforts to buy at less proved 
fruitless. No. 1 was firm at 55s. 6d. No. 4 forge hema- 
tite was rather plentiful, and was on sale at 5ls. 
Spanish ore showed rather an upward tendency, but not 
much was disposed of, consumers having bought suffi- 
cient a little while ago to satisfy their requirements for a 
month or two to come. It was understood that the mine- 
owners in Spain are well sold, and consequently took a 
very firm stand. Rubio (50 per cent. quality) was quoted 
15s. 9d. ex-ship Tees. To-day the market was steady, and 
prices showed no change. 


Manufactured Iron and Stcel.—Capital accounts are 
given of most branches of the manufactured iron and 
steel industries. Orders have recently come in apace, 
and enquiries on a good scale are still reported. The 
local races have as usual stopped several works, but some 
large firms are so busy that they have not taken 
the customary holiday. Quotations all round are 
steady. Common iron bars are 6/. 7s. 6d.; best bars, 
6l. 17s. 6d.; iron ship-plates, 62. 2s. 6d.; iron 
ship-angles, 6/. 7s. 6d.; iron ship-rivets, 7/. 7s. 6d.; 
steel ship-plates, 5/. 17s. 6d.; steel ship-angles, 5/. 10s.; 
steel bars, 6/. 5s.; steel boiler-plates, 6/. 17s. 6d.; steel 
joists, 5/. 7s. 6d. to 5. 10s. ; steel sheets (singles), 7/. 5s. 
to 77. 10s.; and steel sheets (doubles), 77. 15s. to 8/.—all 
less the customary 24 per cent. discount for cash. Heavy 
sections of steel rails are 5/. 5s.; tram rails, 5/. 15s.; and 
cast-iron railway chairs, 3/. 123. 6d.—all net cash at works. 


Coal and Coke.—The fuel trade presents few new 
features. Bunker coal is in good request, but there is a 
very full supply, and quotations are no more than main- 
tained. Unscreened Durhams are 7s. 9d. to 8s. 3d. f.o.b. 
Gas -coal shows a little improvement, but it is not 
dearer. Large contracts, however, have been made, and 
deliveries are likely to be heavy shortly. Fairly good 
enquiries are reported for manufacturing coal, There is 
a little more doing in household coal, but demand is 
not as yet at all large. Coking coal is steady and firm. 
Ag demand for coke for local consumption is re- 

rted, and — are again on the basis of 15s, 6d. 
or medium blast-furnace qualities delivered here. For 
shipment coke is in only moderate request, and it is 
offered at 16s. 6d. f.o.b. 








BuicakIAN Rattways.—A Bulgarian company has 
just obtained a concession of a line across the Balkans 
to unite the valleys of the Danube and the Maritza. 


PuysicaAL PROPERTIES OF PuRE CoBALT AND PuRE 
NickeL.—H. Copaux describes in the Comptes Rendus, 
1905, vol. cxl., the precautions necessary in the prepara- 
tion of the metals so as to secure freedom from oxidation 
and from absoption of hydrogen. Cobalt oxalate was re- 
duced to metal by heating in an atmosphere of hydrogen, 
and it was then melted in a crucible in a current of by- 
drogen, the current being stopped as soon as fusion was 
complete. Similar procedure was adopted for nickel, but 
it was found difficult to prevent change during the opera- 
tion, for the metal oxidises veryreadily and absorbs con- 
siderablequantitiesof hydrogen. On this account the nickel 
samples used in the determination of the electrical resist- 
ance and the breaking weight were prepared by subject- 
ing the reduced nickel to hydraulic pressure, forging, 
turning, and annealing in a current of hydrogen. The 
two metals thus prepared differ eppreciatly in appear- 
ance; the cobalt is brilliant and silver white in colour, 
the nickel is comparatively. dull. They contained not 
more than 0.025 to 0.05 per cent. of non-metallic inpuri- 
ties, and the following table gives the measures of the 
physical properties examined :— : 


Observed by 


Copaux. Former Figures. 


| Unit of Mea- 
surement. 


Physical 
Property. eb Ale = 


Cobalt. Nickel. 
8.8 


Cobalt. Nickel. 


7.96 to 
9.5 





8.3 to 
9.2 


Specific gra-/Waterat4°O. 88 
vity at 15°C. =1 

Hardness _.. Mohs’ scale 
Melting point Deg. Cent. .. 


Specific heat, Waterati15°C. 0.104 
20° to WO’ Cc. =1 

Electric resist- Micro-ohms 
ance at 0°C. cm. 
Co-efficient of Temperature 
expansion, 0° co-efficient of 
to 20°C.,or resistivity 
Breaking Kilogrammes 
stress per sq. mm. 


5.5 
1530° 


3.5 


1470° | 1600° to 1480" 
1800” 


800 : 
0.108 0.103 0.108 


5.5 6.4 6.9 


0.0055 0.9061 0.0061 


50 42 115 | 99 to 55 
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NOTES FROM THE SOUTH-WEST. 


Cardiff.—The steam-coal trade has not shown much 
change; the best large descriptions have made 12s. 9d. to 
13s. per ton, while secondary qualities have brought 
lls. 6d. to 123. 6d. per ton. The house coal trade has 
shown no improvement. The best ordinary qualities 
have made 12s. 6d. to 13s. 6d. per ton, while secondary 
qualities have been quoted at 10s. 6d. to 1ls. per ton. 
No. 3 Rhondda large has been making 13s. 3d. to 13s. 6d. 
per ton. Foundry coke has been quoted at 17s: 6d. to 
18s.per ton, and furnace ditto at 16s. to 163. 3d. per ton. 
As regards iron ore, Rubio and Almeria have been 
making 14s. per ton upon a basis of 50 per cent. of iron, 
and charges including freight, insurance, &c., to Cardiff 
or Newport. 5 

Swansea Tramways.—The last section of the Swansea 
tramways extensions was opened on Saturday, when a 
ten-minute service from Plymouth-street to the terminus 
was run. 

Light Railways.—The Board of Trade has confirmed 
the South Hams Light Railways Order, 1905, authorising 
the construction of light railways from Newton Ferrars 
to Yealmpton and from Kingsbridge to Slapton and to 
Salcombe. 

Lianelly.—The Great Western Railway Company has 
decided upon a scheme of extension at Llanelly, in order 
to cope with its growing traffic. The goods deépdt is to 
be largely extended, and the siding accommodation is to 
be increased on a large scale. In all 37,000/. is to be 
expended. 

Dowlais.—The output of steel rails and accessories has 
been fully up to the average; other branches have also 
been busy. 


Milford Docks.—At the half-yearly meeting of the 
Milford Docks Company the chairman said that during 
the past six months there had been some increase in the 
tonnage entered at the company’s docks. In the corre- 
sponding period of 1904 the tonnage was 346,191 tons, 
while in the first half of this year the amount was 384,830 
tons. This was largely due to new and greater accom- 
modation for mackerel boats. The additional movement 
had brought the net amount available for interest on the 
debenture stock up to 4136/., and it was proposed to pay 
a dividend of 20s. 6d. per cent. More land had now been 
secured for the purpose of increasing dock accommoda- 
tion, especially for herring drifters. 








Pic 1n BeLcium.—The number of furnaces in blast in 
Belgium at the commencement of August was 35, as com- 
pared with 33 at the commencement of August, 1904. 
The output of pig in Belgium in July was 108,250 tons, 
as compared with 111,135 tons in July, 1904. The aggre- 
gate output in the first seven months of this year was 
778,528 tons, as compared with 760,842 tons in the corre- 
sponding period of 1904. 





MANHATTAN BripcE.—The new Manhattan bridge will 
span the East River between the Brooklyn bridge and the 
Williamsburgh bridge, and will be but a comparatively 
short distance from the former. It is laid out to run 
from a point on Canal-street, New York, between Forsythe 
and Chrystie-streets, passing over the East River at Pike 
Slip, and landing in Brooklyn between the foot of Adams- 
street and Washington-street. The total length of the 
bridge and approaches is to be 9330 ft. There will be two 
towers in the river, the distance between them, repre- 
sented by the centre span of the bridge, being 1470 ft. 
The end spans will be each 725 ft. Preliminary approxi- 
mate estimates of the cost of the structure and approaches 
include the following items :—River spans, steel super- 
structure complete, 3,412,000 dols.; masonry, piers and 
foundations, 2,320,000 dols.; approaches, 2,950,000 dols.; 
engineering and contingencies, 870,000 dols.; land in 
Manhattan for abutments and approaches, 4,000,000 dois. ; 
land in Brooklyn, 2,281,600 dols.; total, 15,833,600 dols. 





Tue EnaineeriInc Sranparps CommitTrer.—There 
have just been issued by the Engineering Standards Com- 
mittee two interim reports, one, No. 16, ‘‘ British Stan- 
dard Specifications and Tables for ew ae Material,” 
and the other, No. 23, “‘ British Standards for Trolley 
Groove and Wire.” The former specification includes 
galvanised iron wire for conducting or line ; iron wire 
for mechanical purposes, binding wire, bolts and nuts, 
stay-swivels, stay-rods and tighteners, insulating spindles, 
\c.—twelve specifications in all. It also includes stan- 
dards for copper, sizes of hard-drawn copper wire, and, 
of annealed copper wire. There are tables giving the 
resistances per statute mile and per 1000 yards of wire. 
!‘orms of British standard tensile test-pieces are also in- 
cluded. The Committee state that they did not consider 

\ necessary to issue a specification for copper wire, as 

pper is so costly that manufacturers are not likely to 
stock large quantities of it, especially as the require- 
ments of different users varies greatly. No. 23 Report, 
“Standards for Trolley Groove and Wire,” contains 
the dimensions of standard trolley-wheel ve, as pro- 
posed by the Sub-Committee on Electric’Tramways, and 
lso the tensile strength of trolley wire. No attempt has 
Leen made to standardise any particular shape or design of 
‘rolley wheel, and only a groove of a certain section has 

een recommended, as it has not been thought desirable 

) restrict engineers to the use of any particular design of 
wheel. With regard to the trolley wire also, it has 


thought sufficient to recommend a certain tensile breaking 

trength for the gauges of wire in general use. These 
— aoe are sold at 10s. 6d. for No. 16 and Is. 
for No, 23. 





MISCELLANEA, 
Tur Martell Scholarship in Naval Architecture has 
| been awarded by the Council of the Institution of Naval 
| Architects to Mr. A. T. Wall, of Devonport dockyard. 


|The Scholarship is of the value of 50/. a year, and is | 


| tenable for three years. 


Mr. R. P. Cunningham (Transactions American Foun- 
drymen) states that by a judicious use of steel scrap, 
castings can be produced of any required strength, but 
that very close attention is required in charging the proper 
quantities of materials, fuel and fluxes. For thin castings 
only a little steel can be used ; for thick heavy castings 
much more is permissible. It is an advantage to use a 
little ferro-silicon and ferro-manganese unless the iron 
used contains manganese and silicon in fair proportions. 
The results of eighteen casts with different percentages 
showed that not more than 33 per cent. of steel could be 
used with advantage, as above this proportion there was 
excessive shrinkage and only a slight gain in strength. 
For ordinary work 25 per cent. of steel is recommended. 
fhe bars cast in the middle of each heat were always the 

t. 


At the recent Congress de la Metallurgie, at Lidge, 
Mr. F. Jottrand described a new method of cutting iron 
sections by means of the oxyhydrogen blow-pipe. The 
blow-pipe used, has, fixed to it, a second nozzle situated 
about 1 in. behind that of the blow-pipe proper ; and from 
this nozzle a jet of oxygen is projected on to the metal pre- 
viously heated by the oxyhydrogen flame in front. Under 
these conditions the heated metal enters into combustion 
where the jet of oxygen strikes it, Plates 4 in. thick have 
been successfully cut by this method as easily as 3-in. 

lates. A cut of any shape can be made at a speed which, 
in the case of a §-in. plate, may be 8 in. per minute. The 
width of the cut is only 2 millimetres in the case of thin 
plates and 3 millimetres in the case of a 4-in. plate. The 
cutting of a plate 15 millimetres (.59 in.) thick and 1 metre 
wide takes 10 minutes. 


In a paper read before the Pacific Coast Gas Associa- 
tion, Mr. John Martin describes the gas electric-power 
owe which is being installed by the California Gas and 

lectric Corporation, partly as a stand-by to their hydro- 
electric plants and partly as a means of improving the 
load factor of the system. The plant will have an aggre- 
gate capacity of 12,000 kilowatts, and will consist of three 
units rated at 4000 kilowatts each. The engines, which 
are being built by the Snow Steam-Pump Works, Buffalo, 
are direct coupled to the generator. They have each four 
pat ftp | cylinders, arranged in pairs, tandem fashion, 
and they will work on the usual Otto cycle. The cylin- 
ders are each 42 in. in diameter, with a stroke of 60 in., 
whilst the main journals measure 30 in. in diameter by 
54 in. long, and the diameter of the shaft at its centre 
is 38 in. The engines measure 70 ft. over all by 34 ft. 
extreme width. The total weight of each unit will be 
1,200,000 Ib. Oil-gas is to be used as the working agent, 
its heat value being 610 to 660 B.T.U. per cubic foot. 


In a paper read before the Atlantic City meeting of 
the American Society of Civil Engineers, Mr. H. Souther 
describes a case of trouble from hard castings of a some- 
what unusual character. In one case the castings were 
being drilled on a multiple drilling machine. The 
small drills, in. or so in diameter, were standing up well, 
but the 4-in. and }-in. drills were rapidly getting dull 
just as if the iron were charged with emery. Chemical 
analysis showed the composition to be normal with the 
exception of the manganese, the composition being 
silicon, 2.50; phosphorus, 0.70; sulphur, about 0.080; 
total carbon, 3.50; manganese, 0.16. The fracture of 
the iron was good, and microscopic examination showed 
nothing abnormal. As the only thing out of the ordinary 
appeared to be the percentage of manganese present; it 
was determined to increase it to 0.50 per cent., and as 
soon as this was done the trouble disap . Bie, 
Souther states that, during the last five years, three similar 
cases have been brought to his notice. 


The Société Francaise des Habitations a Bon Marché 
are organising an international competition between 
cheap and reliable water meters suitable for use in indus- 
trial dwellings, where they consider it to populurise a 
greater use of water. The meters should be capable of 
standing without leakage a head of 150 metres (492 ft.), 
should indicate with a flow of 3 litres (# gallon) per hour, 
and be capable of passing 235 litres (51.8 gallons) per hour 
with a loss of head of not more than 2 metres (6.56 ft.). 
The maximum error must not ex 5 per cent. in the 
case of a flow of more than 60 litres per hour, but for 
smaller flows it may be 30 per cent. ; but the error must 
always be in favour of the consumer. No meter which 
fails to meet this condition will be allowed to enter for 
the second series of tests, in which 500 cubic metres 
(1,102,000 gallons) will be passed through at different rates 
of flow, and at the end of the trial the meter will be again 
tested for accuracy and absence of leakage. Further 
infermation can be obtained on application to the Société, 
at 4, Rue Lavoisier, Paris. 


In a paper contributed to the Proceedings of the 
Louisiana Engineering Society, Mr. E. H. Bowser states 
that creosote used for timber preserving may contain 
2} per cent. of water without requiring any allowance 
to be made in the quantity injected ; but in nocase should 
the creosote hold more than 8 per cent of water. When 
the percentage lies between the limits stated, it is necessary 
to compensate for its presence by injecting into the timber 
a proportionately greater quantity of theoil. The specific 
gravity, he states, should not be less than 1.04 at a tempe- 
rature of 35 deg. Cent., and it should not yield by dis- 
tillation up to 210 deg. Cent. more than 10 per cent. of 
its weight. Between 210 deg. Cent. and 235 deg. Cent. 





the distillate should not exceed 30 per cent. by weight, 








nor be less than 25 per cent. At least 30 per cent. 
should distill over after 260 deg. Cent. has been reached. 
The temperatures should be measured by a _ thermo- 
meter kept about 4 in. above the oil during distilla- 
tion. The amount to be injected should vary with the 
a gg to which the timber is to be put. Foun- 

ation timbers and lower floor joists for ee 
fence posts, and cross-ties should receive 10 lb. per cubic 
foot. Bridge, wharf, and ‘culvert timbers, sawn tele- 
graph poles and cross-arms, and wooden ducts for electric 
wires should receive 12 lb. per cubic foot. Piles for 
interior work 16 1b., sawn timbers to be placed in teredo- 
infected water 18 lb., and paving blocks 20 1b. per cubic 
foot ; whilst in the case of piles to be placed in teredo 
water as much creosote should be injected as possible, 
and never less than 22 lb. per cubic foot. 


Some interesting tests on concrete floors were recently 
carried out at the experimental station of the British 
Fire-Prevention Committee. On their own behalf the 
Committee made a test of a concrete floor 5 in. thick, 
supported by heavy broad flange girders protected by 
2 in. of concrete (the concrete being of an aggregate of 
1 cement to 2 sand to 2 ballast), which definitely demon- 
strated the unreliability of a rich concrete aggregate con- 
taining ballast. The floor was loaded 24 cwt. per foct 
super, and fired for four hours, followed by a steam fire- 
engine stream for five minutes. The main girders were 
laid bare and deflected considerably during the fire, 
and two of the bays collapsed upon application of 
water. This experimental test with non-proprietary 
work was of a most interesting character, it being 
possible to closely observe the peeling away of the 
concrete, the action of the flames, and disintegration on 
the application of water. The test with the ‘* Faber” 
floor was a 2h-hour test, followed by the application of 
water for two minutes. The load was 2 cwt. per square 
foot. This floor showed the application of the principles 
of reinforced concrete to a floor of hollow semi-porous 
bricks, the reinforcement being by rods laid crosswise. 
The floor did not allow fire and water to through 
although it was severely damaged and ike ams lai 
bare during the testing operations. In another series 
of tests, the ‘‘ Kinnear” roller - shutter door under- 
went a test for 14 hour, followed by the application of 
water for two minutes. Neither fire nor water got through 
the shutter, although the shutter buckled severely. The 
flames, however, got over the top. We understand that 
the makers are putting forward a further shutter for test. 
The test of a partition not thicker than 24 in., erected 
by the National Fire-proofing Company, consisted in 
exposing it to fire for 24 hours, followed by water for two 
minutes ; neither fire nor water passing through, although 
the partition showed cracks and bulged. In all these 
tests the temperatures had to attain 1800 deg. Fahr. 


The great difficulties inherent to the working of trains 
in and out of terminal stations are well known. The 
usual practice always involves a change of engines with 
its accompanying delays. Some interest is therefore 
attached to the methods of working adopted at the St. 
Louis Union station which takes the traffic of a number 
of different large railway systems. Here all trains are 
backed into the station so that no changing of engines is 
required. This plan is feasible ause the station lies 
at right angles to the general direction of the approach 
lines. Immense improvements were made in this station 
and its approaches in view of the Louisiana Purchase 
Exhibition held there last year. The work was hampered 
greatly by a hostile municipality. At the time the 
work was started the traffic had already largely outgrown 
the accommodation for it, and the alterations had 
to be carried out without interrupting this traffic. 
Amongst the interesting work undertuken in connec- 
tion with the general scheme, was the strengthening of 
the famous Eads Bridge. The train shed also, which was 
already one of the largest in America, was lengthened 
180 ft., and this work illustrated in an interesting way 
the change of views which has taken place in respect to 
American structural steel work. In the old station, 
erected some 14 or 15 years ago, the whole of the iron 
work was constructed on the pin-and-link system ; even 
the columns were pivoted at the bottom. Indeed, every 
precaution was taken to ensure that the stresses obtaining 


should be accurately calculable, a point that was con- 
sidered of extreme importance by American engineers of 
that date. In the new extensions stiff rive work is 


used throughout. Interest also attaches to the signalling 
arrangements. The old interlocking plant, erected > | 
ten years ago, was at that date the largest in the world. 
The new one is again the largest, controlling 67 double 
slips, 91 switches, and 287 signals from three towera. 
The largest tower has 215 levers, and is 45 ft. long. 
The complexity of the system is shown by the fact 
that there are 1827 possible routes through the plant, 
one lever alone controlling 146 movements. tlec- 
tric annunciators are used which show the signalmen 
whether any of the station tracks are occupied or else 
give the train men a high-speed signal at outlying points 
informing them that they may run on at s . The 
si and points are operated on the electric pneumatic 
system, and the interlocking is very thorough throughout. 

n interesting feature is the use of Gray’s telautograph, 
by which the sapetet of any incoming train is com- 
municated simultaneously to five different points of the 
station. A description of the work done is contained in 
two papers by Mr. D. Breck and Mr. A. P. Greenfelder, 
published in a recent issue of the Journal of the Associa- 
tion of Engineering Societies. 





Cutan Coat.—A coal-field of great extent has been 
discovered in the Chilian province of Cautin. The coal 
found is reported to resemble Welsh. 
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SOME ENGLISH RAILWAYS. 


Tue first six months of the present year have 
proved less unprosperous to the railway companies 
than had been anticipated, the final returns show- 
ing an increase in the receipts of the principal 
companies in place of the loss foreshadowed in the 
weekly estimates. Nevertheless, some of the prin- 
cipal companies have done badly, and in no case 
can it be considered that the proprietors are getting 
any excessive return on their capital. 

A characteristic feature of the addresses of the 
various chairmen has been a lament at additional 
losses from tramways competition. Possibly the 
line which has suffered most severely in this respect 
is the Liverpool Overhead Railway. This is no 
doubt a short and relatively unimportant undertak- 
ing, but in 1899 it was able to pay 5 per cent. ; 
since that date the competition of the Corpora- 
tion Tramways has caused it to suffer severely, 
in spite of the enterprise of the directors in 
increasing the power of their locomotives so as 
to start the trains more quickly. As matters stand 
the rate of acceleration on this line is the maximum 
yet reached anywhere, being 4 ft. per second per 
second, and its station stops are the minimum in this 
country, being but 6 seconds, against an average of 
16 on the Central London Railway, and of about 


be | half a minute or more on ordinary steam suburban 


services. In spite of this, however, the stations 
are so numerous, being 16 in a distance of 68 miles, 
that 20 minutes is required to cover the distance, 
making the ‘“‘commercial” speed just under 20 
miles an hour. On the other hand, the Lancashire 
and Yorkshire Company, over the electrified por- 
tion of their line between Liverpool and Hall-road, 
with eight stops, are running the distance of 7} 
miles in 17 minutes, giving a commercial speed 
of 25.5 miles per hour. This is perhaps the best 
suburban service in the country, there being over 
120 trains each way in 18} hours, so that the 
service is not only rapid, but frequent. That 
it is appreciated is shown by the fact that 
during the last six months the number of ordi- 
nary passengers over this branch has increased 
by 600,000, and there has also been an increase in 
the number of season-ticket holders. The service 
may be compared to that operated by the Great 
Eastern Railway over their Walthamstow branch. 
Here the trains average 87 each way in the twenty- 
four hours, being run all the night. The commer- 
cial speed is, however, low, being but 18 miles per 
hour. On the other hand the capacity is high, 
since many of the trains number seventeen coaches, 
and these coaches being of the compartment type, 
and exceptionally wide, have, of course, a very 
much greater capacity than those used on the 
Liverpool and Southport line. Hence, though the 
latter has much the best of it in the matter of con- 
venience, a much heavier traffic is handled over the 
Great Eastern branch. 

This latter company has suffered somewhat 
seriously by the tramway competition, the sub- 
urban passengers showing a diminution of 1,674,000 
in number, and 19,500/. in receipts. A portion of 
the loss is, no doubt, due not to the trams, but to 
the competition of the Great Northern and City 
Tube ; but the loss by the Great Northern Railway 
of 150,000 passengers at the Wood Green, Hornsey, 
Harringay, and Finsbury Park Stations is un- 
doubtedly due to the trams, as is also the loss of 
350,000 passengers in the company’s Yorkshire dis- 
trict. Similarly, the London, Brighton, and South 


255 | Coast line has lost over 2,000,000 in the number 


of mgers, and 18,3631. in receipts ; and the 
South-Eastern Railway Company have lost 1,439,000 
third-class passengers, corresponding to 13,000/. in 
money. The figures given are in themselves suf- 
ficient to prove that it is the short-distance traftic 
which has suffered ; and this view is emphasised 
by the experience of the London and South- 


Western Railway Company, which has lost 300,000 
3 


third-class passengers during the past six months ; 
but, at the same time, its receipts from this class 
have gone up by 15,0001. The Great Northern 
Railway has had a somewhat similar experience 


7|in its London district, where, in spite of the heavy 


loss in the Wood Green and Finsbury Park traffic, 
the total of suburban passengers to King’s Cross 











has increased by 400,000. This, however, has been 
partly brought about by a reduction of fares. In- 
deed, the electric tram cuts both ways, since it not 
only attracts passengers from the railways, but also 
compels the latter to reduce their fares. On the 
other hand, there is some reason for thinking that 
the trams act to some extent as feeders to the 
railways for their longer-distance traffic. 

A very nice point for the consideration of rail- 
way managers is whether the short-distance subur- 
ban traftic pays. The management of the London, 
Brighton, and South Coast line have long held 
that it does not, and the chairman of the South- 
Eastern Company in referring to his line’s loss of 
traftic in the Brixton district has this year expressed 
the opinion that this traffic is not very profitable. 
Probably this traffic pays well if sufficiently 
dense, but in view of the high cost of maintaining 
stations and the dislocation of other traftic by the 
suburban trains, it is quite intelligible that as the 
trams capture the passengers the companies should 
wish they were in a position to close some of the 
stations now unprofitable by lack of traffic. 

The North-Eastern is the only one of the English 
companies to publish anything like detailed statis- 
tics, as most of the other lines appear to be dis- 
inclined to open the door for popular criticism by 
supplying figures as to the actual cost of conducting 
the traffic. The necessity of such information is, 
perhaps, most clearly shown by the fact that the 
meagre statistics published by most of the com- 
panies lead to the conclusion that the passenger 
traffic of the country is being conducted at little or 
no profit, and in some cases at an actual logs. Thus 
the Lancashire and Yorkshire Railway Company 
report that the receipts from their passenger trains 
have been 3s. 7.52d. per train mile and that from 
the goods trains 12s, 3.48d., whilst the average 
cost of the two services taken together has been 
3s. 9.72d. per train-mile; so that, assuming the 
two services to cost the same, there has been 
actual deficit of over 2d. per mile in their pas- 
senger service. Of course, in this case the fact 
that the electrical train mileage is considerable 
must tend to reduce the average cost per passenger 
train-mile of the system, since it is improbable that 
the cost of the electrical service here will exceed 
that on the Tube, where it is 3s. per train-mile. 
On the other hand, it is improbable that the cost 
of handling the freight trains is equal to that of 
the ordinary passenger trains. Indeed, the latter 
are not only costly in themselves, but are also a 
cause of increased cost in the handling of the goods 
traffic. In America, where the companies’ passenger 
traffic is unhampered by Board of Trade regulations, 
this has long been recognised. 

In giving evidence before Congress, anent a pro- 
posed ship canal across the State of New York, 
Senator Hill declared that, freed from the obliga- 
tion to carry passengers, a railway could profitably 
carry freight at rates with which it te be abso- 
lutely impossible for any canal to compete. The 
Bessemer and Lake Erie Railroad, it will be re- 
membered, was laid out in this way for freight 
traffic only, and the cost of handling the traffic 
there has been extraordinarily low. 

In the case of the Great Northern Railway 
again, the published figures leave room for doubt 
as to whether the passenger traffic, as a whole, 
is not unprofitable. The receipts per passenger 
train-mile being just over 3s. 3d. and the ex- 
penses just under 2s. 8$d., the margin seems 
inadequate to provide interest on the capital 
outlay directly due to the requirements of pas- 
senger trains. It would be of extreme interest 
to know whether it is the express or the local 
traffic which is mainly responsible for the poor 
returns shown. Probably the express traffic pays, 
since, though the running expenses are high, 
these trains appear well patronised, their average 
load being generally much in excess of that required 
to meet the average cost of train-mileage. At rush 
hours also, suburban traffic probably pays, though 
here the passengers, being mainly season-ticket 
holders, are carried at very low average fares. The 
Central London line has shown, however, that, if 
sufficiently dense, traffic carried even at low fares 
may be profitable, the receipts here being 5s. 6d. 
per train-mile, although the trains are of smaller 
capacity than the usual suburban train. It is 
probable, therefore, that, as assumed, this traftic 
pays during rush hours ; but it is an open question 
whether or no these trains are not run at a loss 
during the slack part of the day, when the carriages 
appear almost empty. Branch lines may also be 
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unprofitable as regards their “ayes ad traffic, the 
‘‘load factor” being generally very small. The 
fact that the companies are now one and all adopt- 
ing steam or electric rail motors for working this 
class of traffic shows that they have realised the 
importance of improving this load factor. Witha 
regular train this was not financially oe since 
the locomotive and traction costs of such a train 
average nearly 2s. per mile. Rail motors, on the 
other hand, cost only a few pence per mile. In the 
case of those in use between Fratton and Southsea 
the average running cost is stated to be 2.15d. per 
mile only, so that, as will readily be seen, the rail 
motor goes far to solve the problem of providing a 
frequent service on branches at present unre- 
munerative. Some of the companies are also 
running motor-buses, by which they are able at a 
moderate cost to bring outlying districts into direct 
connection with their lines. 

In this connection it is interesting to note that 
the electrified services of the North-Eastern Rail- 
way Company have, by the greater frequency and 
convenience of the service afforded, succeeded in 
attracting back to the line some of the traffic lost 
to the electric trams. The passengers here show 
an increase of 20.9 per cent. as compared with the 
last half-year of the steam service. The number of 
electric train-miles run has been 594,122, and the 
cost for power and wages has been only 6.94d. per 
train-mile, and about one-third of this per car-mile. 
The latter figure is less than is common on electric 
trams, which at Glasgow cost a little over 3$d. per 
car-mile. 

All the principal companies are paying constant 
attention to increasing the average freight train 
loads. With one exception, however, none of the 
companies make any definite statement as to what 
the average load may be, since the officials are very 
averse to making it possible for invidious com- 
parisons to be made between their own work and 
that of other companies. So long as complete 
statistics are lacking, it is also possible to cover up 
errors of judgment or acts of carelessness, and it is 
readily intelligible that the officials are very reluc- 
tant to abandon this advantage. It is no doubt 
true that the figures, if published, would some- 
times be unfairly commented on by unqualified 
critics. This might inconvenience the officials, 
but at the worst could hardly injure the share- 
holders, whilst the spirit of emulation excited 
between different lines and different branches of 
the same line would inevitably tend to an increase 
of efficiency. As regards passenger traffic, the 
advent of the rail motor and of electric traction 
has robbed of all meaning the statistics as to passen- 
ger-train mileage now published. As regards ton- 
mileage, the railway directors are very naturally told 
by their officials that these are useless, though 
in every country but England they are customary, 
and are considered useful. The North-Eastern 
Railway Company adopted the system two or three 

ears back, and declare that they have reaped from 
it the most valuable information. In 1900 the 
average goods-train Joad on this system was 46 
tons; it is now 77.59 tons, and is steadily increas- 
ing. As to mineral traffic, in which the problem of 
increasing the paying load was much more difficult, 
it has been found possible to increase the average 
load from 96 tons in 1900 up to 136}? tons in the 
st half-year. It is by te economies that the 
fine has been able to make so favourable a showing 
during the adverse conditions of recent years. 








THE BATTLE OF THE SEA OF JAPAN. 

In our issues of June 2, 16, and 23 we gave some 
particulars of the great naval battle between the 

ussian and Japanese fleets, fought in May last at 
the southern entrance to the Sea of Japan ; and 
we commented upon some of the features of the 
engagement so far as the information at our com- 
mand enabled us to do so. We then said that we 
should no doubt have occasion to return to the 
subject when fuller details of the fight were re- 
ceived, and this we are now enabled to do, owing 
to a more extended and exceedingly interesting 
account of the battle which has been sent by 
the Tokio correspondent of the Times, who has 
collected information on the spot from various 
sources. 

The account, which appeared in the Times of 
Monday last, commences with the —e 
during the long voyage of the Baltic Fleet to Far 
Eastern waters, and dwells on the overwhelming 
disaster that would have overtaken Japan had the 





result of the battle been reversed, and Rozhdest- 
vensky been victorious instead of Togo. With the 
latter consideration we need not trouble our 
readers, for what would have been the immediate 
consequences are too obvious, although what might 
have been the ultimate result is more open to 
speculation. We have had so many examples of 
the rapacious ambition of the irresponsible clique 
that governs Russia, through the instrumentality 
of the Czar, that no scheme of aggrandisement 
seems too extravagant for them to have entertained. 
The pretensions which the rulers of Russia have 
put forward in defeat may be taken as a gauge of 
the demands they would have enforced in victory. 

In the strategical part of the operations the most 
striking feature is the employment of wireless tele- 

raphy. There were three routes by which the 

ete fleet might have gained its objective, 
Vladivostok. The most direct was the one selected, 
past the Straits of Korea, and then through the 
waters that divide Japan from the mainland of the 
Continent of Asia. The other two routes were 
further through the straits that separate the islands 
of the Japanese group. It being determined by 
the Japanese statesmen that the correct strategy 
was to force a general engagement, the chief 
problem Admiral Togo had to solve was which 
way his enemy would come. The Straits of 
Korea offered the most obvious route ; but in 
the strategy of war the obvious is often the 
most dangerous. It should be remembered that 
Rozhdestvensky’s object was to avoid battle, and 
for once this was sound strategy, as if he could 
reach Vladivostok he would have a port in which 
to refit, and a base for future operations. 

We now know that the Russian Admiral had 
from the first determined for the southern channel, 
but in order to deceive his enemy he caused a 
Norwegian steamer, bound for Japan, to be in- 
formed that he was about to steam through the 
Straits of Korea on his way north. This informa- 
tion he knew would be carried to Japan, and he 
concluded that there it would be interpreted as an 
effort to mislead the Japanese Admiral, who would 
therefore conclude that one of the more northern 
age ee was to be attempted, and would withdraw 

is fleet accordingly. On the other hand, the 
Japanese appear to have exercised some finesse, for 
the Russian Admiral had been told that his enemy’s 
fleet had been divided, the stronger part having 
been sent north, and this rumour was not very 
likely to have arisen spontaneously. As we now 
know, the information was inaccurate, but it had 
the effect of deceiving Rozhdestvensky, as will later 
appear. The anxiety that Admiral Togo must have 
felt during the time of uncertainty must have 
been intense. Only a man of strongest nerve 
could have borne the strain, and then have been 
in a condition to fight a great battle with such 
consummate skill as was shown by the Japanese 
commander. He was not misled by the wiles 
of his enemy, but kept his fleet at Chinhai 
Bay, an inlet at the southern end of Korea, which 
had been his chief naval base since the menace of 
the Baltic Fleet had become real. This port was 
particularly well situated for the purpose, being 
towards the northern part of the Straits of Korea, 
and shut in from seaward by the Island of Koje. 

In order to induce the Japanese Admiral to mis- 
trust the actually true statement that the Russian 
fleet was bound for the southern entrance, the 
Russians delayed the passage for two days. The 
anxiety of the Japanese commander would have been 
greater, and possibly might have led him to detach 
some of his ships, had not Rozhdestvensky made 
the mistake of despatching his fleet of auxiliaries 
and non-combatants to Wo-sung. No doubt their 
arrival became known to Togo; and it was to be 
taken as fairly conclusive evidence that the Straits 
of Korea were really to be attempted ; for it would 
have been sacrificing too much to ‘ bluff” to have 
made for the northern passages without the colliers 
and other attendant ships. Rozhdestvensky has 
been criticised for not sending his auxiliaries off 
into the Pacific, but before condemning him for an 
elementary blunder it would be well to know what 
his instructions really were. As a matter of fact, 
however, the auxiliaries appeared off Wo-sung on 
May 25, the day that Rhozdestvensky was really due 
at the Straits, and it was not until the 27th that 
Togo was gladdened with tidings of the coming of 
his enemy. He had posted scouts over. the ap- 
— to the Straits, and at 5 in the morning of 

ay 27 a wireless message was sent from one of 
these guardships that the Russian fleet was in sight, 





and apparently making for the Eastern branch of 
the Straits. 

In the centre of the Straits there is a large island 
—Tsu Shima—and this divides the passage into an 
Eastern and a Western part. Chinhai Bay, where 
the Japanese ships were, is on the mainland at the 
western side of the Straits, and the western Channel 
had therefore to be crossed to reach the Russian 
fleet. It was not until noon that Togo learnt that 
the whole strength of the Russian naval force was 
approaching, but this absence of precise knowledge 
could not have much affected his plans once he 
knew any considerable force was in sight. The 
Japanese Admiral’s plans had all been laid before- 
hand, and this battle presents the not usual spec- 
tacle of the whole programme being carried out as 
pre-ordained. Nothing could bear greater testimony 
to the consummate naval ability of the commander 
of the conquering fleet. 

In the Eastern branch of the Straits of Korea is 
another island, Oki, situated nearly 150 miles from 
the Japanese base at Chinhai, and it was off here 
that Togo arranged his ships should be assembled 
on the eve of the fight. It will be evident that 
with such a distance to steam it was essential that 
early notice should be received of the approach of 
the enemy. This part of the operations, on which 
the success of the whole plan depended, appears to 
have been carried out with the same complete efti- 
ciency as has marked the military operations of 
Japan, both afloat and ashore, since the commence- 
ment of the war. Look-out vessels, fitted with 
wireless telegraph apparatus, patrolled the sea, and 
these kept Togo fully informed of the movement of 
the enemy. There was a certain amount of fog, 
but this appears to have been partial, and did not 
much interfere with the Japanese plans. One may 
speculate—although it is a somewhat profitless 
occupation now—what would have been the result 
had thick fog prevailed for a considerable time. 

Admiral Rozhdestvensky had a more difficult 
task than his opponent. He could not choose his 
place of attack and make plans beforehand to fit 
the circumstances. His adversary was in posses- 
sion of the field, and could post look-out ships to 
give information of the exact movement of the 
approaching fleet long before the ships were in 
sight. This advantage was suflicient to turn the 
fortune of battle, even had the Russians possessed 
some superiority in other respects. That is a new 
aspect of naval war that has arisen with wireless 
telegraphy. Still, Rozhdestvensky might have 
done more than he did. It was to be expected 
that the attack would have been made off Tsu 
Shima, and the Russian admiral knew his advance 
was being intimated through wireless telegraphy 
by the disturbance of his own instruments, and he 
had seen the look-out ships of the enemy. He 
did not, however, send scouts ahead, but appeared 
to take it for granted (and to take anything for 
granted is dangerous in war, when the whole 
object of the enemy is to deceive) that the attack, 
if any came, would be made on the starboard side 
of his ships. He was led to this conclusion through 
the false information he had previously received 
as to the dividing of Togo’s fleet, and this was 
strengthened by the fact that he saw in the distance 
a number of Japanese war vessels, among them the 
obsolete battleship Chinyen, formerly captured from 
the Chinese, and some protected cruisers. 

Under the assumption that the whole available 
force of the Japanese was on his starboard bow, 
the Russian admiral disposed of his ships in two 
parallel columns, each steaming in line head—no 
doubt the most advantageous formation had things 
been what they seemed, and the Japanese vessels 
in sight the main strength of the enemy, in place 
of a decoy squadron. The starboard line was 
composed of the four strongest battleships, the 
Souvaroff, Alexander III., Borodino, and Orel. 
These vessels would, therefore, be first opposed to 
the enemy’s ships in sight, and could not have 
failed to dispose of them had they been alone. The 
port division was more numerous, and consisted 
of four battleships, three armoured cruisers, and 
three coast-defence ships, besides protected cruisers 
and other vessels. 

Admiral Togo took full advantage of his adver- 
sary’s misconception, made a swoop with his main 
force from the west, attacking the Russians on 
the port hand and being opposed at first to the 
weakest ships. For convenience of reference we 
give on page 260 particulars of the principal ships 
engaged, quoting froin the Times correspondent, 
who had an opportunity of collecting information on 
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the spot. Togo advanced with his chief ships in line 
ahead. The order was as follows :—Mikasa (lead- 
ing), Shikishima, Fuji, Asahi, Kasuga, and Nisshin. 
The four first were powerful battleships, and the 
other two armoured cruisers. After an interval 
there was a second division, consisting of six 
armoured cruisers—the Idzumo, Iwate, Yakumo, 
Adzuma, Asama, and Tokiwa, As we have pointed 
out on a previous occasion, the opposing forces 
were sufficiently .well matched in ships and guns 
to have made the issue an open one, although the 
Russians had a considerable advantage in the 
number of heavy guns, 

The Japanese ships above mentioned attacked 
the Russian main strength as before stated ; whilst 
the protected cruisers proceeded southwards to 


engage the enemy’s vessels of a similar nature at | 


the rear. The fortunes of the latter we may 
neglect for the present. The Japanese line ap- 
proached the Russians on the latter’s port side at 
nearly a right angle, but altered course somewhat 
as the two fleets approached each other. Togo, 
however, had the advantage of three knots addi- 
tional speed, and this enabled him to assume such 
a position that he could cross ahead of the Russian 
lines and thus concentrate the whole strength of 
his ships as they passed the two leading ships 
of the Russian lines. The Russians tried to 
prevent this by keeping a parallel course to that of 
the Japanese ships, but their inferiority in speed 
prevented them from effecting their end. The 
Russians were, in fact, hampered by the slow ships 
of their line ; and there could hardly have been a 
more striking example of the value of homogeneity 
in a fleet, a quality by which the British Navy is 
happily distinguished. 

The Russians, with their superiority in heavy 
guns, opened fire at 9000 to 10,000 metres, the 
Japanese reserving their fire until the range had 
been lessened to 6000 metres. Unfortunately for 
the Russian Admiral, he could not take advantage 
of his superiority in armament, owing to the 
inferior quality of his guns’ crews in regard to 
marksmanship. ‘‘ From the very outset,” the report 
states, ‘‘it became apparent that the Russian 
gunners were outclassed.” The result was that the 
Japanese ships inflicted such damage on the two 
leading Russian vessels, the Osbyabya and the 
Souvaroff, that they had to leave the fighting line. 

The subsequent proceedings of this part of the 
battle were of a similar nature to those of the 
opening part. The Russians tried in vain to meet 
their opponents ship to ship, but the superior 
speed of his fleet enabled the Japanese Admiral to 
repeat the same manceuvre again and again, until 
the Russian fleet had suffered such damage that 
victory was assured to itsopponent. It was a case 
of a more homogeneous fleet entirely outmanceu- 
vring one composed of diverse elements, more espe- 
cially in regard to speed. Some eminent naval 
tacticians have, of late, been decrying speed as an 
element of strength in ships for the line-of-battle ; 
we should think that they are now inclined to regret 
having expressed such determined opinions. In our 
issue of May 26 last, the day previous to the battle 
of the Sea of Japan, we published an article* on 
this subject, entitled ‘‘ The Speed of Warships.” It 
seemed to us that speed was being unduly decried, 
and we then pointed out the advantage of this 
element of both attack and defence ; more espe- 
cially in view of the new combinations to be brought 
about by the introduction of wireless telegraphy. 
We had no idea at the time that the value of 
speed would so soon be convincingly proved 
by the most practical of all examples. It is 
therefore the more satisfactory to know that 
those who have the conduct of the Royal Navy 
are awake to the true nature of the proposition, 
and that both our battleships and armoured cruisers 
will be distinguished by their capability for quick 
steaming. 

We have not space in our present issue to follow 
the most interesting report of the Times correspon- 
dent into further detail, but we propose returning 
to the subject in a future issue. 








THE NEW PATENTS RULES. 

A question has arisen of vital importance to the 
manufacturing industries of this realm. Accord- 
ing to the report of the Select Committee of 1872, 
the privilege conferred by Letters Patent leads to 


* See ENGINEERING, vol. Ixxix., page 675. 


| the introduction and publication of numerous im- 
provements, each of a minor character, but the sum 
of which contributes greatly to the progress of 
industry. The question which now arises is whether 
the introduction of such improvements is to be en- 

| couraged, or the reverse. 
| The Patents Act of 1902, in so far as it relates 
| to the treatment of applications for Letters Patent, 
|is the outcome of a movement initiated some thirty- 
three years previously, and supported in the in- 
terval not only by great representative bodies—such 
as the Institution of Mechanical Engineers, the 
Society of Arts, the Association of Foremen En- 
|gineers and Draughtsmen, and others—but like- 
| wise by many of the most notable men of the time 
and thousands of other persons. 

The object in view was to establish a system of 
dealing with applications for patents such as, whilst 

apprising the inventor of the existence of any 

seeming anticipations that might be found, should, 
nevertheless, enable him, if he so desired, to 
secure in respect of his invention, or supposed 
invention (no matter how trivial it might appear to 
others), Letters Patent unprejudiced by any public 
expression of official opinion, subject only to the 
condition that he should, if deemed absolutely 
necessary, specifically mention in his own specifica- 
tion any prior specification cited by the Patent 

Office. 

In other words, the scheme, if fairly administered, 
would secure (amongst other benefits) uniformity 
of practice notwithstanding change of officers, 
besides simplification of their duties, and would 
render it practically impossible for any patentee to 
deceive the public as to the extent of his invention. 
These important advantages would be.secured with- 
out the risk of inadvertently inflicting upon any 
patentee irreparable injury such as must in- 
evitably result from the endorsement upon his 
specification of any adverse notification necessarily 
based upon mere opinion. 

It is well known that in foreign countries griev- 
ous injustice is sometimes inflicted upon inventors 
by refusal of protection for inventions erroneously 
treated by officials as not patentable. Our Board 
of Trade, in spite of the great weight of authority 
against such a course, are determined that in this 
country inventors shall fare no better. If, as the 
result of a perfunctory examination and considera- 
tion of mere papers, the Comptroller—or, in the 
event of appeal, the Law Officer (of course nota 
technical man)—sees fit to regard the specification 
of A as anticipating the invention of B, then the 
Act does not authorise refusal on that ground of a 
patent to B, because the grant will be rendered 
commercially worthless by endorsing upon his speci- 
fication a notification conveying to the public the 
opinion of an examiner, publication of whose report 
is actually prohibited by statute. 

Mr. Chamberlain, when introducing the Bill of 
1883, said, in allusion to the endorsement of 
patents :—‘‘ This would practically come to the 
same thing as the rejection of the patent, as no 
manufacturer would deal with a patent so en- 
dorsed.” 

Early in the present year there was sent to the 
President of the Board of Trade a memorial bear- 
ing some hundreds of signatures, including those 
of a number of the most eminent scientists, in- 
ventors, engineers, metallurgists, naval architects, 
chemists, and manufacturers of the day, besides ex- 
perienced lawyers, tent agents, and others, ih 
which revision of the obnoxious rules was sug- 
gested, in the sense that in no case should 
either an official notification be endorsed upon, or 
a stereotyped form of reference be inserted in, 
an applicant’s specification, unless and until he 
should have been notified of the Comptroller’s de- 
termination, and have been afforded, and failed to 
exercise, the option of himself inserting in his own 
specification a reference, by number, year, and 
name (and not in a stereotyped form), to the prior 
specification (or specifications), reference to which 
the Comptroller should have determined ought to 
be made in the applicant’s specification by way of 
notice to the public. 

The memorial contained the following paragraph : | 
—‘* We submit that the Act does not provide for | 
official insertion in, or endorsement upon, an ap- 
plicant’s specification of any notification; and, 
moreover, that as the specification is addressed tu 
the public, a reference in it to a prior specification 
or specifications, inserted by the applicant himself, 





would obviously constitute a notice thereof to, 
and would adequately protect, the public, without 








necessarily injuring the applicant, as any official 
notification inevitably will.” 

A counter-memorial was got up and sent to re- 
gistered patent agents by one of their number with 
a circular, from which the following is an extract, 
which speaks for itself :— 

‘*Even should a compulsory reference prove a 
black mark, a competent patent agent, in success- 
fully avoiding that black mark, will secure an ob- 
viously more valuable patent for his client than 
the outside agent who may, by neglect or incom- 
petence, be unable to avoid the so-called black 
mark. This premium on the work of the competent 
agent would be no disadvantage to him. I would, 
therefore, ask you to oppose the proposed altera- 
tions of the new rules by signing and returning to 
me the enclosed counter-petition to the President 
of the Board of Trade.” 

Seventy-six registered patent agents, thus ap- 
proached, appear to have subscribed to the 
counter - petition, including, it is said, most of 
the Members of Council of the Chartered Institute 
of Patent Agents. It is by no means clear why 
the majority of that body should have taken such 
a course, it being generally supposed that they 
desire at all times to safeguard the interests of 
inventors. 

The Board of Trade has taken shelter behind tho 
Law Officers of the Crown by simply replying, after 
a delay of several months (and not before the proro- 
gation of Parliament), that those legal luminaries 
have been consulted and have advised that in their 
opinion there is no reason for making any altera- 
tion in the rules as they stand at present. Hence, 
it is claimed that the counter-petition of the 
seventy-six registered patent agents has been 
successful. 

No doubt, on a superficial view, it may appear 
that the more the Act is strained against the 
inventor, the more he is subjected to harassing 
rules, official interference and domination, the more 
profitable work there will be for patent agents. 
This view, however, will probably not commend 
itself to the very large and important section of the 
public whose interests are menaced, and we there- 
fore certainly do not anticipate that the last has 
been heard of the matter. 








MINING AND LABOUR IN THE 
TRANSVAAL. 

Tue half-yearly report of the Transvaal Mining 
Department for the latter half of 1904 will be 
turned to by many whose interest lies not so much 
in mining and engineering matters as in the effect 
of the much-discussed introduction of Chinese 
labour upon the industrial life of the colony. 
Such readers will look in vain for any expression 
of opinion on the labour question. The Blue- 
Book sets out facts in the driest possible manner, 
and, in fact, consists of little else but a large 
number of tables from which each reader must draw 
his own conclusion. This is undoubtedly the correct 
course for an official publication to pursue, even if 
it does entail an unusual mental effort on the part 
of that large part of the population accustomed to 
having its thinking done by proxy, and its opinions 
saved up ready made every morning at the break- 
fast table. Unfortunately it is so much easier to 
accept other people’s conclusions, more or less 
biassed by the political views of the organ through 
which they are presented, than it is to find the 
time and energy to draw one’s own, that public 
opinion is more often founded on cleverly written 
commentaries than upon the actual facts. How- 
ever, it is well that the unvarnished facts should 
be accessible to those who wish to look into the 
question for themselves, and to such we would 
recommend a careful study of the report to which 
we have referred. 

As the Blue-Book deals primarily with the state 
of the Transvaal mining industry, and labour ques- 
tions are only considered with reference to that 
industry, we will first call attention to the salient 
points in that connection. The end of the recent 
war, during which there was a temporary cessation 
of almost every form of normal industry in the 
colony, affords a sort of second starting point for 
statistics. Since the resumption of mining opera- 
tions until the end of last year gold to the value of 
37,055,6601. has been raised in the Transvaal. The 
rate of recrudescence of gold-mining is shown by 
the output being, in round figures, 7, 12, and 16 
millions sterling for the last three years. What it 
amounted to before the war is not stated, but at 
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the date of the report the number of stamps at work 
was 5850, as against 6070 in August, 1899. Con- 
sequently, the tons of ore crushed have not attained 
their previous figures, but the slightly increased 
duty now obtained per stamp neutralises to some 
extent the deficit, and at the present rate of 
development of the industry, the number of 
stamps at work must soon surpass all previous 
records. The average number of rock drills in 
use has increased from 673, spread over 51 mines, 
in June, 1902, to 1767 in 79 mines in December, 
1904, a further testimony to the expansion of pro- 
duction. Although, of course, gold constitutes the 
principal mineral wealth of the country, diamonds, 
coal, and silver all occupy important places. Silver 
is recovered from the gold bullion, and for the 
half - year was valued at 23,473/., the monthly 
returns showing a considerable progressive expan- 
sion. The diamond output was valued at 695,1591., 
most of which came from the Premier Mine. The 
output for the corresponding half-year in 1902 was 
only worth 2402/., the industry in the interval 
having progressed by leaps and bounds. With 
regard to coal, the rate of increase has not been so 
great, but all the same is eminently satisfactory. 
The output for 1904 was nearly 25 million tons, 
the greatest for any one year in the history of the 
Transvaal. The price at the pit’s mouth has dropped 
to 7s. 4d. per ton, as against 8s. 3d. per ton in 
1901, when about 800,000 tons were raised. 

Turning to the labour statistics we find that the 
total number of persons engaged in the mining and 
allied industries has increased during the half-year 
from 104,031 to 137,203, the whites having in- 
creased from 14,460 to 16,277, the natives from 
88,567 to 100,041, and the Chinese from 1004 
to 20,885—roughly, an increase of 1800 whites to 
31,000 non-Europeans. The ratio of white to 
coloured labour has in the same time dropped from 
16 to 134 per cent. Taking the gold-mines alone, 
the average number of employés, both white and 
native, has steadily increased since the war, but 
the rate of increase before the importation of 
Chinese fell rapidly, as was only to be expected, on 
account of the available labour becoming exhausted 
Concurrently with the influx of Chinese the total 
amount of other labour increased by 2.1 per cent., 
but the most striking effect was the influence it 
had upon white and Kaffir labour respectively. 
During the previous six months the whites had in- 
creased by 4 per cent., and the Kaffirs by 12 per 
cent.; but, under the new conditions, the increase 
of the whites rose to 11 per cent., and that of the 
Kafiirs fell to,0.6 per cent. It can hardly be 
doubted, particularly if the complete statistics for 
the previous years are analysed, that the large 
increase in the number of white men engaged was 
the direct consequence of the Chinese immigration; 
but whether the non-expansion of Kaffir labour was 
due to the same cause, or to the fact that no more 
Kaffirs were available, can only be decided by a 
fuller knowledge of the local conditions. One 
other rather important point is to be deduced from 
the tables. For the three years ending June, 
1904, on an average one white man has found em- 
ployment for every 4.8 Kaflirs. Assuming this 
ratio to hold for the next half-year—the one with 
which the report deals—the presence of the Chinese 
has resulted in an increase of 1337 white men, one 
extra white man being engaged for every seven 
yellow men. On the whole, then, the Chinese 
immigration would seem to have created a demand 
for white labour at the expense of Kaffir labour ; 
and, further, it seems fair to conclude that if Kaffir 
labour could have been engaged instead of Chinese, 
the demand for white labour would have been 
greater by 50 per cent. Why the necessary pro- 
portion of whites to Chinese should be less than 
the proportion of whites to Kaflirs is not very 
clear, presuming the question depends upon propor- 
tions at all, unless the yellowmen are found either 
more docile or more intelligent than the blacks. 

If accidents are to be taken as any guide to 
relative intelligence, we must believe the Kaftirs to 
be superior, for the percentage of casualties among 
the Chinese is 0.66, while among the Kaflfirs it is 
only 0.53. The white men, however, on this 
assumption, are below the coloured races, for 
among them the percentage of casualties is 0.82. 
The death-rate from accidents on all mines during 
the half-year was 2.0 per thousand for the whites, 1.8 
for the Kaffirs, and 1.9 for the Chinese. 

A very complete analysis of the white labour 
employed in the gold, coal, and diamond mines in 
the various districts is given in tabular form. 
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Trades and occupations of the white employés are 
specified under more than 70 different headings, and 
in each case the average rate of wages existing is 
stated. For coloured persons and Chinese the 
tables are not so exhaustive, their most interest- 
ing feature being the average monthly wages for 
the half-year. The Kaffirs in the gold mines 
are now earning 54s. 4d. per month, compared 
with 50s. and 47s. 5d. respectively for the two 
previous half-years, so that the competition of the 
Chinese, which, of course, are exclusively confined 
to the goldfields, has had no ill-effect on their 
wages, although the Chinese only earn on an 
average 29s. 2d. per month. The Kaffirs in the 
coal-mines have had their average wages increased 
in the year from 42s. 7d. to 43s. 1ld.; in the 
diamond mines from 52s. 4d. to 73s.; while in 
metallurgical works they have suffered reductions 
of from 62s. 2d. to 55s. 1d.; and in other mines and 
works from 49s. 5d. to 46s. 9d. The Witwatersrand 
is the only gold area employing Chinese, and yet 
the Kaffirs’ wages there average 55s. 5d., as against 
43s. 4d. in other gold-mining districts where no 
Chinese are working, showing clearly that they 
have not suffered by the competition. 

Of the casualties at the gold mines, nearly 23 per 
cent. occurred in connection with explosives, over 
half of which were caused by drilling into unex- 
ploded holes. Falling ground or material account 
together for 30 per cent. more ; 12 per cent. were 
due to trucks and tramways, and 13 per cent. to 
machinery, only one-twelfth of the latter, however, 
being caused by failure or breakage of plant. There 
was no case of overwinding, no accident due to 
breakage of hauling rope, and none due to the use 
of electricity. Thirty-five accidents occurred in the 
coal-mines, resulting in eight deaths and 28 lesser 
injuries. In the diamond mines two natives were 
killed and three injured ; the employés of metallur- 
gical and chemical works have escaped altogether 
scathless, while other mines and works only lost 
four men by deaths due to accidental causes. 








THE UTILISATION OF PEAT. 

THERE is no doubt that, apart from political con- 
siderations, the chief reason for the striking differ- 
ence between the prosperity of the population of 
Great Britain and Ireland is due to the compara- 
tive absence of manufactures in the latter country. 
The reasons for this industrial backwardness are not 
far to seek. Although enjoying equal geographical 
advantages and a mild and equable climate, the 
island lacks the abundant coal supply with which 
this country is endowed. At one time practically 
the whole of Ireland must have been covered with 
coal-bearing strata, overlaying the rocks of car- 
boniferous limestone, which constitute the chief 
geological formation ; but in place of the coal- 
measures, we now find deposits of boulder-clay, 
sand, and gravel, bearing witness to the action of 
ice and water, by whose agency the land has been 
robbed of such a valuable inheritance. Remains 
of the former coal-measures are still to be found 
in various parts of the country, particularly in the 
north-east and south-west corners ; but the total 
output is only about 125,000 tons yearly, as against 
the 225,000,000 tons raised in Great Britain. 

The absence of coal is more to be regretted in 
view of the fact that the country is particularly rich 
in deposits of iron ore, which lie idle on account of 
the lack of suitable fuel for smelting. Formerly 
the ore was reduced on a considerable scale by the 
use of charcoal obtained from the forests with which 
the country was at that time covered; but this 
source of fuel is no longer available, and for over a 
century the manufacture of iron has been practically 
extinct. Nothing, again, but the fuel difficulty 
appears to stand in the way of the cotton industry 
thriving in Ireland, as it does in Lancashire. The 
humidity of the climate of Lancashire, which is 
usually credited as being the most potent factor of 
the success of its cotton trade, is at least equalled 
on the other side of the channel, and the raw 
material could be delivered there, if anything, more 
cheaply than on this side. 

A possible source of fuel for these and other pur- 
poses is to be found in the vast peat bogs which 
cover a great proportion of the interior of the 
country. These bogs vary from 20 ft. to 30 ft. and 
more in thickness over a total area of about 2500 
square miles, while comparatively thin deposits, 
found in the more mountainous districts, cover an 





additional area of about 1900 square miles. It 





‘will be seen that if peat could be rendered avail- 


able for fuel on a commercial scale, a great future 
awaits the industry ; and if the prophesied exhaus- 
tion of our own coal supplies should eventually come 
to pass, the question of the utilisation of peat 
would immediately become of vital importance to 
the manufacturers of this country. 

In composition, peat partakes much of the 
nature of wood. When dried, it is found on analysis 
to contain about 60 per cent. of carbon, 33 per 
cent. of oxygen, and 6 per cent. of hydrogen. The 
carbon is thus present in only about two-thirds the 
quantity found in bituminous coal, while the 
oxygen is from twice to ten times the amount, the 
hydrogen in the two cases being about the same. 
Air-dried peat has, on an average, only one-half the 
calorific value of coal, while even when kiln-dried 
the proportion does not exceed two-thirds. It 
thus compares rather unfavourably with coal so far 
as heating properties are concerned, and its greater 
bulk and crumbliness make it less suitable for 
storage and transport, although these disadvantages 
are to some extent compensated by the fact that, 
being found on the surface, deep underground 
workings, with the heavy working costs thereby 
involved, are unnecessary. As a fuel it has advan- 
tages over coal in the very small amount of sulphur 
present, and the entire absence of slagging. Its 
freedom from sulphur renders the iron from peat-fed 
blast-furnaces equal in quality to the best charcoal 
iron, and the quantity of oxygen present in the 
substance makes a smaller air-supply necessary, 
hence reducing the wasteful passage of nitrogen 
through the fuel. 

The most serious drawback to its use, however, 
consists in the enormous quantity of water always 
contained in it in its natural state. When cut from 
the bog, water is present to the extent of nearly 
90 per cent. by weight, and even after standing in 
stacks in the open air until, as far as can be seen, 
they are perfectly dry, the sods still retain over 
25 per cent. of moisture, Furthermore, in this 
condition, it is very bulky and friable ; and though 
the cost of digging and stacking it is extremely low, 
before peat becomes a marketable commodity other 
treatment, with the object of drying and consoli- 
dating it, is necessary. 

On the Continent of Europe the treatment com- 
monly consists in grinding or mincing the sods 
immediately they are. dug, until the substance is 
reduced to the condition of a thick mud, which is 
made into bricks, the latter being piled in stacks 
and dried in the open air for a month or two. Peat 
bricks made in this way resemble lignite in appear- 
ance and density ; but when as dry as they can be 
got, they still contain over 20 per cent. of moisture. 
They are sufficiently hard to stand a reasonable 
amount of handling, and may be stored without 
deteriorating. Bricks thus prepared are used in 
large quantities all over the Continent as a substi- 
tute for coal where the latter is dear, the fuel being 
found suitable for both locomotive and stationary 
boilers, chemical works, breweries, &c., as well as 
for domestic heating. 

A further improvement in the preparation of 
peat consists in compressing it hydraulically into 
hard compact briquettes. At first sight this would 
appear to solve the problems of extracting moisture 
and reducing bulk and brittleness at the same 
time, but a succession of failures have demon- 
strated the impracticability of expelling the surplus 
water, even after air-drying, by this means. Peat 
containing 77.7 per cent. of water leaves the press 
with nearly 63.5 per cent. still present after having 
been submitted to a pressure of 2 tons per square 
inch. Most exhaustive experiments have been 
made, particularly in Germany, with the object of 
making the plan workable ; but the results are 
given in a report by Mr. J. G. Thaulow to the 
Norwegian Government in June, 1902, as having 
been a complete failure. The-report states that it 
proved difficult to reduce the water even to 66 per 
cent. by pressure alone, and the process required 
so much capital expenditure and such high running 
costs to obtain such indifferent results, that the 
expense was out of all proportion to the output. 
Another method of extracting water is by the use 
of centrifugal machines, but this, again, fails to pro- 
duce the required degree of dryness. It would 
appear that the only solution of the problem lies in 
supplementing the tedious air-drying by using 
artificial heat to drive off the residual water. 
Dryers designed for this purpose consist of an iron 
cylinder from 3 ft. to 5 ft. in diameter by about 
30 ft. long, revolving on gudgeons at each end. 
Beneath this cylinder is a furnace, the hot gases 
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from which pass down the entire length of the 
casing, and return through the interior in contact 
with the peat. The draught is maintained by a 
fan at the outlet, which also removes the evaporated 
water. The peat before entering the drum is dis- 
integrated by a machine, and as the drum is in- 
clined at a slight angle, the contents slowly travel 
to the lower end, under the influence of gravity. 
The Simpson dryer, in use on some of the Cana- 
dian peat bogs, is rather more elaborate. From 
a description contained in an article by Mr. 
W. £. i. Carter, published in a report of the 
Bureau of Mines, Ontario, it is seen that this form 
of dryer contains two revolving-drums, 30 ft. long, 
situated one above the other, and both inclined 
slightly to the horizontal. Both drums are fitted 
with baffle-plates for stirring up the peat. The latter 
is fed into the lower cylinder, thence into a pan-con- 
veyor, which carries it back between thecylinders, and 
discharges it into the upper one. After its passage 
through this, it is delivered into a shoot leading to 
a breaker. The hot gases from the furnace beneath 
never come in contact directly with the peat, and 
hence the greater proportion of the volatile con- 
stituents are retained. The cylinders are driven 
by chain gear, the upper one making three revolu- 
tions per minute and the lower one nine, a charge 
of peat occupying twenty minutes in the entire 
passage. As regards efficiency, it is claimed that 
the Simpson drier will reduce the amount of water 
in peat from 50.to 10 or 15 per cent., consuming 
not more than 200 lb. of air-dried peat as fuel per 
ton produced. 

An electrical process of drying peat has been 
proposed, and we understand that a plant is now 
being erected in Ireland for the purpose of carrying 
out the idea on a commercial scale. After a certain 
amount of water has been extracted by a centri- 
fugal machine, electrodes are inserted in the peat 
mass and current from a dynamo passed through 
for some time. The current heats the mass on 
account of its resistance, and is further claimed to 
rupture the cellular fibrous matter, and thus assist 
the final consolidation. It will be very surprising 
if such a process can compete successfully with 
heating by the direct action of fuel ; for whereas 
one unit of electricity cannot possibly develop more 
than 3410 heat units, and at present requires about 
3 lb. of coal to produce, the direct combustion of 
the same coal would develop about thirteen times 
the amount given back on degrading the electricity 
into heat. 

The peat, after being dried and disintegrated, has 
next to be formed into small dense briquettes. The 
most convenient shape for these is cylindrical, 
having a diameter of 2 in. to 2} in. and of equal 
depth. The presses used for this purpose are of 
two kinds : one in which the descending ram drives 
a certain quantity of peat into a die with a closed 
bottom, and the other in which the die is in the 
form of an open-ended tube about 12 in. long. 
The latter type, known as the Dickson press, from 
the name of its inventor, depends for its action 
on the friction caused by the pressure of the 
briquettes on the walls of the tube. It is found 
that a pressure of 8 tons per square inch is re- 
quired to force the column of finished briquettes 
along the tube against the frictional resistance only, 
and this is sufficient to make a dense and well- 
finished briquette. 

Considerable power is expended in the operation, 
and the tube becomes heated by the friction ; but 
this is an advantage within limits, as the heat 
causes the surface of the briquettes to become 
tarry, which adds greatly to their damp-resisting 
properties and cohesion. The tubes are often 
water-jacketed, to prevent too great a rise of 
temperature, as the punches work continuously at 
the rate of 50 to 60 strokes per minute. 

Much of the mechanical treatment of the peat, 
such as triturating and briquetting, may be avoided 
by gasifying the air-dried sods in a producer and 
using the resultant gas for heating, steam-raising, 
or driving explosion engines. Peat-gas is particu- 
larly suited for firing iron and steel furnaces on 
account of the very small amounts of sulphur and 
phosphorus present, and its use for this purpose 
in Sweden is one of the chief causes of the extreme 
purity of Swedish iron. Less steam is required in 
the producer than when anthracite or other dry 
fuel is used, because of the water already contained 
in the peat, and the resulting gas has a calorific 
value of about 150 British thermal units to the 
cubic foot, or much the same as ordinary Dowson 
gas. The Merrifield plant used in Canada for the 








production of peat-gas consists of a pair of similar 
generators, one making ‘‘ water-gas ” and the other 
‘* producer-gas,” these gases being mixed at the 
outlet to form the final product. The plant when 
worked with briquetted peat is claimed to yield 
100,000 cubic feet of gas per ton at a cost of 1jd. 
per 1000 cubic feet, reckoning fuel at 6s. per ton 
and labour at 10d. per hour. 

For the utilisation of peat on a commercial scale 
some more eflicient way of harvesting it than the 
usual method of digging it by hand from the bog 
is essential. The means adopted will depend toa 
great extent on the comparative dryness and solidity 
of the bog. In some cases much of the water can 
be drained away previously to attempting to remove 
the peat ; but if that is impossible owing to the for- 
mation of the land, a dredger, similar to those used 
for harbour work, is floated on the surface and 
delivers peat, in the form of mud, to barges 
in attendance. An aerial ropeway forms a con- 
venient system of transport from the barges to 
terra firma. In the cases of fairly dry bogs the sur- 
face is cleared of growing moss, stumps of trees, &c., 
which will serve as fuel for. the drying plant. In 
some of the Canadian bogs portable tramways are 
laid on the top of the bog to convey the peat to the 
works. The surface of the bog is then harrowed, 
and when the loosened peat has become fairly dry 
by the action of wind and sun, it is raked together, 
loaded into trucks, and hauled to the briquetting 
works. At other bogs mechanical dredgers running 
on broad wheels are employed. An endless chain, 
fitted with alternate knives and scraping-plates, 
works along the face of a trench about 4 ft. deep. 
The peat sliced off is raised to the top of the ma- 
chine and deposited on to a conveyor, which de- 
livers it into a casing containing a rapidly-revolving 
paddle-wheel. The blades of the latter drive the 
peat out in a continuous shower, which falls on the 
ground 10 or 15 yards away. The layer thus 
formed is about $ in. thick, and soon becomes fairly 
dry, when it is raked up and taken to the works. 








THE LEGAL LIABILITIES OF 
ELECTRIC SUPPLY COMPANIES 

WHEN an action is brought against an electric 
supply company for negligence, or failure to supply 
electricity to some consumer within their district, 
the defence that the company is vested with statu- 
tory powers and obligations is often set up. In 
answer to a charge of negligence, owing to which 
the plaintiff has suffered injury to person or estate, 
it is not infrequently urged that, inasmuch as the 
company were acting in pursuance of an Act of 
Parliament, they are wholly exempt. . In answer 
to acharge of nuisance the same*plea is heard ; 
while to the complaint that the company has failed 
to supply electricity, the company very naturally 
replies, ‘‘Certain penalties can be enforced against 
us, therefore an action does not lie.” Primé facie 
the electric supply company, in the conduct of its 
business, is entitled to no further privileges than 
a private corporation. How far, then, do the 
Electric Lighting Acts, and the various statutes in- 
corporated therewith, indemnify companies for 
the conduct of an industry which cannot fail to be 
dangerous at certain times in some of its branches ? 
The answer to this question, based upon con- 
sideration of the Electric Lighting Acts, 1882 to 
1899, and the cases which have been decided there- 
under, is that electric lighting companies, in spite 
of the benefits which they confer upon the com- 
munity, are in no better position than other com- 
panies, the conduct of whose business necessarily 
involves a certain amount of danger and annoyance 
to the public. 

It might be said with some show of reason that 
in conferring the right to supply electricity the 
Legislature impliedly bestowed the right to do 
every act, whether lawful or not, incident to such 
supply. A consideration of the Electric Lighting 
Acts, however, soon dispels this notion. 

Thus it is provided by Section 17 of the Electric 
Lighting Act, 1882, -that in the exercise of their 
powers in relation to the execution of works, either 
under that Act, or any licence, order, or special 
Act, the undertakers shall cause as little detri- 
ment and inconvenience, and do as little damage 
as may be, and shall make full compensation for 
any damage done. The amount of the damage, if 
not agreed upon, is to be determined by arbitra- 
tion. With regard to this section, it is important 
to notice that the compensation referred to is for 
damage occasioned by the execution of the works, 


and not by their use when constructed (Shelfer v. 
City of London Electric Lighting Company (1895), 
1 Ch., 287). 

In the case of Hornby v. The Liverpool United 
Gas Light Company (47 J.P. 231), a gas company, 
for the purpose of their undertaking, broke up the 
concrete pavement of a street within the limits of 
their special Act. In the course of such work a 
servant of the company, in striking the concrete 
with a pick, caused a piece of the concrete to fly 
up some distance and foeek a plate-giass window 
upon adjoining premises. In an action by the 
owner Of the premises to recover damages, it was 
decided that the company were liable under Sec- 
tion 6 of the Gas Works Clauses Act of 1847, which 
was incorporated in their special Act. In the 
course of his judgment in this case, Carr, J., said : 
—‘*The cases have decided that where there is 
direct damage done to the property of other persons, 
and the act through which the damage is caused 
is one which is legalised by Statute, the right of 
action is taken away, and proceedings for compen- 
sation are provided instead ; but there is nothing 


in the Act to show that it was intended that the 
gas company were to be at liberty to break up the 
streets, and in the course of doing so to break 


windows upon either side of the street, should that 
be the necessary consequence of breaking up the 
streets, and todo so without making any compensa- 
tion.” 

As if to make the liability of an electric supply 
company still more clearly defined, a section was 
inserted in a later Act of Parliament, which is in- 
corporated with every Provisional Order. Thus by 
Section 77 of the Electric Lighting (Clauses) Act, 
1899, it is provided that undertakers shall be 
answerable for all accidents, damages, and injuries 
happening through the act.or default of the under- 
takers, or of any person in their employment, by 
reason of, or in consequence of, any of the under- 
takers’ works, and shall save harmless all autho- 
rities, bodies, and persons by whom any street is 
repairable, and all other authorities, companies, 
and bodies, collectively and individually, and their 
officers and servants, from all damages and costs in 
respect of those accidents, damages, and injuries. 
Nor are they protected from liability for the results 
of nuisances. Thus by Section 81 of the same 
Act it is provided that nothing in the special order 
shall exonerate the undertakers from any indict- 
ment, action, or other proceedings for nuisance in 
the event of any nuisance being caused or per- 
mitted by them. 

A favourable illustration of the effect of the 
above provisions is supplied by the recent case of 
Midwood v. the Mayor, &c., of Manchester. There 
the plaintiffs brought an action to recover damages 
caused by their premises being set on fire by a 
short circuit in street mains belonging to the Man- 
chester Corporation. The defendants had adopted 
the system of ‘‘ burning out” a fault. It was held 
that the above sections did not protect the defen- 
dants, and that they were liable. The injury 
occasioned must, however, be one which would 
entitle the plaintiff to relief at common law. Thus 
suppose, in the course of their workings, an electric 
lighting company were to divert water percolating 
through the soil, and so deprive the plaintiff of the 
supply to his well, no damages could be claimed. 
‘eu this point see New River v. Johnson, 2 El. 
and El. 455; 29 L.J., M.C. 93; 6 Jur., N.S. 374; 
8 W.R. 179). 

The following epitome of certain sections of the 
Gas Works Clauses Act, 1847 (10 Vict., c. 15), and 
the Gas Works Clauses Act, 1871 (34 and 35 Vict., 
c. 41), which are incorporated with the Electric 
Lighting Acts, set forth the liability of electric 
supply companies in connection with the uprooting 
of streets, &c.; and will show how far the common- 
law rights of the public as against a supply com- 
pany, and of the supply company against the public, 
are affected by statute. It is provided by Sec- 
tion 6 of the Act of 1847 that undertakers may, 
under certain circumstances, break up or repair 
the streets within the limits of their special Act, 
doing as little damage as may be in the execution 
of the powers thereby, or by the special Act granted, 
and making compensation for any damage which 
may be done in the execution of their powers. 
They cannot, however, lay down pipes or wires in, 
or enter upon, any private land or land not dedi- 
cated to public use, without the consent of the 
owners or occupiers thereof (Section 7). More- 





over, in the case of streets, bridges, or sewers, &c., 
which the undertakers intend to break up, no step 
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can be taken until notice has been given to the 
person or persons under whose control the same 
may be (Section 8); and even then all the works 
must be conducted under the superintendence of 
persons having such control (Section 9). Streets, 
&e., which are broken up must be reinstated with- 
out delay ; roads must be fenced and lighted while 
open, and must be kept in repair for a certain 
time after reinstatement (Section 10). Failure to 
conform with the provisions of Section 10 involves 
a risk of incurring penalties (Section 11) ; while if 
the undertakers make default in reinstating streets, 
the person or persons having control of the same 
may do the work and recover the cost from the 
undertakers (Section 12). I 

Passing from the consideration of the liabilities 
of undertakers as defendants in such actions, it 
becomes important to consider their rights of 
action against persons who in any way interfere 
with their lines or works. The fact that the 
offence is one which may be punished by the inflic- 
tion of penalties at the instance of the undertakers 
seems to be no bar to an action at law, unless, 
indeed, the statute expressly takes away the 
common-law right. No such clause can be found 
in the Electric Lighting Acts. 

In this connection, reference may be made to 

Section 20 of the Gas Works Clauses Act, 1847 
(10 and 11 Vict., c. 15), which applies to electric 
supply companies. It is there provided ‘‘ that 
every person who shall carelessly or accidentally 
break, throw down, or damage any pipe, pillar, or 
lamp belonging to the undertakers, or under their 
control, shall pay such sum of money by way of 
satisfaction to the undertakers for the damage done, 
not exceeding five pounds, as any two justices or the 
sheriff shall think reasonable.”” This section, which 
provides for the recovery of a maximum penalty of 
5l., is insufficient to afford adequate protection to 
an electric lighting or power supply company whose 
property may be injured to a much greater extent. 
For instance, damage done to the trolley wire in a 
street might involve serious loss to a tramway com- 
pany. For this reason it is important to notice 
that Section 20 of the Gas Works Clauses Act, 1847, 
does not oust the jurisdiction of the civil courts. 
So, in the Crystal Palace District Gas Company v. 
Idris and Co., Limited (64 J.P., 452), which was 
heard ina county court in the first instance, a lamp- 
post, the property of the plaintiffs, was knocked 
down by the negligent driving of the defendants’ 
servants. The plaintiffs brought an action in the 
County Court. It appeared that a summons had 
been taken out under the above section, to which an 
objection was lodged on the ground that the remedy 
provided by the Act was one against the person 
who did the Act complained of, and not against his 
master. The magistrate dismissed the summons, 
relying on Harding v. Barker (53 J.P., 38). The 
County Court Judge held that his jurisdiction was 
not ousted, and awarded damages. In this he was 
upheld by the Queen's Bench Division, Mr. Justice 
Channell saying :—‘‘ Lamps in the public streets 
are prima facie a nuisance as a hindrance to traffic, 
but they are authorised by Act of Parliament to be 
put in the streets, and if one accidentally knocks 
one down, then, of course, the only remedy is under 
Section 20. But that section contains nothing to 
oust the ordinary remedy against any person liable 
at common law for negligently knocking them down, 
whether the person liable for such negligence be 
the person who actually knocks down the lamp or 
not.” 
Seeing that those who supply electricity to the 
public are under statutory obligations, it is essen- 
tial that they should have the penalties inflicted 
by statute clearly before them. The penalties to 
which undertakers are liable for failure to supply, 
&c., are recoverable in courts of summary Juris- 
diction, while undertakers are empowered to re- 
cover the rent due to them in respect of the 
supply of electricity to any consumer ‘‘in like 
manner as a penalty under the Acts.” Of the many 
delinquencies in respect of which penalties may be 
recovered against a supply company, the most im- 
portant is the failure to supply electricity in accord- 
ance with the terms of the Provisional Order. 

The rights of the consumer against the under- 
takers who make default in furnishing him with 
a proper supply, are as follow :— ae 

It is provided by Section 19 of the Electric Light- 
ing Act, 1882 (45 and 46 Vict., c. 56), that where a 
supply of electricity is provided in any part of an 
area for private purposes, then, except in so far as 


is otherwise provided by the terms of the licence, lit has been frequently discussed in connection | 





order, or special Act authorising such supply, every 
company or person within that part of the area 
shall, on application, be entitled to a supply on the 
same terms on which any other company or person 
in such part of the area is entitled under similar 
circumstances to a corresponding supply. In 
making agreements for the supply of electricity, 
the undertakers must not show undue prefer- 
ence to any company or person, nor must they 
charge prices in excess of those authorised by the 
Special Order (ibid., Section 20). The foregoing pro- 
visions clearly establish the right of a consumer to 
demand a supply. The method whereby he may 
enforce that right is prescribed in later Acts. 

Section 30 of the schedule to the Electric Light- 
ing (Clauses) Act, 1899 (62 and 63 Vict., c. 19), 
which only applies to districts outside London, pro- 
vides that whenever undertakers make default 
in supplying energy to any owner or occupier of 
premises to whom they may be and are required to 
supply energy under the Special Order, they shall 
be liable in respect of each default to a penalty not 
exceeding 40s. for each day on which the default 
occurs. If the undertakers are not the local 
authority, and thay make default in supplying 
energy to public lamps, they may be liable to a 
penalty of 40s. a day for each lamp (Sub-Section 2). 

A consumer may insist on being supplied with 
energy in accordance with the terms of the Board 
of Trade regulations. If undertakers make de- 
fault in this respect, they become liable to certain 
penalties prescribed by the Board of Trade. 

The foregoing provisions with regard to penalties 


‘are subject to the following modifications :— 


(a) Penalties are not to exceed 501. a day in any 
one case unless occasioned by wilful defaults on 
the part of the undertakers. 

(b) Penalties are not to be inflicted in respect of 
any default if the Court are of opinion that it was 
caused by inevitable accident or force majewre, or 
was of so unimportant a character as not materially 
to affect the value of supply. 

As to what constitutes ‘‘ unavoidable accident,” 
reference may usefully be made to the Irish case of 
the Sun Incandescent Company and Another v. 
the Corporation of Dublin (noted in the Elec- 
trician, December 9, 1898, page 240). There the 
stoppage was due to a defective cable, which, when 
laid down, was the best known to the trade. It 
had given satisfaction for four years, when it was 
discovered that, owing to some unaccountable 
chemical action, the rubber was destroyed. The 
magistrates accepted the engineer’s evidence that 
the failure was due to unavoidable accident, and 
dismissed the summons without costs. 

As to the recovery and application of penalties, 
fees, expenses, and other moneys recoverable under 
the Special Act, or the Board of Trade regulations, 
may be recovered summarily in the manner pro- 
vided by the Summary Jurisdiction Acts (62 and 
63 Vict., c. 19, s. 76 (1)). Moneys recovered 
by the local authority from the undertakers are 
applied in aid of the local rate, while penalties re- 
covered on prosecution by any other body or person, 
or any part thereof, may, if the Court so direct, be 
paid to that body or person. 

The penalties above referred to are recoverable 
before two justices or a stipendiary magistrate, and 
an appeal lies to Quarter Sessions. Any summons 
or warrant issued for any of the purposes of the 
Act may contain, in the body thereof or in a 
schedule thereto, several names and several sums 
(see the Gas Works Clauses Act, 1871, 34 and 35 
Vic., c. 41, s. 41). The mere fact that a justice or 
judge of any County Court or Quarter Sessions is 
liable to the payment of rent for electric energy 
does not disqualify him from sitting in such a 
court. 

An important question sometimes arises as to 
whether there is any other remedy open to the con- 
sumer. Experience has shown that the penalties 
imposed in some cases are not only too small to 
prevent a recurrence of stoppage of supply, but 
are insufficient to compensate the consumer for the 
inconvenience occasioned by the sudden extinction 
of all the lamps in his house. Two other remedies 
suggest themselves ; that afforded by an ordinary 
action at law, and proceedings for mandamus to 
compel the company to perform its statutory duty. 

The question whether proceedings at law will 
avail the consumer, either in addition to or in sub- 
stitution for the recovery of the penalties provided 
by the Acts, has not yet arisen, so far as we are 
aware, in relation to the supply of electricity, but 





with gas and water supply. The result of the de 
cisions inay be said to be that where a duty is cas! 
by statute a a company or person, and penalties 
are imposed for failure on the part of the com- 
pany to perform that duty, the company are only 
liable to pay penalties (Atkinson v. Newcastle 
Water Works Company, 2 Ex. D., 441). Now ii 
is clear that under the Electric Lighting Acts an 
electricity supply company are bound to furnish 
their current without favour and distinction to al! 
persons within their district ; and it is also clea: 
that they become liable to penalties in case of 
refusal. Hence the jurisdiction of the courts 
appears to be ousted. It might be argued that in 
many cases similar companies have been held 
liable both to penalties and to an action, but a re- 
ference to those cases seems to show that the double 
remedy is only available in respect of the com- 
mission of acts which the company are prohibited 
from doing or suffering to be done. Thus, in 
Goodson v. Sunbury Gas Consumers’ Company 
(75 L.T., 251), it was held that an action would lie 
for nuisance, which resulted in an injury to the 
plaintiff when driving through the streets, although 
the company were also liable to penalties under 
the Gas Works Act (10 Vict., c. 15). 

The question whether a mandamus will lie to 
compel an electric lighting company to supply elec- 
tricity has not yet arisen in the courts. When con- 
sidering the question whether a mandamus will lie 
against a public body for non-performance of a statu- 
tory duty, it is necessary to inquire whether any other 
remedy is prescribed by statute ; for it was clearly 
laid down by Lord Tenterden in Doe v. Bridges 
((1831) 1 B. and Ad. 847, 859) that where an Act 
creates an obligation and enforces the performance 
in a specified manner, it is a general rule that per- 
formance cannot be enforced in any other manner. 
This principle has been frequently confirmed in later 
cases (see Pasmore v. Oswaldtwistle Urban Council 
(1898) A.C., 387). The prescribed remedy, how- 
ever, must be equally convenient or appropriate. 

We have already seen that by Section 30 of the 
Electric Lighting (Clauses) Act, 1899, when under- 
takers make default in supplying energy to any 
owner or occupier of premises to whom they may 
be and are required to supply energy under a 
Special Order, they shall be liable in respect of 
each default to a penalty not exceeding 40s. for 
each day on which the default occurs. This 
‘**remedy ” probably negatives the right of a con- 
sumer to apply for a mandamus, but a recent case 
under the Water-Works Clauses Act, 1847, points 
to the opposite conclusion. In that case the Cor- 
poration of Harwich sought a mandamus to compel 
the Tendring Hundred Water-Works Company to 
obey the order of the Local Government Board, by 
providing a supply of water constantly laid on 
under pressure within the limits of the Borough of 
Harwich. The defendant company was incorpo- 
rated under Acts of Parliament passed in 1884 and 
1886. They were not bound in the first instance 
to supply water under pressure, but any person 
requiring water was empowered to apply to the 
Local Government Board for an order to that 
effect. It was argued on behalf of the defendants 
that an adequate remedy was provided by Section 36 
of the Water-Works Clauses Act, 1847 (10 Vict., c. 
17), which provides for payment of penalties by the 
undertakers upon failure to supply water in accord- 
ance with the agreement. The Court, consisting 
of Day and Darling, JJ., granted a rule nisi fora 
mandamus. Mr. Justice Darling said :—‘‘ Here 
there is no real alternative remedy. Therefore 
the ordinary rule, that mandamus does not lie 
where there is an equally beneficial and convenient 
remedy, does not apply. There is, no doubt, a 
proceeding whereby the company can be punished, 
and by which a person aggrieved can recover 
damages. But that is not a remedy in the sense 
of redress, for the right of the consumer is to 
have water. Mandamus is the only adequate 
remedy in this case.” (Reg. v. Tendring Hundred 
Water-Works Company, ex parte the Mayor of 
Harwich, Times, August 8, 1900.) 

We have now to consider the more important 
remedies which may be put in force by undertakers 
against consumers. The conditions of electric 
supply render it necessary that much of the pro- 
perty of the undertakers shall be exposed to the 
mercy of the consumer. It was therefore con- 
sidered expedient to make provision for the pro- 
tection of such property under the Electric Light- 
ing Acts. 

By Section 23 of the Act of 1882 it is provided 
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that any person who maliciously or fraudulently 
abstracts, causes to be wasted or diverted, con- 
sumes or uses any electricity, shall be guilty of 
simple larceny, and punishable accordingly. The 
introduction of this clause rendered it unneces- 
sary for the Courts to decide whether ‘‘ electricity ” 
could form the subject of larceny at common law. 
Sections 18 to 20 of the Gas Works Act of 1847 
impose penalties upon persons for (a) fraudu- 
lently using electricity of the undertakers ; (b) 
wilfully removing or damaging electric wires ; and 
(c) renders all persons breaking electric wires, 
pillars, or lamps liable to pay for the damage done 
to an extent not exceeding 5/. A consumer of gas 
is liable to the penalty prescribed by Section 18 of 
the Gas Works Clauses Act, 1847, for altering a 
pipe communicating with a pipe belonging to the 
company so as to increase the supply without the 
company’s consent, although fraud is not intended 
or effected. (Wood v. West Ham Gas Company 
(49 J.P., 662 ; 62 L.T., 817.)) Having regard to 
the express words of Section 23, which apparently 
make *‘fraud” and ‘‘ malice” an essential ingre- 
dient of the offence, the foregoing case would not 
appear to apply in the case of electricity. 








SYN DICATES IN GERMANY. 

One of the most significant signs of the times 
is the growth of syndicates in many of the more 
important departments of trade and industry. 
They are not altogether unknown in this country, 
especially in those branches in which a prac- 
tical monopoly is possible. Our free-trade policy, 
however, is not conducive to their growth, and 
we have to turn to countries with a high pro- 
tective tariff, like the United States of America, to 
see their logical development. In Germany, too, 
in recent years they have largely extended, and 
from the latest report of Mr. Francis Oppenheimer, 
H.M. Consul-General at Frankfort-on-Main, we 
learn that the year 1904 witnessed a larger series 
of new combinations than any previous year. The 
Coal Syndicate has been renewed until 1915 ; the 
Kali Syndicate, which is the oldest in Germany, 
and the possible continuance of which was more 
than problematical, has been renewed on a fresh 
basis ; of particular importance is also the founda- 
tion of the Stahlwerks- Verband (steel work syndi- 
cate). After considerable difficulty, this syndicate 
was finally constituted in February, 1904. In it 
were merged the Halbzeng-Verband (syndicate 
of half-finished goods), the German Syndi- 
cate of Rail and Sleeper Manufacturers, as 
well as the Girder Syndicate, the produce of 
which is sold by the Stahlwerks-Verband as 
Group A. Group B of the same syndicate is to 
comprise finished goods, such as bar iron, shaped 
iron, tubes, gas-pipes, and sheets, which are at pre- 
sent still sold by the individual works themselves. 
The Stahlwerks-Verband also succeeded in found- 
ing an International Syndicate for the sale of steel 
rails. Concerning the sale of girders, an inter- 
national arrangement was come to with Belgium 
and France. The working of the Stahlwerks- 
Verband, however, as intended by its founders, 
still meets with considerable difficulty. A renewal 
of the Sheet-Iron Syndicate has not yet been 
achieved ; on the other hand, the beginning of 1905 
witnessed a selling union for shipbuilding material. 
The tendency towards syndication was particu- 
larly lively in the cement industry. On January 1, 
1904, the South German Cement Syndicate came 
into existence; this was followed in October by 
a syndicate of the Middle German Cement Works, 
by the Rhenish- Westphalian Cement Syndicate, 
by a price syndicate among the cement factories 
on the Lower Elbe, and by a convention of the 
Hanoverian cement factories. There also exists a 
syndicate of the cement factories of Upper Silesia, 
but efforts to combine them all in one large 
syndicate have not yet been successful. The en- 
deavours also to bring about a combination of the 
various groups of leather industries, though they 
have continued very lively for a long period, have 
so far remained abortive ; they have failed chiefly 
owing to the contrast between the larger and the 
smaller works, and owing to the difference of quality 
in the various manufactures; so far there exists 
only a syndicate of the various horse-hide tanneries. 
At the beginning of the year the business of the 
match factories was anything but satisfactory, as the 
various works competed very keenly against one 
another ; the prices in consequence were very low. 
A union of the German safety-match manufacturers 








was subsequently founded, which immediately raised 
the prices by 10 per cent., so that business again 
became profitable. The success of this union led 
to its conversion into a syndicate, which was pro- 
longed until 1912. The German type foundries 
also formed a syndicate, which comprises all German 
foundries except five. 

The renewal of the Coal Syndicate led to great 
activity in the mining industries, for in the new 
contract the mixed concerns—mines and foundries 
combined—claimed and were granted the valuable 
privilege by which the amount of coal used in their 
own concerns remained outside the calculation of 
the figure of participation. This, on the one hand, 
led the mines to seek out foundries with which 
they could combine, and, on the other hand, led 
foundries to seek out mines, the combination with 
which would render their supplies of coal indepen- 
dent of the syndicate ; the consequent combinations 
did not remain without a marked effect upon the 
Stock Exchange. There were noteworthy amalga- 
mations, too, in the chemical and in the electrical 
industries. All these concentrations necessitated 
increased capital, and thus established a closer con- 
nection between industry and banking. The banks 
were thus forced to an increase of their capital, 
which was, as a rule, obtained by combinations 
between various banking institutions—such bank- 
ing combinations having already received an im- 
petus from the Stock Exchange legislation which 
had recently taken place. As a result of the 
banking combinations, the centre of gravity of the 
money market is gradually being shifted from the 
Stock Exchange to the board room of the bank. 








NOTES. 
Tue Ura Pratinum Inpustry. 

A.tHouGH, last September, there were found two 
solid lumps of platinum, weighing, respectively, 21 
and 10 poods, at Count Schuwalow’s platinum work- 
ing installation at Krestowosdwischensk, which find 
not only represents a considerable sum (a pood, 
or 36 lb., of platinum is worth some 20001.) but also 
points towards further remunerative working of the 
deposits, last year’s platinum working in the Ural 
yielded from 10 to 20 per cent. less than is gene- 
rally the case as far as the larger establishments are 
concerned, whereas the smaller did better than usual. 
The Ural platinum industry only began to assume 
more important dimensions in the year 1869, al- 
though platinum had been found in some places as 
far back as 1825. In the year 1869 the output was 
140 poods, in the year 1882 it was 250 poods, and 
during the last five years it averaged 395 poods. 
Whilst the output has been fairly regularly increas- 
ing, the prices have fluctuated considerably during 
the last 35 years, although the recent quotation 
of about 19,000 roubles per pood is more than ten 
times that of 1869, when it was only 1600 roubles. 
The sand, to begin with, yielded a much higher per- 
centage of platinum than is now the case, and a 
considerable amount of speculative contracts were 
entered upon some years ago, extending over, say, 
ten years, and at prices ranging between 10,000 and 
13,000 roubles per pood, with the proviso, however, 
that the buyers should refund the vendors 50 per 
cent. of the net profit in case of a rise in the market. 
There is every reason to anticipate more life in the 
Ural platinum industry when the contracts, just re- 
ferred to, expire, as the Ural district is very rich in 
platinum, and at present supplies about 95 per cent. 
of the consumption. 


Tue Buast-Furnace Process. 


The influence of water vapour on the reduction 
of the oxides of iron by the oxides of carbon has 
been investigated by OU. Boudouard in view of 
Gayley’s proposal to use a dry air-blast. He has 
made laboratory experiments on the effect of pass- 
ing CO and CO, (gases from oxalic acid) over ferric 
oxide, and aiso carbon monoxide (CO) over ferrous 
oxide (FeO), each series being carried out with the 
gas dry in one case and saturated with moisture at 
the ordinary temperature in the other. The results 
show that the reducing action of the gas is stronger 
when it is dry than when moist ; but the difference, 
which is very marked when the temperature is 400 
deg. to 500 deg. Cent., lessens as the temperature 
rises, and practically vanishes at 1050 deg. Cent. 
In the cooler regions of the blast-furnace there will 
be more complete reduction of the oxide of iron by 
carbon monoxide when dry, and, as the carbon 
dioxide (CO,) formed has at this lower temperature 
less tendency to react on the coke and reform 


carbon monoxide (CO), there will be an economy of 


fuel. Near the tuyeres, however, the water of 
the moist gas decomposes, forming hydrogen and 
oxygen, and we have no exact knowledge of 
the subsequent behaviour of this hydrogen, which, 
in presence of carbon dioxide, may regenerate 
the monoxide (CO) and water vapour. The effect 
of potassium cyanide and nitrogen in the reac- 
tions within the blast-furnace has been investi- 
gated by Mr. H. Braune (vide ‘‘ Osterr. Zeit. 
Bergund Huttenweisen.” vol liii.). The produc- 
tion in the puddling furnace of an_ inferior 
material, even when the best pig iron of good 
analysis and fracture is used, has been attributed 
to the action of nitrogen in the blast-furnace. He 
considers that it is mainly due to the formation of 
potassium cyanide (K CN) and similar products, 
which owe their origin to the use of basic charges 
together with high pressure and temperature of 
the air-blast. Iron and free nitrogen do not com- 
bine directly at any temperature, but if the 
nitrogen is combined as in potassium cyanide 
(K CN), combination with the iron can take place 
very easily, the reaction being accelerated by rising 
temperature. Iron oxide is also not attacked by 
free nitrogen; but it readily reacts with KCN 
(potassium cyanide) to produce potassium cyanate 
(KCNO). KCN + FeO = Fe + KCNO. 
Potassium cyanide + ferrous oxide Iron + 
potassium cyanate. The KC N O takes up oxygen 
to form carbonate which rises to the furnace mouth, 
and is found in the flues and downcomers. If 
bisilicate charges be used, and the iron be blown 
with the blast heated to 150 to 200 deg. Cent., only 
traces of nitrogen are found in the resulting pro- 
duct. To remove nitrogen from steel attempts 
have been made to use titanium thermit. 


Unitep States TRADE WITH JAPAN, 


There can be little doubt that the competition 
of the United States for the foreign trade of almost, 
all the countrics of the world will become more 
and more severe, and must be taken into account 
when we try to estimate the future of commerce. 
An examination of the imports into Japan at quin- 
quenpial periods from 1884 to 1889, and annually 
from 1900 to 1904, shows the progress which the 
United States are making in their trade with the 
Land of the Rising Sun. When, however, it is 
remembered that they are by far Japan’s best 
customer for goods exported (their share repre- 
senting about one-third of her total sales to foreign 
countries), we find one of the chief reasons for 
their success. They are still, however, below both 
Great Britain and British India. Of the total im- 
ports into Japan in 1904, amounting to 184,938,000 
dols., the United Kingdom supplied 37,346,000 
dols., or 20.2 per cent. ; British India (including 
Straits Settlements), 35,228,000 dols., or 19 per 
cent. ; the United States, 28,942,000 dols., or 15.7 
cent. ; China, 27,295,000 dols., or 14.8 per cent. ; 
and Germany, 14,291,000 dols., or 7.7 per cent. 
In recent years, however, the progress made by the 
United States has been considerable. In 1884 
they supplied 8.4 per cent. of Japan’s imports, 
while the United Kingdom supplied 43 per cent. ; 
in 1889 the United States supplied 9.3 per cent., 
the United Kingdom 39.4 per cent. ; in 1894 the 
United States supplied 9.3 per cent., the United 
Kingdom 35.9 per cent. ; in 1899 the United States 
supplied 17.3 per cent., the United Kingdom 20.3 
per cent. ; and in 1904 the United States supplied 
15.7 per cent., and the United Kingdom 20.2 per 
cent. As shown by the annexed table, the United 


Total Imports into Japan from 1884 to 1904. 


Total Imports bepertetee the | Imports from the 


Year. 











into Japan. United States. United Kingdom. 
dols. dols. dols. 
1884 25,786,000 2,163,000 11,687,000 
1889 48,520,000 4,509,000 | 19,134,060 
1894 58,271,000 5,448,000 | 20,926,000 
1899 19,760,000 19,031,000 22,329,000 
1900 143,056,000 $1,255,000 35,676,000 
1901 127,397,000 21,299,000 | 25,187,000 
1902 135,322,000 24,229,000 | 25,081,000 
1903 157,933,000 23,044,000 | 24,271,000 
1904 184,938,000 28,942,000 | 37,346,000 


Nore.—Value of yen: 1884, 86.9 cents; 1889, 73.4 cents ; 1894, 
49.6 cents ; 1899 to 1904, 49.8 cents. 
States thus increased its proportion from 8 per cent. 
of Japan’s total imports in 1884 to 16 per cent. in 
1904, while the United Kingdom meantime has 
lost ground relatively, having supplied 43 per cent. 
of Japan’s total imports in the former and but 





20 per cent. of her total imports in the latter 
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year. The principal articles imported into Japan 
from the United States in the year 1904, in the 
order of their value, were :—Kerosene oil, 5,000,000 
dols. ; flour, 4,600,000 dols. ; raw cotton, 4,500,000 
dols.; machinery and parts thereof, about 2,000,000 
dols. ; iron and steel manufactures, 1,900,000 dols. ; 
leather, 1,700,000 dols.; cotton manufactures, 
1,100,000 dols. ; wheat and other grains, canned 
provisions, cars and carriages, leaf tobacco and 
coal, the last five items ranging downward, and 
each showing figures less than 1,000,000 dols. 
Japan’s most important exports to the United 
States were raw silk and silk goods, tea and 
matting, anda miscellaneous list of purely Japanese 
articles and raw materials, which in no way com- 
peted with American manufactures. As we have 
frequently urged, the evolution of commerce which 
is going on in the Pacific area should be carefully 
noted 


Larce Reinrorcep Concrete RETAINING- WALL. 


A bold piece of engineering work has recently 
been completed at Seattle, Washington, U.S.A., in 
the shape of a reinforced concrete retaining-wall 
of very large dimensions, particulars of which are 
given in the Engineering News. The wall has 
been erected by the Great Northern Railway Com- 
pany for holding back a street which forms the 
eastern boundary of the termini of the Great 
Northern and Northern Pacific Railroads. The 
difference in elevation between the railway along 
which the wall runs and the curb level of the street 
above is about 374 ft. at the highest point, but this 
gradually decreases to 2 ft. where the wall ends, 
the horizontal distance from the highest to the 
lowest point being about 2000 ft. In order, there- 
fore, to hold back this street, a retaining wall, 
with a height of over 37 ft. at one end, and 
2 ft. at the other, had to be erected. After esti- 
mating the cost of such a wall built of plain 
concrete and the cost of one constructed of rein- 
forced concrete, Mr. C. F. Graff, the chief engi- 
neer, decided to adopt the latter. In these esti- 
mates the cost of concrete in place was taken at 
6 dols. per cubic yard, this being: its cost to the 
railway company. The steel was taken at 4} cents 
per pound in place. It was found that the saving 
in cost of the reinforced structure increased as 
the height increased, as compared with a wall 
made of plain concrete. The saving amounted to 
20.4 per cent. fer the lower sections of the wall 
to 45 per cent. for the higher sections. The 
design of the wall was based upon the John- 
son system of reinforcement, and the formule 
used were those for average 1-3-6 rock con- 
crete, the following ultimate unit strengths 
being assumed :— Modulus of elasticity of the 
concrete in compression, 3,000,000 lb. per square 
inch, and of steel, 29,000,000 lb. per square inch ; 
elastic limit of steel corrugated bars, 50,000 Ib. 
per square inch ; ultimate strength of concrete in 
compression, 2000 lb. per square inch; and in 
tension, 200 lb. per square inch. The actual 
assumed bending moment was in each case multi- 
plied by the required factor of safety in designing 
the composite parts of the wall, and the resulting 
value was used. In cross-section the wall has 
the form of the letter L, the vertical limb, which 
represents the wall itself, being stiffened at the 
back by means of reinforced concrete counterforts 
spaced about 7 ft. 6 in. apart. The method of con- 
struction was to exeavate the bank to a vertical 
face, and to hold it back by long rakers. The 
upper portion of the bank being a cemented gravel, 
and the lower portion a blue clay, it was found that 
the material would stand almost vertically. The 
ground on which the wall was to stand was then piled, 
but only to a depth of about 6 ft. below the bottom 
of the trench, as the ground was very compact. A 
scaffolding was next erected to facilitate the arrange- 
ment of the steel skeleton, and near the top of this 
scaffolding two 1-in. horizontal face-bars were fixed 
in exact line. Long 1}-in. diagonal bars running 
down the back of each counterfort were then hooked 
over these and placed in proper position at the 
hottom. As some of these bars were 42 ft. long, 
wooden cross-pieces had to be nailed to the false- 
work to prevent them from sagging. Half-inch 
corrugated bars were then hung from the top hori- 
zontal ones down the vertical face of the wall at 
intervals of 18 in., and were stayed in a similar 
manner to the diagonals in the counterforts. Eight 
3-in. vertical bars were then placed in each counter- 
fort, the bars being stuck in the ground at the 
bottom, and held at the top by wire tied to the 

















scaffolding. Concreting was then commenced and 
the trench was filled to a height of 3 in. above 
the top of the piling; the horizontal bars in the 
base were then put in, a 127.5 ft. length of wall 
being carried up at one time. As the work pro- 
ceeded the horizontal bars in the face of the wall 
were put in, care being taken to always lay the 
bars in fresh concrete, and arrange the laps so that 
they came at the counterforts, the laps being 2 ft. 
long in the longitudinal base-bars and 14 ft. in the 
face-bars. The horizontal bars in the face at the 
highest section of the wall were }-in. bars, and were 
spaced vertically, so that there were sixteen of them 
in the first 8 ft. from the base, sixteen in the next 
12 ft., and fourteen in the next 14 ft. In the re- 
maining space at the top, two 1-in. bars were placed. 
The wall is about 27 in. thick at the bottom and 
about 1 ft. at the top. The base is 3 ft. thick 
and about 14 ft. wide, with a toe on the front 
about 2 ft. wide, while the thickness of the counter- 
forts is about 18 in. The face of the wall has a 
batter of 1 in 24. 








E.ectric PLANT FOR FIxING RAILS AND PackING 
SLEEPERS : ADDENDUM.—With reference to our notice of 
the above, on page 179 of our issue of the 11th inst, 
we are asked to state that the agents in this country for 
the devices in question are Engineering Supplies, Limited, 
of 28, Victoria-street, 8S. W. 


Contracts.—Messrs. Johnson and Phillips, of Old 
Charlton, have been successful in securing the contract 
for the complete hydro-electric power generating plant 
and high.tension overhead transmission line, for trans- 
mitting the energy generated over a distance of four 
miles, for Port Louis, Mauritius, which includes 2700-ft. 
run 34 in. diameter steel water-pipes and fittings, a 
75-kilowatt single-phase alternator with exciter, direct 
coupled to Pelton wheel of 103 brake horse-power, to the 
high and low tension networks.—Messrs. White and 
Poppe, of Coventry, have obtained a contract for the 
supply to a Paris firm of fifty of their motor-car engines, 
rated at from 7 to 14 horse-power each.—Messrs. Bennis 
and Co., Limited, of 28, Victoria-street, S.W., announce 
that the local authorities of Wimbledon and Stockport 
have placed orders with them for their mechanical pre seat 
and accessories, and that the Dublin Corporation have 
ordered ten sets of the firm’s self-cleaning compressed-air 
—= for their generating-station at Pigeon House 
“ort. 





Tue Ricur to Lient.—As our readers are probably 
aware, the case of Colls v. the Home and Colonial Stores, 
which was decided in the House of Lords last year, very 
materially altered the state of the law with regard to the 
right to hght. Prior to that decision it was thought that 
if one man, by erecting a building, threatened to interfere 
with the light reaching his neighbour’s premises, he could 
be restrained by injunction, or else damages could be 
recovered against him. Now, however, as a result of 
Colls’ case, the law is on a different footing. In the case 
of Higgins v. Beths, decided by Mr. Justice Farwell on 
May 26, his lordship gave the following admirable sum- 
mary of the existing law :—‘‘ Apart from express contract 
or Grant, the owner of a house has no right to any access 
of light to the windows thereof over his neighbour’s land 
until he has acquired it by prescription or under the Act. 
When he has so acquired it, he has a house with an ease- 
ment of light attached to it. Any substantial interfer- 


ence with his comfortable use and enjoyment of his| 18° 


house, according to the usages of ordinary persons in that 
locality, is actionable as a nuisance at common law. His 
neighbour’s brick-burning or fried-fish shop may be a 
nuisance in respect of smell, his pestle and mortar in 
respect of noise, and in like manner his neighbour’s new 
building may be a nuisance in respect of light. The dif- 
ference between the right to light and the right to free- 
dom from smell and noise is that the former has to be 
acquired as an easement, in addition to the right of 
property. But the wrong done is in most cases the same 
—viz., the disturbance of the owner in his enjoyment of 
his house. Inasmuch as the acquisition of the easement 
was a necessary condition precedent to the right to sue, 
the Courts appear in many cases to have addressed them- 
selves rather to the extent of the easement acquired and 
the amount of such easement taken away by the defen- 
dant, than to the sufficiency for ordinary purposes of the 
amount of light left ; so much so that many expressions 
can be found that lend support to the argument that the 
right to light was-a right of property for which an action 
of trespass would lie. But for many years the tendency 
of the Courts has been to measure the nuisance by the 
amount taken from the light acquired, and not to con- 
sider whether the amount left was sufficient for the 
reasonable comfort of the house according to ordinary 
requirements. If a man had a house with unnsually 
excellent lights, it was treated as a nuisance if he was 
deprived of a substantial part of it, even although a fair 
amount for ordinary purposes was left. It is in this 
respect that Colls’ case has, to my mind, readjusted the 
law. It is still, as it always has been, » question of 
nuisance or no nuisance; but the test of nuisance is not 





—How much light has been taken, and is that enough 
materially to lessen the enjoyment and use of the house | 
that its owner previously had? But how much is left, | 
~ is that enough for the comfortable use and enjoyment | 
oO 
mankind ?” 


RUSSIAN AND JAPANESE WAR VESSELS 
AT THE BATTLE OF THE SEA OF JAPAN. 


We are indebted to the Times for the list we give 
below of the vessels engaged in the great nava! 
battle in the Sea of Japan. Reference to this list and 
to the particulars‘given under each heading will aid a 
comprehension of the tactics described in our leading 
article this week :— 


1. Borodino—battleship ; 13,516 tons displacement ; 18 
knots speed ; completed in 1904 ; armour, complete Krupp 
steel belt 9 in. amidships, tapering to 4 in. at ends ; main 
armament, four 12-in. guns in pairs in turrets, twelve 6-in. 
in pairs in secondary turrets. 

2. Imperator Alexander III.—battleship ; sister of 
Borodino ; completed in 1904. 

mo Orel--battleship ; sister of Borodino ; completed in 
1 


4. Kniaz Souvaroff—battleship; sister of Borodino ; 
completed in 1904. 

5. Oslyabya—battleship; 12,674 tons displacement ; 
19 knots speed; completed in 1901; armour, Harvey 
steel belt 9 in. amidships tapering to 6 in. 30 ft. from bow 
to stern; main armament, four 10-in. guns, ten 6-in. in 
casemates, one 6-in. in unarmoured bow battery. 

6. Sissoi Veliky—battleship ; 8880 tons displacement ; 
16 knots speed; completed in 1894; armour, partial 
compound, 11.8 in. to 15.7-in. belt, 247 ft. long and 7 ft. 
deep ; main armament, four 12-in. in pairs in turrets and 
six 6-in. in upper redoubt. 

7. Navarin—battleship; 9476 tons displacement; 16 
knots speed ; comple’ in 1895; armour, partial belt, 
14 in. to 16 in. for 212 ft.; main armament, four 12-in. 
in turrets and eight 6-in. in superstructure. 

8. Imperator Nikolai I.—battleship ; 9700 tons dis- 
placement ; 15.9 knots speed ; completed in 1892 ; armour, 
complete composite belt 6 in. to 14 in. and 8 ft. wide; 
main armament, two 12-in., four 9-in., and eight 6-in. 

9. Admiral Oushakoff—sea-going coast-defence iron- 
clad; 4648 tons displacement; 16 knots s 3. com- 
pleted in 1895; armour, Harvey steel belt 10 in. to 
7.8 in. and 176 ft. long; main armament, four 9-in. and 
four 6-in. 

‘ 10. Admiral Seniavin—sister-ship to Admiral Ousha- 

off. . 

11. Admiral Apraxine—sea-going coast-defence iron- 
clad, 4126 tons displacement; 15 knots speed; com- 
pleted in 1898 ; armour, Harvey steel belt 10 in. to 7.8 in. 
and 176 ft. long; main armament, three 10-in. and 
four 6-in. 

12. Admiral Nahkimoff—armoured cruiser ; 8524 tons 
displacement ; 16.7 knots speed ; completed in 1888 and 
reconstructed in 1900 ; armour, complete compound belt, 
10 in. to 6 in.; main armament, eight 8-in. and 6-in. 

13. Dmitri Donskoi—armoured cruiser ; 6200 tons dis- 
placement; 15 knots speed ; completed in 1885; recon- 
structed in 1896; armour, complete 7-in. belt; main 
armament, six 6-in. 

14. Vladimir Monomakh—armoured cruiser ; 5593 tons ; 
15 knots speed ; completed in 1885 and re-armed in 1898 ; 
armour, complete compound belt, 10 in. to 6 in.; main 
armament, five 8-in. and twelve 6-in. 


PRINCIPAL SHIPS OF THE JAPANESE FLEET. 


1. Mikasa — battleship; displacement, 15,200 tons ; 
18 knots speed ; completed 1900; armour, Krupp steel 
9 in. to 4 in.; main armament, four 12-in. guns and 
fourteen 6-in. 

2. Asahi—battleship ; displacement, 15,200 tons ; 18 
knots s ; completed 1899 ; armour, Harveyed nickel- 
steel belt, 9 in. to 4 in. ; main armament, four 12-in. and 
fourteen 6-in. 

3. Shikishima—sister ship of the Asahi; completed 
8 


98. 

4. Fuji—battleship ; displacement, 12,300 tons; 18 
knots speed ; completed 1896 ; armour, partial Harveyed 
belt, 14in. to 18 in.; main armament, four 12-in. and 
ten 6-in. 

5. Asama—armoured cruiser ; displacement, 9750 tons ; 
23 knots speed ; completed 1898 ; armour, Harvey nickel- 
steel complete belt, 7 in. to 34 in. ; main armament, four 
8-in. and fourteen 6-in. 

6. Tokiwa—sister ship of Asama. 

7. Idzumo—armoured cruiser ; displacement, 9800 tons ; 
22 knots s ; completed 1899; armour, complete 
Krupp steel belt, 7 in. to 3h in.; main armament, four 
8-in. and fourteen 6-in. 

8. Iwate—sister ship of Idzumo. 

9. Yakumo—armoured cruiser; displacement, 9850 
tons ; 20 knots speed ; completed in 1899; armour, com- 
plete belt 7 in. to 34 in. of Harvey nickel and Krupp 
steel ; main armament, four 8-in. and twelve 6 in. 

10. Adzuma—armoured cruiser; displacement, 9456 
tons; 21 knots speed; completed 1899; armour, com- 
plete Harvey nickel-steel belt 7 in. to 34 in. ; main arma- 
ment, four 8-in. and twelve 6-in. 

11. Kasuga—armoured cruiser ; displacement, 7700 tons ; 
20 knots speed ; completed 1904; armour, complete belt 
Krupp steel 6 in. ; main armament, one 10-in., two 8-in., 
and fourteen 6-in. 

12. Nisshin—armoured cruiser; displacement, 7790 
tons; 20 knots speed ; completed 1904; armour, same 4s 
Kasuga ; main armament, four 8-in. and fourteen 6-in. 








600 Horsk-PowerR CARELS’ ComMpouND CONDENSING 
EncinE: Erratum.—Through a clerical error one of the 
back references to ENGINEERING appended as a footnote 
to our description of the above engine, on page 179 of 
our issue of the 1]th inst., was wrongly given. For 


the house according to the ordinary requirements of | ‘“‘ ENGINEERING, vol. xvi., page 9 et seq.,” read “ ENGI: 


NEERING, vol. xv., pages 9 and 33, and vol. xvi., page 281. 
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GAS-PRODUCER FOR SEMI-BITUMINOUS FUEL AT THE LIEGE EXHIBITION. 
CONSTRUCTED BY MM. FICHET AND HEURTEY, ENGINEERS, PARIS. 
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Tue Fichet and Heurtey installation at the Lié¢ge 
Exhibition consists of a double-combustion producer, of 
sufficient capacity to supply a 600-horse-power gas- 
engine, together with a complete washing and cleaning 
plant, and a 60 cubic metre (2120 cubic feet) gas-holder. 
The arrangement of the apparatus is shown in Figs. 1 
and 2, above. The coal is fed in at the top of the 
producer, the upper, narrower part (see Fig. 1) of 
which forms a reverse-flame gas-generator, where the 
coal is distilled before it reaches the lower producer ; 
the products of distillation mix with an air current, 
burn, and are transformed into carbonic oxide and 
hydrogen on passing through the space containing 
incandescent fuel. The coal loses its volatile matter 
and tar when combustion commences. From the 
top portion of the producer it gradually descends into 
the lower portion, which thus constitutes a producer of 
the usual type, fed with fuel from which the volatile 
matter has been extracted. 

The lower chamber is built up of plates lined with 
fire-proof brickwork ; it ends at the top in a fire-brick 
vault, beneath which is the gas outflow. Over the centre 
of the vault is erected the upper chamber, similar in 
construction to the lower one. The empty space at 
AA, formed by the side wall of the producer, the 
vaulting, and the slope of the coal as it descends from 
the upper chamber, makes a kind of circular canal. 
in which flow both the gas from the upper reversed 
combustion chamber and that from the lower direct 
combustion producer. The method of clinkering is 
the same as that followed by the firm in their ordi- 
nary single-combustion type of apparatus. A conical 
hopper is fitted at the bottom part of the lower 
chamber and remains filled with a thick layer of 
clinkers. The supply of air saturated with steam 
reaches the centre of the latter, and is distributed 
throughout it uniformly. The hopper opens on toa 
conical revolving hearth fitted horizontally underneath 
it, as shown in Fig. 1. This hearth snd tts layer of 
clinkers replace the grate used in some other types of 
producers. The outside rim of the hearth is made in 
the shape of a horizontal ring ; under this is provided a 
circular rack, in which gears a pinion. The latter is 
keyed on a shaft and is revolved from the outside by 
means of a hand crank and toothed-wheel gearing. 
The hearth is revolved once or twice a day ; it turns on 
ball-bearings, the arrangement allowing for expansion. 
As will be seen by reference to Fig. 1, there are at the 
top of the producer several vertical concentric or 
parallel partitions built of plates, the object of which 
is to guide the fuel in its descent and to distribute it 
uniformly in thin layers. The base of the partitions 
1s water-cooled to prevent rapid wear, and air is dis- 
tributed uniformly between them. They are made 
with openings to allow the outflow of gas as distilla- 
tion proceeds. The air inlet at the top is governed by 
butterfly valves ; a series of openings and poker-holes 
are provided around the producer to examine the 
working of it and to rake down the fuel and break up 
“ scaffoldings.” The producer works under suction 
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under the action of a fan, referred to further on. Th® 
fan produces a certain depression in the gas-pipe, 
and air is drawn in to both the upper and lower cham- 
bers of the producer, the proportion being easily 
governed by means of valves. 

For generating the steam supplied to the producer, 
Messrs. Fichet and Heurtey utilise, as our own manu- 
facturers do, the heat of the gases as these flow from 
the producer. To secure this they place a vertical 
tubular low-pressure boiler in the route travelled by 
the gases, the heat of which raises the necessary 
steam for saturating the air supply. At Liége, where 
the service is not continuous, the boiler is completed 
by a thermo-syphon which produces the required tem- 
perature on starting work, thus insuring the proper 
composition of the gases from the commencement. 
On leaving the boiler the gas is still hot, and 
carries particles of dust, and contains traces of 
tar; it is, therefore, allowed to flow (see Fig. 2) 
through sets of vertical cooling - pipes, where it 
comes in contact with a water spray. It is drawn 
thence by an electrically-driven washing-fan pro- 
vided with movable cheeks and also with a water- 
spray in the suction opening. The fan has been 
designed specially with a view both to secure a 
high degree of efficiency and to facilitate inspection 
and cleaning. Its impeller is made with blades on 
both sides, in order to reduce the reaction on the thrust 
bearing ; the construction of the casing is such that 
by withdrawing a few bolts the impeller can be re- 
moved and the machine cleaned throughout, without 
interfering in any way with the piping. From the 
fan the gas flows through a washing-tower, contain- 
ing coke in layers and breeze, and provided with 
several inspection openings which allow of a rapid 
renewal of the coke. Previous to reaching the gas- 
holder, the gas is finally cleaned by filtration through 
two cases forming a sawdust scrubber (Fig. 2). 

When starting a producer plant of this type a layer 
of clinkers sufficiently high to cover all metallic parts 
is first placed on the hearth. Over this are laid wood 
shavings and dry wood, which are lighted, and then coal 








is added ; the ash-pit door and a number of poker-holes 
are left open to provide a draught. Coke or non- 
bituminous coal is used preferably at first in order to 
prevent the formation of smoke. When the first charge | 
of coal is well alight, the producer is gradually filled up | 
to about the height of the vertical partitions above re- 

ferred to. The charge is then lighted at top with shav- 

ings or wood, the air supply being suitably regulated to | 
establish reversed combustion on the downward slopes 

of the fuel. The reserve of fuel in the annular zones of | 
the charge insures the regular feed of the apparatus, | 
and under the radiating action of the top fire space, the 
coal heats up and commences distillation while it is | 
still between the partitions. The gases from this dis- | 
tillation flowing through the a cut in the par- | 
titions are carried forward by the air draught, and reach 

the fire zone, where combustion takes place. On con- 
tact with red-hot coal, these gases are transfurmed 
into combustible gases in the same way as with the 
ordinary type of producers ; and they mix in the space 
A with those which proceed from the lower producer. 
The revolving hearth, with its bed of clinkers, prevents | 
all waste of fuel, and the feeding of the lower producer | 
with hot, distilled coal insures uniformity in the com- | 
position and the calorific value of the gas, which 

reaches the gas-holder free from all tarry and conden- | 
sible matter. There being two fire zones ; the capacity | 
of the plant is large for its size. The fuel used mostly 

is semi-bituminous ‘‘boiler” coal ; but non bituminous 

coal is also largely resorted to. The producer can 

work under pressure or by suction ; it is, however, 
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generally worked on the latter method, this facili- 
tating the feeding of the fuel and the operation of the 
lant. 

, The various pieces of apparatus and their pipes and 
connections have been given large sections with a view 
to prevent a high rate of flow of the gas at any point. 
Every part of the installation can be easily inspected 
at any time. A platform is built round the producer 
where the top and bottom chambers meet, which gives 
access to the poker-holes in the lower chamber; a 
second platform is on the top level for feeding in 
the fuel. The fuel used at the Liége Exhibition is 
**boiler” coal from the Liége coalfields. The gas 
obtained is clean, constant in its composition, and 
perfectly suitable for internal-combustion motors. 

The P ant supplies a 600-horse-power Kérting two- 
cycle double - acting gas-engine, built by the Socicté 
Anonyme de St. Fmt of Liége, placed in the 
ceritre of the Machinery Hall. 








INDUSTRIAL NOTES. 

THE state of the labour market in the past month, 
as disclosed in the Board of Trade report, based on 
4788 returns—viz., 3440 from employers or their asso- 
ciations, 1246 from trade unions, and 102 from other 
sources—shows that employment was about the same 
as in the month previous. 

As compared with a year ago, employment in the 
wr of trades showed some improvement, espe- 
cially in the metal, cotton, and woollen trades. In the 
building trade and the jute trade there has been some 
decline. 

In the 271] trade unions specially reported on, there 
was an aggregate membership of 576,472, of whom 
29,845, or 5.2 per cent., were reported as unemployed, 
as compared with 5.2 per cent. in the month previous 
and 6.1 per cent. in the same month of last year. 





The coal-mining industry, making due allowance for 
holidays, showed a slight decline in the number of 
men at work, both as compared with a month and a 
year ago. 

In iron-mining employment was good, and showed 
little change compared with a month ago and a year 
ago. At the 117 mines and open works covered by 
the returns received from employers, the average 
weekly number of days worked during the four weeks 
was 5.72, as compared with 5.62 in the previous 
month and 5.73 in the same month a year ago. 





In the pig iron industry no change as compared with 
the previous month occurred, but things were con- 
siderably better than a year ago. Returns relating 
to the works of 108 ironmasters showed that 322 fur- 
naces, employing about 23,000 workpeople, were in 
blast —the same number as in the month previous, and 
21 more than a year ago. 

re pee at iron and steel works continued good, 
and showed some improvement on a month ago, while 
it was much better than a yearago. Returns relatin 
to 194 works, employing 88,269 workpeople, showe 
that the volume of employment in the week ending 
July 22, 1905, was 1 per cent. greater than a month 
ago, and 9.8 per cent. greater than a year ago. 

Thirteen mills in the tin-plate manufacture were 
closed for repairs at the end of the month, but other- 
wise employment remained much the same as in the 
month previous. There were still 50 more mills in 
operation than at the corresponding period a year ago. 





Generally in the engineering trade things had again 
improved, and were better than a year ago. The 
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percentage of trade union members unemployed was 
4.8, as compared with 5.1 in the previous month and 
6.7 & year ago. 

In the shipbuilding trades on the whole there was a 
slight improvement, and — continued to be 
better than a year ago. The percentage of trade 
union members unemployed was 11.7, as compared 
with 12.9 a year ago. 

Employment in the building trades continued dull 
and showed little change as compared with a month 
ago. It was worse than a year ago. 


Employment in the cotton trade continued very 
brisk, and was much better than a asc ago. Re- 
turns from firms employing 127,133 workpeople showed 
an increase of 1 per cent. in the amount of wages 
paid, compared with the previous month, and an in- 
crease of 13.6 per cent. compared with a year ago. 

The woollen trade continued good, and was much 
better than a year ago. Keturns from firms employ- 
ing 16,349 workpeople during the month showed a 
decrease of 0.8 per cent. in the amount of wages 
paid compared with the previous month, and an 
increase of 9.5 per cent. compared with the corre- 
sponding week a year ago. 

Employment in the worsted trade was quiet—rather 
worse than a month ago; it still continues, however, 
to be better than a year ago. Returns from firms 
employing 36,749 workpeople during the month showed 
a decrease of 2.4 ¥ cent. in the amount of wages 
paid compared with the previous month, and an in- 
crease of 2.8 per cent. compared with the correspond- 
ing week a year ago. 

The flax (linen) trade continued fair generally, 
showing little change compa with a month ago 
and a year ago. Returns from firms employing 42,531 
workpeople showed a decrease of 0.8 per cent. in the 
amount of wages paid as compared with the month 
previous, and an increase of 0.3 per cent. compared 
with a year ago. 

In the jute trade employment remained moderate, 
and worse than a year ago. Returns from firms em- 
ploying 19,200 workpeople showed no change in the 
total wages paid as compared with the previous 
month, and a decrease of 4.5 per cent. compared with 
a year ago. 

Employment in the boot and shoe trade was quiet, 
and showed some decline as compared with the month 
previous; it was better than a year ago. Returns 
trom 471 firms, employing 62,153 workpeople, and 
paying 59,0617. in wages on the last pay-day in the 
month, showed a decrease of 2.9 per cent. in the 
amount of wages paid compared with the last pay-day 
in the month gee and an increase of 5.8 per cent. 
compared with the last pay-day in the same month a 
year ago, 

In the other leather trades things were quiet, but 
better than a year ago, and rather better than a 
month ago. The percentage of trade union members 
returned as unemp — was 6.3, as compared with 7.2 
in the previous month and 9.5 a year ago. 

In the printing and bookbinding trades employment 
was moderate with printers and slack with book- 
binders. On the whole there was an improvement 
compared with the previous month, and a decline com- 
pared witha year ago. The percentage of trade union 
members unemployed at the end of the month was 4.9, 
as compared with 5.5in the month previous and 4.4 
in the same month a year ago. 

In the papermaking trade occupation remained 
fairly good at machine mills, and slack in the hand- 
made trade. Returns from firms employing 20,742 
workpeople showed a decline of 1.4 per cent. in the 
numbers employed as compared with the previous 
month, and of 0.5 per cent. as compared with a year 
ago. 

Employment in the furnishing and woodworking 
trades was, on the whole, fair. Compared with a month 
ago the furnishing and brushmaking trades showed a 
decline, but the other trades showed little change. 
Compared with a year ago, there was generally an im- 
provement. The percentage of trade union members 
unemployed was 5, as compared with 4.6 in the pre- 
vious month and 5.7 a yea. ago. 


Agricultural labourers were generally in regular 
employment. The hay harvest and turnip hoeing 
provided work for day labourers, and the supply of 
this class of men was, on the whole, equal to the 
demand. 

Employment of dock and riverside labour at the 
various ports, from which returns were received, 
was moderate, and about the same as a month ago. 
Compared with a year ago, employment showed, a 
decline. 

Seventeen new labour disputes began in the month, 
compared with eighteen in the month previous and 
fifteen in the same montha yearago. The total number 





of workpeople affected by disputes, which began or were 
in progress during the month, was 18,155, or 6300 more 
than in the month previous, and 1833 more than in the 
same month a year ago. The aggregate duration of all 
the disputes df the month, new and old, amounted to 
275,900 working days, or 93,200 more than in the 
previous month, aud 13,100 more than in the same 
month a year ago. Definite results were reported in 
the case of sixteen disputes, new and old, affecting 
8467 persons. Of these disputes, six were decided in 
favour of the workpeople, five in favour of the em- 
a wp and five were compromised. 

he net effect of all the changes in rates of wages 
reported was an increase in wages of nearly 4600/. per 
week. The changes affected over 183,300 workpeople, 
of whom about 137,300 received advances, while over 
46,000 sustained decreases. The changes of the pre- 
vious month affected about 12,700 a the net 
result being a decrease of over 70/. per week. During 
the same month a year ago the number of workpeople 
affected was nearly 5300, and the net result a decrease 
of about 130/. per week. 

The principal changes reported were an increase 
affecting about 125,000 cotton weavers, warpers, and 
winders in the principal cotton manufacturing districts 
in England, and a decrease affecting 35,000 coal-miners 
in Northumberland. 

One change, affecting the 35,000 coal-miners referred 
to above, was arranged by a conciliation board, and 
eleven changes, affecting over 7500 workpeople en- 
gaged in pig iron and iron and steel manufacture, 
in iron-ore mining, ana in limestone quarrying, took 
effect under sliding scales. The remaining changes, 
affecting abcut 140,800 workpeople, were arranged 
directly between employers and workpeople, or their 
representatives, three of these changes, affecting nearly 
1100 workpeople, being preceded by disputes causing 
stoppage of work. 


The report of the Amalgamated Society of Car- 
penters and Joiners shows that the total membership 
at date of the report was 70,167. Of these, 3543 were 
on unemployed benefit, 1438 on sick benefit, and 1742 
on superannuation allowance. The number of un- 
employed not on benefit is not given, but returns 
are pa for as to the numbers in each branch. There 
is some yr ptt in the state of trade, but the 
number of unemployed is still large for the time of 
year. The number of disputes was not large, but four 
districts are named—Cardiff, Reading, Caversham, 
and Glasgow—which out-of-work members are to 
avoid, or not accept employment before seeing the 
branch secretary. But the disputes in the first three 
named are confined to one firm in the district. At 
Glasgow the dispute is more general. Two new firms 
are added, one at Norwich, the other at Birmingham, 
where members are warned not to accept work. 
These two firms do not conform to the working 
rules of the district agreed to mutually by the em- 
ployers and workmen. The levy to increase the 
cash balance of the union is to last forty weeks, and 
branch officers are notified that they must exact such 
levies from all members required to pay. The dispute 
at Edinburgh has been settled by the intervention of 
the Lord Provost, who was instrumental in bringing 
the parties together in conference, with the result 
that by mutual concessions an agreement was arrived 
at, the terms to cover a period of two years. The 
Worksop branch notify to all members that a dispute 
exists at one job in the town, the contractor refusing 
to comply with the — rules of the district. This 
seems to be a purely local dispute, as the notice relat- 
ing toit is given apart from those mentioned in the 
Council’s report. The election of members of the 
Council by districts under the new rules is notified in 
the reports, seven districts being named. 

The report of the National Union of Boot and Shoe 
Operatives states that trade has slightly improved 
as compared with a year ago, but there is a small 
decline as compared with the last two months. It 
reproduces an extract from the Employers’ Federation 
report, in which it is suggested that in the near 
future improved conditions may be expected, and that 
manufacturers may be able to provide their work- 
people with more regular employment. But an 
uneasy feeling has been created by the following :— 
‘*As regards the number of workmen employed in 
the lasting and finishing departments in the various 
centres of the trade, there is every probability that 
fewer workmen will be required, owing to the rapid 
introduction of machinery, to improved methods of 
manufacture, and to the increased output anticipated 
from the adoption of the piecework system of pay- 
ment, all of which results must necessarily accompany 
the future progress and prosperity of the trade.” The 
report adds :—‘‘ Not very pleasant for those who may 
be displaced.” Disputes were few in the month. In 
one case some 50 non-union workers struck against a 
reduction in wages. The local union officials took the 
matter up and negotiated, when the firm withdrew 
the notices of reduction. In another case, where a 
firm was offering less than the statement price, the 





union officials effected a settlement. Reference is 
made to the Unemployed Bill and to the union’s 
attitude on the measure. The expenditure of the 
half year is greatly in excess of that of the corre- 
sponding period in last year, and would have been 
greater but for the lower contribution to the General 
Federation of Trades. In the trade department there 
was a decrease of 321/. 12s. in the capital account. 

The report of the ironfounders says :—‘‘ We are 
delighted to report a further substantial improvement 
in trade.” There was a decrease of 160 on donation 
benefit, and of four other unemployed members. The 
report adds :—‘‘ Another pleasing feature is the very 
decided increase of 723/, 12s. 5d. in the cash balance. ” 
The total number-on donation benefit was 1060; other 
unemployed members, 144; on sick benefit, 469; on 
superannuation allowance, 1225 ; on strike benefit only 
four. The weekly expenditure on those benefits was 
926/. 7s. 2d., or under 1s. 1}d. per member per week. 
The cash balance in hand was 84,9187. 4s. 7d. This is 
the first month for some time that the income exceeded 
the expenditure in the month. There is to be a change 
in the figures upon which the averages are worked 
out, as some of the members are non-paying; the 
actual cost per working member is therefore more than 
that given, namely, Is. 1jd. per member per week. 
The branch returns as to the state of trade show an 
increase of four places where trade is very good. The 
total now is 23 places, with 3705 members, where trade 
is very good. The decrease is where trade was very 
bad, or bad, the number of such places being four. 
The decrease is even more remarkable as regards the 
members in those places. Altogether, the prospects 
appear to be brighter than for some time past. There 
are, however, 18 shops closed to members. There is 
no picketing in those cases; the members are simply 
notified that the shop is closed for certain reasons 
given, and then those shops are left severely alone 
until some arrangement is made between the society 
and the firms affected. The rules of the society are 
being revised in some particulars. There is indeed an 
epidemic of revision at present, owing more to outside 
influences than to internal necessity. 


The lamentable incident in connection with the 
demonstration of the unemployed in Manchester, when 
a procession marched through some of the principal 
streets in the city, ended amicably to the credit of all 
concerned. The leaders and others arrested were, on 
their reappearance in court, discharged on their own 
bail of 50/. But the chief feature in this connection 
was the tribute paid to the police by the men arrested 
and charged with disorder. They asserted that the 
police only did their duty, and they admitted that 
they had done wrong, and apologised. This is all the 
more important because of the allegations by labour 
leaders and some of the newspapers of brutality by 
the police. The men charged made no such com- 
plaint, but rather spoke of good treatment. It is a 
pity that such allegations were made, for the police 
have onerous and delicate duties to perform, and act 
underauthority. The Unemployed Bill having passed, 
it now remains with the local authorities to administer 
it in the interests of the community and the ratepayers. 


On the Continent of Europe there is no such 
elaborate poor law system as in this country. The 
communes or town councils deal with distress as 
required in their own way. In the recent August 
fétes at Ostend one day was set apart for that pur- 
pose. The day selected was that on which the 
‘** Battle of Flowers” took place. It was postponed 
till the Shah’s birthday to suit him, and he appeared 
in the procession. Some 60,000 persons were present, 
it is said, at the celebration. All who went on to 
the Digue Sea Promenade had to pay half a franc, 
and also half a franc for a chair, if they took one, as 
thousands did. A good round sum was thus netted 
for the poor of Ostend. 

Mainly through the intervention of the Lord Mayor 
of Manchester, a great strike and probably a lock-out 
in the cotton trades has been averted. Neither side 
desired a labour conflict, but the interests of the em- 

loyers and the operatives were by no means identical. 

t is said that the mill-owners would have rather 
benefited than lost by a stoppage, owing to the condi- 
tion of the cotton market. In any case all will be glad 
to learn that a labour struggle has been averted. It 
appears that in the Bolton district, where a 5 per cent. 
uction was threatened, 24 per cent. will be accepted. 
In the other districts probably the operatives will 
gain 24 per cent. instead of 5 percent. The arrange- 
ment is but for a period, but a conflict is staved off. 


The 
South Wales miners has been remitted to Sir Michael 
Hicks-Beach—who gave his award, as chairman, In 
favour of the reduction in wages, thus bringing the 
rate down to the minimum—as the South Wales Uon- 
ciliation Board failed to agree, after a protracted 
conference of representatives, 


seotin of a reduction in the wages of the 
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LARGE GAS-ENGINES.* 

The Growth of Large Gas-Engines on the Continent. 
By M. Rovotrue E. Maruor, of Brussels. 
(Translated from the French.) 
(Continued from page 232.) 


Ignition.—This question has for some years been solved 
in a satisfactory manner by the use of magnetos, producing 
a spark on the break of the circuit, which, in a short time, 
has ousted all the old methods of ignition, such as the 
incandescent tube, the spark produced by batteries and 
accumulators, by dynamos, &c. This modern magneto 
ignition has for three years been provided with a timing- 
gear, by means of which the ignition can be advanced or 
retarded experimentally during work. Still, as all working 
parts subject to the frequent and abrupt movements of the 
current-breaker of the magneto are liable to get out of 
order and to wear rapidly, it is necessary to meet these 
objections by the adoption of very light parts, with but 
little inertia. They must be easy of access and to handle, 
for upkeep and yo me With the increase in dimen- 
sions of engines it has been necessary to deal with greater 
volumes of explosive mixtures, but of poorer composition. 
This has wisely led many makers to provide their double- 
acting engines with two distinct ignitions for each piston 


Fug. 12. DIAGRAMS OF CYLINDER POSITIONS RELATING TO CALCULATION OF FLY-WHEELS. 








cating ring which gives such good results in dynamos, 
recourse has been had to continuous oil-feed under pres- 
sure. This pressure also secures a more reliable lubrica- 
tion of large surfaces supporting great loads, as is the case 
with the crankshafts of engines of 1500 to 3000 horse- 
power which exceed 500 millimetres (1 ft. 7}} in.) in 
diameter. or lubricating the pistons and the stuffing- 
boxes of the piston-rods, oil-feed under pressure is a 
necessity, as the oil is more religbly conveyed to the rin 
the tightness of which depends to a great extent on the 
free play secured to them by proper lubrication. Excess 
of oil in the cylinders, by rendering them dirty, is the 
principal cause of “‘ back-firing ” ; this has also been greatly 
reduced by the use of a draining device to the cylinder. 
Fig. 8, 231 ante, represents a valve which is 
fitted for this purpose at the back lower part of the 
cylinder. It is operated by hand, and enables surplus oils 
or foreign matters to be expelled whilst the engine is 
working. 

Fly-wheels.—The mode of regulation by admission on 
each cycle enables fly-wheels relatively less heavy to be 
used. The same may be said of the application of double- 
acting and of multiple cylinders. he requirements, 
however, which are now expected from engines in large 
electric-light stations have given rise to the use of special 
fly-wheels, with the object of reducing as much as possible 
the degree of cyclic irregularity. For ordinary industrial 
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Fig. 13; SYNOPTIC TABLE OF COMPOSITIONS AND CALORIFIC 
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face, the one placed near the inlet-valve at the top, and 
the other at the bottom near the exhaust-valves. 
_ Starting.—A few words remain to be said on the start- 


ing of large engines to which the explosion “‘self-starter” | 


has not been applicable. The apparatus, which causes 
the explosion behind the piston of a mixture previously 
introduced into the cylinder when the engine is capped. 
develops a too-sudden and violent strain, owing to the 
inertia of the parts at rest. Moreover, the action of 
this apparatus is too precarious. Use is therefore 
made of air compressed to 150 lb. to 225 lb. by a 
compressor, and stored in a reservoir. When an engine 
has to be started, the crank is placed in the starting 
position corresponding to the explosion stroke, by turning 
the fly-wheel by means of a lever or a system of gearing. 
In the case of the single-acting engines, a ch of com- 
pressed air is introduced by operating by hand the valve 
shown at the end of the cylinder head of the engine of 
Fig. 8, page 23lante. This operation is repeated several 
times in succession until the engine, sufficiently started, 
draws in the explosive charge, and drives itself. In the 
best double-acting engines the starting-valve working by 
compressed air is generally operated mechanically by the 
half-speed shaft. 
Lubrication.—Lubrication has also of late formed the 
subject of important improvements. In engines of medium 
power—t.e¢., up to 150 to 200 horse-power, the main bear- 
ings of the crankshaft are usually lubricated by means of 
a revolving ring plunging in an oil-bath. For larger 
engines, bearings with brasses consisting of several parts, 
to take up the wear and the working stresses, are used. 
As this system renders it impossible to apply the lubri- 
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(ones mj 
purposes a regularity of 1/25 to 1/30 of the speed in one 
| and the same cycle can readily be attained. For electric 
| lighting by continuous-current dynamos it is necessary, 
| with the view of obtaining a steady light, for the degree 

of irregularity to be less ion 1/50 or 1/60 ; whilst for the 
working of alternating-current generators in parallel it 
should practically be about 1/150. 
The following formula enables us to determine the 
dimensions to be given to the fly-wheels of different types 
| of —— having regard to the, purposes for which they 
are inten i— 


Pp? =k 
| a n* 
hence - 
| > = - " 
. 7 Dan* 
in which 
P = the weight of the rim (without arms or boss) 


| in tons, 
D = diameter of the centre of gravity of the 
| rim in metres, 











a = the degree of irregularity. . 
n = the number of revolutions per minute. 
N = the number of brake horse-power. ’ 
K = coefficient varying with the type of engine. 
I. K = 44.000 for Otto cycle engines, single cylin- 
der, single-acting. : 
II. K = 28.000 for Otto cycle engines, two opposite 
cylinders, single-acting, or one cylinder 
double-acting. . : . 
III. K = 25.000 for two cylinders single-acting, with 
cranks set at 90 deg. ‘ ‘ 
IV. K = 21.000 for two twin-cylinders, single-acting. 
V. K = 7000 for four twin opposite cylinders, or 


for two tandem cylinders, double-acting. 
The total weight of the fly-wheel is P x 1.4. — 
Diagram showing the arrangement of cylinders, 
Fig. 12 (annexed). , 
Consumption and Efficiency.—Modern large engines 
have attained high organic efficiency, owing to the pro- 
portional reduction of their weight and the finish of their 
construction. Double-acting engines are usually made 
with a weight of at least 100 kilogrammes per horse- 
power (2204 1b.). It is admitted that Otto cycle double- 
acting engines attain 90 to 92 per cent. mechanical! 
efficiency, whereas an output of only 75 to 80 per cent. 
was attained by two-cycle engines. This waste, being 
due to the work absorbed by the air-pump and by the 


14. DIAGRAM OF OECHELHAUSER ENGINE. 





gas-pump, cannot, however, deteriorate the value of the 
magnificent engines of which the Oechelhiiuser and the 
Korting are classical types possessing their own advan- 
tages. Double-acting Otto cycle engines attain a thermal 
efficiency of 28 to 30 per cent. relatively to the effective 
work—i.e., the horse-power hour is attained with about 
2200 calories (8729 British thermal units). This consump- 
tion converted into the volume of the different gases used 
industrially would be as follows :— 


Coke-oven gas, 585 litres (20.7 cubic feet). 

Mond producer-gas, 1760 litres (62.2 cubic feet). 
Anthracite producer-gas, 1850 litres (65.4 cubic feet). 
Blast-furnace gas, 2500 litres (88.3 cubic feet). 


This implies the mean chemical compositions and the 
average calorific values indicated on the synoptic drawings 
of the table of Fig. 13, which shows the normal content 
of each in hydrocarbons (Cx H» ), marsh gas (C H,), 
carbon monoxide (C O), hydrogen (H), carbonic acid 
(C O,), and nitrogen (N). 

he author will now examine in their main features the 
improvements in the construction of large engines during 
the last three or four years. In order to proceed chrono- 
logically, he will analyse simultaneously the present 
engines of the Oechelhiiuser and Kérting two-cycle type, 
and the double-acting Otto cycle engines of the Deutz, 
Cockerill, Niirnberg, &c., types. Amongst the numerous 
systems of gas-engines designed for the utilisation of the 
waste gases of blast-furnaces and producer-gas may 
mentioned the remarkable two-cycle engines designed by 
Mr. von Oechelbiiuser. 

Occhelhiiuser Engine.—This system was one of the first 
to be applied to high-power engines. It was put into 
putes in the early part of 1898 in the shape of a 600- » 

orse-power engine, and on that occasion disclosed its 


264 


ENGINEERING. 


[AuG. 25, 1905. 








excellent qualities which have continued throughout a 
period of seven years’ work. The main feature of the 
system consists in the ae of two trunk pistons 
working in a single cylinder, and thus reminds us of the 
device already applied for a certain number of years b 

Robson, and made by Scott Brothers, of Halifax (England). 
This engine was of the Otto type with distribution by 
valves, whilst the von Oechelhiuser — is of the two- 
cycle type, and the distribution is effected without the 
intervention of valves applied to the cylinder. This 
feature is the more interesting since, in large engines 
especially, the valves constitute delicate organs of difficult 
upkeep, lattes d to the high temperatures to which 
they are subject in the explosion chambers. The dia- 
gram, Fig. 14, shows the mode of —— two single- 
acting pistons. The front one is attached by a connecting- 
rod to the centre crank of a triple crank-shaft and works 
by thrust, at the time of the working explosion ; whilst 
the back piston is attached by a system of swing-bar and 
counter-rods to the side cranks and works by pulling at 
the time of the explosion. The first advantage of this 
arrangement is the attainment of perfect balancing of 


Fig.8. 
m: 


the workin 
with regard to which the driving efforts neutralise the 
reactions at the bearings. Again, the explosion chamber 
is formed by the cylinder itself and the ends of the pistons, 
when the latter approach each other at the time of the 
ignition of the gaseous mixture. The explosion chamber 
thus forms a chamber presenting the minimum of surface 
cooled by water circulation, and free from passages and 
recesses which, on the ignition of the explosive mixture, 
impede the movement of the pistons. These devices 
should have a manifest influence on the thermal output of 
the von Oechelhiiuser engine. The distribution is secured 
by the pistons themselves forming slide-valves, which 
uncover, and in their movement again cover the ports pro- 
vided in the cylinder for the admission of air and gas and 
the discharge of the products of combustion. 

Fig. 14 shows a diagrammatic section of the engine 
through the cylinder and the feed-pump. The openings 
in‘the sides of the cylinder serve for e the exhaust, a the 
admission of air, g the admission of gas. Before the 
pistons attain their dead centre, or outer end of stroke, 
the front piston uncovers the exhaust port e, then the 
back piston uncovers the air-inlet ports a, and the air, 
thus entering under pressure, sweeps the cylinder before 
it has uncovered the ports g admitting the gas, which then 
mixes with the air to form the mixture. The pistons then 
return inwards, and, as soon as they have again covered 
the openings which we have described, compress the 





parts, and particularly of the crank-shaft, | 





charge, in order to commence the operation anew. This, 
therefore, comprises two principal strokes—compression 
and expansion. The other operations, which consist of 
admission and exhaust, and correspond to one revolution 
in the Otto cycle engines, only occur in this case during a 
fraction of the cycle, owing to the fact that the gas and 
the air are introduced under pressure. 

The double-acting pump p, whose piston is fitted on the 
extension of the back piston of the engine, supplies it 
with air and gas respectively through the ges a! and 
g', terminating at the front face and at the back face of 
the pump piston c. The distribution is regulated in such 
a way that the passages a! and g! always contain air and 


gas under a pressure of 5 lb. to 6 Ib. for filling the working 


} 
| 





The Otto’ cycle engines are all provided with the Kért- 
ing valve-gear previously described, with the special 
mixing valve regulating the simultaneous passage of ai: 
and gas, and contributing to their homogeneous mixture 
before admission into the cylinder. This valve is autc- 
matic, and is lifted by the suction action of the piston 
only, falling back by its own weight as soon as the suction 
ceases—?.é., as soon as the inlet-valve closes through the 
compression. 

The Kérting Company makes Otto cycle-engines of 
the single-acting type in some fifteen sizes—from 10 to 
175 horse-power, the latter type having a diameter of 630 
millimetres (24.8 in.), with a piston stroke of 1020 milli- 
metres (40.16 in.), and performing 135 revolutions. The 


volume of the cylinder which corresponds to about 0.70 60 to 125-horse-power engines are provided with the coo!- 


of the total volume of the pump. The indicator diagram 


thus takes the form of Fig. 15, showing the exhaust, the 


air-scavenging, and the gas inlet from atob. The regu- 


ing device shown in Fig. 10, page 231 ante. The Kérting 
Company makes on the same system, but with two twin- 
cylinders, a 200-horse-power engine, being 490 millimetres 


lation is effected by variation of the quantity of mixture. | (19.29 in.) in diameter by 800 millimetres (31.5 in.) stroke, 
The compression is variable, but in order not to produce a | running at 160 revolutions per minute. It will be seen 
vacuum the entire charge is introduced in the cylinder. | that these dimensions are amply large, inasmuch as they 
The governor then controls the opening of a return valve, | effect the work specified with a mean pressure of 4.6 to 


Fig. 17. LONGITUDINAL SECTION 


(OECHELHAUSER) 





which enables a part of the mixture admitted to be 
returned to and stored in the piping. 

Fig. 16 shows a section across the distribution ; 
Fig. 17, a longitudinal section; and Fig. 18, above, a 
plan. The two latter represent an engine with blowing 
apparatus (on the right) for blast furnace. The gas and 
air-pump is shown in a dotted line under the surface on 
the horizontal view. The von Oechelhiiuser engines have 
been made since 1899 by the Deutsche Kraftgas Gesell- 
schaft. Several important firms are making them under 
licence, or for their own account, after having acquired 
the patents. Thus some sixty of these engines, repre- 
senting a total power of 50,300 horse-power, have found 
their way into different countries, and particularly for 
use in metallurgical establishments. 

Kérting Enaines.—Messrs. Kérting Brothers, of Han- 
over, have made gas-engines since 1881 and producers 
since 1889. Up to 1896 this firm had turned out about 
3500 engines, representing 15,000 horse-power. Since 
that time the Kérting Works, now carried on under the 
name of Kérting Brothers, Limited, has produced 7200 
new engines. In recent years in ticular, 50,000 horse- 
power in two-cycle engines of their special type have 
been supplied. Side by side with the construction of the 
two-cycle engines the construction of the four-cycle type 


y 
has developed, and the sale has attained 100,000 horse- | 


| 





4.7 kilogrammes per square centimetre (65.4 Ib. to 66.8 Ib. 
per square inch) on the piston, even if a mechanical effi- 
ciency of 80 per cent. only is considered. As a matter 
of fact, single-acting Kirting engines usually exceed that 
output. Above 250 horse-power the Kérting Company 
pene its double-acting two-cycle type, which is used 
both with producer-gas, with blast-furnace gas, and with 
coke-oven gas. 

These types, being doubled, enable twice the power to 
be obtained ; and, if necessary, an engine of 3000 horse- 
power with two cylinders, each of 1500 horse-power, with 
a common shaft and fiy-wheel only. In this engine the 
work is effected in the same manner on the two sides of 
the piston, which is supported by rods working in stutting- 
boxes. The double-acting two-cycle engine is represente 
in elevation and in horizontal and vertical sections 1m 
Figs. 19 to 22, on the opposite page. Its action 15 as 
follows :— 

1. The ignition of the mixture and the development of 
the motive pressure take place after the introduction of 
the charge, and quite close to the back dead-centre of the 
piston. 

2. The expansion of the ignited mixture and the trans- 
mission of the power to the crank-shaft take place during 
the forward motion of the piston. 

3. When the piston has reached its front dead-centre, 


power, whilst at the present time engines are under con- | the expulsion of the products of combustion and the ad- 
struction representing several thousands of horse-power. | mission of the new mixture take place, 
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4. During the backward stroke of the piston the latter 
produces the compression of the explosive mixture. 

This work, which is accomplished in the Otto cycle 
single-acting engines during four strokes of the piston, is 
effected in the Kérting engines in two strokes, the ex- 
pulsion of the residuum of the combustion and the intake 
of the new charge being effected during the very short 
time in which the piston is in the vicinity of the front 
dead centre. The working piston B does not effect the 
suction of the mixture; the latter is delivered to the 
cylinder A by pumps D and C, and the new charge itself 
expelling the products of combustion which it afterwards 


— 
he introduction of the new mixture, therefore, takes 
place in the following way :— 

1. It distributes itself at-once over the whole section of 
the cylinder, and thus drives out uniformly the old mixture. 

2. A stratum of neutral gas interposes itself between 
the new mixture and the hot residuum of the precedin 
explosion, preventing the contact of the two mixtures al 
premature ignition of the new charge. 

The exhaust ports i of the products of combustion are 
placed in the centre of the cylinder, and form annular 
orifices ; the piston, of a length equal to its stroke, less the 
width of the exhaust openings (one-tenth of the stroke) 
itself closes these openings alternately to the back and 
front ends of the cylinder. The exhaust of the products 
of combustion, and the introduction of the new charge 
expelling the last traces of gas of the previous explosion, 
take place in a time equal to that of the opening and 


Fig.19. DOUBLE-ACTING 2 CYCLE TYPE. 
(KOERTING.) 








plies the gas, so that a mixture of the desired composi- 
tion reaches the engine in the place of pure air. The 
air-pump acts as a steam-engine with full admission. In 
the gas-pump the closing of the suction takes place after 
the piston has performed 40 to 50 per cent. of its stroke 
only. During this period the delivery remains closed, 
and the gas, drawn in during the preceding stroke, re- 
enters the suction-pipe. 

During the second period of the piston stroke, the pump 
delivers the gas, and from that time the two pumps de- 
liver together and air with the same speed per unit of 
time, so that the composition of the mixture remains the 
same. The inlet valve of the engine is not open at the 
commencement of the delivery stroke of the piston of the 
air-pump; it opens only after the pump piston has per- 
formed about half itsstroke. During this time air accu- 
mulates in the passage and, in consequence of its pressure, 
passes into the gas passage, forcing back the gas, as the 
gas-pump is not at this time delivering. Pure air only, 
therefore, enters into the cylinder on the opening of the 
inlet valve until the gas-pump begins to deliver. In this 
way the cylinder is scavenged, and an insulating stratum 
formed before introducing the explosive mixture, which is 
always of a uniform composition. 

The regulation of the engine is obtained by two 


means :— 
1. By retarding the delivery of the gas-pump. This 
retardation is obtained by operating the slide-valve of the 










ae by a link operated by two different eccentrics ; the 
ink being shifted by the action of the governor, which 












































Fig.23. ADMISSION-VALVE ADMITTING AIR BEFORE 
MIXTURE 2-CYCLE ENGINE. (KOERTING) 


A. Cylinder. 
B. Working piston. 














which drive from their crankshaft blowing-engines for the 
blast furnaces. This installation constitutes up to the 
present the most important power-house in the world. 

Several important installations have also been made for 
the utilisation of lignite, which is very abundant in many 
parts of Europe and America. This lignite is treated by 
— producers supplying gas under pressure. An 

ectric station installed at Julienhutte, consists of Otto- 
cycle engines, single-acting, of which three of 300 horse- 
power are of the twin type, with fly-wheel dynamo, and 
one is a single cylinder of 125 horse-power, with dynamo 
on the crankshaft. The latest important installations of 
Kérting’s two-cycle engines have been undertaken by 
the parent com y of Hanover and consist of 104 
engines, developing in all 89,125 horse-power. 

Uockerill Engines. — Mention has made of the 
successful trials of the Cockerill Company, which, as far 
back as 1894, made its first experiments on a small engine 
driven by gas from its blast furnaces. Four years later 
this firm constructed, from the details furnished by the 
late scientist, Delamare-Deboutteville, the 200-horse- 
power engine which at the present time is still driving an 
alternating-current dynamo for the production of motive 
power. Then came the famous engine of 600 horse-power, 
single-acting, which drives a blowing apparatus for the 
blast furnaces delivering 500 cubic metres of air at a 
pressure of 40 centimetres mercury (15}in.). This engine, 
started in 1900, formed the subject of memorable ex- 
| om. undertaken under the direction of Professor 

ubert, with the collaboration of some experts, such as 
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C. Air pump. 
D. Gas pump. 
E. Cam shaft. 
H. Pumps connecting-rod. 





aa’. Air passage. 
cc’, Gas passage. 
e. Exhaust. 
i. Exhaust ports. 
m. Explosion chambers. 
o. Water jacket. 
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the closing of the ports by the piston. The inlet-valves, 
which are of the flat type, closing by a spring, are ope- 
rated by cams, and are situated one at each end of the 
cylinder. Gas and air are supplied by separate pumps 
D and C ; the mixture takes place at the entrance to the 
cylinder only. These pumps in the first instance deliver 
pure air to the cylinder, and then a mixture of uniform 
composition, the quantity of which alone varies, to regu- 
late the power of the engine. The pumps introduce the 
mixture at a pressure of about 15 1b, Their pistons are 
therefore at the end of the stroke as soon as the engine- 
piston has again covered the exhaust openings, and the 
ompression of the mixture commences. The pistons of 
the two pumps are on the same rod, they have the same 
ovement, and the composition of the mixture depends 
on the relation between hetue pistons only. 

The air- es a, a and gas- ges c, c terminate 
at the inlet valve. It follows that, on the opening of 
this valve, the fluid which is nearest it will enter first 
nto the engine-cylinder. If, then, by a device of some 
kind air can be passed into the gas- e driving out 
the gas, air will then be on both * sides of the valve, as 
hown in Fig. 23; it is certain that, on the opening of the 
valve, it will first cause pure air to pass into the cylinder 
until gas has reached the valve. Taking into account 
this material point, it is easily understood how the pumps 
.ct in order to introduce the charge and late it, 
Fig. 24 (above). As we have already oid, ther draw 
and deliver at the same time. What has to be done is 
first to introduce pure air and then an intimate mixture 
always of equal composition ; the gas-pump should work 


ge delivering gas for a certain time, during which 








air-pump is at work. The gas-pump afterwards sup- | 


Air’ 
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raises and lowers it. This mode of regulation requires the 
use of a very heavy governor. tankl 

2. By establishing a passage (communication) between 
the delivery and suction of the gas-pump. This passage 
is provided with a throttle-valve (butterfly), actuated by 
the governor. When this valve is partly open, a more or 
less large quantity of gas re-passes during the suction 
period, and during the first period of the return of the 
piston, from the delivery to the suction chamber. 
The gas column recedes into the sage, near the inlet 
valve, and is replaced by air. On the opening of the inlet 
valve a quantity so much the richer in airand the weaker 
in gas enters the cylinder, according to the opening of the 
valve. The regulation is effected, as in the first case, by 
means of a link. The ignition of the mixture is effected 
electrically by means of two magnetos. For starting the 
engine comp air is used. 

It is the Kérting Company which has so far fixed the 
most important installations, and they necessarily consist 
of double-acting engines. Mention may be made of the 

wer-station of 5500 horse-power of the Gutehoffnungs- 
Putte establishments, at Oberhausen, Kheinland, equipped 
with seven engines, four of which are 1000 horse-power 
and three of 500 horse-power. The Kérting engines 
were the first explosion engines used in America for the 
utilisation of blast-furnace gas, which innovation was the 
more remarkable as it involved, at the outset, a total 

wer of 42,000 horse-power. It was carried out by the 

e la Vergne Refrigerating Machine Company, of New 
York, for the Lackawanna Iron and Steel Company, of 
Buffalo (N.Y.), and consists of ten coupled dynamos and 
two-cylinder engines of 1000 horse-power each, for elec- 
trical service; and sixteen engines of the same power, 




















our friends Aimé Witz and the late Bryan Donkin. In 
order to increase the power of the engines without addin 
to the dimensions already involved by a piston of 1; 
metres (51 in.) in diameter by 1.400 metres (55} in.) stroke, 
the technical department of the Cockerill Company then 
designed an engine with tandem cylinders, which enabled 
the as to be doubled, whilst increasing the regularity. 

The Cockerill Company was one of the first to take up 
the construction of double-acting sage, and thus 
created at the end of 1901 its first single-cylinder Otto- 
= engine, of 1200 horse-power, for the blast furnaces of 
their own works. The construction of double-acting 
engines has become common, and they have replaced the 
single-acting type, which is now only constructed in ex- 
ceptional cases. Before arriving at their present type, 
the Cockerill Company created quite a series of engines, 
all of which are remarkable for a manifest tendency 
to depart from common principles in order to attain 
original forms and devices of real interest. As makers of 
machinery for the iron industry, the Cockerill Company 
is, infact, in a better position than most le to appre- 
ciate the many uirements to be satisfied by engines 
suitable for this industry. 

One of their lutest types of copie double-act- 
ing engines, driving a *‘ Southwark” blowing-engine, has 
the ieliowing interesting dimensions :— 

Diameter of the engine 


piston 


sia oi ... 1.300 m. (4 ft. 3,4, in.) 
Diameter of the blower 


piston... ... 250 ,, (7 5, # » ) 
Stroke of the pistons Lee «9 638 ) 
This blowing-engine has to furnish air at a pressure of 








266 


ENGINEERING. 


[AuG. 25, 1905. 





0.6 metre (23.6 in.) mercury, and develop at 80 revolutions 
per minute 1200 horse-power. The double-acting tandem 
engine of 500 horse-power, has the following dimen- 
sions :—Diameter of piston D = 0.600 metre (23.6 in.) 
x stroke C = 0.800 metre (31.5 in.), at 130 revolutions. 
The engines present a characteristic aspect, and care- 
ful investigation of the tensile strains and other stresses 
to which the different parts are subject have given rise 
to the creation of special forms peculiar to the Cockérill 
engine. The strength and simplicity of the engine 
have thereby been improved, but the neat appearance 
to which we are accustomed has perhaps lost some- 
thing. Still commercial considerations are the most im- 
portant. The frame consists of two strong cast-iron 

irders, which extend the whole length of the engine 

tween which the cylinders are placed, and which are 
terminated by the cross-head guides and the bearings of 
the crankshaft. The cylinders, by reason of their being 
fixed by bolts and keys, are independent of the frame. 
They are cast with their jacket and connections for the 
inlet valves at the top, and exhaust valves at the bottom. 

The piston cons’sts of two parts, bolted and secured to 
the rod by collars, thus dispensing with screwing, which 
is Fate, he for transmitting great strains. As in the 
case of all double-acting engines, the piston is cooled by a 
circulation of water under Pea gmece passing through the 
rods. Apart from the cylinder jacket, the ends are pro- 
vided with a water circulation, as also are the valve 
chests (boxes), as well as the brasses of the crankshaft and 
the cross-head guides. The regulation is effected in two 
ways, according to the type and the application of the 
engine. For high-speed engines, where the masses in 
movement are considerable, and for which great regularity 
is required, a high compression is necessary to assist in 
giving uniformity. In thiscase the regulation is effected 
by varying the composition of the mixture, and in keeping 
the air supply constant. The total volume being in- 
variable, the compression likewise remains constant. 

In the case of engines working with less speed, and 
whose variable revolutions, as in the case of those driving 
blowing-engines, which contribute to the balancing of the 
working parts of the engine, regulation by variable ad- 
mission P vasiahie uantity of charges of uniform com- 
position is used. a consequence, the compression 
varies. In both cases the valves are operated by cams 
and springs. The inlet valves are returned to their seat 
by a ratchet movement with air-pump. The types con- 
structed by the Cockerill Company are divided into :— 

1. Single-cylinder engines. _ 

2. Engines with two twin cylinders. 

3. Engines with two cylinders tandem. 

4. Engines with four cylinders twin-tandem. 

These types can be seen from Fig. 12, e 263, showing 
the diagram of the arrangement. The two kinds of 
regulation are applicable, according to each case, to the 
different types enumerated. The double-acting single- 
cylinder engines are made up to 1500 horse-power, but 
their coefficient of cyclic irregularity with standard fly- 
wheels is fairly high, so that this type of engine is rare 
used, except for driving blowing apparatus, or other se 4 
not requiring absolute regularity. With their engine of 
the four-cylinder twin tandem type, double-acting, the 
Cockerill Company can obtain a prime mover of 5000 to 
6000 horse-power. ; 

The total number of engines constructed up to the 
present by the Cockerill Company and their concession- 
aires has reached 148, representing in all 102,925 horse- 
power, or an average power per engine of about 695 horse- 
The purposes for which they are employed are 


power. 1 
approximately the following :— 
Per Cent. 
Electrical purposes... a 45 
Blast-furnace blowers sad sve 52 
Rolling-mill —... A aa Jes on 2 
Various purposes ae me <n ss 1 
(To be continued.) 








DREDGING THE Mersry,—The dock engineer’s annual 
report on dock works at Liverpool and Birkenhead, which 
was submitted to the last meeting of the Mersey Docks 
and Harbour Board, gives a general survey of the con- 
structive work undertaken by the board. With regard 
to dredging, the report states that the total quantity of 
sand removed from the bar and shoals in the Queen’s and 
Crosby channel during the year ending July 1 past was 
9,119,100 tons. The quantity of sand removed from the 
bar since the commencement of dredging in 1890 has been 
33,240,740 tons, and from the shoals in the Queen’s and 
Crosby channels, 54,861,230 tons. The condition of ' the 
bar has been a maintained during the year, the ruling 
depth in the dredged cut being about 27 ft. at low-water 
spring tides. The report was considered satisfactory. 


Zino-Correr A.ioys.—Mr. E. 8. Shepherd (in the 
Journal of Physical Chemistry) states that Sir W. C. 
Roberts-Austen, in the fourth report of the Alloys 
Research Committee (see ENGINEERING, vol. lxiii., pages 
220 and 253), concluded from melting-point determina- 
tions that five different solid phases exist in the series of 
copper-zine alloys, but the author has succeeded in recog- 
nising six different solid phases. These six different 
crystalline forms, as discovered by microscopic examina- 
tion, have the following composition :— 

a, 71 to 100 per cent. of copper. 


B, 45 ” 64 ” ” 
Y 31 ” 4 ” ” 
6, 23 ” 30 ” ” 
€, ” 19 ” a 
» 0, 265 a me 


The crystals vary in colour from blueish-gray to red ; the 
appear to be solid solutions, not chemical compounds. “ 





CATALOGUES. 


We have received from the Standard Engineering 
Company, Sayx<r-lane, Hunslet, Leeds, their catalogues 
of pumping-engines and of their Kirby’s patent organ- 
blowing machinery for hydraulic, gas, oil, or electric 
power. The company have taken over the business of 
the late John Ramsbottom. é . 

Messrs. W. H. Bailey and Co., Limited, Albion 
Works, Salford, Manchester, have cent us their catalogue 
and a number of notices descriptive of their air-com- 
pressors, valves, sight-speed indicators, pressure-re- 
corders, steam-traps, ure-reducing valves, and other 
steam apparatus and fittings, of which they have made a 
age 

The Paterson Engineering Company, Limited, Am- 
berley House, Norfolk-street, Strand, W.C., have issued 
leaflets illustrating their water-softeners and purifiers 
for power plants. One of the installations shown is that 
ee to the Borough of Wimbledon Electricity Works, 
8.W., which softens and filters 4000 gallons hourly of 
muddy river water, rendering the works independent of 
the town supply. The cost of treatment is stated to be 
1d. per 1000 gallons. ° 

essrs, Estler Brothers, 25, Laurence Pountney-lane, 
E.C., have sent us a blotting-pad which they are dis- 
tributing to advertise their aluminium, gun-metal, and 
brass castings. 

The British Thomson-Houston Company, Limited, 
publish their pamphlet No. 182, which gives an illus- 
trated description of their lightning-arresters for alter- 
nating and continuous-current circuits. 

Messrs. W. N. Brunton and Son, Musselburgh, N.B., 
issue catalogues describing their wire ro They con- 
tain a number of useful directions for guidance in order- 
ing ropes, for fixing in rockets and clips, and so forth. 
Sections of ropes are given showing the several types 
manufactured. 

We have received from Messrs. R. and J. Beck, 
Limited, 68, Cornhill, E.C., their illustrated catalogue 
of microscopes and a for the preparation and 
examination of metals. The catalogue covers a wide 
range of instruments and accessories for the purpose in 
question, and will be found useful by metallurgists. 

The Lawrence Patent Water Softener and Steriliser 
Company, Limited, Norland Works, Uxbridge-road, W., 
call our attention to their leaflets descriptive of their 
patent ‘‘ Utilitary or Expeditionary” pattern of port- 
able water sterilisers. These contain an automatic device, 
which makes it impossible for any water to pass through 
unsterilised. 

The Audley Engineering Company, Newport, Salop, 
have sent us their lists of cast-iron gland cocks and main 
cocks, manufactured in sizes varying from 2 in. to6 in. ; 
also of their tube-screwing machines; adjustable expand- 
ing die-heads ; parallel and machine vices. The company 
also manufacture the Parker’s patent spray-pump, for 
lime and colour-washing, and agricultural purposes. 

Messrs. Baird and Tatlock, 45, Renfrew-street, Glasgow, 
have sent us a leaflet illustrating their machine for grind- 
ing and preparing sections of metals for microscopical 
“Fie Doses Badnewieg O Limited, Paignt 

e Devon Engineering Company, Limited, Paignton, 
Torbay, makers of the ‘ Gales ” oil-engine, have ye 
a leaflet describing this engine, which is claimed to be the 
simplest on the market. It is manufactured in seven sizes, 
ranging from 3 to 12 brake horse-power. 

Messrs. J. H. Tucker and Co., 217, Shaftesbury-avenue, 
W.C., have issued a catalogue of their electric-lighting 
accessories. It contains over sixty pages of illustrations, 
dimensions and prices of each fitting they supply, and is 
completed by a good index. 

Messrs. R. Y. Pickering and Co, Limited, Wishaw, 
near Glasgow, have issued an illustrated catalogue in 
English, French, and Spanish, giving particulars of a 
number of carriages and wagons of different types for 
various purposes, which they have built both for British 
and foreign railways. 

**Modern Machine-Tools” forms the title of a cata- 
logue just published dl Messrs. Dean, Smith, and Grace, 
Limited, Worth Valley Tool Works, Keighley. This 
illustrates and describes a large number of new types of 
lathes which the firm have designed and built specially 
with a view to meet the introduction in workshop prac- 
tice of high-speed tool-steel. The makers claim to be the 
pioneers of the high-speed lathe. 








UniversaL Dirxctory oF Rartway OrriciALs, 1905.— 
This useful directory has now reached the eleventh year 
of its publication, and the edition recently issued has been 
carefully revised and brought up to date. Practically 
all the tramways worked by power in the United Kingdom 
are now included. The type for the edition has been 
entirely re-set, and the ‘‘ Personal Index ” at the end of 
the book has been re-arranged, and the reference numbers 
now refer to the numbers of the railways, and not to the 
pages. The contents of the book have been compiled 
entirely from official sources, and great trouble has been 
taken to insure accuracy. It has not been easy in some 
cases to obtain the desired information, particularly in the 
case of railways inthe Far East. The length of each rail- 
way is pl immediately after its name, the length 
being given in English miles or in kilometres, after which 
comes the amount of rolling-stock owned by the company, 
and then the names of the officials. A useful piece of 
advice is given in the preface, to the effect that all users 
of the directory should, to avoid trouble, put the name of 
the railway in the language of the the particular country 
in which the ——- is located, as given in the directory 
—e after the English names. The book is pub- 
lished by the Directory Publishing Company, Limited, 
3, Ludgate-circus Buildings, E.C. 





LAUNCHES AND TRIAL TRIPS. 


On Wednesday, the 16th inst., Messrs. Craig, Taylor, 
and Co., Limited, launched from their Thornaby Ship- 
building Yard, Thornaby-on-Tees, a spar-deck screw 
steamer, the Claverhill, of the following dimensions :— 
369 ft. by 49 ft. by 28 ft. 9in. She is built of steel to the 
highest class in Lloyd’s under special survey. Her 
engines have been constructed by the North-Eastern 
Marine Engineering Company, Limited, Sunderland, the 
cylinders being 26in., 42in., and 72in. in diameter, 
with a 48in. stroke; with three large steel boilers to 
work at 1801b. pressure. She has been built to the 
order of Messrs. Edmund Haslehust and Co., of London. 





On Wednesday, the 16th inst., Sir Raylton Dixon 
and Co., Limited, launched from their Cleveland Dock- 
yards, Middlesbrough, a steel screw cargo steamer, 
the Pathan, built to the order of Messrs. Gellatly, 
Hankey, and Co., of London, for their China and Japan 
trade. This vessel is being built to Lloyd’s highest 
class three-deck rule. Her principal dimensions are :—— 
372 ft. by 50 ft. 3in. by 28 ft. 44 in. moulded, with a dead- 
weight carrying capacity of about 7050 tons on a light 
draught of water and capacity for about 10,000 tons mea- 
surement cargo. Triple-expansion engines will be fitted 
by Messrs. Kichardsons, Westgarth, and Co., Hartle- 
pool, having cylinders 25in., 40 in., and 68 in. in dia- 
meter, with a 48-in. stroke, supplied with steam by three 
large single-ended boilers working at 180 lb. pressure. 


On Wednesday, the 16th inst., there was launched from 
the yard of the Sunderland Shipbuilding Company, 
Limited, Sunderland, the Kingsland, a steel screw steamer 
314 ft. in length between perpendiculars, by 48 ft. broad, 
by 23 ft. deep, and with a dead-weight carrying capacity 
of 4900 tons —_ a light draught of water. The main 
engines have m built by the North-Eastern Marine 
Engineering Company, Limited, Sunderland, and have 
cylinders 23 in., 38in., and 62in. in diameter, with a 
42-in. stroke, steam being supplied by two extra large 
boilers working at a pressure of 160 lb. per square inch. 
The vessel has been built to the order of Messrs. 8. R. 
Ruston and Co., of Cardiff. 





On Thursday, the 17th inst., Messrs. William Gray and 
Company, Limited, launched the steel screw steamer 
Drumloist, which they have built to the order of Messrs. 
William Christie and Company, Limited, of London and 
Ardrossan. She is of the following dimensions, viz. :— 
Length over all, 346 ft.; breadth, 50 ft.; and depth, 
23 ft. 5in., and is specially designed for the owners’ railway 
wood sleeper trade. The cellular double bottom extends 
throughout for water ballast, with a large after k 
ballast tank, while the side tanks have capacity for about 
600 tons additional water ballast, giving over 1600 tons in 
all. These side tanks (McGlashan’s patent) extend 
through the main and after holds and engine room for a 
length of 190 ft., in way of which the ship has double 
sides, which add to her strength and safety. They are 
also of special advantage when ore, coal, or grain cargoes 
are carried, presenting a smooth surface, which is easily 
cleaned down, preventing the lodgment of dirt which 
occurs in ordinary vessels behind stringers and between 
the frames. The side ballast also improves the behaviour 
and speed of vessels running light, and considerably 
reduces the ‘‘ racing” of the machinery. It is under _ 
control, and saves the cost and delay of shipping rubbis 
ballast, which it is often necessary to take on board to 
insure a safe passage in ordinary vessels. The machi- 
nery consists of a set of triple-expansion engines and 
boilers capable of developing over 1500 horse-power, 
cylinders 244 in., 40 in., and 65 in. in diameter, with a 
42-in. piston stroke, and large main boilers, to work at a 
ae nam of 180 1b. per square inch, all by the Central 

farine Engine Works of the builders. 





On Thursday, the 17th inst., there was launched from 
the shipyard of Messrs. Cochrane and Sons, shipbuilders, 
Selby, the Java, a steel screw tug, measuring 94 ft. 
between perpendiculars by 19 ft. 6 in. by 11 ft. 6 in. 
depth moulded. The vessel has been built to the order of 
Mr. William Watkins, of London, and will be fitted 
with a engines by Mr. George T. Grey, of South 
Shields. 








Zinc-ANTIMONY ALLOYs.—K. Ménkemeyer has deter- 
mined the melting-point curve of these alloys, and also 
the time owemiel rom the beginning to the end of the 
eutectic crystallisations and polymorphous transforma- 
tions. The melting-point curve has two maxima—C and 
E—shown in the ta fe, and three eutectic points—B, D, 
and F. The composition of the alloys corresponding tv 
these points is given in the following table :— 








Be Composition in Parts Melting 
rates a st i inceatea Constituents of Point 
= a r; in Degrees 
Letter. a Centigrade. 
Zinc. Antimony. 
A 100.00 none Zn 419 
B 97.50 2.50 Zn+Znz; Sb» 411 
Cc 44.96 55.04 Zn3 Sb. 561 
D 37.50 62.50 Zn3 Sbo+Zn Sb 539 
E 35.48 64.52 Zn 8b 544 
F 21.00 79.00 Zn 8b+Sb 507 
G None 100.00 Sb 631 


The micro-structure of the alloys was in agreement with 
the existence of the two compounds Zn; Sb, and Zn Sb. 














AUG. 25, 1905.] 


ENGINEERING. 


267 








“ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


Comrirtzep sy W. LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS OF 1888—1902. 
The number of views given in the Specification Drawings is stated 
Where inventions are communicated from abroad, the Names, 
cs Scena try laa th Pet Ofer, Sl 
ma: 
Branch 25, Southam 4 Buildings, Chancery-lane, W.C., at 
the uniform 


aw of 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement of the nee of a Complete Specification, 
give notice at the Patent O, of opposition to the grant af a 
Patent on any of the grounds mentioned in the Acts. 


AGRICULTURAL APPLIANCES. 


17,751. W. C. H. Scott, Edinburgh, Motor Mowing 
Machine. [4 Figs.) August 16, 1904.—his invention has for 
its object to combine with a motor vehicle a mowing-machine or 
attachment whose cutting mechanism and other operating parts 
are actuated from the motor, which is carried by and serves to 
propel the vehicle. The improved attachment comprises the 
framework A, cutter-bar B, stationary knife-bar C, and other 
co-operating parts of a mowing-machine of any ordinary kind 
supported at the forward end on wheels D running on the ground 
and at the rear by a resilient connection to the motor vehicle 
frame F composed of the coil spring E mounted on the ends of a 
cross-bar E!, which in turn is attached to the frame F, one end 
of each of the springs E having a link connection to the forward 
part of the mower attachment. At the forward end of the vehicle 
framing F, and forming part of the mower attachment, is a cross- 
shaft G driven by chain gearing from the motor which propels 
the vehicle, and from said shaft G or from cranks or eccentrics H 


Fw. 1. T 


























7 781) 


on said shaft connecting-rods I extend forward and are linked to 
vell-crank or other levers on vertical axes K, from which the 
movable cutter-bar B is reciprocated, while the stationary knife- 
bar C and forward framing besides being ney pores on wheels is 
guided, and in part supported by lever-arms L extending forward 
from and centred on the cross-shaft G, from which also rear- 
wardly-extending handle-bars are connected, so that by pressing 
down the latter the cutters and framing A may be raised or 
lowered more or less. Longitudinally on each side of the moving 
attachment are rollers N suitably supported in bearings and 
driven by bevel or other gearing 0 from the cross-shaft G, the 
said rollers N being arranged to carry an endless apron, not 
shown, on to which the cut crop is directed from the cutter-bars 
B, C, and delivered to one side or the other of the machine, 
according as the apron is driven in one direction or the other, 
1eversing gear such a clutch being provided for the purpose, 
(Accepted June.29, 1905.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


15,846. J. W. Spencer, Newcastle-on-Tyne. Re- 
generative Furnaces. (3 Figs.) July 16, 1904.—This inven- 
tion refers to improvements relating to regenerative furnaces, 
and has for its object the attainment of greater certainty in the 
w —— of the valves and valve seats, and of those parts more 
particularly concerned in effecting the change of direction of the 
current in the flues and air flues, and their connections with 
the chimney Hue. A reversing valve is employed in the usual 
manner for directing the flow of the gas in its passage to the 
furnace ; but in the improved arrangement, separate and inde- 
pendent valves, having separate flue connections, are employed 
lor directing the gaseous products of combustion in their pas- 
sage from the furnace to the chimney flue. By this present 
arrangement, the issuing products of combustion, or waste 
gases, are admitted directly into the chimney flue instead of 
having (as formerly was the practice) to pass through the re- 
\ersing valve, through which the incoming gas had been admitted 
in its passage to the furnace. According to the present arrange- 
inent an essential feature presented is the k ng separate and 
distinct from each other of the admission and exit valvee. A 
indicates the gas reversing valve, and B B! the exit valves, sus- 
pended by chains 1, 1, and pulleys 2,2, which pulleys are caused 
to be worked in unison with the reversing valve A by means of 
the handle C and its connecting-rods and levers 3, 3, which ma; 

be of any suitable form. The valves B and Bl may, if sequel, 
be worked imdependently of the reversing valve A. The valves 
are operated in the following manner ; the gas entering by means 





of the reversing valve A from the gas-box D under the 
closed valve B!, and into the furnace in the direction indicated 
by arrows. The waste gases passing from the furnace escape 
through the valve B direct into the chimney flue instead of 
having to pass through the reversing valve-box, as already ex- 


7 








plained, is usually the case. The whole of the valves are next 
reverzed by means of the tilting of the lever C, as shown, where- 
upon the direction is reversed and the gas is made to travel in 
the opposite direction to that it had previously followed, the 
products of combustion being now drawn through valve B!. 
(Accepted June 15, 1905.) 


chester, maghasten, Birmingham. 
Governors. [2 Figs.) August 4, 1904.—This ee has 
for its object to permit of the speed regulation being more easily 
controlled over a very extensive range as required for the propul- 
sion of motor-cars and other such-like = and to prevent 
what is commonly known as “ hunting.” It consists in brief in 
the provision of a hydraulic ram arranged to close the throttle- 


has upon its one end a jaw engaging the muff H. The other end 
of the lever K is connected to a link O, having formed on its upper 
end a part P, having in it a cylindrical cavity sliding upon a cy- 


| lindrical boss Q on the underside of the capstan base, the two 
' parts forming together a vertical guide for the link O. Through 




















valve when the engine s exceeds a predetermined . 
the said ram being actuated by a pump driven from the engine 
and the regulation effected by an adjustable leak. In the mode 
of applying the invention illuscrated in the drawings to a petrol 
notor of the usual construction there is employed a small pump 
positively driven from the motor, and ccmprising a plunger a 
adapted for reciprocation in a cylinder ) mounted within a bath 
¢ from which the pump draws its supply of oil or other liquid, to 
deliver to the underside of a ram d arranged to act on the throttle- 
valve or valves of the motor, through the bell-crank lever e and 
rodf. A spring or weight which may act directly upon the ram 
d as indica by the arrow g is arranged, tending to hold the 
said valve open and to exercise an approximately constant pres- 
sure on the fluid under the ram d when the engine is at work. A 
needle-valve h is employed to control a leak or by-pass by which 
oil is allowed to overflow from the delivery side of the pump and 
so pass back into the well or bath c. The needle-valve has a 
screwed stem and a milled head to provide an adjustment under 
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the control of the driver. The preferred means for operating the 
pump are as follows :—On the inner end of a spindle rotated by 
the motor is an eccentric working in a circular aperture in the 

ump ram a. The cylinder } is carried by a trunnion freely 
Biting within a bearing formed in one of the sides of the oil bat 
c; the cylinder can thus oscillate with the working of the plunger 
and so take up the lateral movement imparted by the eccentric. 
In the position indicated by the drawing the plunger a is at the 
bottom of its stroke. IT diately on the ncemen it of the 
up-stroke of the plunger the oscillatory movement imparted to the 
cylinder will bring the aperture 0? over a groove c! in the adjacent 
face of the bath wall ; the oil can thus flow from the bath into the 
cylinder, following the upward or suction stroke of the plunger a. 
By the completion of the suction stroke the cylinder will have 
been brought back to its central position, thus again placing the 
aperture 2 away from the groove. Immediately on the com- 
mencement of the down-stroke of the plunger the aperture 1? 
will be brought over the mouth of a delivery passage c* formed in 
the walls of the bath ; thus throughout the delivery stroke of the 
plunger the liquid is caused to force out the ram d or is by-passed 
to the bath again through the aperature controlled by the needle- 
valve h. By the completion of the delivery stroke the aperture 
U2 will have returned to its central position, mid-way between 
the groove cl and the mouth or inlet end of the delivery passage 
c2, (Accepted June 15, 1905.) 


LIFTING AND HAULING AFPLIANCES. 
24,413. G. H. Baxter, Dalmuir, 
Ra 





Dumbarton, 

Capstans. [1 Fig.) November 11, 1904.—This invention relates 
to hauling capstans of both the fixed and turn-over type in which 
the capstan head is connected to a vertical spindle working in a 
pillar formed on, or fixed, to the bed-plate and driven through 
gearing by steam, hydraulic, or electric power ; and has for its 
object to provide improved and simple mechanism whereby the 
capstan-head may be engag d with or di aged from its driving 
spindle in an expeditious and satisfactory manner. In carrying 
out the invention, according to the example shown in the drawing, 
one portion or member A of a ratchet-jaw clutch of ordinary type 
is carried by a block fitted upon the upper end of the capstan 
spindle B, and engaging that spindle by one or more feathers so 
that, while it is driven thereby, it can be slid endwise thereon and 
be engaged or disengaged with a counterpart member C, having 
lugs which are entered into recesses formed in the hollow interior 
of the capstan-head E, the member C being held in place by nuts 
upon studs passing through the mo into the body of the capstan- 
head. The endwise movable member A of the clutch is fixed toa 
rod G, passing down through an aperture in the spindle B. 
This rod G carries at its lower end a muff H adj bly secured by 
lock-nuts. The weight of the member A, the rod G, and the other 
ts are normally sufficient to k the members of the clutch in 
gear while working, but an additional weight or a ng may be 
rovided, if rae to this end. A lever K centred in a bracket 
P secured to a convenient part of the underframe of the capstan 











Vr 
“7 CL | 
! 
J . Y/; 
v | Y 
Yj Y, Oe UY 
Y wi! Ue 
y Mf i ! Y 
Ya | 
y ' 
Y it ] £ 
j it GY 
Y | YM, < 
iy i | 4 
ya / Gas Al 
~ SN ' ’ A : S — 
i , —f 
4 —- S i ar, iit 
- SN poked 
' 
| | Vi —— 
° ‘ = 
Li} . 
J 14 
° c i} Ze) 
fe) 
44/3) 


the boss Q there passes a rod R, carrying at its upper end a pedal 
8, and bearing at its lower end upon the bottom of the cavity in 
the part P. A rubbing-plate V carried upon the top of thé sta- 
tionary capstan pillar W extends over and engages the loose 
capstan-head E, preventing its rising should the pull of the rope 
tend to make it do so. (Accepted June 15, 1905.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


18,833. W. All and E. Allday, Birmingham. 
Chain-Pipe Wrenches. [7 Figs.) August 31, 1904.—This 
invention consists of improvements in chain-pipe wrenches, In 
constructing a chain pipe wrench, according to this invention, 
the acting end of the body of the wrench is made forked as 
usual, and is formed at or near the bottom ends of the blades of 
the forked body, and on opposite sides of the same with a pair 
of hook-shaped projections or horns. Shoulders or abutments 
are formed on the outer faces of the blades preferably adjacent 
to the horns or hooks. a@ is the handle end of the body of the 
wrench terminating in blades a!, a!, each of which has horns or 
hook-shaped projections on opposite edges. To the blades de- 
tachable gripping jaws }, b are fixed by screw pins. The inner 
ends of the detachable gripping jaws b, b, fit or abut inst the 
shoulders at the junction of the blades a!, a!, with the acting 
end of the body. The serrated part of the detachable jaws b is 
somewhat thicker than the unserrated part, a shoulder being 
formed at the junction of the thinner with the thicker part 
which shoulders fit or abut against the ends of the blades a!, a! 
at the end of the body of the wrench. The inner link d? of the 
chain d of the pipe wrench is preferably pivoted on a plain or 
cylindrical pin e, the ends of which take in axial holes in 





screw pins. The cross-pins f of the links of the chain have pro- 
ecting ends, which, when the wrench is in use, engage with the 
orns of the blades of the body of the wrench. By making the 
horns or hook-shaped projections for the ends or heads of the 
pins f of the links of the plate chain d to engage with, when the 
said chain encircles the pipe, rod, or the like to be gripped, on or 
in one piece with the forked y of the wrench, great strength 
is obtained in the said horns, and the loose jaws are more easily 
machined and finished than the loose jaws of ordinary chain Pipe 
wrenches ; and by providing shoulders or end bearings for the 
detachable jaws b, the said jaws may be very readily fitted to and 
reserved in place on the forked body of the wrench. Further, 
y the construction and arrangement of the parts of chain-pipe 
wrenches hereinbefore described and illustrated, the wha 
of the strain set up by the tension of the chain is thrown on 
the body of the wrench, the strain on the jaws being confined 
to the pressure of the serrated parts of the said jaws on the 
pipe, rod, or the like gripped by the wrench; it will also be 
understood that as the strain on the jaws b is borne by the 
shouldered abutments or bearings provided for the said detachable 
jaws, no shearing strain is thrown on the screw pins, by which 
the detachable jaws are secured to the blades a!, a! of the forked 
part of the body of the wrench. (Accepted June 29, 1905.) 


MOTOR ROAD VEHICLES. 


16,8¢4. F. W. Lanchester, Edgbaston, Birming- 
Power - Propelled Road - Vehicles. [7 Figs.} 
August 2, 1904.—This invention has for its object to permit of 
the distribution of power to each and all of the road wheels, 
thereby securing greater adhesion under all conditions of run- 
ning and less liability to skid or slip. It consists in brief in an 
arrang t of tr ission mechanism, whereby power may be 
applied to the steering road-wheels without interfering with 
their normal function, and means for the distribution of power 
through the said mechanism to the said wheels simultaneously 
with its transmission in the ordinary way to the normal driving- 
wheels of the car. In the mode of carrying the invention into 
effect as applied to a chain-driven goods lorry, a two-part counter- 
shaft or a sprocket-shaft a having its parts connected by a diffe- 
rential gear-box b of any ordinary and well-known construction 
is employed. The sprocket-shaft is mounted in suitable bearings 
transversely of the vehicle, that is to = parallel with the road 
wheel axles c and d under the goods platform and about midwa 
between the front axle-tree c and the rear axle d. The shaft a 
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driven in the usual manner from the motor, in part through bevel 
wheels or otherwise, and each part of it carries two chain sprockets 
gandh, Each sprocket g is a to gear by means of a chain 
7 direct to a sprocket built on to the as non-steering 
road-wheel k in the manner customary, whilst each sprocket / is 
arranged to gear by means of a chain itoa corresponding chain- 
wheel or sprocket carried by the front or steering-wheel axle 
or axle-tree c, and by means of which motion is imparted to the 
corresponding steering road - wheel through a train of bevel 


ae ae 





gears. With the foregoing arrangements the two road-wheels on 
either side of the lorry or vehicle have a rigid driving connection 
and so must rotate uniformly or ping will oceur between the 
wheels and the Differential movement of the two wheels 
on one side of the vehicle with t, to the two wheels on the 
other side is provided for by the differential gear-box b. But to 


provide for differential movements between the individual wheels | 


on each side there is employed additional gear-boxes which may 
be provided on the counter-shaft a.. (Accepted June 15, 1905.) 


16,959. F. W. Lanchester, Com- 
bined Clu and Gaange-Geae Mechanism. [7 Figs.) 
August 3, 1904.—This invention has for its object to permit ot 


the construction of a combined clutch and change-gear mechanism 
of the epicyclic type, in which the power is ed and trans- 
mitted direct from the motor to the propeller-shaft without the 
employment of a peripheral transmission, such as is usually 
deemed necessary; to construct a clutch and a brake that shall be 
capable of an indefinite amount of slipping without perceptible 
wear or injury, and to provide that the whole arrangement shall be 
readily enclosed in an oil-tight casing for the exclusion of dust 
and the effective lubrication of the working’ — In one mode 
of carrying the main portion of the present invention into effect 
as applied to the propulsion of a motor road vehicle, there is 
arranged on the — of the motor crank-shaft @ one or 
more trains of epicyclic gear, such as described and figured in the 
Specification of Letters Patent No. 4806, of 1900, and in the same 
order as there shown, beginning with the reversing gear next the 
motor frame. The driven shaft, as in the arrangement referred 
to, terminates in the star carrying the planet pinions of the low 
gear train, but in the present ae this shaft, instead of 
passing concentrically through a hollow driving-shaft, is arranged 
to pass in the opposite direction as a continuation of the crank- 
shaft a which now fulfils the function of the hollow shaft pre- 
viously employed. In the following description it is presumed 
that two trains of epicyclic gear alone are employed—namely, the 
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low gear and the reversing train. But a third driving speed, as 
figured in the specification aforesaid, can be readily provided if 
necessary. The pins forming the star on which the planet pinions 
as ) are mounted, project from 4 face-plate which is arranged to 
form the cover of a box d in which the clutch parts are enclosed. 
The end of the motor crank-shaft @ projects through a hole in the 
centre of this face-plate and carries in driving connection with it 
one of the frictional elements of the clutch, the other element of 
which is iu driving connection with the box d.- From the centre 
of the box opposite to the end of the motor crank-shaft, springs 
the driven-shaft e and this shaft, the box d and the face-plate are 
all formed or secured together to make one revoluble whole. It 
will thus be seen that the box that contains the clutch forms the 
means by which motion is conveyed from the change-gear trains 
to the propeller-shaft of the vehicle or vessel. On the driven-shatt 
é adjacent to the box d, which we will now term the clutch-box, 
is arranged a sliding collar / operated longitudinally by mechanism 
from the driver’s seat, and a number of small plungers g pass 
through the wall of the said box, and by applying pressure to the 
clutch elements within it cavse the clutch to become operative. 
It is preferred to arrange the brake to act on the driven shaft 
by a reversal of the motion of the lever that operates the clutch, 
and to this end the sliding-collar f is made, when moved in the 
reverse direction, to operate on a brake-block or ring that by pres- 


sure on a fixed abutment of suitable conformation brings the car 
to rest. (Accepted June 15, 1905.) 
PUMPS. 
tford, and F. D. Green, 


13,874. W.R. 
Wanstead. : ps. [1 Fig.| June 18, 
1904.—In direct-acting pumps of a type such as the Westinghouse 
used on locomotives for charging the brake pipe, the air is drawn 
into the pump and delivered to the reservoir both during the 
up-stroke and the down-stroke ; th» air-pressure being, however, 
considerably greater against the piston towards the end of its 
strokes than at the beginning. A is the steam cylinder, B the 
pump cylinder, and © and D are the respective pistons. The 
piston-rod E between the steam-cylinder piston C and the pump- 
piston D is considerably enlarged so as to uce, a8 compared 
with existing Westinghouse air-compressors, the effective area of 
the underside of the piston C and to increase relatively the area 
of the upper side of the said piston. The steam entering by the 
pipe F is admitted during the up-stroke by a port H at the bottom 
of the cylinder A. The admission-pipe F is longed at F! so as 
to project into the steam passage F?, the extension F! is 
formed through same at right angles to its axis with a bore, in which 
bore works a rod or -valve K provided with a port K! almost 
equal in size to the bore of the pipe F. If it is desired to admit a 


little live steam during the down-stroke, a small port K® is formed 
for this purpose. 
valve K* which covers and uncovers the 
nection with the 
piston K* and slide-valve K° in the usual manner. 


The rod or valve K is connected with the piston 
I that are in con- 
rt 0, which valve K is operated by a steam- 
During the 











eee steam passes through the port K! into the steam-passage 
, and thence through the port H into the space below the 
piston C. When the latter reaches the top of its s{jroke, the 
piston-valve K is shifted by the piston-valve K? in the usual 
manner, and takes the port K! out of register with the inlet pipe 
Fl, At the same time the valve K°? is shifted by the steam pres- 
sure in the space F2 so as to uncover the portsI andl). Steam 
now passes from the under-side of the piston to the opposite side 
by way of the port H, passage F?, and ports I and I), when the 
differential pressures will cause the piston to descend ; and durin 

this descent, if the port K? is provided, a little extra steam will 
be admitted through same, so that the steam is not entirely cut 
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off for the purpose hereinbefore set forth. At the end of this 
down-stroke the ports I, I! will be closed to steam admission and 
opened to exhaust by means of the piston-valve K3, which, as 
aforesaid, is operated in the usual manner. The steam-piston C 
will be rai by the steam pressure below its annular area 
admitted as before by the port K! registering with the steam inlet 
F!, and the same cycle will be repeated. It will be noticed that 
the stem K of the steam inlet-valve K3 is now shortened, that the 
steam inlet-valve at the bottom of the steam-cylinder is entirely 
done away with, and that a port H = remains ; the exhaust- 

e from the bottom of the cylinder is also done away with. 
Viconted June 21, 1905.) 


RAILWAYS AND TRAMWAYS. 


15,895. R. H. Wilkinson, Huddersfield. Brakes. 
(5 Figs.) July 18, 1904.—This invention relates to track-brakes, 
and the object is to provide such brakes as shall be simple in con- 
struction and attachment, reliable in action, and easy to operate, 


instantly press down the blocks with full force on the rails 
independently of the brake handle. By again connecting the 
clutch 23 the brake-blocks can be again raised by the spindle 26, 
as before described. (Accepted June 15, 1905.) 


63. C. H. Merz and &. G. Newcastle- 
on- 2, head Frogs. (3 Figs.) June 22, 1904.— 
This inyention relates to movable overhead frogs or switches for 
electric railways and tramways which can be operated at the will 
of the drivers of the cars passing under them. The frog is 
wholly or partly of conducting material electrically insulated 
from the trolley wires on either side, but connected thereto on 
one side at least by alead. Upon the frog is mounted an electro- 
magnet, one end of whose coil may be attached to the body of 
the frog or a conducting part thereof, and the other end to the 
trolley wire. The core or armature of the electromagnet is con- 
nected in any suitable way with the tongue or point of the over- 
head frog, and a counter spring or weight may serve to move the 
core or armature in the opposite direction to that of the pull of 
the electromagnet. 1 is the main part of the frame, which may 
be of any convenient conducting material, such as iron or bronze, 
and insulated by the insulating blocks 2 from the end pieces 3, to 
which the trolley wires are connected in the well known manner. 
4 is a strip of copper for maintaining electrical continuity between 
the trolley wires on each side of the frog. 5 is an electromagnet, 
one end of whose coil is connected to the binding screw 6, its 
other end being connected with the main part of the frame, so 
that it may be earthed through the car motor when the trolley 
wheel is in contact with the said main part 1 and the switch on 
the car is closed. This magnet is of the form of a solenoid, and 
when energised it pulls in its core in the direction shown by the 
arrow 7. 8 isan arm carried by one end of the core, and 9 is a 
spring, one end of which is attached to the movable point or 





tongue 13 of the frog, and the other end to the said arm 8. 10 is 
another spring, one end of which is attached to the movable 
point or tongue, and the other end to the main part 1 of the 
frame. The said spring 10 is of less power than the spring 9. 
Assuming that this frog is at a junction between.a main 
line and a branch line 11, and that the car is travelling from right 
to left, the motor-man may either go straight on along the main 
line 12 or along the branch line 11. If the motor-man finds it 

y to conti along the main line, he simply switches off 
current from the car-motors before the trolley wheel comes under 
the frog. No current therefore passes through the magnet, and 
the switch tongue 13 remains in its normal position, so that the 
car goes straight on. When, however, the motor-man wishes to 
go off on the branch line 11, he maintains the current through 
the car-motors, so that when his trolley wheel touches the main 
part 1 of the frame, current traverses the magnet through the 
following parts :—End-piece 3, strip 4, electromagnet 5, main 
part 1 of frame, trolley wheel, trolley pole, car-motors and car- 
wheels to earth. The coil of the electromagnet is energised and 
pulls its core in the direction of the arrow 7, and this pull is 
transmitted through arm 8, strong spring 9, to the point or 
tongue 13, which is then moved into the position shown in dotted 
lines in Fig. 2, at the same time stretching the spring 10. The 
trolley wheel is thus guided on to the branch line 11. As soon as 
the trolley wheel has passed from under the main part 1 of the 
frame, the circuit through the electromagnet is broken, and the 








either gradually or suddenly in emergency. 1 are shoes or frames 
to which are attached the wearing blocks of the brakes. The 
shoes 1 are provided with arms movable vertically in slides 
ttached by brackets, preferably to the truck or bogie frames 6 of 
the vehicle, so that the blocks can be raised from or lowered to 
the rails. Springs 8 are disposed with their lower ‘ends resting 
on the shoes, and their upper ends oe —_ heads 9 con- 
nected to the brackets. The springs tend always to press the 
shoes 1 and brake-blocks towards the rails, and should be suffi- 
ciently powerful to sustain a large part of the weight of the car 
when the blocks rest on the rails. e arm 13 on the shaft 14 
is connected by links 12 direct to the arm 3. 16 is a long arm 
fixed on the shaft 14, and connected by a connecting-rod 17 or 





























Gases 


the like to a pitch chain 18 passing round a toothed wheel 19 and 
an idle wheel 20. The wheel 19 is loosely mounted on a shaft 
21, carried in bearings on the frame of the vehicle, and is fur- 
nished with a clutch longitudinally movable on the shaft 21 by 
means of a fork and foot lever 27. 24 is a worm-wheel, also fixed 
on the shaft 21, and rotatable by a worm on a spindle 26, which 
may be rot by a handle. To raise the brake-blocks the 
spindle 26 is rotated, and the clutch 23, being engaged with the 
wheel 19, such wheel is rotated, and by means of the connections 
and levers 18, 17, 16, and 14, raises the arms 3 and blocks away 
from the rail. By rotating the spindle in the reverse direction 
the blocks are gradually lowered on to the rail with any desired 
degree of pressure from the springs 8. When it is desired to 
apply the brake with full force instantly in an emergency, the 
clutch 23 is pong from the wheel 19 by means of t the foot- 
lever 27, and the wheel 19 being then free to rotate on the shaft, 
the pull on the connecting-rod 17 is released, and the springs 8 








agnet is no longer energised, so that spring 10 pulls 
point 13 back into its normal position. (Accepted June 21, 1905.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


7396. L. W. J. Marsden, Longsight, Manchester, 
and the United States Metallic Packing Company, 
Limi Bradford. Piston. Packing. [8 Figs.) 
7, 1905.—According to this invention a pair or more of spring 
rings so constructed that an outward pressure is exerted on the 
cylinder wall, and having lapped joints cut parallel to their 
working faces, are contained Tesween a covering ring of angle 
section and a follower ring. The covering ring and the follower 
are lap-jointed. The outer face of the follower is rec , the 
walls of the recess*being bevelled. Into this recess is sprung 4 
lap-jointed split ring having its outer edge correspondingly 
bevelled and so constructed that an outward pressure is exerted. 
In Fig. 1 @ is the piston-block, b is the junk-ring of the piston and 
c is the cylinder ; d is the covering ring of angular section, and 
e, e are spring rings pressing outwards against the cylinder. / is 
the follower making“a lap-joint with the ring d, and g is the split 
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spring bevelled ring in the bevelled recess in the follower 8 
the ring g is fcrced into position, owing to the outward pressure 
exerted by it and the resistance offered by the bevelled edge of 
the follower f, an endway pressure is maintained, keeping the 
whole of the rings pressed a on their respective faces, the 
object being to prevent the leakage of gas, steam, &c., past these 
faces and behind the spring rings ¢, and the casing formed by the 
covering ring d and the follower /, thus obviating the necessity 
for what is known as steam or gas packing behind the piston 
rings. In the modification shown in Fig. 2 the arrangemen' 's 
duplicated, the |_-shaped covering ring d being replaced by a T- 
shaped-ring. Fig. 3 shows a modification in which the coveri"< 
ring d and the follower f are omitted, the faces of the sprin< 


ae having in them a bevelled recess to receive the bevelled 
sprin ° 


pring rings g. Fig. 4 shows a similar arrangement in which th 
rings ¢ are provided with renewable wearing faces. (Accep’ d 
June 29, 1905.) ; 
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NOTES ON CONCRETE 
By Lieutenant C. E. P. Sanxey, R.E. 

THE specification for concrete is generally given 
in the form: 2 parts of aggregate to 1 part of 
cement, and not unusually it is further stated 
that sufficient sand must be added to fill up the 
interstices, or voids, in the aggregate. 

Such a specification does not take into account 
the variation that occurs (even with the same 
material if broken into pieces of different sizes) in 
the percentage of voids ; for, obviously, if the per- 
centage of voids were doubled, the mortar of cement 
and sand filling the voids would only contain one- 
half of the proportion of cement. A specification, 
which is more logically framed, is given in Part ITI. 
of Rivington’s ‘‘ Notes on Building Construction,” 
where it is stated that :—‘‘The best proportions 
for the ingredients of a cubic yard of concrete to 
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be made with any given materials may, however, 
always be arrived at by ascertaining the contents 
of the voids in a cubic yard of the aggregate (with- 
out sand), and adding to the latter such materials 
as will make mortar of the best quality, and in 
sufficient quantity to perfectly fill those voids.” 

The concrete made in accordance with this specifi- 
cation would be, however, the strongest possible 
with any given aggregate ; and thus no provision 
is made for any gradation in the quality of the 
concrete so as to make it proportionate to the im- 
portance of the work. It is therefore proposed 
to expand the idea of the above quotation some- 
what as follows :— 

Having selected the aggregate to be used, ascer- 
tain the proportions of voids, and fill those voids 
with mortar of a quality adequate to the import- 
ance of the work. 

_The selection of the aggregate is generally a 
simple affair ; either the concrete is to be put to 
some normal use, when, as a rule, the most abun- 
dant or cheapest aggregate would naturally be 
employed ; or the concrete is to be put to some 
special use, such as a lintel over a door, in which 





case an aggregate of a special quality—i.e., the 
ability to take nails—is at once indicated. 

When ascertaining the voids, any sand contained 
in the aggregate must, of course, be removed, 
measured, and allowed for in calculating the 
amounts of the mortar ingredients. 

If concrete be regarded as a collection of small 
and irregularly-shaped bricks or stones, built in 
cement mortar, it follows that the best (and most 
economical) arrangement is to bond them together 
with the minimum quantity of the cement mortar 
of the quality decided upon, with the exception, 
however, of the cases in which the mortar is 
stronger than the aggregate. Fig. 1 shows the 
comparative strengths of some aggregates, and 
also of some different qualities of cement mortar. 
It is, however, of vital importance that there 
should be no spaces Jeft in the finished work ; 
and hence it is advisable to allow an extra quantity 


co0o 
000 





Fig.4 





a 






































3 \ 
s es 
0 
& * 
: NN. 
© 
$ 
= oN 
~ 
2 
wy 
« 
a I at 
° ee 
3 
by 000}- 
~] 
& 
i) 
3 © $5 6 
(49648) PROPORTIONS OF SANO TO | OF CEMENT. 




















O 3 CEMENT TO | SAND. 








CALLONS OF WATER REQUIRED FOR ONE CUBIC FOOT OF MORTAA. 





CUBIC FRET OF CEMENTAND SAND REQUIRED FOR ONE CUBIC FOOT OF MOATAR 

















° ’ 2 3 oe 5 
(0964C) PROPORTIONS OF SANO TO1 OF CEMENT. 


of mortar—say, 20 per cent.—beyond the calculated 
amount. 

As regards the quality of the mortar, Fig. 2 
shows the crushing strengths of mortars made with 
various —— of cement and sand ; from this 
curve can obtained the proportions of cement 
and sand needed to produce mortar of the desired 
strength. Or a gradation of mortar qualities might 
be tabulated as follows :— 


Quality A 3 cement to 1 sand. 
ie B 3 = “ 
» & 1 ” ja 
* D 1 - 14 ., 
%° F 1 ” 2 ” 
a 1 4 


(Intermediate qualities E and G can be added if desired.) 
Fig. 3 isa curve drawn from data given in Hurst’s 


make 1 cubic foot of various cement mortars ranging 
from neat cement to a proportion of 1 cement to 5 
sand. The reduction:in bulk of cement when 
mixed with water is 10} per cent., and when sand 
is mixed with water the bulk is reduced 20 per 
cent. The quantities needed for the mortar quali- 
ties tabulated above can be found from this dia- 
gram, and are as follow :— 


Quality of Mortar. 





Cement. Sand. Water. 

cub. ft. cub, ft. gals. 
A -90 30 2.35 
B 72 48 2.12 
Cc .60 -60 1.93 
D 48 ye | 1.66 
F 34 86 1.40 
H 24 .97 1.57 


Having decided on the mortar quality to be used, 
and knowing the percentage of voids in the aggre- 
gate, the quantities of the other ingredients can 


aggregate have 40 per cent. of voids, and suppose 
that the contained sand is negligible. ; ce, 
lcubic yard of the aggregate will contain 10.8 cubic 
feet of voids. The quantity of mortar to be made 
should be more than this—say 20 per cent. more, 
or say that 13 cubic feet of mortar are needed. The 
amount of cement, sand, and water required can be 
obtained by multiplying the figures in the previous 
table by 13, and are as follow :— 


Sand. Water. 





Quality of Mortar. Cement. | 

cub. ft. cub ft. gals. 
A 11.6 | 3.9 30.5 
B 9.4 } 6.2 27.5 
Cc 7.8 7.8 25.0 
D 6.2 9.4 21.5 
F 4.4 11.2 16.1 
H 3.1 12.6 20.4 


The proportion that the amount of cement bears 
to the aggregate and to the combined amounts of 
aggregate and sand for each of the above qualities 
of concrete is given in the following table :— 





Proportion of Aggre- 
Quality. | A ee to gate and Sand to 
‘ Cement. 
A 2.28 tol 2.65 to 1 
B 2.87 ,, 1 3.56,, 1 
Cc 3.46 ,, L 4.47,, 1 
D | 4.35 ,, 1 | 5.84 ,, LI 
F 6.13 ,, 1 8.64 ,, 1 
H a ee 12.70 ,, 1 


From this table can be judged the relative values 
of the qualities of concrete designated by A, B, C, 
&c., in comparison with concrete made in accord- 
ance with the usual specification of « parts of 
aggregate to 1 part of cement ; but it must not be 
forgotten that this last table has been obtained 
on the supposition that there are 40 per cent, of 
voids in the aggregate. 

The proposed specification for concrete might be 
worded somewhat as follows :— 

The percentage of voids in the selected aggregate 
is to be measured, and sand and cement are to be 
added to make sufficient cement mortar of the 
quality « sand to 1 cement, to fill these voids, plus 
20 per cent. 

hus, suppose that an aggregate has 10 per cent: 
of sand, and when freed from sand has 30 per cent. 
of voids, that it absorbs 10 per cent. of water, and 
that the concrete required is to be of quality D— 
that is tosay, the cement mortar is to be 1 cement 
to 14 sand. From Fig. 3 it will be seen that to 
produce 1 cubic foot of this quality of cement mortar 
0.48 cubic foot of cement, 1.66 gallons of water, 
and 0.72 cubic foot of sand are needed. Further, 
1 cubic yard of aggregate requires 1.20 x 27 x 
0.30 = 9.7 cubic feet of mortar to fill the 30 per 
cent. voids and to give 20 per cent. overplus. Hence 
to each cubic yard of aggregate must be added 


Cement, 9.7 x 0.48... = ... = 4.6 oub. ft. 
Water for mortar, 9.7 x 1.66... ... = 16.1 gallons 
»» absorbed by aggregate, 27 x 
COST gitneliegtie ae ok kan dae 
Total water ... on ~~ SOS » 
Sand, 9.7 x 0.72 — (sand in aggregate 
= yy x 27)... -- = 4.3 cub. ft. 


Thus the procedure before starting to make con- 
crete would be as follows :— 

1. Settle upon the aggregate to be employed, 
both as to its nature and its gauge. 

2. Measure the amount of contained sand in the 





and Molesworth’s ‘‘ Pocket-Books,” and shows 
the amount of cement, sand, and water required to’ 





aggregate, and this having been removed, deter- 


easily be calculated. Thus, for instance, let the . 
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mine the proportion of voids. Observe also the 
quantity of water absorbed. 

3. Choose the quality of concrete to be employed 
in the work. 

4. Calculate how much cement, sand, and water 
will be required for some definite amount of the 
aggregate—say a cubic yard—making allowance for 
the sand in the aggregate and the water absorbed. 

5. Have boxes or measures made to contain the 
calculated amounts of cement and sand and water. 
In the case of the water, a margin of, say, 10 to 20 
per cent. overplus should be allowed. 

Although the method is only suggested when 
considerable quantities of concrete are to be made, 
it may be objected that it involves considerable 
trouble and lengthy calculations ; but this is really 
not so, because, so soon as the proportion of voids, 
&c., have been determined (and this must be done 
under the present usual specifications), the quan 
tity of cement, sand, and water can be obtained 
by inspection from Fig. 3, combined with the simple 
calculations given in the above numerical example. 
At all events, when the work was finished, onc 
would have the satisfaction of knowing that one 
had made concrete with the proper proportion of 
ingredients, instead of the nondescript mass that is 
too often buried in a hole under that name. 

The following is a short description of a method 
for determining the voids, &c., in an aggregate. 

Obtain some water-tight receptacle, with an 
arrangement at the bottom for letting water drain 
off. The size is immaterial, but the larger it is the 
more accurate will be the experiment, but also 
more difficult will the apparatus be to handle 
Somewhere in the neighbourhood of half a cubic 
yard is convenient. Call this the ‘‘ tank.” 

Now find out how many times—say n— some 
smaller receptacle, which may becalled the ‘‘ bucket,” 
is contained in the tank, which is most conveniently 
done by filling the tank with water, one bucketful 
at atime. The capacity of the bucket need not be 
determined, but it can be called Q. Hence the 
capacity of the tank is nQ. After letting off the 
water, fill the tank with dry aggregate without 
removing the contained sand. Now fill up the tank 
with water, and suppose it just holds w bucketfuls 
before overflowing, sufficient time being allowed 
for the aggregate to thoroughly absorb the water. 
Let off the water, and then fill up again, and say 
that the number of bucketfuls is x. Now com. 
pletely empty the tank, and fill again with dry 
aggregate from which the sand has been screened, 
care being taken to pack the aggregate into the 
tank exactly as before. Again fill up with water, 
this time with y bucketfuls (giving time for absorp- 
tion), then let off the water, and fill again with z 
bucketfuls. 

From the data thus obtained the following de- 
ductions can be made :— 

Voids in n Q cubic feet of wet aggregate free from 
sand = =Q cubic feet. Therefore the aggregate has 


100 *_ per cent. of voids. 
n 


Water absorbed by nQ cubic feet of dry aggre 
gate free from sand = (y—z) Q cubic feet ; and, 
therefore, 100 ¥—* 

n 
absorbed. 

Contained sand in nQ cubic feet of aggregate is 
(z-x) Q cubic feet ; and, therefore, 100 *~* is the 

n 


is the percentage of water 


percentage of contained sand. 








THE REMUNERATION OF 


ARBITRATORS. 

Everyone who has experience as an arbitrator 
knows that, unfortunately, it sometimes happens 
that in the settlement of the dispute which has 
been referred to him he may quite innocently start 
another in which he himself is not an arbitrator, 
but an active party. H> may be the most 
experienced and the most just of men, and his 
whole aim may be, and no doubt is, to do justice 
between the parties; but even if he succeeds in 
drawing up an award which is not open to attack 
in any detail, there still remains one point on 
which he may give offence and thereby lay up for 
himself a store of trouble and annoyance. This 
is, the announcement of the amount of his 
fees as arbitrator or as umpire. Some of the 
questions which arise for settlement in discussions 
on this matter have been discussed on a former 


occasion (September 9, 1904) in the columns of! 





ENGINEERING, and it is not proposed to repeat here 
what was said then. We may with advantage, 
however, supplement that information by dealing 
with a class of arbitrations which was not touched 
upon in the earlier article, and by pointing out by 
reference to two recent cases—each representative 
of a class—some important differences between the 
tules governing the fees of arbitrators in an ordi- 
nary submission to arbitration, and those prevailing 
in a reference by order of the Court. Each class of 
arbitration is of common occurrence, and it is of 
importance that engineers who are called upon to 
act as arbitrators should observe the distinctions 
between them. 

The Arbitration Act, 1889, covers both a submis- 
sion to arbitration by consent of the parties and a 
compulsory reference by order of the Court; but 
it contains two sets of provisions, each of which 
only applies to one type of reference, and not to 
the other. Only the first class was dealt with in 
the former article, and it was there shown that, as 
a general rule, an arbitrator’s fees in such a case, 
when once declared by him, cannot be questioned 
except on the ground of extortion or duress. As 
an arbitrator usually ‘‘sits on his award ’’—to use 
a common phrase—until his fees are paid, the 
Courts are prepared to examine into any question 
of an exorbitant claim; but unless it is clearly 
shown that the claim is extortionate, and altogether 
unreasonable, they will not alter the arbitrator’s 
own assessment. It is true that the costs of an 
award may be taxed, but that taxation is between 
the parties, and dces not affect the arbitrator. 
This is the point of distinction between a submis- 
sion and a compulsory reference which requires 
special attention; and before dealing with the 
latter class, we may refer here to a comparatively 
recent case, in which some prominent engineers 
were concerned, which shows the application of 
the principles outlined above. 

In Llandrindod Wells Water Company rv. Hawks- 
ley and others (19 T.L.R., 402, and, on appeal, 
20 T.L.R., 241) the plaintiff company sought to 
obtain from the defendants, Mr. Charles Hawksley, 
Mr. James Mansergh, and Sir George Bruce, a 
sum of 1191. 5s. ‘The defendants had acted as 
arbitrators and umpire in an arbitration under 
the Lands Clauses Act between the plaintiff com- 
pany and a local authority. No agreement was 
made as to remuneration. The amount of the 
award was 13,8201., and the arbitrators’ fees were 
4761. 12s. This latter sum was paid by the 
plaintiff company to take up the award ; the costs 
were then taxed, and the taxing-master disallowed 
the sum of 119]. 5s. from the arbitrators’ fees as 
being an excessive charge. The plaintiffs there- 
fore sued the defendants to recover this sum paid 
in excess of the taxed bill. At the first trial Mr. 
Justice Ridley dealt with the case as raising purely 
a question of the reasonableness of the charges, 
and expressly said that the taxation was not coun- 
clusive between the parties. He, however, con- 
sidered the charges unreasonable, and, allowing 
what he deemed a reasonable rate, gave the plaintiffs 
judgment for 102/. 7s. 6d. On appeal this decision 
was overruled, and judgment entered for the 
defendants. The Master of the Rolls pointed out 
that the bill of costs and the certificate of the 
taxing-master were res inter alios acta, and that the 
question the taxing-master had to consider was 
different from that to be dealt with by the Court. 
‘The parties must be taken to have known the 
position of the persons they chose, and as they 
refrained from making any special bargain with them, 
they must be taken to have intended the natural 
result of employing gentlemen of such eminence— 
viz., that they would not be paid at the ordinary rate 
for persons of less experience. ... He saw no 
reason why the defendants should be bound to 
take less than they would have been willing to 
accept if they had been asked to make a bargain.” 

Thus in a submission to arbitration it is open to 
the arbitrators to make an agreement beforehand 
with the parties as to their remuneration, and even 
if this is not done, their charges must be paid so 
long as they are not extortionate, and the certifi- 
cate of the taxing-master will not affect them. But 
if we consider now the other case, where the 
reference to arbitration is by order of the Court, 
we find a very different position, and the difference 
should be carefully noted. In this case the 
arbitrator on accepting office becomes an officer of 
the Court, and his authority and his conduct of the 
reference are prescribed by rules of the Court and by 
such orders as the Court or a judge may make. The 





important provision of the Arbitration Act with 
regard to the question we are now considering is 
that contained in Sub-section 3 of Section 15, which 
says :— 

‘“‘The remuneration to be paid to any special 
referee or arbitrator to whom any matter is referred 
under order of the Court or a judge shall be de- 
termined by the Court or a judge.” 

The terms of this sub-section are very precise 
and leave little doubt as to their meaning. The 
remuneration shall be—not may be—fixed by the 
Court, so that the arbitrator has no power in the 
matter. A recent case—Theobalds v. Clements 
(not reported in the law reports)—gives a good 
illustration of the operation of this section. An 
action was started in the High Court by a builder 
to recover the balance of his account from the 
owner of a house which he had built. The building 
charges were disputed, and the matter was referred 
by the Court to two arbitrators, one to be nomi- 
nated by each side, with power to appoint ap 
umpire in case of their failing to agree. A pecu- 
liarity of the case was that the arbitrators con- 
fessedly acted not as impartial judges, but each as 
an advocate for his client, and for a long time 
no agreement could be arrived at. Finally, how- 
ever, after a selected umpire had decided some 
points for them, the arbitrators agreed upon 
an amount to be paid to the plaintiff in the action 
by the defendant. The usual notice was sent to 
the parties with a statement of the arbitrators’ and 
umpire’s fees, but the plaintiff, although he knew 
the contents of the award, would not take it up, 
as he considered the arbitrators’ fees excessive. 
Finally, the matter was brought before the Court, 
and an order was made to tax the arbitrators’ fees, 
the order following almost exactly the terms of the 
section we have quoted above. As a result of the 
taxation the builder’s arbitrator received almost 
exactly three-sevenths of the amount he had 
charged, and he thereupon sued his client in the 
High Court for the balance, alleging that there had 
been a verbal agreement between them at the time 
he accepted office that he was to receive a certain 
sum per day, and that his original charges were made 
out on that scale. The jury in the end found 
that proof of such an agreement was not forth- 
coming, and gave a verdict for the defendant ; 
and the learned judge, Mr. Justice Jelf, then 
declared that even if the jury had found otherwise, 
he would unhesitatingly have given judgment for 
the defendant, as such an agreement as was here 
suggested was of no avail against the express pro- 
vision of the statute, and was, in fact, contrary to 
public policy. 

This decision deserves the notice of engineers 
who may be asked to act as arbitrators. If they 
know that their fees are to be determined bya 
taxing-master, and cannot be made the subject of 
agreement, they may hesitate to give their time to 
the duties offered to them, as in all probability the 
allowance by the taxing-master will be lower than 
what they would ask if acting privately for a client. 
On being invited to act as arbitrator in a dispute, 
therefore, the engineer should first find out whether 
it is a reference by order of the Court, and, if so, he 
must then consider whether he can profitably devote 
his time to the work, or ought to keep himself free 
for other engagements where his regular charges 
will be allowed without question. We must point 
out that in what we have said above we are far 
from suggesting that the arbitrator should find out 
the nature of the reference in order that he may, 
if possible, make higher charges than are reason- 
able. In the case we have just discussed the 
reasonableness of the charges was certainly open 
to question, but the whole point of the decision 
leaves that aside altogether. It shows that even 
in a case where charges are made which to the 
arbitrator seem perfectly reasonable, and may be 
his regular charges, the nature of the reference 
takes the settlement of this matter entirely out of 
his control, and makes it dependent upon the 
discretion of the Court. The same case also shows 
that even although two arbitrators are appointed, 
one to act for each party, they ought not to con- 
sider themselves advocates for their respective 
clients, but should act judicially as officers of the 
Court. 





Tuer Brazi_tian Navy.—The William Cramp and Scn 
Ship and Engine-Building Company has been invited by 
the Brazilian Minister of Marine to submit a tender for 
- construction of three battleships for the Brazilian 
Navy. 
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THE CONTINENTAL FIRE SERVICE. 
By Epwiy O. Sacus, F.R.S. Ed., Architect. 
(Continued from page 174.) 

GerMaNy: Sexr-Propettep Fire APpPLiaNceEs ; 
Tue Hanover Fire Brigade. 


In the same way as the introduction and evolu- 
tion of the chemical fire engine in Germany, and 
the development of the mechanically-raised long 
ladder in that country, have been the great features 
of the last decade of the century just closed, as far 
as the continent of Europe is concerned, so it may 
be anticipated that the first decade of the new 
century will be marked by the development of self- 
propelled fire appliances. 

It would lead too far to describe all the types of 
motor fire appliances already in use in Germany ; 
and it is thus necessary to limit these remarks to 
the appliances which served as the pioneers of self- 


propelled fire service in Germany—namely, those | 
constructed by Messrs. Busch, of Bautzen, for the 
city of Hanover, and designed by that firm under | 


the guidance of Chief Officer Reichel, until quite 
lately commanding the Hanover Fire Brigade. To 
appreciate, however, the reasons for, and the circum- 
stances under which, motor traction was first intro- 


duced systematically into Germany, it is necessary | 


to appreciate the nature of the brigade for which 
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The number of fires attended in 1903 was 211, of 
which 10 rank as large fires, 20 as medium fires, 
and 74 as chimney fires. The ambulance section 
turned out 2518 times. The total expenditure for 
the current account for the year was 202,320 
marks, or about 10,0001. per annum, with a small 
extraordinary expenditure—i.e., capital expendi- 
ture—of 11,400 marks—i.e., about 5501. 

All this, of course, sounds rather commonplace ; 
but anyone visiting the brigade will immediately be 
struck by the fact that they are visiting, not an 
ordinary, but a very exceptional institution, which, 
small as it is, to my mind ranks among the leading 
establishments of its kind on the continent of 
Europe. 

In the first place we have to deal with a small 
fire brigade of a provincial town of 250,000 in- 
habitants, which cannot very well afford to go to 
any very great expenditure in fire-service matters. 
It has a dangerous manufacturing district—in fact, 
some factories of extraordinary extent and risk— 
but in the main it may be ranked as a residential 
town, having many public buildings and institutions. 

In a town of this description the fire brigade 
would scarcely find sufficient to do in the ordinary 
execution of its fire-service duties; and yet its 
strength had to be considerable, and its equip- 
ment a very effective one, having regard to the 
manufacturing risks referred to. 





Note: S= Sliding Poles. 
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the motor appliances were first built. Thus, when 
dealing with these new appliances, I propose simply 
to refer to them as an adjunct to the Hanover 
Brigade, or, in other words, to devote this article 
to the Hanover fire service and its equipment, of 
which the motor appliances form part. 


Tue Hanover Fire Bricave. 


The Hanover Fire Brigade has three superintend- 
ing officers, an inspector of telegraphs, with a ranks 
officer, a superintendent, 15 foremen, 81 firemen, 
5 telegraph clerks, and 3 watchmen. 

The brigade is quartered in three fire-stations, one 
of which serves as the headquarters. The stations 
are equipped with three steamers, two of which are 
self-propelled appliances, two 80-ft. long ladders, 
four chemical engines, one of which is self-propelled, 
and seven traps, one of which is self-propelled. 
Three of the appliances above named are being re- 
placed at the present moment by three self-pro- 
pelled appliances, and it is intended to gradually 
make the brigade entirely one with self-propelled 
equipment. , 

The fire brigade does ambulance accident duty, 
and for this purpose has three ambulances. It also 
attends to all the municipal telegraphy and electrical 
wiring for bell and signal purposes, and it is for this 
reason that there is a special telegraph inspector 
attached to the brigade. The brigade is equipped 
with 45 street fire-alarm call-points on the mao 
thoroughfares, and 22 such call-points in public 
buildings or private establishments. There are also 
11 telephone fire-call points, and the brigade is on 
the general telephone system. 

The superficial area of the municipality of 
Hanover is close on 4000 hectares, with a popula- 
tion of over 250,000, housed in 11,600 buildings. 








The only economical solution to this problem was 
to accord the brigade and its officers additional 
municipal functions other than those of the fire 
service only. The authorities very sensibly con- 
ceived the notion that, being only able to afford a 
small force, it should be of the very best in equip- 
ment, training, and administration ; that they would 
pay. handsomely, according to local standards, for 
their officers, and get the best of appliances. To 
make ends meet, however, the officers have been 
told off to special duties; and, similarly, the brigade 
undertakes work outside its proper functions. 

As already indicated, the brigade acts as the am- 
bulance department of Hanover, and has attended 
no less than 2500 ambulance cases. This in itself 
is work of considerable utility ; and although, in 

rinciple, objections may be raised against ambu- 
“oo duties being done by the fire brigade, owing to 
the possibility of infectious cases being dealt with, 
and. infection being spread by and through the fire 
service, the ambulance work in a small provincial 
town is certainly of a character that can be well 
attended to and economically handled by the fire 
brigade. 

Similarly, every municipali/y is more or less 
telegraphically equipped, be it for their police 
force, scavenging, or other departments; and if 
the brigade, as in this instance, requires a highly 
efficient electrical engineer, his services may as well 
be used in other directions. In Hanover, how- 
ever, the chief officer is also the administrative 
head of the municipal scavenging and dust-de- 
structor service ; and, similarly, has a considerable 
amount of work to do in the direction of fire pre- 
ventive and building act service. Whilst the 
latter work is fully within his scope, one cannot 
say that one has much sympathy with the allot- 


ment of the scavenging duties; but, of course, as 
the municipality urge, they can only afford a first- 
class man as chief officer if they give him some 
other work to do besides the fire-service work ; 
there is thus naturally a tendency to rather over- 
load the appointment with work. The economical 
and, I think, correct work to be accorded to the 
appointment would be the fire-service management, 
the ambulance work, fire- preventive inspection 
work, and, at most, perhaps, the municipal tele- 
graphy, which goes hand in hand with fire-call point 
work, and the other electrical work of the brigade. 
Here I would at once mention that the actual 
occupant of the position of chief officer during the 
evolution of this brigade, and until a few months 
back, was Herr Reichel, formerly the senior in- 
spector of the Berlin Royal Police Fire Brigade, 
and now appointed to the command of that force ; 
a gentleman of higii technical attainments and 
mechanical leanings. He has also recentiy been 
accorded a lectureship of the Royal Technical 
College of Hanover, an establishment of University 
rank, the lectureship being fire protection as a 
branch of the building department of that college. 
He is also well known as a writer of merit, but 
above all as the pioneer of self-propelled appliances 
in continental fire service work. 

As indicated — though a mere enumeration of 
its personnel, &c., would scarcely show it—this 
force is no ordinary one, and its primary feature is 
its systematic introduction of self-propelled fire- 
brigade vehicles, which, after due experiment and 
eminently satisfactory results, will shortly form the 
entire equipment of the brigade, and serve as a 
model throughout Germany, if not over a far wider 
area. 


Tue Hanover Motor Unit. 


Of course, to-day there would be nothing in 
a fire brigade ordering single self-propelled appli- 
ances, be they self-propelled long ladders, motor 
fire engines, or motor chemical engines; but it 
was certainly a remarkable achievement for the 
year 1901 that already, at that time, Herr Reichel 
was able to exhibit at Berlin a complete fire- 
service unit for a district station, comprising a 
self-propelled steam fire-engine, a self-propelled 
trap, and a self-propelled chemical engine, work- 
ing as a combined unit in a manner that time 
has already proved to be eminently economical. 
There can be no doubt that the primary feature of 
the International Fire Exhibition at Berlin of 1901, 
as far as makers’ exhibits were concerned, was the 
exhibit of Messrs. Busch, of Bautzen, of steam 
fire-engines and self-propelled vehicles ; and one 
section of this exhibit comprised the equipment 
provided by that firm for Hanover—i.e., the dis- 
trict fire-station unit referred to. 

After numerous trials, and an experimental 
period of three months, the manufacturer having 
agreed to take back the appliances if found unsatis- 
factory, this unit of three appliances duly took u 
its permanent position as property of the munici- 
pality on February 19, 1902. This unit was after- 
wards supplemented at headquarters by a large 
motor fire-engine and tender, then by a special 
chief officer’s trap, also self-propelled ; and at the 
present moment a second unit, equal to the first- 
named unit of three, is in course of construction. 

The great advantage of Hanover having started 
with a complete unit was the opportunity it afforded 
to give the whole question of self-propelled appli- 
ances a thorough trial. It meant that the whole 
station was fitted up, equipped, and manned for 
self-propelled work; the whole economy of the 
question could be mest carefully studied; there 
was no question of conflicting interests, or allow- 
ances to be made in respect to self-propelled appli- 
ances on the one hand and horsed appliances on 
the other. Fig. 78 shows two plans of the dis- 
trict fire-station referred to. 

Apart from any question of what the appliances 
can do or will do, it is immediately observable that 
self-propelled appliances mean economy of space. 
We here have a small compact building, affording 
every possible convenience for single men’s fire- 
station, combined with a superior ofticer’s flat. Of 
course, the plan is not as perfect as it should be. 
In the first place, an existing structure had to be 
dealt with ; but the mere question of the relative 
location of one room to another is so striking that 
the veriest layman can see what economy there is 
in superficial area required for fire-stations, which 
is a very important matter in thickly-populated 
districts ; and, further, what a saving of time must 
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be effected at night by the close proximity of men 
to the appliances. 

To turn to the building: this structure was 
originally erected as an ordinary fire-station, with 
horsed engines, but has since been adapted for its 
more modern purpose. Architecturally, it is typical 
of recent German municipal work, showing the 
half-timber-work gables so common to certain dis- 
tricts in Northern Europe. Its internal arrange- 
ment is, however, the primary cause for our referring 
to this station. 

The principal feature of the ground floor is the 
engine- t neon, which is occupied by the unit of three 
motor vehicles. Directly behind this engine-house 
is the sleeping-room for the men on duty, in thé 
form of a dormitory with sixteen beds. These me 
thus sleep within a few feet of the appliances which 
they work. There is, further, on the ground floo 
adjoining the engine-house a room for the three 
foremen on duty, each foreman having charge of 
one of the vehicles in question. Further, there is 
a large lavatory, with washing accommodation for 
the foremen and men, on this floor ; and, lastly, 
a small room with its window facing the thorough- 
fare, which serves as a watch-room, and affords 
accommodation for the fireman who does station 
duty. 

The first floor is occupied by a large day-room for 
the sixteen men on duty, and another large day- 
room for the three foremen, these rooms being con- 
nected with the engine-house below by means of 
the usual sliding-poles. Besides this, there is a 
large rest-room or recreation-room fitted with a 
billiard table and games, which can be considered 
the men’s private room, inasmuch as they have 
strict orders not in any way to disturb themselves 
on the entrance of a superior officer—i.e., to go on 
with their games or their occupations as if the 
superior officer were non-existent; whilst, of 
course, should they be in any other part, and a 
superior officer passes, they are expected to in- 
terrupt their conversation, and practically be at 
attention. 

On the first floor there is also the office of the 
superior ofticer—i.e., district officer in charge of 
the station—who has some rooms on this level, and 
additional ones on the second floor. He has his 
own staircase and side entrance, as well as own 
sliding-poles from both bedroom and office. 

The station is wonderfully compact in its arrange- 
ment, and we know as a fact that the regular 
turning-out time of this station averages about 
16 seconds at night and about 20 seconds by day ; 
the quicker time at night being due to the fact that 
the men sleep so close to the actual appliances. 

The district station turns out with one superior 
officer, three foremen, and sixteen men, on three 
appliances, the chemical engine leading the way, 
the trap coming second, and the steamer coming 
third. The first two appliances are electrically 
driven, the third travels under its own steam. The 
unit is illustrated as leaving the district station in 
Fig. 54, Plate I., adjoining page 598 of our last 
volume. The first and second appliances are further 
illustrated by Figs. 79, 80, and 81, on the present 
page, and will be described in detail later. 

As to the economy of upkeep and running, as 
distinct from the economy of housing, it is snails 
best simply to let figures speak for themselves ; and 
for this reason I have had put at my disposal by Chief 
Officer Reichel the authoritative cost for the three 
years commencing February 19, 1902, and ending 
February 18, 1905, as far as this special unit of 
three appliances at the district station referred to is 
concerned. The costs were put at my disposal in 





marks, and have been thus presented in marks as 
well as in their approximate English equivalents. 

For short, I will describe the electrically- propelled 
appliances—i. e., the chemical engine and the trap— | 
as the electromobiles, and the self-propelled steam | 
fire-engine as the motor steam fire-engine 

The cost of the upkeep o* the two electromobiles | 
for the three years was as follows :— 

Taste X VIII.—Upkeep of the Two Electromobiles, 








——— | 1902-3. 1903-4, 1904-5. 
Repairs on motors ..| 15.85 mk. | 1810 mk. | 362.95mk. | 
(158. 10d.) (1s ww) (182. 28. = 11d.) 
Repairs on the gear 21.15 m | 
(1l. 1s, Od.) | 
Repairs on tyres .. --| 181 mk. mk. 82 mk. 
| (94. 18, - Od.) aot - 88. 0d.) (42. 2s. 0a) | 
Repairs to the actual (| ° 
carriage ; \ dt arty wed) ' 
| 218 mk. 265.60 mk. 444.95 mk. 
Total = -- + |(104, 188, 0d. ' (130. 58, 7d.) (221. 48. 14<.) 
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TaBLeE XIX.—Running of the Two Electromobiles. 


1902-3. 1903-4. 
684.62 mk. | 615.50 mk. 520.10 mk. 
(34. 48. 8d.)/(301. 158, 6d.) (262. Os. 1d.) 
162.60 mk. | 75.50 mk. |. 176.50 mk. 
(82. 2s. 8d.) | (32. 15s. 6d.) (SL. 16s. 6d.) 


1904-5. 








Charging the accumuv- { 
lator for regular work 

Charging the accumu- { 
lator for tests and trials | | 


Provision of acids, &c.,/ | 92.20mk. | 15.85 mk. | 734.30mk. 
for the accumulators | | (4U. 12s. 2d.)} (15s. 9d.) (36l. 14s. 4d.) 
22.50 mk. | 28.0 mk. 21.50 mk. 


Provision of lubricating f 
oil, &e, - 


(12. 2s. 6d.)| (12. 88. Od.) | (1d. 1s. 6d.) 





961.92 mk. | 734.85mk. 1452.40 mk. 


Donat (481. 2s. 0d.),(36/. 14s. 9d.) (722. 128. 5d.) 


TABLE XX.—Aggregate for the Running and Upkeep of 
the Two Electromobiles. 


Mk. Mk. Mk. £s.d. 


First year... 218.0 + 961.92 = 1179.92 (59 0 0) 
Ten +) ++» 265.60 + 734.85 = 1000.45 (50 0 4) 
1 


»» --» 444.95 + 1452.40 = 1897.35 (9417 4) 





Total for three years 
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Including the running of the electromobiles for 
tests and demonstrations, which were naturally 
considerable, seeing the general interest occasioned 
by these new appliances, the distance covered by the 
two electromobiles in the three years was 10,145} 
kilometres. The total expense for upkeep and 
running per kilometre was thus, when divided by 
the figure of 10,1453, equal to 40.49 pf., or, 
approximately, 4}d. per kilometre. The cost of 
running two ordinary appliances—i.e., a horsed 
chemical engine and a horsed trap, with two pairs 
of horses—as based upon the average expense of 
the horsed appliances of the Hanover Fire Brigade, 


would have been 236.56 pf. per kilometre ; for the | 


actual cost per vehicle per annum in Hanover is 
4000 marks—say 2001. per annum. 

The total expense on the motor steam fire-engine 
—i.e., for upkeep and running—during the three 
years under review was as follows :— 

TaBLE XXI.—The Motor Steam Fire Engine. 
Mk. £ s. d. 


First year 746.88 (37 6 10) 
Second ,, 507.88 (25 7 10) 
Third 1461.80 (73 1 10) 


Total 135 16 6 
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As indicated above, the unit at the district fire- 
station comprises two electromobiles and one motor 
steam fire-engine. Thus the total expenditure for 
upkeep and running of this unit of three ap- 
pliances is as follows :— 


Tasie XXII.—Upkeep and Running of the Unit of Three 


Appliances. 
Mk. Mk. Mk. € s. d. 
First year... 1179.92+ 746.88=1926 (96 610) 


Second ,, ... 1000.45+ 5607.88=1508.33 (75 8 2) 
Third 1897.35 + 1461.80 =3359.15 (167 19 2) 


Total "33914 2 


Thus it will be seen that the total upkeep and 
lrunning for the unit of three appliances was 
3391. 14s. 2d. If the same appliances had been run 
each by a pair of horses for the year, they would 
have cost in Hanover 600/. per annum, including 
repairs and upkeep of the actual horsed appliances. 
| Thus there has been obviously a very great economy, 
|for in the year 1902-3,the economy of 600I., Jess 
961. 6s. 10d., meant 5031. 13s. 2d. saved; in the 
| year 1903-4 the economy of 6001., less 751. 8s. 2d., 
meant 5241. 11s. 10d. saved ; and in the year 1904-5 
/ 6001., less 1671. 19s. 2d., meant 432/. Os. 10d. saved; 
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The total saving on the unit, it will thus be 
observed, in the three years wa; 14601. 5s. 10d.; and 
here should be mentioned, firstly, that the appli- 
ances on which the saving was made were of greater 
strength and efficiency than the horsed appliances, 
and that they had a greater radius of action ; and, 
secondly, that they in every way fulfilled the fire 
brigade purposes of a city better than horsed appli- 
ances could possibly have done. 

Bearing in mind this saving of 14601. in three 
years, it would be well to note that the actual 
appliances cost the municipality as follows (ex- 
clusive of loose gear) :— 


£ d 


e 4, 

The chemical fire-engine 765 0 0 
Hydrant carriage oa awe 530 0 0 
Automobile steam fire engine 825 0 0 
Total ... 2120 0 0 


In other words, this practically means that the 
economy in the upkeep and running of these three 
appliances, comprising one unit, repays in a period 
of five years the capital expenditure involved in the 
purchase of the unit ; and, of course, the life of the 
appliances is considerably longer than five years ; 
in fact, they may easily be taken at an average of 
possibly fifteen years. 

It will have been observed that both the repairs 
and upkeep of the electromobile and of the steam 
fire-engine were higher in the third year than in 
either the first or second year. Upon inquiry, we 
tind that the cause of this extra expense was, firstly, 
that several armatures of the electromobile had to 
be removed, having become defective through water 
damage at a fire ; secondly, that the negative plates 
of the batteries belonging to both electromobiles 
were entirely replaced in the third year ; and, thirdly, 
that the motor steam fire-engine, unfortunately, 
met with an accident during a demonstration run, 
the repairs for which alone absorbed 531. 13s. This 
accident, by the by, was the only serious affair in 
accidents which occurred to any of the appliances 
during that period of three years. 

If one reads these figures, it cannot be wondered 
at that the motor appliances are rapidly finding 
favour in Germany, and that, as already previously 
indicated in an earlier article, a capital city, such 
as Vienna, in Austria, should have taken the lead in 
re-equipping the entire brigade as a motor brigade, 
and immediately placing an order for a very large 
number of electromobiles. 


(To be continued.) 








THE BIRMINGHAM UNIVERSITY. 
By C. Atrrep Smrtu, B.Sc., Assoc. M. Inst. C.E. 
(Continucd from page 242.) 

Tue Heatine anv Liguting ARRANGEMENTS. 


Tue heating, ventilating, and lighting arrange- 
ments of these main buildings have been carried 
out on the latest and most approved principles. 
The following description of the methods employed 
will give the reader an idea of the general arrange- 
ments of this by no means unimportant portion of 
the architect's work. 

The heating, hot water, domestic services, and 
ventilation details have been carried out under the 
direction of Messrs. Sir Aston Webb and Ingress 
Bell, and by Messrs. Clements, Jeakes, and Co. The 
steam power for the above work is obtained from 
the power-station, where there are two boilers, 
working at 80 1b. per square inch, entirely set apart 
to do the heating, hot water service, and to supply 
steam at pressure for the laboratories and for cook- 
ing purposes in the kitchens, 


Stream Marns. 


From the boilers the steam is carried through a 
large pipe subway in a 7-in. lap-welded wrought- 
iron steam-pipe, fitted with branches electrically 
welded on, and tested to 3001b. hydraulic pres- 
sure. The main is carried right through the main 
pipe subway under the main corridor, and is fitted 
with wrought-iron expansion joints of the sleeve 
type, provided with tie-bolts at about every 150 ft. 
in its length. The main is provided with a 7-in. 


stop-valve, safety-valve, and pressure-gauge, and 
with steam-traps for the purpose of keeping it dry. 
It is carried on adjustable pipe brackets, with rollers 
which permit of adjustment to suit the fall required 
for efficient draining. The rollers are carried on 
knife-edge bearers. 

At the point where the 7-in. main enters the 





main building it is continued right and left in 
6in. wrought-iron pipe to each end of the pipe 
duct. This main is fixed and fitted similarly to the 
7-in. main, with the exception that instead of using 
wrought sleeve expansion joints, here are used 
wrought-iron loop expansion bends about every 
150 ft. Branch outlets are arranged on this main 
for the steam services to the warming and hot- 
water service heaters, steam at pressure for labora- 
tories, and reduced steam for warming the dining- 
hall and the Great Hall. 


WARMING. 


The warming of Blocks A, B, and C, stores, lava- 
tories, cloak-rooms, lecture-rooms, common-rooms, 
the hall, secretary’s rooms, clerks’ rooms, professors’ 
rooms, lecture theatres, metallurgical museum, 
students’ reading-room, the upper part of the 
entrance hall, the principal’s room, museum and 
library, advanced - lecture rooms, museum and 
library, is by hot water. The dining - rooms, 
students’ common-rooms, staff and cloak rooms 
and lavatories, and the Great Hall are warmed by 
steam. 

The radiators used both for steam and hot-water 
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warming are of a perfectly plain type, without face 
decoration, and are tested at the works to 60 lb. 
per square inch by hydraulic pressure. They are 
placed by preference in the window recesses on 
the outside walls. Those for warming the Great 
Hall are placed by preference in batteries or stacks 
in the centre of the Hall, in a duct directly under 


the floor ; these are in addition to the ventilating | 
Fresh air is also | 


radiators on the outside walls. 
introduced in ducts to these stacks of indirect 
radiators, passing out through warm-air outlet 
gratings in the centre of the Hall. 

The heaters used for hot-water warming and hot- 
water service are of the upright and horizontal 
Clements, Jeakes, and Co.’s improved Berryman 
type. The heaters are fitted with solid- drawn 
copper tubes, 14 in. in diameter, of the well-known 
Berryman U-shaped type, expanded into a {-in. 
tube-plate. They are tested to 100 lb. hydraulic 
pressure before leaving the works, and are capable 
of maintaining a mean temperature of 160 deg. 
Fahr. in the radiators in the coldest weather. 


The hot-water warming heaters for Blocks A, | 
B, and C are each capable of doing their duty with | 
The | 


a load of 8000 superficial feet of radiation. 
heater to the central block, with a load of 3000 
superficial feet, and the heaters for the front blocks 


of A, B, and C, with a load of 5000 superficial feet | 


of heating surface are each capable of doing this 
duty. Each heater is provided with a steam stop- 
valve, safety-valve, pressure-gauge, thermometer, 
&e. 
CrrcuLatinc Matns. 
From the heaters in the blocks heated by hot 
water, 6 in. and 7 in. heavy cast-iron flanged 


circulating flow and return mains, fitted with 
regulating -valves, are carried in a large duct 





under the lower ground floor right round the out- 
side walls of the blocks shown on the plan on 
page 241 ante. From these mains are taken the 
vertical risers, main flow, and return branches, to 
serve the radiators on each floor. In each of 
the roofs in Blocks A, B, and C there are provided 
250-gallon expansion and supply tanks, with 1}-in. 
feed and 4-in. overflow pipes taken through the 
— For the centre block a 120-gallon tank is pro- 
vided. 


Hot-Water Domestic SERVICE. 


For the domestic hot-water service there are 
provided in the centre of the main pipe subway 
two horizontal-type Clements, Jeakes, and Co.’s 
Berryman-pattern heaters, with a 500-gallon hot- 
water circulating cylinder or container; the 
heaters are fitted up so that they can be worked 
together or separately. Each is capable of warm- 








ing 500 gallons of water per hour to 140 deg. Fahr. 
| with steam at 50 lb. pressure. 
ConDENSATION OR Matn Dratnino-Prre. 


For the purposes of carrying the conden:ed 
water from the various heating appliances in the 
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buildings there is provided along the main pipe 
subway a 4-in. cast-iron flanged draining-pipe, and 
at the point of junction with the duct leading to the 
boiler-house this is enlarged to 5 in. in diameter, 
and continued to the boiler-house, where there is 
provided a 500-gallon galvanised iron tank to 
receive the water of condensation. Just above the 
top of this tank, on the wall is fitted an automatic 
boiler feed-pump, and when the water in the tank 
rises to a certain height the pump is automatically 
set to work, throwing. the water to a higher level 
feed-tank in the boiler-house, from whence it is 
again pumped under pressure for the purpose of 
feeding the boilers, or otherwise. 


VENTILATION. 


By means of fresh-air inlets in Blocks A, B, and 
C, and on the lower ground floor, upper ground, 
and museum floors, fresh air is brought in from the 
outside walls at floor-level, where is provided 4 
| louvre register controlled by levers and quadrants; 
and on its way to the room the air can be warmed 
by passing over the heated surfaces of the radia- 
tors. These registers are of superior construction, 
working by a vertical wheel, and of plain lattice 
design. 

In Blocks A, B, and C these registers are 
| provided for fresh-air inlet in nearly the whole 
|of the window recesses where there are no radia- 
|tors, also for the purpose of fresh-air supply te 
| these blocks. 
| The fresh air for the dining-rooms and Great 
Hall is brought in by a large fresh-air shaft from 
| the top of the building, and connected to fresh-air 
'ducts leading to the several radiators for the 
'dining-rooms, and the centre batteries in the 
|Great Hall on the lower ground floor, controlled 
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by ‘‘hit-and-miss” floor registers, as before de- 
scribed. 
EXTRACTION. 


The extraction of air from Blocks A, B, and C 
is provided for by 24-in. diameter electrically- 
driven propeller fans placed in the semi-circular 
window-frames as near the ceiling as possible. 

The ventilation of the lecture-rooms, museums, 
&c., will be carried out on similar lines—i.e., the 
fresh air will be brought in at floor-level, and the 
vitiated air extracted by fans working in the roofs 
of the corridors. The extraction fans for the 
Great Hall will be in the roof, and those for the 
dining-rooms at the end of the building, connected 
with horizontal vitiated-air ducts carried under the 
floor of the Great Hall. The extraction from the 
kitchen and offices will also be provided for by elec- 
trically-driven propeller fans. 


LaGGiIna oF Prpgs. 


The whole of the heaters, cylinders, steam- 
condenser, hot-water warming, hot-water service 
pipes, and services not intended to be used for the 
purpose of radiation will be covered with plastic 
asbestos non-conducting composition to a thick- 
ness of 2 in. 


Tue Evectric-LicgHTING ARRANGEMENTS. 


For the transmission of the current from the 
power station to the main buildings cables manu- 
factured and laid by Messrs. W. T. Glover, of 
Trafford Park, have been used. They are of their 
well-known “‘ Diatrine” paper-insulated lead-covered 
type, and comprise both high and low tension con- 
ductors. The low-tension cables run between the 
generating station and the main building, and are 
laid in the Howard Conduit Company’s patent 
asphalte-lined troughing. The high-tension cable is 
steel tape armoured and jute-served laid direct, and 
protected with a creosoted plank. The cables com- 
prise a 0.1 square inch three-phase high-tension 
cable for 7000 volts, to be used for experimental 
purposes ; a main three-phase low-tension three- 
core cable, 0.4 square inch, for feeding the main 
blocks ; and single cables varying from 0.4 square 
inch to 0.7 square inch sectional area with 7/20s. 
twin pilots. 

The distribution of electricity for lighting pur- 
poses and for driving the ventilating-fans was 
placed in the hands of Messrs. Henry Lea and Son, 
consulting engineers, Birmingham. This firm 
has devised a special fitting for lighting machine- 
tools, vice benches, carpenters’ benches, and the 
like. One of these fittings has been in use over a 
lathe at the old University for some months past, 
and has been found so satisfactory that it has been 
decided to use some 225 of them in Block A of the 
new University. The fitting was described and 
illustrated in ENGINEERING, of March 3, 1905, page 
293. 

The general distribution for the various blocks 
starts from distributing-boxes in the basement 
corridor, each box being fed from mains laid 
from the power-station to the main building. At 
each distributing-box there are meters fur measur- 
ing the consumption of energy on each floor. 
Thence the sub-mains are laid in tubes to the various 
fuse-boxes throughout the block, no fuses being used 
anywhere excepting in the fuse-boxes. From the 
fuse-boxes the lamp leads are laid in tubes, amply 
provided with inspection covers, so that, if necessary, 
the whole block could be re-wired without disturb- 
ing any tubes. Commencing with the upper ground 
floor, the lighting of the drawing-office claims first 
attention. Here, with the exception of a few lights 
overhead, to be used for general illumination and 
cleaning purposes, the whole of the lamps are 
wired from tubes laid in the floor. A special 
water-tight floor socket with a flap cover is pro- 
vided under each drawing-table; datum leads pass 
thence to the back of the table and thence to 
standards fixed to the floor or table, carrying the 
special fittings, of which there will be one to each 
drawing-board, the whole being removable at plea- 
sure (see Figs. 3 and 4). The details of the lighting 
of the Hall of Machines on the same floor will be 
settled as soon as the arrangement of the machines 
has been decided upon. : 

On the lower ground floor the pattern-shop con- 
tains wood-working machines lighted by Lea’s pen- 
dants hanging from the battens which support the 
counter-shafts. There are also a number of double- 
ended carpenters’ benches, with a similar pendant 
to each end, depending from a system of horizontal 








tubes suspended from the ceiling, as shown in Figs. 
5 and 6. Each pendant has an overhead switch 
actuated by two hanging cords. In the fitting-shop 
there are similar pendants for the vice-benches, 
some general lights overhead, and four wall-sockets 
on each of the steel stanchions supporting the over- 
head girders. The machine-shop has similar pen- 
dants to the machines, and some overhead lighting, 
excepting in the planing and drilling bay, where an 
overhead traveller precludes overhead lighting, the 
shop not being lofty. General lighting is obtained 
from two light brackets fixed on the corners of the 
piers separating the windows. 

It is evident that the drawing-office and work- 
shops of Block A will furnish examples of systems 
of electric lighting, affording every student a light 
in the precise spot that he requires it. 


(To be continued.) 








VARIABLE-STROKE PUMP. 

THE variable-stroke pump, which we illustrate on 
page 273, has been designed by Mr. G. W. Sinclair 
primarily to meet the needs of electrical generating 
stations, but is applicable to other purposes. 

It is now — 'y recognised that electrically-driven 
auxiliary plant is more efficient than independent 
steam-driven plant, and this is particularly so in the 
case of feed-pumps. So long as the load on the main 
generating plant and the quantity of feed-water 
required by the boilers remain constant, no better and 
more efficient combination can be found than a simple 
three-throw single-acting pump and a constant-speed 
shunt-wound motor, providing that the capacity of the 
pump exactly equals the demands made by the boilers. 
As soon, however, as the load on the main generating 
plant varies, the need of some method of feed-pump 
control is felt, and in order to provide for this many 
devices have been designed. 

In order that a just comparison may be made 
between the various systems, a short description of 
the principal ones will not be out of place. 

The simplest system is that in which a resistance is 
arranged in series with the armature circuit of the 
motor, the amount of resistance inserted, and, con- 
sequently, the speed of the motor being varied by 
means of a multiple-contact switch. This system has 
the disadvantage that the amount of energy used in 
the motor circuit is practically constant for all loads. 
When the motor is running at a low speed the surplus 
energy supplied from the external circuit is dissipated 
in the form of heat by the coils of the resistance. 

A more economical method is to insert a variable 
resistance in the shunt field circuit of the motor, in 
order to enable the intensity of the magnetic field 
and, consequently, the speed to be varied. This 
method, however, involves the use of a large motor 
when a wide range of speed control is desired. 

Another method is to couple two motors together, 
or employ a double-wound armature, so that a series- 
parallel control may be obtained. This method gives 
a larger range of control than any other electrical 
method, but has the disadvantage that somewhat 
complicated switching arrangements have to be em- 
ployed ; and unless the resistance switches are divided 
into a considerable number of sections, an evenly 
graduated series of speeds cannot be obtained. 

There are many forms of by-passes that have been 
designed to provide for a variable-feed delivery, but 
all of these methods are wasteful in power, as the 
driving motor must always be running at full load, 
no matter what the amount of water being delivered 
to the boilers happens to be. 

A method, therefore, that provides for a full range 
of control in the delivery from the pump, and at the 
same time does not interfere with the efficiency of the 
motor, or introduce electrical complications, has great 
advantages over the systems already described. 

The variable-stroke feed-pump avoids all the dis- 
advantages enumerated above, and has several advan- 
tages that are not possessed by pumps controlled by 
any other method. Among these may be cited the 
following :— 

The pump can always be started at ‘‘ no stroke,” 
thus avoiding heavy starting current, and enabling 
ordinary alternating-current motors to be u 

As no variation in speed is required, alternating- 
current motors can be advantageously employed. 

No electrical complications are introduced, and 
variations in delivery are made while the pump is 
running, without interrupting the feed supply, and by 
the simple movement of a small hand-lever, which is 
held in position until the required rate of delivery 
is obtained. 

An infinite number of rates of working is provided, 
as the pump may be set for any capacity between 
zero and the full output. When the pump has been 
set to work at any particular output, and the voltage 
of the supply remains constant, the rate of discharge 
will also remain constant. 

After the pump is started, no further manipulation 


of electrical gear is necessary, thus enabling the pump 
to be left safely in the hands of the ordinary boiler 
attendants. 

A high over-all efficiency is obtained over the full 
range of load, as will be seen from the curve shown in 
Fig. 1, page 273, taken from a pump having plungers 
5 in. in diameter with a 4-in. stroke, and running at a 
speed of approximately 42 revolutions per minute, and 
delivering 2000 gallons per hour against a mean pres- 
sure of 185 lb. per square inch. The over-all efficiency 
shown includes the friction of all pipes and valves 
between pump and boilers ; the pressure from which 
the work done by the pump was calculated being that 
shown on the boiler gauges. 

Fig. 2 shows the general appearance of the pump, 
the illustration being taken from a photograph 
of the pump above described. Although in this 
particular case the pump was only delivering 2000 
gallons per hour, the same machine running at a 
speed of approximately 60 revolutions per minute will 
deliver 3000 gallons per hour without any appreciable 
drop in efficiency. 

Figs. 3, 4, 5, and 6 show the internal construction of 
the special shaft and gear-box by means of which the 
changes in stroke are effected. 

The main shaft, which is hollow and fitted with an 
internal shaft g, has three eccentric portions turned 
upon it. These eccentric portions are *placed 120 deg. 
apart and removed a distance equal to one quarter of 
the full stroke from theaxisof the main shaft. Uponeach 
eccentric portion a second eccentric ¢ is fitted, the throw 
of which is also equal to one-quarter of the full stroke. 
Each of the outer eccentrics is provided with an 
internal gear, shown in Figs. 5 and 6, which engages 
with a pinion # mounted upon the internal shaft gy, 
so that by turning the pinion / the outer eccentric ¢ 
is caused to rotate around the eccentric portion b. 
By this means the centre of the eccentric e can be 
removed to a distance equal to half the full stroke, or 
made to coincide with the axis of the main shaft, or 
placed at any intermediate position. Each of the 
eccentrics ¢ is fitted with a strap and connecting-rod 
attached to the pump plunger in the usual way. 

In order to enable the alterations in the stroke to be 
made while the pump is running, the gear shown in 
Figs. 3 and 4 is provided. This consists of a worm- 
wheel A mounted upon the end of the internal shaft 
g, and a worm / carried on brackets on the main 
driving gear-wheel m. A second worm »p and a worm- 
wheel o is also fitted, as shown in Fig. 4. From the 
latter worm p two trains of spur gearing are fitted : 
one a simple pair, and the other a reversing train, 
one wheel of each train ¢ and q being co-axial with 
the main shaft. A clutch y, which is prevented from 
rotating by means of a feather, is fitted upon an ex- 
tension of the internal shaft g, and arravged so that 
it can be moved to engage with the teeth v or 2, 
which are attached to the wheels ¢ and q respec- 
tively. By engaging the clutch with one or other of 
the toothed portions v or x, either one or other of 
the wheels ¢ or q is prevented from rotating; and as 
the gear attached to the worm p is carried round by 
the wheel m and around the wheels ¢ and q, the 
worm p is caused to rotate in one or the other direc- 
tion, according to which side the clutch y has been 
engaged. In this manner the internal shaft g is made 
to rotate with respect to the main shaft, and the 
alterations in the stroke are effected. It should be 
noted that, unless when the stroke is being changed, 
no extra power over and above that necessary to drive 
an ordinary three-throw pump is required. 

In order to enable the attendant to regulate the 
pump to the requirements of the boilers, an automatic 
indicator is fitted to the end of the shaft, which shows 
either the stroke in inches or the equivalent discharge 
in gallons per hour. 

For pumping from mines under high heads the 
variable-stroke pump and electric motor, either direct 
current or alternating, forms a highly efficient and 
flexible unit; with the variable-stroke pump the 
operation of starting under a heavy head and getting 
the lung column of water in the rising main slowly 
into motion does not present any difficulty, as the 
pump can always be started from no stroke. 

It has been suggested that possibly the alterations 
in stroke of the plungers may cause transverse ridges 
to wear on the external surface of the latter; but 
careful observations over extended periods have failed 
to detect any signs of this gay 

The pump is manufactured by Messrs. Hayward- 
Tyler and Co., Limited, of London and Luton, in 
seven standard sizes, which cover all deliveries from 
zero to 10,000 gallons per hour. 








Torprpo-Boats FoR Russta.—The French Mediterra- 
nean Forges and Shipyards Company has launched from 
its La Seyne yard the second of four torpedo-boats which 
it is building for the Russian navy. The two remainin 
torpedo-boats will be launched, one in September, an 
the other in October. The four torpedo-boats will no 
doubt be a welcome addition to the meagre resources at 





present at the disposal of the Russian Admiralty. 
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DETAILS OF THE BROTAN 


(For Description, see Page 278.) 
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WATER-TUBE LOCOMOTIVE BOILER. 
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THE BROTAN LOCOMOTIVE BOILER. 
By H. W. Hanpury, Assoc. M. Inst. C.E. 

Ir will, we think, be admitted by all engineers who 
are concerned in the working or running of locomotives 
at the present day that any invention relating to the 
improvement of the boiler would be most welcome, for 
there is no doubt that the high pressures at which it 
has been found necessary to work during recent years 
have become a source of considerable anxiety. It is 
true that any risk of an explosion has been reduced to 
a minimum by the very careful inspection which all 
boilers periodically undergo ; but although this is the 
case, the fact remains that the risk exists, and, more- 
over, it is one which, as time goes on, and steam 

ressure continues to rise, will steadily increase. 
Under these circumstances it is natural to inquire 
whether the present general type of boiler is one 
adapted to meet this increase in pressure or not. 

r. J. Brotan, chief engineer and deputy chief of 
workshops of the I. R. State Railways, Pilsen, and a 
locomotive engineer of considerable experience, is of 
the opinion that it is not, and after making a parti- 
cular study of the subject and carrying out numerous 
experiments, he has designed a boiler which, he thinks, 
will be more suitable to present and future require- 
ments. The fire-box end of one of these boilers, the 
right-hand side of which has been cut away to enable 
its construction to be readily seen and examined, and 
also a complete boiler standing in the rear portion of 
a locomotive frame, are exhibited by the Deutsch- 
Oesterreichishe Mannesmannrihren- Werke in the loco- 
motive section at the Liége Exhibition. We under- 
stand that all Mr. Brotan’s patents in connection with 
this type of boiler have been purchased by this com- 
pany, who themselves are the makers of the tubes, 
which are such a feature of it, and that the general 
constructional work of those boilers exhibited has been 
done by the Wiener Locomotiv Fabriks Actien-Gesell- 
schaft Wien-Floridsdorf. 

It will be seen on referring to the engraving Fig. 1, 
which we publish on page 276, that this boiler is of 
exceedingly novel construction, and consists essentially 
of an ordinary cylindrical tubular boiler, with a water- 
tube fire-box, the former being provided with what is 
known as a steam-collector, and the latter with what 
is known as a collector-tube, the one being connected 
to the other and arranged above the boiler and fire-box 
respectively. The dome is situated at the front end 
of the engine on the top of the steam-collector. 

The cylindrical portion or barrel of the boiler is 
built up of three mild-steel plates 14 millimetres in 
thickness. The tube-plates are 18 millimetres in 
thickness, and also of mild steel. The circumferential 
seams are lap-jointed and double riveted, while the 
horizontal seams are butt - jointed and quadruple 
riveted, and have straps inside and out. 1ts smallest 
inside diameter is at the centre plate, where it is 
1162 millimetres, the first and third plates being 
riveted outside it. An angle-iron ring, which is 
shrunk and riveted on to the barrel, serves to connect 
it with the fire-box shell, studs being screwed into the 
latter for that purpose. Two mud-hole doors are 
provided —the one on the first section of the barrel and 
the other on the third. 

The steam-collector, like the barrel, is composed of 
three plates; but in this case they are only 10 milli- 
metres in thickness, and the seams are all lap-jointed 
and single riveted circumferentially and double 
riveted horizontally. Its smallest inside diameter, 
which occurs at the ends, is 750 millimetres. 

The collector-tube, which is connected to the steam- 
collector by means of an angle-iron ring riveted to the 
former, is 560 millimetres in inside diameter, and is 
constructed of two plates, the one 10 millimetres and 
the other 25 millimetres in thickness. The thicker 
plate goes along the bottom of the tube, and is lap- 
jointed and double riveted longitudinally to the other 
plate. The back end of the collector-tube is closed by 
a flanged plate 24 millimetres in thickness and single 
riveted to its shell, while the front end of the steam- 
collector is closed in a similar manner by a plate 
20 millimetres in thickness. A hole is provided 
through the centre of the latter for the regulator 
steam-pipe, which passes down from the interior of the 
dome into the steam-collector, and is provided with a 
flange which butts up against the front of it, and is 
attached to it by means of studs. These studs also 
serve to connect it with the other portion of the steam- 
pipe which comes outside the boiler and is bolted to 
the top of the smoke-box and also to the T-pipe inside 
it. The smoke-box is made elliptical in a, so as 
to allow the steam and T-pipes to clear the boiler- 
tubes. The regulator is of the ordinary slide-valve 


type. 

The connection between the barrel and the steam- 
collector is by means of three large tubes or openings, 
A BC, situated near the centre of each section of the 
former, Mr. Brotan making a point of arranging that 
the back one, C, should be placed as near as possible to 
the fire-box tube-plate, in order that the steam more 


rapidly generated there may find ready ingress to the 
steam-collector (Fig. 1). 





Should it be necessary when designing a boiler of 
this type to keep the steam-collector as low as possible, 
other means may be devised for connecting it with the 
barrel. Where very short tubes or openings are used, 
it may not be possible to rivet them to the barrel, in 
which case bolts can no doubt be utilised. Where, 
however, the collector has to be vey very much 
lower, it may be found necessary to flatten both it 
and the boiler barrel very considerably to effect a 
suitable connection. Examples of the foregoing are 
shown in Figs. 7 and 8, page 277. 

The most important part of this boiler, as also 
the most novel in design, is the fire-box. This con- 
sists of a number of solid-drawn steel water-tubes, 
95 millimetres in external diameter and 5 millimetres 
thick, the upper ends of which are expanded into the 
collector-tube, the lower ends into the bottom ring, all 
tubes being contracted at these points to an external 
diameter of 70 millimetres (Fig. 9). A thin shell pro- 
vided with several removable covers forms an outside 
casing. The tubes at the top follow the circumference 
of the tube-plate (thus clearing the tubes of the barrel), 
and then enter the collector-tube. In this manner the 
sides of the fire-box are formed. When, however, the 
back is reached, four tubes bent round the door in 
the shape of an inverted (J are provided, the ends 
entering the bottom ring precisely like the others 
(Fig. 4). The connection of these tubes with the 
collector-tube is a somewhat difficult matter, and is 
undoubtedly, we think, the weakest part of the whole 
design. In order to make this connection, the upper 
tube of the four is provided with a short piece of tube 
which enters vertically into the bottom of the collector- 
tube, expanded and beaded over precisely like the 
other tubes. The second and the fourth tubes are 
each fitted with a short branch, and are connected by 





Fig. 20. 
































a 
—---- 2500 


means of special nuts to corresponding pieces of tube 
expanded into the collector-tube. The connection of 
the third tube with the collector-tube is outside the 
fire-box, and it is by means of a steel or gun-metal 
branch pipe that this is made. The branches or unions 
we have referred to may be riveted to the main 
tube; in our engraving, Fig. 5, however, they are 
shown welded. All these tubes, when finished, are 
annealed and tested to a pressure of from 50 to 60 
atmospheres. The whole series forming the fire-box 
are held together by iron bands attached to the shell 
at the door-plate, facilities for tightening these up 
being provided on the front plate. 

With regard to the contraction of the tubes at their 
juncture with the bottom ring, and with the collector- 
tube to which we have already referred, it should be 
noted that in order to put in a new tube without 
interfering with the shell around the fire-box, the part 
contracted at the collector end is made sufficiently 
long to allow the tube to enter it, and then on being 
inclined, the tube can be entered in the corresponding 
hole in the bottom ring. It is also necessary to 
have the holes in the collector-tube a little larger 
than required by the diameter of the tube to admit 
of this being done, thin copper rings being afterwards 
placed over the ends of the tubes and expanded with 
them. The pressure of the steam inside also assists 
in keeping them tight. 

The spaces between the tubes, distances of about 
2 millimetres, are filled up by means of copper strips. 
These strips are rolled wedge-shaped, and, being in- 
serted between the tubes, are then hammered up on 
one side, forming a very reliable joint, and thus pre- 
venting the hot gases escaping from the fire-box 
(see oy doa 

The bottom ring of the fire-box is made of cast steel 
and is in four pieces, flanged, jointed, and bolted to- 
gether, as shown in Figs. 14 to 17. Small bosses are 
provided on the upper face, holes being drilled in them 
to receive the tubes which are conically expanded at 
the mouth. Parallel grooves in the holes similar to 
gas threads ensure them being perfectly steam-tight. 
Several lids are fitted on the lower face of the bottom 
ring to enable the tubes to be expanded, each cover- 
— number of tube openings (see Fig. 9). 

hese lids are also useful when it is found necessary 
to clean the tubes, for they may be removed and a 
brush or rod inserted for this purpose. A number of 





holes throt sh the top of the collector-tube are also of 
assistance in cleaning. Two large copper pipes connect 
the ring with the bottom of the boiler barrel right 
and left of the engine, as shown in Figs, 1, 4, and 6. 

The fire-box shell is constructed of iron plates, the 
front and back being flanged and 10 millimetres in 
thickness, and the sides 8 millimetres in thickness. 
These plates are bolted together by means of angle- 
irons, and so may, if required, be readily removed ; at 
the same time there are also several removable covers. 
The door frame is maintained in position by four 
radiating straps or bands of iron, and by a rod screwed 
into the bottom ring. These may be seen by referring 
to the end view of the boiler (Fig. 4), where it will be 
noted that the rod referred to is in two parts, the 
lower being screwed into the bottom ring and the 
upper riveted into the door frame; the connection 
between them being by a form of nut, by means of 
which the door ie Remly held to the bottom ring. 

The space under the door not occupied by tubes is 
filled with firebrick, as also is that under the fire-box 
tube-plate, while that between the shell and the tubes 
is filled with asbestos, so preventing loss of heat by 
radiation. 

The mean water-level, as a rule, reaches the axis 
of the collector-tube, the maximum and minimum 
being within about 100 millimetres of it (see Figs. 18 
and 19). Should it sink for a short time to the level 
of that part of the collector-tube in contact with the 
fire, it would not be of such serious moment as in the 
case of an ordinary locomotive boiler were the top of 
the fire-box to become'uncovered, because in this design 
the water will be continually surging up through the 
tubes, and covering the plate. 

An engine fitted with this boiler was tried on the 
I. and R. State Railways, Austria, in January of 
1901, and gave such satisfactory results that in the 
following year four more were ordered. These boilers 
had certain minor defects in the design of the fire-box, 
which, however, were very soon remedied; and a boiler 
improved upon the lines suggested by the experience 
gained from them was constructed in 1904, and fitted 
into a four-coupled express engine of Class 4. This 
engine has been running fast trains from Divaca to 
Pola aud back ever since. Its general arrangement 
is shown in Fig. 20. Compared with other engines 
of the same class fitted with ordinary boilers, it is 
claimed that a saving in coal of 20 per cent. results 
in its favour. The engravings we publish refer to this 
particular engine. 

The leading details of the boiler are as follow :— 


Working steam pressure ... 12 atm. 
Inside diameter of barrel ... 1150 mm. 
Number of fire tubes Hi = 205 
Amount of water contained at 
lowest water level ae 
Steam space ... ese a we 
Water steamed between lowest and 
highest water level : i. 
Heating surface of fire-box 
” i fire-tubes 
Total heating surface 
Grate area... nee 
Weight of fire-box ... 
mt barrel 4500.0 ,, 
Total weight ... 8100.0 ,, 


With regard to the heating surface it should be 
observed that in reckoning that of the fire-box half 
the circumference of the water-tubes is considered as 
being effective, while the area of that part of the col- 
lector-tube in contact with the fire is, of course, also 
taken into account. 

In conclusion, one is forced to admit that the ab- 
sence of all fire-box stays and of rivets in connection 
with the fire isa tremendous advantage, apart from any 
other ; for without doubt 90 per cent. at least of the 
ills to which a boiler is heir are traceable to these 
details. When also the enormous gain in heating 
surface is taken into account we confess that the possi- 
bilities of such a type of boiler cannot by any means 
be considered small, although, as we have stated, we 
do not like the arrangement of tubes at the back of 
the fire-box, nor do we think the method of connecting 
the steam-collector with the boiler will be one that will 
be altogether free from trouble. 


3.8 cub. m. 
1.75 a 
0.811 ,, 
11.20 sq. m. 
137.50 __,, 
148.70 _,, 
. -_ 
3600.0 kg. 








MINING IN THE TRANSVAAL.—The Transvaal Govern- 
ment mining engineer’s report for June shows that 
18,236 whites, 120,131 natives, and 41,340 Chinese were 
employed on June 30 in the mining industry of the Trans- 
vaal. A comparison of these figures with those for June, 
1904, shows an increase of 4027 whites and 33,917 natives, 
of which number the gold-mines alone account for 3576 
whites. The coal output of the Transvaal for June was 
237,022 tons, value 76,203/.; silver, 43,426 oz., value 
4805/.; diamonds, 59,962 carats, value 70,1107. The total 
value of the mineral output of the Transvaal in June was 
1,911, 162/., as compared with 1,484,864/. in June, 1904, or 
an increase of 426, 298. The increase in the gold “— 
as compared with that for June, 1904, was 450,278/, For 
the year ending June 30, 1904, the total output of gold, 
silver, coal, and diamonds was valued at 16,388,946/.; 
while for the year ending June 30, 1905, the amount was 
20, 4997. 4787., Sontes an increase of 4,110,532 
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ALUMINIUM STEELS AND ALLOYS. 


Mr. L. GuILLet has made experiments on two series 
of aluminium steels containing about 0.15 and 0.75 
per cent. of carbon respectively, the percentage of 
aluminium in the steels ranging from 0 to 15. He found 
that small quantities of aluminium have practically no 
influence on the mechanical properties of iron; but 
when the amount of aluminium is ter than 2 to 3 
per cent., the metal becomes very brittle. No com- 
pounds of the two metals are formed ; the aluminium 
dissolves in the iron and prevents the development of 
the pearlite crystals, causing this constituent to sepa- 
rate in a special granular form, to which the brittleness 
of certain of the steels may be due. The solution of 
aluminium in iron does not dissolve carbon, but 
graphite is not separated as would have been expected. 
When the aluminium and carbon are present in suffi- 
cient quantities, cementite is found in the steel, 
although in all of the specimens examined the amount 
of carbon was much less than 0.85 per cent. On 
quenching aluminium steel martensite is produced 
only in those parts where rlite was previous] 
present. It is noted that steels containing a small 
quantity of aluminium show only a very slight 
hysteresis, and are thus specially suitable for elec- 
trical machines. (Bulletin Société d Encouragment, 
1905, vol. cvii.). Aluminium steels were investiga 
by Mr. R. A. Hadfield, and the results communicated 
to the Iron and Steel Institute, October, 1890. 

Mr. P. Breuil, Carnegie Research Scholar (vide 
Comptes Rendu, 1905, vol. cxl.), has examined a copper 
aluminium alloy called ‘‘ Fortior,” which melts at 
about 1010 deg. to 1030 deg. Cent., and has a trans- 
formation point between 690 deg. and 730 deg. Cent. 
The metal was examined as cast, and also after 
quenching in cold water from temperatures of 550 deg., 
650 deg., 750 deg., 850 deg., and 950 deg. Cent. The 
metal, as cast, showed large white grains in a black 
eutectic; when chilled from 550 deg. Cent. it was 
more nearly homogeneous and granular, and the black 
eutectic had almost disappeared, On chilling from 
650 deg. to 750 deg. Cent., a new constituent appeared 
in the form of fine felted needles resembling martensite 
in character; and as the temperature from which 
quenching took place was further raised, this marten- 
sitic constituent became the predominant, and ulti- 
mately the sole, constituent. With its increase the 
elastic limit, and the tensile and compressive strengths, 
increased, while the elongation diminished ; the pheno- 
mena are closely analogous to those in the similar 
treatment of stee!. The martensitic constituent has 
been noticed by Mr. W. Campbell (Journal of the 
Franklin Institute), who, however, did not describe its 
cause nor its effect on the mechanical properties of 
the metal. Itis produced entirely by the quenching ; 
bars of the same alloy heated and then allowed to cool 
in air showed no sign of it. 

In the case of steels, many authors have shown that 
there is an analogy between the effects of quenching 
and those of hammering, and in all probability this 
may be so with these aluminium - steel alloys. No 
doubt the sudden cooling prevents the change from 
the martensitic constituent (formed at the high tem- 
perature) at the transformation temperature, asOsmond 
thinks is the case with steels. 

The experiments of Mr. W. Campbell, referred to 
above, were upon ‘‘ the change of structure of metals 
in the solid state.” Such changes of structure after a 
metal or alloy has passed completely from the liquid 
to the solid state are :—l. Those , Se to mechanical 
stress and to the growth of crystals on annealing the 
metal or alloy thus strained. Those due to changes 
in composition and to diffusion, such as cementation, 
decarburisation, diffusion of gold into lead, formation 
of alloys of gold and copper oxide, &c. 3, Those pro- 
duced by change of temperature, like the conversion 
of a, 8, or yiron into one of the other forms or 
changes in structure during cooling of copper-alumi- 
nium, copper-tin, copper-antimony alloys, or of iron 
and steel. 

The relation of the various components is illustrated 
by a diagram based on that of the metallurgist Rooze- 
boom. ‘The effects of heat and mechanical treatment 
are illustrated by reference to a steel containing 0.5 
per cent. of carbon and 0.98 per cent. of manganese, 
which showed two critical points on heating: Ac 
about 700 deg. Cent. (strong), and A c2-3 about 750 deg. 
Cent, (slight), and on cooling, A r—s) about 700 deg. 
Cent. (slight), and Ar at 660 deg. Cent. (strong). 

For Steel Cooled in Air.—The best elastic limit was 
when the steel was heated to 750 deg. Cent.; the 
greatest maximum load was when it was heated to 840 
deg. Cent., the best elongation at 750 deg. Cent., and 
the best reduction of area at 700 deg. Cent. The photo- 
micrographs showed that the whole steel had the finest 
structure at 733 deg. Cent., where the ual coarsen- 
ing of the martensite on heating to 700 deg. Cent., 
and the gradual lessening in size of the ferrite, result 
in a uniform texture for the whole steel. 

_For Steel Quenched in Water.—The best results were 
given when the re-heating was carried to 733 deg. Cent., 
and the micro-photographs showed that the uniform 


fine structure of the steel at that temperature was pre- 
served on quenching. 

For. Heat Refining. — The results show that the 
steel which has cooled down slowly from 1390 deg. 
Cent., and is much overheated, must be re-heated to 
that temperature at which the changes due to Ac and 
Ar2_3 just balance, for then the whole steel has the 
finest structure. 

For Mechanical Refning.—The results showed that 
the steel should be allowed to cool before rolling to 
such a temperature that, after rolling, the structure 
will be as close as possible, and that the best results 
are obtained when the bars leave the rolls as near 
Aros as ible. An allowance of 40 deg. Cent. for 
cooling in the rolls is, perhaps, sufficient, so that the 
bars should be withdrawn from the furnace at, say, 
740 deg. to 750 deg. Cent. 








KOREAN TRADE. 

WE have from time to time given some particulars 
regarding the development of trade in Korea, as these 
have been recorded in the reports of the British Consuls ; 
but it is useful to look at such a subject from different 
pointes of view, and the following from the report of the 

hief Commissioner of Korean Customs, for the year 
1904, will be found interesting to those who are watching 
the progress of events in the Far East. 

As we have already pointed out, although Korea was 
one of the chief causes of the war between Japan and 
Russia, it has not suffered much from the ravages of 
war; but, on the contrary, the war by which the country 


as m encompassed has had a forcing influence on 
trade, and results have been attained ‘‘ which could not 
have been hoped for under the rule of peace. Korea did 


not, indeed, enjoy complete immunity from alarms. 
From the outbreak of hostilities in February until their 
defeat in the middle of August the Vladivostok cruisers 
were a standing check on the trade of the East, and, for 
the greater part of that period, prevented the regular 
steamers from Japan from venturing north of Fusan ; and 
the advance of Russian troops down the coast of Ham- 
vase partially cut off that province for a time and 
sealed the port of Songchin. 

But after the naval actions at Port Arthur and 
Chemulpo on February 8 and 9, there was, in all the 
other provinces, and on the south and wests coasts, a 
remarkable feeling of security, born of the belief that 
the Vladivostok cruisers would not venture through 
the Tsushima Strait, and that Admiral Togo held the 
Port Arthur squadron under effective control. The 
principal highway being thus open and safe, there were 
not wanting exceptional inducements to trade. Cereals 
of every kind yielded excellent crops throughout the 
country, and the requirements of the Japanese forces— 
and in Hamkyengdo of the Russian forces—created an 
easy market for these food-stuffs without the trouble and 
expense of transportation abroad. Native labour, too, 
was employed on a large scale, and well remunerated, in 
connection with the movement of troops and the work on 
the Seoul-Fusan and Seoul-Wiju railways. Many un- 
wonted millions of yen were, thus, in consequence of the 
war, and the railway construction which it so greatly 
accelerated, distributed among the Korean people. Never 
before, it is safe to say, has the average Korean had so 
much to spend, and the import tables show how freely he 
has spent it and how great and immediate is the advantage 
to foreign trade which may be expected to follow any 
improvement in his circumstances. Another, less gratify- 
ing consequence of the abundance of employment and 
higher wages was the greatly increased cost of living, both 
for natives and foreigners, prices having risen in many cases 
50 to 100 per cent.” 

The gross value of the year’s trade, not including gold 
or treasure, or the trade with non-treaty ports, is given by 
~ Chief Commissioner as 53,234,974 yen, divided as 
ollows :— 


Yen. 
Foreign goods imported from abroad 27,402,591 
29 99 native 
ports .. ie ee pe .. 4,588,695 
Foreign goods re-exported abroad ... 597,211 
9 9 = to native 
ports ... ae = a .. 4,479,103 
Native goods imported from native 
ports ... ae ous ae ee 4,656,308 
Native goods re-exported to native 
(on ie ag aeaerasaaelaa actin 312,356 
Exports abroad bos ne ... 6,933,504 
», to native ports = ... 4,265,306 
53,234,974 


“It may be objected to this statement that certain 
pairs of items, such as native exports to and native im- 
ports from native ports, form essentially but one move- 
ment, and that only one of each pair should be counted. 
But as the i of a package at one port, and its 
landing at another, are each separate operations, in- 


volving ex and presumably profit, neither can well 
be cuted ta 22 complete statement.” 

We cannot enter into details of the currency and 
revenue which are given in the report. With regard to 
the foreign trade, the total of 26,805,380 yen, representing 
the net value of foreign imports in 1904, leaves all previous 
totals far behind. It is twice as much as the correspond- 
ing total of 1902. The report states that, when compared 
with 1903, it ‘‘shows an increase of 8,586,197 yen. Of 
this increase, some 2,189,000 yen falls to the share of 
cotton goods, in the proportion of 816,000 yen to British 
and 1,373,000 yen to Japanese manufactures. The total 
of British cottons imported was 3,767,000 yen, a figure 








which, while establishing a record for these goods, is 
but 400,000 yen more than the total of 1895, hitherto 
the best year; and it is worthy of note that the 
increase in value since 1895 is accompanied by some 
falling off in actual quantity. It may be that a more 
regular direct service of steamers between Shanghai 
and Chemulpo, of which there is a good prospect in 
1905, would be favourable to the trade in Manchester 
goods. Naturally, Japanese cottons have much in- 
creased, both in quae and value, since 1895; for 
if that was the culminating year for British cottons, it 
was equally the starting-point for the remarkable growth 
of the trade in Japanese cotton manufactures. The latter 
were imported in 1904 to the net value of 4,134,721 yen. 
The two important descriptions which in recent years 
have shown a downward tendency—namely, unclassed 
piece goods (imitation Korean cloth) and cotton yarn— 
come once more to the front; while sheetings maintain 
their figures of the previous year.” There is a long list 
of miscellaneous articles imported, which may, in the 
main, be said to be owing to the needs of the troops in occu- 
pation, and the smaller army of Japanese engaged on the 
railways. According to reliable information, ‘* the outlay 
of the Seoul-Fusan Railway Company in Korea, during 
1904, was about 7,500,000 yen, while that of the military, 
authorities on the Seoul-Wiju Railway, for ten months, 
at the rate of 800,000 yen a month, was 8,000,000 yen, and 
the greater part of this large expenditure undoubtedly 
went to Korean labourers. Particulars of the military 
expenditure on transport and supplies are not available.” 

he construction of salmaes from Fusan to Seoul and 
from Seoul to Wiju was, states the report, “carried on 
with extraordinary energy during the year, and the former 
railway was so far completed as to permit of its being 
thrown open to traffic in the end of December. At the 
present date two trains a day are running from each 
terminus, taking about 29 hours for the journey, of which, 
however, 12 are night hours to be passed by passengers 
in rest-houses either at Taiku or Taichan. The actual 
travelling occupies, therefore, about 17 hours for the 
275 miles, giving an average rate, including short stop- 
pages, of some 16 miles an hour. When the bridges 
and tunnels still unfinished are completed, which will 
probably be about next midsummer, it is expected that 
the journey will take 14 hours, with no night stoppage. 
Those who have travelled by this line speak highly of its 
solidity and of the quality of the workmanship which has 
been bestowed on it.” The formal opening of the Seoul- 
Fusan Railway took place on May 25 last with consider- 
able ceremony, and it is calcula that by the improve- 
ment of the steamship service and connection arrange- 
ment, which is to follow in due course, the Korean capital 
will have been brought within sixty hours’ distance from 
Tokio. One of the leading Japanese journals, writing 
on the subject of the opening of the railway, not only 
congratulates those who have so successfully carried out 
the work, but points out that the real significance of the 
event is that it marks the completion of one of the chief 
enterprises nationally undertaken by Japan in Korea, 
and that it forms an extension of Japanese rights and 
interests there, and strengthens their position in the 
peninsular State. 

The report states that on the outbreak of war all the 
larger Japanese steamers engaged in the Korean trade 
‘*were utilised as transports, and for a time it seemed as 
if the year’s business must suffer for lack of tonnage. The 
Japanese shipping companies, however, partially replaced 
their own vessels by chartering foreign steamers, and, 
with the aid of outside enterprise, a sufficient tonnage 
was soon at the disposal of shippers, though the total 
entries for the year show a decrease of 350,000 tons as 
compared with 1903, and this notwithstanding an increase 
in the number of steamers entered. The withdrawal of all 
Russian vessels after the beginning of February, and the 

artial substitution of European for Japanese steamers, 
Nee effected a marked change in the distribution of 
shipping under flags. hile Japanese tonnage has de- 
creased by nearly a half, there has been a notable gain 
under the American, British, Chinese, German, and 
Norwegian flags. The European vessels placed on the 
regular run by Japanese charterers were mainly German 
and Norwegian, those engaged in the carriage of railway 
material, chiefly British. and one American steamer, the 
Ohio, for which the Nippon Yusen, Kaisha were the 

ents, enjoyed throughout the greater part of the year 
the — of European passengers between Korea 
and Japan.” 








Cotitece CaLenpArs.—The Glasgow and West of 
Scotland Technical College has now issued their new 
calendar of arrangements for the coming academical year. 
The college provides day and evening courses in metal- 
lurgy, chemistry, architecture, engineering, naval archi- 
tecture, and some other subjects. The tuition is in part 
controlled by a sub-committee of local engineers, archi- 
tects, or shipbuilders, as the case — be. The secretary 
is Mr. H. F. Stockdale, F.R.S.E.—The calendar of the 
East London College, Mile End-road, 8.E., contains an 
announcement that an arts department is to be added to 
the purely technical branches of study hitherto pursued, 
in which students will be prepared for the B.A. degree at 
London University. The head of the engineering de- 

tment is Professor D. A. Low, M.I. Mech. E., whilst 
rofessor J. T. Morris, M.I.E.E., is in charge of the 
course on electrical engineering. The college is well 
equipped with laboratories and workshops. The new 
session opens on September 18 in the case of the day 
department, whilst the evening classes commence on 
September 25.—From the new prospectus of the City of 
London Coliege, Moorfields, E.C., we note that the forth- 
coming session commences on October 2. The secretary 
is Mr. David Savage, from whom full particulars as to the 








course of study and fees can be obtained. 
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HIGH-SPEED AMMONIA COMPRESSOR. 


THE ammonia compressor used in connection with 
refrigerating plant is usually run at a comparatively 
low speed on account of the peculiar difficulties met 
with in the work it has to perform. As in the case of 
all machinery for compressing gas, it is essential to the 
attainment. of even moderate economy that the clear- 
ance spaces in the compressor cylinder should be as 
small as practicable ; but while, in compressors for air 
or other so-called permanent gas, clearances may be 
reduced to the utmost limit allowed by mechanical 
considerations, a gas which liquefies under pressure 
complicates the problem. A liquid in the compressor 
cylinder cannot escape through the ordinary delivery 
valves as freely as gas, and being practically incom- 
pressible, is struck a blow by the advancing piston 
which is liable to break the ajelensove, or do other 

ually serious damage. The fracture of the cylinder 
an ammonia compressor is, of course, a highly 
dangerous accident, on account of the nature of the 
escaping gas, and the provision of relief-valves, similar 
to those fitved to steam-engine cylinders, is not gene- 
rally practicable, for the same reason. Consequently, 
it has been the custom to run ammonia compressors 
with a low piston speed, and reduce the chances of 
accident at the expense of providing large and volu- 
metrically inefficient machines. 

With the object of increasing the speed at which 
ammonia compressors may be run with safety, Messrs. 
L. Sterne and Co., Limited, of the Crown Iron Works, 
Glasgow, have designed a type of machine embodying 
several important improvements. We illustrate in Figs. 
land 2, on the present page, the general appearance of 
two of these machines, known as the Crown Express 
ammonia compressors, Fig. 1 shows a tandem steam- 
driven compressor, self-contained on a single bed- 
plate, and Fig. 2 a compressor arranged for belt-driv- 
ing. The most interesting feature of the new machines 
is the arrangement of the compressor cylinder, shown 
in section in Fig. 3. The piston is long and tubular, 
and has two lugs on each side at the centre of its 
length, to which the two piston-rods are attached. 
These lugs work in the suction chamber which sur- 
rounds the centré of the piston. The return gas enters 
the suction chamber and gets into the interior of the 
piston through large openings in its sides. Thence it 
passes alternately into the two compression chambers 
through light metallic plate valves on the ends of the 
piston, shown in detail in Figs. 6 and 7. The end of each 
compression chamber is fitted with a delivery-valve of 
a similar type, shown in Fig. 4. The seating of the 
delivery-valves, which constitues the end of the com- 
pression chamber, is, however, not solid with the walls 
of the chamber, but is held in place by a strong spring, 
as shown in detail in Fig. 4. This arrangement allows 
the piston to come almost in contact with the ends of 
the cylinder at every stroke with absolute safety ; for 
even should it strike the end, no harm can be done. 
Also, if liquid ammonia should be present, there will 
be no shock when the piston strikes it, for it will 
cause the cylinder end to recede sufficiently for the 
liquid to escape round the edges of the seating of 
the delivery valve. Hence the clearances may be 
kept down to almost nothing, and the compressor run 
at a speed much higher than usual, with no fear of 
accident. 

Another feature in the design, worthy of notice, is 
that, as the piston-rods are arranged to work outside 
the compressor chambers, they are not subjected to 
the variations of temperature during each stroke which 
their presence within the chamber would involve. 
The rods and the piston are kept at a moderately low 
and almost uniform temperature by being surrounded 
by the return gas, and as the piston-rod glands have 
only to withstand the suction pressure, they may be 
lightly packed, and the wear and tear due to the usual 
tight packings avoided. 

hese compressors are built by the makers in 
various sizes, ranging from 1 to 200 tons refrigerating 
capacity. The smaller sizes are vertical and single- 
acting. 








Nortu-Eastern Raiway Execrric Trains. — The 
North-Eastern Railway Company is now running electric 
trains for gers, covering about 100,000 miles per 
month. e cost of the electric energy—apart from the 
wages of the trainmen and other outgoings—is more than 
2000. monthly. 


Mors DurHaM Coa..—It is expected that coal-drawing 
will be shortly commenced at the Horden Colliery, near 
Seaham, the — of which was begun in 1899. There 
are three shafts—the north, south, and east ; the first is 
209 fathoms deep, and passes through four seams; the 
south pit is down to a depth of 144 fathoms, and reaches 
the main coal seam ; and the east pit goes to a depth of 
174 fathoms, and has reached the low main seam. Great 
difficulties were met with during the sinking operations 
in the shape of water and sand. In the north pit shaft 
8} fathoms of sand were gone through, while 30,000 
gallons of water per minute were dealt -with. Heavy 
metal “tubbing,” or shaft-lining, had to be extensively 
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ELECTRIC BELL. 















WE illustrate above an electric bell of very large 
size which has been designed for signalling purposes 
for railway and other work. It is well known that a 
loud bell requires a large and heavy gong, and such 
a gong must be struck an adequate blow. This implies 
a heavy hammer, and with the usual construction of 
electric bells, in which the hammer is attached by a 
flexible spring, a practical limit to the weight of the 
hammer is very soon reached. In the bell illustrated 
the hammer is mounted on a pivot, and an extension 
of the hammer shaft beyond the pivot is attached 
to the outer end of the armature by a stout wire. The 
inner end of the armature is attached to the framing 
by the usual plate-spring, but this spring serves for 
little else than to carry the current to the platinum 
contact. The real operating spring is a spiral sprin 
attached to the outer end of the armature, an 
counteracting the weight of the hammer. The arma- 
ture is thus in equilibrium under these forces, and 
when attracted by the magnets, lifts the hammer 
farther from the gong, on to which it falls when 
contact is broken at the platinum points. 

The blow given is not “dead,” as the spiral spring 
immediately lifts the hammer again from the gong. 
The bell may be made either single-stroke or trembling, 
as required, and makes a most astonishing noise. All 
the electrical part is enclosed in a water-tight case, 
through a gland in which, the rod, actuating the 
hammer, slides. The hammer also is protected by a 
metal casing, so that the whole bell is absolutely pro- 
tected from the weather, and may be used in the most 
exposed situations. 

The gong is of ordinary cast bell-metal, 194 in. in 
diameter, and 4 in. thick. It weighs 90 lb. The 
hammer -head is spherical, 2 in. in diameter, and 
makes about 110 strokes per minute. Twelve ordinary 
dry cells will work the bell, the current required being 
only ? ampere at 18 volts. We understand that 
Messrs. Fuller, Macleod, and Co., of Norfolk House, 
Laurence Pountney-hill, E.C., have recently supplied 
a number of these bells for signalling purposes on the 
German State Railways and elsewhere. 








More Cumian Raruways.—A syndicate has been 
formed at Brussels by various banking houses and com- 
panies with a view to the development of a network of 
railways in the interior i 


of Chili, 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, August 15, 

An extraordinary activity has developed in steel 
rails, the sales from August 1 footing up 123,000 tons, 
while negotiations are pending for 190,000 tons addi- 
tional, a portion of which will not be delivered until 
next year. The activity in rails is something of a 
surprise to the rail-makers, especially in relation to 
negotiations for delivery next year. The Louisville 
ve Nashville Railroad purchased 45,000 tons; the 
Harriman lines, 26,000 tons ; the Detroit, Toledo, and 
Ironton, 10,000 tons, with 17,000 tons for export to 
South America. A south-western railroad is now in the 
market for 25,000 tons; Pacific railroads for 75,000 tons; 
several eastern railroads for lotsaggregating 10,000tons; 
the Southern Railway for 30,000 tons; a railroad in the 
central west for 25,000 tons; and still another, name 
unknown, for a like amount. In addition to these 
known inquiries, there are other large requirements 
which will shortly be presented, the probable result of 
which will be the filling up of the rail mills of the 
United States with orders that will carry them through 
the first quarter of next year. It is generally under- 
stood that the Pennsylvania Steel Company has finally 
secured the contract to supply 43,000 tons of steel for 
the Manhattan Bridge. is matter has been before 
the steel people for a long time. In the way of rapid 
production it is to be mentioned that the new angle 
mill of the Carnegie Company at Sharon, Pa., 
recently turned out in one day 763 tons of steel 
products. Capacity is being increased in a number 
of mills, and the matter of establishing new mills is 
receiving serious consideration. The various industries 
which consume pig iron in its different finished forms 
are all crowded with work, and all of these interests 
are covering their requirements as fast as they are 
presented. August is usually a quiet month; but 
the inquiries coming to hand from day to day 
very clearly show that the capacity of the furnaces 
will be strained for an indefinite period. During the 

t week contracts were placed for 50,000 tons of 

ic iron, of which 15,000 tons are to be made in 
Alabama, 10,000 tons in Virginia, and 25,000 tons in 
Eastern Pennsylvania. Both foundry and forge iron 
are well sold up. The contractsin the East amounted 





during the past week to 25,000 tons. The policy of 
iron and steel consumers is to keep contracts going 





for all material they will likely need for two or three 
months ahead. The demand for coal is active, but 
the enormous production leaves a surplus on the 
market, concerning which some wholesale coal-dealers 
say there is evidence of dulness. The dulness is caused 
by the fact that the capacity for consumption, enor- 
mous as it is, is not sommes | to the output of the 
mines;- Coke is selling freely, and the capacity is 
crowded, and there is no accumulation at present. 
There is a strong tone in the market in all directions, 
and this condition is likely to continue because of the 
number of new enterprises calling for material. 
Hardware and machinery are both in active request, 
and the associations representing those interests in 
recent conventions reported most satisfactory trade 
conditions. Building operations are being prosecuted 
and everything going into construction is selling at a 
good price. 
August 22. 

All the great steel companies of the United States 
are crowded with work in every department, and 
many of the officials have been obliged to shorten 
their vacations and return to their desks. Labour ig 
being picked up wherever it can be found. Fully. 
20,000,000 dols. will be expended in the Pittsburg 
district within the next few months in the erection 
of steel mills. Mills, furnaces, and shops which cost 
about 5,000,000 dols. to erect are now all ready to 
open, and the additional plants will furnish employ- 
ment to about 23,000 men, in addition to the "000 
men now engaged. The same favourable reports 
come from more western points. The Illinois 
Steel Company, near Chicago, has 9000 men on 
its pay roll, and will shortly add 500 more to 
operate the new beam mill which is about being 
opened. The report has been revived that the United 
States Steel Corporation will erect a 2,000,000-dol. 
mill near Detroit, Mich. The unfilled orders on the 
books of this Corporation foot up 5,500,000 tons, as 
against 4,829,655 tons on June 30. On September 30, 
1904, the orders amounted to 3,027,436 tons. The 
same oversold condition is found in all the great steel 
companies. Structural steel and steel rails are in very 
active demand, and the producing capacity is now 
oversold for some months to come. Much new busi- 
ness is being presented, and it is the belief of the 
best authorities in the steel industries that the capa- 
city which has been projected will very soon be entered 
upon. Railroad companies are calling for large quanti- 
ties of steel rails, some of the deliveries extending to 
the close of the first half of next year. Upwards of 
100,000 tons of steel rails are now eg negotiated 
for home delivery, and the inquiries for delivery 
abroad call for 25,000 tons. Shipments are being made 
almost daily to Mexico and South America, and it is 
expected that quite a demand will develop itself in 
Canada because of the alleged unsatisfactory quality 
of the steel rails made in the Dominion. Many of the 
independent mills have been booking a large amount of 
business in small orders, because the Trust mills are 
unable to promise early deliveries. Steel plate is very 
active, most of the inquiries coming from car-builders, 
who have placed pot, for about 100,000 tons of 
lates, shapes, and bars during the past few days. 
ost of this new business has gone to indepen- 
dent mills. Within the past week railroads through- 
out the East have placed orders with car-builders 
for 7000 cars, and the orders for the 70,000 tons of 
material needed are being placed at the present time. 
Crude iron is also more active because of the general 
activity, and basic and Bessemer steel are now 
being Tought for future delivery. Special grades of 
foundry are being bought by the big foundry plants, 
including a great deal of charcoal iron, the suppl 
of which is barely equal to the current demand, 
The Republic Iron and Steel Company, of Youngs- 
town, Ohio, have just placed an order for 5,000,000 
bricks, to be used in the construction of a blast- 
furnace at that point. 








Sream-CoacueEs IN LIncoLNSHIRE.—The Great Northern 
Railway Company has commenced the erection of plat- 
forms or landing stages at various level crossings between 
Louth and Grimsby, as a.preliminary to the provision of 
a new service of steam-coaches to run over its system in 
the intervals between the ordinary trains. The new 
service will supply several villages which are now some 
miles from a collwey station. 





Messrs. HAwTHORN, LESLIE, AND Co., Ltp.—The report 
for the year ending June 30 states that after making an 
allowance of 15,3997. for depreciation and for the lease- 
hold redemption fund, and paying all interest and other 
charges, there remains an available balance of 91,126/. 
The directors recommend a further dividend of 15s. per 
share, less tax,. and a bonus of 5s. per share, less tax 
(making the total payment to the shareholders 124 per 
cent. for the year) ; and they propose to add 22,000/. to 
the reserve fund (making it 66,000/.), to set aside 10,000/, 
for extensions and improvements of plant on account 
of the introduction of turbines, and to carry forward 
47761, 
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NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened firm and prices were inclined 
to have an upward tendency ; this was partly due to 
rumours of peace in the Far East. Cleveland warrants 
were done at 47s. 64d. and 47s. 7d. cash, 47s. 8d. and 
47s. 104d. one month, with one lot at 48s. three months. 
The transactions amounted to 5000 tons, and sellers’ 
closing quotations were 47s. 8d. cash and 47s. 11d. one 
month. The tone of the market in the afternoon was 
strong, although only 2500 tons of Cleveland warrants 
changed hands, the prices being 47s. 84d. cash, 47s. 9d. 
seven days, 47s. 104d. and 47s. 1ld. one month. At the 
close sellers quoted 47s. 84d. cash and 48s, one 
month, making an advance of 5d. on the day. Cum- 
berland. hematite to the extent of 2500 tons was 
dealt in at 57s. 14d. one month ; this also was an advance 
on the last deal. Standard foundry iron was quoted 
45a. 7d. cash buyers and 45s. 8d. cash sellers. On Friday 
morning about 6000 tons of Cleveland warrants changed 
hands on a firm market. Thedealing was at 47s. 11d. and 
48s. cash, 48s. seven days, 48s. 3d. one month, 48s, 54d. two 
months, and 48s. 74d. three months. There were buyers 
over at 483. cash, the market closing with sellers at 48s. 1d. 
cash and 483. 4d. one month. The settling prices were :— 
Scotch, 51s.; Cleveland, 48s.; Cumberland, 57s.; and Stan- 
dard foundry iron, 45s. 74d. The tone was again strong 
in the afternoon, when 9000 tons of Cleveland warrants 
changed hands at 48s. 4d., 483. 54d., 483. 4d., and 48s. 5d. 
cash, and 48s, 8d., 483. 7d., and 48s. 74d. one month. 
Forward iron was done at 483. 11d. and 48s. 10}d. two 
months, while for three months’ iron 48s. 114d. was 
offered and refused. Cumberland hematite, 1000 tons, 
was done at 57s. 9d. one month, being an advance of 
74d. The closing quotations were :—Cleveland, 48s, 5d. 
cash sellers, and 483. 8d. one month sellers; Cumber- 
land, 57s. 5d. cash buyers, 57s. 6d. cash sellers, and 7s. 9d. 
one month sellers. When the market opened on Mon- 
day morning the upward tendency continued, and Cleve- 
land warrants were done at 483. 9d. cash, 483. 8d. to 
48s. 94d. four days, 48s. 104d., 483. 11d. to 49s. one month. 
The turnover was about 7000 tons, and sellers’ closing 
quotations were 48s. 10d. cash and 493. 14d. one month. 
Hematite was again dealt in, 1500 tons changing hands 
at 57s. 9d. one month, closing at 58s, one mont 
sellers. In the afternoon there was a slight reaction 
in -~ and Cleveland warrants were done at 48s. 74d. 
cash, 48s. 8d. fourteen days, and 48s. 11d. one month, 
with one lot at 49s. 1 a. three months. The turn- 
over was 7000 tons, and the closing quotations were 
48s. 7d. cash, 48s. 10d. one month, and 493. three 
months sellers. On Tuesday morning a further re- 
action took place in Cleveland warrants, and prices were 
a trifle irregular. A business of 4000 tons was done 
at 483. 64d. and 48s, 44d. cash, and at 48s. 11d. to 
48s. 10}d. one month. Forward iron, to the extent of 
3000 tons, was done at prices varying from 48s. 11d. to 
49s., and then back to 48s. 94. The closing quotations 
were 483 5d. cash and 483. 8d. one month sellers, buyers 
being at 4d. less in each case. One lot of hematite iron 
was done at 58s. one month, the market closing firm at 
58s. 2d. one month sellers. The settling prices were :— 
Scotch, 51s. 6d.; Cleveland, 48s. 44d.; Cumberland, 
57s. 9d.; and Standard foundry iron, 46s. 6d. At 
the afternoon session the turnover was 12,000 tons, 
and the tone of the market was again rather easier. 
Cleveland warrants opened at 48s. 3d. cash and firmed to 
48s. 4d.. and closed with sellers at 483. 44d. cash. One 
month iron opened at 483. 6d., and firmed to 48s. 74d., 
which was also sellers’ closing quotation, and three 
months iron was first done at 483. 84d., and then at 
48s. 9d., closing firm with buyers at 48s. 10d. Other 
dealings took place at 48s. 4d. three and six days, and at 
48s. 5d. thirteendays. One lot of hematite iron was done 
at 583. 3d. two months. Whenthe market opened to-day 
(Wednesday) the tone was considerably stronger, and 
Cleveland warrants recovered in price. The turnover 
was 10,000 tons, and the dealings were at 48s. 10d. to 
48s. 104d. cash, 49s. 14d. to 48s. 114d. one month, and 
48s. 10d. four months, the market closing with sellers 
at 48s. 84d. cash and 49s. one month. One lot of hema- 
tite iron was done at 58s. 3d. one month. In the after- 
noon the market was very irregular in tone, and Cleve- 
land warrants, opening at 48s. 64d. cash, dropped to 
48s. 34d., then recovered to 483. 44d., and closed with 
sellers at 48s. 4d. One month iron also fluctuated, the 
prices being 48s. 104d., 48s. 64d., 48s. 8d., and 48s. 64d., 
closing with sellers at 48s. 7d. One lot was done at 
48s. 9d. two months, and one lot of hematite iron was 
done at 58s, one month. The total turnover was 15,000 
tons. The market quotations for makers’ No. 1 iron 
are as follow:—Clyde, 58s.; Calder, Gartsherrie, and 
Summerlee, 58s. 6d. ; Langloan, 60s. ; Coltness, 66s. 6d. (all 
shipped at Glasgow) ; G'engarnock (shipped at Ard- 
rossan), 58s. 6d.; Shotts (shipped at Leith), 58s.; Carron 
(shipped at Grangemouth), 58s. 6d. 


Sulphate of Ammonia.—The market for sulphate of 
ammonia has lately been inclined to be rather easier, A 
fair amount of business has lately been reported, and the 
present values are round about 12/. 10s. for prompt and 
12/, 153. per ton for forward business, Glasgow and Leith. 
bey shipments last week from the latter port were under 

tons. 


Scotch Steel Trade.—The Scotch steel trade still exhibits 
® strong tone, and prices continue to be very firm. In- 
quiries have been fairly plentiful of late, and order-books 
are all very full, which will keep the various works well 
employed during the remainder of this year. Rumours 
were current during the early part of this week that prices 
were likely to be raised, but at the fortnightly meeting of 
the Scotch steel-makers, held here yesterday, it was re- 


solved to make no change in present quotations. Never- 
theless, the matter was under consideration, and although 
a very active business is at present being done, the above 
decision, of no change in the meantime, was come to. 
The demand for steel angles, &c., for Canada still con- 
tinues. The current prices are :—Ship-plates, 5/. 17s. 6d. 
per ton ; boiler-plates, 6/. 7s. 6d. per ton ; angles, 5/. 10s. 
per ton ; and bars, 6/. 10s. per ton—all less 5 per cent. 

Galvanised Sheets.—Local makers of galvanised sheets 
intimate another advance of 2s. 6d. per ton in the price 
of heavy-gauge corrugated sizes, making a gross rise of 
late of 7s. 6d. per ton. The demand is strong for India, 
the Colonies, and the Far East. 


Shipbuilding.—Several <i meme orders have lately 
been placed with local builders, and the following are 
among the principal :—Messra. A. Stephen and Sons, 
Linthouse, have contracted to build a steamer of about 
5000 tons for Messrs. Elders and Fyffe’s Shipping, 
Limited, for service between Manchester and Costa Rica. 
The new vessel will be 375 ft. between perpendiculars, 
47 ft. 6 in. deep (moulded), 32 ft. 6in. broad, and will 
have a speed of 13 knots at sea.—The Clyde ee yt me | 
and Engineering Company, Port Glasgow, have receiv 
an order to build a steamer of 1500 tons for foreign 
owners.—The Grangemouth and Greenock Dockyard 
Company have contrac to build a steamer of about 
2500 tons for a Riga firm, for the Mediterranean trade. 
The vessel will have a speed of 11 knots, and will be fitted 
up with all the latest appliances for loading and dis- 
charging cargo. She will also be able to carry a limited 
number of passengers, and will have her machinery 
supplied by Messrs. Cooper and Greig, Dundee, who 
engined the other three steamers ordered from the same 
firm. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Iron and Steel Institute.—The arrangements for the 
forthcoming meeting of the Institute in Sheffield are now 
wellin hand. So far as settling where the meetings and 
so on shall take pane and the papers to be read and dis- 
cussed, all that has been done. The difficulty is to find 
accommodation for the large numbers who propose to 
present. At a meeting of the general reception com- 


h | mittee, held on Tuesday, it was stated that 736 visitors 


were expected, and that it would be impossible to invite 
all the ladies to the functions that would be held. It was 
stated that thirty local members had asked for tickets 
for sixty-six ladies, and forty visitors had applied for 
eighty-five tickets for ladies. It was decided to limit the 
issuing of tickets to one lady to each gentleman, and local 
members will not be admitted to works. It was stated 


donations to 152/. 

Death of Mr. Jonathan Rhodes.—The death has occurred 
at Dronfield of Mr. Jonathan Rhodes, in his sixty-ninth 
ear. He was the son of the late Mr. James Rhodes, of 
Coal Aston, head of a firm of colliery proprietors, and 
since the Summerley Colliery was worked out he had 
carried on a |]; business as coal merchant and mineral 
agent at Sheffield and Dronfield. He took an active part 
in the public affairs of the latter place. 


Messrs. Kayser, Ellison, and Co. — The directors 
announce a further dividend of 7s. 6d. per share, makin 
124 per cent. for the year. For four years the aivident 
was only 10 per cent. 


Staveley and Sheepbridge.—The directors of the Stave- 
ley Coal and Iron Company have recommended a final 
dividend of 47. 103. on A and C shares, and 15s. on B and 
D shares. This is equivalent to 114 per cent. for the 
year. The directors of the Sheepbridge Coal and Iron 
Company have declared a dividend which, with the 
amount already paid, equals 74 per cent. per annum. 


Hardy Patent Pick Company, Limited.—The report of 
the directors of this company states that the net profit 
for the year is 8372/. 9s. 6d., ahd the profit brought 
forward from last year 2259/. 10s., making together 
10,6312. 19s. 6d. Out of this they proposed to pay the 
usual fixed dividends on the debenture and preference 
shares, 5 per cent. on the ordinary shares, allot 500/. to 
depreciation of tools and patterns, transfer 2000/. to 
reserve, and carry forward 1168/. 9s. 6d. The directors 
report some improvement in trade generally, but regret 
there is still considerable depression in the coal industries. 
The buildings and machinery have been kept in an 
efficient state of repair out of the year’s revenue. 


Iron and Steel.—The various firms engaged in the pro- 
duction of heavy forgings are well employed. The recent 
turbine development is causing considerable work in 
special branches. Orders for railway material continue 
to flow into the city and immediate district. They are 
not large, but in the ageregate are sufficient to keep the 
various plants fairly busy. Indeed, most of the firms 
have sufficient work on their books to occupy them for 
some time. 

South Yorkshire Coal Trade.—The changed weather has 
caused an improved demand for house coal, and coal for 
industrial purposes is more freely inquired for. The 
export of coal is being hurried on before navigation 
closes, and collieries engaged in this trade are busy. 








Tue New Patent Rutes: Erratum.—By a printer's 
error the word ‘‘because” has been trans in the 
sentence commencing on page 255, column 2, line 43 
from the bottom, in last week’s issue. The ph 
should read :—‘‘ then because the Act does not aiken 
refusal on that ground of a patent to B, the grant will be 





rendered commercially worthless,” &c, 





that the guarantee fund amounted to 6478/., and the]. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Yesterday there was only 
a thin attendance on ’Change, but the tone of the marke: 
was most cheerful ; quotations for pig iron advanced, and 
a considerable amount of business was transacted. No. 3 
=> Cleveland pig was fully 47s. 9d. f.o.b., and, in 

act, yg were rather anxious to place orders at that 
figure; No. 1 was 493. 3d.; and No. 4 foundry, 45s. 9d. 
e lower qualities also improved in price, but they 
were not in such good demand as the better kinds. No. 3 
was the class mostly asked for, and shipments of that 
uality were reported to be on a very satisfactory scale. 
srey forge was 43s. 6d.; mottled, 42s. 6d.; and white, 
42s. Excellent accounts were given of the East Coast 
hematite pig-iron trade, and some substantial sales to 
America were reported. One order for 25,000 tons for 
the States was divided between a Tyne and a Tees firm, 
15,000 tons going to the former, and 10,000 tons to the 
latter. The Tyne firm who secured the contract is 
Messrs. Palmer, but the name of the: Middlesbrough 
roducers who obtained the order has not transpired. 
or early delivery of mixed numbers of hematite the 
price was 56s. 3d., and some makers were in no hurry to 
sell at that figure. No. 1 was advanced to 56s. 9d., and 
No. 4 forge to 52s. Some quotations for delivery over 
periods next year were sought, and they brought forth 
as high a figure as 603s. Spanish ore was raised, but 
there was not much doing in it, consumers being fairly 
well bought. Rubio (50 per cent. quality) was 16s. ex- 
ship Tees. 

Manufactured Iron and Steel.—Great activity charac- 
terises these two important branches of the staple in- 
dustry. In nearly all departments a large amount of 
work is being turned out, and prices, though not as yet 

uotably changed, are very strong, and advances within 

the next day or two are generally anticipated. New 
orders continue to come to hand. Market rates are as 
follows:—Common iron bars, 6. 7s. 6d.; best bars, 
6. 17s. 6d.; iron ship-plates, 62. 2s. 6d.; iron 
ship-angles, 6/. 7s. 6d.; iron ship-rivets, 7/. 7s. 6d.; 
steel bars, 6/. 5s.; steel ship-plates, 5/. 17s. 6d.; steel 
ship-angles, 5/. 10s.; steel Pee 6/. 17s. 6d. ; steel 
joists, 5/. 7s. 6d. to 5/. 10s. ; steel sheets (singles), 7/. 5s. 
to 7/. 10s.; and steel sheets (doubles), 77. 15s. to 8/.—all 
less the customary 24 per cent. discount. Heavy sections 
of steel rails are 5/. 53s.; and cast-iron railway chairs, 
3/. 123. 6d.—both net cash at works. The strike at the 
Britannia Steel Works, Middlesbrough, has been amicably 
settled, and the men will return to work so soon as the 
firm are ready to receive them. 
Coal and Coke.—Fuel changes very little. Bunker coal 
is in good request, and unscreened Durhams are 7s. 104d. 
to 8s. 3d. f.o.b. Demand for gas coal is improving a 
little. Coking coal is firm. The value of coke is well 
maintained on the basis of 15s. 6d. for average blast- 
furnace qualities delivered here. 








PrrsonaL.— The Westinghouse Brake Company, 
Limited, have secured the exclusive rights, under the 
Morse chain patents, to manufacture and sell the Morse 
rocker joint silent high-speed chains in Great Britain and 
on the Continent of Europe, and have just completed a 
new building at York-road, King’s Cross, N., for the 
manufacture of these chains.—The Grantham Crank and 
Iron Company, Limited, of Grantham, announce that 
the style of the firm has been altered to the Grantham 
Boiler and Crank Company, Iimited. The construction 
of boilers is now a speciality with them, their works 
being equipped with many special and powerful boiler- 
making tools. 


TaBLE Bay.—The authorised length of the breakwater 
in Table Bay is now approaching completion, after many 
years’ labour, and in a few months the stability of the 
structure will assured. Gales have caused much 
damage, especially to the end, which had been protected 
by large blocks of concrete, some 80 tons in weight. It 
is now ho by means of a set of caissons at the extreme 
end to provide ample stability, until the finances of the 
colony warrant a further extension in accordance with 
the adopted scheme, when an extra length of 1050 ft. in 
all will be started upon. The work at present being done 
is for protection, and a considerable amount of filling up 
has been effected, while large numbers of concrete blocks 
have m fixed in the space between the loose rubble 
and the caissons. There still remains a large amount of 
work, which will occupy a few more months. On the top 
of the land end of the breakwater is a high wall. This 
extends as far as the root of the east pier, and thence 
onwards the breakwater is formed of loose blue stone 
rubble, protected by huge concrete blocks, many of 
which have been built in situ. While convicts are steadily 
working in the quarry, the bluestone which is carried out 
and a the breakwater is being deposited in suitable 

ts. The large blocks of stone form wave-breakers, and 
they are drop) as neatly as possible together on the 
outer side of the wall, in order to break the blows of the 
north-west waves. At the end of the breakwater a series 
of caissons is being built as a protection, and this 18 
necessary for the safety of the works. Seven-ton blocks 
of concrete have been fixed in position at the end of the 
rubble, and the s between the caissons and the 
rubble mound will Be filled in with these concrete blocks, 
which are being laid on the rock bed some 50 ft. below the 
surface of the sea. Sand is being excavated to a depth 
of 10 ft. in the caissons, and a couple of divers are kept 
constantly at work when weather permits. There are two 
travelling-cranes at work, one being situated at each end 





of the breakwater. Each has a lifting capacity of 10 tons 
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NOTES FROM THE SOUTH-WEST. 


Cardiff.—Quotations for all descriptions of large coal 
have shown scarcely any change; but small coal has ex- 
hibited an easier tone. The t large steam coal has 
made 12s. 9d. to 13s. per ton, while secondary qualities 
have ranged from 11s. 6d. to 12s. 6d. per ton. As regards 
the house-coal trade, the best ordinary qualities have 
brought 12s. 6d. to 13s. 6d. per ton, while secondary de- 
scriptions have ranged from 10s. 6d. to lls. per ton. 
No. 3 Rhondda e has been quoted at 13s. 9d. per ton. 
Foundry coke has brought 17s. 6d. to 18s. per ton, and 
furnace ditto, 16s. to 16s, 3d. per ton. As regards iron 
ore, Rubio and Almeria have made 14s. per ton. u 
a basis of 50 per cent. of iron, and charges including 
freight, insurance, &c., to Cardiff or Newport. 


Bristol and Canada.—The docks committee of the 
Bristol City Council has decided to send the assistant 
general manager (Mr. A. Harvey) on a commercial tour 
in Canada. The committee think it desirable to again 
bring under the notice of the chief exporters, manufac- 
turers, and merchants of the Dominion the increased 
facilities which Bristol will be able to afford when the 
Royal Edward Dock is completed in the spring of 1907. 
Mr. Harvey will sail on September 9, and he will visit all 
the important commercial centres of Canada. 


The ‘‘ Eclipse.”—The Eclipse, cruiser, has made some 
satisfactory steam trials. he Eclipse recently under- 
went an extensive re-fit at Devonport, and has been allo- 
cated as an additional training cruiser for naval 
cadets. The Eclipse attained a speed of 19$ knots, and 
averaged 400, and on one occasion 700, indicated horse- 
power over the estimated total, while her coal consump- 


tion was satisfactory. The engines and the whole of the | ¢ 


auxiliary machinery worked with smoothness, 


The Swansea Valley.—The yield of steel bars has been 
equal to that of any previous week during the past 
quarter ; the demand for tin bars of local manufacture 
has been pretty well saan, The collieries round 
Clydach have been averaging about five days per week. 


The Hibernia.—Ten Babcock and Wilcox water-tube 
boilers and three Scotch cylindrical boilers for the 
battleship Hibernia have been delivered at Devonport 
yee nse Several stern protection armour-plates have 
besn fitted, and the armour-plating generally is being 
expedited, so that the work of placing it in position can 
be well advanced before the boilers and heavy portions of 
the machinery are placed on board. 


Dowlais.—The Goat Mill has turned out steel rails at 
the rate of about 4000 tons per week—almost entirely on 
foreign account. The supply of steel sleepers has n 
large. The Big Mill has continued to maintain a good out- 
put of small rails for colliery purposes, angle-iron and fish- 
plates. The collieries have been well employed. 








BIRMINGHAM ELEctTRIcITY.—The revenue of the Bir- 
mingham Corporation electricity undertaking for the 
year ending March 31, 1905, was 70,229/., as compared 
with 68,641/. in the previous year. The working ex- 
penses were 30,656/., against 31,701/., and the gross 
profit 39,573/., against 36,9402. The percentage of gross 
profit to the average capital expended was 6.18 per cent., 
against 6.14 per cent. The surplus profit was 10,789/., 
against 10,412/. 





Beie1an Steet-Maxinc.—The production of steel ‘in 
Belgium in the 14 years ending with 1904 inclusive was 
as follows :— 


Year. Tons. Year. Tons. 
1891 171,867 1898 335,608 
1892 ow .. 177,131 1899 385,440 
1893 .. -. 182,479 1900 373,949 
1894 238,016 1901 311,088 
1895 226,702 1902 452,387 
1896 321,396 1903 536,356 
1897. .. 816,587 1904 - -. 540,341 
The average selling price of Belgian steel in 1901 was 


5. 128. 5d. per ton. In 1902 the price had declined to 
5l. 10s. 2d. per ton ; and in 1903 to 4/. 193. 4d. per ton. 
Last year it rallied to 47. 193. 7d. per ton. 





Sinmoy’s Town Docks.—The contractors for new docks 
at Simon’s Town (Sir John Jackson, Limited) are making 
good progress with the works. Inside the central road- 
way an excavation for a graving-dock is in hand. Some 
very hard rock has been dealt with here, and three steam- 
cranes (one a ‘‘ grab”) and an aerial transporter gear are 
kept continuously at work, clearing away the débris as it 
is blasted out. The eastern front of the works consists of 
a concrete block wall and main breakwater, and consti- 
tutes by far the heaviest part of the undertaking. Thou- 
sands of heavy concrete blocks are stacked in the yard 
beyond the recreation ground and along the railway line 
eading to the east pier, ready to be fixed in place by 
a 45-ton Titan crane, which is now working at the end 
of the pier or breakwater. The interior of the works is a 
regular network of railway metals, and some eight or 
nine locomotives are kept busy from dawn to dark, 
and often far into the night, hauling truck-loads of 
rock and earth from various points to the deposit- 
ing stations. The gauge of the track is the normal 
English 4 ft. 84in. The locomotives, with one excep- 
tion, are little four-coupled tank ; the latest addition to 
the hauling plant is, however, a six-coupled locomotive. 

here are a couple of semaphore signals controlling the 
rails leading into the yard from the quarries, but signal- 
ling within the dock area and along the breakwaters, 
both by day and night, appears to be managed entirely 


MISCELLANEA. 


A REMARKABLE run for a motor-boat was accomplished 
by Lord Howard de Walden’s racing craft Napier, which, 
on the 24th inst., made the trip from Cowes to Yarrow’s 
yard at Poplar without a single involuntary stop. The 
actual running time was 9 hours 55 minutes. On the 
previous day the boat ran from Cowes to the Werner 
light and back in weather so heavy as to cause the sus- 
pension of the ordinary traffic from Portsmouth to Ryde. 


The London Machinery e@ are making renewed 
efforts to get the law as to rating amended so as to defi- 
nitely exclude from valuation ‘‘chattel” machinery. The 
practice in the great manufacturing districts in Lanca- 
shire is now to exclude such machinery from valuation, 
but the law of 1840 is so —e worded that in other 
less developed areas the rating authorities are taking the 
opposite course. The matter is of extreme importance 
from the point of view of the industrial community, and 
it is hoped that in the next Session of Parliament the 
statute will be amended so as to make it quite cléar to 
every district council in the country that machinery of 
the character in question is rate-free. The honorary 
7 iy the League is Mr. A. Goodwin, 56, Sumner- 
street, S.E. 


In view of the strenuous opposition shown to the 
London Power Bill by the London County Council and 
certain of the Metropolitan local authorities, an opposi- 
tion which, it will be remembered, was enforced by the 
most persistent ‘‘lobbying,” it is interesting to note that 
a number of the local authorities in the neighbourhood 
of the Yorkshire Power Company’s station just opened 
at Thornhill are finding it profitable to take a supply 
rom the company. The Thornhill station is designed 
for plant of 84150 kilowatts capacity. Two 2000-kilo- 
watt Curtis turbo-generators, supplied by the British 
Thomson-Houston Company, are already installed, and a 
third is in course of erection. The current is generated 
as three-phase at 10,000 volts, and is distributed to sub- 
stations at this pressuré through cables not by 
Callender’s Cable and Construction Company, Limited. 
These cables are lead-sheathed, and were tested to 30,000 
volts before being laid. 


Mr. H. C. Loudenbeck, in the Transactions of the 
American Foundrymen’s Association, states that man- 
ganese can u to advantage in low silicon and 
chilling iron. (1) Where the percentage of scrap is large 
and the sulphur high; (2) when plates having 
chilled faces and soft backs are desired; (3) when the 
amount of sulphur in the iron employed exceeds 0.07 per 
cent. In the manufacture of large hydraulic cylinders 
the manganese should be kept low, otherwise the casting 
may have a coarse graphitic structure, which is very 
unsatisfactory. The following analyses are of metal 
used in casting cylinders 6 in. thick—No. 1 being found 
satisfactory and No. 2 unsatisfactory :— 


Cast Iron Cast Iron 


Constituent. No. 1 No. 2. 
percent. per cent 
Silicon oe basi ee 0.90 0.71 
Manganese ... 0.25 0.49 
Total carbon ... 3.34 2.98 
Combined carbon 1.44 0.65 
Sulphur ‘ “at mn 0.136 0.12 
Phosphorus ... oo , 0.39 0.31 


We find in '?Industrie Electrique a description of an 
electrically-operated plant for the transmission of parcels 
and mail matter at high speeds which is now being 
experimented with by the Société des Chemins de Fer 
Electro-Postaux. The runs have been made on a circular 
track of 500 metres (1640 ft.) radius. The car used is 
28.8 ft. long by 34 ft. wide, and weighs 6} tons. It has 
provision for carrying 4 ton of parcels, so long as these 
do not occupy a space of more than 70 cubic feet. The 
speed aimed at is 156 miles an hour, and this has been 
readily attained on trial. The car runs upon a single 
rail, but is guided by guide-wheels bearing on opposite 
sides of a special guide-rail. There are two driving- 
wheels driven by belting from three-phase motors 


cycles per second. It has been found that the speed 
of 156 miles an hour was attained in five minutes 
from starting, and on the current being cut off 
the vehicle came to rest again after the same lapse of 
time. The retardation on cutting off the current can, 
however, be greatly increased by means of wind resist- 
ances, which are folded down flat on the car when it is 
running, but are opened out automatically when a certain 
string 1s cut by a fixed knife interposed in the path of the 
car. Forced lubrication is adopted for the principal bear- 
ings, which are fed from an oil-pump coupled to a 
continuous-current motor driven by a small battery of 
accumulators mounted on the car. No details as to the 
current consumption of the main motors are given by 
UIndustrie Electrique. 


In a recent issue of the Revue de la Metallurgie, Dr. 
Hjalmar Braune gives the results of a series of experi- 
ments made by him during the past five years on the 
effect of nitrogen on the physical properties of steel. As 
a consequence of this research, he feels himself in a posi- 
tion to state that the brittleness frequently met with in 
steel is often due to the presence of nitrogen, which com- 
bines with the iron, forming a nitride which dissolves in 
the remainder of the metal, altering its appearance 
under the microscope, and rendering it brittle, as stated. 
The quantity required to have a marked deleterious 
effect is very small, In the case of a steel analysing 
originally as follows :—C, 0.060 per cent.; Si, 0.010 per 
cent.; Mn, 0.060 per cent.; S, 0.005 per cent.; P, 0.050 





by steam whistles, 





per cent.; an addition of but 0.07 to 0.08 per cent. 


taking current at 1000 volts and at a periodicity of 40 P 


of nitrogen caused a marked decrease in the elonga- 
tion on fracture. The nitrogen in question was added 
to the steel by heating the latter for a longer or 
shorter time in an atmosphere of ammonia main- 
tained at a temperature of deg. C. The specimens 
were subsequently annealed in sand. As the nitrogen 
content increases, the cells usually seen in an etched steel 
surface when examined under the microscope diminish 
in size;and when the amount of N present is 0.070 to 
0.080 per cent., the dimensions of the cells visible are 
scarcely one-tenth as great asin the untreated steel. With 
0.200 per cent. of nitrogen this cellular structure quite 
disappears. With hard steels a much smaller proportion 
of nitrogen is sufficient to produce brittleness. Thus a 
steel analysing 1.15 cent. of carbon, and showing 
originally an elongation of 20 per cent. on fracture, was 
rendered quite brittle by the addition of from 0.030 to 
0.040 per cent. of nitrogen, the elongation being reduced 
to but 2 per cent., or one-tenth of its previous value, 


On August 24 a meeting of the Milan International 
Exhibition Committee, constituted from the Associated 
Chambers of Commerce, the London Chamber of Com- 
merce, the Italian Chamber of Commerce in London, 
and other bodies, was held at the London Chamber of 
Commerce. Sir Albert K. Rollit, M.P., chairman of 
the International Exhibitions’ Committee of the London 
Chamber, presided. The chairman reported the result of 
the delegation from the committee to the Chancellor of 
the Exchequer, the Right Hon. Austen Chamberlain, 
M.P., and the Parliamentary Secretary of the Board of 
Trade, Mr. Bonar Law, M.P., and of subsequent com- 
munications with those gentlemen, which had resulted 
in his having now received from the former an intimation 
that a grant of 10,000/. will be made in aid of a British 
section at the Exhibition, and saying that a further com- 
munication will be received as to the administration of 


such grant. This statement was rded as very satis- 
weap Ae | the meeting. Provisional arrangements were 
also made for the pu of discussing with the local 


authorities of the Exhibition at Milan the space required 
for British exhibitors, and also for ascertaining provi- 
sionally what British exhibits may be expected. It 
was further arranged that a delegation from the com- 
mittee, consisting of Lord Brassey, Sir Albert Rollit, 
M.P., and Mr. Arthur Serena, would proceed to Milan, 
after the approaching meetings of the Associated 
Chambers of emer at Liége, which they are at- 
tending officially, to confer with the local exhibition 
authorities there, and to make provisional arrangements 
on behalf of the British Section. We are asked to state 
that possible exhibitors are vested to communicate 
with the secretaries of the committee for the Milan Exhi- 
bition at the London Chamber of Commerce, by whom 
information will be afforded. It may be added that this 
is the first International Exhibition held in Italy, Milan 
being the industrial capital of the country. It is being 
organised under the auspices of the Italian Government, 
the King of Italy being a patron. From all that can be 
gathe the success of the exhibition is assured, the 
Governments of France, Germany, Austria, the United 
States, and of other countries having already decided to 
be officially represented. 








Tue Erith Tramways.—On Saturday last the Erith 
Urban District Council celebrated the formal opening of 
its tramway system, covering 4} miles of way and 
equivalent to 84 miles of single track. It was original] 
hoped to have obtained a direct tramway connection with 
London vid Woolwich, but owing to the action of the 
London County Council in opposing the Bill before Par- 
liament, the lines stop short at the boundary of the area 
under the administration of the London County Council. 
The construction of the tramways has necessitated road- 
widenings and other improvements to the town’s thorough- 
fares, not the least of which is the abolition of the level 
crossing on the Lower-road and the construction of a steel 

irder skew bridge over the South-Eastern and Chatham 
ilway at that point. Power for the trams is obtained 
from the existing generating-station, which now contains 
lant: rated at 1350 kilowatts. This station was erected 
in 1903, and contains five Lancashire boilers working at 
160 lb., two of which are fitted with Bennis stokers and 
oo superheaters. The generating plant consists of 
high-speed Belliss and Allen engines direct-coupled to 
three-phase alternators generating at 3000 volts and 50 

riods. The two largest generators are each of 500 
Kilowatts, and were built by the British Westing- 
house Company, who also supplied two sets of rotary 
converters, together with their transformers and a 
negative booster, the boosting and converting plant 
being, of course, for the tramways. It was thought 
better, for the sake of interchangeability of the main 
generators, not to put down direct-current sets in 
addition to the three-phase sets, but to transform and 
convert the three-phase current to direct at the station. 
The switch gear has been re-designed and considerably 
extended by Messrs. Kelvin and James White. The 
track was laid by Messrs. Blackwell and Co., the rails 
being British Standard, 100 lb., by 60 ft., rolled by Messrs. 
Bolckow, Vaughan, and Co., and the points and cross- 
ings of Hadfield’s manganese steel. The whole of the 
overhead equipment has been oe ra by the Brush 
Company, of Loughborough, who also built the entire 
rolling - stock, comprising fourteen double-deck cars. 
These are mounted on Messrs. Mountain and Gibson’s 
single trucks, equipped with two Westinghouse motors of 
30 horse-power each. The engineers for the scheme are 
Messrs. Hawtayne and Leden, of 9, Queen-street Place, 


E.C., and we are glad to notice that the whole of the 





work in connection with the tramways has been carried 
out by British firms. 
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PEACE AND TRADE. 

‘*Pgace is welcome,” as Viscount Hayashi re- 
marked on the receipt of intelligence that- the 
plenipotentiaries of Russia and Japan had arrived 
at a complete accord on all questions at issue 
between the two belligerent nations. There is 
universal pleasure that a most sanguinary conflict 
is at an end, and associated with this feeling is 
satisfaction that carries with it many impor- 
tant and direct advantages. And if we here direct 
attention to this latter point, and especially to the 
influence of peace on trade, it is not because we do 
not recognise the immense humanitarian blessings 
resulting from the cessation of hostilities, but 
rather because the daily Press has dealt with this 
phase of the situation. Our province is that of 
science and industry. To these the war and its re- 
sults have been most beneficial ; and the incidents 
associated with the settlement of e terms, when 
analysed, will also be found to have an intimate 
relation with the same subjects. 

Many may demur to our suggestion that benefit 
may accrue to general trade from war; but there are 
worse things than war. In this case it has been 
readily recognised that since the Russian Govern- 
ment is inclined to be obstructive towards scientific 
as well as social progress, it would have been dis- 
astrous if its dominance in the Far East had been 
achieved. A check to this without appeal to arms 
proved impossible, and now that this attitude of 
opposition has been terminated, ‘‘ Peace is wel- 
come. 

The war itself has enforced many lessons useful 
to science and industry, for the Japanese success has 
been attained largely owing to the exercise in the 
highest degree of the qualities which are essential 
to success in any manufacturing nation. In the 
first place, the Mikado’s forces were provided with 
most efficient implements: incidentally it is a 
great satisfaction to realise that these were so 
largely supplied from this country. But, in addi- 
tion, there was not only a full conception of the 
importance of the work to be done, but a long and 
patient preparation and a thorough organisation to 
attain success. Merit rather than birth was recog- 
nised in the selection of responsible officers. The 
time has not yet come for a conclusive estimate of the 
scientific lessons of the war. It is doubtful if many 
new suggestions in strategy or tactics can be enun- 
ciated, use the conditions were most unequal in 
the important eng ements ; but in addition to quali- 
ties of personnel, already alluded to, it is clear that 
speed, high explosives, and adequate gun-power 
are essential alike to land and sea forces. In this 
respect the equipment of the Japanese Navy seeins 
to have been superior to that of the army. For 
instance, the shells fired from 213-Metre Hill were 
not so destructive in their effect as they would 
have been had Shimose powder been used. 

But we are not concerned here so much with 
the relative efficiency of the munitions, or with 
the tactics, as with the influence on trade both 
of war and of peace. The strength of Russia 
has for years been an unknown quantity, 
largely because of the personal equation; there 
has been too much disposition to measure power 
by a comparison of weapons, and not by the rela- 
tive skill available for their use, which latter has 
again been proved the principal factor in success. 
The uncertainty as to Russian policy in the Far 
East, as elsewhere, has been an influence detri- 
mental to trade development, notably in China. The 
Czar and his councillors have probably themselves 
had a false idea of the strength of their right arm ; 
but, whether or no, their influence at Peking and 
Seoul, and their arrogance with Japan, have had a 
baneful influence for years on all enterprises in the 
Far East. This war has, let us hope, ended all 
this ; the Chinese will cease to live in dread of a 
non-progressive power, the policy of the open door 
will o asserted . Japan, and the Chinese, having 
before them the example of Japanese success at- 
tained by the adoption of Western ideas and 
Western methods, will emulate their co-Orien- 


* \talists in their friendly rivalry with Occidental 


nations. Our association with Japan, alike indus- 


trially and politically, will not be forgotten by the 
Chinese in their organisation and development for 
success in the future. 








What this opening up of China to industry 
means a glance at the potentialities of the 
Eastern empire can barely suggest. Its territory 
of nearly 1600 million square miles is virgin soil for 
railway, mining, and manufacturing engineers. It 
is true that there are some 1600 miles of railway 
open, but this only serves to indicate that ancient 
ae pea is being overcome. There are many 
coal and iron fields, practically in every  pro- 
vince. In Hunan alone there are 21,000 square 
miles of: coal-fields, only now being worked toa 
very slight extent; and in Shansi: there are 
extensive iron deposits. With a greater degree 
of self-confidence under Japanese influence, the 
Chinese themselves will readily find capital for 
development, while foreign concessionnaires will 
recognise the greater security which comes with 
the termination of Russia’s aggressive movement 
through Manchuria. Thus the opening of China, 
whether by native or imported capital, must mean 
extensive work not only for manufacturing engi- 
neers and: shipbuilders, but also for all transport 
trades. 

We have no sympathy with the ‘‘ Yellow Peril” 

itation, which has the Kaiser as its most noted 

herent ; but, in ahy case, Japan’s magnanimity 
in the settlement of peace terms, as well as her 
absolutely correct attitude throughout the war, has 
incidentally done much to allay any fear that could 
exist on this point. There can be no question that 
Japan was justified in entering upon the war, 
and the great prestige which unalloyed success 
has brought, the splendid morale of the troops com- 
pared with the demoralisation of the Russian forces, 
and the depletion of the Ozar’s financial resources, 
would have contributed towards continued success, 
had there been any idea of randisement in the 
minds of Japanese statesmen. But notwithstandin 
that their cause was just, and that there were stil 
probabilities of further and permanent annexations 
of territory, the Emperor of Japan, ‘‘ responding 
to the dictates of humanity and civilisation, has, in 
a spirit of perfect conciliation and in the interest of 
peace, authorised his plenipotentiaries to waive the 
question of reimbursement of the war expenses, and 
has consented to a division of Sakhalin upon terms 
mutually acceptable,” instead of insisting on an 
indemnity and the cession of the whole of Sakhalin, 
as he might quite reasonably have done. In other 
words, Japan is satisfied to have accomplished 
what she entered upon the war to establish, the 
status quo immediately subsequent to the Chino. 
Japanese War, gaining nothing but prestige and 
dominance in the Far Kast—two rewards which are 
beyond treasure, and which, we are persuaded, will 
greatly influence the development of trade through- 
out Eastern Asia. 

The concessions of Japan, however, promise to 
be advantageous, from the industrial point of view, 
even in Russia. They were not spontaneous con- 
cessions, although, nevertheless, creditable, and 
must be regarded as, in part, a result of the diplo- 
matic acumen of M. Witte. This success must 
materially increase his influence with the Czar and 
with the people of Russia, and as he has been 
recognised as the principal advocate of a broader 
constitution and of a policy conducive to in- 
dustrial progress, it may happen that his defeat 
of the party at St. Petersburg, anxious for 
the continuance of the war, and his attainment of 
ag on terms honourable to Russia, will enable 

im to carry forward wise reforms, which will bring 
not only internal peace to Russia, but remove that 
feeling of uncertainty, almost of distrust, which 
actuates commercial nations in their estimate of the 
policy of the Czar’s Government. Nothing is more 
subversive of progress, social or industrial, than 
internal dissension, as it militates against that 
tinancial support from within and without which is 
essential to trade prosperity ; and we hope that the 
lessons of war, as well as of peace, may be helpful 
to Russia as well as to the countries in the Far 
East, all of them with immense potentialities for 
the traders of all nations. 








POST OFFICE TELEGRAPH AND 
TELEPHONE FINANCE. 

Ir was suggested in Parliament last year that 
in the Post Office report the financial results of 
the Government telegraph and telephone enter- 
prises should be shown separately, in order that 
some light might be thrown on the commercial 
working of the telephone branch. Itis well known 
that almost from the beginning of the Post Office 
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management of the telegraphs the balance of 
revenue over working expenses has been insufti- 
cient to meet the interest on the capital, and that 
of late years the working expenses have actually 
exceeded the revenue; but the official view of the 
telephone branch, as occasionally expressed in the 
House of Commons by the Postmaster-General, 
has been that the telephone work of the Post 
Office was profitable. Members of Parliament 
sceptical on this point made the suggestion above 
noted; and the Postmaster-General, while he 
thought it would be difficult to separate telephone 
from telegraph expenditure, said he would see 
what could be done. 

The result appears in three tables in the fifty- 
first report of the Postmaster-General, recently 
issued, which purport to show the revenue and ex- 
penditure of the three branches of telephone work 
conducted by the Post Office. Of these tables, 
two, dealing with the trunk line system and the 
provincial exchange system respectively, are new ; 
the third, dealing with the London exchange 
system, has appeared in previous reports. It is 
only fair to say that in the headings of all these tables 
it is stated that the figures are ‘* partly estimated.” 
A fourth table gives the total capital invested in tele- 

hone work, which, it appears, stood at March 31 
ast at 4,976,100/. Of this sum, the trunk lines re- 
present 2,537,2871., the London system 1,876,2421., 
and the provincial exchanges 341,206/., the bal- 
ance being in stores and miscellaneous expen- 
diture. The unfortunate feature of the report 
is that, although it appears to show telephone 
capital, revenue, and expenditure separated from 
telegraph capital, revenue, and expenditure, it 
does not give the figures relating to the telegraphs 
separately. The casual reader of the report would 
infer, after having seen separate tables relating to 
telephones, that the familiar table (on page 99 of the 

resent report) headed ‘‘Revenue, Expenditure, and 
Ret Revenue of the Post Office Telegraphs,” referred 
to telegraphs only. As a matter of fact it does not ; 
it includes, as in —- reports, the whole finan- 
cial results of both telegraphs and telephones. And 
it shows for the whole business an excess of work- 
ing expenses over gross revenue of 183,356l. 

It is unfortunate that the attempt to separate 
the figures for telephone and telegraph results 
was not more thoroughly carried out, and the 
working of the telegraphs proper shown in a 
separate table, because a comparison of the figures 
in the telephone tables with those in which both 
telegraph and telephone results are summarised 
leads irresistibly to the conclusion that on the 
expenditure side of the account the telephone 
figures are based on estimates which largely favour 
the telephones at the expense of the telegraphs. 
If the working expenses of the various telephone 
systems are estimated with any approach to 
accuracy, it is evident that the expense of con- 
ducting the telegraph business proper has in- 
creased in recent years out of all proportion to 
the increase of traffic. 

According to the various tables, the finances of 
the three telephone branches sum up as follows :— 








£ 
Total revenue _... = ou 593,289 
Estimated working expenses ... 310,968 
Estimated balance ae 282,331 
Depreciation and interest 390,776 
Deficiency ... 18,455 


A deficiency of only 18,0001. to meet depreciation 
and interest on a capital of 5,000,000. would be a 
fairly satisfactory result for a Government depart- 
ment, whatever might be thought of it in com- 
mercial circles. But the apparent gross profit on 
the telephones—nearly 50 per cent. of the total 
revenue—is in such striking contrast with the 
deficiency of 183,000/. on the working of the whole 
telegraph and telephone department, that we are 
compelled to endeavour to check the figures. The 
report does not furnish very complete data for this 
purpose, and it is only by a process of deduction 
and elimination that a comparison can be estab- 
lished. The table on page 99 reveals at a glance 
one illuminating fact, which is, that since the 
Post Office began to do telephone work—some 
ten years ago--the telegraph deficit has steadily 
increased. This suggests comparing eye aa 

e- 


traffic and expenditure ten years ago with the te 

graph traftic and expenditure of the year under re- 
view. This comparison is easy to make, because 
ten years ago the Post Office did no telephone 





work, so all the expenditure of the telegraph 
branch was for telegraphs, while this year the total 
estimated telephone expenditure is stated, which 
makes it easy to arrive at the “—e working 
expenses of the telegraphs alone. The comparison 
results as follows :— 


Total Telegraph Work- 
Telegrams. ing om 
Year 1895.6 ae 78,839,610 2,750,509 
Year 1904-5 ‘60 89,969,000 3,792,411 
Increase ... 11,129,390 1,041,902 


From this it appears that the total telegrams 
increased 14 per cent. in the ten years, whereas 
the working expenses increased no less than 38 per 
cent. The average cost per telegram in 1895 6 
was 0.698s., but the apparent average cost of the 
increased traffic is 1.865s. per telegram. The 
average cost per message has risen from 0.698s. in 
1896 to 0.845s. in 1905—an increase of nearly 21 
per cent. If the telegraph traffic were handled at 
the same average cost now as in 1896, the total 
working expenses of the current year should be 
about 3,160,000/., instead of 3,792,0001.—a differ- 
ence of no less than 632,000/. 

Extending the comparison of traffic and expenses 
a little further back in the history of the Post 
Office makes it evident that the apparent great 
increase in the working expenses of the telegraphs 
has been coincident with the operations of the 
Post Office in telephones. The increase of trattic 
and of working expenses of the telegraphs for the 
six years ended March 31, 1896, was as follows :— 


Total Telegraph Work- 
Telegrams. ing Expenses. 
x 
Year 1889-90 62,403,399 2,181,472 
Year 1895-96 78,839,610 2,751,519 
Increase ... 16,436,211 570,047 


For this period the increase of expense was 
exactly proportional to the increase of traffic—just 
over 26 per cent. in each case. The average cost 
per telegram was the same in 1889-90 as in 1895-6 
—about 0.698 of a shilling, and the average cost per 
telegram of the increased traffic between 1890 and 
1896 was also about 0.698 of a shilling. 

With improved apparatus and improved methods 
of working the — per message of operating 
the telegraphs ought rather to diminish than to in- 
crease. The various increases of wages that have 
been granted of recent years to Post Office employés 
have probably gone far to off-set any economy 
arising from improvement in efficiency of working, 
and they may have resulted in an actual increase 
in the working expenses. But higher rates of pay 
in the telegraph branch surely cannot have operated 
to such an extent in the past ten years as to account 
for an increase during that period of over 20 per 
cent. in the cost of handling the telegraph traffic. 

The natural conclusion is that the apparent 
increase of 630,000/. a year over and above the 
normal increase due to increased traffic in the 
working expenses of the telegraphs has not really 
occurred. A large part of that increased expense 
no doubt really belongs to the telephones, and the 
working expenditure of the various telephone ser- 
vices has obviously beer largely under-estimated. 
To separate with any degree of accuracy the work- 
ing expenditure of the telephone services from that 
of the telegraphs must be an extremely difficult 
matter for the officials of the Post Office, since, to 
a very large extent, the two services are carried on 
by the same staff in the same buildings. The 
attempt in the current report to give separate 
financial statements for the telephones has clearly 
been guided by a desire to make a favourable show- 
ing for the Post Office telephone undertakings, 
but this very natural desire has been carried so far 
that the only result of a close examination of the 
various statements is to throw serious doubt on 
their accuracy. 

It is most unfortunate that such misleading figures 
should be published in an official document, because 
they tend to give the hasty reader an impression 
that the Post Office is conducting its telephone 
business on almost a remunerative basis, whereas a 
review of the finances of the whole telegraph and 
telephone branch of the Post Office shows that 
that department of the Post Office actually fails to 
meet working expenses, and pays no interest on the 
capital involved, which now represents an enormous 
sum. ‘The telegraph capital account was closed in 
1876, when it stood at 10,867,000/. Since then 
new telegraph works have been built with money 





supplied by the Treasury without interest, and 
such expenditure, though reported in the tele- 
graph returns, has not been charged to capital. 
The total capital expenditure made in this way 
since 1876 is about 8,000,0001., and the total 
telephone capital is nearly 5,000,000/. The total 
capital cost of the Post Office telegraphs 
and telephones therefore stands to-day at about 
24,000,000. The total revenue is 3,920,023/., and 
the total working expenses 4,003,3791., leaving a 
deficiency of revenue to meet actual working ex- 
penses of 183,356/. If depreciation and interest 
were paid on the whole capital expenditure, the 
amount required would be about 1,440,000/. a year. 
Consequently, judged by the results which ought 
to be achieved in order to make the department 
self-supporting, the present total deficiency on 
Post Office telegraphs and telephones is not less 
than 1,600,000/. a year. 








TANTALUM. 

WERNER VON Botton has prepared this metal from 
its tetroxide in the same way that he prepared vana- 
dium and columbium (see ENGINEERING, January 27, 
1905, page 125). The white hot oxide is decomposed 
electrolytically into oxygen and metal, which re- 
combine sufficiently slowly to allow the oxygen to 
be removed. Larger quantities of the metal are 
ay ages by the method of Berzelius and Rose, 

y the action of alkali metals on the alkali tantalum 
fluorides and subsequent fusion of the metal powders 
thus obtained with the electric arc. The product 
before refining in the are contains 98.5 to 99 per 
cent. of metal ; it is then compressed and heated 
in an electric arc in a vacuum, the oxides of tan- 
talum fuse, and are dissipated in the form of dust 
much more readily than the metal, and it is pos- 
sible to free the latter from them completely, and 
thus obtain ingots of the perfectly pure metal. 
The following are the physical constants of pure 
tantalum :—Its atomic weight is 183 ; the melting 
point is between 2250 and 2300 deg. Cent. ; specific 
heat, 0.0365; atomic heat, 6.64; specific gravity 
of fused metal, 16.64, and of wire, 0.05 millimetre 
in diameter, 16.5. 

When the wire is heated to whiteness in a vacuum 
it becomes denser and crystalline, its specific gravity 
finally reaching that of the fused metal. The coefti- 
cient of linear expansion from 0 deg. to 50 deg. = 
0.0000079. Specific resistance, 0.165 ohm for a wire 
1 metre long and 1 square millimetre cross-section, 
or ten times that of copper. The resistance in- 
creases 0.3 per cent. per degree Centigrade between 
0 and 100, and 0.26 per cent. per degree between 
0 and 350. The modulus of elasticity of the wire 
(0.08 millimetre in diameter) is 19,000 kilogrammes 
per square millimetre, its breaking stress 93 kilo- 
grammes per square millimetre; this increases as 
the diameter of the wire decreases, reaching 150 to 
160 kilogrammes per square millimetre for wire 
0.05 millimetre thick. The extension of the wire 
before breaking is small, being only 1 to 2 per cent., 
notwithstanding which wires of 0.03 millimetre 
in diameter can be drawn. 

Tantalum is very ductile, but possesses the re- 
markable property of becoming extremely hard 
after hammering. An ingot of the metal beaten 
out under the steam hammer to a sheet 1 milli- 
metre thick was drilled with a diamond drill 
making 5000 revolutions per minute for 72 hours 
continuously, after which a depression of about 
} millimetre was found, the diamond drill being 
much worn. In chemical properties tantalum ap- 
proaches the noble metals, and in dilute nitric acid 
it stands between platinum and silver as to its 
electro-chemical properties. Immersed in dilute 
sulphuric acid tantalum only allows currents to 
pass when it is the cathode; when it is the anode 
no current passes even with 220 volts, owing to the 
formation of a film of oxide. Its electrical dis- 
sipation as dust when used in a vacuum is ex- 
tremely small, and whilst its useful life as a filament 
in electric glow-lamps is as great as that of carbon, 
the electrical energy consumed is less than half. 
When a tantalum filament is used, its temperature 
being such that 1.5 watts produce 1 candle-power, 
the resistivity rises to 83 micro-ohms per centimetre 
cube. Thin filaments, when ignited, burn with 4 
low intensity and no visible flame. 

At a low red heat tantalum absorbs hydrogen 
as well as nitrogen, and forms with these a 
brittle substance of metallic appearance. It also 
forms a number of carbides, all of which are 





very brittle. It is not attacked by aquevus 
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solutions of alkalies, and only by one acid—viz., 
hydrofluoric. Compact tantalum may be etched 
by this acid; the appearance of the surface 
affording a good guide to the purity of the metal. 
The action of hydrofluoric acid is very slow, unless 
the tantalum is in contact with platinum. Fused 
alkalies cause disintegration of the metal. Com- 
pared with platinum, its appearance is somewhat 
darker, and its thermal expansion rather less— viz., 
7.9 by 10-6 compared with 9.0 by 10-6. Com- 
pared with steel, its tensile strength is higher, for, 
according to Kohlrausch, the relation is 60 tons per 
square inch against 45 to 50 tons per square inch. 
Tantalum may be made to take up large quantities 
of hydrogen, which is not driven off completely 
even by fusion, the fused metal being hard and 
brittle. Traces of hydrogen, however, do not affect 
its ductility. Compact tantalum, when heated in 
the air, becomes yellow at 400 deg., blue at a tem- 
perature corresponding to a dull red heat, and is 
finally covered with a layer of the white pentoxide 
which protects the metal below it ; thin wire burns 
with a white light without flame. Metallic tantalum 
heated to whiteness does not combine with oxygen 
if its pressure is less than 20 millimetres, and 
this explains the preparation of the metal by heat- 
ing the oxide ina vacuum. When heated in nitrogen 
it becomes dull, grey, and brittle, and the pow- 
dered metal readily combines with sulphur, sele- 
nium, and tellurium. 

Iron alloys containing 5 to 10 per cent. of 
tantalum are very hard and ductile. Molyb- 
denum and tungsten alloy readily with tantalum ; 
the alloys containing less than 5 per cent. of 
these metals are ductile. Silver and mercury do 
not alloy at all with it. More than 1 per cent. of 
carbon renders tantalum too brittle to be drawn 
into wire, but if it contain 0.5 per cent. of carbon, 
it can still be drawn into wire 0.1 millimetre 
thick. Traces of carbon, boron, and silicon add 
to its hardness without diminishing its ductility. 
The Siemens and Halske Aktiengesellschaft, em- 
ploying von Bolton’s methods above described, 
obtain crude tantalum by reduction with sodium. 
This always contains oxide, which may be removed 
by fusion in a closed exhausted electric furnace. 
The crude tantalum, compressed into a crucible of 
thoria or magnesia, forms the anode ; the cathode 
consists of a rod of pure tantalum or silver, which 
is movable from the outside of the enclosing vessel. 
An arc is started, and isthen caused to travel over 
the whole anode surface, when fusion to a homo- 
geneous non-porous mass occurs. Tantalum wire 
is being used for the filaments of electric glow- 
lamps. For a 110-volt lamp of 25 to 32 candle- 
power, with wire of 0.05 millimetre in diameter, 
the filament is 65 centimetres in length; its 
mass is 0.022 grammes, so that 1 lb. of tantalum 
would serve for 23,000 lamps. Such lamps absorb 
1.5 watts per candle, against 3.5 watts for a carbon 
filament ; and they last 400 to 600 hours before the 
efficiency diminishes 20 per cent. It is hoped to 
employ the metal and its alloys for the production 
of engineers’ machine-tools on account of its great 
hardness and strength. 








WATERPROOFING BRIDGE FLOORS. 

Pernars one of the most troublesome matters 
in connection with the construction of steel and 
iron bridges, and one that does not immediately 
affect either the strength or the utility of the 
bridge, is that of rendering the floor of the bridge 
waterproof. How often do we see, even in the 
Metropolis, the results arising from an entire 
neglect of the question, or if not a neglect, at any 
rate an utter failure to accomplish even a semblance 
of that much-desired end. How often we find 
torrents of water pouring through railway bridges 
after every shower of rain, to the great dis- 
comfort of passengers beneath, and the ruina- 
tion of the roadway below, particularly if that 
roadway happers to be made of macadam, for in 
this case water, falling on the metalling from the 
bridge, has a far worse effect than has the rain 
falling on the open parts of the road, inasmuch as 
it falls in steady streams at certain fixed points, and 
washes up the road, whereas on the open road the 
rain is y song over the whole surface, and conse- 
quently does little damage. The matter is not an 
easy one, but it is on that account by no means one 
which should be overlooked. In many cases where 
the waterproofing of bridge floors is not absolutely 
neglected, it is so badly done as to amount to the 
same thing, and we could name certain railway 








bridges in London, and those not in unfrequented 
parts, but over important and busy thoroughfares, 
the floors of which appear to have been designed 
with the object of collecting the rain that falls 
upon them into certain channels and pouring it 
down in small waterspouts on the roadway below. 
These are, of course, extreme cases; but there 
are many others which, while not nearly so bad, 
demonstrate how unsuccessful engineers often are 
in waterproofing bridge floors. In view of the fact 
that the task is never an easy one to accomplish, 
information gained from engineers abroad is worth 
attention. 

When the work of separating street and railway 
grades in Chicago was commenced about thirteen 
years ago, the importance of properly waterproofing 
the floors of bridges did not perhaps — to the 
minds of engineers as it does now; but, as the 
work in Chicago progressed, the necessity of a 
suitable design for bridge floors appealed more and 
more to the railway engineers of that city. Some 
difficult problems had to be faced, but they were 
met in a practical manner ; and a number of tests of 
different systems of waterproofing applied to actual 
bridges under working conditions were carried out. 
The prevention of water passing through the bridge 
and falling on the roadway below was not the only 
thing to be considered, for, in addition to this, 
reasonable protection had to be afforded to the 
metal-work of the structure, because of the heavy 
cost of re-protecting a ballasted solid-floor bridge. 
An interesting account of the tests is given in a 

per recently read before the American Railway 

ngineering and Maintenance-of-Way Association 
by Mr. W. C. Cushing, chief maintenance-of-way 
engineer, Pennsylvania lines. 

The writer of the paper commences by pointin 
out that, at the time when the Illinois Centra 
Railway became the pioneer of ‘‘ track elevation,” 
preparatory to the removal of the railroad track 
obstruction to the Columbian Exhibition, the term 
‘solid floor” was considered synonymous with 
‘*shallow floor.” Floors as then constructed failed 
to comply with the conditions of water-tightness, 
steel preservation, and noiselessness, the latter 
condition being very important. A change in the 
style of construction was adopted, and this led to 
new problems in waterproofing and steel preserva- 
tion. 

All the bridges to which the different water- 
proofing methods were applied were what the 
Americans call the ‘ half-through”’ type—that is to 
say, the main girders are not deep enough to allow 
of the top flanges being braced together by means 
of diagonal bracing, and the road is carried on the 
lower flanges of the girders, either by troughing or 
by cross and longitudinal girders. The bridges in 
some cases carried single tracks, and in others 
double, while in some situations three and four 
tracks were accommodated. 

The chief object of the tests appears to have 
been to decide which, under actual working condi- 
tions, was the better material to use—gravel con- 
crete or asphalt mastic. By asphalt mastic we mean 
pure asphalt mixed with certain oo of 
sand, gravel, or small broken stones. he asphalt 
was bought in a competitive market, but was sub- 
ject toa most stringent a and orders 
were based on the manufacturers’ agreement to 
comply with it. In an appendix at the end of the 
paper this specification is given in full, as well as 
minute descriptions as to how the different surfaces 
of the structure were prepared, and the material 
applied. The conditions as to the asphalt were 
purposely made stringent because the duties it had 
to perform were severe. It was stipulated that it 
must be free from coal tar or turpentine, and that 
it must not volatilise more than 0.5 per cent. at a 
temperature of 450 deg. Fahr. in 10 hours. A 
20 per cent. solution of ammonia must not affect it, 
neither a 25 per cent. solution of sulphuric acid, 
nor a 35 per cent. solution of muriatic acid. A 
saturated solution of sodium chloride also was to be 
harmless. In the case of metallic structures ex- 
posed to the direct rays of the sun, the asphalt was 
not to flow at a temperature of 212 deg. Fahr., and 
at a temperature of 15 deg. below 0 deg. Fahr. it 
must not be brittle when spread in a layer } in. 
thick on glass. In the case of underground struc- 
tures, such as masonry arches, retaining walls, 
foundations, subways, c., a flow point of 185 deg. 
Fahr. and a brittle point of 0 he. Fahr. were 
required. 

It will be seen that these requirements are very 
severe ; more particularly, perhaps, the one which 





stipulates that the material shall not flow at 212 deg. 
Fahr., nor be brittle at 15 deg. below 0 deg. Fahr. ; 
in fact, the product of only one of the three firms 
who — the material stood the test ; though 
they all stood the acid test. In addition to the 
above, it was stipulated that the layers of asphalt 
covering, when built up on the bridge, must not 
become perceptibly dented at a temperature of 130 
deg. Fahr. under a load of 15 lb. per square inch, 

"he bridges to which we will first call attention 
were three in number, and each of them carried 
nine tracks, two tracks being generally placed be- 
tween each two girders. In one of the bridges the 
main girders were 55 ft. long, and in the other two 
71 ft. long. 

Different methods of waterproofing were tried on 
the different bridges, but none was entirely suc- 
cessful ; in all of them asphalt mastic played an 
important part. In each case the flooring was 
constructed of transverse steel box girders, resting 
on the bottom flanges of the main girders, and 
spaced 6 ft. 10? in. apart centre to centre. On the 
bottom flanges of the transverse girders, 10 in. by 
6 in. creosoted pine timbers were laid closely to- 
gether parallel with the track. Taking one of the 
bridges as an example, different tracks over it 
were differently treated as to waterproofing in 
order to have the various systems placed under 
similar working conditions as far as possible. In 
one method a Portland cement mortar layer, 44 in. 
thick at the centre, and sloping to drain-pipes at 
the sides, where it was made about 2 in. thick, 
was first laid on the creosoted timbers, the 
concrete being composed of 1 part cement and 
5 parts sand (in one case it was composed of 1 
part cement to 6 parts of limestone screenings). 
On the cement layer and on the steelwork was then 
placed a layer of hot asphalt, which was swabbed 
on till it became about $ in. thick. The tempera- 
ture at the time was below freezing every night, 
and frequently during the day. It was found that 
the asphalt did not adhere well to the cement, and, 
on account of the shop-coat of oil on the steelwork, 
it was found difficult to make the asphalt stick to 
the metal. Removing the coat of shop oil from the 
steelwork was tried by burning benzine, which was 
lightly poured over it, but the results were not 
good. The bridges were tested by pouring water 
upon them, and were all found to leak, chiefly 
around some 2-in. pipes, which had been put 
through the box-girders to carry the drain-water. 
They were, however, patched before being put into 
work, and made quite water-tight. 

It was next decided to omit the cement on account 
of its bad adhesion. with the asphalt, and to sub- 
stitute for it asphalt mastic. The steelwork was 
therefore thoroughly cleaned with concentrated lye, 
and was then painted with asphalt paint, a layer 
of pure asphalt gum } in. thick was poured over the 
creosoted timbers and the top of the steel box- 
girders, and was mopped on the sides of the latter 
as before. The asphalt mastic was then put down 
and made 44 in. thick at the centre and 2 in. at the 
sides for drainage. A }-in. layer of pure asphalt 
was finally poured over the lot, and was, as in the 
previous case, mopped up the sides of the box- 
girders. The asphalt mastic was composed of 
1 part asphalt to 4 parts of limestone screenings. 
All the bridges had to be made water-tight by 
patching. 

Further tests were made on other bridges with 
varying success. The flooring was, in these cases, 
constructed of transverse square troughing formed 
of plates and angles, the depth and width of each 
trough being about 16 in. It will not, however, be 
necessary for us to go into the particulars of all 
these tests ; the fact to which they seem particularly 
to call attention is the difficulty of making asphalt 
mastic water-tight, owing to the contraction on 
cooling tearing it away from the concrete and steel- 
work. This isa fact worth remembering in con- 
nection with the subject. Other bridges which 
stood on columns showed leaks in the joints round 
these columns. 

The most successful of the tests were some 
made on a single span “ half through” plate-girder 
bridge carrying four tracks, one track being placed 
between each two girders. The main girders were 
68 ft. long, and were placed on the skew, and 
square steel trough flooring was used. A different 
method of waterproofing was used for each track, 
and in each case the shop-coat of paint was removed 
with concentrated lye, the cost of this being about 
1 cent per square foot of surface. 





The troughs of the first track were then filled 
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with Portland cement concrete in the — 
of 1 part cement, 3 of sand, and 3 of crus stone, 
after which a galvanised wire netting of No. 10 
gauge and 2-in. mesh was spread over the top of 
the troughs, so as to rest on the rivet heads. A 
layer of cement mortar made with 1 of cement to 3 
of sand was then spread over this to a thickness of 
2 in. in the centre, and sloped to the sides, where 
it was made about 1} in. thick for drainage. 

The second track was treated like the first as far 
as the cement concrete was concerned, except that 
the concrete was carried above the troughs, crowned 
at the centre and sloped to the sides. Where the 
troughing joined the main girders pockets were 
made, and the surface was trowelled to a sidewalk 
finish. On the concrete were placed three layers 
of a special kind of felt, which was placed trans- 
versely and lapped like shingles. Hot compound, 
supplied by the felt manufacturers, was swabbed 
over the concrete before the felt was laid. At the 
pocket by the main girders the felt was turned 
down, and the cavity was filled with the compound. 
In order to prevent puncturing by the ballast a 
3-in. layer of cement mortar made in blocks and 
trowelled was placed on the top of the felt. In the 
next ‘track the treatment was similar to the last, 
except that the top layer of concrete was omitted. 

The fourth track of the bridge had the concrete 
filled in the troughs up to the level of the rivet- 
heads, being sloped from the centre to the sides, 
and: on it was placed a 14-in. layer of asphalt. 
When this layer was applied, the dry concrete was 
first painted with liquid asphalt made of asphalt 
and benzine, after which hot asphalt was poured 
on to a depth of } in., and this was followed by 
lin. of asphalt mastic made in the proportion of 
1 of asphalt to 4 of limestone screenings, on the 
top of which a final } in. thickness of liquid asphalt 
and a sprinkling of fine sand were placed. 

There were no indications of leakage under any 
of the tracks over this bridge at the end of six 
months from the date of waterproofing. 

The great difficulty in connection with the whole 
of the tests appears to have been that of thoroughly 
cleaning the steel so as to give good adhesion 
between it and asphalt. It was found that when 
cold the latter generally | ae off like paper. Of 
course, there are many degrees in the amount of 
adhesion between the two materials, depending on 
the condition of the steel. Rusty steel, for in- 
stance, has no adhesion, while perfectly clean, 
bright steel adheres to asphalt exceedingly well. 
Between these two extremes the adhesion varies 
according to the shop-coat that is on the steel. In 
all probability to obtain the best condition (i.e., 
bright, clean surface) the sand blast should be used; 
but very pee results may be obtained by the use 
of lye and water in the proportion of 1 lb. of lye to 
14 gallons of water. After the application of the 
lye, wire brushes and scrapers must be used. 

Now what are the conclusions arrived at from 
the experiments to which we have referred? Put 
briefly they are these :—(1) Asphalt mastic is not 
suitable for filling troughs of solid floor bridges, on 
account of its shrinkage when cooling. (2) Ordi- 
nary concrete has not enough strength in itself to 
resist the forces tending to tear it apart at the 
column lines of bridges in two or more spans, and 
leaks develop at every place of that kind. (3) Con- 
crete as a filling material for troughs is good, be- 
cause it adheres firmly to steel, protects it from 
corrosion, and can be made practically water-tight, 
either by making it rich in cement, or by the 
use of soft soap and alum. It is, however, 
difficult to remove in case of repairs, heavy 
and costly, the latter on account of the quantity, 
and the great care required to make a satisfactory 
job. (4) Something more than filling the troughs 
is necessary, and a top surface, graded to carry off 
the water, is required. For this purpose rein- 
forced concrete appears to be well suited, and the 
reinforcement may be in the form of small rods or 
woven wire. (5) Felt covering, where used, has been 
successful, though it is liable to be punctured by 
ballast. (6) When the troughing is A ewe parallel 
with the track, a much less filling of concrete is 
required than when transverse troughing is used ; 
but a suitable method of protecting the portion of 
the troughing which sticks up above the concrete 
must be adopted. (7) Where columns are used, 
the concrete must be reinforced at the column lines, 
on account of thinness. Such places as these are 
always troublesome to protect from corrosion and 
render water-tight, and if it is found that the use 
of reinforced concrete gets over the difficulty, it 


will only be another case in which that already 
popular material may be adopted. Its adoption is 
constantly being brought to our notice, and yet 
one hardly realises at times the many purposes to 
which it is now put. Whether these uses are in all 
cases justifiable may, perhaps, be questioned, and 
there are not wanting engineers who hold that the 
future will reveal truths not altogether pleasant 
with regard to it. Sceptics, however, never for 
very long delayed the advance of any great move- 
ment, nor will they do it in the case of reinforced 
concrete. 

Bridge floors have been constructed in England 
in many different ways, but we do not know of any 
that have been made of reinforced concrete. This, 
however, is not the case with regard to the United 
States. There they have been in use for some con- 
siderable time, and apparently with no little suc- 
cess, both as regards cost, noiselessness, and 
water-tight qualities. Whether they will stand the 
test of time, of course, remains to be seen; but 
American engineers seem to be sanguine about 
them. 

The material has been used both for the floors 
of deck and of through bridges. In the former 
case, for double and single-track roads, it has been 
placed in the form of a wide trough directly on the 
top of the main girders, and in some cases canti- 
levered out beyond the girders so as to form a side 
walk. On through bridges the flooring has been 
carried on the top of rolled steel joists, spaced about 
18 in. apart, and bearing on the bottom flanges of 
the main girders, the concrete being 4 in. or 5 in. 
thick, and having in it 4-in. square rods running 
in transverse and in horizontal directions. On the 
deck bridges the concrete trough is filled with 
ballast, and the road laid upon this in the ordinary 
way. On the through bridges the concrete is also 
made to form a trough by being splayed up against 
the main girders, and the trough is again filled with 
ballast, a layer of asphalt being generally placed 
over the concrete before the ballast is put down. 

Floors made in this way appear to have been, 
up to the present time, very satisfactory, and their 
waterproof qualities are well spoken of. Some of 
them have Gan in use nearly two years. The 
effect of time on such bridges will be watched 
with much interest. 








THE NEW PATENTS RULES. 

Unper the objectionable rules promulgated by 
the Board of Trade, with the approval of the Law 
Officers of the Crown and seventy-six registered 

tent agents, the following form of endorsement 
is being placed upon the specifications of applicants 
at the discretion of the Comptroller (subject only 
to appeal to a Law Officer, whose decision is final)— 
viz :— 

‘*Reference has been directed in pursuance of 
Section 1, Sub-section 6, of the Patents Act, 1902, 
to the following specification of Letters Patent 
No.... of (year) granted to (name). This reference 
is inserted as the result of a provisional report under 
Rule 7 of the Patents Rules, 1905.” 

Naturally, any uninitiated person interested in a 
particular case will forthwith look up Rule 7, 
whereby he will discover that the examiner, in pro- 
secution of the investigation prescribed by Sub- 
section 1 (Section 1 of the Act of 1902), has found 
that the invention claimed in the specification 
under examination has been wholly claimed or 
described in one or more specifications within the 
meaning of the sub-section in question, and, with- 
out any further prosecution of the investigation, 
has made a provisional report to that effect to the 
Comptroller. If the interested party contemplated 
purchasing the patent whose specification is thus 
endorsed, or acquiring a licence thereunder, the 
chances are that the perusal of Rule 7 will restrain 
him. In this case, assuming the examiner to have 
been mistaken (and in such matters even the most 
capable of judges frequently differ), the effect will 
be to rob a meritorious inventor of his just reward. 
If the interested party should be led by the 
erroneous endorsement to ignore the patent as 
being invalid, and proceedings should be success- 
fully taken against Fim for infringement, he will 
have been cruelly deceived. 

And all this because certain arbitrary persons in 
authority will insist upon placing upon an Act of 
Parliament a strained interpretation in order that 
applications for patents may be needlessly inter- 
fered with. We say this deliberately, and we 








invite the Board of Trade, the Law Otticers of the 





Crown, and the seventy-six registered patent 
agents to show that there is any substantial dif- 
ference between the course laid down by the 
rules and the- publishing or opening to public 
inspection of the report of the examiner, which 
is expressly prohibited by law. If it was in- 
tended that the substance of examiners’ reports 
should be made public, why did the Legislature 
introduce into the Act the proviso that reports of 
examiners should not be published or opened to 
public inspection? In further illustration of the 
way in which, as we submit, the Act is being 
unduly strained to the disadvantage of patentees, 
we would remind those concerned that according to 
the principal Act a complete specification must 
commence with the title and end with a distinct 
statement of the invention claimed. Such being 
the case, it would be interesting to have it authori- 
tatively explained how the placing of a reference 
without those limits, according to Rule 10, can be 
reconciled with Sub-section 6 of Section 1 of the Act 
of 1902, which simply empowers the Comptroller to 
‘*determine whether a reference to any, and, if so, 
what, prior specifications ought to be made in the 
specification by way of notice to the public.” 

A policy of bluff may, on occasion, be all very 
well in foreign affairs, but it is undesirable in the 
administration of the domestic laws of the land. 
The public surely have a right to demand that the 
legitimate scope of an Act of Parliament shall not 
be inconsiderately extended by rules to the detri- 
ment of those the law is expressly designed to 
encourage. 

Officials charged with administering the provi- 
sions relating to ine for patents might 
work havoc with a light heart, because no matter 
how much injury they inflicted upon others, no re- 
sponsibility whatever would attach to themselves. 
Sub-section 9 of Section 1 expressly provides that 
no liability shall be incurred by the Board of 
Trade, or any officer thereof, by reason of, or in 
connection with, any investigation or report under 
that section or any proceeding consequent thereon. 

We are fully alive to the many difticulties neces- 
sarily attending performance of the heavy duties 
cast upon officials by the Act, and are quite satis- 
fied that those at present responsible are as desirous 
as any inventor can be that it should be adminis- 
tered with due consideration and that no injustice 
should be done. Butsuch a consummation cannot 
be hoped for so long as the provision that the 
Comptroller shall determine whether a reference to 
any specification ought to be made in an applicant’s 
specification is distorted by rules into an instruc- 
tion that there shall be endorsed upon his specifi- 
cation the substance of an examiner’s report (in 
other words, his adverse opinion), publication of 
whichis expressly forbidden by the Act itself. 

The Comptroller himself apparently realises to 
the full how surely mistakes will be made, as 
appears from the following quotation from the 
Minutes of Evidence taken by the Departmental 
Committee, on whose report the Act was based :— 


Mr. Spring-Rice: I presume you recognise that your 
amendment of the chairman’s proposal adds to the 
responsibility which the office takes upon itself by putting 
a black none 

Comptroller: I do not call it a black mark, and I do 
not want it to be regarded as a black mark. 

Mr. Spring-Rice: Can you prevent him regarding it 
as a black mark? I do not know whether you know what 
Mr. Chamberlain said on the subject when he introduced 
his Bill? 

Comptroller: Yes, I have read all that was said upon 
it on that occasion ; but I think Mr. Chamberlain’s point 
was as to the question of novelty. 

Mr. Spring-Rice: Mr. Chamberlain, in introducing the 
Bill of 1883, mentioned the suggestion ‘‘ that the result 
of an examination should be endorsed upon the patent, 
but should not prevent the patentee from proceeding at 
his own risk.” That is very like the plan you are now 
recommending, is it not? 

Comptroller: Yes. 

Mr. Spring-Rice: Mr. Chamberlain went on to say :— 
“This would practically come to the same thing as the 
rejection of the patent, as no manufacturer would deal 
with a patent so endorsed. ” 

Comptroller: I take it that if these references get at 
all common, and a great number of ‘specifications have 
them on, the man who was selling a patent would be _ 
as likely tosay, ‘‘This is only a fad of the Patent Office ; 
they are always putting such things on specifications. 
I think there is nothing you can do that will not be open 
to misrepresentation, but this would enable the man who 
buys it to say, ‘‘ Let me look at these five,” and he looks 
at them, and perhaps agrees that the Patent Office are 


wrong. : ; 
Mr. Spring-Rice: In any case you recognise these are 

very important questions which would arise ? 
Comptroller: Yes. 
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As to the effect of official endorsements, we | would still exercise their arbitrary powers coupled | metres, and down, 4.8 metres per second. In 
prefer to rely upon the opinion so long since} with freedom from responsibility, and competent | this case the second balloon had burst. In the 


expressed by Mr. Chamberlain, because (as we are 
sure the Comptroller would be the first to admit) 
he is an authority of infinitely greater manufactur- 
ing and commercial experience, not to mention the 
fact that his view of the matter has been so often 
endorsed, and recently so by nearly 600 memo- 
rialists, numbering amongst them many of our 
largest employers of labour, representing millions 
of capital invested in manufacturing establishments 
and plant. And the promoter of the counter 
petition, in his circular to the profession inviting 
signatures in support of the rules, said :—‘‘ Even 
should a compulsory reference prove a_ black 
mark, a competent patent agent, in successfully 
avoiding that black mark, will secure an obviously 
more valuable patent for his client’ than the out- 
side agent, who may by neglect or incompetence be 
unable to avoid the so-called black mark.” 

As we stated in our last issue, the prayer of those 
who sought to have the Act fairly administered 
was that the rules should be modified in the sense 
that in no case should either an official notification 
be endorsed upon, or a stereotyped form of refer- 
ence be inserted in, an applicant’s specification, 
unless and until he should have been notified of the 
Comptroller’s determination, and should have been 
afforded, and should have failed to exercise, the 
option of himself inserting in his own specification 
a reference—by number, year and name (and not 
in a stereotyped form) to the prior specification (or 
specifications), reference to which the Comptroller 
should have determined ought to be made in the 
rd ee specification by way of notice to the 
public. 

‘The answer of the Board of Trade was that the 
Board had consulted the Law Officers of the Crown 
in the matter, and had been advised by them that 
in their opinion there was no reason for making 
any alterations in the rules as they stand at 
present. Now obviously this reply may simply 
mean that the procedure suggested by the 
memorialists may obtain, even though the rules 
be not altered. But there is only too much 
reason to fear that no such reasonable course is 
contemplated by those in authority ; but that, on 
the contrary, unless the applicant submits to 
mutilation of his claims, or even if he does, and 
the authorities imagine that they are anticipated, 
he will not escape the unwarrantable endorsement 
of ‘the adverse opinion on his specification, notwith- 
standing that he makes express reference in his 
specification to the prior specifications alleged to 
be anticipations. 

This, besides being dangerous, is obviously un- 
just. In nearly every action as to the validity of a 
patent eminent experts aver that the invention 
claimed is anticipated, and others of equal repute 
depose to the contrary. Sometimes the Courts 
decide against the patentee ; sometimes in his 
favour. Every case of the latter kind forcibly 
illustrates the irreparable injury certain to be 
inflicted in many instances upon unfortunate 
patentees, not only without justification, but, as 
we submit, in direct opposition to the spirit of the 
Act. Be 

If, so far, some regard has: been exhibited for 
the spirit of the Act, there are not wanting dis- 
tinct indications of a tendency to gradually tighten 
the reins, and it is therefore all the more important 
that those whose interests are threatened should 
organise and co-operate in a strong effort to get the 
rules set right before serious and irretrievable 
mischief shall have been done. 

The practice in regard to applications for Letters 
Patent is in some respects largely controlled by 
Law Officers of the Crown, who, with occasional 
exceptions, have little or no technical or commer- 
cial experience, have to deal with matters on very 
inadequate evidence, and sometimes do not exhibit 
much regard either for precedent or for the un- 
fortunate applicants whose interests the law places 
absolutely at their mercy. Hence, unless the rules 
be modified, we may expect sooner or later to see 
new and meritorious inventions officially labelled 
as old ; claims rendered inadequate by official inter- 
ference (once upon a time considered objectionable 
by the Chartered Institute of Patent Agents), and 
other evils which will not by any means tend to 
promote the introduction and publication of those 
improvements, each of a minor character, the sum 
of which has been shown to contribute greatly to 
the progress of industry. 

But notwithstanding all this, no doubt officials 





patent agents would prosper. 








NOTES. 
A Recorp German Liver. 

Tue launch, on Tuesday last, by Her Imperial 
Majesty the Kaiserin, of the intermediate liner 
Kaiserin Augusta Victoria marks an interesting 
development in the shipbuilding records of Ger- 
many, as this vessel will be the largest constructed 
in the Fatherland, and marks one further success 
in the history of the Vulcan Works at Stettin, 
where the four fastest Atlantic liners had their 
origin. The new ship, however, is not destined for 
high speed, belonging as she does to the inter- 
mediate class, which is steadily gaining in popular 
favour. The new vessel will combine a very con- 
siderable cargo-carrying capacity with extensive 
accommodation for passengers, so that when laden 
she will have the enormous displacement of 35,500 
tons, and, with the twin-screw engines develop- 
ing 17,500 horse-power, will have a sea-speed of 
17 knots. The accommodation provided is for 532 
first-class, 301 second-class, 218 third-class, and 
268 steerage passengers, making a total of 1319 
in all, which, in addition to the crew of 530, will 
give a population of 1849 people. This vessel is 
similar in design to one launched some time ago 
from the Belfast yard of Messrs. Harland and 
Wolff, and both are for the Hamburg-American 
Line. Many interesting features are being intro- 
duced, including a series of hoists through the 
various decks, of which there will be eight, while 
special facilities are being arranged in connection 
with the cuisine, including a restaurant, where 
meals will be served a la carte, passengers having 
the option of booking their fare exclusive of pay- 
ment for food. There will also be increased facili- 
ties for physical exercises and recreation. The 
vessel has a length between perpendiculars of 
699 ft., a beam of 77 ft.,a depth from the boat-deck 
to the keel of 87 ft., the tonnage being 25,500 tons. 
It will thus be seen that while in displacement and 
tonnage this vessel with her cargo will be larger 
than the coming Cunard 25-knot steamers, the 
vessel is of less dimensions and only of about one 
quarter the engine-power. 


Batitons SONDES SENT UP FROM A YACHT. 


On the proposal of Professor Hergesell, the 
president of the International Balloon Association, 
the Prince of Monaco has from his yacht Princess 
Alice sent up a novel kind of unmanned balloon. 
Two balloons of rubber, each about 5 ft. in dia- 
meter, and a float, are coupled for each experiment. 
The upper, generally smaller, balloon is to serve as 
a parachute for the lower balloon, which carries the 
self-recording instruments, and the float is to keep 
the system swimming until the yacht has had time 
to pick the balloons up. The ascents are made on 
calm days, and five of the six experiments con- 
ducted in the Mediterranean last April were 
quite successful. The sixth case was considered a 
failure, but the apparatus was finally recovered 
168 miles to the east of the spot where it had 
been released. In order to reach -certain pre- 
determined heights two plans have been adopted. 
According to one, the lower balloon is charged a 
little more fully than the upper balloon, the para- 
chute, so that it will burst first. The idea of 
charging small rubber balloons so as to make 
them burst, it will be remembered, is due to Pro- 
fessor Assmann, of Berlin, but it had not, so far, 
been utilised on the sea. In the second case the 
second balloon is automatically cut-off from its 
parachute above, with the aid of an electric con- 
tact, made by the barograph, a dry cell, and an 
electro-magnet, the circuit being closed when the 
air-pressure outside has diminished to the de- 
sired value. The height to which the balloons 
will, rise, as well as the speed with which they 
will rush up, can more or less be regulated by 
the charge put into them ; high speeds are de- 
sirable to secure good temperature records with 
the aspiration thermometers. The results of 
these interesting ascents have been communicated 
by Professor Hergesell to the French Academy 
of Sciences. In the first experiment the balloons 
were lost in the clouds, and recovered the day 
following ; the maximum altitude reached was 
8900 metres, the minimum temperature — 46.3 deg. 
Cent. ; the whole experiment lasted 58 minutes, 
and the calculated vertical speeds were, up, 5.6 





second case the automatic release was set for an 
air-pressure of 300 millimetres. After 30 minutes 
the second balloon was seen to drop. The re 
cords are ;— Altitude, 6870 metres; tempera- 
ture, - 36.2 deg. Cent. ; duration, 45 minutes ; 
speed up, 5.6 metres, and down, 4.7 metres per 
second. In the supposed failure, an upper current 
carried the balloons to the east, where they were 
lost in the clouds, When last seen the lower 
balloon was at an altitude of about 12 kilometres, 
20 kilometres from the ship. Such observations 
would be more difficult, perhaps, over the Atlantic, 
but would be extremely valuable, considering that 
we have no islands in the Atlantic, and—apart from 
observations conducted directly on board—no other 
means of watching the atmospheric disturbances to 
which we owe most of our storms and rains. The 
attention of the Government should be drawn to 
the importance of these researches. Officers of the 
Navy would probably be very willing to interest 
themselves in this work, which could better be 
carried out by a small fleet cruising about than by 
a yacht. 


Rate OF GROWTH AND THE STRENGTH OF TIMBER. 


An interesting discussion of a report on ‘‘ Wooden 
Bridges and Trestles” has been published in the 
July bulletin of the American Railway Engineering 
and Maintenance-of-Way Association, on some 
tests recently made in order to ascertain what effect 
closeness of grain has on the strength of timber ; 
or, in other words, how far the strength is influ- 
enced by the number of annular rings per inch in 
the cross-section of the tree. The subject is an 
important one, inasmuch as, if one tree has 
twice the number of these rings per inch that 
another tree of the same kind has, the former 
will take twice as long as the latter to grow 
to an equal size. Now if the quicker-grown 
timber is deficient in strength as compared 
with the slower grown, the use of the stronger 
timber is often necessary in spite of its additional 
cost. If, however, the strengths of the slow and 
the quick - growing woods are not very different, 
the former and cheaper may with advantage 
be employed. There being little reliable informa- 
tion on the subject, the tests we have referred to 
were made. The timber selected was of American 
growth, and of the kind generally used for bridge- 
floor stringers and for similar purposes. This fact 
makes the tests not quite so valuable to English 
engineers as they would be had the timber com- 
monly employed in this country been tested. For 
all that, the results are interesting ; and it is to be 
hoped that other experimenters may be induced to 
carry out further investigations in the same direc- 
tion, with other kinds of timber. The woods used 
in the present case were the long-leafed pine, the 
Douglas fir, and the Loblolly pine. The number 
of rings per inch in the first two woods, measured 
radially from the centre, one ring representing 
the light spring growth and the heavy summer 

rowth of the year, varies comsiderably. In long- 
eafed pine of merchantable quality it was found 
that the number of rings might vary from 10 
to 30 per inch, and in the Douglas fir from 4 to 
30 per inch; while in the quick-growing Lob- 
lolly pine any number of rings, from 24 

15 per inch, were found. It appears that the 
best conditions of strength lie somewhere be- 
tween the rapid and the very slow growth; 
and, in the case of the Douglas fir, the maximum 
strength is at a growth corresponding to about 
21 rings per inch, as determined on small sticks of 
about 8 in. by 6 in. section. This strength be- 
longed to wood cut from the region of the cross- 
section of a large tree, about two-thirds of the 
distance between the heart and the circumference. 
In the case. of large sticks, however, of, say, 16 in. 
by 8 in. cross-section, it was not so easy to isolate 
the factor of rapidity of growth, because the latter 
condition usually involves the presence of knots, 
which render the stick deficient in strength. In 
small pieces carefully selected, the maximum 
strength in cross-bending and in compression 
parallel to the fibre was found to correspond to a 
rate of growth represented by 21 rings per inch. 
In growths faster than this, the strength decreased 
much more rapidly from the maximum than it did 
in sticks of slower growth. The results seem to 
show that, for the smaller sizes of timber used in 
framed structures, close grained timber should be 
specified, and ten rings or more per inch should 
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be required. With 16 in. by 8 in. timber, however, 
the tests so far made show that there is very little 
increase in strength in the close-grained timber 
over that with wider rings; which would indicate 
that, in large timbers, free from loose knots and 
other defects, slow growth does not increase the 
efliciency to a marked degree, whereas it greatly 
increases the cost of the timber. 


Roaps across MarsHEs. 


The construction of durable roads across low- 
lying lands, such as salt marshes, and meadows 
situated by tidal estuaries, is a matter that will 
bear careful consideration, for it has its own 
peculiar difficulties, the surmounting of which is 
essential, if disaster and waste of money are to be 
avoided. The chief trouble is that the road 
must possess the rather opposing characteristics 
of lightness and strength—lightness in order that 
it may not sink into the soft ground on which 
it is laid, and strength in order that it may resist 
the wash of the waves that may occasionally flood 
it during stormy weather. Naturally, these two 
qualifications are not always easy to obtain, and 
the experience of men well versed in the subject 
is valuable. This being the case, some parti- 
culars as to the construction of marsh roads, re- 
cently given in a paper by Mr. Stillwell H. 
Townsend in the report of the New Jersey Com- 
missioners of Highways, are of interest. One 
of the roads descri is situated close to Cape 
May at the mouth of the Delaware River, and 
runs from Rio Grande to Holly Beach. As 
a means of securing a foundation for the road, 
large gum trees, with two opposite sides flat- 
tened, were laid lengthwise, one being placed in 
the centre and one on each side of the road, the 
outside ones being placed about under where the 
wheels would Poles about 3 in. in dia- 
meter at the small end were laid across these, the 
space between the stringers having been first filled 
with mud. At each side, over the ends of the 
poles, 2-in. by 6-in. curb planks were placed, which 
were securely fastened, edge up, to cedar piles 
driven 6 ft. into the meadow, and projectin 
4 ft. above the planks. The piles were place 
8 ft. on each side of the centre line, thus 
giving a 16-ft. roadway. Against the outside 
of the planks a mud-bank was carefully thrown 
up and compacted. The meadow grass grows 
through this and helps to secure it. On the 
inside of the planks a line of mud about 2 ft. 
wide was placed and compacted, by which means 
an almost water-tight trough was formed. Upland 
soil was then filled into the remaining space be- 
tween the curb planks, and was brought level with 
their tops. Over this soil oyster-shells were 
placed, three bushels going to the square yard. 
Over the shells, before they became ground up, a 
coat of good gravel was spread. This form of con- 
struction gave an elevation of about 14 in. above the 
highest meadow passed over, and was above the 
tides, except during severe north-east storms. The 
road has several times been topped by these storm- 
tides, but has withstood them perfectly. Another 
example of a marsh road, rather farther north than 
the one just referred to, is the Beesley’s Point 
and Ocean City Turnpike, which is 1}? miles in 
length. An old road existed here, but much of 
it had been damaged and destroyed, and portions 
of it had settled as much as 4 ft. into the mea- 
dow. The reconstruction was carried out by plac- 
ing six pine-tree stringers lengthwise, with poles 
9 ft. long crosswise over them, the poles butting 
in the middle. On each side of the entire length 
of the road 2-in. by 6-in. curb-planks were placed, 
8 ft. from the centre line, and were securely fas- 
tened to cedar posts driven 4 ft. into the old 
road-bed. At a distance of 4 ft. beyond these 
curbs, and outside the old road-bed, were placed 
2-in. by 12-in. curb-planks, whith were securely 
fixed to cedar piles driven8 ft. into the meadow and 
projecting 4 ft. above the top cf the planks. The 
inner and outer posts was securely tied together, 
and the 4-ft. space between them was filled with 
mud, which was thoroughly compacted by ram- 
ming. After the mud had settled, the space was 
again filled and rammed. These mud-banks were 
finally covered with vel, so as to form a bicycle 
path on each side. The space between the inner 
curbs was filled with upland soil, which, after being 
thoroughly rece oe stood 4 in. in the centre 
above the top of the inner curb planks. The road 
was then covered with oyster shells, spread when 
the bed was not too soft from rain or any other 








cause. After the shells were spread, a thin cover- 
ing of gravel was placed over them, which was 
followed by a 1500-lb. roller, which made the whole 
mass quite solid. When the entire length had been 
thus treated it was gone over a second time in a 
similar manner, making in all about 5 in. of gravel 
on the shells. One inch above the top of the 
inner curb plank was placed a 2-in. by 6-in. cedar 
mae fastened to the top of the posts holding the 
ower curb. These planks were placed there as a 
protection to the exposed side of the road, and were 
found to answer the purpose very well. 








EDUCATION OF ENGINEERS. 
To THe Epitor or ENGINEERING. _ 

Srr,—Your correspondent ‘‘ Examiner,” in his letter 
published in your last issue, deals with one of the diffi- 
culties met with in any attempt to make a good selection 
from the candidates for a scholarship, or, indeed, for any 
appointment. A successful engineer must primarily be 
an engineer of men. Without the gifts essential to this 
he is likely to have little opportunity of exhibiting his 
mastery over materials, however great his natural abili- 
ties in this particular. To some extent—indeed, with 
good examiners to a very considerable degree—it is pos- 
sible by means of written Wayne to test a man’s ability 
in the latter direction. o such easy test is, however, 
to be found as to a youth’s powers of engineering 
men. To a large extent, pluck, though not necessarily 
in the shape of physi courage, forms a portion 
of the equipment of every successful director of an 
industry. Some guide to the possession of this highly 
necessary quality could be obtained when, as ‘‘Examiner” 
suggests, the candidates were interviewed by the Council. 
The frank, = perhaps somewhat cheeky, young- 
ster will probably pay better for training than the 
shy, diffident youth, with perhaps twice the intellectual 
acuteness of his competitor. The latter might do 
well in a laboratory for ae or chemical research, 
but is unfitted to guide and control the destinies of a 
modern manufacturing establishment. ‘‘ Examiner ” 
does, it is true, insist on the importance of character, 
but apparently is unconcerned merely with what is gene- 
rally understood as ‘‘good character,” with which the 


nervous, shy youth may be fully as well equipped as his h 


more pushing neighbour. 








DELTA. 
“CRITICAL NOTES ON PEARSON AND 
ATCHERLEY’S INVESTIGATION INTO 


THE STRESSES ON MASONRY DAMS.” 
To THe Eprror or ENGINEERING. 
Sir,—Referring to Mr. Dilley’s letter in ENGINEERING 
of August 25 on the above subject, it may interest him to 
know that, although, perhaps, as he says, ‘‘ masonry is 
usually built in horizontal layers,” engineers have suffi- 
cient common-sense to construct dams of uncoursed rubble 
and to take special pains to avoid horizontal joints ex- 
tending over — like considerable areas. 
am, Sir, your obedient servant, 
PHAROAH. 








RATEABLE MACHINERY. 
To tHe Eprror or ENGINEERING. 

Srr,—Who challenges criticism should not complain of 
the quality or quantity measured out, and I do not quarrel 
with your reviewer's opinions of my little book on ‘* Rate- 
able Machinery,” which appeared in your last issue. 
Indeed, I tender him my humble apologies for setting 
him what he is pleased to call an unpleasant task. His 
a like my own, will doubtless be taken for what 
they are worth ; but isolated extracts are not calculated 
to convey one’s precise meaning, especially when the con- 
text is generally ignored. I am sceptical, however, as to 
whether my critic has read the book ; if he has, he ought 
to have gathered some idea of the matter he essays to 
write about, but as he prefers to think he has arrived at a 
full understanding of the subject of which I am as com- 
pletely ignorant, let it be so; tu quoque arguments will 
not carry us very far, 

If I may intrude upon your space, I ask to be allowed 
to say that I have never, to my knowledge, made use of 
the word ‘‘indiction,” as is seemingly attributed to me; 
perhaps the bare suspicion that I might be —- of 
using what I imagine is a very wicked expression has gone 
badly against me, yet the meaning or application of it is 
quite beyond me. 

T am amazed at being told that my comments upon the 
Recorder’s judgment in the assessment appeal of the 
Exeter Printing Works are ‘‘ offensive,” and am reminded 
that that official is a learned lawyer. I do not for one 
moment doubt the latter assertion, but a public man 
carrying out a <* duty is, I take it, lable to be 
criticised ; and I do not suppose anyone would more 
readily admit it than the Recorder himself. Nor is he 
likely to require any champion to defend him from attack 
from hp hare and I am confident that he would never 
drivel about ‘‘ offensiveness,” especially where nothing of 
the kind exists, or was ever thought of, in my ond 
attempt to state my views upon the remarks that fell from 
him. Possibly no layman should presume to controvert 
the dictum of any learned lawyer, but I for one cannot 
subscribe to such a doctrine. 

With regard to the case of Kirby v. Hunslet Union, 
which had reference to a small engineer’s workshop, my 
critic is in error in saying that the union was unsuccess- 
ful in the appeal at ions. The facts are quite 
the other way, as not only was the respondent union 





successful at sessions, but, upon the case being taken to 
the Divisional Court, the decision of the rder was 
upheld, on the ground that the finding was governed by 
the well-known Tyne boiler case. 

_In this instance the respondents maintained the prin- 
ciple for which they contended, and got something to add 
to their valuation list on account of machinery essential 
to the rateable hereditament, > in the respective print- 
ing works at Exeter and Hull (the legal a ing 
ewer 6 the same in all three cases) the figures indicate 
that the machinery was not accounted for at all. 

Nothing could be farther from the truth than to say 
that I have ‘‘a burning desire to see the unions successful 
in every ype case,” or that such unions ‘‘should be 
successful by —. practically the principle of mer | 
machinery per se.” have been quite misread. All 
I wish to seeis the winner carry off the fruits of his 
victory. 

I have never written one word with a desire to gratify 
those who would have machinery taken into account, or 
those who would not. I have no axe to grind ; my private 
interests—which, of course, have nothing to do with the 
matter—lie as much in one direction as the other upon 
the main question; but I hold it to be quite impossible for 
anyone to make himself acquainted with the principles 
laid down in the long tale of appeals, and especially the 
two leading cases (Tyne Boiler and Chard Union), with- 
out being irresistibly forced to the conclusion that ma- 
chinery must be accounted a factor in rating assessments. 
Whether this be a good or a bad principle is a matter of 
opinion, but there can be no two opinions as to the 
definiteness of the law itself, and whoever ventures to 
write upon the subject is bound to take a one-sided view, 
or say the thing that is not. 

0 good can come of trying to bilk the principle of the 
liability which may be — to, and may fall heavily 
upon, manufacturers, and they will do well to resist any 
specious pretence that it can be done; it is true, never- 
theless, that the system upon which assessments are not 
infrequently conducted is provocative of litigation. In 
that case the system ought to be mended orended. What 
I have endeavoured to emphasise is that while the law 
remains as it is, it should equally applied all round, 
each assessment yielding its due quantum, according to 
value, whether it be a great railway or a small factory, 
and an end made of a permissive system which admits of 
one parish taking machinery into account, and allows an 
adjoining parish to ignore it. To those at least who have 
ad experience at Quarter Sessions it is manifest that 
there is ample room for reform in the administration of 
the law, and it is perhaps even more manifest that the 
whole question is one which calls aloud for legislative 
changes, in order that all users of machinery may 
placed upon a fair and proper footing as ratepayers. As 
to the remainder of the lecture administered to me, I need 
only respond that what I have written I have written, 
and am perfectly content to be judged by those who do 
me the honour to peruse my book. 

Your obedient servant, 
August 17, 1905. GEORGE WESTALL, 


[We forwarded a copy of Mr. Westall’s letter, which 
we print above, toour reviewer, who sends the reply given 
below.—Eb. E.] “ 


To THE Epiror or ENGINEERING. 

Srr,—I thank you for sending me a copy of Mr. 
Westall’s letter to you of August 17. There are one or 
two points in it to which, with your permission, I will 
make a brief reply. 

1. Let me assure Mr. Westall that before I put pen 
to paper to write my review, I read the whole of his book, 
ped I should do him an injustice, I re-read many of 
his notes on to see whether the unfavourable im- 
pression I had received on first reading might be modified 
on further consideration. I have to-day read the printed 
text of my review and have referred again to the parts 
of the book there specially criticised, and this has only 
confirmed my original opinion. ; 

2. The word ‘‘indiction” in the printed text of the 
review is a misprintfor ‘‘induction.” I put that word 
in inverted commas to show that it was Mr. Westall’s 
own term, but the presence of the inverted commas has 
evidently misled the proof-reader, so that the error was 
passed over. i 

3. Mr. Westall is in error if he thinks that I considered 
it ‘‘ offensive” in him to criticise the Recorder’s judg- 
ment in the Exeter case. Reference to my review will 
show him that the adjective was applied to the method of 
his criticism. I quoted one sentence from the author’s 
comments, and referred specifically to two other passages, 
and I must leave it to readers of the volume to judge 
for themselves whether my criticism was just or not. I 
do not for one moment think that Mr. Westall meant to 
be offensive ; but now that I have pointed out my objec- 
tion as an ordinary reader, with no interest on one side 
or the other, I still hope that he may see his way ‘‘to re- 
model entirely his notes and general discussions.” 

4. With to the case of Kirby v. Hunslet 
Union, I have to thank Mr. Westali for pointing ovt an 
error I had made in my remarks. An — was entered, 
and the Divisional Court has upheld the decision of the 
Recorder. It was not an error, however, but at the 
most an inaccuracy to say that the Union was unsuc- 
cessful at the trial before the Recorder, as, although that 
judge took into account ‘“‘the value of the user of the 
machinery,” he did not accept the Union’s method of 
arriving at a valuation—viz., by adding 5 per cent. on the 
value of all the machinery ; and the Union’s valuation of 
the premises at 67/. gross and 45/. rateable was reduced by 
the Reccsder to 31/. gross and 26/. rateable. I notice that 
this case, along with others, has been referred to recently in 
aleadi pers ise your columns (July 14, 1905), where the 
effect of the Recorder’s judgment is clearly stated. The 
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net result is that, while the Union was successful in 
having the value of the user of the machinery taken into 
account, the + pees was successful in obtaining a great 
reduction of the assessment. May I point out the neces- 
sity of distinguishing clearly between the value of the 
pre the machinery and the value of the machinery 
itself ? 

5. The two concluding phs of Mr. Westall's 
letter deal rather with the unfortunate state of the law 
than with anything I have written, so I pass them over. 
As tothe closing sentence of the letter, I too am content 
that Mr, Westall should be judged by those who read his 
book. Ihave done this, and I have indicated how, in my 
pa it might be made ‘“‘into a really meritorious 
work,” 

Tan, Sir, yours truly, 
Your REVIEWER. 








STEAM V. PETROL MOTOR-LAUNCHES. 
To THE Eprror oF ENGINEERING. 

Srr,—We have read with considerable interest your 
remarks of August 18 on “The Reliability Trials of 
Motor-Boats,” and we note particularly that some dis- 
satisfaction has been expressed by other competitors at 
the fact that two gold medals were won by our steam- 
launches, and that, further on, you are kind enough to 
state that no such proof of our ts’ capacities as was 
given was necessary. In view, however, of what hap- 
pened last year, we are unable quite to agree with you. 
If you will take into consideration the fact that a com- 
petitor in last year’s trials advertised that ‘‘one of our 
ordinary yacht’s launches is in every respect superior to 
steam” (this when he had no steam to compete with), 
and that this year another competitor, who did win a 
gold medal last year, advertises that he won the highest 
award in 1904 and 1905, when, as a fact, in 1905 our boat 
earned the highest marks of any boat in the trials, you 
will see that however good a reputation we may have in 
engineering circles,*it is incumbent on us to show that 
advertisement is not everything. 


If this is the class of competition we have to meet, we 1 


feel that we must let facts speak for themselves. 
ours, &c., 
Puitrep P. ALEXANDER, Chairman. 
(For Smmpson, STRICKLAND, AND Co., LTD.) 
Dartmouth, 8. Devon, August 22, 1905. 








MOTOR-BOAT TRIALS. 
To THE Eprror or ENGINEERING. 

Sir,—In your issue of August 18 you refer to the 
reliability trials of motor-boats, and mention various 
points on which some of the competitors are dissatisfied, 
and conclude with the remark, *‘We think, therefore, 
that, as in the case of a race, more positive data should 
govern the awards, and not so much be left to the 
opinion of individual persons,” with which I entirely 


agree. 

It is most unsatisfactory to any competitor to be 
penalised on the opinion of the judges without knowing 
details of the matter to which exception is taken. 

It was understood that these trials were to be made 
over an open course, so that the reliability of the motor- 
boat for sea work could be thoroughly demonstrated, and 
that the trials were for sea-boats rather than for river or 
racing craft. One of the most remarkable features of the 
resulting marking is that the marks given for speed are 
based on rating (as in the case of sailing yachts), with the 
result that a slow boat can obtain so large a time allow- 
ance as to stand before much faster competitors in respect 
tos ° 

The rating, on however excellent a theory it may have 
been » gave most anomalous results in practice, 
apparently owing to inaccuracy in computation. One 
rule, moreover, which affected the speed was altered at 
the last moment verbally and without notive being given 
to all the competitors. The difficulty of obtaining ob- 
servers was very evident ; one boat, the Mitcham, on one 
day had to leave without an observer-on board; and in 
the boat of a leading engineering firm was a medical 
student as observer. . 

Seaworthiness and regularity of running, it appears to 
me, were practically left out of account; to take the 
30-ft. class for rm Be in which twelve boats were 
entered, six compl the course on both days. The 
times in smooth and rough weather, and the percentage 
of lost time, are shown in the following table, the first 
day being calm and the second rough :— 


Open Course. 
! 
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All the boats except No. 21 (the Iris) had to ease down 
when running against wind and tide, and the percentage 
of time lost, as compared with the performance in fine 
weather, will give a fair idea of the seaworthiness and 


reliability of the craft in all weathers. 
In this respect all the petrol-boats show that they are 
far less affected b 
t; and that th 


stress of weather than the steam- 
ose petrol-boats designed for bad- 








weather work were less affected than craft in which light- 
ness was made the first consideration. 

In my opinion it would be much more satisfactory to 
the competitors if the judging were in the hands of an 
undoubted technical expert, or committee of experts, who 
should base their decision only on definitely laid down 
rules, These rules should not capable of variation, 
once placed in the rage one yp hands ; and the judges in 
making the awards should state their reason for any 
deduction of marks they may make. 

Further, in the event of any discretionary muting, the 
same judge or judges should inspect every boat. hen 
first-class engineers are not available in sufficient number 
as observers, there are a large number of engineering 
students, trained in observation work, who would effi- 
ciently perform these duties. 

I am, Sir, yours obediently, 
L. A. LEGRos, 

Cumberland Park, Willesden Junction, N.W., 

August 26, 1905. 








LAUNCHES AND TRIAL TRIPS. 

On Thursday, the 17th ult., the s.s. Kaigieg, which has 
been built to the order of the Chinese ngineering and 
Mining Company, Limited, by Messrs. Swan, Hunter, 
and Wigham Richardson, Limited, Wallsend-on-Tyne, 
was taken to sea for her trial trip. The vessel measures : 
—Length over all, 322 ft.; beam, extreme, 44 ft. 3 in. ; 
and depth, moulded, 23 ft. ; and she has been designed to 
carry a large cargo on a draught of 18 ft. 9in., and to 
steam 124 knots at this draught. The engines have been 
constructed by the Wallsend eer and Engineering 
Company, Limited, Wallsend-on-T'yne, end consist of a 
set of triple-expansion engines, having cylinders 254 in., 
41} in., and 68 in. in diameter, with a 45-in. stroke, steam 
being supplied by two large single-ended boilers workin 
at 180 1b. pressure, and fitted with Howden’s fo 
draught. On the trial trip the machinery worked with- 
out the slightest hitch, and a mean speed of 13 knots was 
east on the measured mile, the vessel being fully 





On Saturday, the 19th ult., there was launched from 
the shipyard of Messrs. Cochrane and Sons, shipbuilders, 
Selby, the Liberia, a steel-screw tug, measuring ‘4 ft. 
between perpendiculars by 19 ft. 6in. by 11 ft. 6 in., 
depth, moulded. The vessel has been built to the order 
of Mr. William Watkins, of London, and will be fitted 
with powerful engines by Mr. George T. Grey, of Hol- 
born Engine Works, South Shields. 


On Saturday, the 19th ult., there was launched from 
the yard of Messrs. William Doxford and Sons, Limited, 
Pallion, a specially designed single-deck turret steamer 
for general measurement trades, having a dead-weight 
capacity of 6800 tons on 22 ft. draught of water. She is 
fitted with tri-compound engines by Messrs. Doxford. 
The cylinders are 24 in., 41 in., and 68 in. in diameter, 
with a 45-in. stroke. There are two large single-ended 
boilers with a working pressure of 180lb., and very 
special outfit of cargo discharging gear. She has been 
built to the order of the Hathor Steamship Company, 
Limited, London. The vessel was named the Hatumet. 


On Saturday, the 19th ult., the s.s. Armanistan, built 
and engined by Messrs. David and William Henderson 
and Co., Limited, Partick, Glasgow, for Messrs. Frank 
C. Strick and Co., Limited, London, underwent her trial 
trip in the Firth of Clyde. The vessel is a steel-screw 
steamer of the following dimensions:—Length, 371 ft. ; 
breadth, 50 ft. 3in.; depth, moulded, 27 ft.6in. She 
has a gross tonnage of 4035 tons, and has been specially 
designed to suit the owners’ trade. The machinery 
consists of a set of triple-expansion engines, ss 
cylinders of 25 in., 41 in., and 67 in. in diameter, wit 
a 45-in. stroke, and two single-ended boilers working at 
a pressure of 180 lb. per square inch. 








On Tuesday, the 22nd ult., the new steel-screw steamer 
Cameron, recently launched by the Irvines Shipbuildin 
and Dry Docks Company, Limited, West Hartlepool, 
and built to the order of Mr. Kenneth McD. Cameron, 

roceeded to sea for her trial trip. She measures 336 ft. 
y 47 ft. by 24 ft. 10 in. Engines of the triple-expansion 
type, having cylinders 24 in., 38 in., and 64 in. in dia- 
meter, with a 42-in. stroke, have been supplied and fitted 
by Messrs. Richardsons, Westgarth, and Co., Limited, 
Hartlepool. There are two —_ single-ended boilers 
designed for 160 Ib. pressure. After adjusting the com- 
a series of runs were made, when a mean speed of 
sae was obtained, the engines working smoothly 
and well. 





The new steamer Ravenstone, built by the Blyth Ship- 
building Company, Limited, of Blyth, to the order of the 
Red “R” Steamship Company, Limited, of Newcastle, 
was taken to sea for her trial trip on Wednesday, the 
23rd ult. This vessel measures 343 ft. by 47 ft. 3 in. by 
24 ft. 5 in. Triple-expansion engines, with two lai 
boilers, have been fitted by Messrs, Blair and Co., Limited., 
of Stockton, the cylinders being 24 in., 40 in., and 65 in. 
in diameter, with a 42-in. stroke. The trip passed off in 
every way satisfactory to all present, a good Saw ing 
obtained on the several runs over the measured mile. 


On Friday, the 25th ult., Messrs. Osborne, Graham, 
and Co. sent to sea for her official trial trip the s.s. Heriot, 
which they have specially built for Messrs. George 
Gibson and Co., of Leith. She is of the raised quarter- 
deck type, and carries 1800 tons on a light draught. The 
engines have been built by Messrs. Kichardsons, West- 





garth, and Co., Limited, of Sunderland, and have cylin- | 68,6587, 








ders 184 in., 30 in., and 49 in. in diameter, with a stroke 
of 33 in., supplied with steam by one boiler 16 ft. by 
10 ft. 6 in., and designed for 180 Ib. pressure. On the 
trial a mean speed of over 10} knots was easily attained 
on the measured mile. 


Messrs. John I. Thornycroft and Co., Limited, 
Woolston Works, Southampton, launched on Saturday, 
the 26th ult., a single-screw tug, which they have con- 
structed for the Buenos Ayres and Pacific Railway Com- 
pany, Limited, for service at Buenos Ayres,. The dimen- 
sions are as follow:—Length between perpendiculars, 
75 ft.; breadth, moulded, 18 ft.; depth, 9ft. 3in. She 
will be fitted with compound surface-condensing engines 
and return-tube boiler. The cylinders measure 15 in. 
and 30 in. in diameter, with a 22-in. stroke. There will 


«| be one boiler 10 ft. 6 in, in diameter by 10 ft. long. 





On Saturday, the 26th ult., the s.s. Hare, belonging to 
Messrs. Lowen and Rolfe, of Manchester, left the landing 
stage for a trial run on the Mersey, after having new 
boilers fitted, new decks, and other extensive alterations 
and repairs to machinery and hull, carried out by Messrs. 
David Rolloand Sons, of Liverpool. The vessel attained 
a mean — of 13 knots, and afterwards proceeded up 
the Ship Canal to Manchester the same evening, in order 
to take her regular station on the following Monday. All 
the work was carried out to the specification and under 
the supervision of Mr. W. Fox, consulting engineer, of 
Manchester. 





The steel-screw steamer Aphrodite, built by the Tyne 
Iron Shipbuilding Company, Limited, of Willington 
Quay-on-'I'yne, to the order of Messrs. Harris and Dixon, 
London, left the Tyne on Saturday, the 26th ult., for her 
official trial trip. The vessel is of the following dimen- 
sions:—Length between perpendiculars, 348 ft. 6 in. ; 
breadth, 50 ft.; loaded draught, 21 ft. 3in. The pro- 

ling machinery, which has been constructed at the 

Yorthumberland Engine Works of the North-Eastern 
Marine Engineering Company, Limited, Wallsend, con- 
sists of a set of triple-expansion engines, having cylin. 
ders 24 in., 39 in., and 66in. in diameter, with a 45-in. 
stroke, steam being supplied by two large boilers workin 
at a pressure of 180 lb. to the square inch. On the tria 
trip the vessel attained a speed of 11 knots, the machinery 
working without the slightest hitch throughout. 


The s.s. Uganda, built by Messrs. A. Stephen and Sons, 
Limited, for Messrs. Maclay and McIntyre, Glasgow, was 
launched at Linthouse on Tuesday, the 29thult. Her 
dimensions are :—Length, 385 {t.; breadth, 50 ft.; depth, 
28 ft. 8in. ; and she has been designed tocarry 7000 tons dead- 
weight on a moderate draught of water. The machinery, 
which is also being constructed by Messrs. Stephen, con- 
sists of a set of triple-expansion engines, having cylinders 
25 in., 41 in., and 67 in. in diameter, with a 48-in. stroke ; 
steam at 175lb. pressure being supplied by two large 
single-ended boilers, fitted with Howden’s forced draught. 











Beioian Coau-Mininc.—The quantity of coal raised in 
the province of Liége last year was 5,887,350 tons, valued 
at 3,148,532. The corresponding production in 1903 was 
5,999,036 tons, valued at 3,351,078/. While, accordingly, 
there was a decrease of 111,686 tons in production last 
year, the decline in value was 202,5467. The number of 
mining concessions in the province, which stood in 1903 
at 83, declined in 1904 to 81, in consequence of a union of 
the concessions of Hasard-Mélen and Pres de Fleron and 
Herve Wergifosse and Saint-Hadeli. The mines in 39 
concessions were not in working last year, but 40 mines 
produced coal, and preparatory works were in progress at 
the remaining two. It should be remarked that the total 
output set against 1904 represented the actual net pro- 
duction after allowing for waste, while in former years no 
such deduction was allowed for. This renders, however, 
the fall in last year’s value all the more noticeable. The 
stocks remaining in hand at the close of 1904 were esti- 
mated at 153,108 tons, as compared with 169,368 tons at 
the close of 1903. The production of coal and the average 
value per ton in the province of Liége during the ten 
years ending with 1904 inclusive, were as follows :— 


. Production. Value per Ton. 
Year. Tons. 8. "a 
1895 4,939,965 8 Of 
1896 5,120,027 i 
1897 5,378,074 8 9 
1898 5,453,766 9 8 
1899 5,520,730 10 6 
1900 5,579,413 14 il 
1901 5,341,036 138 6 
1902 5,783,018 lt 4 
1903 5,999,036 11 2 
1904 5,887,350 10 8 


The average profit realised on coal raised in the province 
of Liége last year was ls. 0d. per ton; the correspond- 
ing average profit in 1903 had mn 1s. 7d. per ton. Of 
the 42 mines in activity in the province last year, 34 were 
worked at a profit and eight at a loss; the a ate 
profit for the year being ,512/., or 161,571/. less than 
in 1903. The number of workpeople employed in the 
province of Liége last year was 34,815; of these, 25,903 
were employed below ground and 8910 above ground. 
Only two women were employed in 1904; the corre- 
sponding number of females employed in 1903 was 
seven. The profits derived from coal-mining in the 
province of Liege have been subject to very great fluctua- 
tions during the past decade. Last year they amounted 
as we have just stated, to 298,512. In 1903 they stood 
at 460,083/.; in 1902 at 441,514/.; in 1901 at 659,119/.; in 
1900 at 1,286,570/.; in 1899 at 501,698/.; in 1898 at 312,864/.; 
in 1897 at 271,398/.; in 1896 at 127,008/.; and in 1895 at 
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IMPORTATION OF FOREIGN SHIPBUILDING 
MATERIALS INTO GERMANY. 


THE — position and future prospects of the 
shipbuilding industry in Germany ‘is a subject of great 
interest to shipbuilders and shipowners in this country, 
and the conditions affecting it should be carefully 
noted by them, as their keenest competition is likely 
to come from Germany. H.M. Consul-General at 
Hamburg (Sir W. Ward, C.V.O.) has sent an im- 
portant memorandum to the Board of Trade on the 
imports of foreign shipbuilding materials into Germany 
during the year 1904, and some of the chief points of 
the report may be noted for the information of our 
readers. 

He begins by reminding us that all raw materials 
and all finished or unfinished manufactured articles 
imported from foreign countries which are destined to 
be used in Germany for the building and equipment of 
sea-going ships are exempt from payment of customs 
duties. When we remember the high tariff which 
prevails in Germany generally, we see that it is 
simply an indirect bounty. to the shipping indus- 
try. The Germans believe in protection, but they 
are willing to set aside ‘their principles to attain 
the main object of their desire from a national 

int of view at the present time—namely, the 
Sovslopment of their navy and mercantile marine, and 
the extension of their over-sea trade. They. indeed 
believe, and with very good reason, that this is a 
national necessity, on account of their rapidly in- 
creasing population. From 1870 to the present time 
it has grown from a little over 40,000,000 to 60,000,000 

ple, and has therefore increased by 50 per cent. 
The average yearly increase of population between the 
last and previous census was 15,000 people per million 
of inhabitants. In Britain the figures were 9400 people 

r million of inhabitants, while in France it was only 

700 pom per million of inhabitants; thus again 
proving that economic conditions, and, ultimately, the 
—, question, are at the root of the majority of 
political questions. 

The Germans are prepared to go further in the way 
of encouragement of shipbuilding, for by the New 
Customs Law, which, together with the New Customs 
Tariff, will come into force in March, 1906, the exemp- 
tion from the payment of Customs duty is extended 
likewise to all articles used in the building and equip- 
ment in Germany of all river-going vessels. hile 
import of goods is unhampered by protective duties, it 
must be borne in mind that foreign competition with 
similar goods produced in Germany is, to some extent, 
handicapped by the additional charges for freight, 
whereas most shipbuilding materials manufactu in 
yermany enjoy certain reduced rates of freight on the 
German railways when sent from the interior to 
German sea ports to be employed there in the con- 
struction and equipment of seagoing vessels. 

The roe are which has taken place in the iron 
and steel industries in Germany has led to a great 
reduction in the import trade connected with them. 
Until five years ago the total volume and value of 
shipbuilding material annually exported to Germany 
from foreign countries, and especially from the United 
Kingdom, was considerable, and in the year 1900 the 
total value of the same was about 735,002. sterling. 
But, as will be seen below, a large falling off has 
taken place of late in the importation of these mate- 
rials, and German shipbuilders are rapidly emanci- 

ting themselves from: the necessity of having to 
import their supplies from abroad The pets Ron 
Bays : 

ch In 1901 there was, it is true, only a slight 
decrease in the total volume of foreign shi building 
materials imported into Germany, though the falling 
off in their total value was more considerable, owing 
to the low prices of iron and wood inthat year. In 
1902, however, both the volume and the value of 
the importations diminished by nearly 40 per cent. 
Although in consequence of extensive importations 
of various a of wood for shipbuilding, a 
small increase took place in the total volume and value 
of the imports in 1903, this increase was not main- 
tained in 1904 ; for, as will be seen in the next column, 
last year’s importations of all articles, exceptin 
angle-iron, malleable iron plates and sheet iron, an 
fishing-nets, experienced a further falling off both in 
volume and in value. 

** During the last five years the total annual volume 
and value of shipbuilding materials imported by Ger- 
many was respectively as follows :— 


Importation of Foreign Shipbuilding Materials into 
Germany. 


Year. Cwts. £ 
1900 1,072,612 735,500 
1901 ,054, 978 513,600 
1902 605,710 302,000 
1903 621,746 342,000 
1904 555,770 244,000 


**The countries whence these materials were im- 
ported in the year 1904 were the following :— 





Value of 


Countries whence Imported. Shipbuilding 
= Material. 

Great Britain 136,300 
Netherlands we ae 29,550 
United States of America 17,850 
British India hese oad 15,950 
Sweden Se pan es 11,500 
Hamburg Free-Port District 9,950 
other countries as 22,900 
Totals 244,000 


**The following table gives an account of the total 
value of the importations of the more prominent 
descriptions. of shipbuilding materials to Germany 
during each of the last two years :— 


ipti Value of I ts. 
Description of Imports. i oon ol —— 


£ £ 
Fishing nets ... 31,500 35,600 
Pig iron a .-- 17,150 13,700 
Angleiron ... Fh ee 7,200 
leable iron plates and 

sheet iron ... aa .-- 20,900 22,500 
Malleable iron bars ... ... 6,600 4,000 
Varnished or tinned manu- 

factures ‘ a ... 8,600 4,450 
Anchors and chains ... 31,500 25,400 
Wood of various kinds 72,500 55,150 
Machinery :— 

Pum ad we 10,500 7,200 

Lifting machinery ... 18,250 12,650 
Rough copper manufactures 18,150 3,700 

» . bronze be 11,700 4,150 
Superior bronze Se 22,400 13,450 
Ropes and cordage ... 3,650 2,100” 


With some not very important exceptions, all the 
above-mentioned articles show a falling off in volume 
and in-value last year, the most marked decrease having 
been in wood, machinery, and in copper and bronze 
manufactures. By far the greater proportion of all 
kinds of shipbuilding materials were imported from 
Great Britain, the sole exceptions being the various 
descriptions of wood which were derived from British 
India, Russia, Sweden, and the United States of 
America, and fishing nets, which were imported mainly 
from the Netherlands. The whole trade is, however, 
evidently a decreasing one, and the time is not far 
distant when Germany will be self-contained for all 
the materials required for the construction of her navy 
and her mercantile marine. 








CATALOGUES. 

WE have received from Messrs. J. H. Sankey and Son, 
Limited, Essex Wharf, Canning Town, E., their lists of 
fire and acid-resisting bricks. 

The French Asphalte Company, Limited, of 5, Laurence 
Pountney Hill, E.C., have issued a pamphlet givin 
particulars as to the characteristics of their asphaltes an 
describing some of their numerous applications. 

The British Uralite Company, Limited, of 50, Cannon- 
street, E.C., have sent us a booklet containing copies of 
testimonials from different users of uralite. 

A new catalogue of pneumatic hammers, drilling- 
machines, and other tools, has been sent us by the Globe 
Pneumatic Engineering Company, Limited, of 150, Queen 
Victoria-street, E.C. These tools are made for the firm 


in + sag? by Messrs. Sir W. G. Armstrong, Whitworth, 
and Co., Limited, at Elswick. 

A new mee of their refrigerating machinery has 
just been issued by the Pulsometer Engineering Com- 


pany, Reading. In addition to the descriptive matter 
accompanying the woodcuts, the catalogue contains a 
series of interesting and useful notes on the points to be 
attended to in installing an ice-making plant. The 
machines of the my operate with anhydrous am- 
monia, and to avoid leakage of this expensive and, at 
times, dangerous gas, the firm have entirely abandoned 
the use of cast iron in all parts exposed to the ammonia 

using instead wrought iron or steel throughout, 

he Paterson Engineering Company, Limited, of 
Amberley House, Norfolk-street, Strand, W.C., have 
published a pamphlet describing their water-softening 
plants for use at power-stations. A special feature of the 
system is the use of quartz sand in the filter through 
which the water is passed after the precipitation of the 
lime. The firm also make a purifier for femoving grease 
from the condensed steam, and fitting it for use as boiler 
feed. This is effected by coagulating the oil with a suit- 
able reagent, and then sauevang it by filtration. 

Messrs. S. Rentell and Co., Limited, 36, Maiden-lane, 
Strand, London, have published a catalogue of 20 pages 
of books on electricity and allied subjects, 

Messrs. Jones Brothers and Co., Wolverhampton, 
Limited, have issued a small illustrated catalogue describ- 
ing some of the firm’s manufactures in pressed steel. 
These include sanitary appliances, elevator buckets, arc- 
lamp cases, and resistance-box covers. The firm also 
make tanks and other water-tight goods in aluminium. 

The Baldwin Locomotive Works, Limited, have issued 
a circular illustrating and describing their forged and 
rolled steel railway and tramway oven 2 The wheels are 
made both in spoke patterns and as disc wheels. 

Messrs. Johnson and Phillips, Limited, Old Charlton, 
Kent, have sent us a circular of their switches and motor 
starters designed to comply with the Home Office regu- 
lations for electrical plant used in mines. 

We have received from Mr. Ph. Bonvillain, of 9, Rue 





des Envierges, Paris, a pamphlet describing his ‘ uni- 
versal system of machine moulding.” Complete plants 
are provided for effecting by machinery all the operations 
required from the mixing of the sand up to the production 
of the finished mould. 

Messrs. Cammell, Laird, and Co., Limited, of the Cyclops 
Steel and Iron Works, Sheffield, have sent usa copy of their 
new pamphlet on the steel tyres and axles for locomotives, 
carriages, and wagons. The ‘“‘ Victoria” t supplied 
by the firm are made of a special steel, and are claimed 
to be of a very exceptional quality. The material has an 
ultimate strength of 52.3 tons, with an elongation of 18 

cent. in 2in. For axles the firm use steel compressed 

y the Harmet process, in which the ingot is wire-drawn 
by being ae whilst partially solidified, through a 
conical mould.- This met of work greatly diminishes 
the segregation of the different constituents of the steel. 

Messrs. Lacy-Hulbert and Co., Limited, of 91, Vic- 
toria-street, 8.W., have published a new catalogue of 
their “‘ Boreas” cen» nay J machinery and vacuum 
pumps, which are made in a large number of standard 
siose suitable for driving either by electric motors or 

ting. 

The Mirfield Engineering Company, Limited, of Mir- 
field, Yorks, have sent us a copy of their new catalogue of 
conmings, hangers, pedestals, and other millwrights’ 
sundries. 

A new catalogue and price-list of steam and water 
fittings of all kinds has just been issued by British 
Steam Specialties, Limited, of 80, Turnmill-street, E.C. 
The ‘‘ Wed te” valves listed range up to 36 in. in dia- 
meter. Safety valves, pressure gauges, expansion joints, 
and pipe fittings of all sorts are included in the catalogue. 
The whole of the articles described are stated to be home 
manufactured. 

Messrs. Alfred Herbert and Co., Limited, of Coventry 
House, have sent us a copy of the catalogue issued to ac- 
company their exhibits at the Liége Exhibition. In this 
the milling-machines, turret lathes, and drilling-machines 
made by the firm are illustrated and described, the 
—— being rendered in German, French, and 


as 
r. Samuel Ride, M.I. Mech. E., of 85, Royal Ex- 
change, Manchester, has sent us circulars calling attention 
to his universal hand-drilling machine, which can be 
clamped to work so as to drill at any angle; and also 
to his sand-blast apparatus, which is driven by a small 
gas-engine. A further circular refers to a couple of small 
and oil-engines rated respectively at 4 and ? brake- 
orse-power. 

The General Electric Company, Limited, of 71, Queen 
Victoria-street, E.C., have issued a new price-list of wires, 
cables, insulators, leading tubes, and tools and accessories 
for executing wiremen’s work. The list is fully illustrated, 
a very large variety of patterns being described. In a 
separate circular the company describe a series of portable 
electric hand-lamps, which, being water-tight, can be 
safely carried in the pocket. 

The Power-Gas Corporation, 39, Victoria-street, S.W., 
have issued a circular describing a 1000-horse-power gas 
em recently erected by them at the works of Messrs. 

lair and Co., Stockton. The plant supplies gas to four 
250-horse-power Premier gas-engines, driving Scott and 
Mountain dynamos. Tests made of the plant gave one 
kilowatt-hour for 1,43 lb. of coal. In this test the pro- 
ducer was only under half load. 

Messrs. Blackstone and Co., Limited, of the Rutland 
Works, Stamford, have sent us a copy of their new cata- 
logue of oil-engines. These they make in both the tixed 
and portable patterns in a large number of standard sizes, 
ranging up-to 70 brake horse-power. In the larger sizes 
the amount of oil used is said to be five-eighths of a pint 
per brake-horse-power hour. 

The Electrical Company, Limited, of 121 to 125, 
Charing Cross-road, W.C., have just published a capitally 
illustrated: pamphlet describing electrical plants erected 
at different steel works on the Continent and in _ this 
country. In somé:6f the installations illustrated blast- 
furnace gas is used fér. driving the generators, and in one 
case a steam-turbiehas been used. 





ContTracts.—Messrs. Robert Boyle and Sons, 64, 
Holborn Viaduct, have supplied twelve of their venti- 
lators for Cannon-Street Station, the roof of which has 
been under repair.—We learn that Messrs. Alfred Her- 
bert, Limited, of Coventry, have supplied, for the equip- 
ment of the new works of the Daimler Motor Company, 
tools to an ag te value of over 9000/. The tools are 
mainly turret lathes and horizontal milling-machines. 
The order was secured in the face of keen competition 
from America. 





British CoLumBIAN Forests.—Forest fires in British 
Columbia during the past year have been of special 
severity, owing to a dry season. The direct loss to the 
province was large, and the effect on the mining and 
other industries requiring wood supplies will soon make 
itself felt. The question of dealing with these fires is one 
of the most important which can receive consideration. 
The revenue derived by the province from forests in 
1904 was 446,276 dols.—a substantial increase over the 
apie ear’s revenue, which amounted to 347,004 dols. 

n regard to lumber supplies, the future is in the hands 
of British Columbia. Her forests of virgin timber are 
still great and valuable. The development of the Domi- 
nion generally will make large and increasing demands 
upon them, and, properly administered, they should 
make British Columbia one of the richest members of the 
Canadian Confederation. At no distant day the public 
revenue of British Columbia from forests may be ex- 
pected to reach 1,000,000 dols. per annum, instead of 
500,000 dols. per annum, as at present. 
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DETAILS OF ELECTRIC TRAVELLING CRANES. 


CONSTRUCTED BY MESSRS. JOSEPH ADAMSON AND CO.. ENGINEERS, HYDE, CHESHIRE. 





Tue Wallsend Slipway and Engineering Company, 
our readers will remember, have in hand the propel- 
ling machinery, consisting of boilers and turbines, for 
one of the large Cunarders. They have, accordingly, 
recently extended their already fine erecting-shop by 
increasing its length to 480 ft., the span at rail centres 
being 56 ft. 44 in., the top of the rails being 43 ft. 
above the floor-level, and the height above the rails to the 
underside of roof being 8 ft. At the same time they 
have built an additional bay to their boiler-shop, the 
new portion having a length of 330 ft., a span of 
70 ft. 3in. at the rail centres, the rails being 50 ft. 
above the floor level, and the height above the rails to 
the underside of roof being 9 ft. 114 in. Having 
already supplied several cranes to the Wallsend Com- 
pany during the past seven or eight years, Messrs. 
Joseph Adamson and Co., of Hyde, Cheshire, were 
entrusted with the order for the new large cranes re- 
quired for these extensions. At the same time the 
other cranes previously supplied by them, which varied 
from 7 to 30 tons capacity, were reconstructed so as to 
be suitable for working from power supplied at 480 
volts by the Tyneside Supply Company. On our two- 
page plate, Figs. 1 to 6, we show the general arrange- 
ment of these cranes, of which the largest is rated at 
100 tons, whilst there is another of 70 tons, and two of 
65 tons. These latter are represented in Fig. 7, which 
shows them in place in the extended erecting-shop. 

The contract speeds required with these new cranes 
under full load are as follow :— 

65-Ton Cranes.—Longitudinal travelling, 150 ft. per 
minute ; cross-traversing, 60 ft. per minute; main 
hoist, 6 ft. per minute ; auxiliary hoist of 15 tons 
capacity, 30 ft. per minute. 

70-Ton Crane.—Longitudinal travelling, 120 ft. per 
minute ; cross-traversing, 60 ft. per minute; main 
hoist, 54 ft. per minute; auxiliary hoist of 15 tons 
capacity, 30-ft. per minute. 

100-Ton Crane.—Longitudinal travelling, 90 ft. per 
minute ; cross-traversing, 50 ft. per minute; main 
hoist, 44 ft. per minute; auxiliary hoist of 15 tons 
capacity, 30 ft. per minute. 

All the above speeds are increased with lighter 
loads. The 70-ton and 100-ton cranes are both in- 
stalled in the new bay of the boiler-shop. 

As the four cranes are generally of similar design 
and construction throughout, a description of the 
100-ton crane will answer for all. This crane, as shown 
in Fig. 1, is built for a span of 70 ft. 3in., the maximum 
available head-room being 9 ft. 114 in., and the end- 
clearance 15 in. The girders are of the box pattern, with 
internal bulkheads between the webs, and are carried 
on end-carriages built up of steel plate. The bottom 
plates of these carriages are extended to form gussets, 
as shown in Fig. 2, thus giving extra stiffness to the 
crane. The girders are secured to these gussets and 
pee end-carriages by turned bolts fitted into rhymered 

oles. 

The crane runs on four wheels in each end-carriage ; 
these are mounted in pairs in cast-steel compensating 
beams, fitted with self-lubricating axle-boxes, and 








lined with gun-metal bushes. The axles are of mild 
steel. The travelling wheels have rolled double- 
flanged steel tyres shrunk on cast-iron hubs (see 
Fig. 4). The machine-cut spur-rings for driving these 
wheels are cast with the hubs, thus obviating the use 
of any bolts or keys which might be liable to work 
loose. The crab (Fig. 3) has double steel-plate sides 
riveted together, with bosses between for the various 
shafts and axle-bearings, and mounted on mild-steel 
axles, with cast-steel double-flanged wheels turned on 
the treads. The bearings are all fitted with gun-metal 
bushes, The speed of the longitudinal travelling 
motion with full load is 90 ft. per minute, and the 
gear for this is driven by a motor of 32 brake horse- 
power fixed to planed faces on the side of one of the 
girders in the centre of the span (see ey land 2). It 
runs at 400 revolutions per minute, and communicates 
its drive through machine-cut spur-gearing and a cross- 
shaft carried.on brackets fixed to the side of the 
girder, so as to drive both ends of the crane simul- 
taneously by means of a pair of travelling wheels 
in each end-carriage. An automatic solenoid brake 
is fitted to this motion to bring the crane quickly 
to rest after the current is cut off. The main 
hoisting motion is designed to lift a maximum load 
of 100 tons at 44 ft. per minute, and is driven by 
a 47-brake-horse-power motor running at 375 revolu- 
tions per minute. An auxiliary hoisting-barrel is also 
fitted, to deal with loads up to 15 tons, which it hoists 
at a speed of 30 ft. per minute, being driven by a 
second 47-brake-horse-power motor running at 375 
revolutions per minute. The gears for both these 
hoisting motions are of mild steel throughout, with 
machine-cut teeth, and they are fitted with auto- 
matic solenoid brakes (Fig. 10, above), which sustain 
the load when the current is cut off. Mechanical 
brakes of the enclosed Weston type (see Fig. 11, 
above) are also fitted, to prevent undue accelera- 
tion when lowering. The speed of the cross-traversin 

motion with the full load on is 50 ft. per minute, an 

this motion obtains its drive from a 16-brake-horse- 
power motor running at 333 revolutions per minute 
through machine-cut spur-gearing. The hoisting- 
barrels, Fig. 3, are of cast iron, the grooves for the 
rope being turned in the lathe, running right and left- 
handedly from each end, so as to give a truly vertical 
lift. The diameter of the barrel is large enough to 
hold sufficient turns of rope to give a lift of 50 ft. 
without overlapping. The main load is carried by 
eight plies of specially flexible steel-wire rope, 5 in. 
in circumference, and the auxiliary load by four plies 
of steel-wire rope 23 in. in circumference. The com 
pensating pulleys for these ropes are suspended from 
a substantial cross-beam fixed to the crab sides. The 
hooks are made from selected forged scrap and are 
suspended from the bottom block by steel come side 
links and cross-heads with turned ends. Ball bearings 
running in turned steel washers are fitted under the 
nuts on the shanks of the hooks to facilitate the turn- 
ing of the full load without giving any twist to the 
ropes. A timber platform mounted on steel brackets 





is carried across the crane on one side, 
with a shorter platform on the other side 
giving access to the crab. The motions 
are all controlled from independent 
crane-controllers placed in a cage sus- 
= nage g from the crab, as shown in 


‘ig. 3. 

The motors are of enclosed type, series 
wound, and are constructed for an electro- 
motive force of 480 volts. The motors 
and controllers are of Messrs. Adamson’s 
own make, and have been specially de- 
signed to withstand the rough usage to 
which they are subjected in this class of 
work, and every care has been taken to 
make them as substantial as ible, 
both electrically and mechanically. . The 
gearing throughout the whole crane is 
machine cut from the solid, all the wheels 
and pinions of the hoisting motions and 
all the pinions of the travelling and tra- 
versing motions being of steel. All the 
first motion pinions are forged solid with 
their shafts, which in turn are attached 
to the motor spindles by flanged coup- 
lings forged solid with the shafts and 
bolted together. As the motors are all 
series wound, the speeds of all the mo- 
tions increase considerably with lighter 
loads. 

The 70-ton crane is shown in position 
over the makers’ test-pit in Fig. 8, page 
284. As stated, its design is substan- 
tially the same as that of the 100-ton 
crane. The two are also shown in _posi- 
tion in Fig. 9 on the same page, where the 
boilers below give an excellent indication 
of their massive proportions. The cranes 
were thoroughly tested at the makers’ 
works before dlivery, thus ensuring the 
prompt erection and setting to work of 
them afterwards. The 100-ton crane 
undergoing this test is represented in Fig. 6, on the 
two-page plate of this issue. 

A special feature of these cranes is to be found in 
the brakes with which they are fitted. Of these, the 
one represented in Fig. 10, above, is an electrical 
brake, whilst the other (Fig. 11, on this page) is a 
mechanical brake. The former prevents the load 
moving unless the current is on, whilst the other 
maintains control over the load whilst it is being 
lowered. As shown in Fig. 10, the electrical brake 
consists essentially of a couple of hinged levers 
curved to fit the circumference of the brake pulley, 
and lined with wood. These levers are suspended 
from the motor casing by their hinge, and are nor- 
mally pressed into contact with the brake pulley 
by a system of clamping-levers actuated by the 
weight shown to the right. Under these conditions 
the brake pulley, which is grooved to increase the 
friction, is rigidly held so that the load cannot 
descend. The clamping-weight can, however, be 
lifted 3 means of a solenoid fitted in the casing 
shown above it, and this solenoid being in series with 
the lifting motor, the brake is held off when current 
ree through the latter, either in the direction for 
ifting or that for lowering. A dashpot is provided 
within the solenoid casing to prevent ‘‘ hammering” as 
the current comes on or off. It will be seen that the 
brake comes into action whenever the current through 
the lifting motor ceases, even if this interruption is 
due to the blowing of a fuse or other accidental cause. 

To lower a load current must be passed through the 
motor, as otherwise the electric brake is locked. This 
current, however, fully releases the brake, so that this 
brake, being always either fully on or completely off, 
provides no means of controlling the speed of the de- 
scent of a load. This control is accordingly supplied 
by the mechanical brake shown in Fig. 11. This is 
simply a Weston friction clutch enclosed in an oil- 
tight casing, which is flooded with a lubricant. This 
casing carries the loose discs of the clutch, the other 
discs lying between these, rotating, of course, with the 
brake shaft. Ratchet teeth are cut on the exterior of 
the casing, as indicated in Fig. 11, and with these 
engages the pawl shown. Friction-rings sliding on the 
ratchet-casing bring a positive pressure on this pawl 
whenever the load ins to run down, thus forcing 
it into engagement. The end pressure by which the 
friction plates are forced into contact so as to lock the 
clutch is secured by means of a quick thread screw 
and nut connected with one of the pinions of the hoist- 
ing motion. This end pressure is therefore proportional 
to the weight lifted, and the load is thus securely 
and automatically held in all positions. To lower it 
it is necessary to reverse the motor. This tends to 
unscrew the nut above referred to, relieving a little 
of the pressure between the friction — and thus 
allowing the load to descend. The discs being 


numerous, the pressure between them is slight per 
unit of area, and the surfaces being lubricated, the 
wear is small. Half the discs are of steel, and the 
others of gun-metal, 
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INDUSTRIAL NOTES. 


TueERE are but few trade unions, if any, that can 
boast of having issued an eightieth annual report, but 
this has been done by the Steam-Engine-Makers’ 
Society. This was one of the old trade unions that 
refused to amalgamate when the movement for amal- 
gamation was started in 1850, and it has maintained 
its independent position up to the present time. In 
its earlier history the committees held their meetings 
in secret, and hid their books from fear of arrest and 
prosecution, as the Seditious Meetings Acts, the 
Corresponding Societies Acts, and other Acts were 
then in force, and they applied to trade unions. Of 
course, this union has had a varied experience, but, 
on the whole, not a bad experience, as the statistics 
show. The worst year as regards unemployment was 
1879, when the proportion of members out of work 
was almost double as great as in any other year. 
There was one exception as regards numbers—the 
year of the Federation lock-out, in 1897. But even 
this was hardly an exception, for a large proportion 
of those then on the funds was due to the dispute, 
whereas in 1879 the unemployed resulted from severe 
depression in trade. From 1858 to 1905 there have 
prs been nine years in which the proportions of un- 
employed were great, averaging about one-half the 
proportion in 1879. 
he report says :—‘‘ Taking into consideration the 
bad state of trade throughout the country during 
1904, it was, with, perhaps, the exception of marine 
centres, the worst since 1894--ten years previously. 
But the members are congratulated upon the fact that, 
as regards this society, it was able to show a balance 
on the right side. This is all the more remarkable, 
as the contributions of members were at the lowest 
limit, as the council did not want to burden the 
members with undue calls at a period when trade was 
bad, employment scarce, and the possibility of dis- 
putes as to wages, &c., great. 

The total number of branches was 113, all in the 
United Kingdom, as the union does not open branches 
abroad. The total number of members was 10,001. 
In spite of numerous exclusions, possibly because of the 
state of trade, and consequent pressure upon members, 
there was a net increase in the year of 350, after allow- 
ing for deaths. The increase from 1899 has been 
continuous : in 1900, 364; in 1901, 410; in 1902, 327; 
and in 1903, 348. This steady progress shows that 
the society is holding its own in spite of the advances 
made by its great and wealthy rival—the Amalgamated 
Society of Engineers. The total contributions of each 
member during the year 1904 were 2/. 15s. 4d.; in the 
year previous, 2/. 19s, With a decrease in contribu- 
tions in a bad year of trade, the wonder is that there 
was a surplus over expenditure of 55/. 9s. 2d. The 
total balance at date was 75,615/. 13s. 8d. The 
amount expended on donation benefit—that is, unem- 
ployed on the funds—was 9278/.—an increase of 4173/. 
over 1903. The cost of superannuation allowance was 
5220/., as compared with 4583/. in the previous year. 
This growth of expenditure for superannuation is 
regarded as serious, and members are cautioned about 
the desire for an increase in the amount per member 
on the fund. This caution is regarded as all the more 
necessary because of the tendency on the part of em- 
ployers to discharge elderly men when trade is de- 
pressed, and thus drive them, as it were, to apply for 
superannuation allowance. There was also an increase 
in the amount paid in sick benefit, as there usually is 
when trade is bad. The report adds :—‘‘ Nothing is 
so beneficial to health as regular and steady employ- 
ment, and this has been scarce during 1904.” The 
other expenditure of the society was normal. It 
consisted of salaries for general office and the 113 
branches, including secretaries, treasurers, trustees, 
sick stewards, &c. ; also rents of chief office and club- 
rooms, fuel and light, printing and stationery, post- 
age and parcels, delegations and committees, and all 
the other items of expenditure which go to make up 
the aggregate in all trade-union reports. 

The total income in 1904 was 26,005/. 10s. 7d.; the 
net expenditure was 25,950/. 1s. 3d. The chief items of 
the latter were :—Unemployed, 9877/. 12s. 9d.; strike 
pay, 76/.; superannuation allowance, 5220/. 10s. 6d.; 
sick benefit, 5145/. 12s. 2d.; funeral benefit, 1500/.; 
accident benefit, 730/. 5s.; and legal expenses over a 
case, 261/. 2s. 3d. 

The general table showing amounts paid for the 
several benefits covers the pericd of 51 years—1853 to 
1904 inclusive. During those 51 years the several 
amounts were :—Unemployed benefit : (2) travelling 
expenses, 7769/. 18s.; (b) donation benefit, 169,470. 
15s. 8d.; superannuation, 74,415/. 17s. 1d.; strike 
pay, 19,1587. 10s. 2d.; sick benefit, 129,334/. 4s. 9d.; 
funeral benefit, 37,0887. 17s. 1ld.; accident benefit, 
12,2651. 16s.; benevolent grants, 29197. 6s. 8d.; mis- 
cellaneous expenditure, 78,125/. 7s. lld.; aggregate 
amount, 528,541/. 3s. 3d. The balance, as before 
stated, is now 75,615/. 13s. 8d. This is above the 
average per member in most trade unions. 

The report gives very full details of all matters 
pertaining to the society, its numerical strength, its 


branches, the income and expenditure, the cost of each 
benefit and of management, and such other information 
as intelligent members may desire to know ; even the 
most inquisitive and critical may be eatisfied with such 
full details. In addition it gives a series of tables 
relating to the engineering and shipbuilding industries, 
coal, iron and steel, labour statistics, and others. In 
such a volume the politician, statesman, political 
economist, and social innovator can find something 
that is useful for his purpose. This growing habit of 
furnishing important information on commercial and 
trade matters is more useful than appears at first 
sight ; members of trade unions get at groups of facts 
pr al not readily available to them. They will 
thus be able to see that matters of wages are not so 
absolutely ruled by employers as many suppose, but 
by outside influences affecting all parties, 





The Trades Union Congress which meets next week 
at Hanley will be permeated by political considerations 
in view of the general election, which cannot be far 
distant. Many of the delegates to that Congress are 
already candidates in numerous constituencies, and 
others are only waiting to be formally endorsed. All 
these men will be making political or semi-political 
rare addressed through the Press to the electoral 

ivisions which they aspire to represent. They will 
not be wanting in subject matter. There are some 
subjects which, though political, bear upon labour ques. 
tions generally, such as the fiscal question, education, 
and the heavy taxation. The Chinese importation into 
the Transvaal will attract much attention by reason of 
the fact that white labour in South Africa is very badly 
employed. The Unemployed Bill will undergo severe 
criticism, and so also will the Aliens Bill. The defeat 
of the Trades Disputes Bill will more directly affect 
the unions represented at the Congress, and upon this 
subject there is sure to be a difference of opinion. 
The Compensation Bill will come in for criticism ; but 
few of the delegates will be able to deal with so com- 
plex a question, for the measure must be read into 
two other Acts—the Employers’ Liability Act and the 
Compensation for Injuries Act—to both of which this 
will be an amendment. On all these subjects the 
aspiring candidates will have something to say, wisely 
or otherwise. It is not improbable that the Congress 
will issue an address relating to the approaching 
general election, or authorise its Parliamentary Com- 
mittee todo so. In thisrespect they have a precedent 
in 1874, when the Congress issued a series of questions 
to candidates, all of which were pressed very closely 
in most of the constituencies. Similar action was 
taken by the Reform League in 1868. 





There is something approaching to consternation in 
Woolwich and Plumstead over the discharges of work- 
men from the Royal Arsenal. It is alleged that the 
men are being quietly but quickly weeded out and dis- 
charged. They are not dismissed in batches so as to 
draw public attention to the matter, but singly, or by 
twos and threes. It is a serious matter to the men 
thus discharged, as a large number of them have 
bought their homes through a local building society, 
in the expectation of permanent work. All employés 
by the Government expect this, rightly or wrongly. 
The serious allegation is made that some of those dis- 
charged are nearing the time when they would be 
entitled toa pension, or a retiring allowance. If it 
be true, the matter is sufficiently serious to be brought 
before Parliament, and the member for Woolwich is 
the man todoit. Itis curious that those who clamour 
most for State employment are just those who com- 
plain most of the conditions of labour and rates of 
wages in Government establishments. Another alle- 
= is that while discharges are being effected at 
Vootwich, private firms are extending their premises 
and plant—that, in fact, contractors are favoured, 
while the State establishments are being reduced and 
starved. It is a serious outlook for many of those 
discharged, as they have no craft to fall back upon, 
the subdivision of labour being such that they only learn, 
and work at, one operation. They are too old to learn 
another trade, and so drift away to swell the number 
of unskilled labourers, and subsequently fall into 
the ranks of the ordinary unemployed. The whole 
system of hiring, working, and controlling labour 
= —— establishments requires to be over- 
rauled. 


The Lancashire and Yorkshire téxtile operatives 
might well remember that Tuesday in last week 
was the forty-fourth anniversary of the death of 
Richard Oastler, who died in 1861. He it was who 
helped to carry the Ten Hours Bill, in spite of the 
strenuous opposition of the mill-owners in those two 
great counties, most of whom, but not all, were 
opposed to the measure. His attitude on that ques- 
tion led to his being dismissed from a lucrative post, in 
consequence of which he got into debt, and was con- 
fined in the Fleet as a debtor for three years. The 


Oastler was released. On his return to Huddersfield 





he was enthusiastically received with popular rejoic- 





debts were paid by public subscription, and Richard | Feb 


ing. Many notable things are recorded of this extra- 
ordinary man, the most notable being his conduct on 
the occasion of the great demonstration at York. It 
was expected to be large in numbers, but its extent far 
exceeded all anticipation. Men, women, and children 
tramped 20 to 30 miles to be present. So vast was the 
crowd that there was a difficulty in finding food. 
York was scoured from centre to circumference in 
search of tea, coffee, milk, bread and butter, cheese, 
buns and other pastry for the children. Some of the 
young men, sons of mill-owners and manufacturers, 
offered the men a large supply of beer; Oastler and 
the other leaders saw the danger, and by pressure 
induced the people to refuse, or drink sparingly. In 
organising the return home, Oastler saw how footsore 
and tired the people were. He got out of his carriage, 
and led them on foot, the carriage being used for over- 
tired children. When Oastler got home his boots and 
stockings had to be cut from his bleeding feet. The 
action was heroic, and it served a good purpose. 





The lamentable scenes enacted and witnessed at the 
evictions of miners and their families in connection 
with the dispute at the Hemsworth Collieries accen- 
tuates the supreme importance of every effort being 
made to prevent labour disputes developing into strikes 
and lock-outs. Differences will arise where there are 
two parties to a bargain, especially if they regard 
each other as having interests directly opposed. But 
we have seen how satisfactorily conciliation has 
worked in the iron and steel trades in the North of 
England and the Midlands, which two districts 
practically govern rates of wages throughout the 
country. Miners also in Durham, Northumberland, 
in the federated districts, and in South Wales 
and Monmouthshire have also had experience of its 
value. In the cotton districts only recently its good 
effects were manifest. But in spite of this a dispute 
sometimes arises which seems to defy all efforts at 
conciliation. It is most regrettable that this should 
have happened in the case above referred to. We do 
not enter into the rights or wrongs of the dispute 
itself, but we do deprecate such strife in the interests 
of all concerned. 





The holiday tone still permeated most industrial 
concerns during the past week. This was as evident 
in the iron and steel trades as in the textile and other 
groups of trades. The business done in the Midlands 
was not large, but it is said that the indications favour 
greater activity. The finished iron branches were 
steady pay prices aes | firm. It was the same 
in the Lancashire centres. But a spurt is needed to 
evoke speculation ; as it is, the sales are mostly for 
present requirements, the uses being in the engineering 
and shipbuilding branches, generally in all sections. 


West Ham seems to be destined to be the first to 
take advantage of the Unemployment Act of last 
Session. That borough is exceptionally unfortunate 
in the class of its residents, so large a proportion 
being of the labouring class—dockers and others, 
whose work is casual. It may be also that some 
were attracted to that locality by the large un- 
employed funds collected and disbursed there earlier 
in the year. In any case it is deplorable that there 
should be such a lack of employment and such dire 
distress. It is said that a number of engineers, 
carpenters and joiners, and other mechanics are in the 
ranks of the unemployed. But these, if union men, 
would have their 9s. or 10s, per week from their society. 





Labour disputes were few in the week, if one may 
judge by those recorded in the newspapers. The 
fewer the better for all parties. Labour leaders have 
been busy preparing for the Trades Union Congress, 
and they also Save base seeking rest and change, as 
other folks do in the hot days of August. 








LocomMoTIvVES IN THE UNITED StatEes.—The number 
of locomotives in the United States in 1903 was 44,529, 
as compared with 41,626 in 1902; 39,728 in 1901 ; 38,065 
in 1900 ; 37,245 in 1899; 36,746 in 1898; and 36,410 in 
1897. The total of 44,529 representing the number of 
American locomotives in 1903 was made up as follows :— 
New ~~ States, 2555; Middle Atlantic States, 
12,783 ; Central Northern States, 12,536 ; South Atlantic 
States, 3848; Gulf and Mississippi States, 1739; South- 
Western States, 5501; North-Western States, 3752; and 
Pacific States, 1824. 





Biast-FURNACES IN THE UniTED Statrs.—The pro- 
ductive weekly capacity of the blast-furnaces in opera- 
tion in the United States at the commencement of August 
stood at 410,088 tons, as compared with 405,792 tons at 
the commencement of February and 246,092 tons at 
the commencement of August, 1904. In previous years 
the capacity was :—273,692 tons at the commencement 
of February 1904; 353,681 tons at the commencement 
of August, 1903; 335,339 tons at the commencement of 
ebruary, 1903 ; 328,745 tons at the commencement of 
A t, 1902; and 325,440 tons at the commencement 





of February, 1902. 
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LARGE GAS-ENGINES.* 

The Growth of Large Gas. Engines on the Continent. 
By M. Ropotpue E. Maruor, of Brussels. 
(Translated from the French.) 
(Concluded from page 266.) 


Otto- Deutz Engines.—The brilliant record of the Deutz 
Gas-Engine Works is well known, which, continuing the 
traditions of its illustrious founders, Messrs. Otto and 
Langen, has for forty years constructed the four-cycle 
engines bearing the name of the inventor. Since its 
formation this company has turned out nearly 70,000 
engines. It necessarily commenced with the small single- 
cylinder horizontal and vertical engines ; since 1895 it has 
been engaged in the construction of high-power blast- 
furnace single-acting —-. attaining with one, two, and 
four cylinders, twin or double-twin, powers of 125 horse- 
power, 500 horse-power, 1000 horse-power, and upwards. 
A large number of these engines were in a short time 
working in industrial establishments with generator gas, 
blast furnace gas, or coke-oven gas, whilst others took 
the place of steam-engines in water works and electric 
stations for towns, &c. 

One of the 1000 to 1200 horse-power engines with four 
cylinders, twin and opposite, was installed at the Hérder 
Bergwerk Works, at Horde, Germany. This engine is 
combined with a fly-wheel dynamo, and works with blast- 
furnace gas. 

The 1200 horse- power four-cylinder engine exhibited at 
Dusseldorf in 1902 won the admiration of experts as being 
a type of the most powerful engine of thé time in Germany. 
It was constructed for the ‘‘Gutehoffnungshiitte,” for 
driving a blast-furnace blower to furnish 1000 cubic metres 
\35,316.6 cubic feet) of air per hour at a presaure of 
0.5 atmosphere (7.4 lb.). The total weight of this engine 
was 219 tons, the fly-wheel accounting for 19 tons. This 
weight is manifestly stupendous compared with the weight 


Fig. 25. PISTON ROD JU UPrING-BOX. 200-.R DOUBLE-ACTING ENGINE (OTTO-DEUTZ) 
“po Yjj% i _ Uff ify, 


and the proper utilisation of the explosive mixtures, the 
Otto Company has benefited from the long practice 
acquired in the construction of the different forms of 


e double-acting type, for which they have adopted the 
general arrangement and external form preferred for good 
modern steam-engines. ) 
has engaged in the making of these double-acting engines 


which is, moreover, the type most generally adopted 
nowadays by its competitors. 

In 1902 this company started its first double-acting 
engine of 200 horse-power at its own electric station, 
where it first did duty as an experimental engine and 
afterwards in the works. In the meantime forty-six 
engines on this system, representin 
power, have been constructed by the Otto Company at 
its Deutz works, and its concessionnaires. Fig. 11, page 
231 ante, represents a 200-horse-power engine. A 300- 


horse-power engine of the latest double-acting type has | 


the following principal dimensions :— Diameter of piston, 
620 millimetres (24.4 in.) ; stroke of piston, 780 millimetres 
(30.7 in.), at 150 revolutions per minute. The cylinder 
13 constructed so as to allow for the independent expan- 
sion of the jacket and the liner. The latter is cast in one 


piece with the ends of the jacket, whilst the annular | 


middle portion is connected and made tight by a flexible 
joint. The ease with which this part can be dismantled 
facilitates the thorough cleaning of the jacket. In the 
case of engines of the largest sizes the cylinder is even 
made in three parts, the two ends of which carry the 
valve-boxes. The latter are in each case fitted in the same 
vertical axis, the inlet-valve at the top and the exhaust- 
valve at the bottom, and in such a way that the surplus 
oil or moisture is driven out. The lower part is provided 
with water circulation, and fixed by bolts, with springs 
which enable them to move slightly on expansion. The 
piston is supported by the piston-rods, without its weight 





resting on the bottom of the cylinder. The cooling water 
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— heads for its single-acting engines, in designing | 
t 


Since 1901 the Otto Company | 


and maintained its preference for the four-cycle type, | 


in all 31,500 horse- | 


CYLINDER AND VALVE GEAR. 
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| It is provided with a water circulation, which is operated 
| through its stem, as in the case of the piston-rod. 
water circulation is also set up in its box, which carries 
the seat of the exhaust-valve. In the largest engine, 
such as the 2000-horse-power, with two tandem cylinders, 
| with a diameter of piston of 1100 millimetres (43.2 in.) 
and 1300 millimetres (51.1 in.) stroke, the exhaust- 
valve has a seat of D = 380 millimetres (14.9 in.), which, 
on the exhaust, would have to overcome a pressure of 
about 2000 kilogrammes (4409 lb.) when lifted. It has 
| been constructed with two seats (Fig. 27, below), with a 

communicating passage which establishes the same pres- 
|gure underneath as above the disc of the valve. The 
| dise is, therefore, balanced, and only offers to the lift 
| the resistance of the reaction springs. 

The ignition of the charge is effected by magneto- 
electric apparatus, the starting is by means of com- 
pressed air, and the lubrication is under pressure, as is 
also the water circulation for the piston, the stuffing- 
| boxes, &c. 

The number of double-acting engines which the Deutz 
| Works has supplied, or has at present in course of execu- 
| tion, amounts to sixty-four, ranging in size from 200 to 
| 2000 horse-power, with an aggregate of 34,660 horse- 
| power, 
| Niirnberg Engines. —The ‘‘Vereinigste Maschinen 

Fabrik Augsburg and Maschinenbau Gesellschaft Niirn- 
berg” has always devoted itself to the construction of 
ch gemer engines, and has won a well-earned reputation. 
| The experience and practice acquired in this construction, 
}as also the use of powerful and improved tools, placed 
this company in the best position for constructing la 
| gas-engines. This company quickly discovered that the 
| use of the single-acting engine, whose dimensions were 
| being incre and cylinders multiplied in order to ob- 
|tain sufficiently powerful engines for modern require- 
| ments, was only transitive, the space occupied, the enor- 
| mous weight and low efficiency of these types of engines 
| being defects which caused them to be abandoned in 


EXHAUST-VALVE WITH WATER CIRCULATION 
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of steam-engines with which poor-gas engines have to 
a These large engines, constructed according 
to the single-acting type, thus attained the excessive 
weight of 180 kilogrammes (396.8 lb.) per horse-power. 
Their price was necessarily high, and the space occupied 
excessive. It was, therefore, necessary to find a solution 
of this difficulty, in order not to impede the development 
of large engines. Such a solution is found in the double- 
acting engine which is now the current type of the Deutz 
Works. ference will be made to this engine later, and 
in the meantime the author will examine the character- 
istics of the small engines now made by this firm. 

The single-acting type has been retained, and for about 
two years the makers have been working for the unifica- 
tion of the system of valve gear. The system shown on 
Fig. 6, e 230 ante, is now applied to all sizes, except 
for engines of 120 to 150 horse-power per cylinder, in which 
they fit the mixing-valve and the gas-valve separately, 
with the object of facilitating access to the latter for the 
pope of cleaning. This device is again met with in the 

arge double-acting engines descri later. In order to 
appreciate the simplicity of the parts and arrangement of 
the new valve-gear for admission in variable quantity of a 
charge of uniform composition, compared with the old 
system of variable mixture by conical cam, it is sufficient 
to refer to the new Otto type, made not only in small 
sizes, but up to 250 horse-power. For powers of 200 to 
300 horse-power the old type of engine was constructed 
with twin cylinders—i.e., with two cylinders side by side 
or opposite—that is, with two cylinders, one facing the 
other. The latter arrangement has, however, been aban- 
doned by the principal European firms, experience having 
shown that it is subject to considerable wear and tear. In 
fact, one of the pistons, in consequence of the reverse 
working, is subject to a reaction from the bottom to the 
top at the time of the explosion, which tends to lift the 
piston and dna shocks if there is the least play due 
to wear and tear. For powers of 400 to 1000 horse-power 
the arrangement of double-twin opposite cylinders was 


7 a 
ith regard to the form of the parts exposed to heat 


(8885T.) 





* Paper read before the Institution of Mechanical 
Engineers at Liége. 
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inlet and outlet is effected through the rods being con- 
nected to a pump by articulated pipes. 

The channel made in the piston-rods contains, through- 
out its length, a tube having an inside partition opposite 
the piston-block (head). ‘The water is — to the 

iston along the passage concentric to the tube, and leaves 
“ the tube itself. ‘The stuffing-box, being one of the 
delicate parts of the double-acting engines, has beenthe 
subject of special care. It will seen from Fig. 25, 
above, that it consists of a movable casing fixed to the 
cylinder by an external flange. This casing is provided 
with a longitudinal oil-way. At its extremity, near the 
cylinder, is a chamber containing a series of collars care- 
fully adjusted, in the recesses of which the rings, of a 
special metal, which bear on the rod are placed. In a 
second chamber there is a series of Babbit metal collars 
of triangular section, forming a wedge when tightened 
up, an operation which is effected by means of the outer 
flanged sleeve forming a gland. 


Fig. 26 is a section across the cylinder showing the | 


valve gear. The regulation is effected by acting on the 
quantity of charge admitted to the cylinder, as in the 
case of the single-acting engines, but with the difference 
that the charge is regu Bee | by an auxiliary double-seat 
valve s, whose lift is determined - the governor. This 
valve receives its movement from the lever operating the 
main inlet-valve p, which has a fixed lift. This lever has, 
as a fulcrum, a rolJing path; it is jointed on the one 





| favour of the double-acting type, Still, for small powers, 
| up to 175 horse-power, the Niirnberg Company makes the 
ey | engine, and even of double this power, if 
| necessary, by using twin cylinders side by side, This 
company, moreover, commenced to construct these in 
1889. From the very simple general appearance and 
solidity of the single-acting engine of 70 horse-power, 
the patewe of the German construction will be recog- 
nised, 

The piston and the exhaust-valve are water-cooled in 
large single-acting — of the Niirnberg type, whose 
present construction differs slightly from that previously 
adopted, as will be explained below. The circular slide- 
valve which regulates the air and gas inlet is, in the new 
valve gear, fixed to the stem of the inlet-valve, as in 
Fig. 28 (page 296), which is a diagrammatic representa- 
tion of this arrangement. In Fig. 9, page 231 ante, it 
is seen that this slide-valve was independent. Its 
motion was regulated by the governor, whilst in the 
| present arrangement the governor acts on the stroke of 
| the inlet-valve, increasing or reducing it, as shown in 
| Fig. 29. The variation of the travel of the inlet-valve is 
| effected by the displacement of the fulcrum of the opera- 

ting lever L. This fulcrum is formed by a roller r, 
| attached to the governor by means of arod T. In order 
| to prevent the accumulation of surplus oil and dirt, the 
| seat of the exhaust-valve has been slightly depressed, 
|under the bottom level of the cylinder. An original 











hand with the stem of the inlet-valve, and on the other | device consists also in the mode of attaching the con- 
hand to the oblique connecting-rod b, receiving its move- | necting-rod to the piston. I+ is, of course, well known 
ment from a cam keyed on the side shaft / of the engine. | that the piston-pin is placed at the two ends in bosses 
The valve is depressed—i.e., opened by the operation | cast with the piston sides, where they are then kept by 
which we have just described—and returned to its seat by | screws; the bearing at the end of the connecting-rod is 
the spring attached to its stem. | fitted between these bosses. = —_ 

With regard to the regulating-valve, the set of levers} The Niirnberg construction is different. It consists, 
actuating it have a variable fulcrum, formed by a roller a | according to Fig. 30, in holding the two ends of the pin in 
which is displaced to vary the lift of the valve. This|a fork at the end of the connecting-rod bottom end, and 
roller, which is movable, is fitted at the end of a rod | in causing it to turn, at thecentre, ina bearing carried by 

tached to the governor. Inorder to regulate in advance | a support cast in the vertical axis of the piston. In 
the composition of the mixture, the quantity of which | short, although the single-acting engineof the Niirnbe: 
admitted to the cylinder is determined by the governor, Company has formed the object of several substanti 
a cock has been fitted on the gas-inlet pipe, and a throttle | improvements, it is in the construction of double-acting 
on the air-pipe. Both these are operated by hand. The | — that this company especially excels. 
exhaust-valve is also operated by a connecting-rod worked _ Fig. 3 ( 296) shows the mechanism for the admis- 
off the side shaft by a cam and a lever w th rolling path. |sion of the double-acting engines of the Niirnberger 
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Maschinenbau. T is the eccentric rod, receiving its 
movement from the side shaft, and the end of which is 
maintained by the connecting-rod B ; at the same time it 
is connected to the ratchet-piece D. The latter en 
the end of the lever L, which is connected also to the 
valve stem. The lever L rests on the lever / as a point 
forming a rolling path, and which is also jointed at the 
valve-stem, while its free end can move downward owing 
to the displacement of the pivot p controlled by the 
governor by means of the cranked lever /. A is an air- 
piston which deadens the fall of the valve on its seat 
when the levers D and L disengage. It will be seen that 
ing to the position which the governor causes the 
pivot P to assume the fulcrum advances or recedes, and 
the valve opens more or less late relatively to the stroke 
of the piston. The opening of the air-inlet valve being 
constant, and that of the gas being variable from the point 
of vjew of the time when it takes place, air only is first 
admitted, which follows the piston, and more or less gas 
is afterwards admitted in proportion to the work to be 
developed. The device therefore effects the admission 
of a mixture of variable composition, but with constant 
compression. These engines are made, according to the 
power uired, with one, two, or four cylinders. The 
single-cylinder engine is made up to 1500 horse-power, the | 
two-cylinder up to 2800 horse-power, and the four- | 
cylinder up to 5900 horse-power, forming, in the latter | 
case, two tandem engines, arranged side by side and driv- | 
ing the same crank-shaft. 
ig. 32, below, shows the succession of the strokes of | 
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Fig. 32. DIAGRAM SHOWING SUCCESSION OF STROKES. 





a 


piston is effected by a water circulation introduced 


Amongst the largest engines may be mentioned th 
through the rod by the back cross-head, by means of er = a ae Be Beene Be 


‘ roc L 3 3 of 3600 horse-power twin-tandem, forming part of a 
articulated Piping, which follows its to-and-fro motion, = of 9100 horse-power, of the ‘‘Schalker-Gruben 
Fig. 37. This circulation, after having traversed the | and Hiittenverein,” of Gelsenkirchen. Mention may also 
piston, Fig. 38, passes through the rod and the front| be made of the installation of 12.000 horse-power in 
cross-head. The stuffing-box of the piston-rods is shown | six units executed for the electric station of the ‘Sociedad 
in a longitudinal section in Fig. 39. de Gasificacion Industrial of Madrid,” which is driven, 
as also a 350-horse-power engine, by fuel-gas generated 
by Duff producers. From 1903 up to the end of Novem- 
ber, 1904, the Niirnberg Company had supplied and had 











ERNOR ACTING ON in hand 106 engines of its double-acting type, represent- 
KE OF INLET-VALVE | ing a total power of 114,070 horse-power. hese engines 
elliot | are driven by blast-furnace gas, coke-oven and pro- 


| ducer-gas, and are employed as follows:—For the elec- 
| trical service, continuous or alternating current, 79 
| engines, equivalent to 78,220 horse-power. For blowing 
| apparatus, for blast-furnaces, steel works, rolling-mills, 
| and various applications, 27 engines, representing 35,850 
| horse-power. 
Ehrhardt and Sehmer Engine.—The firm of Ehrhardt 
| and Sehmer, of Saarbrucken, in Alsace, has also won dis- 
tinction for the construction of large engines, and has built 
| in the short space of three years some 15 engines, repre- 
| senting a total of 12,680 horse-power, on their double-acting 
| system, in which they also arrange the cylinders, as the 
case may be, eithertwinortandem. Figs. 40 and 41, e 
298, show, in a longitudinal and cross-section through the 
inlet valve, a cylinder of the 700-horse-power tandem 
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Fig.31. 
AUTOMATIC CUT-OFF 
VALVE-GEAR. 
(NURNBERG) 











































BACK COVERS REMOVEDTOAFFORD ACCESS TO VALVES (NURNBERG) 


Fig. 33. 
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the twin-tandem arrangement in two revolutions of the 
fly-wheel. 

Guided by experience, the Niirnberg Company advises 
the valves and cylinders to be dismantled and examined 
monthly, because, despite the perfection which the pro- 
cesses of washing and purifying producer or blast-furnace 
pee have attained, accumulations of impurities are still to 

feared. This company has therefore endeavoured to 
arrange the parts so that they lend themselves to the 
easy dismantling of the heaviest pieces ; and, from this 
int of view, the construction is a remarkable one. 
ig. 33 shows, in a tandem engine, how the back 
covers are removed to afford access to the corresponding 
valves. The same operation is effected with the front 
covers of the cylinders, but by placing the crank at the 
end of the forward stroke. Fig. 34 shows the way in 
which the pistons are removed—1.e.. by disconnecting the 
connecting-rod from the piston-rod and taking out the 
latter with the front cover, whilst the rods themselves are 
disconnected at the centre in order to liberate the back 
piston. 

The longitudinal section of the single-cylinder engine 
is shown in Fig. 35, page 297. We see there the details 

oe and the gas-regulating valve, balanced 


of the inlet v: 
with double seat, also exhaust valve-boxes formed by a 





| 


| 


vast chamber swith water Seonbetion;, vain He cross- 
section, Fig. 36, through the gas and air-inlet piping 
shows the mode of attachment of the cylinder to the 
frame, the operation of the valves by eccentrics and roll- 
ths, also the water circulation round the cylinder, 
ie cast in one with its jacket. The cooling of the 


which 








8 POWER STROKES IN 2 REVOLUTIONS 





the following particulars of the separate parts are given. | quantity under the action of the governor. For this pur- 
Crank-shaft : diameter, 600 millimetres by 9570 milli- | pose there is one mixture inlet-valve of variable lift, and 


engine. The valve-gear is arranged in order to obtain a 


In order to give an idea of the huge dimensions attained 
mixture of constant composition, admitted in a variable 


by the large engines made by the Niirnberg Company, 


metres (23.6 in. by 31 ft. 4} in.) length, weighing 20,000|a lantern-shaped valve, the variable stroke of which 
kilogrammes (19.68 tons), for 3000 horse - power twin- | determines the quantity of mixture admitted. The 
tandem engine; diameter of pistons D=950 millimetres | cylinder is cast in one piece with its jacket, but the 
(37.4 in.), and stroke 1200 millimetres (47.2 in.). Frame, | latter, owing to the large amount of space, can expand 
one solid casting, weighing 27,000 kilogrammes (264 tons). freely, having regard to the elasticity of the casting at 
These parts are intended for the Rombach Steel Works, | the places where these two parts join. The makers have 
Lorraine, where they are to complete an installation of | als» endeavoured to obtain symmetrical forms, in order 
12,500 horse-power for the electric service and blowers, | to secure equality of tension in all the parts. It will be 
for which an engine of 1900 horse-power, tandem, has been | noticed that large manholes are provided everywhere, 
constructed by the Niirnberg Company. 7 to give easy access to the jacket. At each end of the 
The Niirnberg Company has also built two engines | cylinder there are two independent contact - breakers 
with twin cylinders of 1100 horse-power each, working | for the electro-magnetic ignition. We also find in the 
at 100 revolutions and driven by blast-furnace gas; they | Ehrhardt and Sehmer engine arrangements for the cool- 
are used for generating continuous current for the elec- ing, controlling, &c., which are common to good types of 
tric service of the steel works at Micheville (France). | gas- engines. 

Among other large engines of these makers may be| Dingler Engine.—The Dingler engine, Figs. 42 to 46, 
cited a 1200-horse- power engine, of 870 millimetres | page 298, made by the Dingler Engineering Works, 
diameter of piston by 1100-millimetre stroke, and 107 | of Zweibriicken (Alsace), differs materially, from the 
revolutions. The diameter of the shaft at the fly-wheel int of view of the system, from the devices employed 
is 570 millimetres (22.45 in.), and its weight 15,000| by other makers of large engines. Instead of obtaining 
kilogrammes (14 tons). These parts are intended for the double action in a closed cylinder by exploding the 
engines to complete an installation of 3700 horse-powér | mixture alternately on each face of the piston, in the 
for the Burbache Hiitte (Alsace). Dingler engine two cylinders open at one end are united 

Another engine of 2000 horse-power has the following | at their explosion chambers. As is shown in Fig. 44, 
dimensions: — Diameter of piston, 1030 millimetres | page 298, each of these cylinders contains a piston, the 
(40.5 in.), with a stroke of 1300 millimetres (51.1 in.), | two pistons being connected together by an internal rod. 
and 90 revolutions. The explosion is therefore produced alternately on each 
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inside face of these pistons. The rod common to the 
iston is provided with rings and works in a casing ys 
ing through the division common to the two parts of th 
cylinder. This division, as also the jacket of the double 
cylinder, is provided with a water circulation. The 
valves are arranged in the division piece, as in the single- 
acting engines. The system avoids the use of piston-rod 
stuffing-boxes. It lends itself to the free expansion of 
the jacket and inside cylinders, which are only solid at 
the one end. As the cylinders are open, their supervision 
and up-keep are as easy as in the case of an ordinary 
single-acting engine. ; 
sion (Fig. 45, page 298). The valve, with a constant stroke, 


always opens at the same place, but closes later or sooner | ligh f 
over or under, variations in speed of 34 
‘ 


so as to effect the admission of variable charges with con- 
stant composition of mixture. 











The governor acts on the admis-| sion and corresponding explosive pressures. 





reproduced. The engine was working with blast-furnace 

. The mean pressure, corresponding te the work of 
f12 horse-power, shown by the diagram, is only 3.3 kilo- 
grammes (47 lb.). It will be seen that the exhaust, the 
air flush (scavenging), and the admission of the charge are 
effected in about one-eighth of the total stroke of the two 
pistons. 

The superposed diagrams and the tachogram, Figs. 48 
and 49, are taken from an Otto-cycle double-acting engine 
of Otto-Deutz make, driven by a suction gas-producer. 
The indicator diagram shows the variations of the compres- 
The tacho- 
meter diagram shows that the sudden alterations of load 
between working light and the maximum work produced, 
per cent. 

Table I. (page 299) gives the interesting details of 





the part of the attendant. The mean piston speed has also 
been increased, and has now reached without difficulty 
800 ft. to 850 ft. per minute, whilst it was a few years ago 
650 ft. to 790 ft. 

It is advisable, before closing this paper on the new 
motive power, which utilises every kind of fuel ro- 
duced commercially, to point out the principal difficu ties 
which remain to overcome in order to enable large 
engines working with r gas in general to work with 
safety, facility of control and upkeep ; such attributes ap- 
pear to have remained the special feature of the steam- 
engine. Economically the gas-engine is evidently superior, 
but low consumption is not the only quality which users 
require from a motive power. It is necessary above all 
that it should be free from the risk of sudden stoppages, 
which lead to great expense, as they hamper production, 
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The device, Fig. 46, which effects this movement is 
somewhat complicated. Besides the ordinary side shaft, 
which carries the cams 4, there is a secondary shaft a, 
receiving its movement from the first shaft, but turning 
twice as quickly—i.e., at the s of the crank-shaft. 
The axial governor is fitted on this secondary shaft, also a 
tube 0, to which the governor imparts a slight rotary move- 
ment. This tube carries a cam d, which is consequently 
movable. Another cam k is fixed on the ordinary shaft b. 
The simultaneous contact of the two cams, through the 
medium of a set of cranked levers, controls the opening of 
the valve, and the latter closes the earlier or later, accord 
ing to the position of the movable cam, under the action 
of the governor. 

The principal makes of large gas-engines constructed 
on the Continent have now been } stot ay and reference 
has been made to the methods and principles which guide 
the makers. It would therefore be of interest to analyse 
concisely a few of the details and the indicator di ms 
taken. Of the two-cycle engines, the diagram, Fig. 47, 
taken on an Oechelhiiaser engine of 1000 horse-power, is 
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a test made with this engine. It is remarkable for the 
low consumption of 0.705 lb. per brake horse-power ob- 
tained, especially when it is considered that the test took 
place under regular working conditions—i.e., taking into 
account the fuel consumed at night for keeping the pro- 
ducer hot during the stoppage of the engine. Fig. 50 is 
the reproduction of explosion record taken at the time of 
starting ; it shows the phases of this operation. It will 
be seen from the diagrams, Fig. 51, taken at the front and 
at the back of one of the two cylinders of a Niirnberg 
engine of 1000 horse-power, that mean pressures of 6 to 
6p kilogrammes (85 Ib. to 93 Ib.) are obtained, even with 
blast-furnace gas, the mean heat value uf which is only 
about 110 British thermal] units. Such mean pressures are 
not, however, usual, and eye a mee tage t the large 
firms on the Continent to calculate the working dimen- 
sions of engines (diameter, stroke of piston, and number 
of revolutions) for mean pressures not ter than 70 Ib. 
per square inch. They thus leave a wide margin to cover 
fluctuations in the quality of the gas or temporary defects 
of regulation caused by lack of care, or by negligence, on 
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and may be at times fatal in certain industries where 
breakdowns must be specially avoided ; such is the case 
with electric stations, pumping, hoisting, and ventilating 
work in mines, &c. The principal causes of breakdowns 
in engines fed by gas other than town gas, which under- 
goes a complete purification, consists in the fouling of 
parts, such as the pipes, the valves, and the cylinder, by 
impurities in the gas. 

n large installations, where it is extremely important 
to avoid breakdowns, recourse is had to special means of 
washing and purifying, by the use of centrifugals and 
other apparatus. But although these succeed in reducing 
to } gramme per cubic metre the amount of dust accom- 
panying the gas, they still allow the passage of tar, which 
is the principal element destructive to the engine. This 
tar adheres to the sides of the passages, causes the valves 
and piston-rings to stick, thus preventing their proper 
action. It also deposits itself in the cylinder, icon it 
finally gives rise to premature ignitions. Certain coke- 
oven gases contain as much as 1 gramme of tar per cubic 
metre. It is this very question of tar which compels us, 
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in order to avoid great complications, to employ exclu- 
sively non-caking an ite coal for suction eo, 
now so largely in use owing to their simplicity and 
economical efficiency. As tar is a product of distillation 


Fig.48  200-H.R DOUBLE- ACTING ENGINE. 
180 REVS.(OTTO-DEUTZ.) 
Diagrams from 0 to Fall Load. 
Lbs: 
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_ Fig. 50. 
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Water consumption per hour in 
the vaporiser os fm 
. Water consumption per hour in 
the scrubbers... .. gals. 
Average temperature of gas at the 
outlet of the generator deg F. 
Average temperature of gas at the 
outlet of the scrubbers deg. F. 
Efficiencies. 
Gross consumption of coal per 
brake horse - power and per 
hour,.. ee és - os 
Consumption of coal per brake 
horse-power after deducting the 
moisture .. oe - - 
Thermal efficiency relating to the 
effective horse-power and to the 
dry coal consumed in the gene- 
rator. . os ee r cent. 
. Water. consumption per brake- 
horse-power hour :— 
For the cylinder, stuffing-boxes, 
valve-seats, and jackets gals. 
For the piston and piston-rods 
gals. 


March 14. March 15. 
oe 14.2 


— 


318 
558 
62.5 


13. 


14. 


0.927 
15. 


0.907 
16. 


19 24.4 


4.65 


1.75 
For the vaporiser .. oot 0.0655 
For washing the gas in the scrub- 

bers .. - ‘ . gals. 
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of the volatile carbons (carbides) which escape on combus- 
tion and on the conversion into fuel- it is to our 
interests to reduce them in the producer itself. Different 
systems have been proposed, amongst which is the 
system of inverted combustion, which is said to have the 
result of burning the volatile matters as they are given 
off, and the distillation of the hydrocarbons in the inde- 
pendent reducers. It must be admitted that so far the 
efforts of the inventors have not met with the success 
expected. The caking of the fuel and the formation of 
cavities injurious to the regularity of combustion consti- 
tute the principal difficulty to combat. The use of bitu- 
minous coal, especially in suction gas-producers, is not 
— a question which has been industrially accom- 
p.ished. 

Whether it is producer-gas, blast-furnace gas, or coke- 
oven gas which is used, the purity is an important factor 
in the proper working of the engines which they feed. 
The organic defects of large engines do not _ to play 
in this respect a preponderating part. ey should, 
however, be perfected as regards facility of access, and 
upkeep of the pa such as valves and piston. The oil 
a should be low, and they should be made less | 
susceptible to variations in the quality of the gas. The 
skill of our experts and our makers will, we have no 
doubt, soon overcome these latter difficulties. Large | 
gas-engines will then constitute one of the most remark- | 
able industrial victories of the age in which we live. 


Table I.—Test made on a Gas Plant of a Four-Cycle 
Double-Acting Engine of 200 Horse-Power, and a Suction 
Producer in the Works of the Gasmotoren Fabrik, Deutz- | 
Cologne, March 14 and 15, 1904, by Messrs. A. Witz, R. 
Mathot, and de Herbais de Thun. 


| 
TABLE AND DaTA OF THE TESTS AND FIGURES. 


Piston diameter, 214 in. by 27, in. stroke. Diameter of | 
piston: rods : front, 4} in.; rear, 4,5, in. | 


Full Load Tests. 
Engine. 


March 15. 


| 
160.20 | 
| are common to 


March 14. 
151.29 


~ 


. Average number of revolutions 
per minute.. re 
load 

H.-P. 


r 


Corresponding _ effective 
B. 214.22 
3. Duration of the tests .. hours 8 10 
. Average temperature of water 
after cooling the piston dg. F. 
Average temperature of water 
after cooling the cylinder and 
valve-seats . . re . dg. F. 
Water consumption for cooling 
the piston per hour . gals. 


Producer. 


7. Nature and origin of fuel: An- 2 
thracite coal, ‘Bonne Esper- 
ance et Batterie,” Herstal- 

Belgium. 

. Heating value of fuel B.Th.U. 

. Consumption of fuel per hour, 
plus 58 lb. during the night of 
the 14th inst., for keeping the 
generator fired during 14 hours, 
the engine being stopped _ Ib. 


- o 


117.5 


oO 


135 
39 


= 


11,650 


oo 


199 160 


i Press:-I25 lhs.per 
Sn ray a 
igen 


222.83 | 





18. Water converted into steam per 
pound of fuel consumed in the 


generator .. - gals. 0.193 





| WOOD-GAS FOR POWER PURPOSES AND 
GAS-GENERATORS.* 
By Grorcre M. Dovetas. 
Communicated by JAmEs Doveias, Member. 


THE concentrating works and mine of the Montezuma 
Copper Company, located at Nacozari, Sonora, Mexico, 
are operated by electric power distributed from a central 
power-station. 

This power-house contains ten gas-engines of Crossley’s 
Otto type; eight are single-cylinder engines, 184 in. in 
diameter with a 24-in. stroke, giving £0 brake horse- 
power maximum, under the local conditions of an eleva- 
tion above sea level of 3500 ft. and the calorific value of 
gas supplied to them. Two are double-cylinder engines, 
18}in. in diameter with a 27-in. stroke, from which 175 
brake horse-power may be obtained. These engines are 
belt-connected to dynamos of 65 kilowatts for the single 
cylinder, and 150 kilowatts for the double-cylinder 
engines. They are shunt-wound machines, operated in 
parallel, and generate direct current at 260 volts. This 
1s distributed direct to the mill and other motors about 
the concentrating plant. 

he mine is six miles distant from the power-house, 
and current is supplied from a motor-driven generator, 
giving at 6600 volts 3-phase alternating current of 25 
cycles. At the mine, this 6600-volt current is ‘‘ stepped 
down ” by transformers to 230 volts. Pumps, &c., are 
operated from this low-tension alternating current, but 
for the mine hoist and electric locomomotive it is con- 
verted to 250-volt direct current by a rotary converter. 
The gas is supplied to the engines from a Loomis-Petti- 
bone gas-generating plant in which the method of opera- 





| tion is slightly modified from the original practice of its 
|makers. ‘This gas plant consists of two duplicate sets, in 
|each of which are two generators and a boiler. 


A wet 
scrubber and exhauster, Root’s positive pressure’ type, 
both sets. 
| ‘These generators are steel cylinders, fire-brick lined, of 
9 ft. external and 6 ft. 9 in. internal diameter. The grates 
are about 3 ft. above the bottom, and the height of the 
generator — of a fire of about 8 ft. in depth on the 
grates. The ae are made of fire-brick arches, formin 
a dome with 6 ft. radius. There is a door on top whic 
is used for feeding fuel and for admission of air. The 
generators are connected by 12-in. pipes just below these 
| top doors and above the maximum height of the fires. 
| Below the grates the passage of gas is through 33-in. 
| brick-lined pipes to a common chamber below the boiler. 
| In these pipes are gate valves, water-cooled externally— 
| referred to lateras A and B, There are also three 12-in. 
| by 18-in. cleaning-doors in each generator; two above 


grates and on the same level, and one below, level with 


* Paper read before the Institution of Mining and 
Metallurgy, on Thursday, April 13, 1905. 








the bottom of the generator. These are used only for 
cleaning ashes from the generators when they are not in 
operation. 

The paorin. boiler, and scrubber are on the suction 
side of the Root’s positive-pressure blower mentioned 
before. From a header on the boiler four 14-in. pipes lead, 
one above the maximum height of fires and one below the 
grates, on each generator. These are controlled by valves 
on the feed floor. 

The fuel fed through the top doors forms a charge, from 
the top of which the volatile gases are distilled. ‘The air 

through the same door as the fuel, and partial com- 
ustion of the volatile gases and fixed carbon of the fuel 
supplies heat to the charge. The partial combustion of 
hydro-carbons takes place near the top, and that of the 
fixed carbons lower in the charge. No unfixed gases pass 
through the incandescent lower part of charge. These 
gases pass through the grates of the generators up into 
the boiler, and thence to the bottom of the scrubber. 
The scrubber is a cylindrical vessel, on which four or five 
trays, filled to a depth of 2 ft. with coke, are placed 4 ft. 
apart. A sprinkler is provided above the top tray which 
distributes water at a rate of 3500 gallons per hour. This 
passes from one tray to another in an even shower, and 
on meeting the gases on their upward passage, cleans 
them of fine ash and finely-divided fixed carbon. 

The gases enter the scrubber at a rather lower tem- 
perature than the gases in an ordinary steam-boiler 
uptake, and leave at about atmospheric temperature. 

The water used in the scrubber may be passed over 
the cooling tower and used again, only deficiencies due to 
evaporation being supplied. If water is plentiful, a con- 
tinuous stream of clean water is better. On top of 
the scrubber and over the sprinkler is a ‘‘ header” of 
larger diameter than the scrubber, filled with ‘‘ Excelsior ” 
wood shavings, which act as a final absorbent of soot 
before the gas passes to the exhauster. It may be men- 
tioned here that the above arrangement for cleaning gas 
is not sufficient when using a volatile fuel, such as wood 
or soft coal. A dry scrubber with ‘‘ Excelsior” or oily 
waste between exhauster and tank would be a decided 
advantage. 

On the suction side of the exhauster the resistance of 
the charge to draught through it and the scrubber varies 
from 4 in. or 5 in. water pressure with new fires to 24 in. 
or 28 in. with old. This } ate on the kind of fuel used, 
the amount of gas made, and the conditions of the fires. 
The discharge of the exhauster leads to a header, from 
which three pipes are taken, controlled by gate valves. 
These lead to a large tank for the engine supply, weighted 
to 5 in. water pressure, a small tank weighted to 8 in. 
water pressure, in which water gas may be separately 
stored, and an open pipe to the air. From the top of the 
boilers is an 8-in. pipe leading to the suction of a Stur- 
tevant blower. This is used to supply draught when start- 
ing the fires ; for even where it is possible to do so, it is 
objectionable to use the exhauster for this purpose, as in 
the cold fuel bed no decomposition takes place of volatile 
gases which would cause trouble in the pipes, valves, 
and exhauster by condensation of tar. 

The wood fuel used at the Nacozari plant consists 
mostly of an inferior scrubby oak.: A little ‘‘ mesquite” 
is used, and another species of oak, locally called ‘‘ black” 
oak. This latter is the best. It is supplied from neigh- 
bouring hills and is brought to the = mow in 3-ft. 6-in. 
lengths. These are sawn in two with a swing saw. 

In starting and operating this plant with such wood for 
fuel, the method that four years’ experience has shown to 
be best is as follows :— 

Coke is put on the grates of the generators to a —_— 
of 3 ft. to 34 ft. Less than 3 ft. is not advisable when 
making gas from wood, otherwise volatile products of dis- 
tillation from the fuel may pass through unfixed, and by 
condensing to soot or tar may waste fuel and cause trouble 
by dirt. 

The writer has had no experience with wood running 
high in volatile matter, such as | a but it is probable 
that in the case of such woods a deeper coke bed would 
be preferable. Small and light wood, = of trees, 
branches, &c., should be put on the coke to a depth of 3 ft. 
or so, and the blower started. A handful of lighted oily 
waste thrown on top of the wood will start the fires. The 
light wood is enough to make a coke bed incandescent, 
and usually requires about an hour. As soon as this is 
seen to be the case, fast feeding with heavy wood is neces- 
sary. The heavy chunks, which are objectionable when the 
fires become older, are well saved for this purpose. The 
fires should be kept at a low temperature, which may be 
regulated by the speed of feeding. Only enough combus- 
tion is required to transform the wood into charcoal. 
When a bed of this incandescent charcoal and partly con- 
sumed wood is formed to a ag of a couple of feet above 
coke bed, the fires are ready for supplying gas to the 
engines ; the valve to the suction of the exhauster should 
be opened, the fan stopped, and its suction valve closed. 
This preliminary operation usually requires four to five 
hours in time, and Sh to 4 tons of wood. 

When changing from old fires to new, «s is usually the 
case, both main valves may be left open, so that the 
exhauster will act on both sets of generators. Owing to 
low resistance offered by new fires, only enough air will 
pass through the old ones to completely gasify any fuel 
that may - left therein. They should be stirred occa- 
sionally with a bar during this ‘* burning down” process, 
and the holes filled to keep the surface level. It is easily 
seen when all combustible matter at the top of old fires has 
been consumed, by the peculiar bright appearance the 
ashes take. The top doors should be closed at this stage, 
and a little steam let into the generators from their os 
steam connections. This steam passes downwards throu 
the fires, and by its decomposition a great deal of the 
heat in the old fires may be utilised. As the gas from the 
new fires is usually somewhat poorer, the first two or three 
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hours, this “‘ water-gas,” mixing with and enriching it, 
can most opportunely be taken advantage of. 

It is neither desirable nor necessary to make water-gas 
on new fires until there has been at least four hours’ run 
on them. Water-gas is made by closing the top doors on 
both generators and one of the gate valves between the 
generator A and the boiler, and opening a valve that is 
in a pipe acting as a by-pass from the suction to the dis- 
charge of the exhauster. This is done so that no risk is 
incurred of throwing an undue strain on the exhauster or 
motor by its suction being closed. The exhauster being 
‘* by-passed,” the steam pressure acts directly to fill the 
eek. Steam is turned on below the grate of the gene- 
rator, the gate valve of which (A) is closed. Its only 

is upwards through the fire, across through the 
connecting-pipe at the top, and downwards through the 
fire in the generator B, through the boiler, scrubber, &c., 
tothe tank. After not more than two minutes of this 
discharge from an open pipe if in. in diameter, steam at 
120 Ib. pressure, the steam valve is shut, the valve A is 
opened, the valve B closed, and the operation repeated in 
the opposite direction, and, if anything, for less time. | 

In passing through the incandescent fuel, the steam is 
decom into its original constituents—hydrogen and 
oxygen, of which the former passes through as fixed gas, 
and the latter associates with the carbon of the fuel to 
make carbon monoxide. 

The following is an average sample of this water-gas :— 


H. CO. CH. CnHyn. COg. 0. N. 
52.77 10.08 2.9 0.63 20.76 0.13 12.72 


The calorific value of this at 62 deg. Fahr. and at sea- 
level is 240 British thermal units per cubic foot. When 
the plant was first started up, erroneous ideas were held, 
in that it was supposed a comparatively large amount of 
water- should be made and mixed with producer-gas. 
Following this idea led to some waste of fuel and con- 
siderable unsteadiness of power. 

The making of water-gas directly, as by the method 
described, is essential only in that it loosens up fires and 
ensures free of air and gases through them. That 
gas of a higher heat value is made in doing so may be 
considered as incidental and taken advantage of for cer- 
tain purposes, such as engine igniters, assay work, &c. 
If the consumption of water-gas for these purposes is not 
sufficient to make necessary a run of about 1500 cubic feet 
at not greater intervals than an hour, the water-gas 
should be mixed with producer-gas by means of the small 
pipe from one tank to another, lated to bring con- 
sumption to the desired amount. aking long runs of 
steam through the fires, alternating with periods of 
violent blasting, means uneconomical use of fuel and un- 
stead " ‘oo much stress cannot be laid on the 
desirability of keeping the fires at as even a temperature 
as ible. When using coal for fuel, the heat of the fires 
al gas values may be regulated to a nicety by constant 
admission of steam through the top connections to mix 
with air before passing through the fuel bed. 

With wood for fuel there is enough moisture present in 
the fuel itself to supply this steam for decomposition. 
When making gas at the rate of 1100 cubic feet per minute 
from 6-ft. 9-in. generators, experience shows that best 
results are obtained from w containing 12 to 14 per 
cent. moisture. At this rate of gasification, and from gene- 
rators of this internal diameter, good results cannot be 
obtained if the moisture in the wood exceeds 20 per cent. 
Ata higher rate of speed, or with generators of smaller 
diameter, it would be found that fairly good results would 
be obtained with wood containing even more than 20 per 
cent. of water. 

The driest and best seasoned wood at Nacozari contains 
not less than 8 per cent. moisture, and it is found that 
better results are obtained from wood containing a 
slightly greater amount of water. This may be due to 
the fuel value of the wood deteriorating during the long 
exposure necessary to reduce moisture to a small amount. 

urning wood at the rate of 30,000 lb. per diem, the 
ash accumulates, so that by the fifth day’s run on one set 
of plant it is necessary to shut them down to clean, 
changing to the other set, as described. 

For the first 36 hours the fires should be allowed to rise 
—i.e., more wood should be put in than is consumed to ash. 
This becomes charcoal and adds steadiness to the value 
of the gas. There is no ultimate loss, all fuel in the genera- 
tors being recovered before shutting down to clean. 

The wood should not be longer than 2ft.; heavy chunks 
are objectionable, and should be split; the size of the 
wood is a point to which attention must be paid, since 
gang lenge and irregular-sized wood produces poor results. 
The <¥! chunks that cannot be split easily should be 
reserved for starting fires, and may be used to ad- 
vantage during the first 12 hours of the run. The fire 
should be fed steadily and a little all the time. Judi- 
cious use of different sizes of wood must be made by 
attendants to keep the surface of the fires level and 
ensure even passage of gases through them. The manual 
dexterity to place a stick of wood where it is at best 
advantage is an important thing to be acquired by the 
attendant. 

‘’his statement may be decried by some as trivial, but 
it will be found that success depends on the amount of 
attention paid to these trivialities. Bars or pokers 
should be used as little as possible except during the 
firat six or eight hours on new fires, when the wood must 
be kept well raked out to the sides from the centre of the 
fires. During the first 24 hours great care must be taken 
by the attendants to ensure the fires heing evenly built 
up. The effect of carelessness then will be felt through- 
out the run. Though the operations are extremely 
simple, and any intelligent fireman can soon handle the 
eee there nevertheless exist opportunities for wasting 
uel and causing irrevularities in the power that are not 


present in a steam-boiler plant. Its economy and satis- 


factory operation being thus dependent to a large extent 
on the skill and attentiveness of the firemen, it is impera- 
tive that right methods be systematically observed. 

The following is a sample that may be taken as an 
average of the composition and calorific value of this 
wood-gas. It is the average of more than fifteen tests 
taken at various times :— 


a. CO. CHy CnHon. CO,. 0. N. 
19.5 13.45 2.48 0.34 15.45 0.25 48.5 


The calorific value in British thermal units is 135.6 at 
62 deg. Fahr., and sea-level. 

The above gas gives remarkably good results in the 
— and is better’ than gas from coal of the same 

orific value, but in which the proportions of hydrogen 
and carbon monoxide are rev . The writer can offer 
no reason why such should be the case, but it is demon- 
strated by practical experience. That hydrogen is a 
quicker burning than carbon monoxide may have 
something to do with it. The proportions of CO, and N 
are about 8 and 55 in coal-gas, compared to about 15 and 
48 respectively in wood-gas, which may have some effect 
on the charge, although they are both inert gases. No 
trouble is experienced with pre-ignition, though the per- 
centage of hydrogen in wood-gas occasionally runs u 
to 23 percent., and the me 5 ae of engines is as hig 
as 90 Ib , with pistons uncooled by water. As all output 
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A brief summary of the advantages or faults of the 
gas-producer and gas-engine plant may not out of 
place here. A general statement as to whether this form 
of power production is advantageous or not cannot be 
made ; it Sepanda on the purposes for which power is 
required, amount of power required, particulars as to 
service, environment of plant, price of fuel and of labour, 
quantity of water obtainable, and the pecuniary circnm- 
stances of the investor. 

Speaking roughly, the great advantage of the gas-engine 
plant lies in its extreme economy of fuel ; in nearly every 
other respect it is at a disadvantage compared with steam. 
Its first cost is greater, the time required for installation 
is longer, in operation it is more expensive, and, except 
in generation of electricity, it is more difficult of applica- 
tion than the steam-engine. In the operation of the en- 
gines the skilled labour necessary is not so easily obtained, 
though manufacturers are emphatic in assuring would-be 
purchasers that ‘‘anyone can handle a gas-engine ”; in 
reality, it requires closer attention than a steam-engine, 
especially when running several engines in parallel and 
using producer-gas. 

And the reason for this is not far to seek: in operating 
a steam-engine the attendant has but to ‘‘ turn the power 
on” in the cylinder, open the main stop-valves, cael tone 
steam at the required pressure in the boilers ; if the results 
are not as they should be, the fault lies in the ‘‘ brains ” 
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is measured through one integrating watt-meter, and all 
fuel used has to pass over scales before entering the feed 
floor, and is checked up by R. R. weights as well, the 
figures from the Nacozari power plant offer exceptional 
accuracy. 

A trial was made recently on one set of generators for 
arun in which the greatest care was taken to ensure 
accurate figures. There was no intention to make an 
exceptional showing; indeed, the conditions of fuel as 
regards moisture, and the fact that the output was only 
about two-thirds capacity, made the best showing out of 
the question. The transmission line was not in operation 
during this trial. 

Fires were lighted in the set of generators, and the 
trial was made at 9.30 a.m., December 26, 1904. At 


discontinued altogether at 7 p.m. 

At 2 p.m., December 31, after 4 days 23 hours’ run, a 
change was made again and the trial completed. The 
following is the output and fuel consumption :— 


Coke put in generators 8,590 Ib. 
Wood used in firing up 7; mm 
Duration of run _... ae ae 119 hours 
Total amount of ash taken from 

generators ... ms i ; 14, 124 Ib. 
Amount of coke recovered 2,572 ,, 
Total amount of wood used 138,840 ,, 

“a _ coke used 5,918 ,, 

i we combustible 144,758 ,, 
Percentage of water in wood 19.8 per cent. 

= ash in wood . 22 4 

Calorific value of B.T.U. 


gas, ! 
(actual). [Average of thirty- 
five tests made throughout trial] 6.4 


116. 
{ 39,700 kw.-hours 
Total output of power-house | 53.217 h.-p. hours 





Average power... — ... 447.2 electric h.-p. 
Consumption per electric horse-{ 2.6 1b. wood 
power hour t 0.11 Ib, coke 










3 p.m. they were ready to run on, and the old fires were | 





|of the plant; and, indeed, a steam-engine may suffer a 
great amount of abuse, and still do faithful work. But in 
the case of the remy of the attendant must make the 
power in the cylinder, the mixture of and air must be 

| adjusted ‘to give best results, and igniters must be kept 

| in good condition ; if the gas-engine is abused, it will give 
but a very low percentage of its power, or even refuse to 
work at all; and hence the necessity for an alert atten- 
dant and an ample power margin. For a thoroughly 
| reliable service it is safe to take manufacturers’ ratings at 
|75 per cent. of their value; it will surely be found to pay 
| in the long run. 

The above remarks concerning the operation of engines 
are not intended to apply to gas-engines of small power 
running on city gas. 

As far as the water is concerned, the gas plant shows 

| an advantage in this respect over a steam plant of equal 
power ; but it is not pronounced. The fuel economy is 
thoroughly to be relied upon. At Nacozari the average 
is about 2.5 Ib. of wood per brake horse-power hour and 
1.3 lb. of coal. 








Tron-Makine States.—The six principal American 
iron-making States last year were : — Pennsylvania, 
| 7,644,321 tons; Ohio, 2,977,920 tons; Illinois, 1,655,991 
| tons; Alabama, 1,453,513 tons ; New York, 605,709 tons ; 
and Virginia, 310,526 tons. The corresponding output in 
1903 was :—Pennsylvania, 8,211,500 tons; Ohio, 3,287,434 
| tons; Tllinois, 1,692,375 tons; Alabama, 1,561,398 tons ; 
New York, 552,917 tons; and Virginia, 544,034 tons. 


Ha.irax.—An effort is to be made to secure a depth 
of 30 ft. of water at the Inter-Colonial Railway Wharf 
| at Halifax. The present depth is 28 ft. An expenditure 
| of 200.0002. is contemplated. As a justification for this 
expenditure, it is stated that had there been a greater 
depth at the wharf the Inter-Colonial Railway could have 
handled a large volume of traffic in connection with the 
| Grand Trunk Railway of Canada and the Allan Line 
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““ENGINEERING” ILLUSTRATED P ATENT that the armature coil, the circuit of which is 9 to be broken, PUMPS. 
RECORD. any magnetic induction, as shown in Fig. For the same pur. | 27,982. Charles Walmsley and Limited, and 


CompirLep sy W. LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS OF 1883—1902. 

The number of views given in the Specification Drawings is stated 
th each cae ee ee ne eT the tpattation ts 08 


Where inventions are communicated from abroad, the Names, 
e ée., oe the Communicators » canbe y yy Office, Sale 
ies of Specifications may at att. ‘ 

anch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 8d. 
The date of the advertisement of the ag yee of a Complete 
y aenary a is, in each case, given after the abstract, unless the 
‘atent has been sealed, wi the date of sealing is given. 
Any person may, at any time within two months from the date of 
the advertisement of the mee of a Complete Specification, 
ive notice at the Patent O of opposition to the grant of a 
Gotent on any of the grow mentioned in the Acts. 


AGRICULTURAL APPLIANCES. 


19 W. Calwell, Whitehead. ure Spreaders. 
2 igs.) September 6, 1904.—This invention relates to im- 
rovements connected with agricultural machinery, the object 
oe to provide a mechanism which may be applied to a com- 
mon cart or vehicle to render it capable of being used as a 
manure spreader, hayshaker, swath-turner, thistle-cutter, crop- 
sprayer, or grain sower. As shown, a large sprocket-wheel a is 
secured to the wheel b of an ordinary farm cart or wagon. This 
rocket-wheel is provided with clips to secure it to the spokes 
of the wheel, and is preferably attached to the outer portion of 
the wheel so thatit is conveniently accessible for attachment 
and removal. As shown, the cart has been adapted for a 
spreader, which spreader in this case comprises a suitable trough- 
like framework c open at the top and also at one end, terminat- 
ingin a chute d if it is desired to place the manure on a drill 
behind the wheel, but this chute may be dispensed with if it is 
desired to spread more broadcast. The frame c may be adapted 
to be placed on and secured to the top side rail of the cart by 
bars secured to the crossbars of the cart by clamps, or it may 
be secured or placed in any other suitable manner. In the pre- 
sent instance the forward end of the box ¢ is provided with a 
short axle g carrying a large sprocket wheel / on its outer end. 
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The box is further provided with a moving bottom i comprising a 
chain of slats or strips upon which the manure is placed, said 
chain passing round driving drums j at the forward and rear end 
of the cart, and — to feed the material rearwardly, or, if 
desired, the moving chain may be replaced by a suitable shaking 
device. At the rear end of the box and carried by its spindle in 
a framework or in any other suitable way is a spiked drum k 
having a sprocket-wheel m for a chain / to pass over. The chain 
2 passes over the sprocket-wheels Ah and m, and is held against 
the large sprocket-wheel a by a guide pulley n adjustably secured 
tothe side of the cart, which chain imparts motion to the spiked 
drum and to the feeding or shaking device, the latter being 
supplied with the manure by a spade or fork delivered to it from 
the cart or otherwise. It will be seen that the manure distribut- 
ing part can be removed from the cart and another appliance 
adapted for another purpose substituted, such as a vessel having 
a pump driven from the sprocket-wheel a, and adapted to deliver 
a liquid in the form of a spray to plants, or that the spreader 
device with but a slight modification as to size and shape of parts 
is adapted as a grain-distributor, or as a sower if suitable drills 
are arranged at the back of the cart so as to be supplied by 
chute d. (Accepted July 5, 1905.) " 


ELECTRICAL APPARATUS. 


15,616. Crompton and Company, Limited, and 
Rudolf Gol dt, Chelmsford. Single - se 
Alternate-Current Motors. (2 Figs.) July 13, 1904.—The 
improvements, the subject of this invention, are applicable to 
single-phase alternate-current motors of the repulsion type, such 
as are described in Patent No. 3705, granted to the present 
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applicants, and dated February 17, 1908. In this 








c r tent an air 
or other non-magnetic gap is provided in the middle of the pole 
of a single-phase alternate-current motor to counteract the 
armature reaction of such a motor for the purpose of ensuring 


the sparkless working of the motor. It is found desirable to 
make this gap (G in Fig. 1) so wide, and to give it such a form, 


pose of sparkless working it is found also sometimes desirable to 





the armat winding of such a motor to resistance coils 
(R in Fig. 2) in such a manner that during the period when, 
according to Patent No. 3705, the armature coils ought to be 
open-circuited, they are instead closed through the resistance 
coils. These resistance coils may, if desired, form the whole 
or part of the ordinary starting ist ly used with 
such motors, and they may be permanently short-circuited after 
the motor has attained its full speed. The inserting or cutting 
out of the above-mentioned sualstnes coils into or out of the 
circuits of the armature coils may be performed by means of 
suitable brush-gear and segments in the collector ; and it ts found 
desirable in some cases to arrange that the resistance coils are not 
cut out of circuit or inserted into circuit in one step, but in two 
or more steps. This can be done by the addition of extra brushes 
B! suitably connected by resistances. (Accepted June 22, 1905.) 


22,647. E. F. Moy and P. H. Bastie, London. 
Resistances. [4 Figs.) October 20, 1904.—This invention 
relates to an improved form of electrical resistance for use as a 
unit in building up resistance frames for motor starters, regu- 
lating resistances, and similar purposes. A metal tube is formed 
into a threaded cylinder, as shown in section in Fig. 2. The 
thread is made both on the inside and outside surfaces of the 
tube, and is obtained by taking a thin plain metal tube and 
sliding it over a threaded solid drel suitably supported in a 
screw-cutting lathe or other similar machine. A forming wheel 
mounted in a suitable bearing is then pressed inst the outside 
surface of the tube, and forced against it with sufficient pressure 
to cause the tube to — the form of the mandrel, the mandrel 
together with the tube ing revolved, and the forming wheel 
being traversed ina direction parallel with the axis of the man- 
drel at a suitable rate to with the pitch of the thread in the 
well-known manner of a screw-cutting lathe. The tube so formed 
is covered on its outside surface with a layer of non-conducting 
and non-flammable material, such as asbestos, and the resist- 


Fig.2. 

















ance wire ¢ is then wound on tightly so that it sinks into the 
screw-thread formed on the tube a, carrying the insulating 
material with it, thereby preventing the resistance wire from 
coming into contact with the metal tube. The pitch of the 
thread formed is proportioned to the diameter of the wire to be 
wound beg it. Suitable metal bands d are clamped on to the 
ends of the tube to form terminals to which the wire ¢ is con- 
nected, these bands also serve to retain the insulating material 
in Y sp avon on the tube during manufacture, and the lug f pro- 
vides means for making the necessary connections between the 
units in building up a resistance frame. Coils formed by this 
method rapidly radiate the heat generated in the resistance wire 
when an electric current i passed through it. The inside surface 
of the tube being corruga’ and thus having its area increased 
in comparison with a plain tube, a large cooling surface is ob- 
tained from a small amount of metal. The turns of wire being 
partially embedded in the insulating material are kept in position 
by the thread so as to prevent adjacent turns from coming into 
contact with each other. (Accepted June 29, 1905.) 


GUNS AND EXPLOSIVES. 


16,707. H. Stanbridge, Sheffield, and W. Walker, 
Huntly. Projectiles. [3 Figs.) July 29, 1904.—The object 
of this invention is to | oe a projectile capable of piercing 
effectively the hard-faced armour now in use. It is now customary 
to cover the hardened point of a with a cap of soft steel, 
for which it is claimed that it keeps the hard point from being 
broken up on impact with the armour-plate. tis obviously an 
inconvenient method and unsatisfactory in so far that no really 
efficient way has been found of keeping the cap from falling off or 
being knocked off. The shock on discharge may loosen the cap 
and cause it to come off in its passage up the bore of the gun or 
wobble off in flight. To produce the same effect and yet have a 
projectile all in one piece, in the first place, according to this inven- 
tion, the a modify the shape of the projectile thus :—The 
parallel walls a! of the projectile A are continued with a radius 
a2, but instead of their being brought to a point, as is now the case, 
at a short distance from where the point would be, there is formed 
a concave depression or hollow a® of such depth that when the 
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head and of the shell has been hardened all over, the concave 
head can be tempered, and, if need be, made soft in part by stand- 
ing the shell head down on a hot plate or other suitable means. 
The extent of the hardening and softening, if any, depends on 
the nature and quality of the metal — A shell 80 ped 
should also bite better when fired obliquely at a plate, as it will 
be turned on its axis so to speak and havea tendency to enter the 
plate at right angles to its axis. If thought necessary, the centre 
of the concave depression may be pierced with the hole a 
to communicate with the interior of the shell, thus it will be 
easier to ensure the effective hardening of the head or front of the 
shell. The said hole can be plugged with a screwed plug, having 
square threads if necessary. It will be also obvious that the soft 
head of the shell may be obtained by forging the shell by succes- 
sive operations from blanks having one end of soft or mild steel, 
such blanks with mild-steel ends being made by processes 
similar to the soft centre steel, or else by welding. Also a piece 
of soft steel might be welded in the course of the forging opera- 
tions to the head of theshell. (Accepted July 5, 1905. 








Lancs. ble-Acting 
Piston-Pump. [3 Figs.) August 5, 1904.—This invention 
relates to a new or improved double-acting piston pump, so con- 
structed that each pump is in itself double-acting. is result is 
obtained by means of two sets of valves and a — working 
across port-holes situated at or near the centre of the barrel or 
cylinder, so that the piston, as it moves to and fro in the cylin- 
der, causes a vacuum to be formed on each side of the port-holes 
alternately, drawing in either gas, air, or water, which is then 
expelled through valves in the ends of the barrel or cylinder. @ 
is the pump-barrel or liner (in which the piston b works), prefer- 
ably made separate from the shell c, and having a series of ports 
in its periphery about the centre of its length. The top and 
bottom of the said barrel or liner @ is fitted with a suitable num- 
ber of disch -valves v. bisa ~~ working to and fro in 
the said barrel. It is shown in the figure at the bottom of 
its stroke, and has uncovered the ports to the top side of the 
piston. cis a casing to which the p liner a is attached, 
and this casing ¢ is so made that it may be used as a con- 
denser, having a suitable inlet branch d@ through which the 
fluid, steam, or gas is introduced. e¢ is a passage | from 
the lower chamber f tothe upper chamber g, to which it is con- 








nected by another port or p h. This p e has an outlet 
branch j fixed at a suitable height. k is a top valve-plate carrying 
the upper discharge-valves v, and is fitted with a suitable stuffing- 
box Zand gland m. 1 is the piston-rod to which the piston } is 
attached. o are branches or openings from the casing ¢ giving 
access to the valves v. The action of the improved pump is as 
follows :—The chamber or casing c is connected by a suitable inlet 
branch d to the water or liquid required to be lifted, or to the 
vacuum-box of a paper machine, or to the steam cylinder of a 
steam-engine, or any other vessel in which it may be required to 
maintain a vacuum. In the case of a steam-engine water may 
ted to the chamber c, and steam condensed in this 
chamber. The piston b is moved upwards in the barrel a, anda 
vacuum is caused underneath it ; after being moved a short dis- 
tance it covers the ports and expels any fluid, air, or gas from 
the top side of the piston — the top valves v, and this 
motion of the piston / is continued until the piston has moved to 
the top side of, the port-holes, and the motion is then reversed. 
A vacuum is then caused on the top side of the piston, and the 
air, gas, or fluid which has been introduced into the bottom side 
of ES vene barrel is then expelled or forced out through the 
bottom valves v, and so on alternately as the piston } rises and 
falls. (Accepted June 21, 1905.) 


RAILWAYS AND TRAMWAYS. 


18,629. A. 8S. Ne Motherwell. Movable Tram- 
Car Steps. (4 Figs.) August 29, 1904.—In tram-cars which 
are fitted with life-guards, it is desirable that the lower step by 
which passengers mount into and descend from the car plat- 
form should be capable of folding up when out of use, so as not 
to impair the efficiency of the life-guard at the forward end of 
the vehicle. According to this invention a folding step is so con- 
structed and fitted that it may be raised from ite normally down 
position when in use at the rear of the car to an up position in 
which, while it may still be used asa somewhat high step when at 
the forward end of the car, it does not form an obstacle below 
the car platform, such as to strike anyone falling in front of the 
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life-guard. The step A is carried by two hangers © which are 
free to swing or revolve in stationary brackets D attached to the 
platform bearer, the step-brackets O! to which the step A is 
secured being swung from the hangers C by means of pins. The 
shafts or axes E of the h carry quadrants or levers F 
which are connected by a link G, so that movement of both is in 
unison. A chain is carried round the quadrant F on one of the 
hangers C, the end of the chain being attached to a lever I which 
is raised or lowered by means of a handle J connected to it, and 
extending up through or alongside the car platform B, 86 as to 
be within reach of the driver. For the purpose of lifting or 
lowering the step A, the handle is drawn forward nst the 











power of a spring K to release it from a holding-catch L, and it is 
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then pulled upwards or allowed to descend, omating as the step 
is to be lifted or lowered, the hangers O! being thereby turned on 
their axes through about half a revolution, stops being vided 
to prevent greater movement. Thus, in raising the step, it is 
brought from a tion shown in Fig. 2 at a convenient height 
from the und for ordinary use to a position shown in Fig. 1 
parallel with that originally occupied, but at such a higher evel 
that, while adapted to clear obstructions, it can still be made use 
of asahigh step. In the down position of the step the lever I 
rated by the handle J is in contact with one of the quadrants 
, and prevents lateral movement of the step A. (Accepted June 
29, 1906.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &o. 


16,823. H. F. Teslegee, Mowenstio-cn-Fyne. Tur- 
bines. (6 Figs.) Jul , 1904.—According to this invention, 
the drum and shaft of a turbine are so connected as to rotate 
together, and that at one part of their length relative endwise 
movement due to differential or tndina cannot occur, but that, 
should there be differential longitudinal expansion, longitudinal 
movement of the one in relation to the other will be permitted, 
some at the part where they are rigidly conn This may 
be effected in various ways. Thus, the drum oy Boe rigidly 
secured to the shaft at or near one end, say, -pressure 
end, the remainder of the shaft being left free to slide lengthwise 
through one or more wheels or di that maintain the drum con- 
centric with the shaft axis, and are soa ed that they cannot 
turn upon the In the arrangement shown in Fig. 1 the 
shaft a is secured to the drum b at the high-pressure end as by 
—s the wheel or disc c at that end on to a suitably shaped 
part of the shaft and inserting keys, which, as shown, may consist 
of screw-keys d between them ; the balance-piston / is also situated 
at that end of the drum /, so that the adjustment of the balance- 











piston / may be regulated by means of the usual thrust bearing e 
on the shaft @. The other end of the shaft a is allowed to slide 
through the wheel or disc g fixed in the low-pressure end of the 
drum 6, This wheel or disc g may, as shown, be lined with a 
brass bush A to prevent the parts rusting fast together, and keys 
or feathers i may be fitted to enable the wheel g to transmit the 
torque from the low-pressure blade-rings of the drum b to the 
shaft a. Between the drum + and the shaft a intermediate wheels 
or discs may he provided if desired ; the shaft a may slide through 
these intermediate wheels or discs and may be reduced in dia- 
meter between the several wheels or discs from the outer towards 
the inner wheels or discs so as to reduce its weight. Fig. 2 
shows an arrangement in which one such intermediate wheel j is 
employed, the shaft being reduced in diameter from the wheels c 
and g towards the intermediate wheel j through which it ma: 

slide. The position of the rigid connection between the drum 

and shaft a may be at some point intermediate between the ends 
of the drum ; for instance, the wheel j may be fixed to the shaft 
1908} then slides through the wheels c and g. (Accepted June 22, 


17,402. J. Dewrance and G. H. W Southwark. 
Equilibrium Valves. (7 Figs.) August 10, 1904.—This inven- 
tion relates to stop-valves, throttle, reducing surplus and other 
valves of the class embodying the equilibrium principle of con- 
struction. The primary object of this invention is to produce a 
valve capable of use as a shut-off valve, and in which the pressure 
to which it is subjected is not merely partially balanced, but in 
which actual equilibrium is established. An equilibrium valve 
constructed according to the improved method consists of two 
disc-sha heads a, a,* arran at a suitable distance apart, 
and either formed integrally with the valve stem or body, or 
rigidly attached thereto. h head is preferably formed or 
provided with wings a! which work in seatings }, b*, and serve 
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as guides, The seatings b, b* are maintained at a suitable dis- 
tance t by means of arms b! which constitute a skeleton 
frame. heads a, a* of the valve are larger in diameter 
than the bore of the seatings }, b*, so that the former take a 
bearing upon the faces of the latter. In order to admit of the 
parts being assembled, one of the seatings b* is formed as a sepa- 
rate ring, and one of the heads a* is screwed or othe 

attached to the valve stem or body. For enabling a valve of the 
kind above described to be operated by hand or oth 5 
the ci rt may require, it is attached to a spindle a? 
formed with a collar @ adapted to engage between collars a5 
formed upon the valve body or upon one of the heads ; the spindle 





of the fluid to be controlled. According to an alternative 
method of construction, the spindle is provided with a squared 
head which engages the valve, and whereby a rotative move- 
ment may be imparted thereto. (Accepted June 22, 1905.) 


16,302. T. Bamforth and R. P. Roy, Carron. 
Furnaces and Combustion Chambers. [5 Figs.) 
July 23, 1904.—This invention relates to the furnaces and com- 
bustion chambers of steam boilers of the water-tube type, and it 
has for its object to lessen the production of smoke while improv- 
ing the evaporation of the boiler. According to this invention, an 
arch or baffle A of brick or other material is built under the 
steam or water drum B or crown of the furnace D, but over the 
circulating water-tubes E and above the usual vertical or inclined 
baffle F, over the bridge G, which deflect the fire gases that rise 
from the furnace across the rows of tubes, the said arch or 
supplementary baffie A being made hollow, and arranged to 
admit cold or heated air, which enters through ducts, to com- 
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plete the combustion of such of the fire gases as are only 
—- consumed, and thereby provide a fresh volume of 

e to impinge on the circulating tubes E as the gases pass 
downward between the ordinary baffling devices F and F!; or 
steam or gaseous or liquid fuel may be admitted through the 
archway A in lieu of air or in addition thereto. A baffle wall I 
is also built above the normal ground level under the usual 
depending baffle F!, which extends across the water circulating 
tubes E behind the bridge wall G, and a further arch or baffle J 
is, or may be, built across the rear wall K of the combustion 
chamber, these baffling walls being provided to prevent the 
hea 8 ing through the boiler too quickly. They 
may also be made hollow to admit air or liquid or gaseous fuel. 
(Accepted June 29, 1905.) 


25,313. R. Eltringham, Heaton. Cylinders and 
Pistons. {1 Fig.) November 21, 1904.—The object of this 
invention is to selinee the back pressure on the piston by keeping 
the exhaust open for a much longer time than is possible with 
the present arrangements. The cylinder A is provided with a 
steam port Bat each end, as at present. These end ports are 
only used for the admission of steam, and not for the exhaust 
thereof. The valves D for controlling the admission of steam 
through pipe or pipes 8 to the cylinder may be of any suitable 
kind, but in the drawing are shown as of the piston type con- 
nected by a rod E, and only control the supply of steam to the 
cylinder, but do not regulate the exhaust therefrom. F indicates 
the valve chamber. The exhaust port C opens into the cylinder 
half way between the ends, and is always open to the atmo- 

here or condenser—that is, it has no controlling valve. The 
piston is a composite one—that is, it is com of two compara- 
tively narrow pistons H and J of any suitable type, one at each 
end, and joined together by an open or closed trunk K or other 
convenient means adapted to leave a large annular or open space 
between the cylinder walls and the trunk or equivalent. The 
length of the said piston is approximately equal to the stroke 
less the width of the exhaust port C, so that the length of the 
cylinder required for a certain stroke will be nearly twice as 
much as with the present arrangement. Flanges R are provided 
on the trunk toact as guides to spindles N parallel to the piston- 

G, and passing through the two pistons H and J. The 
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spindles are provided at each end with a valve L and M 
opening outwards from each piston, the length of the said spindle 
being such that when the valve, for instance M, in one piston is 
full open, the other, L, is closed. Helical springs Q encircle each 
spindle between the flanges K and a projection P on the spindle, 
so that when there is no pressure in the cylinder, the action of the 
said springs tend to keep the valves L and M half open. The 
width of the exhaust port C is preferably not less than the width 
of either of the pistons H, J, so that it is never entirely closed. 
When the whole piston H J K has reached one end of its stroke, 
as in the drawing, the exhaust port is fully open, and it is thus 
evident that the pressure side of the piston is opened to the 
exhaust as soon as the exhaust port begins to be uncovered, the 
distance from the end of the stroke to this point being the width 
of the exhaust port ye When steam is admitted to the 
other or front side of the piston, which will take place a short 
time before the end of the stroke is reached, depending on the 
amount of lead in the steam-valve or valves D, the valves L in 
the front ae ag H will be closed by the pressure, and those in 
the rear piston J be opened. The rear side of the piston will 


erwise, as | be open to the exhaust C for nearly the whole of the forward 


stroke, since although the rear piston J passes at once over the 
exhaust port, the latter is still in communication with the back 
of the piston by means of the annular space between the pistons 





being engaged with the valve in this manner in order to avoid 
diminishing the area of the valve-head exposed to the pressure 


A open valves M in the said rear piston J. (Accepted July 5, 
1 
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727. W. E. Smith,Marlow. Suspending Scenery. 
{6 Figs.] January 18, 1905.—According to this invention the 
upper edge portion of the material of the scene is held by a 
gripping device comprising longitudinal main parts, which may 
resemble longitudinal sectors of a roller, one or more of which 
is or are loose, and two are secu to and connected together 
by tong-like devices, which, when appropriately suspended, tend 
to press 7 ae the said two longitudinal parts. The upper 
—_ of t “* wee ——— .~ ovo is placed around the 
oose longitudinal part or parts, the longitudinal parts are assem- 
bled in such a manner that a double thickness of the material of 
the scene formed by its upper edge portion overlapping a some- 
what lower portion is brought between the juxta: faces of 
the two longitudinal which are attached to the gripping 
devices, and with the aid of suitable fasteners the longitudinal 

are Ca to hold the said material securely in such wise 
nevertheless that it can be readily released and another scene 
substituted. a, b, and c are longitudinal main parts, resembling 
sectors of a roller of wood, metal, or other material, solid or hollow. 
The parts a and D are fixed, as by screws d to each of the corre- 
sponding members e of a tong-like device whose hinge-pin is at /, 
and which is adapted to be suitably suspended, as, for example, 
by ropes g. A represents the upper portion of the material of the 





scene. As will be seen, this portion of the material is passed 
around the loose longitudinal part c, so that the edge portion A 
over!aps the somewhat lower portion /! of the material, and when 
the several longitudinal main parts of the suspender are assembled, 
the double thickness of material 41, A2 is gripped between the 
juxtaposed faces of the longitudinal parts a and b. At the re- 
spective ends of the suspender means are provided for readily 
securing the tong-like gripping devices in their closed attitude, 
so as to prevent accidental opening thereof, and release of the 
loose longitudinal part ¢ during the process of hauling or sub- 
sequent lowering of the suspender. In the example the arms of 
the tong-like devices terminate in lugs, respectively j and k, a 
bolt 1 being pivoted to the bifurcated lug j, and the other lug 
being bifurcated so as to receive the bolt, so that by tightening 
the nut m, the lower extremities of the tong-like devices can be 
readily secured together for the purpose mentioned. As will be 
readily perceived, other equivalent means may be adopted to the 
same end. When the suspender is itself held up by the cords g, 
the weight of the suspended longitudinal parts and material ft 
hl, h2 will tend to increase the grip of the longitudinal parts a, 
b, and ¢ upon the said material. In some cases the intermediate 
tong-like devices, or some of them, are provided with means for 
keeping them closed without interfering with the hang of the 
material. (Accepted July 5, 1905.) 


29,106. R. H. Davis and Siebe Gorman and Co., 
Limit: London. Diving Apparatus. [4 Figs.) 
December 30, 1904.—This invention relates to improvements in 
diving apparatus and apparatus for working in irrespirable gases 
of the kind described in the specification of a patent granted to 
W. A. Gorman, No. 22,980, of 1899. It has been found in practice 
that the screw plug for operating the valve frequently became 
metal-bound when screwed inwards or outwards to its full extent, 
and consequently difficult to operate by the person wearing the 
drese. This is more particularly so in the case of divers whose 
hands from exposure to water or otherwise frequently become 
numbed and incapable of operating the valve in the conditions 
referredto. Now the object of this invention is to obviate this 
defect, and to this end means are provided whereby the screwed 
plug is incapable of being screwed inwards or outwards to its full 
extent so that such binding or locking of the parts is prevented, 
and the efficiency of the valve in retaining sufficient air in the 
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diver’s dress or in releasing any surplus air is not interfered with. 
a represents the body or seating-piece, b the casing or cover 
thereof, c the valve proper, and d the screwed plug into which 
the upper end of the valve spindle e extends and which controls 
the opening and closing of the valve, all as described in the prior 
specification mention: J is a spiral or inclined path which is 

rovided on the boss 7 of the casing or cover , and A is a pin pro- 
Jectin from the underside of the cap or knob i of the screwed 
plug d. j is a projection or tooth upon the inner end of the 
screwed plug d, and kis a pin or projection provided within the 
casing 6 with which the said projection j is adapted to engage. 
With a valve so constructed it will be clear that the movement 0! 
the screwed plug in both directions is limited—that is to say, 
its movement in the direction for closing the valve is controlled 
by the end f! of the inclined or spiral path f, which acts as a stop 
for the pin h, whilst the movement in the other direction is 
similarly controlled by the projection j upon the inner end of 
the plug d, since this strikes the internal pin or projection k 2 
the casing. (Accepted July 5, 1905.) 
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HOPKINSON’S VALVE WORKS AT 
HUDDERSFIELD. 


Tue members of the Iron and Steel Institute 
during their forthcoming meeting at Sheffield will, 
on the 26th inst., have the opportunity of visiting 
the new works of Messrs. J. Hopkinson and Co., 
Limited, at Huddersfield, where they will find much 
to interest them, not only in the processes carried 
out, but in the arrangement, construction, and 
organisation of the factory. Messrs. Hopkinson, 
as is known to all steam-users, have for quite half 
a century been specialists in boiler fittings, valves, 
and other steam-plant accessories, the first of these 
being a high-steam and low-water safety-valve, pro- 
duced in 1850. Since then the firm have continued 
to introduce successive improvements in design and 
manufacture of all boiler fittings. Prior to that, 
however, the family had applied themselves to the 
subject of the safe and economical use of steam in 
the various iodustries ; the father of the present 
chairman, Mr. Joseph Hopkinson, a consulting 
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department immediately adjoining the machine- 
shop. Into this also there is delivered supplies | a system simple, and it is consequently easy to 
from outside sources. The tools in the machine- | ascertain exact costs with precision. Material is 
shop are grouped suitably in separate bays, so that | dealt with separately from labour, and the pass- 
the work may progress from the rear to the front |ing of all supplies through the receiving depart- 
of the building, passing thence into the warehouse, | ment before they enter the machine-shop ensures 
or direct on to the loading-deck of lorries. exactitude. The labour charges are arrived at 
In the construction of the buildings two main | through the day-cards supplied to the men, one of 
considerations were kept in view—facility of trans- | which is reproduced on the next page. There is a 
port and adequate lighting. The ground has a fall | check system which follows the work. The work- 
from the rear to the front, and it was decided | man fills in all particulars of his job on the day 
that while the two foundries could be at different | card, and marks the time of commencing and 
levels, the remainder of the shops, including the | finishing his day’s work, provided the whole of it 
receiving department, the machine-shop, and the is devoted to one job; but he must, on comple- 
despatch warehouse, with the main floor of the} tion of the job, get another card from the job- 
offices, should be on one level. As a consequence, | office. The time and material sheets are filled in 
there is a basement to the lower part of the! from the day-cards in the cost-office in each de- 
machine-shop, and this is partly utilised for workers’ | partment. All the foremen have punches, which 
cloak-rooms and bicycle-racks, and arrangements | they use, instead of requiring to hunt for a pencil 
have been made for fitting shortly wash-basins. | to initial the cards. 
Similar accommodation, of course, is separately| Most of the work is done on time wage. It is in 
provided for the moulders and those working in| a way surprising that the premium system has not 


firm are standardised makes the adoption of such 
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WHEATHOUSE ROAD 
Hopkinson anp Co.’s VALVE Works aT HUDDERSFIELD. 


Fic. 1. Pian -F Messrs. J 


engineer, was instrumental in introducing the 
steam-engine indicator, regarding which he wrote 
several books. 

The first works were established in 1843. As 
business developed, the old works were extended 
from time to time; but a few years ago it was 
found impossible to maintain the output of boiler 
fittings and valves at the rate of demand, and it 
was decided to erect new works. A site was 
acquired at Huddersfield, and, as a preliminary 
to the laying out of the new works, it was decided 
to make a careful investigation of the plans adopted 
by other firms under similar conditions, in order to 
attain, as far as possible, idealistic conditions, not 
only in respect of economy and efficiency of manu- 
facture, but also convenience and comfort for the 
workers. Many factories were visited, and the 
plan and organisation of the new works opened 
this year are therefore of special jnterest, as they 
embrace what was regarded as the most com- 
mendable practice. From the plan published on 
this page it will be seen that the machine de- 
partment, which is, after all, the most important, 
occupies a central position. To the left of it is 
the iron-foundry, and to the rear the brass-foundry, 
from whence pass the castings into a receiving 








other departments. The men enter the works 
through these cloak-rooms, and as soon as they 
have passed in, the doors are closed, so that no 
one can be within the cloak-rooms after the men 
collectively have left. In the same way the shop 
doors are closed when the men leave for their 
dinner, and no man is allowed in the shops during 
the intervals. This obviates interference with 
work-cards, gauges, jigs, or tools. As will be 

inted out later, the difference in the outside 
evel and the floor level of the despatch warehouse 
has enabled a dock to be constructed for lorries, 


so that the deck of the lorry is level with the | 


floor of the warehouse. The basement, or ground 
floor, in the office building is utilised for stock- 
rooms and for a very well-arranged show-room. 
The main offices are on the first floor. 

Before entering upon our description of the 
buildings and the machine-tools installed, reference 
may be made to the administrative methods 
applied. The card system is adopted throughout, 
a uniform size of 3 in. by 5 in. being preferred ; 
practically no instruction s from the office to 


the foreman, or from the foreman to the men, or 
to the tool or gauge rooms, except by means of 
such cards. 


The fact that the productions of the 


| here been adopted, especially in view of the fact 
| that it would have been easy to fix rates, owing to 
|the large accumulation of definite data as to the 
time spent on each operation in the recent past. 
| In the foundry, however, the firm have adopted the 
| differential piece-work system, which has several 
|commendable features. Under this system, which 


+g <. DIAGRAM ILLUSTRATING APPLICATION OF 
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DIFFERENTIAL Prece- Work System. 


has been introduced from the States into several 
works in this country, a definite rate is fixed for a 
standard rate of production per week ; and if this 
rate of production is increased, with efficient results 
so far as quality of work is concerned, a higher rate 
per unit is paid. We give in Fig. 2 a diagram 
illustrative of the application of this system to one 
— piece of work. For the standard pro- 

uction of 80 cwt. per week, the normal rate is x ; 
but should 87 cwt. be produced per week, x plus }d. 
per hundredweight is paid. If 90 cwt. are produced 
per week, the rate becomes x plus $d. per cwt., 
and so on, the payment per hundredweight for 
100 cwt. being something like 30 per cent. higher 
than for the normal rate of production. Such a 
system, of course, has the disadvantage that there 
might arise a necessity to alter the piece-work rate, 
whereas with a satisfactory bonus system no such 
| need should arise. So faras the Hopkinson Works 
| are concerned, however, the enormous amount of 
| data obtained has resulted, no doubt, in the fixin 
of a normal piece rate and differential bonus whic 
need not be subject to revision; and this being 
so, one can understand that this differential piece- 
work rate is preferred by the workers, because not 
only is the bonus paid easily understood as a full 
reward for increased energy, but it affords very 
direct compensation. 

This, however, is not the only direction in which 
the company encourage regularity and efficient 
work, They have very wisely adopted the system 
of having only one break per day for meals, the 
men beginning, after having had their breakfast, 
at 7.30 a.m., and stopping ‘at 12.30 p.m., working 











again on week days from 1.30 to 6; of course, on 
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Saturday there is no afternoon work. This gives a 
working week of 524 hours ; but where the men put 
in this full time for day work (exclusive of over- 
time) they are granted a bonus of 14 hours’ wage 
at the rate of 54 hours per week, so that for the 
full 524 hours they secure a wage for a 54 hours 
week, This bonus has been successful in ensuring 
a full working week in a greater number of cases 
than formerly. Incidentally, it has the further 
advantage of inducing the men to be at their 
machines at the hour for beginning work. It 
is here where much work is lost, as in ordinary 
works, although the men get within the gate at the 
proper time, they lose 10 or 15 minutes before 
actually beginning work, and this loss increases with 
the greater number of breaks per day. At Messrs. 
Hopkinson’s Works the gates are closed two minutes 
after the time for resuming work ; but the time for 
the ordinary wage and for the winning of the bonus 
is reckoned from the moment the men register them- 
selves at the Rochester recorders, and these are 
located in each department, and therefore within a 
distance of 30 yards at most from the workman’s 
post. If the workman has at any one time failed 
to register himself at the Rochester recorder by the 
time of resuming work, he loses his bonus. This 
has had a salutary effect throughout the works. 
The men are also paid at these Rochester recorder 
offices in each department. 

In other directions the firm have shown con- 
sideration for their men, which is appreciated. 
Dining-places have been arranged, with special 
gas cooking - stoves, where the men’s food is 
warmed. Sometimes as many as two hundred, or 
one-third the number employed, take their food in 
these rooms. Above the drawing-office there is a 
large lecture-room, where, beginning this winter, 
a series of lectures will be delivered to the work- 
men, free of charge. A site has been arranged, 
as a continuation of the frontage of the works 
offices, for a Workmen’s Institute, which is soon to 
be built, with accommodation fora reference library 
as well as recreation-rooms. On the ground re- 
served for extension it is proposed to lay out 
allotment gardens for the workmen. These and 
other considerations, we are convinced, have in- 
direct influence on the men. 

Turning now to a consideration of the depart- 
ments and their equipment, we may begin first with 
a reference to the general offices and the drawing- 
office, illustrated on page 318 (Figs. 16 and 17). 
These are of exceptional height, the general oflice 
being a really fine room. To the left there is shown 
the offices of the directors and the dining-rooms. 

The works are run entirely by electric power, and 
the central station is illustrated on page 318 (Fig. 18). 
There are two large boilers generating steam at 
180 lb. pressure for two direct-coupled steam-electric 
plants—one large and one small ; the larger one 
consists of Belliss two -crank engines, driving at 
380 revolutions a multipolar compound - wound 
dynamo by the Electrical Construction Company. 
The smaller set is a two-crank engine, driving at a 
speed of 450 revolutions a a compound- 
wound dynamo by the Westinghouse Company. 
The large engine is capable of working up to 400 
brake horse-power, and the smaller one to 200 
brake horse-power. The current is generated at 
about 220 volts at the main switchboard. The 
dynamo cables pass by means of earthenware pipes 
to a point behind the switchboard. The switch- 
board is built up on the Westinghouse panel system, 
and has two dynamo panels, two lighting panels, and 
one motorortraction panel. The whole is constructed 
on @ special system, by means of which the iron- 
work at the back of marble slabs is practically 
eliminated, enabling the connections to be carried 
more directly and safer from interruption. The 
dynamo panels each consist of one triple-pole main 
switch, one circuit-breaker on the negative side, 
and shunt resistance; there ig also an ammeter, 
one voltmeter, and a unit-meter for each machine. 
The feeder panels for both lighting and traction 
consist of six separate feeders and six ammeters on 
each panel. 

All the feeders and distribution mains have paper 
insulation lead-covered ; where exposed they are 
armoured in addition. The main feeders are carried 
on shelves in an underground subway, specially 
constructed for these mains, to the various parts of 
the works, where they are connected to large dis- 
tribution boards and sub-boards. Each power- 


distribution board consists of five sections, each 
dealing with 100 amperes, and having two copper 
bus-bars mounted on two slate slabs fitted with 





double-pole fuses, enclosed in a polished-teak box 
with glass door. The small cables are taken from 
these boards to the various motors about the works, 
and connected to a double-pole switch and rheostat 
fixed on a polished-teak board close to the motor. 
The lighting feeders are carried to three large 
distribution-boards with double-pole switches and 
fuses, from thence to sub-lighting boards with 
double-pole switches and fuses, each board consist- 
ing of polished-slate slabs fitted with copper bus- 
bars and enclosed in a teak frame with glass door. 
The works are lighted with about 160 Jandus are- 
lamps, of 1000 candle-power, each run two in series. 
The general and private offices are lighted by incan- 
descent lamps of 16 candle-power, run from the 
company’s power plant during the working hours ; 














independently supported, and thus can bé made of 
any weight. It is, therefore, formed of sector shape, 
which is more convenient than the circular form for 
the arrangement of the working parts. The dial is 
of opal, and is illuminated from the rear by an elec- 
triclamp. The swivelling arm is attached to the back 
of the gauge, and is effectively insulated by a washer, 
whereby the gauge and its tube are kept cool. The 
attachment to the boiler is of high-pressure bronze, 
with the Hopkinson safety-plug, the special feature 
of which is that the thread is not likely to be 
stripped by adjusting the backing nut so that it 
cannot blow out. The syphon has two flanges, one 
for attachment to the boiler or end-plate, and the 
other for receiving the gauge with the washer of 
non-conducting material. 
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after the works are closed, a switch is changed over 
to the Corporation main. 

The power-station, while serving the purpose 
of driving the works, is also utilised for show- 
ing in operation the various valves and fittings 
which the company manufacture. One of the later 
novelties in use is illustrated in Figs. 3and 4. It 
is a swivel syphon and pressure gauge. This is 
adaptable for all types of boilers, and, where there 
is a large installation, the swivelling of all the 


gauges to a suitable angle enables anyone standing | 


at the end of the battery of boilers to ascertain the 
pressure at all the boilers. Instead of having the 


U syphon, which is not always satisfactory as a) 


support for the gauge, or the pillar syphon, which 
sometimes tends to the overheating of the gauge, 


there is adopted a copper coil with ample cooling | 


surface. As the gauge is quite independent of the 
syphon, this coil can be easily detached and blown 


through without interfering in any way with the! 
In this way the gauge can be tested by a' 
separate pump without being dismounted, the | 


gauge. 


operation of testing the gauge, coupling and uncoup- 
ling, occupying: only a few minutes. 





The gauge is| sures, 


| In connection with the boilers installed at the 
| power-station, as well as at the special high- 
ase boiler for test purposes, to be referred to 
‘later, much experimental work has been carried out. 
The latest research work has been in the direction 
|of arriving at a form of flue which would secure 
| the advantages afforded by the ordinary corrugation 
|in resisting circumferential stress without weaken- 
ing the flue as a stay for the ends of the boiler. 
There is now being introduced a flue-tube which, 
| instead of being of the same diameter from front 
| to back, has a slight curvature in the fore and aft 
sectional line, the undulation being only about 
the thickness of the plate itself, which will resist 
| circumferential pressure, and at the same time 
will not conduce to longitudinal movement, which 
may be experienced with the ordinary corrugation, 
; and which may detract from the effect of the flue a: 
| a support of the front and rear plates of the boiler. 
It is desired to prevent any cracking of the plate 
at the root of the flanges, and also the grooving 
|of the end-plates, at the same time permittiny 
Lancashire boilers to be used for higher pres- 
One of these tubes will be exhibited on the 
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occasion of the visit of the Iron and Steel Institute, 
and is illustrated in Fig. 5. : 

The iron-foundry, which is illustrated in Fig. 20, 
on ovr two-page plate, is, as will be seen, excep- 
tionally well lighted. It is at present 200 ft. long 
by 80 ft. wide, with a moulding-floor space of 
16,000 square feet ; but provision is made for ex- 
tension when that becomes necessary. With this 
end in view, columns, with corrugated iron walls, 
are left on the south-eastern end. The cupola is 
accommodated in an annexe, and the charging-plat- 
form is entirely of steel: There is an hydraulic lift 
to this floor. In connection with the foundry there 
are several sand-preparing machines and the usual 
core-drying stoves, &c. The overhead electric crane 
in the foundry is of 6 tons capacity. 

Steel is being more and more used for the valve 
bodies, &c., but lately the firm have introduced a 
new metal known as ‘‘platnam.” With high pres- 
sures, and particularly with superheated steam, 
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Fic. 6. SrcrTion THRouGH CRUCIBLE Furnaces IN Brass-Founpry. 


gun-metal softens considerably, and Messrs. Hop- | 


kinson have evolved a composition which has proved 
effective from this point of view, being non-corro- 
dible, and when tried with temperatures of 500 deg. 
to 600 deg. Fahr. it does not lose any of its hard- 
ness. It is used for valves and for valve seats for 
installations where the steam is superheated. 

The brass foundry, which is located to the rear | 
ofthe main machine-shops, is also illustrated on 
our two-page plate (Fig. 21). 
80 ft. in width and 150 ft. in length. Here also | 
the mechanical appliances in connection with the 
castings are located in an annexe. There are 
included sand riddlers and mixers with core-making 
machines. The coke-store is to the rear of the 
foundry proper, and the fuel is tipped in from a 
rear platform. The arrangement of the furnaces 
and the feeding of them is particularly convenient, 
and a section is given in Fig. 6, annexed. It will be 


seen from this that ready access is found at the 
rear for repairs, &c., and each furnace is entirely 
separate, so that the fire may be withdrawn from 





‘ 





any one for repair without interfering with the work 
being done in the others. An arrangement is 
made for providing a mechanical blast, but owing 
to the location of the stoves and the width of the 
passage to the rear, natural draught is found quite 
sufficient. In connection with the crucibles used, 
a satisfactory arrangement is made in order to 
induce the workmen to be as careful as possible 
in the prevention of breakage. From experience 
there has been arrived at the average breakage per 
ton of metal melted, and in the event of the actual 
breakage being less than this standard, the firm 
distribute amongst the workers, at the end of each 
year, a large percentage of the saving effected. 
The moulding-benches are arranged down the centre 
of the shop, the machines being on the side nearest 
the furnaces, which are shown to the right of 
Fig. 21, while the hand-benches are in the bay 
shown in the distance. 

Separating the brass-foundry from the main 
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machine-shop isa large store for receiving not only | 
the brass and iron castings made in the works, but 
also the supplies from outside sources; and it is 
an important item in the administration that 
all material to be formed into one or other of the 
specialities of the firm enters the works through 
this department alone. This building is on a 
slightly luwer level than the brass-foundry, but on 
the same plane as the machine-shop. It is née. | 





Every ifem received is, by the card system, | 
charged against its order, and with each casting 


(see Fig. 1). Each bay in the shop is designated 
by a letter, and the tools for each distinctive pro- 
cess in the iron and steel departments are grou 
within a bay, and these groups are arranged so that 
the unit being manufactured will pass in order 
through the bays, starting from the rough-casting 
stores. Thus on the iron side there is first the 
smiths’ shop, then the heavy turning and boring 
bay, the planing and milling bay, the drilling bay 
and small turning, and so on until the oe and 
hydraulic testing sections are reached. Similarly, 
in the centre of the shops, there is first the depart- 
ment for the making and grinding of tools and the 
tool-stores, the shop-management department, and, 
finally, the store for finished parts of valves, &c, 
(Fig. 19, page 318), and the assembling and erecting 
department, the latter having communication direct 
with the warehouse and despatching departments. 
The constructional details of the machine-shop 
are most commendable, as is also the case with the 
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foundry buildings, and we reproduce drawings on 
the next page. The buildings are of brickwork, and 
the roof principals, columns, &c., are of steel. Fig. 7 
includes the details of the principals for the roofs 
of the iron and brass foundries, which are simple 
and give effective lighting. The span is 40 ft., and 
the principals are at 20-ft. centres. The slope on 
each side is at an angle of 30 deg., and two-thirds 
of the northern slope is glazed. The columns, as 
shown. in Figs. 20 and 21, on our two-page plate, 
are built up of { joists, the height to crane-rail 
level being 22 ft. In the case of the machine- 
shop the columns are also at 20-ft. centres, and 
the span is 20 ft. Here the principals are, as 
shown in Fig. 8, page 306, for a saw-tooth roof ; the 


jangle on the northern side, which is glazed, is 


60 deg.; to the south, where the slope is 30 deg., 
the covering is of boards and slates, with suitable 


| ventilation at intervals, as shown in the details. 


The principals are in both instances built of T and 


| flat-bar sections riveted together. 


The columns are illustrated in Figs. 9 and 10, 


| which also illustrate the arrangements for dealing 
| with the surface water, which are specially inte- 
resting in view of the fact that since the roofs 


were completed there was experienced at Hudders- 
field the heaviest rainfall known for very many 
years. According to the official records of the 
town, there fell, within 3} hours one evening, 34 in. 
of rain, which is at the rate of over 1 in. per hour. 
The machine-shop gutters, which are of cast iron, 
and 15in. by 7 in. deep, dealt with this rainfall 
without damage to the roof and without involving 
leakage. These gutters are supported by cast-iron 
cradles fixed at intervals along the main girder ; 
this girder is carried on rolled-steel stanchions 
of H section, 12 in. by 6 in. The fall-pipes are 
conveniently arranged to clear the overhead travel- 
ling cranes, as shown, falling in alignment with 
the stanchions. 

Special consideration was given to the construc- 
tion of the floors, and in Fig. 12 we give a section 
of that used in the part of the machine-shop where 
brass-work is carried out. Here the bottom is of 


This is a building | with galleries for the storing of castings, &c.| concrete breeze, 8} in. thick, with 1}-in. maple 


flooring-boards on top, grooved and keyed into the 
concrete and half-lapped at the ends. The floor 


there is issued a card, so that the time-cost of|on the side of the shop devoted to iron and steel 


machining is carefully followed. 


work is illustrated by Fig. 11. Here the bottom is 


The machine-shop is 280 ft. by 260 ft., with a! of concrete, with wood blocks, 7 in. by 3 in. by 


floor space of 72,800 square feet. 
into bays of 20 ft. for the full length of 280 ft. 
All the iron and steel work is done at the north- 
eastern ends of the bays, the brass work and steam- 
gauge work being carried out at the other end; 


It is divided | 4 in. on the top. 


On our two-page plate we give four general views 


of the machine-shop. The first (Fig. 22) represents 
the tool-store. Here there isa very complete system 
of tools, gauges, and jigs, the system of standardisa- 


while in the centre are located those departments | tion carried out through the works having admirably 


which are common to work irrespective of metal 





lent itself to a comprehensive system, which the 
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management have utilised to the fullest extent. | tool-grinders, Brown and Sharpe’s universal milling- 
The tool-room is separated from the remainder of | machines, universal grinders, shaping machines, 
the shop by a screen of expanded metal, and the and several lathes and drilling-tools. 

tool gauge or jig is handed out upon the presenta-| Fig. 23 shows the heavy turning and boring bay. 
tion of a card having the foreman’s stamp ; the | It will be noted that the machines are driven from 
workman in exchange gives a token having his|shafting supported on the columns about midway 
number upon it, this token taking the place, in| in their height, such counter pulleys as are necessary 
the pigeon-hole or rack, of the gauge or tool. At being carried on bearings suspended from the crane 
the end of each week every article taken from | girders. Each line of shaft is operated, by means of 
the store must be returned. In the tool-making a Hans Renold chain, from a motor carried on con- 
department there is a good equipment, including | crete foundations on the floor level. The chain is 
a smithy and harden‘ng department, with special very snugly housed within a sheet-iron casing, closely 
water grinders for twist-drills, Sellers’ and Gisholt’s resembling in form and construction the gear-case 
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of a lady’s bicycle, the larger gearing wheel being, 
of course, on the shaft. One of several Bullard’s 
boring-mills is shown in the foreground of the view, 
but several other good makes are present, including 
one of Richard’s vertical boring-machines. In the 
machine-shop too there is a large installation of 
machines, practically all the first-class makers 
being represented. ; 

Fig. 24 shows the planing and milling bay, which, 
as will be seen, is designated E. Milling is very 
extensively employed, although large parts are still 
planed. The view of this bay brings out strongly 
the advantage of dispensing with cross belting, as 
well as the adoption of saw-toothed roof, as there is 
neither glare nor shadow. 

Fig. 25, also on the two-page plate, shows the 
drilling bay, which is designated F. The drilling 
of flanges is done entirely to jig. In this bay there 
are, as shown in the distance, interesting examples 
of multiple drilling-machines. One of these is illus- 
trated separately in Fig. 13, page 307. This is an 
eight-spindle multiple drilling-machine for drilling 
holes in one or more flanges to steel bushed jigs, 45 
illustrated. The drill headstock is fitted with eight 
drill-spindles, which can be separately adjusted to 
suit any diameter of flange by screws set in nuts on 
the bottom edge of the headstock. The top of the 
spindle is connected by a ball knuckle-joint to the 
horizontal pinion engaging in the gear-wheel con- 
nected to the large driving-wheel, which, again, 1s 
driven by gearing supported in the standard. The 
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Macuineé For Bortnc WuHeet-Bosses to Limit-GavuGE, 


headstock is raised and lowered on the framing by 
means of a chain gear. 

| Another tool, which we illustrate separately by 
Fig. 14, is a special machine for boring the bosses 
of wheels to limit-gauge. The turret, as is shown, 
carries four tools, set according to the sequence of 
operations— one for rough boring, a three-tipped tool 
for finished boring, a rough solid reamer, and an 
adjustable reamer for finishing. Not only does 
| this ensure rapidity of work, as only one setting is 
necessary, but it makes for accuracy. There are 
several four-spindle drilling-machines, where the 
table is arranged to move vertically by hand on the 
two standards, while the headstock travels laterally 
across the saddle. For drilling in line this gives a 
very wide range. 

As regards the department where the brass- work 
|is carried out, there is a complete equipment of 
tools ; but it is scarcely necessary to enter into 
details regarding these. A passing reference, per- 
haps, should be made to a small vertical drill fitted 
with a special attachment for rapid machine. tap- 
ping, there being an automatic gear fitted to super- 
sede the hand-work. Many of the screw threads 
are milled instead of turned, as it is believed that 
this method is more precise. In this case the head- 
stock advances, and the rod rotates while being 
screwed. This milling-tool for cutting threads is 
illustrated by Fig. 15. 

The valves, gauges, &c., having been thus com- 
| pleted, are passed to the steam or hydraulic testing 
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ment. Considerable importance has always been 
attached to the testing of the manufactures, as | 
this, in large measure, accounts for the reliance | 
placed upon the Hopkinson boiler fittings. At 
various stages throughout the work this testing | 
takes place, special hydraulic appliances being 
utilised ; while a boiler for working at 400 lb. pres- 
sure is fitted for steam-testing. 

After inspection and painting, the manufactures 
pass to the warehouse or store. This building is 
160, ft. long by 40 ft. wide, with two galleries run- 
ning around three sides, giving a total floor area of 
20,000 square feet. There are electric hoists com- 
municating with the galleries. The ground floor is 
on the same level as the machine-shop, which, at this 
point, is considerably higher than the level of the 
ground outside. This greatly facilitates the load- 
ing of the manufactures into lorries, as, when they 
are backed on ground level into the loading-bank, 
the deck is level with the floor. 

It will thus be seen that in respect of arrange- 
ment, management, and equipment, the works are 
organised so as to ensure the best results, alike in 
the interests of the proprietors and of their clients. 


department, and finally to the inspection de art | 








THE WORK OF THE REICHSANSTALT 
IN 1904. 

Tue report on the work of the Physikalisch- 
Technische Reichsanstalt for 1904 is the last of 
those documents that will be signed by President 
Friedrich Kohlrausch, At the end of March of 
this year, Kohlrausch, who has been President 
since 1895, retired, and Professor Warburg became 
the second successor of Helmholtz in this institu- 
tion. Kohlrausch took his academic degree on the 
strength of his researches concerning the elastic 
fatigue of metals, and this subject has again occu- 

ied him during recent years. To the larger public, 
Xohlrausch is best known for his classical life- 
work on electrolytic conductivity and the mobility 
of the ions. He should, however, be remembered 
also as one of the originators of practical laboratory 
courses in university training, and as one of the 
most fruitful theorists in physical measurements. 
His ‘‘ Manual of Practical Physics ” has, as a stan- 
dard book in its many editions, fully maintained its 
reputation. 

n giving, in the following lines, our usual digest 
of the work of the Reichsanstalt during the past 
year, we follow the arrangement of the official 
report, and begin with the first Scientific Division. 
Names in brackets indicate the respective investi- 
gators. The subjects are so numerous and compli- 
cated that we can only give the briefest explanation 
of each, indicating rather than describing the nature 
of the work done. 

The Specific Heat of Gases und of Water Vapour 
is indirectly being determined, from the velocity of 
sound in the respective mediums, with the aid of a 
cylindrical resonator (Thiesen). ‘The resonator is 
a hard soldered brass tube, 5 centimetres in dia- 
meter, 31.99 centimetres in length, which, in dry 
air, responds to oscillations of a frequency of 0.0019 
secoid. At this frequency an accuracy of a few 
thousandths seems to be attainable; at higher 
frequencies the accuracy would be diminished, and 
the arrangement will answer at high temperatures, 
but not at great pressures. In order to facilitate 
the pressure measurements, Thiesen makes use of 
a Bourdon tube, designed for pressures of 20 atmo- 
spheres. The free end of the tube is provided 
with a mirror, mounted in the centre of curvature, 
whose rotation is watched by means of a telescope ; 
another mirror attached to the fixed end of the 
Bourdon tube serves for control. No damping 
device is required, but machinery must not be 
kept in motion in the building while readings are 
being taken. As a pressure variation of 1 atmo- 
sphere corresponds to a scale deflection of 30 milli- 
metres, the instrument is suitable for the deter- 





mination of the elastic after-effect resulting from 
a long-continued increase in pressure ; when this 
increase lasted several days, the after-effect rose to 
a maximum value of 1 per cent. 

The determination of the specific heat of gases 
at high temperatures by the method of mixture at 
constant pressure has been continued by Holborn, | 





Austin, and Henning. In these experiments mean | 
values are obtained for the ranges 20 to 440 deg. 
Cent., 20 to 630 deg. Cent., and 20 to 800 deg. 
Cent. In the whole temperature interval of about | 
800 deg. Cent., the mean specific heats of the | 
simple gases, nitrogen, oxygen, oxygen with 9.5: 


per cent. of nitrogen, air (observed, also calculated 
as mixture of nitrogen and oxygen) increase by 
about 3 per cent.; but the probable error is + 1 per 
cent., and it does not appear advisable to work 
with more rapid gas streams; the rate of flow so 
far employed is from 4 to 6 grammes per minute. 
The mean values for air agree fairly well with those 
of Regnault and of E. Wiedemann ; the specific 
heat of oxygen is, however, larger than Regnault’s 
figure, and that of nitrogen is smaller. As regards 
carbon dioxide, the resulting increase in the specific 
heat with temperature is less rapid than Regnault 
stated, and the figures agree better with Langen’s 
values than with the specific heats which Mallard 
and Le Chatelier deduced from their experiments 
on explosions. The apparatus of Holborn and 
Austin might, somewhat modified, be used for 
temperatures up to 1100 deg. Cent., instead of the 
800 deg. limit; the investigators have observed, 
however, that the insulation of the quartz glass 
capillaries, for the thermo-couple leads, begins to 
fail about 1100 deg. Cent. 

The determination of the mean value of a caloriein 
electrical units (Jaeger and Von Steinwehr) is almost 
completed. Large bulks of water (about 10 kilo- 
grammes) and a small temperature interval, of 1 deg. 
or 1.5 deg. Cent., are applied in order to minimise 
the necessary corrections. The water is heated by 
the currents of an accumulator battery of 70 volts, 
sent through a heating coil of constantan of 10 ohms, 
which at first was wound round the stirring device ; 
there was trouble with theinsulation, however, and 
a special heater coil has been adopted. The appa- 
ratus absorbs about 1 kilowatt-minute in an experi- 
ment lasting four minutes. The resulting mean 
calorie, 4.19 watt-seconds at 15 deg. Cent., and its 
temperature coefficient of —0.0038 per deg. Cent. 
{foe the range 5 deg. to 25 deg. Cent.), agree with 

arnes. The temperatures are measured with the 
aid of platinum thermometers of the Reichsanstalt 
and of Callendar ; the latter required a correction 
for inertia. 

The investigation of the Physical Properties of 
Metals (Diesselhorst) is particularly interesting, in 
so far as it is conducted with especial regard to the 
electron theory of metals, which Drude, H. A. 
Lorentz, Riecke, J. J. Thomson, and others have 
developed in recent years, from suggestions by 
Wilhelm Weber and Kohlrausch. In the light of 
this theory the otherwise inexplicable analogy 
between the thermal and the electrical conductivity 
of metals becomes intelligible, as Drude has shown. 
In the course of this investigation, Diesselhorst has 
improved the photographic registration methods 
employed for studying the successive values of 
galvanometer deflections ; the course of the deflec- 
tion is indicated on a fixed plate, on which the 
galvanometer mirrors throw, at regular intervals, 
(pendulum contact-maker) the image of an incan- 
descent filament. 

The researches of Scheel and Henning on the 
Expansion Uoefficients of metals at low tempera- 
tures (by Fizeau’s dilatometer method) have prac- 
tically been completed ; details of the results are 
not yet published, however, because some uncer- 
tainty still attaches to the expansion of the quartz 
at the lowest procurable temperatures. The inter- 
ference apparatus is contained in a cylinder of brass 
pooteerct by liquid air, and the cooling of the 
respective medium is effected so gradually that the 
interference bands can be counted as they cross 
the field of vision ; this is only possible in a hy- 
drogen atmosphere: in nitrogen and oxygen the 
bands prove too unsteady. This cooling takes one 
hour or more, and as the platinum thermometers 
remain constant during this period within less than 
0.1deg. Cent., it may be assumed that the inter- 
ferences are really observed at the indicated tem- 
perature. 

The limits of the applicability of Poisewille’s law 
on internal friction of liquids in straight and 
curved capillary tubes have been defined by Helm- 
holtz, and Griineisen is testing the theory of Helm- 
holtz by experiment; apart from the work of 
O. G. Jones and Allen, very little had been done 
in this field. 

On the suggestion of Repsold, Scheel is experi- 
menting with the setting of masonry foundations for 
astronomical instruments, and the influence of the 
constitution of the cements used in such founda- 
tions. A wheel, 2 metres in diameter, is mounted 
on a central pillar, and twelve pillars have been 
erected at the ends of twelve spokes. Three 
of these pillars, 1 metre in height, are of cast 
iron; the other nine are built up of pure lime 





mortar, various cements, gypsum, white lime, 
or simply of piled-up stones, not cemented. The 
temperature in the room was kept fairly constant. 
The heights of. all these pillars changed a little in 
the winter months, September to December; in 
the worst case a shrinkage of 0.5 millimetre was 
observed, but the changes in the subsequent three 
weeks were much smaller, and amounted only in 
one case to as much as 0.02 millimetre. It is clear, 
however, that the observations will have to be ex- 
tended over long periods. 

Electrical Researches.—The mercury and the man- 
ganin standard resistances have practically remained 
constant. The mean value of the former determi- 
nations of the maganin ohm was 1.001739; last 
year’s determination (Jaeger, Diesselhorst) yields 
1.001741. As regards standard cell§, the report is, 
so far, disappointing, as the troubles caused by the 
mercuro-sulphate do not all appear to have been 
overcome. At the St. Louis Congress, last year, 
Carhart and Hulett on the one side, and Wolff 
(of the Bureau of Standards, Washington) on the 
other, described electrolytic methods for the pre- 
paration of mercuro-sulphate, which, it was claimed, 
yielded cells whose electromotive forces would 
not vary by more than a few hundred thou- 
sandths. Hulett assumed that the quantity of 
solid sulphate, which varies in different materials, 
was responsible for the fluctuation in the electro- 
motive force, because the hydrolysis depended upon 
this quantity. But Von Steinwehr finds that the 
conductivity of a saturated solution of mercuro-sul- 
phate does not fluctuate as long as there is still 
some non-hydrolysed salt present. For this reason, 
among others, the Reichsanstalt opposed, at St. 
Louis, the proposal to adopt the Weston cell as the 
standard of electromotive force ; the proposal was 
hardly consistent in itself, since we cannot fix all 
the three interdependent units, the ohm, the volt, 
and the ampere, and so far the standard cells are 
not more reliable than the silver voltameter. The 
polarisation of the Clark cell is being investigated 
by Jaeger and Steinwehr, measurements being 
made with the aid of a rotating current-breaker. 
The results are in better agreement with theory 
than in some previous researches. Thus the polari- 
sation proves to be proportional to the current 
density, the anodic and cathodic polarisations (of 
opposite signs) are equal to one another, and the 
curves for rise and fall of the polarisation always 
supplement one another. Cells containing coarsely- 
grained salts polarise more than cells with fine grains 
of salt; but the difference disappears in a few 
days, when the larger crystals will be found to have 
increased in number at the expense of the smaller 
crystals. 

Conductivity of Salt Solutions.—Having given 
empirical formule for the conductivity of salt 
solutions of monovalent elements when in concen- 
trations from 500 up to ;4 or } normal, Kohl- 
rausch and Griineisen have proved that these 
formule can be applied to salts containing both 
bivalent and monovalent elements ; at higher dilu- 
tion the calculated conductivities come out too 
great, however, and as regards salts of bivalent 
elements, the range of applicability is still more 
limited. That radium: bromide behaves normally 
and similar to barium-galts as to the conductivity 
of its aqueous solutions, has already been men- 
tioned in these columns.* The oxalates, and par- 
ticularly magnesium oxalate (Kohlrausch and 
Mylius), show interesting peculiarities, both as 
regards conductivity and solubility. Magnesium 
oxalate is hardly soluble in water, which dissolves 
only 4 per cent. of the salt ; under certain circum- 
stances itis, however, possible to prepare solutions 
containing 10 per cent of the salt, which are there- 
fore supersaturated 300 times, and such solutions 
are strangely sluggish. The supersaturation persists 
for many days. Complex molecules seem to exist in 
these solutions which resemble colloids. 

The torsion magnetometer of Kohlrausch, Hol- 
born, and Henning is further being improved for 
the purpose of obtaining higher sensibility, while 
retaining its independence from accidental disturb- 
ances. The new electric elevated and underground 
(third rail) railway of Siemens and Halske does 
not cause any magnetic disturbances in the Reich- 
sanstalt. 

Temperature Radiation.—The black body (Lum- 
mer and Pringsheim) is being improved chiefly with 
the object of economising electric current ; H. Boas 


* See ENGINEERING, vol. lxxviii., page 827. 
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is carrying these modifications out. Preliminary 
experiments with a black body, consisting of incan- 
descent oxides (Nernst lamp type), have not given 
satisfaction. The inquiry into the accuracy of the 
spectro-bolometer has, however, been very satis- 
factory, and it results that the energy curves 
of the black radiation concord entirely with 
Planck’s equations. The experiments on the 
stratification of the electric discharge passing 
through hydrogen are very suggestive (Gehrcke). 
Several Geissler tubes are so combined as to form 
a composite vacuum tube, whose internal dia- 
meter varies in different parts, in nine steps, from 
0.8 millimetre up to 22 millimetres; and it is 
demonstrated that the cross-section—or, in other 
words, the nearness of the glass walls—has a decided 
influence upon the stratification; the distances 
between the strive are measured photographically. 
The current is taken from the high-tension battery 
of 11,000 volts of the Reichsanstalt, and its inten- 
sity and density are determined. Striw are appa- 
rently formed at spots where the potential against 
the surrounding medium of the glass wall—or of 
charged gas clouds in the tube which Stuchtey has 
studied—is lower than the potential of the real 
cathode. The strive would thus represent a series of 
secondary cathodes, and these cathodes owe their 
existence to the discharge of negative electrons 
from the real cathode. These hypotheses of Gehrcke 
require further development, but his hypothesis in 
the Annalen der Physik, vol. 15, page 509, is ex- 
ceedingly interesting. 

For the study of spectrum lines, Lummer and 
Gehrcke now make use of a cadmium amalgam arc- 
lamp which resembles the Aron-Lummer mercury 
lamp, technically perfected by Cooper-Hewitt, but 
is charged with a cadmium amalgam (14 per cent. of 
Cd.), which is pasty at ordinary temperatures ; 
the containing tube is of quartz. Eight Hg. and 
Cd. lines, whose wave-lengths are respectively 579, 
577, 546 (all Hg.) ; 509, 480, 468 (Cd.) ; 436 (Hg.) 
» » have been measured. When Geissler tubes are 
worked with high-frequency oscillating currents, 
all the lines of the interference spectroscope become 
broadened, as the effect is the same for the lines 
of the five elements—mercury, sodium, argon, 
helium, hydrogen. Gehrcke assumes a rise in the 
temperature of the radiating gas. 

The Second Division of the Reichsanstalt tested 
in the Mechanical Precision Department (Leman, 
Blaschke) twenty sets of divisions on silver, German 
silver, and steel; 34 end measures; 16 bolts and 
rings, 4 screws, 65 standard threads, 8 other threads, 
50 tuning-forks, and orie divided circle. The latter 
was for a spectrometer, and had a diameter of 
27.5 centimetres ; the divisions were at intervals 
of 5 minutes of are. 

The Strong Ourrent Section of the Electrical De- 
partmeat (Kurlbaum, Orlich, Reichardt, Gehrcke, 
Kiihns, G. Schulze, Rose, Janzen, Zimmer, Malm- 
strom, Vollhardt, Oldiges, Giebe, H. Schultze) 
tested 282 galvanometers, volt and ampere-meters, 
electricity meters, &c., for continuous currents; 
two ohmmeters, 118 meters of various kinds for 
alternating currents, one phase meter, twenty-five 
rheostats, sixteen condensers, four induction stan- 
dards, ten meter transformers, and one motor ; 
further, the insulation ‘of eight materials, ten belts 
and tubes, and twelve conductors, one contact-plug, 
and twelve fuses.s*-- 

The investigation into the constancy of el@ctricity 
meters used in works is nearly completed. It will 
be remembered that a number of instruments have 
been carefully tested, distributed over various 
works, and re-tested at intervals. These tests of 
154 instruments have extended over two or three 
years. The results will be communicated to the 
respective firms, but not published in detail. The 
work has been most instructive for both sides ; 
alternating-current instruments have, on the whole, 
proved superior to continuous-current instruments. 

Orlich and H. Schultze are engaged in an in- 

quiry into the influence of the distance between 
the electrometer needle and the quadrant in 
quadrant electrometers. Orlich has also devised a 
method for determining the inductances of small 
standard resistances with the aid of a Dolezalck 
electrometer for alternating currents, and this elec- 
trometer is also utilised for measuring very small 
differences of phase. 
_ A Blondel oscillograph (Orlich), which was sub- 
es to a series of tests, performed on the whole 
what was claimed for it; it did not prove easy to 
P~ spnee- however, and frequencies of more than 

}000 periods per second could not be produced in 


the apparatus. That the cathode glow can be 
utilised in a kind’ of Braun tube oscillograph 
(Gehrcke) has already been explained in our note 
columns.* The tubes are charged with dry nitro- 
gen, under a pressure of 8 millimetres, and the 
point is, that, according to Hehl's law, the area 
under glow is proportional to the momentary cur- 
rent intensity. This applies also to the anode glow. 

It is well known that electric pressure curves 
become distorted when the circuit contains self- 
induction. Rose sent the current from an old 
Siemens generator, which contains no iron, through 
a coil ; the distortion of the presswre curve amounted 
to 10 per cent. in a field of 10,000 lines of force, 
and to 100 per cent. with 16,000 lines ; the distor- 
tion increases this very much with higher induc- 
tion. The experiments are being continued. 

The Weak-Current Laboratory (Lindeck) tested 
13 materials for conduction, 10 for resistance, 117 
single resistances, 43 resistance sets (bridges, &c.), 
with altogether 1226 sections, 4 other resistances ; 
46 -Clark and 46 Weston standard cells, 2 accumu- 
lators, and 1 dry cel]. Only one of the single resis- 
tances and sets (wires and sheet) did not consist 
of manganin. Of the 77 instruments tested, about 
which information was given, 42 went abroad, 23 to 
America, 8 to Austria-Hungary, 1 to England, &c. 
The number of Clark cells submitted has decreased ; 
27 of the 46, which failed to pass, were almost all 
supplied by the same firm. The number of Weston 
(cadmium) standard cells is the same as last year, 
the electromotive forces observed were 1.0189 (in 
5 cells), 1.0190 (5), 1.0191 (26), 1.0192 (4 cells). 
The Reichsanstalt declares its preference for the 
Weston cells ; it regrets, however, that water can 
evaporate in the cells as furnished by the Weston 
Company, while the modification devised at the 
Reichsanstalt is free from this defect. 

The electrical Priifiimter (official testing stations) 
have not been at all busy so far, except the station 
at Munich; yet Essen and Bremen contemplate 
establishing such stations. Feupner considers that 
twenty such testing stations would suffice for the 
German Empire. The following meters were last 
year admitted for standardisation: the motor- 
meter for. direct-current currents, and induction 
meters for monophase and triphase currents (all 
three made by the Union Elektricitiits Gesell- 
schaft, of Berlin); the O. K. meter of the Danubia 
A.G. fiir Gaswerks und Messapparate, of Vienna 
and Strassburg. Thirteen further applications are 
being dealt with. 

The Magnetic Laboratory (Giimlich, Rose, Malm- 
strém) tested three magnetising apparatus of 
Képsel-Kath (Siemens and Halske), three magnetic 
balances of Du Bois, and one magnetising apparatus 
of Hartmann and Braun ; further, of materials, 29 
dynamo sheets, 8 steels, 42 steel and iron castings, 
and 8 non-magnetic materials. The comparison of 
the methods of Epstein, Méllinger, and Richter 
for magnetic testing has been continued; the 
results cannot be summed up in a few lines. It 
is, however, important to know that for perme- 
ability tests the direct-current method gives the 
same results as the less convenient and reliable 
method of testing with the aid of alternating 
currents. The experiments with large ring speci- 
mens were, in this now completed comparison, first 
made with direct-current, when the hysteresis loops 
and coefficients 7 were determined for conditions 
ranging from 4000 up to 16,000. “The same 7 
were then deduced from wattmeter measurements A, 
and finally induction curves were taken for alter- 
nating currents. It resulted that, contrary to the 
opinion largely held, iron is not magnetically less 
soft to rapid-current alternations than to continuous 
currents, and that the permeability does not become 
smaller at higher frequencies. 

There is a slight difference in the sense indicated 
for periods up to 50; but it disappears at induc- 
tions above 12,000. The watt-metrical method 
seems, on the whole, to be most suitable for the 
determination of hysteresis losses. One point re- 
quires further elucidation, however. The initial 
permeability values—i.e., the permeability in very 
weak fields, as determined by different methods 
(commutation curves and ballistic yoke method) 
—were not found identical. 

The behaviour, at different temperatures, of the 
magnetic alloy of manganese, aluminium and copper, 
invented by Hensler, Starck, and Huysh, has 
already been noticed by us.t In liquid air the 





* See ENGINKERING, vol. lxxix., page 212. 





+ See Encrveerrne, vol. Ixxviii., page 412. 


alloy remained magnetisable, but continued heating 
had different effects in different alloys (Austin). 

Heat and Pressure Department (Wiebe, Griitz- 
macher, Kothe, Moeller, Hoffmann, Schwirhus, 
Hebe). Of the 16,197 thermometers tested, 
13,352 were clinical thermometers, 625 calibrated 
to 0.01 deg. Cent., 1094 to 0.1 deg. Cent. (up to 
100 deg. Cent.), 12 were for insolation, 53 were 
deep-sea thermometers, 5 reversible, 483 calibrated 
up to 300, and 376 up to 575 deg. Cent., 41 for low 
temperature, comprising 23 pentane thermometers, 
40 for altitude determinations, 40 for factories, 
and 54 Beckmann thermometers. To these are to 
be added nearly 40,000 clinical thermometers, 993 
meteorological thermometers, 553 factory thermo- 
meters, &c., tested at the brgnch establishments of 
the Reichsanstalt at Ilmenau and Gehlberg. The 
demand for scientific thermometers is increasing; the 
Beckmann standard thermometers are graduated to 

1. deg. Cent., and are accurate within 0.001 deg. 
tighteen per cent. of the thermometers in general, 
and of the clinical thermometers in particular, were 
rejected ; the failures of the thermometers for 
higher temperatures amounted to 19 per cent. The 
Jena combustion-tube glass stands heating up to 
575 deg. Cent., if not long continued. This applies 
in a higher degree to the Jena glass 5911,; the 
constants of these glasses will be accurately deter- 
mined in conjunction with the Jena Glass Works. 

The test cf electrical and special thermometers 
(Lindeck, Brodhun, Rothe, Hoffmann) concerned 
735 Le Chatelier thermo-couples (the wire for 772 
being supplied by Heraeus) and 53 constantan and 
other thermo-couples. The wire for the 48 con- 
stantan couples, which are tested for the range 
— 200 + 600 deg. Cent., comes almost entirely from 
Siemens and Halske. Thermo-couples containing 
nickel have recently been put on the market, but 
are not reliable. For melting-point determina- 
tions Siemens and Halske have constructed a 
registering galvanometer, in which one division of 
1 millimetre corresponds to 2 x 10-5 volt ; the con- 
nections for this galvanometer are due to Lindeck. 
Twelve Wanner pyrometers, three optical thermo- 
meters of the Holborn-Kurlbaum type, and twenty- 
five pentane thermometers (down to - 200 deg. 
Cent.) have also been tested. The tests of quartz 
tube mercury thermometers, charged with carbon 
dioxide or nitrogen at high pressures, have, how- 
ever, been discontinued as dangerous. 

For the determination of the water equivalent of 
two Berthelot calorimeters, Jaeger and Von Stein- 
wehr have worked out a compensation method for 
measuring the electrical energy in ordinary practice ; 
however, a good wattmeter will suffice (Rothe, 
Moeller, Hoffmann). Three Junker calorimeters of 
the Englische Gasgesellschaft, of Berlin, gave, when 
charged with ordinary gas from the mains, values 
differing by 2 per cent. ; when charged with hydro- 
gen, values differing by 1 per cent. 

As regards testing indicator springs, the appa- 
ratus of Rosenkranz has answered ; that of Strupler 
has not. The temperature coefficients of the elas- 
ticity of the springs must be determined for each 
sample ; its mean value was 0.0004 between 50 deg. 
and 100 deg. Cent., and 0.0005 between 100 deg. 
and 170 deg. Cent. Great attention has to be paid 
to the method of fixing the end of the spiral wire in 
the nut. The wire must not have play in its bear- 
ing, but must not be soldered into the threads ; in 
the latter case the temperature coeflicients turn 
out much too great. The ageing by continued 
heating is not unobjectionable. The testing of 
fuse-alloys has been investigated by Schwirhus. 

The Photometrical Department ‘(Brodhun and 
Liebenthal) tested 109 Hefner lamps of various 
types, with or without visor, flame-meter, and spare 
wick ; 257 electric’incandescence lamps ; 3 osmium 
lamps; 8 Nernst lamps; 24 incandescence gas- 
lamps ; 45 spirit glow-lamps ; 18 candles ; 1 Weber 
photometer ; 2 petroleum samples, &c. A new 
intensity gas- burner, combined with a thermo- 
battery which drives the small fan controlling the 
feed, is favourably commented upon; the lamp 
consumes 1.1 litre of gas per Hefner candle per 
hour. A gas-burner, with horizontal mantle, did 
not prove economical. The Deutschlandwirtschaft- 
Gesellschaft having offered prizes for spirit glow- 
lamps, fourteen types of these lamps (three samples 
of each) were submitted for long duration tests ; 
nine types were table-lamps with wicks, and five 
ceiling lamps without wicks. A pilot flame was 
used in all the lamps, most of which stood the 500- 
hours’ test; the spirit consumption was about 





2 grammes (in the best case 1.1) per candle per 
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hour, so that the feed would cost about as much as | 
with good petroleum lamps. The comparison | 
between the ten-candle pentane lamps, the Carcel | 
and the Hefner lamps is nearly completed. ae 
As regards the succharometer tests (Schénrock), we 
will only mention that the systematic examination | 
of quartz plates since 1898 demonstrates a note- | 
worthy improvement in these plates. The ordinary | 
use of the proof planes by means of the Fizeau | 
interference apparatus admits of measurements | 
down to half a wave-length (0.224). A much 
higher accuracy can be realised when Hardinger 
interference rings are examined with the aid of a} 
small telescope, which is moved in a straight line | 
parallel to itself ; the change in the radius of curva- 
ture is measured by a micrometer screw. In apply- 
ing this method, Schonrock places upon the plane | 
to be examined three little steel balls, 1.6 milli- | 


metre in diameter, correct within 0.05 », held in } 


position by a thinned three-cornered brass plate, | 
providea with holes, into which the balls fit. The 
proof plane is placed on these balls, and almost 
counterbalanced. Mirror planes, up to 200 milli- 
metres in diameter, by this ac Te will be placed | 
within ;}5 of a wave-length, it is hoped. The new 
apparatus is being constructed. 

The work of the Chemical Department concerns 
various analyses—the acid nitrates, the iodic acid 
(Groschrift), and the solubility’ of zinc chloride, 
and glass-testing (Mylius). The solubility curves 
of zine chloride are very complicated, and the 
iodide-eosine for glass requires considerable care. | 
When glass fragments are painted with an etheric | 
solution of this compound, they assume a cvlora- 
tion whose intensity has been regarded as a criterion 
for the hygroscopy of the glass; industrially the 
test cannot be recommended. Quartz vessels are | 
slowly attacked by alkaline solutions; but the 
attack is uniform, so that a corrosion like that of 
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glass is not visible. Boiling water and diluted | or not by quartz is not certain. Certain colouring had been kept in acc 
acids — hydrofluoric acid, of course, excepted — matters are absorbed by quartz, but not so much as looked unchanged. 
have no action ; phosphoric acid corrodes quartz by glass, and hot solvents extract these materials Cent , and higher, 
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umulator acid for fifteen years, 
When heated up to 100 deg. 
however, the tubes developed 


at high temperatures. Whether water is absorbed | again (Mylius and Meusser). Glass tubes, which cracks. water was given off, and devitrification set 





- ae, * 





rv 


sais saath oRntn 


















Sept. 8, 1905. ] ENGINEERING. 311 











150-INDICATED-HORSE-POWER CORLISS ENGINE AT THE LIEGE EXHIBITION. 













i 
; CONSTRUCTED BY THE MACHINEFARRIEK ‘BREDA,’ ENGINEERS, BREDA, HOLLAND. 
; — (For Description, see Page 313.) 
i ae 
| 7 \ 
} : 
ee ere mr ae 



















































































































































i 
q 1 
= es —5 
| a! + 
a | 4-1 ee le === = = - 
pee Seek 
Fia.6. MIGH PRESSURE CYLINDER i : | | 
9g STEAM VALVES | 1 2,79 —— > 
Aes. aEMPAREE co 
== ts | ce 
H 
Fae 
:-% 3 
i ¢ ° 
t H 
1 
' ' 
' ' 
H H 
! ! 
i i 
> 
EXHAUST VALVES } | 
ry ' 
1 i 
= es 
' i 
' toatl, 
1 ; it 
=e 
{ 
H 
H 
' 
H 
i 
i 
Fig.8.  4OW PRESSURE CYLINDER 
STEAM VALVES ‘ 
"eens" a aan i ~~ ae 








7 ae 
—S : | 
eam . = ul 
Fig.9. ne — 3 
| 





EXHAUST VALVES 






































312 


ENGINEERING. 


[Sept. 8, 1905. 








in ; the tubes had also become very brittle. Tubes 
of hard glass would be more suitable for separating 
accumulator electrodes than soft glass tubes. 








STEEL AS AN IGNEOUS ROCK. 


Tue days in which steel was practically regarded 
as an iron containing a certain proportion of carbon 
have long gone by. We have learnt that the other 
elements always present in steel exert a decided 
influence on all the properties of the iron ; but we 
are still far from understanding the real nature of 
the purest steel. While the inexperienced investi- 
gator may too readily imagine that he has struck 
at the root of the problem, Professor Arnold, an 
authority in this field, declared in a discourse 
delivered at Johannesburg, before the British 
Association, on August 31, that steel was probably 
the most complex substance extant, and that he 
had to confess, after research extending over a 
quarter of a century, that the more he learned 
about steel the less he knew of its ultimate 
nature. 

Considering the vast progress that we have made 
in testing materials and the triumphant steel 
structures which engineers have erected, this 
statement may sound unnecessarily pessimistic. 
The careful designer allows an ample factor of 
safety, and the stability and strength of the bold 
buildings and bridges and huge ships which have 
been constructed in the age of from ¢ ActeePnesin 
that the engineer must, to a certain extent, under- 
stand his chief building material. Scientists, Pro- 
fessor Arnold grants, have perfected the art of 
steel - making to such a degree that first - class 
material will, perhaps, not fail in more than one 
case out of 10,000. But failures do occur, and 
their mysterious character proves both that we do 
not comprehend the real nature of steel, and that 
our methods of testing are faulty. The first fact 
will not be questioned ; whenever the ultimate 
nature is approached, we have to confess our ignor- 
ance. But that our methods of testing, on whose 
perfection so much ingenuity and money have been 
spent, should seriously be deficient, will not 
universally be conceded. 

Homogeneity is the great aim which most metal- 
lurgists have in view. Professor Arnold, as will 
be seen later, thinks that safety is to be found in 
want of symmetry, not in the visible structure, such 
as the microscope reveals, but in the molecular 
grouping, about which the microscope does not tell 
us anything. He regards steel as an igneous 
rock, more or less crystalline. To go much further 
in the definition would, first of all, require a 
real satisfactory answer to the question, What is 
crystalline matter ? In Professor Arnold’s opinion, 
there is a certain analogy between granite and 
steel. The granite is built up of quartz, felspar, 
and mica; the steel of the constituents ferrite, 
pearlite, and cementite. In an unsaturated steel 
containing about 0.5 per cent. of carbon, the micro- 
scope allows us to distinguish patches of iron; the 
saturated steel, with 0.9 per cent. of carbon, looks 
more homogeneously speckled with pearlite ; in 
the supersaturated steel the iron carbide or cemen- 
tite is seen to form cell-walls, and the cementation 
proceeds from outside. When the rail fracture 
occurred which caused the St. Neot’s accident 
some years ago, it was suggested that manganese 
monosulphide might be responsible, as the steel 
contained 0.09 per cent. of sulphur. But this 
sulphur was found to be uniformly distributed 
through the rail section in small patches. 

Micrographic testing is held in high esteem, and 
nobody vichen to derogate its importance. But it 
cannot always guide us. When the carbonist theory 
had been abandoned, great hopes were placed on the 
allotropic theory. The iron of the a range, up to a 
temperature of about 740 deg. Cent., was assumed to 
be soft ; in the 8 range the inon was alleged to be 
hard; in the y range, flint hard. The transition 
ranges seemed to coincide with the critical tempera- 
tures, at which recalescence and change in mag- 
netic properties are observed. Experimenting on 
an ingot of a very pure steel, however, Professor 
Arnold found that the alleged mechanical influence 
of pee did not exist. The ingot was rolled 
down, and the test-pieces, quenched at various tem- 
peratures ranging up to 900 deg. Cent., were etched 
in nitricacid. ‘The critical points did not affect the 
mechanical strength. The increase in tenacity began 
200 deg. below the critical point, and for the range 
500 deg. to 900 deg. Cent. the tenacity increased 
proportionally to the quenching temperature, The 








tests concorded so well that the deviations from the 
curve did not in any case amount to more than 
0.167 ton per square inch, and were in most in- 
stances much smaller. 

After this theory had been withdrawn by Osmond 
in 1901, polymorphic changes in the iron were 
suggested. Osmond reduced ferrous chloride by 
hydrogen, and collected crystals of the reduced 
iron on porcelain discs inserted in the porcelain 
tube. The looked-for rhombic crystals were not 
found. All the crystals were cubes and octahedrons, 
internally symmetric, though interfering with one 
another as to their external geometry. There was 
no trace of rhombic crystallisation, and the whole 
problem was practically brought back to the state 
in which Clifton Sorby, of Sheffield, left it in 
1863. 

In spite of all chemical, mechanical, thermal, and 
micrographic testing, strange failures were reported 
from time to time. One of the most characteristic 
in Professor Arnold’s experience concerns the fol- 
lowing case :—The boiler of a warship had been 
passed, but later two plates split right across 
in a line nearly through, not quite parallel 
to the seam. The chronology of these testing 
operations is the following :—Hydraulic pressure 
of 228 lb., 260 lb., and 305 lb. per square inch 
was applied on February 5, 8, and 19; on 
February 20 steam pressure of 60 lb. was tried ; on 
February 21 the boiler burst under an hydraulic 
pressure of 270 1b. On closer examination it re- 
sulted that cracks were also developing between 
the bolts. The boiler was very carefully taken to 
pieces, the rivets drilled out, and the plates—1 in. 
thick and weighing 34 tons—were straightened. 
During this straightening one of the plates split 
right across into three pieces, the other into five 


pieces. Samples planed off from the fractures 
proved most excellent. (See ENGINEERING, page 
164 ante.) 


A microscopic comparison was then made by 
Professor Arnold between this boiler steel and a 
sample of the best steel obtainable. The pearlite 
fragments in the boiler steel were more coarse and 
angular, the ferrite drawn out into long lines or 
ghosts ; but there was nothing to account for the 
fracture, and the static tests gave no clue. Pro- 
fessor Arnold then designed a new testing-machine 
on Woehler’s lines. The test-rod, of about 4 in. in 
length, is held by a die which grips a length of 
about 14 in. ; the other 3 in. project, and a reci- 
procating plunger takes hold of the free end and 
deflects it by % in. at each alternation. The stan- 
dard machine of this type for bolts up to 4} in. in 
diameter applies about 650 alternations per minute, 
and a good steel should stand 300 alternations. The 
fracture ensues along the die-line. Under these alter- 
nating stresses, the fracture starts on the skin, on 
one or on both sides, and proceeds to the middle, 
where a filament is left, which finally breaks by 
tension. When both sides give way at the same 


moment, the filament will occupy the mid-position; 


if one skin gives way before the other, the fila- 
ment will be found nearer the other side, which 
was later attacked. 

When mentioning these tests for the first time 
at the Cambridge meeting of the British Association 
last year, Professor Arnold expressed the opinion 
that the outside and inside parts of the plate 
varied in their resisting stresses. This opinion he 
now withdraws. The strength really varies all 
through the material. This is shown by tests 
conducted under different conditions, with rates of 
alternations of 169 or 266 per minute ; sixteen test- 
pieces from the outside of the plate broke after an 
average of 900 alternations (the extremes being 1292 
and 390 alternations), and sixteen pieces from the 
inside after 839 alternations (the extremes being 
230 and 1177). In both cases the different test- 
pieces behaved very differently, therefore, and 
there was no reason to give the preference to the 
outside or the inside pieces. The best obtainable 
steel was submitted to similar tests; complete 
fracture ensued after about 1375 (from 1330 to 
1456) alternations at the rate of 168 alternations 
per minute, and after 878 (from 860 to 916) alter- 
nations at the 266 rate; this steel was therefore 
much more uniferm. Heat treatment was tried on 
the burst boiler steel. The treatment comprised 
oil and water-quenching and annealing at several 
temperatures, but the material was not improved. 
Test-pieces which had failed after alternations of 
230 and 1240 (the extreme cases) were then polished 
just below the fracture line and microscopically 
examined ; they showed the same appearance, and 








all these test-pieces stood the cold bending tests 
remarkably well. 

Somewhat similar experience was gained with an 
old boiler whose end plate had cracked right across. 
In that case also the ordinary tests could not 
account for the accident. The new line of thought 
which had suggested itself to Professor Arnold was 
finally strengthened by another observation. A 
garden gate had been held by a bolt of wrought 
iron, driven through a stone pillar. The bolt was 
hammered out of the pillar, and the projecting end 
broke off at the fourth blow of the hammer. Micro- 
scopic examination revealed the existence of a 
crystal which had cleft parallel to a cubical face ; 
as iron is opaque, the cleavage could not directly be 
shown in the ordinary way on a slide. But the 
cleavage forms a series of steps, and the light 
reflected from those faces marks the lines of 
cleavage. If such cleavage can take place, we can 
conceive why steel sometimes breaks more like glass 
than like a ductile metal. Cases of this kind have 
hitherto been explained as results of fatigue ; but 
this is only a convenient term coined to mask our 
ignorance. 

The tentative conclusions at which Professor 
Arnold has arrived in explanation of sudden strange 
fractures of engine, boiler, and structural steels is, 
that after the gross crystallisation, discernible by 
the highest microscopical powers, has been com- 
pleted on cooling, there set in, from a series of 
centres, molecular movements tending to the pro- 
duction of perfect mineral cleavage. This cleavage 
cannot easily be detected by the microscope, as steel 
is absolutely opaque to transmitted light. Toavoid 
the development of cleavage planes the molecular 
structure of the steel should be asymmetrical. 
That crystallisation proceeds from a series of 
centres can be demonstrated in many substances, 
and the decomposition and disintegration will start 
from the same centres. 

As regards testing, Professor Arnold would not 
rely too nuch on dynamic and alternating stress 
methods, by which engineers are now guided toa 
considerable extent. They might land the engi- 
neer out of the frying-pan into the fire, he was 
afraid ; for they indicated that steel with a high 
elastic limit was less liable to fracture under alter- 
nating stresses than a metal with a lower limit. 
Researches which he had carried out at Sheffield, 
at any rate, had convinced him that under severe 
alternating stresses steel with a high elastic limit 
was, as arule, more liable to rupture than softer 
low-limit steel. Nor did Professor Arnold wish to 
alarm the engineering profession ; for these mys- 
terious fractures are, fortunately, very rare. 

Whatever we may think about the best method 
of testing and about the relevancy of the cleavage 
hypothesis, nobody will doubt that continued 
conscientious and systematic study of the steel 
problems is urgently required. It is satisfactory 
to state that the metallurgical department of the 
University of Sheffield, which Professor T. 0. 
Arnold has been able to create, is at present 
probably the best equipped in the world, and that 
it enjoys the sympathetic support of manufacturers, 
who enable their students to join the evening 
classes, in which they receive the same instruction 
as the regular day students. Chemistry, physics, 
geology, mineralogy, and micrography are com- 
pulsory subjects at Sheffield, and our readers will 
grant that in the light of these novel researches 
none of these subjects could be dispensed with. 
If Great Britain is to maintain or to regain her 
supremacy in armour-plate and ordnance manufac- 
ture—certain indispensable processes are not of 
British origin—such institutions should be provided 
with ample funds from official and private sources. 








Brazitian Steam Navication.—A company has been 
formed at Rio de Janeiro for the purpose of establishing 
a line of coasting steamers, with h uarters at Santos, 
to ply between the north of Brazil and the State of Rio 
Grande do Sul. The capital is 3,500,000 milreis, which 
has been subscribed in Hamburg and Brazil. Four 
steamers have been ordered in Germany for the line, 
which is expected to be running before the close of the 
year. 





Irattan Susmartnes.—The Italian submarine Glauco 
has just been launched at Venice. This submarine, which 
is of a new type, has been built in succession to the 
Delfino and the Triton, which have not developed alto- 
gether satisfactory results. The Glauco will have a sur- 
face speed of 14 hey and her radius of action will be 
2000 miles. Four other submarines are in course of con- 
struction for the Italian Navy ; they will be named the 
Squalo, the Narvalo, the Ottaria, an the Trich2co, 
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150-I.-H.-P. CORLISS ENGINE AT THE 
LIEGE EXHIBITION. 

Tuer Machinefabriek ‘‘ Breda,” of Breda, Holland, 
have, at the Liége Exhibition, in close proximity to 
the boiier shed, a horizontal, cross-compound, Corliss 
type of engine, the principal dimensions of which are 
the following :— 

Diameter of high-pressure 


cylinder... nee - .340 m. (13.38 in.) 
Diameter of low-pressure 

cylinder a = -550 m. (21.65 in.) 
Stroke... -560 m, (22.04 in.) 


This engine, which runs under no load at Liége, is 
illustrated in Fige. 1 to 5, on pages 310 and 311, which 
show a general view; a view of ‘the ee 
valve-gear ; a plan and a side elevation of the high- 
pressure and low-pressure cylinders. The condenser 
illustrated in Figs. 3 and 4 does not form part of 
the installation at Liége; the space allotted was 
not sufficient, and the condenser was omitted. The 
engine in question runs at a speed of about 100 revo- 
lutions ; the speed, however, can be easily increased 
to 140 revolutions. The company have made a speciality 
of this type of engine for lighting and power plants, 
and for spinning and weaving mills. The one at Liége 
is provided with a heavy flywheel, 3 metres (9 ft. 10 in.) 
in diameter, and with a sensitive, balanced, spring 
governor, both insuring a speed variation not exceed- 
ing 2 percent. The steam distribution to both cylin- 
ders is by Corliss valves placed as near the centre of 
the cylinder as possible in order to obtain the minimum 
clearance. The steam valves of the high-pressure cy- 
linder are, as will be seen, controlled by a rather com- 
plicated system of trip gear regulated by the governor ; 
they are operated by an eccentric and swinging lever, 
as shown in Fig. 5. The cut-off dash-pots are placed 
beneath the floor level, and are connected to the 
valve levers by long rods. The high-pressure cylinder 
exhaust valves are worked by separate eccentric and 
levers in order to obtain an early compression without 
too much retarding the opening to exhaust. By refer- 
ence, therefore, to steam diagrams taken in the regular 
course of working, compression can be regulated at 
will. The valve motion of the low-pressure cylinder, 
Fig. 3, is without trip gear, compression and cut-off 
are adjustable by hand, box-nuts being provided on 
the coupling rods for the purpose. Figs. 6 to 9, are 
diagrams showing the opening and cut-off of steam 
and exhaust valves to both cylinders. 

The cylinders are of hard, close-grained, cast-iron, 
steam-jacketed, and covered by steel lagging. The 
cylinder covers and intermediate receiver are also 
steam-jacketed. The pistons are of the Ramsbottom 
type. The engine frames are of the usual construc- 
tion ; they are cast in one piece with the main bearing, 
and are bolted to the cylinders. The cross-head 
works in bored guides; the gun-metal brasses of 
the main bearings are lined with white metal, and are 
adjustable for wear. The piston-rods are of steel, 
the connecting-rods of wrought iron with end brasses 
lined with white metal. ‘The governor is of the 
Hartung spring type, with balanced links, Forced 
lubrication is resorted to throughout. 

Steam consumption is guaranteed not to exceed 
6.5 kilogrammes (14.3 Ib.) per indicated horse-power 
in normal working, condensing, with saturated steam 
at about 132 lb. per square inch. 








Soutu Arrican Coat,—A seam of coal 3 ft. 9 in. thick, 
and extending for five miles, has been discovered in the 
Mount Frere district, not far from Kokstad. 





HypravLic Cements.—The Prussian Government and 
the German Society of Portland C2ment Manufacturers 
have jointly offered prizes, to the amount of 15,000 marks, 
for essays on the processes which take place during the 
hardening of hydrauliccements. Each under a pseudonym, 
the papers for competition—which must be in German— 
are to be addressed to the Ministry of Public Works, 
80, Wilhelm Strasse, Berlin, up to December 31, 1906. 
The jury will be composed of Professors van_t’Hoff, 
Scheibe, and Fresenius, Drs. Michaelis and H. Passow, 
and Messrs. E. Cramer and F. Schott, and officials of the 
Royal Testing Station, near Berlin. The competitors 
may choose for the purpose of investigation any or all of 
the following questions :—Demonstration of the properties 
and of the hardening process of calcareous hydraulic 
cements, synthetically, analytically, microscopically, 
mineralogically (hardening in air, fresh water, and sea 
water). (a) To prove whether silicic acid, alumina, and 
oxide of iron combine with lime as cryatalloids in stable 
proportions, or as colloids in varying proportions. (b) To 
prove whether double combinations result between silicic 
acid, alumina, and oxide of iron with lime, and in what 
manner these substances are wend in the hardening pro- 
cess. (c) Consideration of the swelling phenomenon which 
accompanies the hydraulic hardening. (d) Consideration 
of the influence of the temperature and length of time of 
the burning process on the different kinds of hydraulic 
cements. (¢) Properties of puzzolana and its hardening 
with lime ; beginning with silicic acid as the most active 
and prevailing puzzo , alumina, oxide of iron, and 
manganese, independently and in combination with 

ilicic acid, either as natural or artificial puzzolana, 





EDUCATION OF ENGINEERS. 
To THe Epiror or ENGINEERING. 

Str,—The thoughtful letter of ‘‘ Examiner” on the 
education of engineers, which sous in your issue of 
August 25, contains many useful suggestions, and will, I 
hope, open an exhaustive discussion that may not onl 
be helpful to the Council of the Institution of Civil Engi- 
neers, but may also aid in the solution of a problem of 
vast national importance. I think that, so far as they go, 
the proposals of ‘* Examiner” are in all respects cosallens 
but it seems to me that his point of view is a very limited 
one, and that a wider horizon is necessary to obtain a just 
——— of the subject. 

gather from his letter that ‘‘Examiner” proposes 
the establishment of eight scholarships, each of the 
value of 407. or thereabouts, and each benefiting the 
selected candidate for a period of two years. With one 
exception, I fail to see in what respect such scholarshi 
would differ from those that abound throughout the 
country—individual, collegiate, or municipal scholarships 
—and which have done, and are doing, so much to assist 
mediocrity (and in some cases high natural abilities) in 
the struggle for existence. The exception to which I 
refer is that, possibly, the selection of the candidates, 
made by the representative body of the profession, might 
ensure a higher average of ability, and therefore a better 
class of future ee would be introduced to active 
life through the Yarrow fund. Personally, however, I 
doubt if this object would be attained, as selections are 
already made with great care by the highly competent 
examiners for existing scholarships. 

It seems to me that Mr. Yarrow’s munificence allows 
the Institution of Civil Engineers to leave the beaten 
track and inaugurate a new departure, which the changes 
and developments in the nature of the profession render 
desirable. Existing technical colleges turn out every year 
a large number of more-or-less useful young men, certainly 
more than can find nes in a callin y over- 
crowded ; and it would be neither desirable nor worthy 
of a great institution to take steps that would only in- 
crease this number. 

The young engineers who are yearly—not only in this 
country, but abroad—passed on from colleges and shops 
into the engineering fields is greater than the demand, 
despite the fact that those fields are always growing larger. 
They are fairly well equipped by technical training for 
their career, in which the struggle becomes keener almost 
year by year, and the standard of requirements ee It 
is given but to a few toattain success, and it is safe to say 
that all those who do succeed possess qualities which no 
technical training can impart—the gifts of common-sense 
and sound judgment, combined with some knowledge of 
the world in which they have to work. It is these few 
who come to the surface and achieve reputations, who 
control and make use of the majority of the mediocrities 
with whom they started life on equal terms. Only such 
men as these ought to be turned out under the auspices of 
the Institution ; and it would be far more conducive to 
the welfare of the ney in this country that one such 
should be available every second year than that four 
inferior men (with a minute percentage of potential 
leaders by virtue of natural gifts) should be added annually. 

I wonder bow many of our successful and able engineers 
are acquainted intimately with the practice of our great 
competitors, who year by year increase competition 
abroad and damage the engineering industries of this 
country ; and ew such intimate knowledge is one of the 

illars upon which real success is built. In the past time, 
fore the United States grew to be serious competitors 
of and in this country, her engineers learned all there was 
to know about English practice. They still keep pot, 
but the acute necessity of learning has passed, and home 
practice and methods have more to teach. To a lesser 
degree, though perhaps with almost equally unfortunate 
— to us, Germany learned all there was to know 
ere. 

In the same way Japan has benefited from every 
foreign country that could teach her, with results that 
have astonished the whole world. But this has not 
been our method, and even to-day we remain insular, 
relying upon our own knowledge and following the same 
beaten tracks. Of course, this is generalising, because 
there are many exceptions; but the rule holds good. 
And it is in the direction of broadening the minds and 
widening the experiences of the young men who are to 
benefit by Mr. Yarrow’s donation that I think the Institu- 
tion can do admirable work. 

I would not venture to make any suggestion as to the 
means by which the committee of selection would deter- 
mine on successful candidates; ‘‘ Examiner” has, in his 
letter, referred to this vital matter in considerable detail, 
and while what he pro is doubtless sufficient to 
maintain the standard he has in view, it is certain] 
inadequate to secure the higher excellence which I thin 
should be aimed at. I quite concur in the list of qualifi- 
cations proposed by ‘‘ Examiner” as necessary for every 
candidate; but others should be added to them, notably 
a familiar knowledge of the two essential languages— 
French and German ; above all I would make the posses- 
sion of common-sense and adaptability to environment 
essential qualifications. They are rare gifts, but they are 
easily recognised by those through whose hands the can- 
didate has passed ; as easily, indeed, as the more ordinary 
endowments of power of continuous application and 
perseverance—the quality of taking infinite pains. 

Iam aware that the demands on the candidate would 
be very great, but so is the prize awarded and the goal to 
be attained; moreover, I think the Institution should, 
for its own sake, set the standard as high as possible. 
To be successful on these lines, every candidate must 
have passed through the higher — of technical educa- 
tion, theoretical and practical, such as can be obtained 





in this country ; his trained ability must have been deve- 
loped beyond all manner of doubt; his common-sense, 
assiduity, and industry proved thoroughly during the 
years of preliminary instruction. At such a stage he 
would usually be passed on into the ranks of the country’s 
useful workers, and his successful career would, humanely 
speaking, be a certainty. It is at this stage, I think, 
that he should come into the hands of the committee of 
selection, and by it he should be subjected to the most 
searching tests. Those who fail to pass the ordeal would, 


. | atallevents, be better equipped than the ordinary finished 


student, whilst the few who were selected would be able 
to benefit to the full by the Yarrow fund. Probably these 
latter would have reached their twenty-first year before 
they could qualify, but having done so, they would be able 
to pass the following three or four years in finishing their 
education. Those years should be spent abroad in active 
work, epee | in the United States or in Germany, 
where they would have ample opportunity to absorb, not 
only = engineering practice, but foreign methods of 
business also. 

It seems to me that this broader education affords 
the surest, if not the only, means of bringing future en- 
gineers up to the required standard, and of creating 
a@ new generation of leaders in the profession. It 


would not follow, as a matter of course, that the whole 


of the income derivable from Mr. Yarrow’s generosity 
would have to be expended on the few beneficiaries, 
because most probably these would, after a short time, be 
self-supporting, and leave an income available for other 
candidates before their own final training was completed. 
But it would certainly be desirable that the protégé of 
the Institution should know that he could be supported, 
if necessary, during a fixed period. 

There is one danger that may attend on this method. 
Such highly-trained and capable engineers as these would 
never lack employment and a brilliant future, and they 
might find higher inducements in the country of their 
temporary adoption, so that hereafter we might not only 
lose their services, but have them ranged as competitors 
against us ; but such a risk is small, and, indeed, is with 
us now. The esprit de corps of the British engineer 
would probably be stronger than the incentives to ad- 
vancement in a foreign country, and the ultimate result 
should be to raise the standard of the profession and to 
add to the lustre of the Institution. 

Yours truly, 
COMPETITION, 








APPROXIMATION TO THE SINE OF 
ANGLE. 
To THe Epitor or ENGINEERING. 

Srr,—In designing some tables for a slide rule, I tried 
to devise a simple formula for obtaining the sine of an 
angle when no printed tables were at hand. The formula 
worked out as under. Jt may be useful to some of your 
readers. I was much surprised that a simple formula 
could give such close approximations, 











Radius = 1000. 
0 =a, 
10 
Then Sin 0 = 174a — (4 x 0.81). 
Examples. 
| 
Sin. by | Sin. b 2 
Angles. | Tables. Formula. Error. Error. 
deg. 
5 $7.1 86.8 0.3 1 in 286 
20 842.0 34115 | 05 1 ,, €84 
40 | 612.8 644.2 | 1.4 1,, 460 
60 866 0 869.0 | &1 1 ,, 230 
89 9814.8 977.3 7.5 1,, 131 


Beyond 80 deg. the error increases rapidly. 

For all practical purposes, the coefficient 0.81 may be 
taken as 0.8. 

Henry Lea. 

38, Bennetts Hill, Birmingham, August 31, 1905. 

{It will be seen that our correspondent is practically 
using two terms of the well-known identity 

4 5 

- i ‘ et. - &e., 
3x2xl 5x4x3x2x1l 
where x denotes the angle in circular measure. Taking 
the first two terms of this as they stand, it is obvious that 
for an angle of 60 deg. the error is less than 1 per cent. 
This error Mr. Lea has reduced considerably by modifying 
the coefficient of his second term, which he takes as 0.81 
in place of 0.88, thus allowing roughly for the omitted 
terms of the expansion.—Eb. E.] 


sing = x2— 








ConTracts.—Messrs. Bruce Peebles and Co., Limited, 
have secured the contract for a 1500-horse-power electric 
power plant to be erected at the railway shops of the 
Imperial Chinese Railway, Peking. The same firm are 
also supplying electric motors aggregating 2000 horse- 

wer tothe Oakley Quarries, North Wales. These will 

run with currents supplied from the North Wales 
Power and Traction Company’s mains. — Messrs. D. 
Rollo and Sons, of the Fulton Engine Works, Liverpool, 
have secured the contract for the engines of two new 
steamers for the Wallasey Ferries. The hulls are to be 
built by Messrs. R. Stephenson and Co., Hebburn.— 
Messrs. William Johnson and Sons (Leeds), Limited, 
of Armley, Leeds, have received an order from the New 
Zealand Government for a coal-briquette making plant 
to produce 200 tons of briquettes per day. 
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TANK LOCOMOTIVE (2-FT. 53-IN. GAUGE) FOR EGYPTIAN DELTA LIGHT RAILWAYS. 


CONSTRUCTED BY MESSRS. NASMYTH, WILSON, AND CO., LIMITED, ENGINEERS, PATRICROFT. 
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Messrs. NasmytH, Winson, anv Co., Limited, of 
os Patricroft, near Manchester, have recently constructed 
for the Egyptian Delta Light Railways, Limited, six 
tank locomotives, each having six coupled wheels, 
with a four-wheel trailing bogie, these engines being a 
repeat order, and, except for slight alterations in 
detail, similar to twelve engines built by the makers 
for the same railway in 1903. 

Owing to the sharpness of the curves, some having 
as small a radius as 3 chains, it has been necessary to 
omit the flanges from the centre coupled wheels, and 
to keep the fixed wheel-base very short, this being, in 
fact, slightly under 7 ft. The very dusty nature of 
the country rendered it “5! that all the workin 
parts should be cased in. This has been done in suc 
a way as to efficiently protect the motion work, while 
at the same time allowing it to be easily accessible for 
oiling and inspection. The trailing coupled wheels 
form the en and the valve motion is of 
the well-known Walschaert type. 

The design of the engine is fully shown by the 
engravings on the present and opposite pages, in which 
Figs. 1 and 2 are sectional elevation and plan, Fig. 3 
cross-sections, and Fig. 4 an end elevation. The 
Fig. 6. photographic view in Fig. 5 shows the engine with 
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the casing removed from around the motion, whilst 
Fig. 6 shows the casing in position. 

he following are the leading dimensions, weights, 
and fuel and water capacities :— 


Gauge a is a “sé 2 ft. 5} in. 
Cylinders—diameter and stroke 12 in. by 16 in. 
heels, coupled ... : ee 3 ft. 04 in. 
on bogie... és wae ot ce 

Fixed wheel-base... ess ie Pe. 
Total m ee aah es A ee 
Boiler barrel—inside diameter... oy te 

a length... PES a ye 
Fire-box shell—length outside... 4 ft. 

+ » Width Se 3 ft. 11 in. 
Tubes ols y: .- 115 = 12 in. in dia. 
Heating surface :— 

Tubes... sad oo ae 500 sq. ft. 
Fire-box ... a bas = ea 
Total ‘ie was me 664 ,, 
Grate area ... ies 11.9 sq. ft. 
Working pressure 160 lb. persq. in. 
Tank capacity 400 gallons 
2 tons 


ue “i ee boa ae 
Total weight in workingorder... 25 tons 14cwt. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, August 30. 

Very heavy purchases of basic and Bessemer pig 
iron are being made. The latest large transaction 
was a purchase by the United States Steel Corporation 
of 75,000 tons of Standard Bessemer pig iron, averag- 
ing 14.50 dols. at valley furnaces. The company in- 
tended first to purchase only 40,000 tons, but on recon- 
sideration increased the order to 75,000 tons. One large 
engineering plant has just ordered 10,000 tons of foun- 
dry iron for delivery p verde the first quarter of next 
year, and a St. Louis concern has bought 8000 tons of 
malleable Bessemer for delivery as wanted during 1906. 
Numerous small transactions are being reported daily. 
Forge iron is also becoming more active under heavy 
orders, which are being placed by car-builders for 
material for delivery during the remaining months of 
this year. Heavy orders have been placed within a 
few days for structural material and iron and steel- 
plate, the orders aggregating some 80,000 tons. The 
tone of the market is very strong under this heavy 
ordering. Sales of No. 2 plain Pennsylvania iron have 
been made at 17 dols. delivered, and No. 3 Alabama 
iron has been sold on a basis of 11 dols. at furnace. 
Notwithstanding the very large amount of busi- 
ness that is being done, and the large volume of 
business already secured, there is a scramble for big 
orders for late delivery, which would create the sus- 
picion that the pig-iron makers are anticipating a 
reaction within the next few months. No other ex- 
planation is applicable. New pig-iron capacity will 
soon blow in, and another furnace has been projected, 
which will be hurried to completion. Other kinds of 
material, such as merchant bar, sheet-iron, and pipes 
and tubes, are also very active, and mills are at least 
sold up fora few weeks ahead, while in the case of boiler 
tubes the volume of business will keep the mills busy for 
months to come. The same activity continues in steel 
rails, and some of the large railroad systems tributar 
to Chicago have been in the market since last ek 
placing big orders. A large amount of material in 
the shape of structural material and steel plates is 
being contracted for for delivery in the West, much 
of it to be used in Chicago. -A mill within 40 miles 
of this city has taken an order for 6000 tons of plates 
to be delivered at Chicago. At Cleveland, Ohio, 
the construction of three Lake vessels has been 
agreed upon, and contracts for the necessary material 
will be placed as soon as. details can be completed. 
Orders for seven additional vessels will also be placed 
as soon as the necessary offize work in connection with 
their construction can be completed. There is a very 
heavy demand for wire from the agricultural regions, 
and the mills are all sold up. The sheet mills of Penn- 
sylvania continue to book an abundance of business. 








SranaAmM Harsour Dock Company.—The half-yearly 
meeting of this company was held on Thursday at Sea- 
ham Harbour. The Marquis of Londonderry presided, 
and observed that the past six months were the best 
June half-year they had had siace the company was 
formed. e engineer’s report was also of a satisfactory 
character. He (Lord Londonderr,) was in great hopes 
that it would be possible to open the new docks in a 
comparatively short time. He hoped that he should, at 
his own expense, have been able, before five years had 
expired, to have developed to a great extent the workin 
of ‘‘sea” coal in connection with his estate. He had 
found, however, difficulties underground, the same as the 
Dock Company had had above ground. He had had in 
pana the Dawdon Colliery shaft to spend a very large 
sum—larger than he anticipated—on account of water 
and sand. Pumping had had to be given up, and the 
freezing process resorted to. It had been a very costl 





experiment, and one which had taken a long time ; but it 
had been accomplished with absolute success. He hoped 
that in the course of two years the company might see a 
considerable output from the new pits, and this would 
naturally conduce to the prosperity of the harbour. 


NOTES FROM THE NORTH. 
Guiascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was quiet, and the total turnover was 
6000 tons of Cleveland warrants. The business was done 
at 483. 3d., 483. 34d., and 483. 3d. cash, and 483. 5d. 


twenty-eight days, with 2000 tons of the above total at| y 


483. 9d. two months, the session closing with sellers at 
483. 3}d. cash and 48s. 64d. one month. The settling 
prices were:—Scotch, 52s. 6d.; Cleveland, 483. 3d. ; 
Cumberland, 57s. 9d.; and Standard foundry iron, 
46s. 44d. In the afternoon the tone of the market 
was easier, and Cleveland warrants were done at 
48s. 1d. cash and 48s. 44d. to 48s. 34d. one month, and 
although the market was weak, the turnover was 10,000 
tons. Sellers’ closing quotations were 48s. 1d. cash and 
48s, 44d. one month. On Tuesday morning business was 
uiet, and Cleveland warrants again dropped in price. 
The transactions only amounted to about 3000 tons, 
which changed hands at 47s. 9d. cash, 48s. six days, 
and 48s. 4d. to 48s. 1d. one month. At the close sellers 
quoted 47s. 9}d. cash and 48s. 0}d. one month. Hema- 
tite iron was steady, and one lot changed hands at 58s. 
twenty-eight days. The tone of the market in the 
afternoon was rather stronger, and Cleveland warrants 
were done Id. up at 47s. 104d. cash, which was also 
sellers’ closing quotation. ‘Ihe other dealings were 
47s. 9d. and 47s. 11d. seven days, 48s. to 483. 1d. one 
month, with 1500 tons at 48s. 4d. three months, the total 
turnover being 9500 tons. Another advance characterised 
the market on Monday morning, and Cleveland warrants 
were done at 48s. 1d. cash, 483. 14d. four days, and 483. 3d. 
one month. The dealing amounted to 6000 tons. One 
lot of Scotch iron changed hands at 52s. 9d. one 
month, and 1500 tons of hematite iron were done at 
583. cash and 58s. 3d. one month. In the afternoon 
the market was very quiet, but the tone was steady, 
and only one lot of Cleveland warrants were dealt in at 
48s. 34d. one month. The closing quotations were 
48s. 1d. cash and 48s. 4d. one month sellers. The 
strength of the market was very pronounced on Tuesday 
morning, when Cleveland warrants, after opening at 
48s. 14d. cash, jumped up to 48s. 6d. cash. The other 
dealings were at 48s. 6d. one month, 483. 74d. to 48s. 9d. 
twenty-seven days, and 48s, 9d. twenty-five days. The 
transactions amounted to 5000 tons. Hematite iron was also 
very strong, and advanced 44d. from the previousday. The 
dealings amounted to 3000 tons at 583. 74d. ten days and 
one month, and 59s. 3d. three months. At the close of 
the market there were buyers at 58s. 104d. one month, 
but sellers’ quotation was 593. 3d. one month. The 
settling prices were :—Scotch, 533. ; Cleveland, 483. 6d. ; 
hematite, 58s. 9d.; Standard foundry iron, 463. 6d, At 
the afternoon session the tone was still strong, and Cleve- 
land warrants were done at 48s. 6d. to 48s. 7d. cash, 
and 48s. 9d. to 48s. 10d. one month, with closing sellers 
at the higher rates. Hematite iron changed hands at 
593. 3d. sixteen days and 59s. 44d. one month, with 
closing sellers at 593. 6d. one month. The total 
turnover was 4000 tons. The market opened steady 
this (Wednesday) morning, and 2000 tons of Cleveland 
warrants were done at 48s. 64d. cash and 483. 94d. 
one month, but ultimately the tone became weak, and the 
closing quotations were 48s. 34d. cash and 48s. 64d. one 
month sellers. Hematite iron to the extent of 1500 tons 
changed hands at 59s. 44d. cash and five days, and 
593. 74d. one month. The market eased, and sellers’ 
closing quotations were 59s. 3d. cash and 59s. 64d. one 
month; but buyers would only offer 59s. 14d. cash and 
593. 44d. one month. In the afternoon business was fairly 
uiet, and only two lots of Cleveland warrants were done, 
the prices being 48s. 6d. one month and 48s. 9d. three 
months. Hematite iron was in demand, and about 3000 
tons changed hands at 593. 74d. to 593. 9d. one month, 
The closing quotations were 59s. 6d. cash sellers and 
59s. 9d. one month sellers. The following are the market 
neon for makers’ (No. 1) iron :—Clyde, 58s.; Calder, 
artsherrie, and Summerlee, 58s. 6d.; Langloan, 60s. ; 
Coltness, 66s. 6d. (all shipped at Glasgow) ; Glengarnock 
pulenee at Ardrossan), 58s. 6d.; Shotts (shipped at 
ith), 58s. ; Carron (shipped at Grangemouth), 58s. 6d. 


Sulphate of Ammonia.—The market for sulphate of 
ammonia remains firm, and the inquiry is fairly good. 
Values are practically unchanged, the current prices 
being 127. 10s. per ton for prompt, and 12/. 15s. per ton 
for forward business. Shipments last week from Leith 
Harbour amounted to 915 tons. 


Scotch Steel Trade.—Little change falls to be reported 
in the local steel trade this week. Makers’ hands have 
been strengthened by the rumours of fresh shipbuilding 
orders for the Clyde, particulars of which have not yet 
been made public. It is also reported that Japan is about 
to place orders for several new vessels. This prospective 
further activity in the local shipyards is certainly of very 
great importance to Scotch steel-makers, and points to « 
continued period of briskness in the trade. Prices remain 
very firm all round. 


Clyde Shipbuilding.—During the month of August the 
shipbuilding industry showed signs of continued improve- 
ment. Not only did the number of vessels launched and 
their tonnage show an increase on the corresponding 
month of last year, but the amount of tonnage of new 
orders placed is estimated at 60,000. Last month there 
were launched from local yards 18 vessels, aggregating 
55,000 tons, as against 16 vessels, of 27,600 tons, for August 


'Y | of 1904, 


Bridge-Building Contract.—Mesgrs. Sir William Arrol 
and Co., Limited, have secured the contract for building 
the Walney Bridge, and it is believed that nearly 9000 
tons of steel will be required for the work. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Staveley.—The directors of the Staveley Coal and Iron 
Company, in their forty-second report, state that the net 
profit last year was 109,752/. 53. 10d. They recommend 
a further dividend, making 11/. 13s. 4d. per cent. for the 
ear, and carry to next account 24,177/. 10s. The directors, 
in conjunction with the Hickleton Main Colliery Com- 
pany, have promoted a company, to be called the Brods- 
worth Main Colliery Company, Limited, with a nominal 
capital of 300,00C/., to be provided by the associated com- 
panies in equal proportions. The new company propose 
to develop and work the coal under the estates of Mr. 
Thellusson, at Brodsworth, the area being about 6000 
acres. Towards this expenditure 20,000/. is appropriated 
out of the current year’s profits. 

Iron and Steel Trades.—The tone in the iron trade is 
becoming more hopeful, and there has been a slight 
improvement in prices. Buyers, however, are not dis- 
posed to commit themselves toany extent, but are placing 
orders more freely where old terms can be had. On the 
other hand, sellers feel themselves in a position to ask 
for better terms, and are endeavouring to enforce them. 
Fuller employment is being found in most of the iron 
and steel works. Owing to the greater activity prevail- 
ing in the steel trade there is an increasing demand for 
all kinds of hematites. The following are the present 
prices for delivery in Sheffield :—West Coast hematites, 
66s. 6d. to 67s. 6d.; East Coast ditto, 61s. 6d. to 62s. 6d.; 
Lincolnshire No. 3 foundry, 47s. to 47s. 6d.; forge ditto, 
45s. 6d.; Derbyshire No. 3 foundry, 47s. 6d.; forge ditto, 
433. 6d. to 44s.; bars, 6/. 103.; sheets, 8/. 10s. to 8/. 15s. 
The growing demand for all kinds of Swedish material 
has resulted in local merchants withdrawing all outstand- 
ing quotations, leaving themselves free to make the best 
terms they can. 


South Yorkshire Coal Trade.—There has been a decided 
improvement in the coal trade all round, and there is 
every likelihood of it continuing for some time to come. 
The large iron and steel works are being more actively 
employed, and this is benefiting trade. There is more 
doing in house coal, but prices remain low. The advance 
usual in es pend has still to be recorded, although it 
may take place any day. Stocks are heavy, and are not 
diminishing as quickly as could be desired. The outlook 
in the coal market is healthy, and an increasing business 
is being done in all qualities. Quotations are firm, foundry 
coke realising 18s. per ton; steel melting coke, 21s. per 
ton ; and blast-furnace, 12s. 6d. per ton. 








Tut NortH GERMAN Lioyp.—The administration of the 
North German Lloyd reports a profit for the first half of 
1905 of 350,000/. in round figures. 





British Exvectric PLrant in Sparn.—We referred in 
our issue of December 2, 1904 (see vol. lxxviii., page 762), 
to the decision of the Marquess of Larios, the proprietor 
of La Aurora and La Industria Mills at Malaga, to adopt 
electric driving throughout. As then stated, Messrs. 
Mather and Platt, Limited, of Salford Iron Works, 
Manchester, were successful, in the face of severe compe- 
tition, in securing the contract for the transformers, 
motors, switchboards, and accessories. The whole of the 

lant has been delivered and erected. La Aurora Mill 

as now been at work for some weeks with most satis- 
factory results. The substitution of motors, driving direct 
on to the line shafts, for steam-engines driving through 
pom and belting has reduced the power consumption 
by 40 per cent.; and the steadier electric drive has 
increased the yarn production by 20 per cent., owing 
to the avoidance of yarn breakages. Such strik- 
ing results would, of course, hardly be realised if the 
comparison were made with a modern Lancashire 
mill, with the engine driving direct by ropes on to 
the line shafts; but even so, the results obtained at 
the Heasandford Mill, Burnley, equipped by Messrs. 
Mather and Platt, Limited, have demonstrated a very 
material saving in power and increase in production. The 
72 motors supplied by this firm for the mills at Malaga 
are for three-phase currents, and vary in size from 15 to 
150 horse-power. They aggregate 2350 horse-power. The 
average efficiency is 91.1 per cent., and the average power 
factor 88.1 per cent. The electrical energy is transmitted 
a distance of some 20 miles, at a pressure of 25,000 volts, 
from the power-station of the Sociedad Hidro Electrica 
del Chorro, which has installed a water-turbine station of 
about 2000 horse-power capacity in the Chorro Gorge. 
South Spain, however, has a very limited rainfall, and 
the water supply is occasionally inadequate to meet the 
growing demands of the company, which, in addition to 
providing power for the mills, is also supplying cur- 
rent to the ae company, the two electric light 
supply. companies already established in Malaga, and 
other industries. To meet the deficiency in the water 
power, the Chorro Company has therefore decided to 
instal in the city of Malaga a reserve steam station of 2000 
brake horse-power. Various prime movers were con- 
sidered, and it was ultimately decided to adopt steam 
turbo-alternators in two units, each of 1000 horse-power. 
Proposals were called for from leading Continental and 
British firms, and, in face of the Continental competition, 
the contract, which includes boilers, steam turbo-alter- 
nators, rotary convertor, switchboards, and piping, has 
also been obtained by Messrs. Mather and Platt, Limited. 
This installation will be one of the first steam-turbine 
stations in Spain, and much interest will attach toit. The 
turbines will be of the Zoelly type, the construction of 
which in Great Britain and the Colonies has been 
secured by Messrs. Mather and Platt, Limited, under 
exclusive licence. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Yesterday there was a 
numerous attendance on Change here ; traders appeared 
in a most cheerful mood, and a considerable amount of 
business was transacted. Quotations all round moved 
upwards, and prospects for the future were regarded as 
very encouraging. No. 3 g.m.b. Cleveland pig changed 
hands at 48s. f.o.b. That figure was generally named, 
and both merchants and makers sold at it. Some of the 
latter, however, were by no means keen sellers, having 
well.filled order-books, and holding the opinion that the 
quotation was more likely to advance further than 
remain stationary or fall. -At the same time it was 
pointed out that the whole of the production was 
not being absorbed, as is shown by the continued 
weekly addition of about 10,000 tons to the public 


warrant stores. No. 1 Cleveland pig was 49s. 6d.; No. 4- 


foundry, 46s.; grey forge, 44s.; mottled, 43s.; and white, 
42s. 6d. East Coast hematite pig was in excellent 
request, and, in fact, some difficulty was experienced in 
fully meeting the demand. Producers, all of whom are 
well sold, naturally took a very firm stand. When 
spoken to regarding the future, makers declared that they 
would not sell for forward under 3s. or 4s. above current 
quotations. For early delivery of mixed numbers the 
price was 57s., whilst No. 1 was raised to 57s. 6d. and 
No. 4 forge to 523. 6d. Though there was not a great 
deal doing in Spanish ore, consumers having satisfied 
their requirements for the present, the price advanced 
3d. per ton. Rubio, of 50 per cent. quality, was raised 
to 16s. 3d. ex-ship Tees. 


Manufactured Iron and Steel.—In the various branches of 
the manufactured iron and steel industries thereis very con- 
siderable activity, and the rather long-expected advances 
in quotations have commenced to show themselves. Most 
producers have now a great deal of work on hand, and, 
in fact, some firms are so well placed that they do not 
care about entering into further contracts just at present, 
believing that prices are likely to rise still further. Since 
our last notice plates, and angles have been put up 
2s, 6d. per ton. Common iron bars are now 61. 10s. ; 
best bars, 7/.; iron ship - ra, 6l. 53. ; iron ship- 
angles, 6/. 10s. ; steel . 78. 6d. ; steel ship-plates, 
6l. ; steel ship-angles, 6/. 12s. 6d.—all less the customary 
24 per cent. discount. Quotations for other descriptions 
are very strong. 


Tron and Steel Shipments.—The Customs returns for 
August show that last month 117,203 tons of. iron and 
steel were shipped from Middlesbrough, as against 105,501 
tons for the corresponding period of last year. The clear- 
ances for the month just ended were composed of 82,212 
tons of pig iron, 12,017 tons of manufactured iron, and 
22,974 tons of steel. Of the pig iron, 48,533 tons were 
sent abroad, and 33,679 tons coastwise ; of manufactured 
iron, 6391 tons were despatched to foreign countries, and 
5626 tons coastwise; and of steel, 16,602 tons went to 
foreign customers, and 6372 tons coastwise. Scotland 
continued to be the largest purchaser of pig iron, receiv- 
ing 25,373 tons; Germany came next with 10,361 tons; 
and Holland, Italy, and Ja each took between 5000 
and 6000 tons. India was the biggest importer of both 
manufactured iron and steel, receiving 3337 tons of the 
former and 6017 tons of the latter. 


Stecl made at Cargo Fleet.—This week the first casting 
of steel was made at the huge new Cargo Fleet Works, 
Middlesbrough. The cast was from a Talbot furnacé, 
which received its charge of molten metal from the com- 
pany’s blast-furnaces working Cleveland ore. The cast 
weighed about 70 tons, and on analysis proved to be of 
very high-class quality, suitable for any purpose for 
which such steel is used. 


Coal and Coke.—Fuel is firm. Deliveries of gas-coal 
are now heavy, and best kinds are fully 8s. 6d. f.o.b. 
Bunker coal is in good request, and unscreened Durhams 
are 88, to 8s. 3d, f.o.b.; but the supply is very plentiful. 
There is a good deal of coke offering, and quotations are 
still on the basis of 15s. 6d. for average blast-furnace 
qualities delivered here. 








PERSONAL.—Messrs. Balcke and Co., of 27, Clement’s- 
lane, London, announce that they have opened new 
offices in Newcastle and Glasgow, and have appointed 
Mr. J. E. Weyman their sole representative for Beotland 
and the North of England.—Messrs. W. F. Stanley and 
Co., Limited, have transferred their show-rooms, and 
sale branch of surveying, drawing, mathematical, and 
optical instruments to 286, High Holborn, W.C.—The 
Johannesburg Council has now confirmed the appointment 
of Mr. J. F. I. Thomas as general manager of the lighting 
and tramways undertaking. Mr. Thomas has been tbe 
resident engineer for Messrs. Mordey and Dawbarn, the 
consulting engineers to the Council. 





Lreps AND TiveRPoon Canat.—The;, directors of this 
Company report that the expenditure on capital account 
last half year was 4791/. Of this amount, 2398/. was for 
reconstruction, rendered by subsidences. The 
revenue of the canal during the past six months amounted 
ret 85,762/., or 1704/. more than the receipts for the first 
pe a The balance available for dividend for the 
~ alf of 1905 was 24,353/., admitting of a dividend at 

ie rate of 3 per cent. per annum upon the preference 
stock, and leaving 9821/. to be carried forward. As 


regards the current half year, some loss of revenue will 


— the insufficient rainfall of the spring and 








NOTES FROM THE SOUTH-WEST. 


Cardif.—Large steam coal has ruled fairly steady. 
The best descriptions have made 12s. 9d. to 13s. per ton, 
while secondary — have ranged from 11s. 6d. to 
12s. 6d. per ton. Small steam coal, in consequence of a 
reduced output of large, has exhibited a slightly upward 
tendency. Semi-bituminous Monmouthshire coal has 
shown no change. Household coal has been in moderate 
demand at recent rates; the best Monmouthshire quali- 
ties have made 12s. 6d. to 13s. 6d. per ton, while secondary 
descriptions have ranged from 10s. 6d. to 11s. per ton. 
No. 3 Rhondda large has brought 13s. 9d. perton. Patent 
fuel and coke have remained steady ; foundry coke has 
made 17s. 6d. to 18s. per ton, and furnace ditto 16s. to 
16s. 3d. per ton. As regards iron ore, Rubio and Almeria 
have been quoted at 14s. per ton upon a basis of 50 per 
cent. of iron, and charges, including freight insurance, 
&c., to Cardiff or Newport. 


More Welsh Coal.—The workers at a large new pit, 
known as the Mountain Colliery, Gorseinon, in which 
several Swansea capitalists are interested, succeeded on 
Tuesday in reaching the valuable 4-ft. seam of coal. The 
colliery should in about twelve months be able to raise 
from 1200 to 1500 tons per day. A new seam of coal was 
also struck on Monday at the Garth Merthyr Colliery, 
Maesteg. It is a vein of good coal, and the management 
expects favourable results. 


The Swansea Valley.—The output of pig iron has been 
well maintained. The demand for local roll for 
tin-plate manufacture has shown no falling off, and 
quotations have remained firm. With the exception of 
one concern, all the tin-plate works of the Valley have 
been well employed. There has been a slight improvement 
in the output of anthracite, but at the semi-bituminous 
collieries consumption still falls below the means of 
production. 


Great Western Railway Organisation. — The Great 
Western Railway divisional superintendent’s staff has 
been transferred from Hereford to Gloucester, and 
operations have been begun in Northgate Mansions, a 
saane~= of which the Great Western Railway Company 

ave taken as offices on a three years’ lease. The district 
extends to Swindon (exc!usive) on the one hand, and Here- 
ford (exclusive) on the other, and includes the Tetbury, 
Ross and Monmouth, and Cheltenham and Chippin 
Norton branches, while the new Honeybourne line wi 
also come into the district when it is opened. 








MISCELLANEA. 

In consequence of there being a doubt as to whether 
the 40-ft. racing boats representing Great Britain at the 
International Cup races at Arcachon will be back in time 
for the races a | the British Motor-Boat Club, 
on September 20 and 21, for the ‘‘ Motorist and Traveller” 
challege and other cups, the date has been altered to 
September 28 and 29. The races postponed from August 
10 will be held on pop 30, thus making a three 
days’ meeting, which should prove highly interesting and 
a brilliant conclusion to the season. A medal will 
probably be given for the flying-mile championship. 

Since the emancipation of the slaves in Zanzibar, and 
the co uent breaking up of the large and organised 
gangs of slave labourers, the trade conditions have been 
much handicapped for want of a plentiful supply of 
cheap labour in and about this large town, which has a 
population of nearly 300,000 prosperous but indolent 
natives, and a large community of Indian traders of no 
mean commercial standing. This dearth of labour and 
facilities for transport of goods and passengers has been 
evident for many years, and has at last induced capitalists 
to establish a railway about the town. The local govern- 
ment have granted a concession which gives protection 
from any undue competition. Much material has already 
been delivered, and considerable progress made towards 
completion. The same concessionnaires will also establish 
electric lighting in the town, using the same generating 
plant as for the railway. 


Owing to the enormous mortality amongst the Chinese 
labourers employed as navvies in making it, the Panama 
Railroad is said to run through a Chinese graveyard. 
Something of the same condition of affairs has to be faced 
in connection with the construction of the Panama Canal 
by the United States Government. Here also the 
mortality amongst the staff has proved very serious, so 
that for the present, work on the canal proper has been 
suspended, and attention turned to the problem of ren- 
dering the district pepeney healthy. The principal 
ills to health are malaria and yellow fever, so that the 
main thing to be done is to abate the mosquitos, in the 
absence of which neither disease is transferable. Other 
sanitation work is, however, also in p and it is 
hoped that in the course of another twelve months it 
oak peove possible to resume the work of excavating the 
canal. 


A portion of the unfortunate ill-feeling towards Germany 
exhibited by an important section of the community has 
undoubtedly originated in the deplorable business methods 
adopted by certain, though, no doubt, a small minority 
of, German manufacturers. A notable instance of these 
is afforded by the correspondence published in the last 
Engineering Supplement of the Times, from which it 
appears that for some time past an important German 
shipbuilding firm has been organising in the German 
Press a campaign against the Parsons marine turbine, 
by inserting false statements as to the comparative 
performances of turbine-propelled torpedo -boats and 
similar boats fitted with reciprocating 8 The 
publication of the statements in question having been 





one in different Press organs, as stated, they have 

m summarised in an imitation ee aenen circular, 
which appears to have been extensively circulated on the 
Continent. The Turbinia Deutsche Parsons Marine 
Actien-Gesellschaft have now published a fiat denial of 
most of these malicious misstatements, and have given 
the exact facts in those cases in which the statements 
were merely misleading, or grossly exaggerated, without 
being absolutely without foundation. 


M. Guntz has succeeded in obtaining relatively pure 
metallic barium. An amalgam containing 3 per cent. of 
barium was heated electrically in an atmosphere of 
hydrogen, at 400 millimetres pressure, till it contained 
10 - cent. of barium. This was in an iron vessel, 
and gradually heated to 950 deg. Cent. in vacuo over a 
mercu pe ; a residue was obtained containing 98 per 
cent. o rium and 2 per cent, of iron and mercury. 
Great care had to be exercised in maintaining the tem- 
perature, constant observation of the pyrometer bein 
essential. The purest specimen of the metal obtain 
contained 98.35 per cent. of barium, which melted at 
850 deg. Cent., and boiled at about 1150 deg. Cent. In 
the molten state it dissolves most metals easily, iron being 
one of the most refractory. It is readily attacked b 
water and alcohol. At 600 deg. Cent. it combines wit 
hydrogen, forming a stable hydride BaHg, which reacts 
with nit mn to form a nitride, BagsNy. The metal has a 
greyish colour, somewhat like that of lead. The com- 
pound with iodine, NaI, Bal, yields barium amalgam 
when treated with mercury. 


Mr. G. Grube has produced alloys of magnesium and 
lead in various proportions by melting them together in 
a stream of hydrogen. The elements were completely 
miscible in all proportions, but the melted alloys had to 

stirred continuously to prevent a. The 
cooling curves of these alloys indicated the existence of 
only one compound Pb Mge. In these proportions, viz., 
80.9 wd cent. of lead, the alloy crystallises as a whole. 
An alloy containing less | deposits crystals of the 
compound, or of magnesium, according as it contains 
more or less than 67 per cent. of lead, and ultimately 
reaches the latter composition, when it solidifies as a 
eutectic mixture (2 fede Mgz a, An alloy con- 
taining more than 80.9 per cent. of lead deposits the 
compound or lead, as it contains less or more than 97 per 
cent. of lead, at which composition it solidifies as a 
eutectic (Pb Mg. + 7 Pb nearly). The formation of the 
compound Mgz occurs with slight evolution of heat. 
The compound is brittle, with a bright steel blue crystal- 
line fracture; a polished surface is of a glistening grey 
colour. It is stable in dry air, but in moist air rapidly 
oxidises and crumbles to a black powder. It decom- 
poses water even in the cold. The product of the re- 
action on moist air is a hydroxide of lead and “mag- 
nesium PbO, 2 MgO, 3 H,0. 








NEWFOUNDLAND.—The Newfoundland Government is 
about to lay a cable between Port-au-Basques, on the west 
coast of that colony, and Canso, Nova Scotia. A cable is 
also to be laid from Canso by the Commercial Cable Com- 
pany to Watervil'e, Ireland. 





Tue BrirmincHamM UNIversity: ADDENDUM.—With 
reference to the lagging of the steam pipes at the 
Birmingham University, mentioned as projected on 
page 275 of our last issue, we are asked by Messrs. 
A. Haacke and Co., of the Kieselguhr Wharf, Homerton, 
to state that this work is now in course of completion 
by their firm. 





Tue Expiosion on THE.UNiTED States GuNBOAT 
‘** BENNINGTON.”—The Naval Court of Inquiry which 
was appointed to investigate the cause of the fatal boiler 
explosion which took place on the United States gunboat 
Bennington on July 21 has issued its report to the Navy 
Department. The Board is of opinion that the accident 
was caused by over-pressure. On the day of the — 
sion, soon after the Colleen had been filled and started, a 
fireman was sent up to close an air-cock on the boiler, 
which, later on, was the one to explode. It is thought 
that the fireman then‘closed the valve between the boiler 
and the steam-gauge. The safety-valves appear to have 
been set at 145 1b., but on the voyage from Honolulu to 
San Diego orders were given to carry the steam pressure 
at from 130 lb. to 135 1b. per —e inch. The safety- 
valves were not altered, the order being neglected, and 
the hand-gear for lifting the vulves was not in working 
order ; there was also no evidence that the safety-valves 
had been tested in accordance with the Navy regulations. 
Not only in the Court’s opinion was the_safety-valve 
of the boiler first to explode set for a higher pressure 
than ordered, but it failed to lift at the pressure for 
which it was set. According to the Court, the destruc- 
tion of the boiler was brought about in the following 
manner :—The valve between the boiler and the steam- 
gauge having been closed, the steam-gauge failed to record 
the true pressure. Unusually heavy firing was then 
resorted to, in order to obtain the pressure which the 

uge did not indicate ; and the sentinel and safety-valves 
ailing to act, the natural result followed, the boiler 
gave way in its weakest part, which proved to be the 
corrugated flue of the lowest or middle furnace. The 
fireman who closed the valve in the steam-gauge connec- 
tion, the acting water-tender, who failed to notice that the 
steam-gauge had failed to work; the chief machinist’s 
mate in charge of the engine-room and stokehold at the 
time, and the ensign in charge of the engineering de- 
partment of the vessel, were held to blame. The first 
three were killed, but the Court recommended that the 
ensign should be subjected for trial before a general 
court-martial. 
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NOTICES OF MEETINGS. 


Tue InstirvTion or Mintne Enetngzers.—On September 13, 14, 
15, and 16, the sixteenth annual general meeting at Manchester.— 
On Wedne: , September 13, at 11 a.m., theannual general meet- 
ing will be held in the Lord Mayor’s Parlour, Town Hall, Man- 
chester. The following papers will be read, or taken as read :— 
(1) “‘ Leading Features of the Lancashire Coal-field Extended,” 
by Mr. —— Dickinson, F.G.S. (2) ‘‘ Up-to-Date Electrical- 
Power Distribution,” by Mr. Robert Loraine Gamlen. (3) ‘ Can 
Explosions in Coal-mines, with their Associated Toxic Fatalities, 
be Prevented ?” by Mr. B. H. Thwaite. (4) “ ‘ Earth in Collieries,’ 
with Special Kcference to the recently issued De mental 
Rules,” by Mr. S. F. Walker. (5) ‘“‘The Value of Mollusca in 
Coal-measure Stratigraphy,” by Mr. J. T. Stobbs, F.G.8. The 
following im pe will be open for discussion :—(a) ‘‘ The Firing of 
Babcock and other Boilers by Waste Heat from Coke-Ovens,” by 
Mr. T. Y. Greener. (Trans. Inst. M.E., vol. xxix., page 362.) (b) 
“ The Compound Winding-Engine at Lumpsey Mine,” by Mr. M. R. 
Kirby. (Trans. Inst. M.E., vol. xxix., page 381.) (ce) ‘‘ The Elec- 
trical Driving of Winding-Gears : Supplementary Note,” by Mr. 
F. Hird. (Trans. Inst. M.E., vol. xxix., page 393.) (d) ‘‘ The 
Education of Mining Engineers in the United States,” by Professor 
Howard Eckfeldt. ‘rans. Inst. M.E., vol. xxix., page 401.) (e) 
** An Outline of Mining Education in New Zealand,” by Professor 
James Park. (Trans. Inst. M.E., vol. xxix., page 418) (/) 
“* Goaf-blasts in Mines in the Giridih Coal-field, Bengal, India,” by 
Mr. Thomas Adamson. (Trans. Inst, M.E., vol. xxix., page 426.) 
(g) ‘* The Conveyor System for Filling at the Coal-face, as prac- 
tised in Great Britain and America,” by Messrs. W. C. Blackett 
and R. G. Ware. (Trans. Inst. M.E., vol. xxix., page 449.) (A) 
“Underground Horses at an Ii.dian Colliery,” by Mr. Thomas 
Adamson. (Trans. Inst. M.E., vol. xxix.) At 4.15 p.m. there 
will be a reception of the members by the Lord Mayor of 
Manchester, in the Lord Mayor’s Parlour; and at 7 p.m. the 
annual dinner.—On Thursday, September 14, there will alter- 
native excursions to (1) Chanters Colliery and Douglas Bank 
Colliery, and to (2) New Moss Colliery and the Lancashire Electric 
Power Company’s Works. In the evening members will visit the 
Manchester Museum.—On Friday, September 15, there will be 
alternative excursions to (1) the British Westinghouse Electric 
and Manufacturing Company’s works and the Manchester Ship 
Canal docks, &c. ; (2) to Messrs. W. T. Glover and Co.’s electric 
cable works, the works of the Trafford Light, Power, and Supply 
ep and the Manchester Ship, Canal docks, &c. ; and (3) 
to the Manchester Municipal School of Technology, the Man- 
chester Art Gallery, the Royal Exchange, and the Manchester 
Corporation Stuart Street Electric Generating Station.—On 
Saturday, September 16, there will be an excursion to the Pendle- 
ton Colliery. 

THE JUNIOR INSTITUTION OF ENGINEERS.—Saturday, September 16. 
Visit to the Staines Reservoirs Communication Works, Kempton 
Park. Train leaves Waterloo at 2.15 p.m. 
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newsagent. Price 6s. each. 


-ENGINEERING. 


FRIDAY, SEPTEMBER 8, 1905. 





EVOLUTION IN CHEMISTRY AND IN 
THE UNIVERSE. 

In the opinion of the vigorous physicist, the 
term ‘‘evolution” should be restricted to the 
domain of biology. That is a field in which the 
simple laws of physics cannot be applied. We can 
calculate the energy contained in a pound of sodium 
or of coal; the energy in living protoplasma is 
still a mystery to us. We now retain the dis- 
tinction between organic and inorganic chemistry 
merely for convenience sake. The list of so- 
called ‘‘ organic” compounds synthetically pre- 
pared from inorganic substances is being increased 
every day. For all that, we are apparently as 
far removed as ever from artificially producing 
anything living. The popular cry, ‘‘ Electricity is 
life,” or ‘‘ Magnetism is life,” does not advance 
us at all. Some time ago we drew attention to 
the researches of a Russian chemist who, merely 
by electrolysing water containing carbon dioxide 
and certain salts, claimed to have prepared sugars 
and similar products. The work appeared to be 
carefully conducted. Even if confirmed, it would 


© | not have helped us, however, over the fundamental 


bar between the living and the non-living in the 
strict sense ; and it has not been confirmed. We 
seem to have in the inorganic world to deal with 
matter which can always be brought back to the 
original state, but which is never capable of multi- 
plying ; while the organic being—the individual— 
does multiply as such, and cannot be reduced to 
its original condition. The fact that the barrier 
between the two domains is very indistinct does 
not dispose of the fundamental difficulty. 

To speak of evolution in physical chemistry may 
under these circumstances appear to be unjustifi- 
able. But when the President of the British 
Association, Professor George H. Darwin, a 
renowned mathematician and physicist, chooses 
dress, we may 
anticipate that the son of the great originator of 
the conception of evolution and natural selection 
will widen our horizon and enable us to look at 
these most difficult problems in a new light. Pro- 
fessor Darwin’s address was delivered partly at 





Cape Town and partly at Johannesburg, and in the 


earlier portion he stated that the man who pro- 
pounds a theory of evolution is attempting to recon- 
struct the history of the past by means of the cir- 
cumstantial evidence afforded by the present. The 
historian has the advantage over the evolutionist 
in that he has the written records of the past on 
which to rely. The tasks of the two are different, 
but equally difficult. The facts on which theories 
of evolution are based may be likened to a con- 
fused heap of beads ; the historian, we think, has 
as much trouble to establish and to string together 
his facts. That inanimate bodies have also a 
history is only beginning to be understood. If 
we take history in its wider sense, we are led to 
the conception of evolution, though we should 
probably not pair it with the idea of natural selec- 
tion with which Professor Darwin combines it. 

Inspired by the fascinating idea that matter of 
all kinds has a common substratum, the alchemists 
of the Middle Ages conceived the possibility of 
transforming the baser metals into gold. The dis- 
covery of an appropriate series of chemical opera- 
tions seemed to be the only obstacle to be overcome. 
The alchemists hoped to be able to break up the 
atoms of a chemical element into its component 
parts, and reunite them afterwards into atoms of 
gold. The atomistic theory seemed to negative 
such speculations. In the light of the researches 
of the last ten years, however, the possibility of 
a spontaneous dissociation and transmutation of 
elements does not altogether appear to be out of 
question. 

Ten years ago the essential diversity of chemical 
elements was still accepted as a fact. The elements 
were supposed to consist of atoms, parts which 
could not further be separated, and the chemist 
thus proceeded much in the same way as the 
biologist, who, in discussing evolution, accepts the 
species as his working unit. But the study of 
radiations in their different aspects has forced the 
opinion upon us that the atom is not indivisible, 
and that the atomic bricks are themselves built 
up of component parts. In the simplest of the 
known atoms, the hydrogen atom, we presume 
about eight hundred parts ; the atoms of the denser 
elements may consist of thousands of ultimate 
parts. These parts have been termed ‘‘corpuscles” or 
‘* electrons,” and they may be described as particles 
of negative electricity, which repel one another. 
Various experimenters agree that some of these 
particles move about with speeds approximating in 
some cases to the speed of light. hat prevents 
their breaking asunder is quite hypothetical. J. J. 
Thomson imagines the atom to represent a globe 
charged with positive electricity, inside which there 
are hundreds or thousands of corpuscles of negative 
electricity, revolving in regular orbits with great 
velocity. The forces called into play by the elec- 
trical interaction would be very complicated. So 
far J. J. Thomson has limited his detailed examina- 
tion of the model atom to one containing about 
seventy corpuscles. If the movements of the cor- 
puscles are to be persistent or stable, the corpuscles 
must revolve in definite orbits, and we thus arrive 
at an analogy between a complex modern atom and 
a planetary system. The stability of the atomic unit, 
regarded as a system, may last for millions of seconds. 
Finally, we may expect it to break up, possibly by re- 
jecting or expelling some of the corpuscles. Then 
another phase of stability will result. Infinite 
numbers of such communities would be conceivable, 
representing an infinite number of elements. Pro- 
fessor Darwin did not carry this argument further; 
mathematical considerations restrict the field. But 
the eternal indestructibility of the element is gone. 
We have to regard different elements as more or less 
successful in the struggle for life, and we cannot 
believe that the successful species have existed for 
all time, or that they will continue to do so. 

The laws which govern electricity in motion in- 
dicate that an atom must lose energy by radiation, 
and must finally run down as aclock does. In this 
sense Thomson has spoken of elements which may 
run for a million years. In radium and in other 
elements of very complex character, we probably 
witness this breaking-up process and the spontan- 
eous rearrangement of the atoms which would con- 
stitute a transmutation of the elements. The 
minuteness of the corpuscles must be excessive. 
We remember the simile used by Lord Kelvin, that 
if a drop of water were magnified to the size of the 
earth, the molecules of water would be of a size 
intermediate between that of a cricket ball and of 
amarble. The molecule of water contains three 








atoms, or multiples of three—two atoms of hydro- 
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gen and one of oxygen. The three atoms may 
revolve about one another in a manner analogous 
to that of a triple star, Professor Darwin suggests. 
How much of the space occupied by the molecule is 
really occupied by the atoms we do notknow. The 
atom may, Professor Darwin thinks, bear to the 
molecule some relation like that of the molecule to 
the drop of water, and the corpuscles may again 
stand in a similar relation to the atom. Thus a 
threefold magnification would be needed to bring 
the ultimate parts of the atom within the range of 
our ordinary scale of measurement. 

The supposition of instability loses some of 
its startling nature when we think of the vast 
range of stability of chemical compounds. Some 
compounds are so unstable that their free existence 
is controversial. The more stable substances, such 
as common salt and silica, survive in the struggle 
for existence; but nobody expects to discover a 
mine of gun-cotton. 

From the evolution of the microcosm to the 
evolution of the macrocosm, regarded from the point 
of view which we have adopted, is only one step, 
though one of tremendous dimension. The mathe- 
matician fastens his attention on the stability 
problem. Imagine, Professor Darwin proposes, a 
sun around which a single large planet moves, which 
may be called Jove, and, further, a meteoric stone, 
or small planet, projected in any manner in the 
same plane. Under the combined attractions of 
the sun and of Jove, the meteoric stone will de- 
scribe an orbit of extraordinary complexity, some- 
times travelling very slowly at great distances 
from both the large masses, at other times rushing 
past them. The meteorite may often escape a 
collision, but it will finally rush into one of the 
two bodies and be absorbed by it. A swarm of 
meteors, or of small planets, would share the same 
fate. The length of the period depends upon the 
original speed and direction, and a closer study 
shows that there may be perpetual orbits, pro- 
vided there be no disturbance from outside. 
Most orbits would be unstable, and the respec- 
tive planets would not survive, while the few 
stable orbits will correspond to the species of 
the biologists. Our own solar system appears to 
belong to the stable class, and to follow the 
empirical law concerning the distances and 
movements of the planets which Bode propounded 
long ago. 

his consideration starts from large centres and 
small planetary bodies. To trace the history back, we 
have the guidance of the nebular theory, first sug- 
gested by Kant, better known in the more concise 
garb in which Laplace afterwards restated it inde- 
pendently. Laplace, it is well known, starts his 
cosmogony of our solar system with a nebula of 
rarified gas congregated round a central condensa- 
tion, the whole slowly rotating about a central axis. 
As the nebula cooled by radiation into space, it 
contracted, the central condensation became hotter, 
the rotation faster, and the polar flattening more 
accentuated, so that a lens-shaped mass resulted. 
So far, modern science goes with Laplace. But 
that on further flattening a ring should detach 
itself from the whole, and that the central body 
should again assume a spherical shape, until, on 
repetition of the cycle, a new ring segregated, does 
not recommend itself to our views. The observation 
of the rings of Saturn seems to have suggested the 
whole theory. <A ring of Laplace would, however, 
have been reabsorbed by the parent body, unless it 
was ill-balanced or lop-sided ; and we know that the 
particles of the rings of Saturn do not revolve as 
they should according to this hypothesis ; for the 
particles furthest distant from the centre have not 
the maximum speed. Professor Darwin showed 
the inconsistency of the theory by pointing out 
that the ring of Laplace must have been ill- 
balanced or broken before it could separate, and 
that in that case it would be simpler to assume 
that detached portions would, from the first, be 
more or less globular. Professor Darwin begins 
with a rotatory liquid planet like the earth, whose 
stability would decline with increased speed of 
rotation. When the critical speed has been reached, 
a new species will result, whose stability will in- 
crease up toa certain point ; then instability will 
again set in, and another species will be evolved. 
The first or planetary species would have a circular 
equator like our earth ; the second, resembling an 
egg spinning on its side, would have an oval 
equator ; in the third species the ends would begin 
to swell; finally the connecting link between the 
bulbous ends would break, and two separated 





masses or planets would result. The increased speed 
of rotation required for this argument would be 
furnished by continued cooling. Coming back to 
the simile of biological evolution, the bulbous 
development will remind us of the protusion of 
bulbous filaments from living protoplasma. 

When we start from a liquid, the incompressi- 
bility of liquids facilitates the mathematical treat- 
ment of the problems; the far more difficult 
problem of a rotatory fluid of compressible gas has 
only quite recently been attacked by J. H. Jeans, 
of Cambridge. Summing up, Professor Darwin 
concludes that both the Coleen hypothesis and 
his own provide us with crude models of reality ; 
the one or the other may prove serviceable in 
different cases. When we examine the matter 
further we find that our moon has one-eightieth of 
the mass of the earth, while Titan, the largest 
satellite known apart from the moon, has only 

soo Of the mass of its planet, Saturn. This great 
ditference in the masses suggests a possible different 
mode of separation between moon and earth; we 
shall revert to this point again. Professor Darwin 
is inclined to believe that the moon was detached 
as a single portion of matter, and that tidal friction 
would play a most important part in the sub- 
sequent events, whether we assume the bodies to 
consist of molten rock, or of a solid nucleus 
covered with water and air. If we take the day as 
the period—variable in the course of ages—during 
which the earth accomplishes a single rotation about 
its axis, and the month as the period, also variable 
in absolute length, during which the moon accom- 
plishes one revolution round the earth, then the 
number of days in the month will express the 
speed of the earth’s rotation relatively to the speed 
of the moon’s revolution. Both day and month 
are shortening in retrospect—that is, have become 
longer; but the month has been changing at a 
quicker rate than the day. At some time the two 
periods must have been equal in length, and both 
of the length of four or five of our present hours. 
The identity of day and month means that the 
moon was always opposite the same side of the 
earth, and that the earth at the beginning always 
presented the same face to the moon, just as we 
now always look at the same face of the moon. In 
that early age the distance between the earth and 
moon can only have amounted to a few thousand 
miles, instead of the present 240,000 miles. Now no 
such influence of tidal friction has been found in 
relation to the sun and the other planets and their 
satellites, and the earth and moon thus appear to 
occupy an exceptional position in our solar system. 

As regards the time scale, it can be proved that 
if tidal friction had always been at its maximum, 
then a space of sixty million years would have to 
be assigned to the period which has elapsed since 
the detachment of the moon from the earth. The 
true period must be much greater, and some 500 or 
1000 million years may have passed since the birth 
of the moon. This estimate does not appear extra- 
vagant to geologists, while physicists have, so far, 
demanded much shorter spaces of time. Helmholtz 
first taught that if we suppose the solar heat to be 
maintained by the swarms of meteorites which fall 
into the sun, the whole history of the solar system 
should be comprised within some twenty millions 
of years. The discovery of the spontaneous heat 
emanation from radium affords a means of bringing 
the views of physicists and geologists into harmony. 
It has been estimated that 1 oz. of radium would 
contain sufficient energy to raise a mass of 10,000 
tons one mile above the earth’s surface. Professor 
Darwin put this in another way. To towa steamer 
of 12,000 tons, like the Saxon, on which many 
members of the British Association travelled to 
South Africa—a distance of 6000 miles—at 15 knots, 
would not require more energy than that contained 
in 22 oz. of radium, while the Saxon probably 
burned 5000 or 6000 tons of coal on this journey. 
Radioactive materials may occur in the sun as they 
exist on the earth. 

From the solar system we pass to the universe. 
Whether space and time have any limit, transcends 
our powers of comprehension. Photography reveals 
to us a countless number of stars, some apparently 
in methodical arrangement. Besides the stars, we 
discern streaks and wisps and agglomerations of 
luminosity whose light seems to emanate from gas. 
Clusters of stars are embedded in some of those 
nebule ; other stars and star clusters stand out 
clear by themselves. The wispy clouds may repre- 
sent the earliest stage of development, the more 
condensed nebulz a later stage, and the stars them- 


selves the last stage. This would be in fair agree- 
ment with the nebular hypothesis of Laplace, and 
we may conjecture that chains and lines of stars 
represent pre-existing streaks of nebulosity. Change 
is evidently going on everywhere; but we are 
ignorant as to the tendency of the evolution. 
Some problems have, however, become less ob- 
scure in recent years. Whether gravity exerts any 
influence from one star to another, we cannot say. 
But the binary systems of stars obey the laws of 
Kepler. While, however, the masses of our planets 
disappear when compared to the mass of the sun, 
the masses of two double stars are comparable; and 
the mathematical researches of See, Alexander 
Roberts, and others prove that satellites might 
conceivably be produced whose masses would 
represent considerable fractions of the mass of the 
parent body. Yet if double stars had originated by 
the division of primitive single stars, we should 
expect the orbits of binary stars to be approxi- 
mately circular, whilst in reality extraordinary 
eccentricities have been observed. But See has 
pointed out that when two bodies of not very 
unequal mass revolve round one another in close 
proximity, the conditions would render tidal friction 
particularly efficient in transforming the orbit, and 
tidal friction might thus suffice both to separate 
the two parts from one another and to explain the 
unusual eccentricities. 

In drawing his own summary, the reader will 
probably arrive at the conclusion that evolution in 
physics and astronomy remains highly hypothetical, 
and that we are only beginning to feel our way to 
approach these problems. Nobody has attempted 
to go beyond the nebular phase, except, perhaps, 
Professors Nichols and Hull. Their experiments 
on the mechanical pressure of light would seem to 
render it preferable to start with more or less coarse 
initial particles than with a gaseous nebula. Con- 
sidering that man is but a microscopic being rela- 
tively to universal space, and that he lives on a 
puny planet circling round a star not of the first 
rank, it may appear futile to imagine that he will 
ever discover the origin and the tendency of the 
universe. Yet man will pursue his search as long 
as he shall last. To that concluding remark of 
Professor Darwin’s everybody will assent. The 
progress made during the last decade may be be- 
wildering ; but it justifies hope of yet greater pro- 
gress in the future. 








THE LIABILITIES OF A GAS 
COMPANY. 

THE serious liabilities to which gas companies 
are exposed when gas escapes from their mains 
were well illustrated by a case which came before 
Mr. Justice Darling and a special jury not long 
since. A telephone-box under the pavement in 
Regent-street became filled with an explosive mix- 
ture of gas and air. The gas came from the mains 
of the Gas Light and Coke Company. By the 
carelessness of an official of the Post Office, who 
was using a naked light while repairing certain 
telephone wires, the box was exploded, and serious 
injuries were done to the plaintiff, who happened 
to be passing. In an action for damages, the jury 
were told that if the defendants were guilty of 
negligence, which caused the accident, they should 
be held liable. It had been proved, however, that 
it was exceedingly difficult to prevent a certain 
amount of leakage from street mains, the joints 
of which became loosened by the vibration caused by 
passing traffic. In spite of this the jury found that 
there was negligence, and awarded damages to the 
plaintiff. 

This decision appears to be somewhat extra- 
ordinary, having regard to the fact that the explo- 
sive mixture was set alight, not by any negligence 
on the part of the gas company’s servants, but by 
a servant of the General Post Office. It practically 
places upon a gas company the entire responsibility 
for any explosion which may take place as the result 
of gas escaping from their mains. Further, it does 
not seem to accord with some of the older cases. 
Thus, in Blenkiron v. the Great Central Gas Con- 
sumers’ Co. (1860), in an action against a gas com- 
pany for negligently allowing the escape of gas from 
their main into premises where lights were known to 
be burning, the case for the plaintiff being that the 
gas found entrance through an open window nearly 
level with the trench from the main after a hole 
had been made for the insertion of the service-pipe, 
it was held that even if the jury thought the gas 
so entered, it was still a question for them whether 
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the defendants’ men might reasonably have fore- 
seen it, and were bound to have the window closed. 
The defendants had a verdict. 

At the same time, the fact that a gas company 
neglects to superintend works which are likely to 
injure gas-pipes may make them responsible. In 
the case of Price v. the South Metropolitan Gas 
Company ((1895) L.J.Q.B. 126), it appeared that, 
owing to excavations made by the Commissioners 
of Sewers within 24 ft. of a gas main embedded in 
a highway at a depth of 10} in., one of the gas- 
pipes was deprived of support from beneath. ‘The 
weight of traftic above cracked the pipe, and an 
escape and accumulation of gas occurred for two 
or three days, resulting in an explosion which 
injured a man passing. The gas company were 
unaware of the escape of gas, as well as of the 
excavation, of which they had received no notice. 
It was held that the character of the crack in the 
pipe, the length of time the gas was escaping, and 
the absence of anyone on behalf of the gas company 
at the time of the excavation, constituted evidence 
of negligence on their part. 

In the case of Burrows v. the March Gas and 
Coke Company ( (1872), L.R. 7 Ex. 966), the defen- 
dants—a gas company—contracted to supply the 
plaintiff with a proper service-pipe to convey gas 
from the main outside to a meter inside his 
premises. Gas escaped from the pipe laid down 
under the contract into the plaintiff's shop. The 
servant of a gasfitter employed by the plaintiff 
happened to be at work in another room at the 
time of the escape, and went into the shop upon 
hearing of it with a view of finding out its cause. 
He was carrying a lighted candle in his hand, and 
immediately on entering the shop an explosion 
took place, doing damage to the plaintiff's stock 
and premises. On the trial of an action against 
the defendants for their breach of contract in not 
supplying a proper service-pipe, the jury found : 
first, that the escape of gas was occasioned by a 
defect in the pipe, and that the defect existed in 
the pipe when supplied ; and, secondly, that there 
was negligence on the part of the gasfitter’s servant 
in carrying a lighted candle. Upon these findings 
it was held, affirming the judgment of the court 
below, that the plaintiff was entitled to recover, 
and the defendants were not relieved from liability 
by the negligent act of the gasfitter’s servant. 








THE COPPER POSITION. 

A REMARKABLE decrease in the stocks of copper 
has occurred during the past fortnight. The quan- 
tity is 9870 tons, as compared with 12,453 tons at 
the middle of August, and 12,341 tons a month ago. 
It is true that the decrease in the visible supply is 
small, the total reaching 17,620 tons, against 18,053 
tons on August 15, and 17,441 tons on July 31. But 
the better outlook is due to increased advices from 
Chili and Australia, induced by the recent high 
prices; and the market cannot benefit appreciably 
therefrom, with the demand of consumers so active 
and well sustained. On the 25th ult. the price of 
Standard stood at 73/. 5s., as compared with 
681. 16s. 3d. at the beginning of that month, and 
although there has since been a reaction to 701. 5s., 
this is not attributable to any change for the 
better in the outlook so much as to realisa- 
tions for Paris account in connection with the 
failure of sugar speculators and heavy ‘ bear” 
sales. It remains that while the inquiry for copper 
is great, the supply is small, and is growing 
less. For instance, so scarce has the metal become 
in the United States that large quantities of Chilian 
bars have been purchased at about 15s. per ton 
premium for shipment from Liverpool to the 
l nited States; 1325 tons have already been 
shipped, and about 700 tons further have been 
booked. This will have the effect of materially 
reducing the stock of Standard, and as a consider- 
able portion of it is held by manufacturers—in 
addition to large quantities to arrive—for conversion 
into sulphate of copper, the number of warrants now 
available is very limited and promises to become 
still more contracted. 

The recent expansion of trade in America is 
mainly responsible for this copper famine in 
the country; but the heavy shipments to China, 
for purposes some of which can only be guessed 
at, have materially helped to deplete supplies, 
floating and secret. Our own present large re- 
ceipts from America are due presumably to the 
fulfilment of outstanding contracts, and they can 
hardly be maintained in volume. American 





authorities, who may or may not be talking 
according to their book, are freely predicting even 
higher quotations for the metal in the near future. 
It is claimed that in this movement there has 
been no effort at manipulation, such as was partly 
responsible for the advance four years ago. The 
endeavours made at that time to hold the mar- 
ket at 17 cents per pound ended disastrously. 
A large surplus was accumulated in the attempt 
to maintain the price, and it took two years 
to restore the market to normal conditions. For 
the past two years there has been no surplus stock 
of copper, and the recent advance appears to be 
referable almost entirely to genuine demand. The 
consumption of copper for commercial purposes has 
been great, not only in the United States, but in 
Europe, and especially in Germany ; and in addition 
to this there has been a large consumption for war 
purposes. The exports to the Far East to some extent 
represent this war demand ; but the shipments of 
copper from the States to the Flowery Land are 
said to be attributable to other causes than this. 
A new element, in fact, appears to have been 
brought into the market, which may have an 
important bearing for some time to come on the 
price of the metal. During the twelve months 
to June 30 last there were exported from 
the United States 591,362,000 lb. of copper, as 
compared with 422,595,000 lb. in 1903-4. Of 
this year’s total, 69,682,319 lb. went to China, 
as against less than 300,000 lb. the previous year. 
This, it is asserted in trade circles, by no means 
represents solely indirect shipments to Japan for 
war purposes. 

The demand from China has been largely for 
coinage, and bids fair, it is said, to continue 
now that the war is over. China is bettering her 
coinage by the issue of copper pieces of twice the 
value of the former standard of her cash cur- 
rency, and from this source alone comes increased 
requirements for the metal. It is quite possible, 
however, that even war and coinage requirements 
do not account for the whole, or anything like the 
whole, of the exports to China; that, in fact, the 
long-headed men who control the market to a large 
extent saw an opportunity of reducing stocks with- 
out exciting suspicion, while they could, at the 
same time, put their hands upon them again at 
reasonably short notice. The price of copper 
between July 1, 1904, and June 30, 1905, ranged 
between 561. 12s. 6d. and 65/. 15s. per ton; and, 
as we have seen, it has since advanced further to 
over 703. The time has now come when the 
large stocks of copper piled up at Shanghai can 
be returned to America and Had at an enor- 
mous profit, even although it requires sixty days 
in transit. Had it not been for the Chinese 
disposition of surplus stocks, the present advan- 
tage in the world’s market could not have been 
obtained, despite the undoubtedly large legiti- 
mate demand for trade purposes. For China, it 
must be remembered, has been drawing copper 
from other countries besides America ; she has, for 
instance, had 25,000 tons from Australia and Japan, 
and, furthermore, there are about 10,000 tons 
booked for shipment from the States during the 
next four months. 








ELECTRICITY IN PARIS. 

Untit 1888 there seemed to be no prospect of 
any central electric station ever being put down in 
Paris. The delay was not due in any way to lack 
of enterprise on the part of French firms, but solely 
to the action taken by the Paris Municipal Council, 
who had systematically ignored all private schemes 
in their desire to establish, as soon as they found 
it advisable, a vast scheme of their own for the 
production and distribution of current. They 
feared the possible formation within the metro- 
politan area of a company for the supply of electric 
light and power on the lines followed by the gas 
company. 

With ultimate municipalisation as the primary 
object in view, the Council, however, drew up, in 
1888, a programme describing with great minute- 
ness the conditions under which they were willing 
to proceed in the matter. They meant to grant a 
number of concessions, in order, so they said, to 
prevent the formation of a monopoly ; but their 
real aim in multiplying the concessions was to 
facilitate ultimately the acquisition of the various 
systems by the Council. Paris was, therefore, 
divided into districts, called sectewrs, and each of 
these was made the subject of a separate con- 





cession. At no time might one district amalgamate 
with a neighbouring one. Each district included 
both a portion of the centre of the city and the 
corresponding quarters extending to the town 
boundary. The Municipality reserved to them- 
selves the right to authorise any outside firm 
to lay mains within any district forming the object 
of a concession. The word ‘‘ concession” was 
maintained, although it proved in reality a mis- 
nomer. The Municipality also reserved the right 
to lay mains on their own account should they at 
any time contemplate a separate municipal under- 
taking. They further put down an independent 
municipal central station at the Halles, for light- 
ing the markets and supplying customers in the 
vicinity ; their alleged object in doing this was to 
ascertain the best system of current distribution. 

The principal clauses and conditions binding those 
companies who were courageous enough to put down 
central stations under ‘‘concessions” from the 
Municipality may be summarised as follows :—The 
authorisation granted conferred no exclusive pri- 
vilege whatever. All the lines and cables were 
to be placed underground below the streets or side 
walks, inside earthenware, masonry, or metallic 
conduits, the work being carried out under the 
supervision of the civic authorities. No sewers or 
other existing underground galleries were to be 
utilised for the purpose. The direction, section, 
and depth of the conduits were to be decided upon 
by the Municipality. No junctions were to be faid 
across the roadway, but separate lines had to be 
laid under the pavements to supply the houses on 
each side of a street, except in those cases where 
the city engineers decided that a street was too 
narrow fur such a multiplication in the number 
of mains. Manholes were to be provided in order 
to inspect the mains, and of such dimensions 
as to allow of replacing the damaged portion of 
a cable without excavation. When a junction 
across a street was allowed, the Municipality 
were at liberty to require the construction of # 
conduit for containing it. The mains had to be 
laid at a minimum distance of 3 ft. 3 in. from the 
house fronts, except when the narrowness of the 
pavements made this distance excessive. The leads 
entering houses from the mains were to be laid in 
conduits joined to that containing the mains. The 
most onerous clause, however, and one which had 
a large influence on the selling price of the current 
generated by the companies, was that which 
governed the duration of a concession—eighteen 
years only, with absolute prohibition, under 
penalty of cancellation of the concessions, for one 
concessionnaire to combine with another, or to 
hand over his rights to a third, without authorisa- 
tion from the Municipality. Should a concession- 
naire company fail, their concession would become 
null and void, and the Municipality would be at 
liberty to purchase the plant or transfer the con- 
cession. 

Subject to a maximum of 15 centimes per hecto- 
watt-hour (15d. per kilowatt-hour) for lighting, and 
6.2 centimes per hectowatt-hour (6}d. per kilowatt- 
hour) for power, and to special conditions for the 
current required by the Municipality, the com- 
panies were at liberty to draw up their own tariffs. 

The Municipality also included in their rules and 
regulations, clauses compelling the companies to 
allow specially hocanille conditions to the per- 
sonnel of the latter. The working day was to be 
of nine hours, and the wages were to range as fol- 
lows :—8d. per hour from 5 a.m, to 6 p.m. ; 1s. per 
hour from 6 p.m. to midnight ; and 1s. 4d. per hour 
from midnight to6a.m. These rates were subject 
to revision every five years, in the same proportion 
as the ‘‘municipal series of wages,” the latter 
having been established solely with a view to satisfy 
the men, who are all on the voting-lists, without 
regard to the commercial or industrial needs of 
the community. 

Nor did the liabilities of the concessionnaires end 
with the above. They were further required to pay 
the Municipality an annual royalty of 160 francs 
(61. 8s.) per mile of leads laid, plus 5 per cent. of 
their gross receipts, or 6 per cent. of their gross 
receipts when the generating stations were outside 
the city boundary, to make up for the town dues 
they evaded in this case on all goods required in 
the station. 

The Municipality further reserved the right to 
redeem the concession at any time after the first 
ten years ; the purchase price of the concession to 
be an annuity equal to the average net receipts of the 
three preceding years, payable until the expiration 
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of the concession. The price to be paid by the 
Municipality for the mains, leads, plant, furniture, 
land, buildings, &c., when purchasing before ex- 
piration of a concession, was to be determined by 
valuation. ‘ 

Should a concession not be redeemed by the 
Municipality, the latter become on its expiry the 
owners of the mains and leads only, but they may 
cause the mains and leads to be removed should 
they not require them, and at the company’s cost. 
In this eventuality, further, the Municipality do 
not guarantee they will take over the central 
stations and the bulk of the company’s plant. 

Notwithstanding the Draconian severity of the 
above conditions, six companies put in a tender for 
concessions in 1888; four of these were able to 
deposit the security required, and took steps for 
working their sections. These companies were 
the following :—Compagnie Continentale Edison ; 
Société d’Eclairage et de Force ; Compagnie Victor 
Popp (which has become since Compagnie Parisi- 
enne de l’Air Comprimé) ; and Société du Secteur 
de Clichy. The concessions of these companies 
come to an end in April, 1907. In 1890 two other 
companies obtained the concessions for the two re- 
maining sections ; these were the Société du Secteur 
des Champs Elysées, and the Société du Secteur 
de la Rive Gauche. The first generating stations 
were put down within the town limits ; a number 
of these are still working, but others have been 
replaced by stations built outside the fortifications, 
thus increasing largely the amount the companies 
have to provide for sinking fund. 

The financial results from the point of view of 
the companies,:the public, and the town, may be 
summarised as follow :— 

Compagnie Continentale Edison. 
Capital ... ...__...._:10,000,000 fr. (400,0007.) 
Gross receipts in 1896... 3,672,000 fr. (146, 8800.) 
Expenditure in 1896 ... 1,832,000 fr. ( 73,2807.) 
Gross receipts in 1903... 5,378,000 fr. (215,000/.) 
Working profits in 1903 3,209,000 fr. (128, 3607.) 

By deducting from the latter sum the amount of 
general expenses and the royalties paid the former 
owners of a small station acquired by the company ; 
taking into account, further, a sum of over 2,000, 
francs (80,0001.) for sinking fund, the amount 

id the share and bondholders equals 950,000 fr. 

38,0001.). This company supply 4750 subscribers, 
and have in service ‘2270 arc lamps and 219,000 
incandescent lamps. The annual consumption 
amounts to 3.9 million kilowatt-hours. The capital 
still locked up at the close of 1903 amounted to 
6,250,000 fr. (250,0007.). 

Compagnie Parisienne de lair Comprimé. 


Number of subscribers 4840 
oa arc lamps 
supplied a am 4974 
Number of incandes- 
cent lamps supplied... 238,000 
Annual consumption ... 8,700,000 kw.-hours 


First cost of installation 63,000,000 fr. (2,520,0002.) 
Of which was redeemed 
up to June, 1904, 
about ... ve he 
Gross annual receipts, 


16,000,000 fr. (640,0007. ) 
about ... .......__- 6,700,000 fr. (268,0007.) 
Royalty paid the Muni- 
cipality Sal ia 355,000 fr. (14,2007. ) 
Net annual receipts, in- 
cluding those made 
by compressed air dis- 
tribution, about 5,130,000 fr. (205, 2007.) 
which the company now utilise exclusively for the 
sinking fund. 
Société d Eclairage et de Force. 
Number of subscribers 
Annual consumption ... 
Number of arc lamps 


3200 
3,816,009 kw.-hours 


supplied ee ia 5,239 
Number of incandes- 
cent lamps supplied 107,000 


Gross annual receipts, 
about ... ay - 8,014,000 fr. (120,5602.) 
On which the Munici- 


ae | receive 161,000 fr. (6,4407.) 
Capital ... se ..- 10,000,000 fr. (400,0002.) 
There is redeemed on 

the installation 9,550,000 fr. (382,000Z.) 


Net receipts of last 
balance-sheet... 

From which were de- 
ducted for sinking 
fund ... si ote 


1,776,000 fr. (71,0400. ) 


1,240,000 fr. (49,6002. ) 
Socidté du Secteur de Clichy. 


Number of subscribers 8,000 
Number of arc-lamps 

supplied = es 1,300 
Number of incandes- 

cent lamps supplied... 245,000 


4,037,400 kw.-hours 


246,000 fr. (9,840/.) 
Gross annual receipts, 


about ... 4,196,000 fr. (167,8407.) 
Capital ... 15,000,000 fr. (600, 0007. ) 


Of which has been 
i 3,400,000 fr. (136,0007.) 
to a total of ... ... 6,000,000 fr. (240,0007.) 
Net annual receipts, 


about .. ne ... 3,300,000 fr. (132,000. ) 
Of which is paid to 
sinking fund, for de- 
reciation and up- 
eep, about ... oe 
Leaving annually for 
distribution to capi- 


Annual consumption ... 
Annual royalty paid 
the Municipality... 


paid off = ie 
Sinking fund amounts 


2,000,000 fr. (80,0002.) 


tal, about 540,000 fr. (21,6007. ) 
Société du Secteur des Champs Elysées. 
Number of subscribers 8600 
9 arc lamps 
supplied che a 876 
Number of incandes- 
cent lamps supplied 360,000 
Gross annual receipts, 
about... ...._... 3,880,000 fr. (155,000/.) 
Annual royalty paid 
the Municipality us 250,000 fr. (10,0007. ) 
Capital 5,000,000 fr. (200,000. ) 


Net annual recei pts, 


about... ... ... 3,500,000 fr. (140,000/.) 
Of which is paid to 


sinking fund... ... 1,500,000 fr. (60,000/.) 
Balance for payin 

dividends _... ics 500,000 fr. (20,000/.) 

Société du Secteur de la Rive Gauche. 

Number of subscribers, 

about... . a 5000 
Number of arc lamps 

supplied ens 1527 


Number of incancles- 

cent lamps supplied 
Annual consumption ... 
Gross annual receipts, 


179,000 
3,300,000 kw.-hours 


about .. » ... 3,400,000 fr. (136,0007.) 
Net annual receipts, 

about ... ah ted 1,750,000 fr. (70,000/.) 
Remuneration to bond- 

holders we 830,000 fr. (21,2002. 


Capital, bonds ... 
ie shares ... 

No remuneration paid 
to shareholders, but 
annual royalty paid 
the Municipality .. 200,000 fr. (8,000/.) 

The public and promoters who placed their 
money in the undertakings have received hitherto 
but little, if any, remuneration ; and the compara- 
tively short time allowed for the concessions 
has compelled the companies to take, where 
these were possible, energetic means to provide 
for redeeming their plant, thereby charging the 
public high rates for their current supply. If 
the Municipality, when the concessions lapse and 
are not renewed, do not take over the instal- 
lations made by the companies, the latter will 
have great difficulty in getting rid of them. (The 
Municipality only undertook to purchase the instal- 
lations should they take over a concession previous 
to its lapsing.) This, however, is an eventuality 
which is little to be feared, according to the opinions 
of outside experts, seeing that the Paris authori- 
ties are now more than ever bent on municipalisa- 
tion, notwithstanding the fact that, as regards 
electric current distribution, the Halles central 
station, briefly alluded to above, and worked by the 
Municipality, has given, we are told, very poor 
results. 

The Municipality may demand, when the conces- 
sions lapse, that the installations be worked en 
régie, entirely under their control ; but this might 
lead to a deadlock, as the companies, we believe, 
can refuse absolutely to give their sanction. The 
only reasonable way would be to grant the com- 
panies a new lease to enable them to redeem 
their plant without having recourse to exaggerated 
measures, and, as a consequence, to lower the 
price at which they sell their current. 


12,000,000 fr. (480,000/.) 
9,000,000 fr. (360,000/.) 








NOTES. 
Tue Napatua Freips at TscHIMIon, IN 
TERZHANA. 

THE naphtha fields at Tschimion, which began to 
attract general attention some two or three years 
ago, and which are situated in the province of 
Terzhana, in Russian Central Asia, have in the 
meantime been investigated, and the experimental 
borings are considered to promise well. The first 
reports stated that the borings had resulted in a 





naphtha fountain of some 60 ft. to 70 ft. high, 


which in a few days yielded 130 tons of naphtha, 
and the news was naturally received with much 
satisfaction throughout the district. The deposits 
are situated at a distance of some 35 versts from 
new Marghelan, the Government town of Terzhana, 
some 4 to 5 versts from the Tschimion locality, and 
some 20 versts from the railway station of Wan- 
nowskaja, on the Central Asian Railway. Naphtha 
is apparently to be found along a line extending 
4 versts (2% miles). The Tschimion naphtha de- 
posits have for many years been known to exist, 
and have probably been worked by the Chinese 
in bygone days. When the Terzhana district 
passed into Russian possession a somewhat primi- 
tive working of the naphtha deposits by means 
of holes, some 70 ft. deep, was commenced, but 
by degrees these shallow wells ran dry. The 
building of the Samarkhand - Andidjan Railway, 
however, gave a fresh impetus to the idea of esta- 
blishing a rational working. A Terzhana naphtha 
company was formed, and proper machine bor- 
ing commenced. When. the boring had been 
carried to a depth of some 1000 ft. good naphtha- 
carrying strata were reached, a temporary reser- 
voir for the reception of the naphtha was built, 
and the construction of one capable of holding 
25,000 tons of naphtha taken in hand. Naphtha 
tanks and a kerosine factory were built at the 
nearest station, intended to supply the whole 
of Turkestan with kerosine, and the nearest 
railway companies with residue for fuel, and a 
naphtha pipe is being constructed to the railway 
station. It has been decided to sink a number of 
new bore-holes, and sanguine people have even 
gone so far as to prophesy that the Tschimion 
naphtha will prove a dangerous rival to that of 
Baku. 


Tue Action or Rapium on DIAMONDs. 


Whenever a new element or compound is dis- 
covered, the orthodox course of investigation con- 
sists in noting its effect upon every form of living 
or non-living matter, in the hope of observing reac- 
tions which will throw some light upon the branch 
of physics concerned. The peculiarities of radium at 
once attracted the attention of experimentalists, 
with the result that a very large number of chemical, 
electrical, and physiological effects have been traced 
to it. Neglecting those—such as the alleged pro- 
duction of living organisms—which require verifi- 
cation, we still have enough to provide much food 
for reflection ; and, in fact, new properties of the 
substance are discovered more rapidly than rational 
explanations can be found for them. Sir William 
Crookes has investigated the action of radium on 
diamonds, and described the results obtained in a 
lecture before the British Association at Kimberley 
on September 5. Beyond the development of an 
induced radioactivity in the diamonds, nothing 
very striking might have been expected ; but with 
radium it seems to be the unexpected which gene- 
rally happens, and in the present case some very 
curious effects were observed. The diamond is 
very sensitive to the bombardment of the §-radia- 
tions, and scintillates under their influence so much 
that a layer of diamond powder makes almost 
as good a coating for the screen of a spinthari- 
scope as the usual zine sulphide. Prolonged con- 
tact with radium bromide was found to impart a 
beautiful blue colour to previously colourless dia- 
monds, materially increasing their value as ‘‘ fancy” 
stones. The effect is not transient, and is not 
destroyed by long continued heating in strong 
nitric acid and potassium chlorate. The diamond 
may also be heated to redness without affecting the 
tint. Diamonds which had been buried for over 
twelve months in radium bromide had also acquired 
strong radivactive properties, in addition to their 
blueness. The radiations emanated from the 
crystals in regular and geometrical patterns, the 
cause of which is still under investigation. The 
radioactivity, like the coloration, withstands the 
most drastic treatment, leading Sir William Crookes 
to the belief that both these properties depend upon 
changes deeper than the surface layer of the stone. 
A diamond made blue and radioactive by burial in 
radium bromide was slowly heated to redness in a 
dark room. A faint phosphorescence spread over 
the stone just before the red heat was visible, but 
after cooling both the colour and the radioactivity 
seemed quite unaffected. If a diamond is bom- 
barded by radiant matter from the negative pole of 
a vacuum tube, it not only phosphoresces, but 
turns brown and, in time, black. This blacken- 





ing is only superficial, and is caused by the for- 
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mation of a layer of graphite on the surface ; 
different forms of graphite show different degrees 
of resistance to chemical reagents, some being dis- 
solved by strong nitric acid, and others resisting, 
for a longer or shorter time, the intense powerful 
oxidising agency of a mixture of highly concen- 
trated nitric acid and potassium chlorate. Moissan 
has shown that the power of resistance to this last 
reagent is in proportion to the temperature at 
which the graphite was formed; and it can be 
deduced with tolerable certainty that the graphite 
due to molecular bombardment cannot have been 
formed at a lower temperature than 3600 deg. 
Cent. The surface layer of the diamond must then 
have been raised to the temperature of the electric 
arc, although the body of the stone remains com- 
paratively cool. That this is possible is supported 
by the fact that the superficial layers of a mass of 
so highly conducting a metal as silver can be 
raised to a red heat by radiant action, while the 
interior of the metal is no more than warm. 


Grass AND WEED DestRoYER ON Rariways. 

The growth of vegetation in temperate climates 
is not so rapid as to be a source of trouble on rail- 
ways, and years may elapse before grass and weeds 
appear to any great extent on road-beds—except, 
perhaps, in cases where exceedingly little traftic 
passes along the line. Such, however, is not the 
case in tropical countries, where rank vegetation 
springs up with startling rapidity, and may often give 
rise to considerable inconvenience when it appears 
in undesirable situations. That this appears to 
have been the case on the Guayaquil and Quito 
Railway, in South America, we gather from an 
account given in the Engineering News by the 
chief engineer of the railway. The destruction 
of vegetation on that line is effected by means of a 
chemical mixture, the ingredients of which are 
water, arsenical acid, and nitrate of soda. The 
proportions of the different substances used are: 
—1 lb. of arsenical acid to 5 gallons of water, and 
1 lb. of nitrate of soda to 6 gallons of water. It is 
necessary to dissolve the arsenical acid in super- 
heated water, as it is practically insoluble in cold 
water. The plant is composed of four tanks and a 
boiler, with the requisite steam-pipe connections. 
The nitrate of soda and arsenical acid are dissolved 
in two separate tanks, which may be of any con- 
venient size, but must be in the proportion of five 
to six, so that the mixture is ready for use when 
run into the receiving tank, which, on the ground 
of economy, should not be of much less capacity than 
from 25,000 to 30,000 gallons. It is arranged like 
an ordinary tank for supplying water to locomotives. 
The remaining tank is mounted on a car and is used 
for distributing the chemicals over the road. Where 
the haul is for a short distance only, a tank large 
enough to contain from 5000 to 10,000 gallons will 
be sufficient ; when the haul is for a long distance, 
two tanks may be conveniently used, in order not 
to have to return too often to the mixing plant. 
The superheating of the water in which the arsenical 
acid is dissolved is effected by placing one or two 
coils of steam-pipe in the tank, and by cover- 
ing the tank during the process, so as to have 
the water under pressure. The chemicals are 
sprinkled over the track on which the vegetation 
has to be destroyed as from an ordinary street 
watering-cart, except that, in order to get a uniform 
flow and the best results, the liquid must be 
forced uniformly through the sprinklers by means 
of steam or compressed air, because the force of 
gravity cannot be depended upon to give a uniform 
flow. By increasing or decreasing the air or steam 
pressure the liquid can be thrown from 5 ft. to 
15 ft. on each side of the track, and the space 
treated will accordingly be equal to the width of 
the track plus 10 ft. to 30 ft. It has been found 
that the best results are obtained by applying the 
chemicals to the track at a speed of about four miles 
an hour. The average number of gallons used per 
mile on the Guayaquil and Quito Railway, where the 
vegetation is very luxuriant, is 1666, and the early 
applications should be made at intervals of about 
three months. As the ballast and soil, however, 
become gradually permeated with the poison, the 
time between the operations can be increased. The 
above method of destroying vegetation has been 
found to be the cheapest and most effective yet 
devised, though the cost of the plant and the cost 
of applying the mixture will, of course, vary in 
different localities. There is some danger to the 
operatives unless great care be taken, for the mix- 
ture used is, of course, a deadly poison. If, how- 








ever, clean wet sponges are worn over the nostrils 
during the heating process, and care is taken not 
to touch any part of the body where the mucous 
membrane is exposed while the poison is on the 
hands, and if bathing be resorted to when the 
mixing operations are ended, poisoning can easily 
be avoided. We should have thought that pas- 
sengers on lines so treated would have incurred 
risk from breathing the dusty air in the train. 


VANADIUM. 


The application of vanadium in the manufacture 
of steels is of special interest, and the constitu- 
tion and properties of the resulting alloys have 
been studied by Guillet. From their microstruc- 
ture he forms three classes of such steels :-—(1) 
Those containing 0.2 per cent. of carbon and less 
than 0.7 per cent. of vanadium, the structure of 
which resembles that of ordinary steel; (2) those 
having from 0.2 to 0.8 per cent. of carbon and 
from 0.7 to 3 per cent. of vanadium, which ex- 
hibit pearlite structure ; (3) those containing more 
than 3 per cent. of vanadium. In all, the carbon 
exists as vanadium carbide or double carbide of 
vanadium and iron. The vanadium steels are all 
sensitive to thermal treatment, and their mechanical 
properties are greatly influenced by such treatment. 
Guillet’s experiments on the cementation of carbon 
and special steels show that this process is influenced 
by the presence of other elements than carbon ; 
the rate of cementation is increased by manganese, 
chromium, tungsten, and molybdenum, whilst 
nickel, titanium, silicon, aluminium, or tin retard 
the action. With steels containing y iron, and also 
nickel and manganese, he found that carbon is dis- 
solved by yiron at the ordinary temperature. 
(Comptes Rendus, vols. cxxxviii. and cxxxix). 
Herrenschmidt (Comptes Rendus, vol. cxxxix.) de- 
scribes the industrial production of vanadium and 
some of its alloys, associated with the use of this 
metal in the manufacture of special steels. The 
vanadium is obtained in the slag formed by fusion 
of lead vanadate, from the Santa Marta mines in 
Spain, with sodium carbonate and charcoal. The 
slag contains sodium vanadate, aluminate, and 
silicate, together with iron oxide. It is obtained 
as vanadic acid by oxidation in the fused state with 
atmospheric oxygen, then by extracting with water 
and precipitating by sulphuric acid. 
dium containing 33 per cent. of vanadium is pro- 
duced by the ignition in the electric furnace of the 
precipitate formed by treating sodium vanadate with 
ferrous sulphate and sodium carbonate. Nickel 
vanadium, containing 50 per cent. of vanadium, is 
formed by reduction of a mixture of vanadium 
pentoxide and nickel oxide. Herrenschmidt also 
describes (vide Chemiker Zeitung, 1905) the 
extraction of vanadium from natural lead vana- 
date. That ore containing 12 to 14 per cent. 
of vanadic acid, and about 50 per cent. of lead, 
is melted with sodium carbonate and coke in a 
furnace. The lead oxide is thereby reduced to 
the metal, and a slag is formed containing sodium 
vanadate, silicate, and aluminate. This slag is 
melted separately, and submitted to oxidation to 
convert all the vanadium into vanadic acid, then 
run off into water, and lixiviated several times. 
The solution is puritied from silicic acid by evapo- 
rating it to a syrup, heating with sulphuric acid 
(66 deg.), and passing through a filter-press. The 
resulting solution of sodium sulphate and vanadic 
acid is evaporated to expel the excess of sulphuric 
acid, and, after washing with water, furnishes a 
yield of 92 to 95 per cent. of the vanadic acid. In 
order to prepare ferro-vanadium, this product is 
mixed with ferrous sulphate and sodium carbonate, 
and the precipitate thus obtained dried and treated 
either in the electric furnace or with ‘‘ thermit.” 
Copper and nickel-vanadium may be prepared in a 
similar way. Werner von Bolton (Zeitschrift 
Electrochemie, 1905) has found that vanadium pent- 
oxide, in the form of compressed powder, conducts 
electricity well at the ordinary temperature. Small 
rods of vanadium trioxide were made by heating 
rods of a plastic mixture of the pentoxide and 
parafiin in powdered charcoal at 1700 deg. Cent. 
for some hours. These rods were then attached to 
platinum wires and heated electrically in a vessel 
continually exhausted by a pump, when pure 
oxygen was evolved, and a rod of metallic vanadium 
left. The melting-point determined photometric- 
ally was 1680 deg. Cent. Rods of columbium 
tetroxide were made and treated in the same way. 
The metal obtained was more ductile than vana- 
dium, and melted at 1950 deg. Cent. 


Ferro-vana-|. . 





LITERATURE. 


Manuel Pratique des Moteurs a Gaz et Gazogénes: 
Guide de ? Industriel et du Constructeur pour le choix, 
U Installation, la Conduite, et l’ Entretien jy Moteurs et 
Gazogénes. ParR.E.Matuor. Paris: Ch. Béranger. 
[Price 12 fr. 50 c.] 

Gas-Engines and Producer-Plants. By R. E. Matuor, 
M.E., Member of the Société des Ingenieurs de France, 
M.I. Mech. E., &c. Transla trom the original 





French pm by Wa.tpremarR B. KArMPFFERT. 
With a preface by Ducatp Cierk, M. Inst. C.E., 
F.C.S. mdon: Crosby Lockwoood and Son, 7, 


Stationers’ Hall-court, E.C. 

Tue French edition of this book was published in 
1904, and contains a preface by M. Aimé Witz, 
not included in the English edition. M. Witz puts 
the present position of the relative values of the 
gas-engine and of the steam-engine in a nutshell, 
and we cannot do better than to quote him :— 
‘* The small gas-engine working on town gas has 
become the rival of the steam-engine, and, after a 
severe struggle, it has earned the permission to live 
on equal terms with its rival. Engineers predict 
that gas will displace steam in the field of industry ; 
this is an illusion, the two rivals possess special 
advantages to suit particular cases, and each will 
always find customers. 

“The gas-engine has in practice the much 
superior thermal efficiency assigned to it by theory, 
and I had an opportunity of practically verifying 
this a few days ago, in collaboration with M. 
Mathot, at Deutz, when testing a double-acting 
Otto gas-engine of 200 horse-power, which only 
required 326 grammes of coal per brake horse- 
power per hour; the installation of this fine ma- 
chine, with its suction gas plant, takes up less 
room than a steam-engine with its boiler and 
chimney, and certainly costs no more. On the 
other hand, it would, perhaps, be somewhat bold 
to pretend that the gas plant possessed the cer- 
tainty and ease in working of the steam plant. It 
would be necessary to have a perfect installation, 
and the working of the apparatus must be carried 
out in a certain manner—not difficult to learn—but 
the art is not known by everyone. 

‘* M. Mathot is a master of this art, but he is not 
jealous of his knowledge, and is glad to impart it 
to others. This is the object of the present book 
. which I can recommend without any mis- 
givings.” 

We have read both the French and English 
editions, and can fully endorse M. Witz’s recom- 
mendation, and can testify to the general excellence 
of the translation. As regards gas-engines, the first 
portion of the book is in reality confined to the 
small engines using town gas, and is written with 
the object of assisting the intending purchaser in 
selecting the best gas-engine for his purpose, and 
of helping the user to run his engine to the best 
advantage. The subject of gas-producers is dealt 
with fully, and with much detail, and the book 
concludes with a description of the economy tests 
which should be carried out. 

The book is so full of detailed information that 
it is only possible to touch on a few of the points 
which appear to be of special interest ; indeed, we 
have found very little to which we can take excep- 
tion. In one or two instances errors have been made 
in converting metric into British measures ; as, for 
instance, on page 69 of the English edition a gas 
leakage of 90 cubic feet per hour is referred to, 
while the French edition speaks of 25 litres, or 
0.9 cubic feet. On page 93, 75 ft. should be 15 ft. 

In Chapter IT. particulars are given of the best 
methods of designing the details of a four-stroke 
Otto engine. It is pointed out that the old form 
of slide-valve may be considered antiquated owing 
to the much higher compression now in use de- 
veloping correspondingly higher pressures and 
temperatures, and thus practically preventing the 
lubrication of such valves. The author points out 
that automatic spring-controlled admission valves 
are entirely condemned, and are not now used for 
gas-engines by any good maker ; he also gives pre- 
ference to ignition by a magneto, and it is stated 
that ignition by battery is not always reliable. 
Great stress is laid on the importance of having 
tight-fitting piston-rings, as the smallest leak 
materially affects the power and the economy of 
the engine. The various methods of governing 
are discussed, and it is stated that the inertia 
governor is only suitable for very small engines. 
A clear distinction is made between the variation 
in the number of revolutions at different loads, and 
the cyclic regularity, the latter being only attain- 
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able by means of a heavy fly-wheel. M. Mathot 
states that with hit-and-miss governors of the cen- 
trifugal type an accuracy from 2 to 3 per cent. 
can be expected, and that with a single fly-wheel 
a cyclic variation of 1/25 is permissible. 

As regards the power of the engine, M. Mathot 
states that ‘‘ nominal” horse-power is a term 
quite commonly used in England and America. 
We do not think he is right. At any rate, makers 
of repute quote their engines according to the 
brake horse-power. In this connection it is pointed 
out that in the case of gas-engines ‘‘it will gene- 
rally be advisable to subordinate the utility of 
having a reserve power to the economy which 
follows from the employment of a motor running 
at a load close to its maximum capacity. On the 
other hand, the gas-engine user is unwilling to 
believe that the stipulated horse-power of the 
motor which is sold to him is the greatest that it 
is capable of developing under industrial conditions. 
Business competition has led some firms to sell their 
engines to meet these conditions. It is probably 
not stretching the truth too far to declare that 
80 per cent. of the engines sold with no exact con- 
tract specifications are incapable of maintaining 
for more than half-an-hour the power which is 
attributed to them, and which the buyer expects.” 

In Chapters III., IV., and V. minute particulars 
are given as to the best methods of ins‘alling a 
gas-engine in situ. The precautions which should 
be taken to prevent vibration, and noise from the 
exhaust, are fully explained. 

The next chapter deals with lubrication, and we 
think it would be well if the following recommen- 
dation were more generally adhered to :—‘‘ For 
cylinder lubrication only the very best oil should 
be used ; perfect lubrication is of such importance 
that cost should not be considered.” The charac- 
teristics of a.good oil are given, and a simple test 
which could be carried out by anyone is described. 
M. Mathot states that in his personal experience 
he has frequently detected losses varying from 10 
to 15 per cent. of the power developed by engines 
poorly lubricated. 

Chapters VII., VIII., and IX. describe the pre- 
cautions to be taken to get the best results in 
running an engine on every-day work, and, in the 
event of difficulties arising, how to discover their 
cause and remedy them. The various recommen- 
dations are excellent, and deal with every point 
likely to arise. Our only fear is whether they 
might not have a tendency to frighten a would-be 
purchaser. 

The changes needed in the gas-engines above 
considered, to render them suitable for using pro- 
ducer-gas, are considered in a short chapter, after 
which, in Chapter XI., the composition and charac- 
teristics of various kinds of producer-gas are stated. 
Very full particulars are given as to the symptoms 
of poisoning due to carbonic oxide, and the best 
methods of *‘ first aid.” Then follows a clear state- 
ment of the conditions to be fulfilled by producers, 
both of the pressure and suction types, and it is 
shown how the conditions laid down have been 
carried into practical effect by describing, with the 
help of excellent illustrations, no less than twenty- 
eight different kinds of producers, mostly of foreign 
make and of the suction type. Most of the pro- 
ducers described, however, are, in fact, only suit- 
able for anthracite or hard coal ; those arranged for 
bituminous coals are scarcely dealt with, probably 
because the book does not concern itself with large 
gas-engines. (M. Mathot states that he reserves this 
subject for another book.) The interesting state- 
ment is made that suction producers are unsuitable 
for lignite or peat, because of the resistance offered 
to the passage of the gas by the layers of fuel. 
Minute details are given respecting the best 
arrangements of grates, ashpits, feed-hoppers, 
vaporisers, dust - collectors, coolers, and even of 
furnace-doors. Particulars as to the methods of 
installing producers and working them are given ; 
altogether we think that this book contains the 
most complete description of producers yet pub- 
lished. There is a short chapter on petrol motors, 
including a description of M. Mathot’s ‘‘Con- 
tinuous-Explosion Recorder” for high-speed en- 
gines, which seems to be an instrument of great 
value, especially as with such engines the ordinary 
indicator is useless. 

The book concludes with a remarkable chapter 
which sets forth how important it is for the pur- 
chaser of a gas-engine to employ a consulting engi- 
neer to assist him in buying. e following quota- 


tion is interesting :—‘‘ The factory-proprietor who 


intends to instal a gas-engine is not usually able 
to appreciate the intrinsic value of one engine 
when compared with another, or to determine 
whether the plans for an installation conform with 
the best practice. The innumerable types of en- 
gines offered to him by manufacturers and their 
agents, each of whom claims to have a better engine 
than his rivals, plunges the purchaser into hesita- 
tion and doubt. Not knowing which engine to 
select, he usually buys the cheapest. Very often 
he learns, as time goes by, that his installation is 
far from being perfect. Finally he begins to 
believe that he ought to consult an expert. The 
author’s personal experience has convinced him 
that eight times out of ten the factory-owner who 
has picked out an engine for himself has not 
obtained an installation which meets the require- 
ments which the manufacturers of gas-engines 
should fulfil.” M. Mathot then gives what he 
conceives to be the duties of the consulting engi- 
neer, and concludes with the description and par- 
ticulars of a few of the tests he has made at various 
times. 


Indian Storage Reservoirs with Earthen Dams. By 
Witi1am Lumispen Strange, M. Inst. C E., Under- 
Secretary to the Government of India Public Works 
Department. London: E. and F. N. Spon, Limited. 

Tus excellent treatise, for which the engineering 

world is indebted to Mr. W. L. Strange, is by no 

means devoted entirely to constructional details, 
but also deals very fully with the general con- 
siderations on which must be based any conclusion 
as to advisability or the reverse of constructing any 
particular storage reservoir. A certain political 
school, well meaning but badly informed, has main- 
tained, time and again, that the seriousness of the 
periodical Indian famines has been mainly due to 
the negligence of its rulers in the matter of con- 
structing storage tanks in the great Plains. Mr. 

Strange, who approaches the matter as an expert, 

totally denies this ; stating that in the worst years 

in the Plains there is absolutely no water to store. 

Whatever rain falls is immediately absorbed and 

re-evaporated, and there is no run-off. If there 

was any run off, it would mean that the scarcity 
was not extreme. The advantage of such tanks 
comes in, not in actual famine years, but in 
cases where the rain is somewhat deficient, 
and also badly distributed as to season. Fortu- 
nately, this deficient and irregular rainfall is much 
more common than are real famine years. The 
variations in the rainfall, and more particularly in 
the amount of run-off, are extraordinary in India ; 
and up to the present no one has succeeded in 
reducing them to a formula, such as is found to 
represent the variations of wet and dry years in 
this country. In the case of the catchment area 
serving the Ashti tank, which is situated in the 
famine zone, Mr. Strange states that in the year 

1884-85 the run-off was but 1.9 per cent. of the 

precipitation ; whilst the next year, when the rain- 

fall was relatively heavy, the run-off amounted to 

24.5 per cent. Similarly, in the Mahanadi catch- 

ment area, with a rainfall of 44.1 in., the run-off 

was only 5.1 per cent. in 1868; whilst in 1869, 

with a rainfall of 59.7 in., the run-off was 36.1 per 

cent. ; and another year, 51.3 per cent. Unfortu- 
nately for those responsible in laying out the main 
lines of an irrigation scheme, the run-off is by no 
means strictly proportional to the rainfall, but 
varies with the distribution of the latter. If, in 
the case of a deficient rainfall, the actual rain 
is spread over a few weeks, the run-off may 
be reasonably high ; whilst if the same quantity of 
rain is distributed over some months, the amount 
available for impounding may be insignificant. 
Thus, in 1871, the actual rainfall in the Mahanadi 
catchment was 43.1 in., or less than in 1868 ; yet 
the run-off was 18 per cent., instead of only 5 per 
cent. At the very times at which the rainfall is 
most deficient the loss from the tanks by evapora- 
tion and seepage is, of course, at its maximum. In 

Madras the two losses combined have been as 

much as 8.39 feet in a year, and a loss of } in. per 

day has frequently been observed. In Bombay the 
average is 4 ft. per year. It is these large losses 
which make it commercially undesirable to attempt 
to store water for two years. It pays better to use 
all the water available in a single season, rather than 
to try and carry it over to the next. 

In this country earthen dams are used only for 
moderate heights, masonry being preferred where 

a considerable depth of water has to be retained. 





In India masonry is generally impracticable, owing 





to the expense ; and Mr. Strange considers that a 
ok gD gam earthen dam can be safely 

uilt as high as 125 ft. Owing to the low rate of 
wages earthwork is very cheap; yet even so, the 
author asserts that few tanks are ever directly remu- 
nerative, since the water-rent charge must be very 
low. If such tanks pay a little more than their 
working expenses, they may be considered successful, 
owing to the indirect benefits they provide to the 
State which finances them. 

The puddle wall, invariably adopted in English 
practice, is not in favour in India, where the body 
of the dam is nearly always built as a homogeneous 
unit. Of course, where this practice is followed, it 
is necessary that the whole of the materials used 
shall be water-resisting. Many English engineers 
consider that pure clay alone satisfies this condition, 
and the use of a puddle wall is a necessary corollary 
to this position, since the stability of pure clay 
when wetted is a very doubtful quantity. Present 
practice in India is, as stated, opposed to the use 
of a puddle wall, but the whole body of the dam is 
made of impervious material, which at the same 
time is proof against slipping when wet. Where 
such a material does not exist naturally near the 
site, it can be manufactured, and Mr. Strange 
gives some directions as to the proper mixing 
of soils to secure the qualities desired. One 
great advantage of making the body of the dam 
of one and the same material is that the settlement 
is more regular—a matter of very considerable 
importance, since in high dams it may amount to 
one-thirtieth of the original height. As concerns 
the actual building of the dam, Mr. Strange very 
wisely goes into very great detail. Too often in 
engineering text-books details are conspicuous by 
their absence, whilst the author enlarges on general 
principles which any intelligent engineer would 
have no difficulty in developing for himself. Thus, 
in the case of dams, such an author will enlarge on 
the necessity of a first-class foundation, whereas 
in practice it may be impossible to secure this at 
the only sites available. Mr. Strange, on the 
other hand, recognises this fact; and whilst 
he rightly condemns the building of a dam at 
a site where the foundations are absolutely bad, 
he at the same time shows how it is possible 
to minimise the risks attaching to foundations, 
which, whilst not so bad as to prohibit the use of 
the site, are yet far from perfect. The most 
important precaution in such cases is a thorough 
drainage of the foundation. Details are also given 
of the precautions to be taken in executing the 
earthwork, which the writer claims should be car- 
ried out in layers as little as 3 in. thick at the base 
of the dam, and not more than 5 in. thick at the 
top. These thicknesses err, perhaps, on the side of 
safety ; but in India labour is cheap and plentiful. 
A point of considerable importance is the keying- 
in of new work to old. This is necessary where 
the work is not executed continuously but in suc- 
cessive seasons, and also when slips have to be 
made good. Here the ‘‘ historical element” in the 
stability of earthwork comes into play. Professor 
George Darwin, for example, has shown that the 
pressure of a heap of sand depends upon the method 
in which it has Soo deposited, as well as on its 
slope angles. Probably, therefore, it is ever 
impossible to secure absolute homogeneity between 
new work and the old, and Mr. Strange explains 
the methods which have been found by experience 
to give the best results. A whole section is de- 
voted to slips and their repair—a most important 
matter; which is too frequently neglected in engi- 
neering treatises. 

The practice of taking the discharge conduit 
under the centre of an earthen dam was abandoned 
in this country after every method of construct- 
ing the conduit had failed in its turn. In India 
greater success has been attained, due, perhaps, 
to the uniform settlement of the dam, as compared 
with the differential settlement which occurs 
between a puddle wall and its backing. The 
method is, of course, the cheapest possible, since 
it avoids the construction of an expensive tunnel 
through the side hills. A number of arrangements 
which have been successfully used are described 
in detail by the author, every point of construction 
being illustrated by clearly-drawn engravings, here 
as elsewhere. 

Some little attention is paid to the question of 
water storage for a town supply. It is interesting 
to note that in India 124 gallons per head of 
tame ag per day is considered a sufficient supply. 

aturally, however, the book is mainly concerned 
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with tanks for irrigation; but as there is no differ- 
ence in the reservoir construction in the two cases, 
the work will appeal to a wider audience than the 
limited class of engineers engaged on land irriga- 
tion. It is undoubtedly the best work on the 
construction of earthen dams yet published. 

The volume is concluded by a number of valuable 
appendices dealing with such matters as estimates 
of expenditure, the duration of the storage, and 
the revenue results to be expected; whilst in 
another is given a model set of specifications for 
the execution of the earthwork. 


Die Priifung von Gleichstrommaschinen in Laboratorien 
und Priifungsriumen. By Cart KINZBRUNNER, In- 
genieur und Dozent fiir Elektrotechnik an der Muni- 
cipal School of Technology in Manchester. Berlin: 
1904. J. Springer. 393 octavo pages, with 249 text 
figures. ; 

Tuis manual on testing direct-current generators in 
laboratories and testing-roomsis an enlargement of 
the instructions which the author has been giving 
to his students in the laboratories of the Municipal 
School of Technology at Manchester. It appeals, 
therefore, in the first instance to the student of 
electrical engineering, but it is also intended for 
the use of fitters and juniors who do not receive 
any scientific training. The descriptions and illus- 
trations of fuses, rheostats, switches, and other 
auxiliary instruments are probably added for the 
benefit of vhe latter class of readers. Most of the 
figures are diagrams of connections and of curves. 
These are very good. It should be pointed out, 
however, that the author presumes a_ know- 
ledge not only of the general theory of con- 
tinuous-current dynamos, but also of the practice 
of electrical testing. Thus we find in the second 
chapter, which deals with the resistances of the 
armature and brushes, between brushes and com- 
mutator-bara, &c., reference to the method and 
tables which Wettler published three years ago for 
the determination of the armature resistances. The 
armature windings are not explained, and their 
explanation is not required in this book ; but the 
actual ways in which the test wires are fixed are 
not indicated either, and a good deal would depend 
upon this in contact-resistance measurements. 

Mr. Kinzbrunner very properly lays stress on the 
interpretation of the test results. He therefore 
explains how the test should be conducted, gives 
the characteristic data of the respective machine, 
and tables of the readings taken, plots the observa- 
tions in curves, and discusses the results. Instruc- 
tive examples thus fill a large portion of the volume. 
The respective machines and instruments are those 
of the Municipal School. The references, on the 
other hand, seem all to be to German publications, 
to Niethammer’s Elektrotechnishes Praktikum, 
Arnold’s text-books, and the columns of the 
Elektrotechnische Zeitschrift. In the eleventh and 
last chapter, concerning the practical testing 
of direct-current dynamos, generators, and motors 
of various types, the rules drawn up by the 
Verband Deutscher Elektrotechniker are repro- 
duced, partly with comments, and the appendix 
on the installation, attendance, and disturb- 
ances of such machines is essentially based on 
the advice which Messrs. Siemens and Halske 
give to their clients and on Niethammer’s hand- 
book just mentioned. The headings of the chief 
sections of the volume are :—Introduction ; measure- 
ments of resistances, temperatures, insulations, 
speeds; load diagrams; magnetic measurements ; 
efficiencies ; separation of the several losses ; and 
practical testing. Though we do not, e.g., concur 
in the general remarks of the author on perforation 
tests, and on the use of thermo-couples in tem- 
perature measurements, it will, we think, generally 
be conceded that Mr Kinzbrunner has compiled a 
very useful, sound, and practical manual. 
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REFRIGERATING WAGON FoR Fruit.—On the morning 
of September 1 there arrived in London a consignment 
of peaches and grapes, which may be the beginning of a 
new development of the fruit trade. The fruit left Per- 
pignan, in the extreme south of France, on the evening 
of August 29, and travelled continuously for over 60 hours, 
covering a distance of nearly 650 miles as the crow flies 
before reaching London. On account of the perishable 
nature of such fruit, it had previously been impossible 
even to supply the Paris market with it, but the consign- 
ment arrived in London apparently no worse for its 
journey. It had been packed in small boxes, and sent ina 
special refrigerating wagon owned by the Intercontinental 
Railway Company, of 110, Cannon-street, London, E.C. 
This wagon ran on itsown wheels from Perpignan to Dieppe, 
and was transported thence bodily to Newhaven, whence it 
ran on its own wheels to London. All detailed handling 
and rene oy of the consignment was thus avoided. 
The wagon has been built to fulfil all the requirements of 
the Berne Convention and of the English railways. The 
walls and roofs are formed of triple thicknesses of deal, 
separated by cork distance-pieces, and the floor is of 
double thickness, with similar distance-pieces. On the 
inside of the walls are four ice-jackets perforated with a 
number of vertical flues. Air is drawn from the outside of 
the a through these flues, and discharged by nozzles 
on to the contents of the wagon. An electric fan Some up 
the air circulation which has been found so necessary in 
similar vehicles, and the trouble often experienced from 
moisture from the air being deposited on the goods is 
absent, because such moisture is left in the flues whence 
it is drained away. Recording thermometers showed that 
the internal temperature was maintained steadily at 
0 deg. Cent., while the outside temperature varied hom 
10 deg. to 20 deg. Cent. No particulars were made public 
as to the cost of transit, although it would be most in- 
teresting to compare the freight charges with those levied 
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on the English farmer for one-tenth the distance. 
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THE LATE PROFESSOR FRANZ 
REULEAUX. 

Proressor FRANZ REULEAUX, who died at Char- 
lottenburg on August 20 last, was a mechanical engi- 
neer of world-wide reputation. Born at Eschweiler, 
near Aachen, in 1829, he acquired his early experience 
in engine construction from his father, who, we 
believe, put down one of the first engineering fac- 
tories in Germany. He left Eschweiler for a works 
in Coblenz, in which he spent a few years, complet- 
ing his practical training. His scientific training 
he acquired in various technical schools. He was 
from 1850 to 1852 in the Karlsruhe Polytechnic 
School; then in the Bonn and Berlin Universities, 
where he completed his studies with marked success 
in 1854. In 1856, after he had spent two years 
as manager of an engineering works at Cologne, 
Reuleaux was appoin Professor of Mechanics and 
Technics at the Zurich Polytechnic School.. When in 
Zurich he was offered the situation of Director of the 
Riga University, which was then being transformed 
and enlarged, but he declined this offer, and in 1864 
he accepted the post of Professor at the Berlin Toch- 
nical Institute, the directorship of which he held from 
1868 to 1879. From the latter year he was Professor 
at the Berlin-Charlottenburg Technical High School, 
of which he was appointed rector for the year 1890-1. 

Professor Reuleaux was an indefatigable worker ; 
he was a member of numerous associations, where his 
views on scientific matters and mechanical problems 
justly carried great weight. Among his writings we 
may mention ‘‘ Der Konstrukteur,” a hand-book for 
machine design, which was published in 1865 ; this has 
run through several editions, and a translation of the 
fourth has been made by H. H. Supplee, Philadelphia, 
1894. ‘‘ The Resistance of Materials” forms the title 
of his earliest paper ; this was published in collabora- 
tion with a friend, C. L. Moll, while Reuleaux was 
still a student. This paper marks an epoch in engine 
construction. Before its publication, calculation was 
based purely and simply on the breaking strain of 
metals, as ascertained by tests, p/us a more or less 
erratic margin as a factor of safety, the extent of 
which varied both with the different makers and 
buyers, and with the work the separate parts of an 
engine had to perform. Reuleaux called attention to 
the molecular stresses of metals ; he pointed out the 
importance of taking into account the limit of elas- 
ticity, together with the breaking strain, and placed 
engine design on a scientific footing. The book by 
which Professor Reuleaux is best known in this 
country is the one entitled ‘‘The Kinematics of 
Machinery,” a translation of which was made b 
Professor A, B. W. Kennedy as early as 1876. He 
also devised a well-known diagram for valve gear, 
which bears his name. 

Professor Reuleaux formed one of the jury at the 
London Exhibition of 1862, at the Paris Exhibition 
of 1867, also at the exhibitions held in Vienna in 
1873, in Sydney in 1879, and Melbourne in 1881. 
He was appointed the German Government represen- 
tative at the Philadelphia Exhibition of 1876, and 
his reports on the Exhibition were published in 1877 
in the form of a pamphlet entitled ‘‘Letters from 
Philadelphia.” In these letters he characterised the 
German exhibits as ‘ cheap and nasty,” or according 
to some—who are right so far as the translation of the 
German expression goes—as ‘‘cheap and ugly,” an 
opinion which created at the time a great outcry on 
the part of German works and commercial firms, a 
poet oe of whom have hardly forgiven him yet for his 
frank confession. We feel confident Professor Reuleaux 
altered his opinion long ago with regard to German 
manufacture, and the last Diisseldorf Exhibition would, 
no doubt, have given him an opportunity of putting 
forward a correction of his former views ; moreover, 
during the twenty-five years which elapsed between 
the Philadelphia and the Diisseldorf Exhibitions, he 
had been working at improving engine design and 
construction, and the excellence of the very interest- 
ing display made at the latter show was certainly due 
in part to his own exertions. In concluding, we must 
bear our testimony to the fact that mechanical engi- 
neering loses, by the death of Professor Reuleaux, a 
true and eminéntly capable leader. 








Messrs. Hawtuorn, Lesiig, AnD Co., Limrrep.—The 
twenty-first annual meeting of this re was held at 
Newcastle on Friday. The chairman, Sir B. C. Browne, in 
proposing a dividend of 124 per cent. for the past year, 
with 22,0002. added to the reserve fund and 4776J. carried 
forward, said the company had several favourable con- 
tracts in hand, and its prospects for next year were 
decidedly good. The general trade of the country was, 
however, stale, and orders for ships and engines could 
only be got at unremunerative prices. As ed 
Admiralty work, both British and. foreign, it was im- 
possible to forecast what might be in the future: as, for 
example, the policy which Russia might adopt in hurrying 
or postponing the replacement of her navy, might easily 
make a great difference in the action of other Powers, and 
this class of work might be busy or slack accordingly. 
The introduction of turbines had involved the company in 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 


(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 
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considerable expense in building new shops and buying motive works had been fairly well occupied, and_ the 
machinery to dea] with this class of work, but the directors company had a good amount of inquiries before it at 
had decided to go into the matter thoroughly, and to lay present. The directors’ report was adopted, and the 





themselves out to deal with it on a large scale. The loco- dividend recommended was declared. 
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INDEPENDENT TWIN AIR-PUMPS. 


CONSTRUCTED BY MESSRS. HENRY WATSON AND SONS, ENGINEERS, 


(For Description, see Paye 328.) 
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PUMPS WORKED BY 2 STEAM CYLINDERS. 
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WATSON’S INDEPENDENT TWIN 
ATR-PUMPS. 


Tue advantages of indepeadent air-pumps in con- 
nection with large marine engines are generally 
acknowledged, the chief of these advantages, perhaps, 
being the facility in manceuvring the main engines, 
the simplicity in engine-room construction, and the 
absence of risk of breakdown when large quantities of 
water have to be dealt with suddenly. It is due to 
these recommendations that this form of air-pump is 
now 86 largely adopted in battleships, cruisers, and 
mail liners. The installations now fitted are generally 
of the ‘twin type, as this form has been found to be 
very satisfactory. 

A very good example of pumps of this kind, con- 
structed by Messrs. Henry Watson and Sons, Walker 
Gate, Newcastle-on-Tyne, is shown on page 327, Fig. 1 
being a perspective. view reproduced from a photo- 
graph, and Figs. 2 and 3 details of the steam-valve 
gear. 

It is an important point about this class of pumps that 
they should work smoothly under varying conditions 
of load, and the arrangement of the steam-distributing 
valve needs, therefore, special attention. In order to 
meet this requirement Messrs. Watson and Sons have 
designed a special system of balance-valve, which they 
use in connection with their air-pumps. It has, we 
understand, been found very successful for actuating 
single and multiple-cylinder direct-acting feed-pumps, 
air-compressors, and the like. The action of the 
arrangement is simple. A main steam-blown valve 
works horizontally, and opens the necessary ports to 
the steam cylinder. On the back of the main valve 
bridle is an auxiliary valve, which works vertically 
by means of levers from the piston-rod and distri- 
butes the steam which works the main valve. The 
top regulating-valve, shown in Fig. 2, passes uncon- 
trolled steam, and a side regulating-valve (not shown) 
passes controlled steam. The action of the arrange- 
ment will, however, be better understood if, by the 
aid of Figs. 2 and 3, the different parts are described 
more in detail, 

Fig. 2 is a sectional elevation of the valve casin 
on the line B B of Fig. 3, and Fig. 3 is a sectiona 
plan on the line A A of Fig. 2. The main valve C 
moves to and fro in a horizontal direction on the face 
D. The valve is of the flat balanced type and works 
in an open-ended three-sided frame or bridle E which 
bears against the port-face D. Motion is imparted to 
this main valve by the two pistons working in the 
cylinders G, G, which communicate alternately with 
the steam and exhaust. A spindle H connects 
these two pistons together, and also moves the valve 
C. The top part of the bridle E is flat, and forms a 
port face for the auxiliary valve J, which is also 
provided with a bridle. This auxiliary valve works 
in a vertical direction, and is actuated by linkwork 
through the main piston of the pump, as may be seen 
in Fig. 1. The bridles of both the main and auxiliary 
valves are held in position by means of guides on the 
casings or covers, and by a suitable spring K, Figs. 2 
and 3. The main valve ports are of the usual form, 
and lead to the top and bottom of the cylinders, and 
the exhaust port is placed as usual ; in fact, the valve 
C is really only an ordinary slide-valve. 

In connection with the auxiliary valve which con- 
trols the steam supply to the pistons F, F, ports in 
line with L and M are arranged, which lead through 
the sides of the bridle and communicate with the 
main-valve piston-chambers. These ports are con- 
trolled by valves, so that the necessary cushioning of 
the pistons F can be obtained. The exhaust from the 
auxiliary valve is also led through the main-valve 
bridle. 

When the rey bagged actuates two single-acting 
pumps, fitted side by side on the well-known twin 
principle, the side regulating-valves are kept full 
open, and the top regulating-valves opened sufficiently 
to overcome the frictional resistance of the pum 
during the early part of each half stroke. When the 
steam-cylinder actuates one single-acting pump, or one 
half of the twin pump, the corresponding side regu- 
lating-valve is closed ; and during the up-stroke of the 
pump, when the principal work is done, the bottom 
of the steam-cylinder is amply supplied with steam, 
as before; while during the down-stroke the top 
of the steam-cylinder is supplied with wire-drawn 
steam through the top regulating-valve only. By this 
arrangement a very simple and effective steam dis- 
tribution is obtained with single-acting pumps workin 
singly or in pairs, and the pump can be run at hig 
piston s without jar or noise, and is equally effec- 
tive at creeping speeds as at high. 

Diagrams taken from some of these independent 
twin air-pumps lately inspected and steamed by Cap- 
tain Iwata, of the Imperial Japanese Navy, are re- 
produced in Figs. 4 to 7, page 327, and show the results 
obtained from pumps when running under poy 

bot 


conditions or suddenly glutted, and steamed with 
cylinders at work. W 

by naval inspectors show that the pum 
0.8 per cent. of the steam required =f 


e understand that tests made 
use about 
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engines to which they are attached, with the pumps 
jo rane ach against a back pressure of 25 Ib. 

We are informed that these independent air-pumps 
have been fitted in connection with the main engines 
of a number of battleships and cruisers, as well as 
large mail-boats and Channel steamers in connection 
with high-vacuum plants fgr turbine machinery. 
The very successful Allan Line turbine steamer Vir- 

inian is also equipped with them. Mention may also 
- made of some of Watson’s large twin air-pumps 
now under construction for the P. and O. mail steamers 
Delhi, Devannah, and Dongola, which are building on 
the Clyde. 








INDUSTRIAL NOTES. 


Tue Annual Co-operative Festival at the Crystal 
Palace is designed to encourage and promote indus- 
trial co-operative action in production. Co-operative 
distribution needs no stimulation ; the difficulty is to 
meet the growing demand. All through the North of 
England, and particularly in Yorkshire, as well as 
Lancashire—where, in fact, co-operation originated, 
at Rochdale, with what are callcd the Rochdale 
Pioneers—the success of the movement is without 
question. The Co-operative Wholesale Society, whose 
headquarters are at Manchester, with a number 
of important branches in Newcastle, in London, in 
Scotland, and elsewhere, bears testimony to the fact 
that co-operation, as regards distribution, is a gigantic 
success. The combination of retailers in various 
centres is in itself a great tribute to the progress of 
the movement. But in respect of co-operative pro- 
duction there is a wail of distress at its slow progress 
and at its limited success. Co-operators succeed best 
when they confine themselves to the purchase of 
commodities wholesale, and to the distribution thereof 
by retail, thus avoiding the disturbing elements, such 
as strikes, &c., which so often affect production. Asa 
rule, they reduce the cost of distribution by customers 
taking their goods over the counter, without the fur- 
ther cost of delivery. The latter is incurred by the 
Civil Service, Army and Navy, and other Stores ; but 
these are not regarded by co-operators as real co- 
operation, but rather as limited companies under the 
Industrial and Provident Societies’ Acts. Neverthe- 
less, delivery of commodities at home, when required, 
is an advantage which is es nag by the 


public. That is why the small om eeper flourishes 
where the co-operative society fails in many large 
towns. elivers 


The shopkeeper calls for orders and 
the goods, whereas the co-operative society requires 
the purchaser to carry the goods home. 

But a certain amount of success has attended co- 
operative production. This is shown in many, what 
may be called, domestic industries, such as the manu- 
facture of boots and shoes, clothing, domestic utensils, 
furniture, and various wares. There has been a 
measure of success in the manufacture of cotton and 
woollen goods, especially the latter; but the experi- 
ments have been often unsatisfactory, and frequently 
a failure. In engineering, co-operation has signally 
failed ; as in Newcastle some years ago. In building 
operations there have been many failures. In the 
quarrying experiments of the last year or two the 
success has not been such as to give satisfaction to 
the shareholders, and not always to the employés 
engaged in the concern. There are doubtless man 
reasons for those failures: one is the want of domi- 
nant direction. A committee cannot deal with the 
complex questions that arise in the same effective way 
as the head or heads of a concern; and yet the direc- 
tors of a public company succeed where a committee 
of a co-operative society fails. It is not lack of 
talent so much as want of concentrated power in the 
hands of those who direct the concern. Moreover, 
in co-operation the principle of equality of partner- 
ship is more a nt ; the workers are supposed to 
be co-equal with the managers in all matters of 
supreme importance, in which case the drone has 
an influence of almost equal importance with the 
talented expert. If he cannot direct, he can grumble 
and complain, and hence disaffection arises towards 
the management, and there are always some who 
think that they could manage quite as well, if not 
better, than those for the time being in power. 

The report of the Labour np og wate Association, 
resented to the meeting at the Crystal Palace, shows 
airly satisfactory progress during the last few years. 

The Association was founded twenty-one years ago, 
and the comparative figures given show the expansion 
of co-operative production from 1883 to 1904 inclusive. 
In the first-named year the number of societies was 15; 
in 1893 the number rose to 77, in 1904 to 126. The 
capital in 1883 was 100,000/., and in 1904 it 
amounted to 3,500,000/. The dividend in wages 
distributed last year was over 21,000/.; in 1893 
it was only 8225/. The trade account in 1883 was 
160,751/.; in 1893, 1,155,842/.; in 1904, 3,529,545/. 
The profits were :—In 1883, 9031/.; in 1893, 65,387/.; 
in 1904, 206,4667. The losses were :—In 1883, 114/.; in 
1893, 2112/.; in 1904, 52767. But these figures do not 
cover the results in five large companies, employing 





about 8000 workpeople on the profit-sharing prin- 
ciple ; in these the workpeople shared some 60,000/. 
last year, the bonus, or percentage on wages, ranging 
from 3 per cent., the lowest, to 9? per cent., the highest, 
The aggregate dividends to labour in those five firms 
since their commencement amounted to 344,000/., or an 
average of 43/. per yo The capital owned by the 
employés is about 314,000/., or an average of 40/. per 
employé. The latter figures show that co-operative pro- 
duction progresses very slowly, more slowly than’profit- 
sharing. ‘There need be no fear among the capitalist 
classes, whether private firms or companies, that they 
will be swam by co-operative effort. The shop- 
keeping class may scent danger in the progress of co- 
operative distribution ; but, after all, the co-operative 
movement has made but little impression upon that 
class, except in a few centres of industry. The grow- 
ing desire is that the distributive societies shall deal 
only with the productive societies, in so far as they 
are able to supply goods. That is a very natural 
desire, but the goods produced must be up to the 
standard of those supplied by other concerns, or 
the members of co-operative societies will complain, 
and their committees will have to attend to the com- 
a0 and purchase such goods as are required. 
’erhaps the best thing in the co-operative movement 
is the discipline, and the development of self-reliance, 
self-restraint, and personal thrift. 


The Thirty-Eighth Trades Union Congress assembled 
in Hanley, Staffordshire, on Monday last. Much has 
happened since the first congress met in Manchester, 
in EKaster-week, 1868. The congress itself has under- 
gone transformation. At the first congress only trade 
unions were represented ; at the second, in 1869, at 
Birmingham, several political bodies were represented 
and many trades councils. It was soon found to be 
necessary to limit the congress to bond-fide labour 
organisations, of which ‘ones councils form a part. 
Then it was considered necessary to still further limit 
the representation, and trades councils were excluded. 
It is —. but true, that the limitation was further 
extended so as to exclude several prominent Labour 
leaders, unless they were sent as the chosen delegates 
of their own unions. The attempts of the Socialists 
to capture the Congress led to that limitation. On 
mgd they did capture the Congress ; but their success 
ed to their exclusion, except in such cases where the 
trade unions elected delegates with socialistic views. 
These are still numerous, but not numerous enough to 
control the Congress. Asa matter of fact, there has 
been less and less Socialism preached in congress during 
the last few years. We hear nothing now of the uni- 
versal eight-hours day on land and sea for all workers, 
from the clerk in the commercial house to the scullery- 
maid in the kitchen. We hear little about the aboli- 
tion of capital by the State taking over all the means 
of production, distribution, and exchange. As the 
leaders have dropped that idea, the rank and file are 
dumb about it. They do not even seem to know that 
the leaders have changed in this respect. It speaks 
but little for their intelligence that such a change of 
front is not noticed, or, if noticed, is not challenged at 
public meetings, except by a few of the more ardent 
spirits who were captured by the socialistic idea, and 
have not yet learned how impossible it all is. The work 
of the Congress will be dealt with in next week’s issue 
of ENGINEERING, when its proceedings will have been 
completed and terminated, as it is better to review its 
character and resolves as a whole, so as to see its 
trend, and estimate its probable influence in the near 
future, especially in view of a possible General 
Election in 1906, if not earlier, as some think possible. 





What the result of the Unemployed Act will be in 
its administration it is impossible to foresee, but that 
it will have far-reaching results may be anticipated. 
Two great cities and centres of industry seem to have 
resolved to put it in force—namely, Leeds and Man- 
chester. These may be taken as typical centres as 
regards the large towns, others will doubtless follow 
suit as circumstances may require. The mere fact 
that these two important populous towns have de- 
cided to take action under the Act shows that some 
such measure was needed. The experience gained 
will be of great value, for Leeds and Manchester are 
well governed by their municipal councils. It may be 
that local agitation has stimulated action; but the 
need exists, or the councils would not have yielded 
to mere agitation and threats. In London, the London 
Trades Council appear to have taken up the work of 
organisation, for they propose to create a central com- 
mittee, with local committees in all the London 
boroughs, the object being to direct, as far as possible, 
the unemployed in their action. Of course, sucha 
committee and sub-commitees will not have the power 
to administer, but. they may by organisation and 
agitation largely influence the City of London Corpora- 
tion and all the newly-created municipal councils, and 
possibly coerce them, or some of them, into activity. 
If the Act is worked prudently, great good may 
done ; local improvements may bolle ; the streets 
and roads may be cleansed, and the open spaces may 
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be rendered more attractive. But if an attempt is 
made to socialise our municipal institutions, the over- 
burdened ratepayers will revolt, and things will be- 
come worse instead of better. The rates are already 
very high, in some boroughs they are most oppres- 
sive, and the County Council in conjunction with the 
borough councils are doing their best to tap every 
source of revenue, by re-valuations and otherwise. 
But the last straw might break the camel’s back—and 
then extravagance will give place to penury. 


West Ham continues to be the district in which the 
want of employment and dire distress attracts the 
most attention, and one cannot wonder if the rough 
and partial classification of the out-of-works recently 
published may be taken as representative of the 
whole. In the classification alluded to there were 181 
mechanics, but of what class or section there is no 
mention. If engineers, or shipwrights, or boiler- 
makers and iron shipbuilders, they would, if union 
men, be in receipt of out-of-work pay; so with 
carpenters and joiners. Other building operatives 
are not so well provided for in their societies, and 
the building trades have long been in a bad condition 
as regards employment. The great majority seem to 
be labourers of various sections—dockers and others. 
It does not appear that the Dockers’ Union has been 
able to do much in mitigation of distress. The many 
thousands of pounds distributed some time ago appear 
to have had but little effect, except perhaps in tem- 
porary relief when the winter’s cold made such relief 
desirable. West Ham would seem to be the dumping 
ground for all sorts and conditions of men unable to 
find work, many of whom doubtless would really be un- 
able to do a fair day’s work if offered to them. If the 
outcome of the unemployed agitation and organisation 
could only be a means of providing a solution, if only 
partial, of the problem which we have to face, there 
would be a great gain to the whole of London. But 
the loafer and the ne’er-do-well must be made to under- 
stand that the labourer is only worthy of his hire when 
he works with a will, and with some degree of skill. 





There has been a distinct improvement in the iron 
and steel trades in the Midlands. There was quite a 
cheerful tone in the market owing to the peace settle- 
ment and to the improved reports from most of the 
home centres where iron and steel is largely used. 
Prices in most departments were higher and the out- 
look is regarded as most hopeful. There has been 
paneer A increase in buying during the last few 
weeks, especially in respect of railway rolling stock, 
for bridge-building and girder construction. A large 
order for goods wagons has been placed in the district 
for Western Egypt. The demand for finished iron 
generally is steady, and common iron is selling better 
than for some time past, and prices are higher. Makers 
of gas-strip have again advanced prices, as also have 
galvanisers. There has been a good inquiry for black 
sheets. There has been something approaching to a 
mild boom in steel; both raw and manufactured steel 
were dearer. Employment in the engineering trades 
was a little better—moderate to fair—much better than 
a year ago. The cycle trade continued fairly good, 
but the slack season is approaching. Electrical engi- 
neers were well employed in Birmingham, and trade 
has improved at Wolverhampton. Iron-founders re- 
port trade as moderate at Birmingham, good else- 
where. Boiler-makers report trade as rather slack. 
The proportion of unemployed union men in the engi- 
neering trades was 3.4 per cent.; previous month, 3.6 
per cent. ; ayear ago, 5.6 percent. Bedstead-makers 
report trade as good; brass-makers moderate to quiet ; 
makers of nuts, bolts, nails, &c., fair to moderate. 
Chain and cable-makers were fair to quiet; anchor- 
smiths slack ; anvil and vice-makers fair; makers of 
axles and springs were well employed. In some of the 
other local industries there was greater variation ; but, 
generally, trade appears to have greatly improved. 





_ The iron and steel trades in Lancashire are improv- 
ing. The early re-appearance on ’Change of several 
old and respected representatives of the trade at this 
season of the year is taken as an indication of further 
probable improvement. Finished iron has been in 
steady demand at quoted rates, while steel has im- 
proved and quotations rule strong. There is a marked 
improvement in the engineering trades, the proportions 
o! unemployed union men having decreased fairly well. 
‘he proportions were 4.8 per cent. in the wide Liver- 
pool and Manchester districts ; previous month, 5.4 
per cent.; a year ago, 7.5 per cent. In the Oldham, 
Plackburn, and Bolton districts they were 3.2 per 
cent.; previous month, 4.2 per cent.; a year ago, 10.7 
per cent. Trade was much better at Manchester and 
Salford than at Liverpool and Birkenhead. At Crewe 
engineers and iron-founders were slack, and_boiler- 
makers were moderately employed. At Warrington it 
was the reverse. At Stockport, Wigan, and Chester 
trade was slack. In most of the other Lancashire 
centres trade was good to fair all round, but at Horwich 
‘t was reported to be bad. The prospects are brighter 
generally in all the iron and prac! pers trades. 





The strike of the Liverpool union dock labourers 
seems a rather silly affair—all about the ‘ button.” 
The firm with which the dispute originated insist that 
the men shall not wear or display the union badge ; the 
men insist upon doing so. After all, the remedy seems 
to be to let those who like wear the button, but non- 
wearers of the button should not be molested or inter- 
fered with. The men must remember that there is as 
much tyranny in requiring that all men employed shall 
wear the button as there is in the insistance that there 
shall be no display of the button at all. Engineers, 
boiler-makers, iron-founders, shipwrights, carpenters 
and joiners, masons, brick-layers, and other important 
trades do not require their members to wear a badge ; 
why should the dockers ? 


As the dockers at Cardiff and Barry have not 
accepted the employers’ terms, and, as the latter 
allege, have shown no disposition to discuss the 
counter proposals of the employers, the masters have 
decided to throw open the works under the rules and 
conditions submitted ; and thus fill, or seek to fill, the 
places of the union men on strike. Here, as at Liver- 
pool, all efforts to effect a settlement by conciliation 
have failed. 

The proposed strike of the mechanics employed in 
and about the collieries in Northumberland against a 
reduction in wages of a penny per day is not likely to 
take effect. The votes of the men were in favour of 
a strike, but the required majority of two-thirds was 
not attained ; therefore, according to the rules, no 
stoppage of the works can take place. 

Conferences and negotiations have taken place 
between the employers and miners’ representatives at 
the Whitwick Collieries, Leicestershire, as to the wages 
to be paid in an old mine closed some years ago, after 
a severe accident, in which thirty-five lives were lost. 
The men claim an extra 4d. per ton above other local 
collieries on the ground of thinness of seam. The 
employers offer 14d. 

The strike of Warwickshire miners at the Exhall 
Colliery, affecting some 1000 men, has been settled, 
after lasting ten weeks. The settlement is in favour 
of the men. 

There is some danger, it is said, of a big strike in 
the coal trade of London, some 10,000 members of the 
Coal Porters’ Union being threatened with a reduction 
in wages, amounting in some cases to 10d. per day. 
No doubt efforts will be made to avert such a calamity, 
just at a time, too, when the winter’s coal is usually 
stocked by those who have the means to purchase, and 
the space to store it. 

The strike of some 1200 men at Messrs. Dorman, 
Long, and Co.’s works at Middlesbrough came to an 
end last week. 

The strike of carpenters and joiners at Glasgow, 
after lasting twenty weeks, ended at the close of last 
week by Re men’s acceptance of the compromise 
offered by the employers. 


The arbitration in the Nottingham lace-trade dis- 
ute has been favourable to the operatives. The 
rd of Trade arbitrator gives to the workers a bonus 
of 5 per cent., to date from September 2, with certain 
specified exceptions, these exceptions being employed 
in the plain-net branch of the lace industry; but the 
minor question as to dismissals was decided in favour 
of the employers. 


It is reported that the number of unemployed mem- 
bers of the Clothiers’ Union is less than it has been for 
a yearor two. This is good news; for it shows that 
the tailoring trades have improved. The union is 
about to organise London on the same lines as else- 
where. It is said that it is badly organised now. 

Some of the ‘‘ unemployed men” at Leicester have 

iven great dissatisfaction by leaving the employment 
found for them in the Derwent Valley, and’ by their 
return home to again swell the ranks of the unem- 
ployed. Out of twenty men selected, all returned 
home but one. They complain that the wages were 
insufficient to enable them to live and send something 
home. But the lesson of discharging themselves is a 
bad one, and it has produced dismay in“*the ranks of 
sympathisers. 

The National Society of Operative Printers’ Assist- 
ants have decided to appeal against the recent decision 
in which 650/. damages were given against them for 
advising the members not to take the place of those 
on strike. This seems to be an extension of the Taff 
Vale case. 





Frencu Coat-Mininc.—The production of coal in the 
French departments of the Nord and the Pas-de-Calais 
in the first half of this year beat the record, having 
amounted to 11,835,523 tons. The corresponding output 
in the first half of 1904 amounted to 11,223,140 tons; in 
the first half of 1903, to 11,287,895 tons ; and in the first 
half of 1902, to 10,329,376 tons. 





HOLMES AND DAVY’S HYDRAULIC 
STUFFING-BOX. 


Tue accompanying illustration shows Holmes and 
Davy’s patent hydraulic stuffing-box, as made by 
Messrs. Davy Brothers, Limited, Sheffield. In hy- 
draulic work, particularly with heavy pressures, 
although a (J leather packing gives the most satisfac- 
tory results in its freedom from leakage and friction, 
its use is often abandoned in favour of an ordinary 
soft packing, on account of the difficulty of changing 
the leathers, which involves the withdrawal either 
of the ram itself or of the cylinder. In many cases, 
as, for instance, in hydraulic pumps, this cannot be 
done without causing great inconvenience. The with- 
drawal of the ram usually means the taking of the 
machinery to pieces to some extent, involving loss of 
time ; the withdrawal of the cylinder involves disturb- 
ing pipe-connections. The stuffing-box illustrated was 
designed to obviate these difficulties. As will be 




















seen, it is fitted up in the usual manner, with neck- 
ring H, UJ leather D, and packing-ring G ; but, in addi- 
tion to this, there is also the loose packing-ring J, 
which is somewhat deeper than the packing-ring G. 
The ram B is shown in its extreme outward ition, 
so that when the stuffing-box C is drawn back, or, in 
the case of a vertical cylinder, lowered by long bolts, 
the packing-rings J and G can be successively removed, 
and the [J leather D replaced. By this method tho 


marge el can be replaced in a few minutes; in - 
ac 


t, quite as quickly and easily as any soft packin 
could be renewed. fom. Davy Brothers have use 
this — with satisfactory results on hydraulic 
rams and plungers up to a pressure of 3 tons per square 
inch ; and it ‘appears to be suitable for a very wide 
range of application, as the cases are extremely 
numerous in hydraulic engineering in which packings 
have hitherto been adopted in preference to leathers, 
simply on account of the delay and inconvenience 
caused by changing leathers. 








Parisian Tramwayrs.—The East Parisian +. 
Company was worked at a loss of 111,386/. in 1904. It 
has m decided to write off four-fifths of the original 
wae, and also to issue 260,000 preference shares of 4/. 
each. 





Sourn Arrican Coau.—- We learn from Lourengo 
Marques that coal has been struck at a depth of 160 it. 
near Komati Poort, and that samples are now on exhibi- 
tion. It is estimated that the coal thus made available 
can be delivered at Durban at 4s. per ton below the 
rates now current at Durban for Natal coal. 

New Sreamsuip Service.—A new all-British steam- 
ship service from Southampton to New York, vid the 
West Indies, is announced by the Royal Mail Steam 
Packet Company. The route has been opened by the 
steamship Tagus, which left Southampton on September 3, 
The service is one which was formerly maintained by the 
company, but it ceased about twelve years since, and the 
present step has been taken in consequence of the lapse 
of the company’s contract with the Government to carry 
mails, and the removal of restrictions as to itinerary. 
The new service will provide communication between 
Southampton, Jamaica, and New York in twelve days, 
and mgers will be able to avoid the rigours of the 
North Atlantic passage during the winter months, 
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MEASURING DEVICES FOR LIQUIDS. 


THERE are bee purposes for which a device which 
will decant liquids in exactly measured quantities is 
particularly useful, as an accurate account of the 
aca supplied may be kept without difficulty, and 
losses due to waste and carelessness avoided ; the 
supply of the different sorts of oil from the stores to 
the workmen can be checked, and such checking will 
often result in a very appreciable economy in use. 
Several forms of apparatus for the delivery of measured 
quantities of liquids are put on the market by the 
Sanitary Appliances Syndicate, of 68, Victoria-street, 
S.W., one of which we illustrate in Figs. 1 to 3, 
below. Its general appearance will be understood 
from Fig. 1, which shows the measuring-chamber on 
the right, and the discharge-pipe beneath it, the supply 
entering by the vertical pipe on the left-hand side. In 
this pipe is a check-box marked A, the valve of which 
is a complete cone of an elastic composition, weighted 





Fie. 3. 


either with a metallic guide-spindle or with a spring. 
The elasticity of the valve renders it always tight, and 
prevents shocks on the sea ing. 

After ing the valve, the liquid descends into the 
part B, the details of which are shown on Fig. 2. It 
cannot enter, however, until a second spring-loaded 
valve, similar to the first, is lifted by means of the 
central spindle. The means by which the central 
spindle is operated is shown in Fig. 1. When the 
spindle is lifted, however, it does not at first affect the 
entrance valve, but raises what may be called the main 
valve from its cushion, and shuts off communication 
between the measuring-chamber and the discharge- 
pipe. Further movement of the spindle, permitted by 
the elastic nature of the mair valve, lifts the entrance 
valve by means of the shoulder end of the spindle. 
The liquid then flows up pipe F into the measuring- 
chamber, air escaping from the top of the latter. 

When the measuring-chamber is full, the spindle is 
released, the inlet valve thereby closed, and the main 
valve opened for the liquid to run away. It will be 
seen that there is no possibility of liquid running 


the order described, and it is also impossible for more 
than the predetermined quantity to be supplied at any 
one operation. To permit free entrance to and dis- 
charge from the measuring-chamber, there are two air- 
passages at the top, one permitting the escape of air 
when the chamber is filling, but both allowing the 
admission of air when emptying. The holding capacity 
of the chamber is regulated by raising or lowering the 
air-escape passage. 

A modified form of measuring apparatus is shown in 
Fig. 3. The measuring-chamber and its fittings are as 
described already, but the valve arrangement is more 
simple. The barrel beneath the chamber contains a 
plug, which may be rotated to various positions by the 
external handle. The plug is pierced with ports, which 
give communication between the inlet pipe and the 
chamber, and then between the chamber and the dis- 
charge-pipe. An intermediate position of the plug 
closes both passages. In this device the measuring- 
chamber can be by-passed by turning the tap on the 
right-hand side, when liquid will flow directly to the 
outlet. A modification of this type has two similar 
measuring-chambers attached, and the ports in the 
plug are so arranged that, while one is emptying, the 
other is filling. 





ALLOYS OF COBALT AND NICKEL. 

W. GuertLeR and G. TAMMANN (Zeitschrift An- 
organische Chemie) have studied the melting-point 
curve of alloys of cobalt and nickel to determine 
whether a compound of these metals is formed, or 
whether both metals separate completely or incom- 
pletely from the molten mass, In the curve repre- 
sented in the paper, where the absciss indicate the 
composition of the mixture, and the ordinates the 
melting-points observed, the melting-point curve is 
represented by a straight line, the course of which 
is expressed by the formula A ¢, = 0.35 p, where p 
indicates the percentage of cobalt, and A ¢, the rise of 
melting-point. The variation of each individual melt- 
ing-point from the straight line amounts to only 
+ 5 deg. Nickel and cobalt accordingly separate from 
their molten masses in mixed crystals. 

When cobalt is heated, it is, like nickel, converted 
into a stable, non-magnetic variety, the former being 
transformed at 1150 deg., and the latter at 323 deg. 
The equilibrium curve of the magnetic and non- 
magnetic crystal forms of nickel, cobalt, and their 
alloys was studied. The transition temperature of 
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alloys containing 10 per cent. of cobalt rises from 
100 deg. to 60 deg., from which the conclusion is 
drawn that the concentration of the single crops of 
mixed crystals, which separate from the same molten 
mass, cannot differ from one another by more than 
2 to 3 per cent. Various mixtures of nickel and 
cobalt were taken, and the lowest temperature deter- 
mined at which those mixtures became non-magnetic ; 
the temperatures were also noted at which the mix- 
tures again became magnetic after having been cooled. 

In the concentration temperature diagram sketched 
in the paper (see above), the melting-point curve sepa- 
rates the field of the molten mass from the field of non- 
magnetic crystals ; whilst the transition curve separates 
the latter from the field of magnetic crystals. At the 
temperatures of the melting-point curve, from the 
melting-point of pure nickel—1484 deg.—to the melt- 
ing-point of pure cobalt—1528 deg.—the composition 
of the molten mass and of the mixed crystals which 
separate is approximately identical. At the tempe- 
ratures of the transition curve, the magnetic mixed 
crystals are in equilibrium with the non-magnetic 
mixed crystals. 

The authors have extended their investigation to 





through unmeasured, as the valves can only operate in 


alloys of nickel and cobalt with iron and steel The’ 


iron used in making the nickel and cobalt steels was 
very pure; that for the nickel steels contained 0.06 
per cent., and that for the cobalt steels 0.24 per cent. 
of carbon. 

1. The nickel-steel melting-point curve consists of 
two branches, with a discontinuity at 35 per cent. of 
nickel (1510 deg. Cent.) ; the curve for alloys higher 
in nickel descends from this toa minimum at 66 per 
cent. (1465 deg. Cent.), and gradually rises thence to 
the melting-point of pure nickel—1485 deg., whilst 
the curve for alloys lower in nickel remains at about 
1500 deg. down to 20 per cent., and then gradually 
rises to the melting-point of iron—1550 deg. The 66 
per cent. alloy corresponds to Ni,Fe, and being an 
alloy of minimum melting-point, ought to crystalise 
out, leaving a mother liquor of the same composition ; 
but this property seems to characterise the whole of 
the nickel-iron al. oys, which solidify asa whole, what- 
ever their composition, forming crystal mixtures of 
Ni,Fe with nickel or with y iron where the nickel 
exceeds 35 - cent., and solutions of nickel in + iron 
where it falls below that percentage. 

Examination of the magnetic permeability shows 
that the 35 per cent. limit divides the reversible steels, 
containing more nickel, from the irreversible, contain- 
ing less. In the former, the temperature at which 
magnetisation occurs on cooling is identical with that 
at which it disappears on heating ; in the latter, super- 
cooling occurs, and magnetisation does not appear till 
far below the temperature at which it is lost on 
heating. 

Messrs. Guertler and Tammann’s determinations of 
these critical temperatures agree very closely with 
Osmond’s, the differences being doubtless caused by 
the different amounts of minor constituents present 
in the steels of the former and latter experimentalists. 

Apparently both nickel and Ni,Fe undergo on cool- 
ing a transformation from £ to a condition. 

2. The cobalt-steel melting-point curve is practi- 
cally a horizontal line at 1500 deg. Cent. from 100 to 
5 per cent. of cobalt, and below that rises to the 
melting-point of iron. Like the nickel steels, the 
cobalt steels of every compositions how no separation 
of constituents on solidifying. As shown by the 
change of magnetic permeability, the transformation 
on cooling may be ranged in four groups or classes :— 

(a) From 100 to 75 per cent. of cobalt, reversible, 
changes on heating and on cooling occurring at the 
same temperature. 

(6) From 75 to 60 per cent. the change occurs, not 
suddenly, but over an interval of about 100 deg., 
which interval is between the same temperatures, 
whether rising or falling. 

(c) From 60 to 5 per cent., irreversible, a super- 
cooling of 20 deg. to 30 deg. making that difference 
between the transformation temperatures on heating 
and on cooling. 

(d) Below 5 per cent. the transformation tempera- 
tures on heating and on cooling are, on first heating, 
almost identical—760 deg. to 752 deg. Cent. ; but on 
repeated heating the former gradually rises to 820 
deg. Cent., while the latter remains constant. 

3. All these alloys exhibit, when polished and 
etched, a polygonal structure, varying greatly in dis- 
tinctness and in the size of the polygons ; the authors 
have not yet, however, been able to draw from the 
micrographic examination of these alloys any conclu- 
sions as to their constitution. 








BELGIAN METALLURGICAL INDUsTRY.—The number of 
furnaces in oS the province of Liége last year was 
16, while the numbet of workpeople employed was 1605. 
The 16 furnaces consumed during the year 21,650 tons of 
Belgian minérals, 1,328,155 tous of foreign minerals, 
677,780 tons of coke; and 4420 tons of coal. They pro- 
duced 23,790 tons of refining pig, 217,390 tons of pig for 
Bessemer steel, atid.382,257 tons of pig for Thomas steel, 
or altogether 623,437 tons of pig of various kinds, of the 
total value of 1,524,036/., giving an average of 2/. 8s. 10d. 
per ton. The number of furnaces in blast last year in 
the province was the same as in 1903, and their pro- 
duction averaged 109 tons per day per furnace. The 

roduction effected in 1904 was the highest yet attained, 
ving been 17,346 tons in excess of 1903. The average 
rice of each ton of pig produced last year was ls. 4d. 

ess than the corresponding average for 1903; but the 
total value for last year was 2110/. more than the 
corresponding total for 1903. Of the 1,328,155 tons of 
foreign minerals consumed in the province of Liége !ast 
year, 575,145 tons came from the Luxembourg; 358,45 
tons from Spain ; 144,500 tons from France and Algeria ; 
85,150 tons from Sweden and Norway ; 68,460 tons from 
Germany; and the balance from other miscellaneous 
sources. Six steel-making works were in activity in the 
province of Liége last year, as compared with five in 
1903; they . oyed 5423 workpeople, and consumed 
298,550 tons of combustibles. They turned out last 
year 439,595 tons of finished ‘steel. There were six- 
teen establishments for working iron and steel in 
activity in the province of Liége last year, while two 
were inactive. They employ between them 4020 
workpeople, and consumed 190,595 tons of combustibles. 
Their production of finished steel last year was 100,745 
tons. The te production of finished steel of »!! 





kinds in the province last year was, accordingly, 540,341 
tons, of a total value of 2,691,504/, 
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THE ELASTIC PROPERTIES OF STEEL AT 
HIGH TEMPERATURES.* 


By BrrrraM Hopkinson, M.A., M. Inst. C.E., Professor 
of Mechanism and Applied Mechanics in the University 
of Cambridge, and F’. Rocers, B.A. (Cantab.). M.Sc., 
M. Eng. 


Hiruerto investigations into the elastic properties of 
metals have been confined to com tively low tempera- 
tures. Gray, Dunlop, and Blyth have measured the 
modulus of rigidity and Young’s modulus for wires up 
to temperatures of 100 deg. Cent., and found that bot 
these quantities decrease as the temperature _rises.} 
Martens determined the influence of heat on the na 
of iron up to temperatures of 600 deg. Cent., but his 
experiments were the ordinary tensile tests carried to 
rupture; and though he also found a substantial diminu- 
tion of Young’s modulus with rise of temperature, he did 
not go into the point fully, being mainly concerned with 
breaking stress and elongation.} 

In the experiments here described the elastic proper- 
ties of steel and iron have been investigated at higher 
temperatures, ranging up to 800 deg. Cent., and for 
stresses greatly below that required to rupture the mate- 
rial. We have found that as the temperature rises the 
stress-strain relations er a remarkable change, 
which may best be exp’ by saying that what is 
variously called the ‘‘time-effect,” or elastische nach- 
wirkung, or *‘ creeping,” increases greatly with the tem- 

rature. Steel at high temperatures behaves like 
india-rubber or glass; if it is stressed for a time, and the 























stress removed, it does not at once recover ; but after the 
immediate elastic recovery there is a slow contraction 
perceptible for many minutes. Such ‘‘ creeping” can be 
detected at ordinary temperatures, but at a red heat it 
attains a different order of magnitude, becoming (in its 
total amount) a substantial fraction of the whole defor- 
mation. 

The test-piece was 4 in. long, about 0.2 in. in diameter, 
and had enlarged ends, which were screwed into two steel 
bars, each 1} in. in diameter and 10 in. long. The whole 
was set up in a vertical electric resistance furnace, wound 
with three coils of nickel wire. The currents in these 
coils could be separately controlled, and in this way the 
temperature along the test-piece could be made very 
approximately uniform. The temperatures were measured 
by three thermo-couples, placed one at each end and one 
in the middle of the test-piece. Fig. 1 shows the appa- 
ratus with one side of the furnace removed. Changes in 
length between the points A, B could be measured cor- 


Ww 
rectly to 3,000 by means of an extensometer of Pro- 


fessor Ewing’s pattern. The furnace was supported 
separately, and the test-bar, with the attached extenso- 
meter, was hung free within it. Tension up to 112 Ib. 
(1} tons per square inch) could be very rapidly applied 
or removed by means of a foot-lever at the lower end. 
The interior of the furnace was closed from the atmo- 
—s by nome e mercury locks, and the test-piece was 
surroun an atmosphe! i 

avoid oxidation. , ore es 

It will be seen that the extension observed included 
the elongation of the end pieces as well as that of the 


* Paper read before the Royal Society. 
+ Proceedings of t t ae c 
vol. civ., page 209 (181) tion of Civil Engineers, 


p ings of the Ro al Soci 4s 
(October, 1900). e Royal Society, vol. Ixvii., page 180 








test-piece. The area of the latter being one-thirtieth of 
that of the ends, and its length one-fifth, it appears that 
of the total extension 87 cent. is contributed by the 
test-piece, and the remainder by the end pieces, if the 
elastic properties of the two are the same. At low tem- 
peratures this is approximately the case, but at higher 
temperatures the ave temperature of the ends is less 
than that of the test-piece, and they, therefore, contri- 
bute a less proportion to the total extension. In stating 
the results in this paper, the total extension is alone 
referred to, and it is stated in extensometer divisions, 
each of which is 375, in., or one-twenty-thousandth of 
the length of the test-piece. It is probable that at high 
temperatures over 90 per cent. of this extension should 
be credited to the test-piece. 

Two materials were tested, one being steel containing 
about 0.5 per cent. of carbon, and the other Low Moor 
iron. 

Fig. 2 shows the result of a series of tests carried out 
on a steel bar at 750 deg. Cent. The bar was at no time 
heated much beyond that temperature. It was loaded 
with 85 1b. for one minute, then unloaded for two minutes, 
and so on, and the curve shows the resulting changes of 
length in terms of thetime. It will be seen that even at 
this low stress (about 1} tons square inch) the metal 
flows — rapidly, and that the overstraining has a con- 
siderable hardening effect, as shown by the diminishing 
amount of the permanent set produced by successive 
loadings. We found that this hardening disappeared 
with rest; that is, if the bar were left unstressed at 
750 deg. Cent. for a couple of hours after having been 
hardened by successive loadings, it was restored to its 


ae 


Eatension of bar, in divisions of 





Minutes. 


Fic. 2.—Temperature of bar, 750 deg. Load, 85 Ib.; 1 division 
ofextensometer = _! in, = _1 part of length of test- 


(4330 @) 


’ 20, 
piece. During the times covered by the dotted lines the bar was 
unstressed. 
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Reaprocal of instantancous 
eaxctension or contraction. 











Fie. 3.—Variation of Young’s + with Temperature ; 
12 Ib. 


original soft state. Witha slightly less load (about 79 Ib.) 
the flow of metal was very mpch slower ; the permanent 
set produced by load applied for one minute amountin 
to only about 0.5 extensometer division, against 1.5 divi- 
sions for the load of 85 Ib. 

In respect of all the features hitherto mentioned the 
properties of the material differ only quantitatively from 
those of the cold bar. Fig. 2 might, but for one remark- 
able difference, apply to a cold bar stressed to its yield- 
point. The difference lies in the behaviour of the 
after the removal of the load. The cold bar does not 
contract appreciably; there is the instantaneous elastic 
contraction, then it stops.* The hot bar, on the other 
hand, goes on shortening for two minutes or more after 
the load is off, as shown by the dotted line on the diagram, 
and thetotal amountof such shortening amounts to roughly 


* Professor Ewing, Proceedings of the Royal Society, 
vol. lviii., page 123, found a certain amount of oonng 
after the removal of the load from a cold bar which h 
previously been stressed lg ee its yield-point; but the 
effect was extremely small, the total —— never amounting 
to more than one-seventieth of the total extension of the 
bar when loaded. In a bar which had not previously been 
overstrained no such effect was observed. 


one-third of the instantaneous contraction, or one-quarter 
of the total contraction, or one-fifth of the average total 
extension after hardening has taken effect. 

The iron bar behaved in much the same way, but the 
metal flowed at a lower stress. There was considerable 
flow with a stress of but half a ton per square inch. The 
shortening after removal of load was also perceptible at 
that stress. 

At 600 deg. Cent. both bars exhibited ter tenacity. 
A load of 112 Ib, (1.6 tons per square inch) applied to the 
steel bar for one minute produced an immediate exten- 
sion of 3.8 divisions, followed by a slow drawing out which 
amounted in one minute to about 0.9 division. On re- 
moval of load there was an immediate shortening of 3.8 
divisions, followed by a slow contraction amounting in two 
minutes to 0.7 division. The permanent extension pro- 
duced was very small, if, indeed, there was any at all. 
The iron bar behaved in a similar way, but, as at 750 deg. 
Cent., it yielded appreciably at a stress which was not 
sufficient to permanently deform the steel bar. 

The experiment on the steel bar at 600 deg. shows 
retty conclusively that this slow recovery after release 
rom stress is not solely, of even mainly, dependent on 

overstrain. It seems to exist to a large amount with 
stresses which leave practically no permanent effect ; the 
strain develops slowly under application of* stress and 
“pepe slowly after it is removed. 

This phenomenon is, of course, analogous to residual 
chem in glass and other dielectrics; the stress corre- 
sponding to the electric force, and the strain to the electric 
displacement. Whether the law of linear supe ition 
of the effects of stresses—closely followed in the electrical 
analogy—is true for hot steel or iron, is an interesting 
— which our apparatus was hardly sufficiently 

elicate to answer. 

The magnitude of this effect in steel may best be 
gouged by comparing it with other cases of the same 

ind—e.g., with the slow recovery of a glass fibre after 

twisting ; if such a fibre twisted through a consider- 
able angle for several hours, it will recover all but one- 
fiftieth of the twist within two or three seconds of the 
removal of the stress.* The remaining slow ‘‘ creep,” 
pooner | to one-fiftieth of the whole deformation, 
corresponds to the slow return of the steel. In india- 
rubber, under certain circumstances, 10 per cent. of the 
strain disappears in time after the removal of the stress. 
But in steel at 600 deg. Cent. the proportion is about 
15 per cent. 

he apparatus used was not entirely satisfactory, 
having been designed for the purpose of measuring larger 
strains than have been dealt with in this paper. e 
principal difficulty lay in the slow variations of tempera- 
ture in the bar and end pieces, which could not be com- 
pletely controlled, and which produced changes of length, 
masking to some extent the changes due to stress, “7 
cially when the latter were s over considerable 


times. We cannot do more at this s therefore, than 
assert the existence of a time-lag between the stress 
and ‘the strain in steel and iron at temperatures of 600 


deg. Cent. and over ; and the figures which we have given 
—_ be taken as indications of its order of magnitude 
only. 

One effect of such a time-lag will be to cause dissipation 
of energy if the material be subjected to alternating stress, 
for it will lead to a difference of phase between the stress 
and the strain; and the amount of the dissipation will 
depend on the period of the oscillations. 

ray, Dunlop, and Blythe found an increase in the rate 
of decay of the torsi oscillations of an iron wire as its 
temperature was increased to 100 deg. Cent. On the 
other hand, Hortont has found a decrease in the rate of 
decay under circumstances which were apparently the 
same, except that the period of the oscillations was very 
much less than in Gray’s experiments, These results 
might be reconciled co | explained by the existence of 
such a time-lag as we have observed at higher tempera- 
tures. With our apparatus we could detect no time-lag 
at temperatures lower than 400 deg. Cent. ; but it is quite 
possible that it exists to the small extent necessary to 
account for the decay of oscillations. 

Yowng’s Modulus.—Another effect of ‘‘ creeping,” such 
as we have observed, is to make the determination of 
Young’s modulus a matter of some uncertainty. Thus 
the extension of the bar at 600 deg. Cent. produced by a 
given load varies 15 per cent. or more, according to the 
time of application of the load. When, however, the load 
is applied for a very short time—say of the order of one or 
two secondsthe strain produced seems to approach to a 
definite limiting value, which is the instantaneous exten- 
sion or contraction of the bar observed in our experiments 


when the load is applied or removed. It seems reason- 


F | able to define Young’s modulus for a metal in this state 


as the stress divided by this limiting instantaneous strain. 
It is then independent of the manner of loading, and is 
a definite physical constant ; otherwise not. We have 
shown in Fig. 3 the relation between Young’s modulus, 
so defined, and the temperature. The ordinate is the 
reciprocal of the instantaneous extension produced by 
the load of 112 lb. Owing to the effect of the ends, 
the reciprocal of the extension is not quite propor- 
tional to Young’s modulus, their ratio being somewhat 
greater at — temperatures than at low, as already 
explained. ith regard to this figure it should be 
noted that the error in the determinations on the cold 
bar, and at 400 deg. Cent., is probably not more than 
about 2 per cent. At higher temperatures the error is 

ter, as, owing to the rapid drawing out of the bar, it 
was difficult to be sure of the instantaneous extension. It 


* Dr. J. Hopkinson, *‘ Original Papers,” vol. ii., page 
350. 





t Phillips, Phil, Mag., April, 1905, page 513. 
t ‘Philosophical Transactions,” A, vol. eciv., page 1. 
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is, however, fairly certain that the ratio of Young’s 
modulus in the cold bar, and at 750 deg. Cent. (as shown 
by the point D’), is not more than 10 per cent. in 
error, The points were observed in alphabetical order, 
and it was found that, in spite of our efforts to 
secure a neutral atmosphere, the bar had scaled some- 
what after heating to 750 deg. Cent. This accounts 
for the larger extension shown by the point KE, 
which was taken in the cold after heating. After 
taking this point, the bar was taken out, cleaned and 
auged, when its area was found to be reduced by about 
pe cent. Allowing for the reduced area, the points E 
and A are in good agreement; but, of course, there is 
some little uncertainty from this cause as to the position 
of the point D, If the full reduction of 6 per cent. in 
the area be allowed for, the corrected position is at D’, 
and this is probably not far from the truth. ; 
In the iron bar the change of Young’s modulus with 
temperature was of the eame character, but greater. The 
value in the cold being taken as unity, that at 600 deg. 
Cent. was about 0.6, while at 750 deg. it was about 0.5. 








THE STARTING OF STEAM-TURBINES. 
By A. S. Mann, Schenectady, N.Y. 


Can a Steam-Turbine be Started in an Emergency Quicker 
than a Reciprocating Engine of the same Power ?* 

1. Ir a large steam-turbine is cold and at rest, how 
quickly can it be started? Can it be. brought up to speed 
as ily as can a good cross-compound engine that is 
cold all over? 

2. Most station-men would have doubts as to the 
adaptability of the nae, turbine—say 1500 kilowatts, 
or horse - power—for emergency work. So much 
has been written about the sensitiveness of a rotating 
disc to the changes of temperature, and the effects of 
unequal ex ion, that it is easy to imagine difficulties 
in the rapid start. The ibilities of an engine with a 
62-in. low-pressure cyiinder in starting practically cold 
and coming up to synchronous speed are well understood. 
A station manager would criticise an engineer who would 
open his throttle as fast as he dared without wrecking his 
piping system and let his machine jump into her work. 
One turn at a time on the throttle is about all that is con- 
sidered safe, and even then a close watch is kept for 
groaning valves and cold back bonnets. : 

3. Every time the starting-valve is moved to increase 
the steam flow the engine is allowed to take its full in- 
crement of speed, due to that particular throttle position, 
before the supply-valve is moved a second time. There 
are ten large oil-cups, and frequently more, that must be 
opened and adjusted before the machine moves at all, 
beside whatever oiling is to be done about the air-pumps 
and other auxiliary apparatus. 

4. Most engineers would consider ten minutes as rather 
a fast start, and fifteen minutes as a more usual starting 
period, including time taken for warming up ; in fact, it 
may not be over-stating the case to say that if it were 
known that an engine-driven plant were to be called upon 
in an emergency for power, and it were essential that the 
briefest possible time were to elapse between the call and 
the taking of the load, one or more engines would be 
kept in motion all the time, turning slowly and hot all 
over. 

5. This question makes itself very prominent when the 
steam station is operated as an auxiliary to a large source 
of high-tension power, which is itself in the construction 
stage, and has a large overload capacity of its own to 
carry, supplying all sorts of apparatus that use electric 
power, railway, lighting, and power circuits simul- 
taneously. 

6. At such a time all sorts of accidents will happen to 
the high-tension water-driven plant, most of them due to 
the necessarily temporary character of many of the elec- 
trical connections. It takes months before an intricate 
system of wiring can be thoroughly relied upon, for it takes 
months before the temporary work of construction can 
be replaced. 

7. The station at present under consideration is 
equipped with three Curtis turbine-driven alternators, 
40 cycle, 10,000 volts, each of 1500 kilowatts normal 
capacity. During the summer months the station is 
operated as an auxiliary to a water-power plant, taking 
all sudden overloads. 

8 A me has been arranged—a }-in. whistle—so that 
it can be blown instantly should the power fail. A blast 
of that whistle means—cut in two turbines and bring the 
third up to speed. The load will be heavy, and all 
auxiliary apparatus must be in regular operation. 

9 h turbine has a surface-condenser, and there are 
three or four pumps to be started for each pair of turbines ; 
one circulating-pump, one combined hot-well and feed- 
pump, one pressure-pump for the 5 and one 
dry-air-pump, all of which are motor-driven. The exciter 
is driven by a steaim-engine and must be started also, 
for it supplies current to a portion of the auxiliary 
apparatus, 

10. The boiler-room has steam up at all times, supply- 
ing a system for manufacturing purposes other than 
power, and slow fires are kept in enough boilers to make 
steam needed for the normal load. Forced load means 
forced tires. The boilers have under-feed stokers, equipped 
with pressure blast, and will respond quickly to a 50 per 
cent, excess call for steam. The operating force for this 
is about equivalent to a force for an engine-driven plant. 
Engineers and oilers, however, are busy about the build- 
ing on construction work, installing new apparatus and 

ing such work as their regular occupation when the 
turbines are not running. 


* Paper presented at the Scranton meeting, June, 
1905, of the American Society of Mechanical Engineers. 


11. At the sound of the whistle the water-tender starts 
a blower on the extra row of boilers: all blast-dampers 
are opened up and all stokers are allowed to feed at the 
maximum rate. Each fireman dumps his free ash and 
bars over his red fire. 

12. The man in charge of the coal and ash conveyor 
starts the pressure-pump for step-bearings. One of the 
turbine-men starts the exciter which supplies current to 
the auxiliaries beside its field current ; a second turbine- 
man starts the circulating-pump and then his turbine. 
The hot-well pump and the air-pump are started by the 
oiler. These movements take place simultaneously. The 
force is organised upon the lines that obtain in a fire- 
station : each man has his specific duty, and after eo 
forming it, looks to see that there is nothing more for him 
to do. Only a few seconds elapse between starting the 
first pump and starting the first turbine. ; 

13. The turbine throttle is opened as fast as an 8-in. 
steam-valve’ can be opened without endangering the 
steam-piping system. It is not considered advisable to 
open the throttle valve as fast as a man’s strength will 
permit ; but if nothing unusual occurs in the pipe-line, 
sentiment does not spare the turbine. 

14. One electrician attends to the switchboard and tele- 
phone. As soon as the machine ae speed, the 
synchronising system is cut in and the main switches are 
got ready. One and one-half minutes will do all the work 

ere outlined, including the time taken in mustering the 
crew from various parts of the building, itself not a trivial 
matter. 

15. Manipulating an engine-regulator so that it shall be 
at a precise speed and at an exact phase relationship from 
some other machine, not more than ;,/55th part of a second 
removed from it, is no matter that can be hurried, and 
one minute is fast time on such work. But the whole 
thing, phasing-in and all, has been done in 24 minutes, 
including full load on the turbine, which started from a 
standstill. 

16. This performance has been gone through a great 
many times, and our record book shows that out of forty- 
three such calls, ten starts were made in 2} minutes, 
eighteen in 3 minutes, and fifteen in 34 minutes. 

17. We have taken the time in a number of instances 
when all the auxiliaries have been in motion, and it only 
remained to start the turbine and phase it in on the line: 
the only valves to open in such cases are the throttle and 
one small oil-valve. The two quickest starts have been 
made in 45 seconds and 70 seconds, respectively, in- 
cluding phasing-in. Others range between 1 minute 
10 seconds and 14 minutes. These two quickest starts 
were made ona turbine which had stood for 24 hours with 
the throttle-valve shut tight, though there was a slight 
leakage past the seat. After the throttle-valve is off its 
seat, it is not more than thirty seconds before the turbine 





LAUNCHES AND TRIAL TRIPS. 


On Saturday, the 26th ult., the Florenz, a cargo and 

assenger steamer, built for Mr. Rob. M. Sloman, Jun., 

amburg, was launched from the yard of the Flensburg 
Shipbuilding Company. Her principal dimensions are 
as follow :—Len > all, 280 ft.; length between 
pupeetio, 318 ft.; breadth, extreme, 37 ft.-8 in.; 

epth, moulded, up to spar-deck, 23 ft.; and she will have 
a carrying capacity of about 2500 tons. 


The s.s. Phoenix, built by Earle’s Shipbuilding and 
Engineering Company, Limited, to the order of Messrs. 
Sees and Co., London, was taken for her official tria! 
on Wednesday, the 30th ult. Owing to the boisterous 
weather, the measured-mile trials at sea were not under- 
taken, but the engines were thoroughly well tried for 
some hours, the result being highly satisfactory, and a 
very good s| was obtained. Her dimensions are :— 
Length, 340 ft. ; breadth, 50 ft.; depth, 27 ft. ; and she 
will carry about 5900 tons dead-weight. The machinery 
consists of a set of triple-expansion engines and two 
aeney large boilers, working at a pressure of 
180 1b. per square inch. 





Shortly before high water on Wednesday, the 30th ult., 
Messrs. Workman, Clark, and Co., Limited, of Belfast, 
launched from their South Yard a new steel screw- 
steamer named the Orator, built by them to the order of 
Messrs. T. and J. Harrison, of Liverpool. The Orator 
is a vessel 365 ft. long, with a gross tonnage of about 
3750, and has been built to the highest class in 
Lloyd’s Registry, also qualifying for a rd of Trade 
passenger certificate. e engines and boilers have been 
constructed at Messrs. Workman, Clark, and Co.’s engine 
and boiler works, Queen’s-road, and consist of a set of 
triple-expansion engines and two double-ended and one 
single-ended multitubular boilers. 





There was launched from the shipyard of Messrs. 
Cochrane and Sons, shipbuilders, Selby, on Saturday, 
the 2nd inst., a steel screw-trawler, the principal dimen- 
sions being 115 ft. by 214 ft. by 11 ft. 6 in. — of hold. 
The vessel has been built to the order of the Forward 
Steam Fishing Company, Limited, of Grimsby, and will 
be fitted with powerful a 5 engines by 
Messrs. C. D. Holmes and Co., of Hull. The vessel is 
replete with all the latest improvements for fishing 
purposes, 





The steel screw-collier Elleray, built by the Blyth 
mang | Company, Limited, of Blyth, to the order 
of Messrs. Sharp and Co., of Newcastle, was taken to sea 


at Saturday, the 2nd inst., for trial. The Elleray 





- the bs el a aah anueser eanoat rong | measures 239 ft. by 33 ft. 6 in. by 17 ft. 3 in. Triple. 

brought up to s from a standstill in five minutes, if it | ©XP8aMSion engines, with large boiler, have been fitted 

is hot all over. ‘This five minutes is to be compared with | PY the North-Eastern Marine Engineering Company, 

the seventy seconds required for the similar turbine Limited, of Wallsend, having cylinders 19 in., 31 in., and 
| 51 in. in diameter, with a 36-in. stroke. 





operation. 

18. A reciprocating engine which is turning over slowly, 
with the throttle-valve just off its seat, or with the by- 
pass open and having all its oil-cups open and regulated, 
can be brought up to speed, say seventy-five turns, in 
24 minutes. This can be compared with the thirty 
seconds necessary for bringing the turbine up under the 
same conditions—that is, about one-fifth the time neces- 
sary for bringing up the engine. 

19. If the engine is cold all over, and has all its oil-cups 
shut a. all its auxiliaries quiet, fifteen minutes is called 
a rapid start. Starts have been made under such condi- 
tions in twelve minutes. When we start a cold turbine, 
we open up the valve and let her turn, and in two minutes 
we are ready to bring her up to speed, and she will be at 
8 _ 24 minutes, dividing the engine’s time by more 
than four. 








ABOLISHING Crossincs.—It is announced that the New 
York Central and Hudson River Railroad Company will 
abolish 55 grade crossings between New York and Croton, 
and New York and White Plains. The company pro- 
pose to pay one-half the po yes of the work, provided 
the State of New York will pay one quarter, and the 
municipalities interested the remaining quarter. The 
oe ae change is stated to be a part of the New York 
: mtral’s plan for the electrification of their suburban 
divisions, 


New Dersysuire Rattway.—An effort is to be made 
to carry a new railway into North Derbyshire to 
Matlock, Buxton, Clay Cross, &c. There have been 
two tiny attempts to bring about a competitive 
line through the Matlock district, which is now served 
by the Midland Railway Company only. The pas- 
senger traffic through this district is enormous all the 

ear round, and therw is also a considerable goods traffic. 

he new scheme has been under consideration during 
the past twelve months. The suggestion is to construct 
a branch from the London and North-Western Buxton 
and Ashbourne section from Hurdlow, passing by 
Monyash, Toulgreave, Stanton, and Darley Dale, into 
Matlock, on the left side of the Midland main Man- 
chester and London route, thence over the valley of the 
Derwent by meansof a viaduct near the Boathouse Hotel, 
onward through Matlock, to the Cliff, Tansley, and Clay 
Cross, and finally joining the Lancashire, Derbyshire, and 
Kast Coast Railway, the Great Eastern Railway, the 
Great Northern Railway, and the Great Central Railway. 
The difficulties from an engineering point of view are 
arded as small, as there would be only one long tunnel, 
while the gradient from the high elevation of the Buxton 
and Ashbourne route to Matlock is not considered a 
serious obstacle, 





On Thursday, the 31st ult., there was launched from 


| the yard of the a Iron Shipbuilding Company, Limi- 


ted, Willington-Quay-on-Tyne, the Friederike, a steel 
screw - steamer, built to the order of Messrs. Franz 
Rahtkens and (o., of Middlesbrough, and of the follow- 
ing dimensions :—Length, 350 ft.; breadth, 49 ft. 6 in.; 
moulded depth, 25 ft. i0in. The engines, which are to 
be supplied by Messrs. John Dickinson and Sons, Limited, 
of Sunderland, are of the triple-expansion type, having 


| cylinders 24% in., 41 in., and 67 in. in diameter, with a 


45-in. stroke, and working at a pressure of 180 Ib. 

On Thursday, the 31st ult., Messrs. Harland and Wolff 
launched a large steel twin-screw steamer, built to the 
order of Messrs. Bibby Brothers and Co., Liverpool. 
The new vessel is 452 ft. long by 54 ft. beam, and she 
will have two sets of Messrs. Harland and Wolff's quad- 
ruple-expansion engines carefully balanced so as to gain 
practical immunity from vibration. 


The s.s. Lestris was launched by Messrs. Swan, 
Hunter, and Wigham-Richardson, Limited, on Thurs- 
= the 3lst ult. This steamer has been built to the 
order of the Cork Steamship Company, Limited, of 
Cork, for their trade between Liverpool and Dutch and 
Belgian ports. She measures 260 ft. in length by 344 ft. 
beam, and will have accommodation fora limited number 
of passengers. The engines and boilers are also being 
constructed by Messrs. Swan, Hunter, and Wigham- 
Richardson, Limited, at their Neptune Works, and the 
former are of the triple-expansion type. 








On Friday, the Ist inst., the twin-screw mail and pas- 
senger steamer Africa proceeded from the Tyne on her 
official trials. This vessel has been built by Sir Raylton 
Dixon and Co., Limited, of Cleveland Dockyards, Mid- 
dlesbrough, to the order of the Empreza Nacional de 
Navegacao a Me of Lisbon. Her principal dimen- 
sions are :—436 ft. length over all by 51 ft. extreme 
breadth, and 28 ft. 6 in. depth of hold. The gross tonnage 
is 5515 tons, and the vessel, in addition to 420 passengers, 
will carry 5560 tons dead-weight on a draught of 
24 ft. 7 in., and has a capacity of about 200,000 cubic feet 
for cargo. Twin-screw triple-expansion engines have been 
built and fitted into the vessel by the North-Eastern 
Marine Engineering Company, Limited, Wallsend-on- 
Tyne. The cylinders measure 234 in., 39 in., and 64 in 
in diameter, with a stroke of 45 in., and are supplied 
with steam by four large single-ended boilers, working 
at a pressure of 180 lb., and fitted with Howden’s system 
of forced draught. During the trials the machinery and 
boilers gave great satisfaction, and a mean speed of 





15 knots was attained over the measured mile, 
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“ENGINEERING” ILLUSTRATED PATENT 
RECOR 


Comprtep sy W. LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS OF 1883—1902. 
views in the Specification Drawings is stated 
where’ inventions are communicated from abroad, the Names, 


&c., of the Communicators are given in italics. 

Cc 1 oy Specifications may be obtained at the Patent 0, Sale 
‘Drona, 25, ——_ Buildings, Chancery-lane, W.C., at 
the uniform 


ice of 

The date of the advertisement of the pratense of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement of the nce of a Complete Specification, 
give notice at the Patent O, of opposition to the grant of a 
Patent on any of the grou mentioned in the Acts. 


ELECTRICAL APPARATUS. 


15.290. C. C. Garrard, and Ferranti, Limited. 
Hollinwood. Electric Measuring Instruments. 
\2 Figs.) July 8, 1904.—This invention relates to electrical 
measuring instruments in which the measured current or a portion 
thereof, or a current derived therefrom, imparts a turning 
movement or torque to a pivoted disc or piece of metal by 
inducing eddy or Foucault currents in the same. In such 
instruments as heretofore constructed considerable errors are 
produced by variations of temperature, and the object of the 
invention is to improve the instruments in this respect. The 
invention consists in employing a shunt made ofa material whose 
specific resistance has a suitable temperature coefficient. The 
current to be measured is introduced at the terminals a, a, and 
passes around the ordinary copper windings b of the instrument, 
these windings being placed on an almost closed iron core c in 
the air gap of which the copper or aluminium disc d can rotate, 
copper rings being fixed in the pole-faces of the iron core. The 
disc d, when an alternating current is passed through the 
windings ), rotates against the resistance of a spiral spring ; a 








permanent magnet f capable of being moved towards or away 
from the disc produces a braking effect on the movement of the 
disc, thus damping its motion. The disc d carries a pointer g, 
which travels over a scale and indicates the current passing 
through the instrument. The ordinary windings of the instru- 
ment are shunted between the points 7, m by a coil n wound on 
& bobbin fixed to the case of the instrument. This shunt consists 
of nickel wire, the temperature coefficient of the specific resist- 
ance of which is larger than that of the copper or aluminium, of 
which the ordinary winding and the disc are made. The shunt may 
be made of iron or other metals of the iron group, or partly of 
nickel or iron and partly of copper, and the proportions may 
vary, the best proportions in each particular case being found b: 
experiment or calculation of the effective resistance of the wind- 
ings for different temperatures. In some cases the shunt wire is 
advantageously made of such cross-section that it is heated by 
the passage of the current, as the temperature coefficient of the 
specific resistance of such metals as iron or nickel increases con- 
siderably if the metal be heated. (Accepted July 12, 1905.) 


16,846. J. G. Statter, Birmingham. Electric Cir- 
cult-Breakers. (2 Figs.) August 2, 1904.—This invention 
relates to time element devices, and it is designed to prevent an 
apparatus or part from being actuated by a force immediately 
that force is applied, and until the force has been applied for a 
period of time. The invention is particularly, but not exclusively, 
applicable in the case of automatic circuit-breakers which are 
set to open a circuit when the current exceeds a given limit. 





1 is the solenoid that actuates the striking armat: 
enclosed within a casing 3. This casing 3 has an —~ oes 


Extending through the opening in the lower wall of the casing 3, 
and so as to be partially within the solenoid 1 and partially within 
the tube 4, is the striking armature 2. This striking armature 2 
is provided with a hole that is screw-thi ied, and serves to 
receive a correspondingly screw-threaded rod 8. The lower end 
of the rod is formed as a ball 10. This ball forms one part of a 
ball-and-socket joint, the socket part of which is formed by a 
cap 11, which screws on to a boss on a disc 13 (Fig. 2). The lower 
face of this disc is plane, as is also the upper face of the wall 6 of 
the cylinder, with which it makes mechanical contact. In the 
cylinder 5 a small quantity of oil is placed, and this, when dis- 
placed by the disc, is Ri out from between the contacting 
faces of the disc and the wall 6. The two faces adhere, and are 
not easily separated by a sudden pull. The pull is, in fact, com- 
pletely resisted, and then, after a short period of time, completely 
yielded to ; whereas in the case of a dash-pot the pull is yielded to 
from the beginning, although retarded throughout its duration. 
It will be seen then that the disc acts precisely on the principle 
of a ‘‘ sucker,” as employed in the well-known child's toy of that 
name, or in a well-known form of railway reading lamp, where 
such a device is used for attaching the — to the carriage 
window. As the tube 4 and cylinder 5 are easily adjustable with 

lation to one another, it is ible to quickly adjust the striking 
armature 2, so that it would, but for the time element device, come 
into operation on the passage of any predetermined excess current, 
and this is done by rotating the cylinder 5 upon the tube 4, so as 
ny or lower the striking armature 2. (Accepted July 12, 
1 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


17,512. F. R. Simms, Kilburn. Vaporisers and 
Carburettors. (5 Figs.) August 11, 1904.—This invention 
relates to improvements in and connected with the vaporisers 
and carburettors of internal-combustion engines, and is parti- 
cularly applicable to motors using a mixture of air and either 
petroleum vapour or petrol vapour as the motive fluid. a, a! are 
the cylinders of the engine, b is the vaporiser, and c, c! are the 
two exhaust-pipes for conducting the exhaust gases to the 
vaporiser. d is a by-pass which is in communication with the 
pipe c, and ¢ is the valve for controlling admission to the by-pass. 

e valve ¢ is advantageously of the hinged type, and is designed 
to be operated from the motor governor. e valve is so con- 
nected with the governor that when the engine is stationary the 
whole of the exhaust gases from the cylinder a are caused to pass 
to the vaporiser ; whilst, when the engine is running, the valve 
is more or less opened according to the speed of the engine, and 
so more or less of the exhaust gases from the cylinder a are 
diverted from the vaporiser, and thus prevent the temperature 
of the latter from rising above a predetermined point. In some 
cases the valve e is arranged to be operated by hand. In the 
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arrangement shown, the exhaust 8 passing through the pipe c! 
are not diverted from the vapeutee, it being found in practice 
that it is sufficient to apply the by-pass and valve in connection 
with the exhaust gases from one cylinder only. / is the ad 
leading from the vaporiser to the cylinders for supplying the 
latter with a mixture of petroleum vapour and air, and f is the 
pipe for supplying the cylinders with a mixture of petrol vapour 
and air froma carburettor. / is the valve for cutting off the supply 
of either of the mixtures, and also for varying the supply of 
either of them according to the speed of the engine, the valve 
being arranged in the cylindrical casing j in communication with 
both the pipes f and g. k is the cylindrical body of the valve i 
which fits and can slide in the casing j across the inlet j! to the 
cylinders, and / is the semi-cylindrical extension of the valve, the 
portion / serving, when rotated, to cut off either the supply of 
petroleum mixture or of petrol mixture to the cylinders. m is 
the handle for rotating the valve, p is the spindle connected to 
the valve i and operated from the engine governor so that the 
supply of petroleum vapour mixture or petrol vapour mixture 
can be varied according to the speed of the engine, the supply of 
the said mixtures being cut off by the body of the valve sliding 
across the inlet j!. (Accepted July 5, 1905.) 


MOTOR ROAD VEHICLES. 


7. J. Rothhardt, Leeds. Road Wheels. (3 Figs.) 
November 22, 1904.—This invention relates to the road wheels of 
motor-propelled road vehicles, and more especially to wheels 
having wooden tread surfaces. 





In carrying out the invention 


ding to one mode, a metal wheel is cast with a hollow hub a, 





in its under wall and directly under the solenoid 1. 1 i 
opening, which is threaded, a ube 4of nano Pog material is 
— ed. Upon the tube 4 is mounted a hollow cylinder 5, closed 
: me end by a wall 6, and which is screw-threaded internally to 
ngage with the thread on the tube 4. As will be seen, the relative 
positions of the tube 4 and cylinder 5 are easily adjustable. 





spokes ), and a rim with one side flange d. Another separate side 
flange ¢ is detachably secured by bolts. The segmental blocks g 
to form the wooden tyre or tread surface are formed narrower 
than the space between the side flanges of the rim, but di r 
than the channel between them, so as to 
above the flanges. 


project considerably 
Between either or both sides of the block g 








and the side flanges d, e of the rim, wedges / are inserted, so as to 
secure the wooden blocks g in position. The transverse bolts pass 
through the flanges d, ¢, wedges A, and blocks g, preferably 
between the jointing surfaces of the blocks, the wedges being 
slotted to allow the bolts to pass through, and so that the wedges 
are always free to adjust themselves by pressure on the road or 
by expansion of the wooden blocks. e sides of the blocks g 
are wedge-shaped. The wedges A are in the form of segmental 
plates, and are ne ccggg gee ew and comparatively small, but 
may be few in number. e side flanges are preferably cut ees 
so as to leave bearing stripsfor the wedges. The rim is preferably 
slotted, and the w 3h are provided with — or projections 
adapted to enter slots, which thus guide them radially and prevent 
them being di: in usage on rough roads. The wedges are 
also preferably formed with ribs or tapered feathers, adapted to 
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engage in grooves in, or between the jointing surfaces of, the 
blocks, to further guide or hold them, The wed are still 
further guided by the bolts which pass through the slots in them. 
By an arrangement as above described free expansion and con- 
traction of the wooden blocks or segments, due to alternate 
wetting and drying, can always occur without the blocks slacken- 
ing, as the wedges are automatically pushed out on expansion of 
the b'ocks, and to the same degree as the blocks being pushed in 
by pressure on the road when the blocks contract. No hand 
adjustment or slackening of bolts is required. The blocks are 
automatically adjusted in their position relatively to the centre 
and the wheel rim, as the outer .! of the blocks wears 
down due to contact with the road. e edges of the wedges are 
always flush with the edges of the blocks, and thus always run in 
contact with the road, the blocks being thereby fully protected 
from splintering and breakage. (Accepted July 5, 1905.) 


29,105. R. H. Davis and Siebe, Gorman, and Co., 
Limited, London, Air- (6 Figs.) December 30, 
1904.—This invention relates to improvements in air-pum 
having two double-acting or four single-acting cylinders of the 
kind described in the Specification of a patent ted to William 
Au us Gorman and Robert Henry Davis, No. 28,396 of 1903, 
and mainly consists in providing means whereby such pumps can 
be aa for supply ing air either to one or to two divers, as 
may be desired. Now according to this invention the valve-box 
is provided with a partition dividing it into two parts, each part 
having one set of inlet and outlet valves, as lescribed in the 
aforesaid Specification No. 28,396, of 1908, in the case of the two- 
cylinder double-acting pumps, and two sets in the case of the four- 
cylinder single-acting pumps. Above the valve-box is an air- 
distributor communicating through openings with both parts of 
the valve-box. The air-distributor has two discharge-pipes, and 
is provided with a hollow plug-cock B pegem vertically, 
and by turning which air is allowed to pass t we both dis- 
charge-pipes to two divers working in moderate depths of water, 
or all the air through one pipe to one diver working in deep 
water. a represents one of the cylinders of the pump, and b the 





valve-box thereof, the said valve-box being divided into two 
compartments L! and l2 by means of a partitione; each of these 
compartments is in communication with the two ends of its 
cylinder a by means of the es d and e respectively, and is 
likewise provided with an inlet valve and an outlet valve of 
ordinary construction. A is the distributor which is fitted above 
the valve. box b, the said distributor communicating with the two 
com ments of the valve-box by the ayer i and j respec- 
tively, and having discharge-pipes k and / for supplying air to 
the divers. m is the hollow plug-cock which is vertically 
in a seating provided in the distributor fA, the said plug-cock 
having its lower end open, and being situated immediately above 
the passage i communicating with the compartment b! of the 
valve-box. The plug-cock is also formed with an orifice o, and b 

turning the cock this orifice can be brought either into the - 
tion indicated in Fig. 3 or into that indicated in Fig. 4. In the 
former case the two divers are supplied with air from the dis- 
charge-pipes & and J, each of which receives its air from the 
cylinder with which it is in connection. In the latter case— that 
is to say, when the cock is turned as shown in Fig. 4—the 
supply of air is cut off from the discharge-pipe &, the quantity 
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which previously passed through this discharge-pipe flowing 
through the orifice o in the cock and through the dlacharge-pipe 
i, together with that supplied directly from the corresponding 
valve-box compartment b2. (Accepted July 5, 1905.) 


RAILWAYS AND TRAMWAYS. 


3885. J. Hensley, Huntington. Electric Trolley- 
Heads. [4 Figs.) caer 24, 1905.—This invention relates 
to impro ts in tact ngs for trolley-heads. A is a 
trolley-head, which is of the inary form, and is provided with 
the usual transverse shaft or spindle B, upon which is rotatably 
mounted the trolley-wheel ©, all of which may be of any desired 
structure. The trolley-wheel, as well-known in this class, moves 
longitudinally upon the spindle, so that the same can travel back 
and forth and follow the trolley-wire, thus overcoming any varia- 
tions in the positioning or swinging of the wire or the rocking of 
the car. In devices of this character, in order to form a more 
perfect electrical contact between the wheel and the head, bao 
are ordinarily used. In the one device the contact springs D 
are secured to the inside of the harp d@ in any desired manner, 
either by bolts or screw-bolts. The opposite end of the springs 
are provided with elongated openings, through which the wheel- 
spindle B passes, and said springs are normally inwardly held 
against the sides of the trolley-wheel. The edges of said springs 





fingers are supported is recessed at d? to fit square parce the 
side of the insu carrier, to which they are rigidly clamped by 
means of plates or straps, such as g, and two or more bolts or 
screws h. The employment of an insulated carrier bar of an 
angular section in conjunction with attachment fittings which 
seat upon the said bar effectually prevents any twisting or dis- 
placement of the contact fingers from their prescribed positions, 
and it is to be understood that the attachment fittings upon 
which the fingers are mounted may be clamped to the said bar by 
any suitable fastenings which will ensure rigidity of the said 
fingers, and leave the surrounding insulation intact. (Accepted 
July 5, 1905.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


oo. D. B. Morison, Hartlepool. Condensers 
and Heaters. [18 Figs.) July 15, 1904.—This invention has 
reference to that kind of apparatus for condensing steam and 
heating water that is of the tubular-surface type, and is divided 
internally into communicating compartments. The interior of 
the casing is subdivided by partitions ) that extend in a horizontal 
direction and are inclined to one side of the casing, into successive 
condensing compartments ¢ of different capacities, which com- 
municate with each other through connecting ports ¢ that extend 
practically throughout the length of the compartments and are 

liel to the water tubes therein, the compartment into which 





are provided with cut-away —— which extend parallel with 
the elongated openings, and are provided at their lower ends 
with the shoulders, the purpose of which will be hereinafter more 
fully described. Adjacent to the inner faces of said springs are 
waoners which have circular openings, through which the wheel- 





indle , the said hers resting inst the outer faces of 
the trolley-wheel, and the inner faces of the springs thus oem 
better electrical contact between the wheel and the head throug’ 
the springs. The said washers are provided with ears G, extend- 
ing from opposite sides, and said ears are bent back upon the 
washers, forming guideways, between which the outer ends of the 
springs pass, and thus the washers are vertically movable upon 
the outer cut-away ends of the spring, and the said shoulders e, 
serving as stops for engaging the ears of the washers and prevent- 
ing the same from sliding down off the springs when the spindle 
m removed for replacing the bushing or for other pur- 
poses; and it will be seen that the washers are at all times in their 
proper position upon the springs and will not be lost. It is under- 
, a8 before stated, in devices of this character, that the 
wheel travels longitudinally upon the spindle or shaft, and as the 
game moves in one direction the spring on one side is compressed 
and the springs both move upon one spindle. The elongated 
openings in the springs allow of the free movement thereof with- 
out the engagement of the spindle with the walls thereof, and, the 
washers travelling up and down upon the springs, there is practi- 
cally no friction or wedging of the washers on the spindle, and at 
the same time the washers are at all times napa by the 
springs, and are not lost or misplaced when the ed is removed 
for any purpose whatever. (Accepted July 5, 1905.) 








Aston, otor Con’ 

(2 Figs.| March 20, 1905.—In electric-motor controllers now in 
general use it is customary to employ a drum carrying on its 
periphery rings or portions of rings of copper or other conductin 
material insulated in groups from each other. These are rota 

so as to come into contact with g-fingers or contact-pieces 
which are connected by means o! r cables to various cir- 
cuits, thereby conducting the current through certain resistances 
or armature or field circuits, and similar arrangements are pro- 
vided to effect reversals and for other requirements. The fingers 
are secured to a bar by means of screws, which are insulated 
by bushes of insulating material from the metal bar through 
which they In some cases wood and other material is 
used, but it been found that such material does not pro- 
vide sufficient durability or strength, and therefore me of 
some description is generally used, and the holes bushed in 
the manner described. The great fault arising from this bush- 


Fig. 1. 





ing of the holes in the metal is the frequent liability of leak- 
age of current, either from faulty bushes, moisture, or from 
the abrasion of the insulating bush, thus causing the current 
to short-circuit and run to earth. Another disadvantage is 
that the drilling of a large number of holes and the insu- 
lating of same is a very costly operation. The object of the 
present invention is to overcome these difficulties, and also to 
heapen the production. a is the drum of the controller carrying 
insulated rings or part-rings a! of copper or other good- uct- 
ing metal, and 6} are the fingers or contact-pieces which are 
carried by spring-blades ¢ secured to the metallic attachment 
foot or fitting d, and are electrically connected with the cables of 
the various circuits through the medium of eyes or sleeves d! and 
binding screws d?, Each of the blades or fingers is adjusted by a 
set-screw c! whose inner end bears on a fixed arm or stop c?, as 
shown in Fig. 2. The whole of the fingers or blades of the con- 
troller are ted upon a carrier bar ¢ of metal, which 
is a surrounded or enveloped in a sleeve or covering f 
of insulating material. Preferably the said bar and the sleeve are 
ef a rectangular section, and the attachment foot by which the 











the steam first flows being at the top and of the largest capacity, 
and the compartment from which the air is finally drawn being of 
the smallest capacity and at the base. ¢ are groups of tubes 
carried by tube-plates and through which the cooling water flows, 
the tubes extending in the same direction as the partitions ) and 
practically at right angles to the direction of flow of steam through 
the condensing compartments c. The cooling water flows from 
an inlet e! through the group of tubes e in the lowest compart- 
ment ¢ and thence flows through the successive groups of tubes, 
ually rising in temperature until it attains its maximum when 
owing through the tubes contained in the upper com ment ¢, 
the water passing off through an outlet ¢2. The tubes in the 
upper and larger compartments are divided into two groups that 
are in series with each other and with the remaining groups, with 
the object of increasing the velocity of flow of water through such 
tubes. g are collecting and deflecting outlet spaces or passages, 
and A are roe we grogpe | collecting and deflecting inlet spaces or 
passages loca‘ at opposite sides of the connecting ports d 
and between the groups of tubes e and the adjacent walls a! of 
the casing a, these spaces or es being free from tubes and 
extending the full length of the condensing compartments c. k 
is the inlet of a steam-distributing chamber m extending the 
full length of the first condensing compartment c, of which it 
in effect forms the inlet end, so that steam with admixed 
air will, upon flowing through such chamber, be reduced in 
velocity and be uniformly distributed throughout the length 
thereof and throughout the length of the said condensing 











compartment, from which it will flow towards the first col- 
— and deflecting space or passage g, which, as before 
stated, also extends throughout the length of the condensing 
compartment, so that the steam will flow through the compart- 
ment at right angles, or practically so, to the water-tubes e 
therein and with its stream-lines parallel, or practically parallel, 
to one another, the stream-lines being maintained practically 
pause during the passage of the steam over the entire tube sur- 
ace in the several compartments. The uniform flow of the steam 
and air over the entire tube surface has the important practical 
effects of increasing the heat- transmitting efficiency of such 
surface and also of assisting and maintaining an even flow of 
air towards the final outlet n, thereby so minimising the local 
stagnation of flow, or the local accumulation of air, as to increase 
the vacuum efficiency by enabling the air-pump to improve the 
vacuum. To assist in causing the steam on its passage through 
the distributing chamber to ome uniformly distributed over 
the length of the chamber, and to be of uniform velocity when 
en the tube space in the first condensing compartment, 
guide-plates may be provided in the distributing chamber, so 
that the steam will be caused to flow over the tubes in 
the manner hereinbefore described. Figs. 3 and 4 are similar 
views to Figs. 1 and 2 respectively, showing a slightly modified 
construction, according to which the diaphragms + are inclined 
laterally, relatively to each other and the top and bottom walls 
of the condenser, in such a way that the cross-sectional area 
of the tube spaces in the rita condensing compartments c¢ is 
made to decrease approximately uniformly from the steam inlet | 
& to the final air outlet n with a view of further assisting in | 
obtaining uniformity of flow of steam over the whole length of 

the tubes and uniform velocity of flow throughout the condenser. 
Also, the upper dia; 4m 6 and the bottom of the laterally 

arranged steam-distributing chamber m are inclined downwardly 

towards each other, and are provided with a drain-passage p | 
commen to them, so vr each .~ Hy band _ bottom of the 
owest compartment ¢ drains into a separate drain-passage p. 

(Accepted July 12, 1905.) 7 ae 


TEXTILE MACHINERY | 


1075. J.C. Potter, Pawtucket. Spindles. (2 Figs.) 
January 19, 1906.—This invention relates to a spinning spindle 





embodying the —— of the spindle which is the subject of 
Letters Patent of Great Britain granted on June 29, 19038. 
No. 14,471, but which present spindle employs a straight 
spring which is not necessarily under tension, instead of the 
coiled spring under tension which is used in the spindle of the 
said patent, the present form of spring having certain advan- 
tages in simplicity over the said spring, and constituting another 
embodiment of the invention of the said patent. It has hereto- 
fore been proposed to resist lateral movement of the bolster by 
arranging blade springs between the bolster and its casing, but 
the advantageous tome attained by connecting the bolster with 
its case according to thisinvention have not been secured. In 
carrying the invention into practice, a bolster-case A is provide, 
in which is mounted a bolster B, the latter being preferably of 
simple, tapered, cylindrical form, without collar or other bear- 
ing for vertical support upon its outer surface, although it may, 
if desired, as illustrated in Fig. 2, be provided with a collar /) 
that is adapted, in the lowest positions of the bolster, to rest 
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upon the upper end of the bolster-case. The bolster is smaller 
than the Re « sndb med so as to allow the lower end of the bolster 
to swing laterally in an effort to place the axis of rotation of the 
spindle in line with the centre of gravity of the load carried. 
A spring ©, which is preferably made of piano wire, is rigidly 
secured in the lower end of the bolster, as by being seated ina 
hole, and is also secured to the lower end of the bolster-case, as 
by being secured in a conical plug D, the latter being in a conical 
hole in the lower end of the bolster-case, and being drawn down 
into such hole by a nut E threaded on the shank of the plug. 
The bolster-case is larger than the bolster to provide the annular 
space for oil or other yielding body, which, as explained 
in said patent, serves to damp excessive lateral movements of 
the bolster. An oil-shell F is preferably, although not necessarily, 
secured upon the outer end of the bolster-case, as by being 
threaded thereon; and an oil-tight joint, of any desired de- 
scription, is effected between the shell and the case. A hole a is 
formed in the lower end of the bolster-case to permit the passage 
of oil between the interior of the bolster-case and the interior of 
the shell. (Accepted July 5, 1905.) 


16,970. J. L. Rushton, Bolton. Openers and 
Scutchers. {1 Fig.) August 3, 1904.—This invention relates 
to improvements in the arrangement of the lap-rollers of openers, 
scutchers, y & hines, an bing machines. Prior to this 
invention it been customary to 5 see the lap on and drive 
it by frictional contact with two driven lap-rollers ; but according 
to these improvements one of these driven lap- rollers is dis- 
pensed with, and the lap-rod is mounted so that it is free to 
rotate and to slide in suitable guides. The lap-rod lies preferably 
immediately above the centre of the driven lap-roller, and as the 
lap is wound on the rod the latter rises vertically or slides away 
from the centre of the lap-roller in its guides. In the drawing, 
a designates part of the machine frame, and } a roller driven by 
a pair of gears c, d, the former of which is secured upon any 
convenient rotating shaft e¢ ; f the lap-rod which, according to this 
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invention, is carried by and is free to rotate in blocks g fitted and 
free to slide in slideways A on the machine frame ; ¢,¢ a pair of 
feed or calendering rollers mounted in bearings in the machine 
frame; and j the Tap formed on the rod f. In operation the 
fibre, when it has passed nearly through the opener, scutcher, or 
lap machine, is conducted from the feed-rollers i into the nip 
between the driven roller b and ‘the lap-rod f which rests upon 
this roller, and FE pape nt raised in the slideways / until the 
lap j is fully formed as shown in the drawing, and is ready to be 
placed in the next machine. The foregoing description applies 
to the delivery end of an opener, scutcher, or lap machine ; but in 


| the case of a comber the lap on its rod fis placed into slideways 


such as h prepared to receive it in front of the comber, the lap 
resting upon a driven roller }, and as the lap-rod / is turned by 
the rotation of the roller b, the lap is wound off and led into the 
combing-machine. (Accepted July 5, 1905.) 
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ROYAL TRAIN FOR INDIA. 


Tuerr Royal Highnesses the Prince and Princess 
of Wales will travel, on their forthcoming Indian 
tour, iu an entirely new train, constructed in the 
carriage-shops of the East Indian Railway at 
Lilloah, near Calcutta, from designs and under the 
personal supervision of Mr. H. Kelway-Bamber, 
Carriage and Wagon Superintendent of that line. 
The entire train, including underframe and bogie 
trucks, was constructed by native labour under 
European supervision, from raw material. The 
yehicles comprising this train are, in point of 
length, breadth, height, and weight, far in advance 
of anything previously in use either in India or on 
British Railways. The train, of which we commence 
giving a series of illustrations in our present issue, 
consists of nine saloon carriages, seven of which 
are 71 ft. 8 in. long and weigh 45 tons each ; they 
are supported at each end on six-wheeled bogie 
trucks, while the remaining two vehicles, forming 
the front and rear brake-vans, are 63 ft. 5 in. long, 





draught, for the sunshades offer appreciable resist- 
ance from wind pressure, and are specially liable 
to damage from open doors on passing trains. 

Each carriage is entered through a veranda, pro- 
tected by gates and screens of hammered-iron | 
tracery. The outside of the train is painted cream | 
colour, with mouldings in maroon, picked out with 
fine gold lines ; the Royal arms are displayed at 
each end of each coach. 

As previously stated, the train consists of nine 
vehicles, as follows :— 


Royal saloons 2 
Sta os 3 
Dining ,, a 1 
Kitchen-car ... 1 
Brake-vans ... 2 

9 


We will first deal with the structural features of 
underframes, bogies, &c., given in Figs. 5 to 20 
on our two-page plate and on pages 338 and 339. 
The body frames of all the carriages are constructed 
of Moulmein teak; the underframes and bogie 





(c) The buffer stroke is 7 in., and the springs, 
though fully up to their work, are arranged so 
as to yield readily to compression on curves, and 
so to reduce side strains to a minimum. 

(d) The brake-cylinder rocking-shaft lever is 
weighted so as to ensure a quick release of brake- 
blocks. 

(e) All cradle and brake-hanger brackets have 
been placed above the frame and riveted to gussets 
in such a position as enables all bolts, split-pins, 
and cotters to be seen at a glance. 

(f) Loads on six-wheeled bogie trucks: Average 
load on each outer bearing spring = 3.5 tons ; 
average load on each centre bearing spring = 2.6 
tons. 

(g) Load on four-wheeled bogie trucks: Average 
load on each bearing spring — 3.64 tons. 

(h) Journals : 9 in. long by 4 in. in diameter. 

(i) Bearings : Composition, 88 per cent. copper 
and 12 per cent. tin. 

(k) Bearing surface : 8 by 2} = 18 square inches. 

(lt) Average pressure per square inch of bear- 
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ing surface; 6-wheelers = 420 lb. ; 4-wheelers = 
453 Ib. 

(m) Percentage of brake-block pressures to tare 
of vehicles : 6-wheelers = 85 per cent. ; 4-wheelers 
= 90 per cent. 

The loads supported by the six-wheeled bogie 
trucks, and the size of the trucks themselves being 
exceptional, we give below their leading dimen- 
sions :— 


Length of frame ... ... 18 ft. 52 in. 
Width - ina yo i 
Section of side plates 12 in. by lin. 
Wheel-base... ie an : 13 ft. 
Diameter of wheels on tread... .» 3. 7 in. 
Distance between centres of cradles ... 6,, 6,, 
Radius of roller-bearing path from 
bogie centre-pin ia = ee SS 
Number of cradle springs 8 
Average load on each spring cs 2 tons 
Length of bearing-spring centres a 5 ft. 
Number of plates, bearing springs... 7 
Section . vm «. 3hin. by 0} in. 
Camber of outside springs is 8 in. 
unloaded 
Camber of centre springs 7 in. 
unloaded 
Diameter of bogie centre-pin ... a 34 in. 


India-rubber pads of various thicknesses were 
placed between all spiral springs and the members 
supported by them, vibration and shock being thus 
reduced to a minimum. The bolster-cradle end 


weigh 35 tons each, and are carried on four-wheeled | trucks of the seven long saloons, as are also those check-springs are of solid rubber encased in 


bogie trucks. A perspective view, Fig. 1, of the| of the two brake-vans, are identical indesign ; and 
train as made up with eight vehicles, instead of nine, | all heavy fittings, such as vacuum brakes, accumu- 
is given on the present page, while the appearance | lators, &c., have been so placed as to secure a perfect 
of a single coach is shown in Fig. 2. Figs. 3 and 4, | balance. 
on our two-page plate, give respectively an eleva-| The position of bogie-truck centres, as affecting 
tion and plan of the complete train. The total| the movement of the carriage ends and centre on 
length of the latter is approximately 630 ft., and its | curves, especially in tunnels, necessitated, for 
weight about 383 tons ; each carriage is connected | vehicles of such great length, most careful considera- 
to its neighbours by collapsible gangways, so that’ tion ; and itis satisfactory to note that the train has 
it is possible to walk from one end to the other. without difficulty through practically every 
The carriage roofs are clerestoried throughout, | tunnel in India. 
which adds greatly to their height and allows for| The underframes and bogie trucks of all the 
thoroughly satisfactory ventilation. In the clere-| carriages are fully illustrated and dimensioned in 
story are the electric fans and lights, power for! the various views to which we have already re- 
both being obtained from dynamos fitted to the! ferred, but the following points may be specially 
underframes of the carriages, and driven by belts | noticed. 
from pulleys keyed to the bogie-truck axles. | (a) The weight upon the bogie trucks is sup- 
It will be noticed that for this train external | ported on side roller bearings, the bogie centre- 
sunshades—formerly universal on Indian railways| pin acting as a pivot only, and carrying no load. 
—have been discarded, materials of great heat- | (b) The draw-bar pull is exerted at a point some 
resisting qualities having been substituted for | 4 ft. behind the bogie centre, the arrangement of 
body, side-panels, and roofs, the result being as draw-bar springs being one specially designed by 
cool a carriage, and one of considerably lighter | Mr. Bamber for vehicles in use on heavy trains. 





wrought-iron covers. 

The length of the bogie-trucks, together with 
|the general arrangement of the underframes and 
| bodies, give a coach of graceful and at the same 
time imposing proportions. The manufacture of 
|underframes, bogie-trucks, and carriage bodies of 
such dimensions is a task, the successful accom- 
plishment of which speaks volumes for the ability 
of the staff at Lilloah. All the forgings were 
made by native labour from best hammered scrap, 
and the present is the first attempt made to build 
such stock in India. 


(To be continued.) 








Meratiic Permanent Way.—The exports of chairs 
and metallic sleepers have made some progress this year, 
the shipments in August having amounted to 11,006 tons, 
as compared with 7530 tons in August, 1904, and 2500 
tons in August, 1903. The aggregate shipments to August 
31, this year, were 50,421 tons, as compared with 34,166 
tons in the corresponding period of 1904, and 30,500 tons 
in the corresponding period of 1903. Greater progress 
would have been made this year but for the weakness of 

| the South African demand. 
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EFFECT OF THE OXIDES OF CARBON 
UPON IRON AND ITS OXIDES. 


Tue recent proceedings of the technical societies 
and experimental metallurgical laboratories have 
shown a considerable concentration of thought upon 
the action of hydrogen, carbonic oxide, and other 
gases, upon metallic iron, its oxides, and fire-bricks 
containing the latter. It has been known for a 
nuinber of years—ever since the classic researches 
of Sir Lowthian Bell—that the interaction of these 
substances in the blast-furnace was of the highest 
import, and it has since been shown that these 
agents are capable of effecting, under certain con- 
ditions, considerable damage to the fire-brick linings. 

The first instance of a complete investigation of 
the destruction of the upper portion of a blast-fur- 
nace lining appears to be that by Mr. John Pattinson, 
who found that in two furnaces in Cleveland where 
notable mischief occurred there was a considerable 
deposition in the bricks, of solid carbon, an increased 
percentage of iron in its various forms, and of the 
alkalies. The fact of the comparative rarity of the 
occurrence in Cleveland was supplemented by the 
information that the furnaces referred to had been, 
(for a short time prior to the disintegration of the 
bricks), worked with an unusual ore—viz., very 
small Northamptonshire. The experience then 
gained has been met with in Germany, and recently 
paralleled in many respects at Easton, Pennsylvania. 

Upon the whole, the various instances confirm the 
sufficiency of the explanation given by Mr. Pattinson, 
and endorsed by Sir Lowthian oo tere that the 
action is mainly due to the deoxidising effect of 
carbonic oxide and of finely-divided carbon upon the 
iron oxide in the bricks, and upon the accessions of 
fine iron oxide from the ore, that may by a strong 
current of gases be directed upon the walls of the 
furnace. Mr. David Baker, of the Dominion Iron 
and Steel Company’s Works, Sydney, Canada, find- 
ing that the cast-iron hoppers.and the brickwork at 
the head of one of the blast-furnaces was being 
attacked in the way referred to, traced the cause 
indirectly to the way in which the filling of the 
furnace was carried out. By modifying this, so as 
to get a more uniform distribution of large and 
small materials, he was able to get a diffused flow of 
gas that mitigated the local action. The Mesabi 
ore in particular is very dusty, and allows a con- 
siderable quantity of fine particles to be carried by 
the exit gases, forming a flue dirt which, in Mr. D. 
Baker's case, had the following composition :— 





Per Cent. 

Tron peroxide (Fe,O;) os Soh .- 16.35 
Alumina (A1,03) ies = ies .- 6.56 
Lime (CaO) _... bse fos ee a 
Magnesia (MgQ) 2 a » .. 3.46 
Silica (SiO.) ... oad a3 vad ... 8.60 
Loss on ignition aos ia aes ... 52.87 

93.35 


The loss of 52.87 per cent. on ignition was due to 
coke dust and deposited carbon, capable with the 
oxide of iron of causing the mischief. Mr. F. Louis 
Grammer, of Baltimore, recently communicated to 
the American Institute of Mining Engineers a paper 
showing the effect of ‘‘ flue dirt” upon the pressure 
of the gases at the head of the blast-furnace. 

Mr. F. G. Roberts, in the Iron Age of May 5, 
1904, gives an account of a furnace explosion, in 
which nearly 60 ft. in height of its contents were 
ejected, and, in discussing the possible explana- 
tions, says :—‘* The theory which best explains top 
explosions is the carbon deposition theory ;” and 
the same gentleman shows at a later date an appa- 
ratus which he has devised to secure equal distribu- 
tion in furnace-charging. 

The importance of the flue dust as affecting the 
linings is supplemented by the waste of iron and 
carbon which it involves, and these considerations 
have led to various attempts at reducing the quan- 
tity, and also the erection of experimental blast- 
furnaces for the special smelting of fluedust. Other 
recent communications to the American Institute 
of Mining Engineers bear upon this subject ; but 
the one to which we desire to call special attention 
is that by Mr. Frank Firmstune, of Easton, Pa., 
upon the alteration of firebrick by blast-furnace gas. 

The furnace was put into blast in May, 1902, is 
18 ft. in diameter by 75 ft. high, and by March, 
1903, was blown out by reason of the destruction 
of the brickwork in the upper portion. No unusual 
wear tovk place in the lower part; on the other 
hand, for a height of 10 ft.—between 30 ft. and 
40 ft. from the base—the mass was vitrified, and 





whilst the bricks did not lose their shape, they were 
so homogeneous that joints could scarcely be 
discerned. The surface was covered to a depth of 
ys in. to s; in. by a glaze, and the fractvre was 
fi ke bluish grey porcelain, with nearly black spots. 
Above this relatively sound portion, the disinte- 
grated bricks had disappeared. They had consisted 
of blocks 14 in. by 6 in. thick, backed with 2 in. 
of loam ‘and 14 in. of fire-brick, resting against a 
ring of red bricks. The blocks for more than 
20 ft. from the top had disappeared after nine 
months’ work, and a few weeks later the fire-bricks 
and red bricks had also gone. 

The ore worked was of a lean magnetic quality, 
smelted with coke. The bricks, when examined in 
their cross-fracture, showed spots of ferric oxide, the 
basis of the brick was white and granular, whilst 
the cementing clay or matrix was of a light brown 
or buff colour. The joints were made by being laid 
in mortar formed of ground fire-clay and crushed 
fire-brick. Mr. Firmstone states that the cause 
was probably disintegration by carbon deposition 
through the reaction of carbon monoxide (CO) on 
the particles of ferric oxide in the brick, although 
the total disappearance of the upper mass of brick- 
work rendered proof impossible. Stoppage of the 
feeding of coke to the furnace several times led 
to a tendency to “scaffolding,” which may have 
favoured channelling of the gases, and, as a con- 
sequence, carbon deposition. Dr. P. W. Shimer 
made the subjoined analyses, which show a marked 
increase in the iron and alkalies, and also a change in 
the degree of oxidisation of the iron. The presence 
of iron in the metallic condition may be explained, 
according to Mr. Firmstone, by the formation of 
iron carbonyl at a low temperature, and a subse- 
quent decomposition at a higher temperature ; but 
this is not the only alternative, as the reduction 
of iron oxide by hydrogen, carbon monoxide, and 
carbon dust could equally produce it. The experi- 
ments of Messrs. Sabatier and Senderens upon this 
reaction will be referred to later, in conjunction 
with the more probable alternatives. The sub- 
joined table has been compiled to embody the 
essentials of Dr. Shimer’s analyses, and it shows 
the increase in fluxing constituents, and especially 
of iron, as its state of oxidation is reduced from 
sesquioxide to protoxide and metal. The sum of 
the alumina and silica has been shown, for contrast 
with the remaining constituents, but a fuller under- 
standing of the figures will be possible after the 
views of Herr Ludwig have been considered in a 
subsequent section of this article. 

o Line. oe Brick trom ——— 


Furnace in the Furnace 42" - 
1902. in 1903, from Brick. 



































Silica ee P a S ‘ 55.62 57.63 40.23 
Alumina, including any 

titanium oxide present. . 88.55 31.64 12.22 
Fire resistants cS i 94.17 89.27 52.45 
Iron peroxide (Fe.0;) 4.17 nil nil 
Iron protoxide (FeO) e nil 3.73 11.93 
Iron (metallic) (Fe). . as nil 1.51 nil 

Total iron (Fe) .. ' 3.10 4.41 9.28 
Lime .. 0.24 0.24 10.92 7 
Magnesia 0.28 0.11 4.31 
Potash 0.95 2.59 9.39 
Soda .. _ = 0.29 0.51 8.43 
Zinc oxide .. ms ; nil 0.59 nil 
Fluxes, excluding iron. 1.72 4.04 83.05 
Fluxes, including iron . 5.89 9.28 44.98 
Percentage accounted for. . 100.06 98.55 97.43 


The behaviour of the gases in the blast-furnace is 
very complex, and recent investigations, to which 
we shall make subsequent reference, have been 
directed to still further elucidating the points 
brought out by Sir Lowthian Bell, who, after 
describing the reducing action of hydrogen, sum- 
marises his conclusions on the action of CO (carbon 
monoxide) and CO, (carbonic acid) as follows :— 
With iron oxide(Fe,O,), at all temperatures between 
150 deg. Cent. (302 deg. Fahr.) and a bright red 
heat, deoxidation takes place; but this is never 
absolutely complete. Both deoxidation and carbon 
deposition are at a maximum at about 417 deg. 
Cent. (783 deg. Fahr.), but both are materially 
influenced by the molecular condition of the oxide 
used, and it would appear also by the rapidity of 
the current of CO. When deoxidation has taken 
place to a certain extent, CO appears powerless to 
remove the remaining oxygen ; but a portion of this 








remnant, the quantity varying with the tempera. 
ture, may be abstracted by the action of the carbon 
deposited, this action being perceptible at all tem- 
peratures above 249 deg. Cent. (480 deg. Fahr.), 
and becoming more intense as the temperatuie 
rises. Even at a bright red heat, however, no iron 
was obtained free from oxygen and carbon; the 
joint action of carbonic oxide and deposited carbon 
being apparently unable to remove the last traces 
of oxygen at all temperatures short of absolute 
fusion. Indeed, this could not be otherwise, seeing 
that spongy iron itself acquires carbon, and at the 
same time suffers slight oxidation at this tempera- 
ture. Previously to the production of metallic iron 
by this means, a suboxide (Fe,O) appears to be 
formed. At temperatures between a low red heat 
and a bright red heat a position of equilibrium 
appears to subsist among the mutual actions of 
metallic iron, carbonic oxide, deposited carbon, iron 
oxide, and nascent carbonic oxide ; but at 417 deg. 
Cent. (783 deg. Fahr.) these actions, which tend 
towards carbon deposition, overbalance those to- 
wards carbon gasification, whilst the oxidising and 
deoxidising tendencies arrive, and remain at a 
condition of equilibrium. 

There is in these facts sufficient to explain the 
failure of the brick lining at a low temperature, 
where the bricks originally contain an appreciable 
percentage of oxide of iron, and where the carbonic 
oxide and hydrogen of the blast-furnace gases are 
sufficiently pressed against the surface and into the 
pores of the bricks. 

A similar effect has been pvinted out in relation 
to the carburettor and superheater of a carburetted 
water-gas plant. In this plant the effect upon the 
brick lining of the generator of a reducing atmo- 
sphere is negligible, the wear and tear that occurs 
being due to oxidising action and fusion by contact 
with slag; but in the chequer work of the car- 
burettor and superheater the reducing action may 
be serious if the bricks contain more than 2 per 
cent. of oxide of iron. The lining of the carburettor 
and superheater may not be affected seriously on 
account of the relatively small surface upon which 
the gases can act; but as the whole surface of the 
chequer bricks is surrounded alternately with (a) 
an oxidising and (b) a strongly reducing atmosphere, 
the action thereon is much more pronounced. The 
analogy to the blast-furnace is increased when the 
dust blown over from the coke in the generator into 
the carburettor and superheater contains carbon 
and oxide of iron. With coke containing an iron 
ash, the effect upon the brickwork of the dust is 
accentuated. In Vol. xii. of the Proceedings of the 
Institution of Gas Engineers are recorded by 
Mr. Thomas Holgate, M. Inst. C.E., analyses of 
bricks subjected to these conditions. No. 1 brick 
was from the superheater, and No. 2 from the car- 
burettor, and probably contained originally 4 to 
5 per cent. of peroxide of iron. The bricks when 
taken out were friable, being disintegrated by the 
carbon deposited, and by the iron oxide contained 
in the ash dust. No. 6 brick, with a content of 
only 1.15 per cent. of ferric oxide, was found to be 
almost free from the defects mentioned, but, on 
the other hand, to be deficient in alumina, which 
caused similar bricks to crack on repeated heating 
and handling at the times of cleaning. 

Tests of Bricks Exposed to Carbon Monoxide, Hydrogen, 
and Hydrocarbons. 


Constituent. No. 1 Brick. No. 2 Brick. No. 6 Brick. 




















Silica .. we os ° 67.5 62.06 96.25 
Alumina - - -h 22.39 27.65 1.00 
Fire resistants 89.89 89.71 97.25 
Iron peroxide a bee 6.37 7.67 1.15 
Oxide of manganese we 0.44 trace nil 
Lime .. s os e 1.55 1.00 1,07 
Magnesia... oe trace trace nil 
Potash and soda .. 1.80 1.62 0.53 
Fusible constituents ss 10.16 10.29 2.75 
Total accounted for .. 100.05 100.00 100 00 


Discussing the best mode of resisting the disin- 
tegrating influences on the brick-lining of the blast- 
furnace, Herr B. Osann recently expressed himself 
of opinion that two zones of destruction must be 
distinguished in connection with bricks used in 
furnace shafts. One of these is that below the 
charging bell, with a temperature of from 300 deg. 
to 400 deg. Cent., and the other deeper down, where 
the temperature is so high as to need water-cooling 
arrangements. In the upper zone carbon is de- 
posited from the dissociation of CO (2CO = C + 
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CO,), and permeates the brick, causing the latter 
to crumble. At temperatures exceeding 400 deg. 
Cent. this dissociation of the CO rapidly diminishes, 
so that the zone of destruction is confined within 
relatively narrow limits. He attributes the destruc- 
tion in the other zone to the action of alkaline 
silicates ; and in the alkaline compounds that exert 
a destructive influence the cyanides must be in- 
cluded. These are always noticed at blast-furnaces, 
and their origin must be attributed to the coke 
used. It is possibly the carbonate due to the de- 
composition of the cyanide higher up in the furnace 
that causes most of the destruction. Herr Osann 
does not adduce evidence of this upper zone being 
affected by cyanides, but M. Georges Charpy has 
recently shown that carbon deposition and conse- 
quent carbonising of iron or cementation of steel 
can be brought about by heating the metal in 
cyanogen gas or in potassium cyanide. 

The influence of the protoxide of iron in promot- 
ing fusibility is well oe to be much greater 
than that of an equal percentage by weight of the 
peroxide, and Herr Ludwig, of the Chemical Labora- 
tory for the Alumina Industry, of Berlin, has re- 
cently investigated the matter as part of the general 
question of the effect of chemical composition on 
fusibility. To ascertain the latter relation it is 
necessary, first, to find out how the various foreign 
admixtures affect the main clay mass, and what 
chemical changes take place when the clay is fused. 
In every case of solution there is a lowering of the 
melting-point, and silicate mixtures, when fused, 
must be regarded as solutions of various silicates 
and oxides in one another. The lowest melting- 
points must therefore be possessed by those mix- 
tures whose composition differs most from that of 
a definite silicate, and of this the Seger cones are an 
example. Similarly, the melting-point of the sili- 
cate of lime (CaO, SiO.) is not increased by the 
addition of a moderate quantity of quartz, but 
lowered. When a fire-clay is heated above the 
melting-point of its most fusible constituent, a 
small quantity of this is first liquefied, low in 
alumina; as the temperature rises it takes up 
further quantities of silica and smaller quantities 
of alumina, and so on, until the clay fuses, the 
quantity of the solution having become much 
greater than that of the residual undissolved mate- 
rial. The law that applies to all dilute solutions 
holds here—viz., that an equal number of mole- 
cules of different substances dissolved in an equal 
quantity of the fused material lower the melting- 
point by the same amount, independent of the 
varying chemical nature of these admixtures, or 
whether they are bases or acids. The character of 
a clay, therefore, cannot be judged by adding 
together the percentages by weight of its impuri- 
ties, but it must be considered molecularly. For 
instance, upon this method of stating the compo- 
sition, the final analysis of a kaolin showed Al, O, 
(alumina) + 2.125 SiO, (silica) + 0.0755 RO 
(where R represents metal in combination with 
oxygen). In this statement or formula all that 
can be shown by the analysis of a clay is ex- 
pressed by two numbers. Herr Ludwig analysed 
eighty-five clays, and compared their theoretical 
melting - points, from this standpoint, with the 
actual ones tested by the Seger cones. In the 
majority of the cases there was a close agreement, 
and the most marked of the exceptions were those 
clays that were very impure. But even in these 
the results all pointed in the same direction, 
as it was found that the actual melting-point was 
never below what had been calculated theoreti- 
cally for the clay upon the above basis. One of the 
causes of variation lay in the iron contents of some 
clays, and was due to Fe,O, (ferric oxide) splitting 
up into the FeO (ferrous oxide) when the clay was 
melted down, one molecule becoming two by the 
removal of one atom of oxygen; thus Fe,O, = 2 
FeO + O. The time to complete this change was 
found to be greater than necessary to fuse down 
the clay in a Deville furnace, and the melting- 
point consequently appeared to be too high. In 
addition to this action of iron oxides, the chief 
cause of the variations noted is that the clays are 
not homogeneous mixtures. Analysis is, conse- 
quently, of evident value in adjudging the character 
of a fire-clay, so far as the sample is typical of 
the bulk ; but the value of a fire. brick depends in 


addition upon its physical condition. 

_If a fire-brick is to come in contact with molten 
clay, it would be better to have a more impure 
brick, if dense, than a purer, but porous brick, as 
the latter would absorb too much of the molten | 








slag, and so tend to fuse down more readily than 
would the other and denser brick. 
(To be continued.) 


LITERATURE. 


Marine Engines and Boilers ; Their Design and Con- 
struction; based on the work Berechnung und Konstruk- 
tion der Schiffsmaschinen und-Kessel. By Dr. G. Baur. 
Translated from the Second German Edition by E. M. 
Donkin and 8S. Bryan Donkin. Edited by Lesuir 8. 
Ropertson, M. Inst. C.E., M.I. Mech. E. London: 
Crosby Lockwood and Son. [Price 25s. net. | 

In order to truly gauge the value of this work, it is 
necessary to bear in mind that, as stated in the 
preface, it has been compiled by Dr. Bauer for the 
use of the younger men who are engaged in the 
design, construction, and working of marine en- 
gines. The information is therefore largely given 
in a form which is usual in pocket-books, such as 
Seaton and Roundthwaite’s, and is, thus, not 
always such as one would expect to find in a text- 
book. The value of the volume lies, in great 
measure, in the fact that the information it affords 
has been derived from the results of actual practice, 
the Stettiner Maschinenbau Actien - Gesellschaft 
Vulkan, with whom Dr. Bauer occupies an impor- 
tant position, having, in particular, placed at his 
disposal most valuable data. Dr. Bauer has also 
been materially aided in the preparation of the 
work by Mr. Ludwig, Mr. Boettcher, and Mr. 
Foettinger, all members of the staff of the Vulkan 
Company. The intention is that the information 
given shall be of the most modern description, and, 
therefore, as regards engines, the vertical type, for 
use with screw propellers, is alone considered. 
Steam-turbines are not dealt with ; but it is in- 
teresting to note, as illustrating the rapidity with 
which the steam-turbine has come into favour for 
marine propulsion, that in the preface to the second 
German edition, dated January, 1904, Dr. Bauer 
says :—‘‘ In spite of the great, not to say fantastic, 
expectations entertained in some quarters in regard 
to the future of steam-turbines for ships, I have 
not ventured at present, to add a chapter on the sub- 
ject to this edition. Although the Parsons turbine 
has had considerable success cn land, and has 
already been fitted in a number of ships employed 
in regular running service, reliable results from 
these latter, especially as regards the consumption 
of coal, are not yet available.” 

We must congratulate Messrs. E. M. Donkin 
and S. Bryan Donkin, and the editor, Mr. Leslie 8. 
Robertson, in having produced a text which is not 
palpably a translation from the German, a task 
which is much more difficult to accomplish than is 
generally imagined. The units of measurement 
in the original work were, of course, in the metric 
system, and the enormous labour of converting them 
into English measures has been undertaken by the 
translators—a labour which, we hope, will be fully 
appreciated by ‘‘ the younger generation of marine 
engineers and naval architects of this country,” for 
whom it was carried out. 

The first part of the book is devoted to the main 
engines of a ship, Part II. to pumps, Part III. 
to shafting, resistance of ships, and propellers, 
Part IV. to pipes and connections, Part V. to 
steam boilers, Part VI. to measuring instruments, 
Part VII. to various details, and Part VIII. to 
various tables. It will be seen, therefore, that the 
book covers very completely the whole range of 
subjects embraced by the title. There are numerous 
plates giving very full particulars and details of 
a large number of engines and boilers, as well as 
many photographic reproductions, and much valu- 
able information is given in a tabular form. In 
the first few pages the usual notes on horse- 
power, indicator diagrams, combining diagrams, 
&c., are given, after which it is shown how to 
obtain, in compound engines, the number of expan- 
sions, cylinder ratios, and cut off in each cylinder. 
The reasoning is somewhat sketchy, and is based 
on the usually accepted hyperbolic expansion line. 
No reference is made to a better method based on 
the 6 ¢ chart. 

It is interesting to note the difference in the ratio 
of cylinders prescribed for the engines of mail boats 
and for those of cargo boats. In the latter, where 
economy is of greater importance, the ratio is 
nearly as large as that adopted for land engines, 
whereas in the former, where power is the prin- 
cipal consideration, the ratio is considerably smaller. 
It is obvious, however, that Dr. Bauer has no great 
faith in the methods of calculation he gives, for he 

















states, ‘‘ the diameter of the intermediate cylinder is 
obtained by comparing the engine here under con- 
sideration with similar engines which have worked 
satisfactorily.” Such a method is obviously not 
conducive to progress and improvement. It is 


‘lalso noticeable that in the method adopted the 


steam economy of the engine is not taken into 
account—is not even hinted at—the apparently 
paramount considerations being the power of the 
engine and the approximately equal distribution 
of power between the various cylinders. 

There is a very complete table giving leading 
particulars of about one hundred marine engines 
of all kinds, varying in size from 50 to 20,000 
horse-power, with steam pressures from 114 lb. to 
250 lb. per square inch, and of compound, triple, and 
quadruple-expansion types. We notice that Joule’s 
equivalent is given as 772 foot-pounds, instead of 
the now usually accepted value of 778; but it is 
curious that in a table of the properties of satu- 
rated steam (page 694) the figure 772.8 is given. 
We must demur to the statement that ‘the 
amount of heat contained in the steam is propor- 
tional to its pressure ;” the amount of heat is, no 
doubt, greater the higher the pressure, but it is far 
from being proportional. At page 35 a numerical 
example is worked out to determine the ratio 
between the indicated work and the work theo- 
retically available; this is the ‘‘ efficiency ratio,” 
as defined by the Institution of Civil Engineers. 
Dr. Bauer, however, calls it the ‘‘ efficiency,” and 
thus falls into a not unusual misunderstanding, and 
is led to remark that ‘‘ the efficiency of triple-ex- 
pansion engines is less than that of single-cylinder 
engines ; nevertheless, steam is more efficiently 
utilised in the triple-expansion engines than even 
in compound engines.” (The italics are ours.) 

The object of the steam-jacket is explained in 
exactly nine lines, and the reader is left in doubt as 
to its value. Afterall, is not this precisely the posi- 
tion of matters, notwithstanding the numberless 
experiments and the volumes of reasoning that have 
been devoted to the subject ? 

The very important question of the variations in 
torsional strains in se spend shafting is considered 
at some length, although naturally in an elementary 
manner ; a fully-worked-out numerical example is 
given, and this emphasises the importance of the 
subject. It is remarkable, however, that no state- 
ment is made to the effect that, if the critical speed 
of the shaft synchronises with the changes of effort 
of the engine, the shaft must inevitably be broken, 
and that there is danger of rupture even if the 
synchronism is only approximate. 

The balancing of the moving parts of the main 
engine is dealt with very satisfactorily, and a nume- 
rical example, showing a practical method of balanc- 
ing the parts of a four-crank engine in accordance 
with the Yarrow-Schlick-T weedy system, is worked 
out in full detail. We think, however, that the 
comparative vibrational effects of the unbalanced 
couple and the unbalanced vertical force is not very 
clearly brought out ; possibly due to the fact that 
the effect on vibrations due to the angle of a con- 
necting-rod has not been quite fully recognised. 

In Section 4 numerous examples of the arrange- 
ment of main engines are given, principally ob- 
tained from German practice, and amongst these 
are several photographic reproductions, such, for in- 
stance, as the four-cylinder triple-expansion engines 
of the Japanese armoured cruiser Yakumo and the 
quadruple-expansion engines of the Deutschland. 
In this connection Plate 6 is specially commend- 
able, asit gives in a few bold lines the main features 
of the structure of the engines of the Kaiser 
Wilhelm der Grosse. In Fig. 115 a very interest- 
ing diagram is given, by means of which it can be 
readily determined at what points the auxiliary 
steam should be admitted in order to be able to 
start an engine at all positions of the crank. 

The section dealing with the details of cylinders, 
pistons, valves, connecting-rods, &c., is admirable, 
giving very full details and particulars as to dimen- 
sions. We notice that the water tests for cylinders 
are less severe than those which usually obtain in 
this country, and the test pressure is made to 
depend not only on the position of the cylinder 
in the engine, but also on whether the engine is 
compound, triple, or quadruple expansion. Thus, 
for the high-pressure cylinder the test pressure is 
from 1.3 to 1.4 times the boiler pressure, whereas 
the low-pressure cylinder of a compound engine is 
tested with a pressure of 0.45 that pressure, and 
that of a quadruple-expansion engine with 0.2. We 
think there is much to be commended in this grada- 
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surprised tu find that there is no recommendation 
to reduce the stems of the connecting-rod bolts, as is 
almost invariably done in this country. Very minute 
details are given as to the lifting-holes and eye- 
bolts to be provided, and as to the best methods of 
cooling the guides, &c. In calculating the diameter 
of crank-shafts the mean turning moment only is 
taken into consideration, and the additional stresses 
due to bending and to shear are hardly hinted at. 
We also think that the allowable torsional stresses 
recommended (from 4000 lb. to 6500 lb. per square 
inch) are somewhat high ; otherwise full particulars 
ire given to enable the various dimensions of a 
crank-shaft to be determined. 

A useful formula for finding the thickness of the 
metal of bed-plates is given in the formula d/30+ 
0.5 in. for cast iron (and there is a similar formula 
for cast steel), d being the diameter of the crank- 
shaft in inches. A rather elaborate formula for 
calculating the diameter of the reversing shaft is 
given; it is a purely empirical formula, unduly 
dignified by reasoning. The usual slot of the re- 
versing lever for adjusting the point of cut-off is 
described, and it is stated ‘‘ the slot is so designed 
that it is parallel to the valve-rod when the engine 
is in full backward gear, so that the position of the 
valve-gear is unaffected by the position of the 
adjusting-block in the slots.” The reason given 
's not the correct one, which is—that when thus 
designed the slot gives the maximum alteration to 
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the valve-gear when in the forward position—that 
is, in the position in which the slot is of use. 
Several pages follow with particulars of re- 
versing-engines, condensers, air-pumps of various 
kinds, circulating and feed-pumps, &c.; the par- 
ticulars are full, and there are numerous empirical 
formule for calculating the important dimensions. 
There are also tables giving the dimensions of many 
actual condensers and pumps derived from German 
practice. Centrifugal circulating-pumps are recom- 


mended, and it is pointed out that with these | 
pumps the ‘‘dangerous strains upon the castings, | 


pipes, &c., such as sometimes occur with recipro- 

cating-pumps, are entirely avoided.” Certain par- 

ticulars as to the design of circulating-pumps are 

given ; they are insufficient, however, to enable a 

draughtsman to make working drawings of such 
umps. 


Pp 
Part III. deals with shafting, resistance of ships, | 


and propellers. As regards the former, there is 
nothing special to remark, the usual forms of thrust- 
blocks are described, and the allowable pressures 
given are exactly the same as those recommended 
by Seaton. We notice, however, that the thick- 
ness of cast-iron stern tubes recommended (for 
large shafts) is somewhat less than that given by 
Seaton—namely, D/20 + 0.8 in., as against D/12 + 
0.5 in. The resistance of ships is dealt with in a 
few pages, based on Froude’s method; several 
formuls are given accompanied by tables of co- 
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efficients, and these are applied to the calculation 
of the indicated horse-power required by a number 
of ships, such as the Fiirst Bismarck, several cargo 
vessels, the Imperial yacht Hohenzollern, H.M.S. 
Powerful, and some torpedu-boats. The indicated 
horse-power observed on trial is given for —— 
son, and in most cases the agreement is very close. 

The next section deals with the screw-propeller, 
and the method adopted for designing the blades is 
based on Taylor’s theoretical formule. Taylor’s 
reasoning has been, however, so much curtailed that 
it is extremely difficult to follow. His standard blade 
|is given, together with tables of the necessary co- 
| efficients, so that a draughtsman ought to have no 
| difficulty in making the necessary calculations, 
especially as numerical examples are given which 
|clearly indicate the method of procedure. The 
| strength of propeller-blades is dealt with at some 
length ; ae here, again, several numerical ex- 
jamples are given. The oft-debated question of 
| ** negative ” slip is discussed ina very clear manner, 
|more or less based on Taylor’s reasoning ; but we 
must refer our readers to the book itself for further 
information on this point, as space forbids our 
entering into the matter here. The efficiency of 
the screw is considered, but cavitation is merely 
mentioned, probably because it applies chiefly to 
turbine-driven propellers, which are not dealt with 
in this book. 








Pipes and connections for every purpose are de- 
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scribed in great detail, no less than forty pages 
being devoted to the subject. We notice that 
formule are given for calculating the thickness of 
valve bodies. In our opinion such matters are 
best left to the valve-makers, on whom the re- 
sponsibility for the strength of the valves should 
rest. The thickness of seamless steel pipes is cal- 
culated from the formula d.p/9954+0.10in., which, 
it will be found, is in practical agreement with a 
similar formula given by Seaton; the constant 
9954 seems to be of unnecessary, not to say im- 
possible, accuracy. 

The greater part of the remainder of the book 
deals with steam boilers, After some few introduc- 
tory remarks on combustion, heating values of 
different fuels, natural and artificial draught, for- 
mation of steam, &c., the more usual classes of 
boilers are described. The only criticism we have 
to make is in connection with the statement that 
the total heat of 1 lb. of dry saturated steam ‘‘ sig- 
nifies the excess of heat possessed by 1 lb. of satu- 
rated steam over 1 lb. of water at 32 deg. Fahr.” 
The heat ‘‘ possessed” by the steam is less than 
the total heat by the work done—namely, the 
pressure multiplied by the volume. It is, in fact, 
the internal energy of the steam. 

It is stated that in water-tube boilers, which 
have headers to convey the water fed into the 
upper drum down to the lower, the total section 
area of the headers is calculated to give 0.032 
square inch per square foot of heating surface. We 
doubt if any such relation exists, but it is a point 
we have not verified. Two interesting numerical 
examples are given to show the uselessness of 
throttling the steam from the boiler to the engine 
with the object of drying the steam. We recommend 
a study of these examples. Cylindrical boilers are 
considered at some length, and extracts are given 
from the German Lloyd's rule, the Bureau Veritas, 
and Lloyd’s Regulations, and a number of actual 
examples are quoted in a tabular form. Several 
figures are given showing the riveting of ‘‘ scolloped” 
cover plates, the object being to reduce the number 
of rivet holes by which the plate is weakened, and 
yet allow the cover plate to be properly caulked. 
As might be expected, water-tube boilers receive 
their due share of attention, but it is noticeable 
that the description is far more general than that 
given of cylindrical boilers, and that the dimen- 
sions as regards scantlings, &c., are left severely 
alone. All the important water-tube boilers are 
mentioned, with the exception of the Niclausse 
boiler ; the omission is curious, in view of the fact 
that about 1,000,000 horse-power of such boilers 
have been supplied for marine work. The Diirr 
boiler, which resembles it in some respects, is, 
however, fully described. 

The book closes with a description of various 
measuring instruments, pressure-gauges, thermo- 
meters, apparatus for flue-gas analysis, and indi- 
cators. There is also an interesting description of 
Fottinger’s torsion-indicator, and it is stated that 
with an instrument of this kind the brake horse- 
power of one of the 20,000 horse-power engines of 
the s.s. Kaiser Wilhelm II. was determined. The 
last hundred pages are devoted to tables of squares, 
cubes, &c., a short table of logarithms, the pro- 
perties of saturated steam, the strength of mate- 
rials, bending moments, and the strength of struts. 
We observe that the latter is not by any means up 
to date, being confined to Euler’s formula. 

It will, we think, be seen from the general 
account of its contents which we have above given, 
that Dr. Bauer has produced a volume which forms 
a most useful and important addition to our prac- 
tical text-books on marine engineering. Its value 
is undoubtedly enhanced by the fact that its author 
has himself attained such great success in marine- 
engine design, while he has, as we have already 
stated, been most fortunate in securing, as the 
translators and editor of h’s work, engineers who 
have been able to place his views before English 
readers in such an eminently satisfactory form. 





Jahrbuch der Automobil und Motorboot-Industrie. Im 
Auftrage des Deutschen Automobil- Verbandes heraus- 
gegeben von Ernst Nrvupere, Civil aaeeee. Second 
year. Berlin: Boll and Pickardt. Small 4to, 526 pages, 
with 867 text figures and one plate. [Price 12 marks. ] 


Tue first edition of this atnual of the German 
Automobile Association was published in the year 
1904, and contained, in accordance with the resolu- 
tions of the Automobil-Verband :—(1) A review of 
the scientitic and practical progress made in the 
automobile and motor-boat industry ; (2) extracts 





from the past year’s literature on automobilism, 
and abstracts of the German, Austrian, British, 
and United States patents; (3) statistics of acci- 
dents, with criticisms, and articles on the develop- 
ment of the industry and legal questions. This 
programme has, on the whole, been adhered to 
in this second annual. The accident statistics have 
been limited to Berlin proper, which does not com- 
prise Charlottenburg nor Schoeneberg, nor some 
other suburbs which are practically Berlin; and 
the whole question is disposed of on two pages, 
which, moreover, do not concern the year 1904, but 
1903. It will be admitted that the aspect of affairs 
justifies this apparent deviation from the pro- 
gramme. In the three years 1901 to 1903 tram- 
ways caused, in Berlin proper, 5489 accidents, 
horse vehicles 4782, and automobiles 72. As there 
were 3177 tram-cars, 8029 horse vehicles, and 1270 
automobiles, tram-cars were relatively responsible 
for 73 per cent. of the street accidents, horse 
vehicles for 24.5, and automobiles for 2.5 per cent. ; 
the latter did not cause any of the 29 fatal accidents. 
The respective figures for 1903 were 1985, 396, 32. 
Some comments on this subject we find in Dr. 
Eber’s section on legal matters. 

To make up perhaps for the omission pointed out, 
four sections have been added to the second issue— 
namely, motor-bicycles, motor airships, illumination 
of automobiles, and tool machinery for automobiles. 
The other sections deal with materials (petrol, 
spirit, coal, lubricants), internal-combustion motors, 
electromobiles, steam-motors, chdssis, wheels, &c.; 
gearings; and legal matters. The authors of the 
sections are Messrs. M. R. Zechlin, J. Kiister, J. 
Lowy, A, Altmann, P. Wolff, E. Dalchow, L. Frei- 
herr von Low, F. F. Alberts, Captain Gross, and 
Dr. Ebers. The abstracts of German patents are 
illustrated ; they cover 140 pages, all in German. 
The Austrian patents are not illustrated, and French 
patents are not mentioned. The sections on motor 
airships, by Captain Gross, and on motor-bicyles, 
by L. von Léw, are the longest chapters in the 
volune. The literature columns are alphabetically 
arranged as to subjects, and followed by a good 
alphabetical name and subject-matter index. Refer- 
ences to the various races, and to the newly- 
established Deutsche Freiwillige Automobil-Corps, 
a kind of volunteer body in the English sense of 
the term, are put between the patent abstracts and 
the literature. 

The work appears to have been entrusted to 
competent authors, some of whom, at any rate, are 
well-known experts. 

There is hardly anything calling for special notice 
in this volume, which is in itself a sign of the 
characteristic development of this industry. 


Machine-Tools and Workshop Practice for Engineering 
Students and Apprentices. By ALFRED Parr. London, 
New York, and Bombay: Longmans, Green, and Co. 
[Price 10s. 6d net. ] 

Tue author of this work is instructor in the fitting 

and machine-shop and forge of University College, 

Nottingham, and he hopes that it will be useful in 

aiding those who have to work machine-tools, and 

engage in workshop practice generally. 

There is a great deal comprised in the work, and 
the writer has performed his task in a painstaking 
manner, and no student or apprentice can fail to 

lean much variable information from its pages. 

aving said this, we must point out two matters 
to which exception may be taken. One is the 
rather poor arrangement of the subject-matter. 

‘* Materials” are sandwiched between ‘‘ Marking 

Out” and ‘Drilling Machinery,” and ‘ Boring 

Machines” between ‘‘ Lathe Appliances ” and 

‘**Lathe Work.” ‘‘ Cutting Tools” ought to have 

come in an early chapter, instead of where they 

are. The other objection is the use ad nauseum of 
catalogue blocks, with most of which everyone is 
familiar. Wood-blocks, photo-blocks, and diagrams 
are all jumbled together, to the almost entire exclu- 
sion of original drawings. True, they are selected 
from excellent sources ; but one looks for something 
else in a volume of this kind. On the other hand, 
such a selection is much to be preferred to the 
wretched diagrams which disfigure some text-books. 

The author covers a large extent of ground. 
Standards of length and methods of measurement ; 
methods of lining out, and materials ; the various 
groups of machines are described ; drills, boring- 
machines, turret and ordinary lathes, grinding- 
wheels, planers, and tools of reciprocating type ; 
milling machines, gear-cutters, fitting, forging, 
hydraulic tools, and the transmission of power ; 





while a very full index enables the reader to turn 

up anything readily. 

James Watt. By ANDREW CARNEGIE. Edinburgh and 
London: Oliphant, Anderson, and Ferrier. [Price 
1s. 6d. net. ] 

Noruinxe that is new is disclosed regarding James 
Watt in this book, one of the famous Scots series ; 
but the author has imported into the preparation 
and telling of the story a painstaking research and 
a characteristic enthusiasm, all the fresher because 
Mr. Carnegie admits that before he undertook the 
writing of the work he knew little of the history 
of the steam-engine and of Watt himself. Now 
he expresses delight at having discovered ‘‘ one of 
the finest characters that ever graced the earth.” 
Most readers will seek in this biography a re- 
flection of the character of Mr. Carnegie himself, 
and we feel sure they will not be disappointed. 
In his analysis of Watt’s character there are 
revealed many of the traits which have been deve- 
loped in one of the most successful of American 
business men. In moralising on the life of Watt 
Mr. Carnegie has taken Garfield’s truism that 
‘*the best heritage to which a man can be born 
is poverty,” and he has hard things to say of ‘the 
effect of the heritage of milliondom.” There are, 
however, one or two remarkable lapses from sound 
judgment throughout the book. Mr. Carnegie is 
opposed to Latin and Greek classics, and makes 
the remark that ‘‘ we can no more draw our mental 
sustenance from two languages than we can think 
in two.” And, again, ‘‘ busy working man has not 
time to draw his inspiration from more than one 
national literature.” Apart altogether from the 
advantage or otherwise of Latin for sharpening the 
tools of mental machinery, there is no question 
that in modern times a knowledge of more than 
one language has been of enormous benefit to the 
development of science. Again, on page 76, the 
author says that ‘‘ the Watt engine in one sense 
was born before its time ; our class of instrument- 
making mechanics and several new tools should 
have preceded it; then, the science of the inven- 
tion being sound, its construction would have been 
easy.” Surely Mr. Carnegie has forgotten one of 
the most important lessons of industrial develop- 
ment—that necessity stimulates, practically creates 
the supply. The book tells Watt’s story in an 
entertaining way ; but there is a trifle too much 
adulation of Scotch character, and, perhaps, also 
too many unjustifiable digressions. 





Calcareous Cements ; Their Nature, Manufacture and Uses, 
with some Observations upon Cement-Testing. By Gilbert 
R. Redgrave, A.M. Inst. C.E., and Charles Spackman, 
F.C.S. Second and revised Edition. 1905. London: 
Charles Griffin and Co., Limited. [Price 15s. net. | 

THis is a new edition of an old work, but in the 
years which have elapsed since the first edition 
appeared the process of manufacture of cement 
has been very largely altered by the introduction of 
new and improved forms of machinery, and it has 
therefore been necessary to make this second edition 
something very different from a mere re-issue of its 
predecessor. Mr. Redgrave and Mr. Spackman 
have evidently endeavoured to make their work of 
real service to those engaged in the cement industry, 
and still more to the engineer whose lot it is to 
make use of the manufactured article ; and, in our 
opinion, they have met with a large measure of 
success. The purely descriptive portions of the 
volume give an account of all the most modern 
processes of manufacture at home and abroad ; while 
the more theoretical portions, dealing with the 
chemistry of cements, give the theories of cement 
reactions which have been advanced by various ex- 
perimenters as the result of recent investigations on 
this important subject. 

In view of the attention which is being paid by 
engineers at the present time to the use of armoured 
or reinforced concrete, the study of the chemical 
and mechanical properties of cement is now of the 
highest importance, and the student will find this 
volume a useful introduction to the subject. Ar- 
moured concrete itself is not discussed here, that 
being reserved, as the authors tell us, for a future 
volume. Two chapters are devoted to cement-test- 
ing, and in one of the six appendices to the volume 
the authors give the German standard regulations 
for the uniform delivery and testing of Portland 
cement. The final chapter of the volume gives 
some actual specifications for Portland cement ; and 
here, as in other specifications, there is great need 
for more uniformity. Something like a standard 
specification is wanted, and interest, therefore, 




















Sept. 15, 1905. ] 


ENGINEERING. 








341 








attaches to Appendix D, which gives the report of 
a committee of the American Society for Testing 
Materials on a standard specification for cement. 

The volume is excellently printed, and has 63 
illustrations, all clearly executed. 
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Tue Burtpines 1n Derat. 


WE now pass on to a description of three great 
technical departments of this University. The 
engineering department has been divided under 
three heads—Civil, Mechanical, and Electrical. 
Until last year there has been one professor of 
engineering only—Professor F. W. Burstall—who 
has been entirely responsible for the details of 
equipment. Upon the completion of some of the 
buildings, it was found to more than one pro- 
fessor could possibly manage, to supervise all of the 
departments, and consequently there are now to be 
three professors of engineering — viz., Professors 
Burstall, Kapp, and Dixon. 

The engineering department will first be de- 
scribed. This consists of the power-station and 
Blocks A and B, the whole of which has been 
designed by Professor Burstall and his assistants. 
The mining and metallurgical departments com- 
prise the whole of Block C, a special laboratory 
near the power station and the model mine, all of 
which will be described later. 


Tue Power-StaTion. 


The first building ready for use on the new 
Bournbrook site was the power-station, and it is 
now more than a year ago that the first engine was 
set in motion. The building is situated some 300 ft. 
away from the main buildings. It will be used for 
various purposes ; these include the supply of elec- 
tricity for power, lighting, and experimental work ; 
the supply of gas and steam for heating and cooking 
purposes, and the supply of ice from refrigerating 
machinery for purposes experimental and un- 
specified. The power-station also forms the heat 
laboratory. The building is one side of a quad- 
rangle, whose other three sides are the foundry, 
the tennis courts, and the metallurgical laboratory. 
It is of brick, with stone coping, and consists of 
a boiler-room (40 ft. by 60 ft.), an engine-room 
(50 ft. wide and 100 ft. long), a small drawing-oftice, 
which is also the head-quarters of the power-station 
engineer (Mr. R. C. Porter), and a fair sized 
laboratory, at present containing the delicate in- 
struments bell in connection with Professor 
Burstall’s gas-engine research work. Ample pro- 
vision has been made for future extension of both 
the engine and boiler-room. 

It must be fully realised at the outset that this 

ower-station is being used for commercial, teach- 
ing, and research work. In comparing it with any 
modern electrical station, it must be remembered 
that the selection of the plant has been made 
primarily with the object of acquainting the 
student with as many different types of machinery 
as possible. There are no two machines alike, and 
all ordinary commercial ideas concerning the sub- 
division of the total power of the station into units, 
such as we see in an ordinary station, are upset. 
Here are to be seen gas-engines, a marine engine, 
two types of high-speed steam-engines, a steam- 
turbine, an oil-engine, three-phase and continuous- 
current electric generators, two different types of 
condensing plants, special fittings for recording 
temperatures, pressures, &c., and also refrigerating 

lant. 
. The steam-piping in the power-station is the 





work of Messrs. John Spencer, Limited, of Wed- 


nesbury, and the following description will give the 
reader some idea of the arrangement. 

The steam main is carried along the engine-room 
wall in duplicate ; it is 6 in. in diameter, with con- 


d| nections to six engines and to the blowers. The 


pipes are lapwelded steel, with riveted branches 
and welded flanges, the small tees on the con- 
nections to the Worthington condenser and experi- 
mental engine, and also the small tees to the 
McLaren engine being made of cast steel. The 
valves are of Hopkinson’s make, and have cast- 
steel bodies. 

The engines and boilers are of varied types ; the 
connections from the boilers to the main headers 
are carried through the engine-room wall. 

The main exhaust from the various engines is 
taken down into the trenches and connected into 
a 10-in. exhaust main, which is carried to the 
atmosphere. The water connections are of cast 
iron, and are carried under the floor in the trenches. 
Messrs. Spencer also have supplied the cast-iron 
pipes for the Mond gas system. 

All of the boilers and steam-pipes and connec- 
tions have been covered with lagging supplied by 
the Mica Boiler-Covering Company. 

The Equipment of the Boiler-Room.—This room 
runs parallel with the engine-room, but is not quite 
as long. It contains all of the steam-generating 
plant for supplying the steam for the various units 
in the power-station, and also the steam for heating 
the main buildings. 

There are two water-tube boilers (one Babcock 
and Wilcox and one Niclausse), one locomotive, 
and two large dry-back marine boilers (see Fig. 7, 
on page 342). The Babcock boiler has its own 
superheater fitted to it; but for adding heat to 
the steam from the other boilers there is a sepa- 
rate Schmidt superheater arranged for gas-firing. 
Bunkers with sliding doors are placed just out- 
side the boiler-room, so that the fending of coal 
is quite simple. 

A general description of the various boilers, 
pumps, &c., will give the reader some idea of the 
capacity of this boiler plant. It is worth noting 
that here, as well as everywhere in the power- 
station, elaborate arrangements have been made 
for measuring pressures and temperatures to be 
taken on trials. The arrangements are such that 
the students may run the trials under ordinary 
conditions which obtain in power-stations, or special 
ones for research work. 

The boiler nearest the door is of the Babcock 
and Wilcox water-tube type. It is of this firm’s 
ordinary design, to be found in many central 
stations, and it is not necessary to describe it in 
detail. To this boiler a special patent furnace is 
fitted, which makes it possible to burn bituminous 
coal comparatively smokelessly, and it has also 
attached a particular arrangement of superheater 
which embodies a new feature in its general work- 
ing. The superheater is placed in a position where 
there is practically no deteriorating condensation 
of the gases, and where the temperature is sufti- 
ciently high to allow of the steam receiving from 
100 deg. to 150 deg. Fahr. of superheat. It is 
readily accessible for examination and for the re- 
newal of tubes. 

The particular arrangement made mention of 
above in connection with the superheater fitted to 
this boiler lies in its being supplied with special 
fire-brick dampers for closing off or operating the 
superheater, and by this means the boiler may be 
worked with or without superheated steam. There 
is also an air-cooled fire-brick deflecting bridge 
fitted, which is another unique feature. The steam- 
supply valves fixed above the boiler drum are 
arranged so that saturated or superheated steam 
may be used at any time in part or in bulk. 

One Niclausse water-tube boiler is installed, 
having 720 square feet of heating surface, 20 square 
feet of grate area, a rated evaporation of 3000 Ib. 
per hour when working with induced draught, and 
a working pressure of 200 lb. per square inch. 
The mechanical construction of the boiler as 
now manufactured by Messrs. Willans and Robin- 
son, Limited, at their Queensferry Works, is well 
known, and may be found in any modern text-book. 
The header is divided vertically into a back and 
front section by a diaphragm, and the tubes 
through the diaphragm through fairly fitting holes, 
as well as through the back and front of the header. 
The back section of the header provides for the 
ascent of steam and water discharged from the 
tubes ; the front section provides for the descent of 
water from the drum above to supply the inner 
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tubes, and through them the outer or generating 
tubes. Large openings are cut in the latter in 
those portions which lie respectively inside the 
ascending and descending channels, in such a way 
as to offer the minimum obstruction to the ascend- 
ing and descending currents of steam and water. 
The inner tubes terminate in a bell-mouth in the 
plane of the centre diaphragm of the header, so 
that the water which descends the front section of 
the headers, and passes into the outer tubes by the 
openings referred to, is free to enter the inner 
tubes, and through them to supply the outer tubes 
with water at their back end. (The bell-mouth of 
the inner tube fills up the section of the outer tube, 
80 as to — any communication by way of the 
outer tube between the ascending and descending 
channels.) _The water and steam drum is at right 
angles to the tubes, and is thus across the front of 
the boiler. The tubes are 9 ft. long. The headers 
are of a much larger section than has hitherto been 
usual, with the object of still further improving the 
circulation. 

There is a gas-fired superheater which has cer- 
tain special points in its construction. It is a 250- 
square-foot Schmidt superheater. It is capable 
of superheating 3200 lb. of steam at 200 Ib. 
pressure to 700 deg. Fahr. On account of the 
very limited space at the disposal of the con- 
tractors the superheater had to be specially con- 
structed, the two sets of tubes being arranged side 
by side, instead of one above the other, which is 
the usual arrangement in this superheater. The 
Schmidt system is, however, carried out as the 
steam enters the coils at the point where the gases 
leave the superheated chamber and travels against 
the direction of the gases through the first set of 
tubes; from this point the steam passes to that part 
of the tubes nearest the fire-grate, so that the com- 
paratively cold steam helps to protect the tubes 
from overheating ; from this point the steam travels 
in the same direction as the gases and leaves this 
set of tubes fully superheated. The brick setting 
has been so arranged that the air required for the 
combustion passes through the hollow walls, and thus 
becomes heated before it mixes with the gases. The 
effect of this is :—Firstly, the utilisation of the heat 
which would otherwise be conducted through the 
brickwork and lost through radiation from the out- 
side surface of the brickwork ; and, secondly, the 
obtaining of a higher temperature of the combus- 
tion of the gases. On the inlet pipe to the super- 


heater there has been fitted an automatic valve, 
which is connected to an air-door and arranged so 
that when the steam is turned off, this automatic 
valve causes the door to open, admitting cold air 
from the outside over the combustion chamber, and 
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thus preventing the tubes from becoming overheated 
and damaged. 

The boiler plant for the engines in the power- 
station is completed by a boiler of the locomotive 
type. This has been supplied by Messrs. Beyer, 
Peacock, and Co., Manchester. It is capable of 
evaporating 3000 lb. of water per hour at a pres- 
sure of 200 lb. per square inch. 

The remaining two boilers are for supplying steam 
for heating purposes. 

They are two steel dry-back return-tube boilers, | 
shown in Fig. 7, above, each 15 ft. long and 
8 ft. inside diameter at the back end, supplied by | 
Messrs. Edwin Danks, of Oldbury. Each of the | 
boilers is capable of evaporating 8000 lb. of water | 
per hour. They are constructed to sustain a normal 
working pressure of 80 lb. per square inch, and | 
have been tested up to 140 1b. per square inch 
hydraulic pressure. 

Each boiler contains ninety-two smoke-tubes 
(including twenty stay-tubes) 3 in. in external | 
diameter, swelled to 37; in. in diameter at the | 
front end. There are two furnaces to each boiler. 
One of the boilers is arranged to be fired by hand, 
and the other is fired mechanically by one of | 
Proctor’s patent stokers. These boilers are to be 
used for raising steam for heating purposes, but | 
they could also be used for providing steam for the | 
power-station. 


Inpucep DraveGurt. | 


In order to obtain induced draught for the | 
boiler furnaces when required, one of Messrs. | 
Bumsted and Chandler’s steam - driven fans has | 
been installed. The fan is 48 in. in diameter, | 
coupled to a compound engine with 4-in. and 6}-in. ; 
cylinders, and on test passed 28,000 cubic feet per 
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Fic. 8. Tuwartes’ Freep-Pump. 


cylinders, 5 in. in diameter both by 15 in. stroke. 
The steam is carried practically full stroke, no 
more work being done by expansion than is re- 
uired to complete the very small portion of the 
stroke necessary to operate the valve. The pistons 
of the water-pump are packed with ebonite rings, 


minute at a water-gauge pressure of 1$ in. when | ang all parts in contact with water are of gun- 


running at 375 revolutions. The set may. be| 
run up to 550 revolutions per minute, when it 
would deal with 40,000 cubic feet of gases at a 
temperature of 370 deg. Fahr. The fan will easily 
maintain the required furnace draught in the power- 
house, and similar sets have been found on test to | 
give a combined efficiency of 60 per cent. when | 
passing air at ordinary temperature. 

A feed-pump has been supplied by Messrs. 
Thwaites Brothers, of Bradford. This is of their 
now well-known Bradford feed-pump type, which 
was described fully in ENGINEERING, of February 19, 
1904, and is illustrated in Fig. 8, above. This 
special pump at Birmingham is designed to pump 
18 gallons of water at fifteen double strokes per 
minute. It is fitted with compound steam cylin- 
ders, the sizes of which are :—Steam cylinders, 


metal. 
Toe Monp Propucer Puiant. 


This plant—the general appearance of which is 
shown in Fig. 9, page 343, and the plan in Fig. 10 
—is of very great interest, and of considerable 
dimensions. It is situated in that corner of the 
quadrangle whose sides are formed by the foundry, 
tennis courts, metallurgical laboratory, and power- 
station. 

The gas which is made here is used for the gas- 
engines in the power-station, for smelting purposes 
in the metallurgical section, and for heating pur- 
poses in the main buildings. 1s a 

The producers are capable of gasifying 5 tons 
of coal per day. The air-blast is furnished by two 


| steam-driven Root’s blowers, the exhaust of which, 


5 in. and 8 in. in diameter; and the water| together with the steam from the pumps, is passed 
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into the producer. The air-blast enters the air- 
heating tower, where it meets a stream of hot 
water from the gas cooling-tower, thus being 
heated up, and cooling the water; after leaving 
this tower the air-blast mixes with the steam and 
enters the superheater, where its temperature 
is raised by a heat interchange with the out- 
going hot gases; after passing round the jacket 
of the producer, the air and steam enter the conical 
bars of the grate at a temperature of about 160 deg. 
Cent.; part of the steam is broken up in passing 
through the fire, and the steam prevents the caking 
of the fine bituminous slack which serves as the 
fuel. On leaving this the hot gas goes through the 
superheater, and enters the washer, where it meets 
a stream of water which removes the greater portion 
of the tar, and at the same time abstracts much of 
the heat of the gas, the temperature being lowered to 
70 deg. Cent. The gas now enters the gas-cooling 
tower, where it encounters a stream of cold water 
from the air-heating tower, which finally cools it, 
at the same time raising the temperature of the 
water for air-heating. The gas now enters the 
holder, which can store 6000 cubic feet, and is then 
passed through the tar-extracting fan and the saw- 
dust scrubbers, whence it is piped to the power- 
station and main buildings. 

The Engine-Room.—First mention should be 
made of the two munificent gifts of high-speed 
engines by prominent Midland engineering firms— 
Messrs. Willans and Robinson, of Rugby, and 
Messrs. Belliss and Morcom, of Birmingham. These 
engines are each capable of developing 100 brake 
horse-power, and are direct coupled to continuous- 
current dynamos. The mention of these gifts 


makes one _ that the generous action of these 
1 be useful as a stimulus to other 


two firms wi 








engineering firms and make them take a practical 
interest in the engineering colleges from which they 
may recruit their staffs. 

The plan of the engine-room is shown in Fig. 11, 
page 344. Taking the engines in the order in which 
they are placed, the first unit is the 100-brake- 
horse-power high-speed engine, the gift of Messrs. 
Belliss and Morcom. It is of their well-known 
enclosed self-lubricating type. It runs at 500 re- 
volutions per minute and will govern from full-load 
to no-load within 24 per cent. It is direct-coupled 
to a Bruce Peebles direct-current six-pole com- 
pound-wound generator, which at full load gives 
650 amperes at 110 volts. 

The next unit is a combined De Laval turbine 
of 30 brake horse-power and compound-wound 
direct-current generator, mounted on the same 
bed-plate. The excessive speed of the turbine is 
reduced by means of double-helical steel gearing, 
as is usual in turbines of this type, to re- 
volutions per minute, at which speed the second 
motion shaft drives the armature direct. The 
armature is drum-wound and the field coils are 
interchangeable. 

The speed of the machine is regulated by a very 
sensitive centrifugal governor combined with a 
balanced governor valve, and the variation of speed 
between no load and full load is about 3 per cent. 
The turbine is provided with steam nozzles for run- 
ning condensing, and also with nozzles for running 
non-condensing. Each nozzle has its own shut-oft 
valve. The machine has already been supplying 
current for lighting and power purposes at the ni- 
versity for some months. It has, up to the present, 
given every satisfaction, and is found most useful 
for starting up, and running when the demand is 
not large enough for the other engines. Special 
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appliances have been fitted for measuring the tem- 
peratures, &c., for research work. 

The Willans and Robinson 100 - brake - horse- 
power set comes next. This is a two-crank triple- 
expansion engine, and is direct-coupled to a four- 
pole Siemens dynamo (direct current), which at 
full load gives 540 amperes at 110 volts. The 
engine is of the standard central-station type. It 
is a double-acting engine, and is on the same bed- 
plate as the dynamo. 

The steam plant for electric generating purposes 
is completed by a fine specimen of a marine engine. 
Although the district, of which Birmingham is the 
centre, does not, at the present time, build marine 
engines (some few years ago Messrs. Belliss and 
Morcom built marine engines for torpedo-de- 
stroyers), the fact that this kind of enyine is so 
much used for central-station work is sufficient 
reason for selecting it. 

The engine which drives the 75-kilowatt plant 
was made by Messrs. J. and H. McLaren, Leeds. 
It is one of their standard open-type medium- 
speed engines, similar to many others which they 
have supplied to various electric generating sta- 
tions. It is an inverted cylinder, triple-expansion, 
surface-condensing engine, and drives its own air 
and circulating pumps; it is coupled direct to a 
Westinghouse alternator, the whole making a very 
compact and self-contained plant. 

The cylinders are 9} in., 14} in., and 224 in. in 
diameter, with a stroke of 24 in., and are all fitted 
with liners, which were forced into position by 
hydraulic pressure. The space between the liners 
and lieles walls forms the steam-jacket. The 
bottoms of all the cylinders and steam-chests are 
also steam-jacketed, while the whole of the external 
parts of the cylinders—top, bottom, sides, and 
ends—are covered with non-conducting material 
and planished steel. The valves are of the flat, 
trick-ported type, balanced both vertically and 
horizontally. Phe high-pressure valve is worked 
by the automatic expansion shaft governor, which 
is keyed directly on the high-pressure end of 
the crank - shaft. This governor utilises the 
actions of centrifugal force and inertia, the power 
being produced by centrifugal force acting on two 
weights which are each coupled to an inertia 
weight, which steadies the governor and prevents 
the ‘‘ pumping” of the weights, which is likely to 
occur when an unbalanced valve has to be driven. 
At the same time this weight is in such a position 
that, on any sudden alteration of the load, its 
inertia comes into play, and makes the governor 
act quicker than it otherwise would do. The 
speed of the engine may be changed when it is 





running, by means of McLaren’s patent speeding 
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gear, which is attached to the governor. It con- 
sists of a pair of friction-wheels (controlled by a 
hand-lever), which are connected by gearing to 
each of the springs, and tighten or slacken them 
according to which friction-wheel is ‘* held.” 

The steam pressure is 200 lb. per square inch, 
and the speed 120 revolutions per minute. The 
crank-shaft is 6in. in diameter ; piston-rods, 2} in. 
in diameter. The surface-condenser, which forms 
the back framing of the engine, has 400 square feet 
of cooling surface, composed of 372 brass tubes 
} in. in outside diameter. The air-pump is 114 in. 
in diameter, and the circulating-pump 9 in. in dia- 
meter ; both are worked by rocking levers from 
the intermediate cross-head, and have a stroke of 
l14in. The fly-wheel, which is 10 tons in weight 
and 10 ft. in diameter, is fastened to the dynamo 
shaft by steel hoops shrunk on the boss. One of 
Baker’s oil-separators is placed between the low- 
pressure cylinder exhaust-pipe and the condenser. 
The lubrication of the engine is supplied by gravita- 
tion from three oil-boxes on the cylinders, from 
which pipes run to the various bearings. The packing 
for the piston-rod and valve spindles of the engine 
were presented to the University by the United 
States Metallic Packing Company, Limited, of Brad- 
ford. The governor and dynamo bearings are under 
forced lubrication, which is supplied by a small oil- 
pump driven by the low-pressure eccentric. The 
engine is direct-coupled to a three-phase alternator 
of 30 periods and 220 volts, giving a normal output 
of 75 kilowatts. This was supplied by the British 
Westinghouse Company, who have supplied the 
switchboard and several other parts of the appa- 
ratus of the power station. This generator is 
capable of carrying a 50 per cent. overload con- 
tinuously, and a 75 per cent. overload for short 
periods of time. 

(To be continued. ) 








NOTES FROM THE UNITED STATES. 

PuILaDELPutiA, September 6. 

Tur railroad companies continue to place lar, 
contracts for steel rails, steel cars, bridge material, 
and shop equipment. The rail contracts booked by 
the railroads this year have already regated 
2,300,000 tons, which do not include the 500,000 tons 
on the books at the opening of the year. This year’s 
production of steel rails will reach at least 3,000,000 
tons. At the present time negotiations are pending 
for 200,000 tons, which will be delivered next year. 
Never before have railroads bought so much for 
forward delivery. In consequence of this very. urgent 
demand Bessemer and open-hearth billets have been 
advanced in price, Bessemer billets reaching 22.25 dols. 
at mills in the central west. The plate mills which 
make material for cars are said to be oversold up to 


| authorities whether this enormous production will 





| Steel Company have raised their 
|from 1.60 dols. and 1.70 dols. to 2 dols., and the Nut 
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next June, and they are still facing additional business 
which, from present indications, they will be unable to 
accept for delivery at the time desired by the inquir- 
ing buyers. The eastern mills, which supply the 
smaller consumers of boiler and tank material, are 
able to take care of their customers without difficulty. 
Within a few days there has been a slowing down of 
demand for sheets, tin-plate, and pipe. Last week 
the United States Steel Corporation bought 25,000 
tons to be shipped within the next ten days, and they 
will be in the market in a short time for large addi- 
tional supplies, amounting probably to 15,000 tons. The 
present anticipations are that the steel industry will en- 
counter a boom of threatening proportions during 1906, | 
which will strain the present and incoming capacity of | 
furnaces and mills. It is estimated that 25,000,000 tons 
of iron will be produced and melted during that year, 





and it is even questioned by some very conservative 


Large con- 


meet the requirements of the country. 
tracts are being placed for furnace on foundry coke, | 
much of which is to be delivered next year. It is| 
figured out that the amount of business transacted in | 
steel rails last week reached the enormous figure of 
300,000 tons. In addition to this there were received 
inquiries for 200,000 tons. The Pennsylvania Rail- 
road Company ordered 25,000 tons; the Santa Fé 
Railroad, 50,000 tons; the Missouri Pacific Railroad, 
25,000 tons; the St. Paul Railroad, 10,000 tons; the 
Grand Trunk Railroad, 10,000 tons; the Louisville 
and Nashville Railroad, 45,000 tons. It has been 
determined that the price for the coming year shall 
be 28 dols., against which there has been no audible 
nage Business in structural material has also 
n very heavy during the past week, most of the 
orders being for small amounts, the material being 
intended for ordinary building construction require- 
ments and for industrial concerns. The Steel Beam 
Association have advanced prices for 1906 from 1.60 
dols. per 100 lb. to 2 dols. The Republic Iron and 
rices on iron bars 


and Bolt Association have also advanced prices for 
1906 from 2 dols. to 2.15 dols. to 2.25 dols. The con- 
tract for 16,000 cars, which has been rumoured for 
some time, has been placed by the Pennsylvania Rail- 
road Company, and contracts for the necessary mate- 
rial are now being placed. 








EDUCATION OF ENGINEERS. 
To THe Eprror or ENGINEERING. 

Sr1r,—The problem of how to apply the interest on 
10,0002. to the best advantage in fostering real ability in 
the rising generation of engineers—for that I suppose to 
be the object of Mr. Yarrow’s generous gift—is much 
more easily stated than solved. Sir Joseph Whitworth 
set himself a similar task, and many successful engineers 
owe their career to his munificence ; but it is a lamentable 
fact that a Whitworth Scholar of the present day is, as 





a rule, anything but the man the founder would have 
desired to benefit. Let the administrators of the Yarrow 
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Bequest take care lest their scheme, like the former one, 
is made to develop teachers and physicists instead of 
engineers. 

All your previous correspondents on the subject have 
touched on what is really the crux of the question— 
namely, the selection of candidates worthy of assistance ; 
what form the assistance shall take is another matter. 
In the first place, I think it will be admitted that 
any youth who has paid a premium for apprenticeship, 
or who has taken, or is taking, a day course at a 
technical college, is not, primd facie, necessitous, 
and has no right to share in the gift. Certain 
considerations indicate that the lads sought will be 
between the ages of eighteen and twenty-one, and will 

serving an ordinary apprenticeship. Limiting the 
field then to such, we come to the task of selecting 
annually three or four of the most promising. I would 
suggest that eligible candidates should be invited, by 
advertisement, to apply, stating certain particulars as to 
age, education, occupation, and also future aspirations. Of 
the applications received, a hundred would be selected, 
and am sent to the candidates to be formally filled in 
and returned after being countersigned by the works 
manager. The latter would at the same time be 
asked by the Selection Committee to state confidentially 
is personal opinion of the candidate’s character and 
ability, and whether he was mentally, morally, and physi- 
cally suitable to hold a future high position in the pro- 
fession. Of the hundred thus inquired into, twenty should 
be asked to appear before the Selection Committee. The 
latter would form their own opinion of them, and, contrary 
to ‘‘ Examiner,” I would let these opinions have consider- 
able weight in conjunction with the result of the final 
competitive examination. This examination might be 
identical with that for associate membership of the In- 
stitution, as any greater severity in theoretical subjects 
would fail in its object. 

As to the form the assistance should take, I would 
simply "dg the successful candidates the money uncon- 
ditionally. If the right men have been chosen, there 
need be no fear that the gift will be misused ; if not, no 
restrictions will avail. t would be a graceful thing, 
however, if the Committee would keep a paternal eye on 
the scholar, and assist him with advice at this point of 
his career. Such help would have a greater value than 
any sum of money. 

Yours faithfully, 

September 12, 1905. ’ EXPERIENCE. 








WEAR ON TRAM-RAILS. 
To THE Eprror or ENGINEERING. 

Sir,—The attention of engineers has lately been called 
to the wear of rails under tramway service, which in 
several independent instances exhibit the same singular 
features for which an ny conengeen is still required. The 
rails under observation have worn down in transverse 
depressions separated by crests, the amplitude of the 
waves—if such they may be called—remaining conspicu- 
ously constant throughout long lengths of rail. 2 

It is clear that a rail indented with the regularit of 
saw-teeth must have suffered successive blows or abra- 
sions from the wheels delivered at the same places on the 
surface, unless we accept the unlikely su tion (repu- 
diated by the steel-manufacturer) that it left the rolls 
with alternate layers of different density or hardness, by 
which incipient uneven wear was established, afterwards 
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intensified by the traffic. If, then, the cause lies in the 
periodical pounding of the rail by the wheel, as it surely 
does, the most natural, though not necessarily the most 
correct, inference would be that it is due to spring vibra- 
tion. Such an explanation, however, has not the ele- 
ments of plausibility; for, as the speed of the car is 
variable, and the period of oscillation of the springs is 
constant, the conjoint effect would be blows upon the 
rail which would occur yay and the injury in- 
flicted would not be shown by a regular uhevenness of 
the surface. : 

There is another possible cause which, though it may 
not be wholly responsible for the condition of the rails, 
would certainly be contributory. It is the effect pro- 
duced by two wheels of slightly different diameters at 


each end of a rigid axle to which they are fastened, the | h 


whole system being thus constrained to move with the 
same angular velocity. With such wheels rolling on 
parallel rails, slipping of one of the wheels must occur, 
for they continually tend to move round a curve, 
but are prevented to some extent by the flange which 
meets the inside of one rail. For instance, a difference 
of 4 in. in the diameter of two standard car-wheels, 
connected as in practice, means that the axle is constant] 

tending to sweep round a curve of 1125 ft. radius. Suc 

a difference in size might well be found owing to dif- 
ference in wear on the treads, or to original size after 
the tyres had been put on. Assuming that an axle is 
placed at right — to the lines carrying two wheels 
which differ to the above extent, a forward motion 
along the line without slip would be accompanied by a 
smal! lateral displacement, represented by the versine 
of twice the arc of curvature through which the axle would 
pass. Such lateral motion would be checked by the 


meeting of the flange and rail, when immediately slip- | }, 


ping would occur until the axle was again sensibly at right 
angles to the lines. The cycle would be repeated as long 
as the car was moving, and the intervals between suc- 
cessive slips measured along the lines would be always 
the same, and quite independent of the speed of the car. 
The rail would thus worn at regular intervals, the 
distance from hollow to hollow being dependent upon 
difference in wheel diameter and the amount of play 
allowed between the gauge and the flanges. If the clear- 
ance between gauge and flange distances be very small, 
the effect produced would be like that of a tool which, 
taking too heavy a cut, chatters on the work, leaving 
a serrated surface behind it. 

It is generally recognised that a differential driving- 
gear is a necessity for automobiles, for not only in round- 
ing corners, but in driving with tyres inflated to different 
degrees, the above aes ® counteracted by using such 
an arrangement. It would be interesting to try the experi- 
ment of fitting such a gear between the motors and axles 
ofatram-car. The solution of the problem of the wear 
on rails would possibly be found if some device of the 


kind were interposed. 
Yours faithfully. 


Rosert 8. Batt, Jun., A.M. Inst. C.h. 
London, September 5, 1905. 








ENGINE-ROOM ARTIFICERS AND STOKERS 
IN THE ROYAL NAVY. 
To THE Epiror or ENGINEERING. 

Sir,—Allow me, through the columns of your valuable 
journal, to inform the engineering world at large that a 
committee of executive officers of His Majesty’s Navy 
(admirals and captains) have recommended to the Admi- 
ralty that stokers, with a little knowledge of the tools of 
the trades which constitute the corps of engine-room 
artificers, should be permitted to carry out scientific 
work in connection with the valuable machinery in our 
warships. 

Now, seeing the executive officers are paid public ser- 
vants, their recommendations upon such an important fea- 
ture of the service as engineering should not be accepted 
as sufficient reason for any drastic measures which will 
obviously have a very serious effect upon efficiency in 
the engineering department. It is therefore suggested 
that the recommendations set forth and signed by these 
executive officers made the object of a Government 
inquiry at an early date, and on similar lines to the 
Government inquiry regarding the corps of engine-room 
artificers held in 1888. 

The admission of an inferior class of men into the 
ranks of mechanics will be a direct blow to efficiency in 
the engine and. boiler rooms, and dangerous to the lives 
of the men and the safety of the ships. 

[t is hoped that this may be averted by your valuable 
assistance, and that the inquiry will be held immediately, 

Yours truly, 
ENGINEER. 








MOTOR-BOAT TRIALS. 
To THE Eprror or ENGINEERING. 

Sik,—We are rong, Be trouble you again on the subject 
ol the recent motor-boat reliability trials, and we are also 
Sorry to note that an unsuccessful competitor is at this 
late hour finding fault with the rules under which he 
‘cred. It was generally understood when the reliability 
tials were fixed that they were to be reliability and not 
ced trials. If No, 21 wanted a speed test, she should 
‘ve entered for a race; not having done so, it would 
vm beside the point for anyone to complain after the 

nt that, if speed were her best point, it did not count 
Such in a trial where reliability was the main and 
‘lished attribute to be ascertained. 

\ve do not wish, however, to deal with Mr. Legros’ 
‘er further than to controvert the statement that he 

‘es in the seventh paragraph, to the effect that “in 

repect (7.¢., seaworthiness) all the petrol-boats show 


Seer rnreo 


m 
th 


that they are far less affected by stress of weather than 
the steam-boat.” Now, Sir, this is a manifestly incorrect 
statement to make when the facts are considered. All 
the petrol-boats in the 30-ft. class were somewhat narrow 
craft, built with a view to fair speed, and fitted with 
turtle-back deck waterways and coamings to make them 
safe, but limiting the passenger capacity to about four, or 
at most six persons. The steam-launch in this trial of 
whose unseaworthiness your correspondent complains, 
solely, as far as we can see, on the score of 5) . Was, 
however, designed for quite a different service, and is a 
big, safe, heavy, beamy boat, built to carry 20 persons 
comfortably, and to Board of Trade requirements, but 
with no idea of speed, and she ran throughout the trials 
as an entirely open boat, without even the protection of a 


We think, Sir, that it may fairly be asked: Would 
any petrol-engine, quite open and unprotected, as was the 
steam-engine, have taken a similar hull round the open 
course at all? We think not. Finally, we venture to 
think that Mr. Legros’ elaborate series of figures will not 
affect the proved good qualities or seaworthiness of 
steam: boats, nor the minds of their seamen owners, who 
have actually used similar boats for the last twenty years. 
Yours faithfully, 
W. A. West, Secretary, 
(For Simpson, STRICKLAND, AND Co., Lim1TED). 

Dartmouth, September 12, 1905. 


MISCELLANEA, 

From the last monthly report on the Simplon Tunnel 
we learn that but 18 metres of the top heading, 66 metres 
of the full excavation, and 157 metres of lining remain to 
e executed. The water draining away on the southern 
side amounts to 256 gallons per second, one-fourth of 
which comes from the hot springs tapped near the centre 
of the tunnel. 


Some experiments by Professor Alexander, of which 
an account is given in a paper recently published in the 
Minutes of the Proceedings of the Institution of Civil 
Engineers, show that the loss of head at a bend in a pi 
is least when the radius of curvature is 24 times the 
diameter of the pipe. With this radius the loss is the 
same as in a straight pipe 3.38 times as long as the bend. 


The New York Central Railway in electrifying its lines 
in the neighbourhood of New York City has decided to 
adopt a third rail, with which contact will be made from 
below in place of from above, as is the usual practice. 
This arrangement permits of the rail being much more 
thoroughly protected than is ible in the case of the 
top contact type of rail, so that the risks to the per- 
manent-way men will be substantially reduced. The rail 
to be used weighs 701%. per yard. 


The Board of Trade have recently confirmed the ful- 
lowing Orders made by the Light Railway Commis- 
sioners:—1. Central Essex Light Railway (Amendment) 
Order, 1905, amending the Central Essex Light Railway 
Order, 1901, and the Bardfield and Sible Hedingham 
Light Railway Order, 1901. 2. Priston a Railwa 
Order, 1905, authorising the construction of a light rail- 
~~ in the county of Somerset, from Priston to Dun- 

erton. 


A machine for separating crushed ore, by taking advan- 
tage of the differing specific inductive capacities of the 
various constituents, is described in a recent issue of the 
Enginecring and Mining Journal. The ground ore is 
caused to fall between two oppositely charged poles, with 
the result that its various components have their paths 
unequally deflected. Conductors are separated from non- 
conductors, and the latter in turn are separated in accord- 
ance with their specific inductivities. Thus fluorite can 
be separated from quartz or barite, barite from blende, 
and feldspar from corundum. 


America is not yet tired of high hotels, and arrange- 
ments are now being made for the erection of one that 
will overshadow all previous buildings of the kind. The 
new structure is to stand on a plot of land measuring 
100 ft. by 75 ft., which runs through from Thirty-Second- 
street to Twenty-Third-street, in tue City of New York, a 
little to the west of Sixth-avenue. It is said that the 
owner of the land proposes to make the building forty- 
nine stories high, but that his architect is more in favour 
of one the height of which shall be only forty stories. It 
is intended that the hotel shall accommodate 2200 guests, 
or 50 per cent. more than the largest apartment hotel at 
present open. 


A new use for the remarkable tetra-acetate of cellulose 
discove some years back by Messrs. Cross and Bevan 
is, ’ Industrie states, being made by the Allgemeine 
Elektricitiits Gesellschaft. The material in question is 
being used for insulating electric wires. It is flexible, 
non-hygroscopic, and of considerable mechanical strength. 
It is unaltered by temperature up to 400 deg. Fahr., and 
in a thickness of 755 in. will stand a potential of 500 
volts. By its use the ratio of the area of conductor to the 
total area of the covered wire can be substantially 
increased as compared with wires insulated with silk, 
and the advantage is still more marked when the com- 
parison is made with cotton-covered wires. A bobbin 
wound with acetate-covered wire is therefore much smaller 
than a corresponding bobbin wound with silk or cotton- 
covered wire. 


In his presidential address to the American Society of 
Civil Engineers, Mr. C. C. Schneider declares that the 
competitive system by which bridge-building companies 
supply their own designs for bridge - work has had its 
day in America. He advocates, instead, a system which 
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appears to be a identical with established English 
esigns being prepared by a consulting engi- 


neer, and on these designs the bridge-builders are then 
asked to tender. He declares that plans for bridges and 
other structures, on the safety of which the livesof human 
beings depend, should be ** designed” and not ‘‘manufac- 
tured.” It is curious to note that whilst, according to Mr. 
Schneider, the Americans are approaching our methods 
in this particular, English practice is, on the other hand, 
coming into line with that of America, since it is certain 
that more bridges are nowadays erected here to the con- 
tractor’s designs than has up till recently been common. 
Probably all will agree that in the case of very large and 
difficult structures there are advantages in having the 
designs prepared by a first-class consulting engineer. 
The necessity for this is, however, by no means so obvious 
in the case of small span bridges, where a reputable con- 
tractor will be quite capable of erecting a thoroughly 
substantial structure without outside assistance. 


In a communication to the American Philosophical 
Society, Professor Mansfield Merriman gives the results 
of an investigation he has recently made as to the best 
depth of truss to secure the maximum stiffness of the 
structure, given the limiting stresses. He finds that the 
stiffness does not increase continuously with the depth, 
but beyond a certain point diminishes as the depth in- 
creases. Taking / as the span, d the depth, p the panel 
length, he finds for deck Pratt trusses the following ratios 
of depth to span and panel length as requiring a minimum 
of metal to carry the designed load :— 


ana 4 8 12 2 30 
@_ 129 173 208 265 3.21 
Pp 

< = 0.32 0.22 0.17 0.13 O11 


For maximum stiffness, however, the ratios are different, 
as shown below : — 


as ¢ 8 12 2 8 
@_ 129 163 1.92 238 2.85 
Pp 

d_ 032 0.20 0.16 0.12 0.09. 


Hence the depth for maximum stiffness is less than that 
for maximum economy of material. 


K. Arndt has examined the calcium which can now be 
obtained commercially. The usual impurities are silicon 
(0.2 to 0.5 per cent.), and aluminium (0.25 to 0.3 per cent.), 
together with traces of iron. The metal does not contain 
oxide or chloride in solution, but in the rods of the metal 
cavities containing these substances were occasionally 
found. The specific gravity of pure calcium is 1.52: in the 
samples examined, however, this was often as high as 1.59, 
owing to the presence of silicon. These figures compare 
with those ascertained by MM. H. Moissan and Chavanne, 
who found the melting-point was 810 deg. Cent., and the 
density 1.548, from a specimen containing 99.3 to 99.6 per 
cent. of the metal. When melted under potassium 
chloride, a portion of the potassium is displaced, and is 
obtained as a crust on the metal point when cold. It 
was not possible to observe the melting of calcium, owin 
to the formation of a film of oxide, but the point at which 
it softens is 800 deg. Cent. Jn vacuo the metal sublimes 
without melting, and the sublimate consists of pure 
calcium. The vapour readily combines with the oxygen 
and nitrogen of the air, thus affording a means of obtain- 
ing high vacua. Three aluminium calcium alloys were 
examined, containing respectively 25, 50, and 80 per 
cent. of calcium. The two latter were not homogeneous, 
the calcium content varying to the extent of about 4 per 
cent. 


Percentage of 25 50 80 
calcium =e in 
alloy 
Specific gravity 2.12 to 2.18 | 2.26 to 2.38 1.74 to 1.81 
Melting - point 765 deg. O. 1050 deg. O. 600 deg. Cent. 
Appearance .. Dull metal- Like nickel Brilliant white fresh 
lic, like co- surface, rapidly turn- 
balt ing yellow, and becom. 
ing coated with a thick 
| rey layer of oxide. 
Fracture Very brittle Very brittle Not so brittle as the 


other alloys, and had 
a crystalline fracture, 
showing yellow and 
red tarnish almost 
immediately. 


and granu. and finely 
lar granular 


The high melting-point of the 50 per cent. alloy suggests 
the existence of a compound. From this alloy pure cal- 
cium can be separated by distillation in a high vacuum. 
The alloy with 80 per cent. of calcium readily furnishes 
pure calcium by distillation in high vacuum, Previous 
observers have shown that calcium 1s sufficiently tenacious 
to be drawn into wire as fine as 0.5 millimetre in diameter, 
and these wires had a ific electric conductivity about 
16 per cent. of that of silver. 








Prrsonat.—Mr. OC. R. 8. Kirkpatrick has just been 
appointed city engineer of Newcastle-on-Tyne. He is at 
present engineer to the Cleveland Bridge and Engineer- 
ing Company, Limited. He assisted in the construction 
of the new High-Level Bridge over the T'yne.— Messrs. 
Veritys, Limited, of Aston, Birmingham, announce that 
they are opening a ventilating department at each of 
their various branches, to dealin the ‘* Aston” ventilating 
fans and blowers, and to gene and submit schemes 
for the ventilation of buildings and the application of 
forced and induced draught.— Messrs. J. G. White and 
Co., of 43, Exchange-place, New York, inform us that 
Mr. William are Strickland has resigned from the 
New York Central Railroad, and is now ascociated with 





them as assistant to the secretary. 
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WE illustrate on page 350, and on the present and 
opposite pages, the arrangement and details of a new 
type of engine for producer-gas, constructed under 

rofessor W. T. Rowden’s patents by Messrs. A. 
Rodger and Co., of Govan, Glasgow. The line drawings 
reproduced in Figs. 1 to 7 represent an engine of 300 
brake horse-power, which will be coupled direct to a 
200-kilowatt continuous-current generator for driving 
electrically the various machines in Messrs. ger’s 
shipyard at Port Glasgow; the half-tone engraving 
(Fig. 8) represents a similar engine of 140 brake horse- 

wer, which has been in corstant use in the same 
rm’s engine works at Govan for nearly two years, 
and which has given most satisfactory results. 

The engine is of the two-crank vertical type, with 
four cylinders, two working in tandem on each crank. 
The cylinders are single-acting, and open at the 
bottom. Each works on the four-stroke cycle, but as 
they are arranged to fire consecutively, the crank-shaft 
receives two impulses for every revolution, and con- 
sequently a much more even turning moment is pro- 
duced than is usual with gas-engines. The engine 
is designed to scavenge, air for this purpose being com- 
P in the space between the upper piston and the 
ower cylinder-cover by the descent of the piston. The 
scavenging a will be described later. The 
rod connecting the upper and lower pistons passes 
through a long water-jacketed sleeve, forming an 


extension of the lower cylinder - cover, Fig. 2, page | for each pair of cylinders are placed in line vertically, 


350. The part of the rod working within the sleeve | so that each pair is driven byasingle cam. The drive 
is fitted with four packing-rings to render it gas-tight, | is as direct as ible, as there are no intervening 
the single collar seen above the rings not being in/|levers. The springs for bringing the inlet and exhaust- 
contact with the sleeve. Cam-shafts driven by Renold’s | valves backs to their seats are placed between cross- 
chains from the crank-shaft run horizontally along | heads on the upper and lower spindles of corresponding 
the front and back of the engine to operate the valves, | valves, and duplicate springs are fitted throughout, so 
The sectional drawing, Fig. 2, shows only two valves to | that the breakage of a spring dves not interfere with 
each cylinder, the exhaust valve D on the right-hand | the running of the engine. 

side-and the inlet valve A on the left. In the same, As regards the springs for returning the gas-valve B 
casting with the latter, and operated by the same to its seat, and the air-valve C to its open position, 
shaft, are two other valves, as shown in Figs. 1, 4, | these are placed within the chests B and C respectively. 





and 7, the valve marked B controlling the gas, and 
that marked C the air supply. Air passes downwards 
through valve C, and gas downwards through B, and 
the air and gas mix in the chamber seen in Fig. 7, 
and then rise together through the valve A on their 
way to the cylinder. 

he cam-shaft at the back of the engine operates 
the four exhaust-valves D and also the timing-valves, 
when hot-tube ignition is used. Hot-tube ignition in 
connection with special timing-valves is recommended 
by the makers of the engine, as having been found by 
experience to 


any form of electric ignition. The timing-valves are 
laced at the ends of the engine, as shown in Fig. 3. 
The corresponding gas, air inlet, and exhaust-v 


ive the most accurate and uniform | 
results, as well as being incomparably simpler than | 


‘Double helical springs are used for the purpose, while 
the cam rollers are kept in contact with the cams by 
means of springs connecting the cam-roller levers as 

| indicated in Fig. 6. 

The external springs on the inlet and exhaust valves 
are a great improvement, inasmuch as they are com- 
pletely accessible and open to inspection. They can, 
| moreover, be removed and replaced one by one at any 
time without disturbing any other part of the mecha- 
nism, and without interfering with the working of the 
engine. The smaller springs, indicated in Figs. | and7, 
between the spring-holders on the upper inlet and ex- 
haust valves are for the purpose of keeping the cam- 
| roller spindles in contact with the end of the valve-rods. 
|The upper spring-holder is fastened to a sleeve which 


ves forms an extension of the valve-rod, and within which 
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| the spindle fits loosely. These springs are in addition 
| to the longer springs which return the valves to their 
seats, and, of course, are not required in the case of the 
inlet and outlet valves of the lower cylinders, as the 
weight of the cam-roller, &c., is sufficient to keep 
the joints in contact. 
| The valve-gear is driven from the crank-shaft by 
| means of Renold’s silent chains, as shown in Fig. 3. 
The first motion wheel is placed on the crank-shaft 
direct between the centre bearings, and from this the 
governor-shaft is driven at the same speed. From the 
governor-shaft the centrifugal pump for the circulat- 
ing water and the two cam-shafts are driven, the 
latter, of course, at half the speed of the crank-shaft. 
The provision of forced circulation in place of natural 
is considered as contributing largely to the efficiency 
| of the engine, as it allows of a minimum difference in 
the temperature of the inlet and outlet water. A 
| higher average temperature of the cooling water is, 
moreover, admissible, so that the total heat loss of the 
engine is minimised, and the cylinder walls not cooled 
more than necessary. The cylinders, covers, and 
valve-chests are all water-jacketed, and each jacket is 
provided with a separate inlet and outlet pipe. The 
outlet from each jacket is visible, so that the attendant 
}can at all times satisfy himself that each jacket is 
getting its share of cooling water. Although more 
piping ie required, the makers have adopted the plan 
of delivering the circulating water direct to each 
jacket, instead of making any water passages through 
ges or joints, where there is always a possibility of 
leakage into the cylinder, or of the passage being 
choked by jointing material. 
| When possible, the cooling arrangement is placed «n 
the roof of the engine-house, with a collecting-tank 
| fixed as high as possible, so as to reduce the wurk.to 
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be done by the circulating-pump. The makers do 
not recommend any system of cooling-tanks, as their 
use involves a much higher temperature at the end of 
a long run than at the beginning. For this reason 
they strongly favour a system of surface cooling which 
ensures a practically constant temperature during the 
whole of the run. 

The gudgeon-pin for each connecting-rod is a hollow 
steel casting bolted to the piston of the lower cylinder, 
and provided with a most efficient lubricating arrange- 
ment, whereby an ample supply of oil is collected 
from the lubricators, of which there are four to each 
cylinder. The bushes are of hard gun-metal, and the 
connecting-rod is formed with JT ends at top and 
bottom. The bottom bushes are of gun-metal, or cast 
steel lined with white metal, and are of the usual 
marine-engine type, except that the lower halves are 
light, and the bolts connecting the bushes small in 
diameter, as compared with marine practice. As the 
bottom bush is merely a cover, and is never subjected 
to any load, it is unnecessary to provide excessive 
strength in these parts. The crank-shaft is made from 
a selected ingot of high carbon steel, the cranks being 
slotted and turned from the solid. Two fly-wheels are 
provided, one at each end of the crank-shaft. These 
wheels, shown in the 300-brake-horse-power engine, 
are 6 ft. in extreme diameter, and the total weight of 
the two wheels is 52 cwt. 

Owing to the design of the engine, it is not neces- 
sary to provide the same weight of fly-wheel as in 
most other types to obtain the same regularity in 
turning. 

The sole-plate is of box-casting, having four main 
bearings for the crank-shaft. These bearings are of 
cast iron, and are lined with white metal. A pump 
is provided for collecting the oil which drains to the 
bottom of the sole-plate, and delivering it again to 
the lubricators. The system of lubrication may 
termed ‘‘ flushing,” as distinguished from ‘forced 
lubricition.” By means of suitable mechanism driven 
by a small belt from one of the cam-shafts, a ‘‘ flush” 
of oil is delivered to each lubricator at regular short 
intervals of time. The amount of oil sent to each bear- 
ing is carefully graduated, and requires little or no 
attention from the attendant, who can, however, 
supply additional oil, should he think it required by 
any bearing. 

e have previously referred to the scavenging 
arrangement. Although such an arrangement is 
fitted to several other makes of gas-engines, the design 
of this engine lends itself admirably to obtaining all 
the benefits of scavenging at a minimum of cost and 
increase in number of parts. As already stated, the 
space between each upper piston and the lower cylin- 
der covers form an air-pump which draws its supply 
from the crank chamber through reciprocating piston 
valves worked by means of eccentrics on the governor 
shaft." The air, after being compressed in the space 
between the upper cylinder and the lower cylinder 
cover, is discharged by means of pipes into one or 
other of the cylinders connected with the other crank. 

Taking any cylinder, the cycle is as follows :—At 
the beginning of the inlet stroke, the inlet-valve A is 
open, allowing scavenging air from the other line of 
cylinders to blow across between the cylinder cover 
and piston, and out on the opposite side by the 
exhaust-valve D, which is not yet closed. As the 
stroke proceeds the exhaust-valve D is closed, and 
afterwards the air-inlet valve C also closed, and the 

as-valve B opened, thus supplying enough gas to 
orm an explosive mixture with the air aleady in the 
cylinder and passages ; thereafter the air-valve again 
opens, and air entering through C mixes with the gas 
entering at B in the proper proportion to form an ex- 
plosive mixture, which enters the cylinder by the 
inlet-valve A. Finally the gas-valve B is closed, 
and air only enters through the valve C, sweeping 
all gas contained in the passages into the cylinder, 
after which the inlet-valve A is closed, the air. 
valve C remaining open until after the passage of 
the next scavenging charge. This completes the inlet 
stroke. On the return stroke, the mixture within the 
cylinder is compressed, ignition taking place before 
the end of the stroke. Towards the close of the 
expansion stroke the exhaust-valve D is opened, and 
the products of combustion escape. Before the close 
of the exhaust stroke the inlet-valve A is opened, and 
a charge of cool scavenging air is, blown through the 
cylinder and clearance space. This completes the 
cycle of operations. 

It will be seen that the clearance space is entirely 
swept of the products of combustion, and the valves, 
cylinder covers, and pistons are cooled by means of the 
rush of cold air. The result is that in these engines 








premature explosions are practically unknown. The 
arrangement of cut-out gear is such that when the | 
ov ve is not opened the air-valve is not closed. 

nsequently, when no gas enters the cylinder, a full | 


he amount of compression is 


charge of air is taken. 


therefore practically constant, whether gas is taken or | 
not, and the engine runs quietly under all conditions | 
and variations of load. 

The governing of the engine is by a combination of 


}in 80. 


** throttling” and ‘‘hit-and-miss.” The governor is 
of the ordinary centrifugal spring type, and acting 
upon a throttle valve which controls the gas supply. 
It also throws in gear the eccentrics which trip the 
hit-and-miss arrangement. The work thrown on the 


| governor under this system is very light, and the 
| possibility of any valve being lifted partially from its 


seat, and then dropped, is reduced to a minimum. 
The details of the hit-and-miss arrangement are 
fully shown in Figs. 5, 6, and 7. 
A rod E is actuated by the governor, which gives it 


a vertical motion, and so moves the shaft F by means | 4 


of the levers G, thus throwing the knife-edge at the 
extreme end of the eccentric rods H into gear with the 
shorter knife-edge on the lever K, which in turn moves 
the shaft L carrying thelevers M and N. Theeccentric 
rods H are thus caused to prevent the edges P and Q, 
which are driven by the cams, from engaging with the 
valve stems of the air and gas valves. The effect of 
this is to prevent the gas valve from being opened 
and the air valve from being closed. 

It will be seen that the effect of this arrangement is 


| to throw the actual work of disengaging the cam-knife- 
|edges upon the eccentrics and eccentric rod, and to 


free the governor from this load. 

In the event of a breakdown of the governor gear, 
shoulders near the end of the eccentric rods are brought 
into contact with the longer knife-edges on the lever 
K, and the cut-out takes place as above. 

The advantages claimed from this design of engine 
may be shortly stated as follows :— 

The vention! Gane of engine requires a minimum of 
space and foundation, and is very accessible at all 
points. The tandem arrangement of cylinders and 
pistons ensures that the connecting-rods shall at all 
times be under compression. At the same time the 
mass of the pistons and rods, which have to be accele- 
rated at the beginning of each stroke, is of sufficient 
amount to absorb a large proportion of the energy 
generated by the explosions, and so tends to equalise 
the turning moment upon the crank-shaft. The 
scavenging arrangement ensures regularity, as it pro- 
vides for the cylinders being in the same state to receive 
each fresh charge. At the same time the cooling of 
the pistons, cylinder covers, valve-chests, and valves 
thereby attained is a valuable feature. The upper 
cylinders, being formed of larger diameter than the 
lower cylinders, allow of the pistons and connecting- 
rods being withdrawn from either line of cylinders 
without disturbing anything except the cylinder-cover 
joints. 

The arrangement adopted allows of a very simple 
and effective air-pump for scavenging purposes, and, 
finally, the design of the engine is admirably adapted 
for running at speeds considerably in excess of those 
for which ordinary gas-engines are designed, as the 
connecting-rods are under constant thrust and the com- 
a gerone is constant. Consequently, higher speeds can 

attained than with other engines. The normal 
speed of the 300-brake-horse-power engine is 240 revo- 
lutions per minute and of the 100-brake-horse-power 
size 300 revolutions per minute, with variations for 
intermediate powers. 

We understand that Messrs. A. Rodger and Co. are 
building a set of ten engines of this type for driving 
the new works of the Argyll Motors, Limited, at 
Alexandria. The installation comprises six producers, 
each with scrubbing and cooling plant, the whole being 
capable of supplying gas for 1500 horse-power. Three 
of the engines are arranged for belt drive, and the 
other seven are directly coupled to continuous-current 
dynamos for lighting and power purposes. 








ImMPpoRTANT AUSTRALIAN Rar~way.— An_ important 
railway is proposed from Kalgoorlie, Western Australia, 
to Port Augusta, South Australia. It is urged that the 
line would draw the Eastern and Western Australian 
States into closer relationship, politically, commercially, 
and socially. The State engineers of New South Wales, 
Victoria, Queensland, South Australia, and Western 
Australia have met and considered the scheme. The 
route preferred by the South Australian Government is 
vid Tarcoola. It is recommended that the standard 
gauge of 4 ft. 8} in. should be adopted ; and it is under- 
stood that there is no objection on the part of the 
Western Australian Government to this gauge; in 
fact, the laying of a new line of this width on the 
Fremantle and Kalgoorlie track has already been arranged 
for so soon as the Kalgoorlie and Port Augusta line is 
= to. The estimated cost of constructing the trans- 
Continental line is 4,559,000. If the line is carried out, 
it will be about 1100 miles in length, and it is proposed 
that it should be so constructed as to admit of high rates 
of speed being attained upon it; in other words, that it 
should be a well-ballasted line, with rails weighing 70 lb. 
per yard, and with ruling gradients of not more than 1 
A branch to Eucla would have to be made for 
construction purposes, and the jetty at Eucla would 
have to be strengthened and lengthened to admit of the 
landing of locomotives, rails, and sleepers. There is 
already a movement of population between the Eastern 
Australian States and Western Australia, and it is con- 
tended that this movement would greatly increase if 
additional railway facilities were provided. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning the 
dealings on the pig-iron market amounted to 5500 tons; 
Cleveland warrants, 4000 tons; and hematite iron, 1500 
tons. The business in Cleveland was done at 483. 34d. 
and 483. 44d. cash, 483. 7d. and 483. 74d. one month, 
and 48s. 104d. to 48s. 9d. three months. Hematite iron 
was particularly strong, and dealings took place at 


59s. 9d. eleven days, and then at 60s. AG one month, 
the session closing with sellers at 60s. 54d. one month, 
The settling prices were :— Scotch, 53s.; Cleveland, 


8s. 44d. ; Cumberland hematite, 60s.; and Standard 
foundry iron, 46s, 3d. In the afternoon the market 
was very quiet, and only 1500 tons changed hands. 
Cleveland warrants were done at 48s. 9d. three months, 
and hematite iron advanced to 60s. 44d. one month, with 
closing sellers at 603. 6d. one month. The market 
closed with sellers of Cleveland at 48s. 4d. cash, 
and 483. 7d. one month. Rather better prices pre- 
vailed on Friday morning, when 4500 tons of Cleveland 
warrants were done at 48s. 5d. cash, 48s. 8d. and 48s, 84d. 
one month, 48s. 10d. to 48s. 1ld. three months, and at 
48s. 5$d. seven days, and 48s. 8d. twenty-one days, with 
closing sellers at 483. 54d. cash and 48s. 8d. one month. 
Cumberland hematite iron was again in demand, and 
3000 tons changed hands. The price was first at 
60s. 7}d., but it advanced to 603. 104d. one month, 
closing firm at 61s. one month sellers. East Coast hema- 
tite, to the extent of 1000 tons, was done at 57s. 3d. one 
month. Cleveland warrants were strong in the afternoon, 
and 9000 tons changed hands. Opening at 48s. 5d., cash 
iron advanced to 483. 7d., and one month iron advanced 
from 48s. 8d. to 48s. 10d., and the market closed with sellers 
at the higher values. Cumberland hematite was done 
at 60s. 104d. one month, the business a pom | to 10,000 
tons. East Coast hematite was quoted by buyers at 
57s. 3d. one month. On Monday morning the pig-iron 
market was strongin tone and a good business was done. 
Cleveland warrants changed hands at 48s. 9d. cash and 
49s. one month, but declined to 48s. 6d. cash and 48s. 94d. 
one month, and three months’ iron was done at 
49s. 4 The turnover was 15,500 tons. Cumberland 
hematite iron—1000 tons—changed hands at 61s. and 
61s. 3d. one month, being an advance of 44d., the session 
closing with sellers at the larger figure for one month and 
at 61s. for cash. Some 500 tons of Standard foundry iron 
were dealt in at 47s. 14d. cash. The settling prices were:— 
Scotch, 53s. ; Cleveland, 48s. 6d. ; Cumberland hematite, 
60s. 104d.; and Standard foundry, 47s. In the after- 
noon the market was not nearly so busy, and 6000 
tons of Cleveland warrants were done at 48s. 6d. and 
48s. 54d. cash, 48s. 54d. four days, and 483. 9d. one 
month, Sellers’ closing quotations were 48s. 54d. 
cash and 483. 9d. one month. One lot of hematite 
changed hands at 6ls. one month, sellers quoting 
14d. more at the close. On Tuesday morning the 
market was steady, and 2000 tons of Cleveland war- 
rants were dealt in at 48s. 54d. to 483. 5d. cash, and 
48s. 8}d. one month, closing with sellers at 48s. 6d. cash 
and 48s. 9d. one month. The other dealings were:— 
1000 tons of Cumberland hematite at 61s. twenty-three 
days, and 500 tons of Standard foundry iron at 47s. 9d. 
one month. At the afternoon session prices were a 
shade firmer, and 1000 tons of Cleveland warrants 
changed hands at 48s. 6d. cash and 48s. 94d. one 
month, and 500 tons of Cumberland hematite were 
done at 60s. 104d. cash. To-day (Wednesday) the 
market was easier, and 9000 tons of Cleveland war- 
rants changed hands at 48s. 5d. to 48s. 44d. cash and 
48s. 9d. one month. Sellers’ closing quotations were 
48s. 4d. cash, 48s. 74d. one month, and 48s. 9d. three 
months. The settling prices were :—Scotch, 53s. ; Cleve- 
land, 48s. 3d.; Cumberland hematite, 60s. 104d. ; and 
Standard foundry iron, 47s. 6d. In the afternoon a 
stronger tone prevailed, and the business was con- 
fined to Cleveland warrants for forward delivery, except 
one lot, which was done at 483. 6d. cash. The dealings 
were 6000 tons at 493. three months, and the closin 
quotations were 48s, 64d. cash and 48s. 10d. one month 
sellers. Cumberland hematite was quoted 61s. 14d. cash 
sellers, and Standard foundry iron was also quoted at 
47s. 64d. cash sellers. The following are the market 
uotations for makers’ (No. 1) iron :—Clyde, 58s.; Calder, 
artsherrie, and Summerlee, 58s. 6d.; Langloan, 60s. ; 
Coltness, 66s. 6d. (all shipped at Glasgow) ; Glengarnock 
ae at Ardrossan), 583. 6d.; Shotts (shipped at 
ith), 583. ; Carron (shipped at Grangemouth), 58s. 6d. 

Sulphate of Ammonia.—A continued firmness in tone 
has lately characterised the sulphate of ammonia market. 
Inquiries have been satisfactory, and are likely to in- 
crease before long, which fact has helped to keep the 
price at its present level. The current quotations are 
127. 10s. to 127. 12s, 6d. for prompt business, and 12/. 15s. 
to 12/. 17s. 6d. for forward delivery, Glasgow and Leith. 
Last week’s shipments from Leith Harbour amounted to 
728 tons. : 

Scotch Hematite.—The demand for Scotch hematite 
has of late been exceedingly good, and the large con- 
tracts for manufactured steel recently secured b the 
local steel-makers, have helped considerably towards the 
firming of the market. The present price named by the 
makers of Scotch hematite for prompt delivery is now 
61s. 6d., and for forward delivery 65s. is the quotation 
for January to February. A good business has been 
doing in this article lately, and during the recent advance 
most consumers chainaed to nearly cover their needs for 
the remainder of this year. 

Scotch Steel Trade.—It is some time since the local steel 
trade has been in such a healthy condition as it is at 
present. Orders have been fairly plentiful during recent 
weeks, and the past one has been no excsption, so that 
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order-books are now filling up for future delivery. This 
improved outlook is very gratifying to the local masters, 
several of whom can see steady employment for their 
workers well into next year. The Steel Company of 
Scotland report that just now they are in a very satisfac- 
tory condition, and the improvement in the prospects of 
the company 18 . Two large contracts for the Con- 
tinent have been fixed up lately, and the order-books are 
as full as they have been for some time past. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Hull Coal Trade.—The statistics of the coal trade 
done with Hull by Yorkshire and other coal-owners dur- 
ing August are on the whole satisfactory. The tonnage 
sent was 314, 288 tons, being an advance of nearly 6000 tons 
on that forwarded in August, 1904. For the completed 
eight months there were 2,406,680 tons forwarded to Hull, 
when in the corresponding period of last year the total 
was 2,300,576 tons. The exports to North Russia showed 
a large increase, and in the time still remaining for 
business with that country it is expected that it will 
expand still further. There was a falling off in the 
quantity of coal sent to Sweden. 


The Staveley Coal and Iron Company.—Mr. C. J. Stod- 
dard, in presiding over the annual meeting of shareholders 
in the above company, stated that, considering the general 
condition of trade, they had had a wonderfully prosperous 
year. Amongst other satisfactory things, they had been 
able to pay off 10,000. of their debentures. 


Messrs. Kayser, Ellison, and Co.—Mr. C. W. Kayser, 
the managing director of the above company, presided 
at the annual meeting of shareholders, held last week. 
In moving the adoption of the report he expressed the 
opinion that good times were again coming to Sheffield. 
He would not be surprised if they had another boom, but 
he hoped not. A boom simply meant more cost for fuel 
and labour, and great difficulty in obtaining an advance 
on goods. Ordinary times were best for manufacturers, 
as booms only did harm to the country at large. People 
got extravagant and workmen careless, and when de- 

ressed times came again they were worse off than before. 
Tn reply toa shareholder, the chairman stated that the 
reserve fund of 52,0002. was invested in debentures and 
other first-class securities, and would realise more than 
the amount put down in the balance-sheet. The report 
was adopted, and a dividend at the rate of 12} per cent. 
for the year was declared. The retiring director, Mr. C. 
B. Davis, was re-elec The meeting was then made 
special, and a resolution was carried unanimonsly in- 
creasing the remuneration of the managing director from 
20007. to 3000/. per year. 


Tron and Steel Trades.—The heavy trades of the city 
are described as slowly but surely improving. There is 
more buying of iron and steel than for some time t ; 
and, where possible, better prices are insisted on. ene- 
rally, works are not yet sufficiently well booked to reduce 
competition. The crucible-steel business is becoming 
meer ce active, and more furnaces are being put into 
blast. The demand is both for the home and foreign 
markets, and from inquiries now being made there is 
prospect of good trade following. There is more activity 
in the railway branches, and most of the departments are 
making full time. The file trade is very brisk, and there 
is less foreign competition. 


The Coal and Coke Trades.—It is some time since 
reports of the state of the coal trade were as favourable 
as now. There is some pressure in getting supplies 
to the ports for export, and the tonnage of steam coal 
going to the works ison the increase. There is a much 

tter demand for house coal, both for local and distant 
markets, and for common coal the demand keeps up 
remarkably well. The coke trade is very brisk, and con- 
sumers are showing some anxiety to contract ahead. For 
a =n time they have been content to buy in the open 
market. 








TRANSVAAL Min1nc.—A Commission has been appointed 
by the Lieutenant-Governor of the Transvaal to consider 
the question of “‘ safety of persons travelling in shafts.” It 
will inquire into and report on the present practice in 
the matter with reference to winding-ropes (their struc- 
ture, material, preservation, examination, testing, and 
their attachment to the load), and to the reliability and 
adaptability of safety catches and appliances in shafts. 
The Commission invites the attendance of all persons 
who are willing to give evidence, and any intending 
witness should communicate with the secretary of the 
Commission, Mr. MacKinlay, Box 1132, 
Johannesburg. All communications to be despatched so 
es to reach thesecretary not later than January 31, 1906. 





Granp Trunk Paciric Rattway.—Contracts for the rs 


construction of the line from Winnipeg to the Pacific 
Coast, and also of branch lines from Fort William 
to Lake Superior Junction, have been awarded to 
(he National Construction Company. This Corpora- 
tion is com of prominent Canadian capitalists, 
who will probably proceed much as the North Ameri- 
an Construction 

the Canadian Pacific 
iirst 100 miles of the 


mpany did with the building of 
ilway. Specifications for the 


Lake Superior branch of the Grand 


‘runk Pacific Railway show a prospect of very heavy 
comprise 2000 acres of clearing, 300,000 
rock, and 250,000 yards of loose rock. In 
to be 6,000,000 yards of earthwork. 
dols. a mile has been guaranteed 


work, as the 
yards of soli 
« {dition there are said 
A bond issue of 30,000 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade-—-Yesterday the weekly 
market here was well attended, a cheerful tone prevailed, 
and a very considerable amount of business was transacted. 
To some extent, the continued improvement was attri- 
buted to the better shipments. A satisfactory feature 
was the withdrawal of 1600 tons of Cleveland iron from 
the public warrant stores, the first reduction for a long 
time. Traders expressed the opinion that as the autumn 
advances the warrant stores will have to be considerably 
drawn — to meet the requirements. No. 3 g.m.b. 
Cleveland pig was fully 48s. f.o.b., and, in fact, that was 
more a buyer’s than a seller’s price. No. 1 was 49s. 6d., 
and No. 4 foundry 46s. 6d. It may be mentioned that 
special brands of No. 3 realised 48s. 3d., and in some cases 
483. 6d. The lower ry of Cleveland iron were put 
up 6d. per ton, and thus grey fo became 44s. 6d.; 
mottled, 43s. 6d. ; and white, 433. ‘East Coast hematite 
pig is still moving upwards, A sale of East Coast hema- 
tite warrants has caused iron to be sent into stock, and 
the steck of hematite, which since March, 1902, has stood 
at 300 tons, on Monday commenced to increase. Mixed 
numbers of hematite were 57s. 6d. for early delivery, and 
No. 1 went up to 583. No. 4 forge hematite was 53s. to 
533. 3d. A better account was given of Spanish ore, but 
there was not a great deal doing in it, consumers having 
satisfied their wants for the present. Nevertheless, the 
mine-owners in,Spain appear to be fully alive to the 
situation here, and they took a very firm stand. Rubio, 
of 50 per cent. quality, was 16s. 6d. ex-ship Tees. Freights, 
or Middlesbrough, were stronger, and were fixed 
at 5s. 3d. 


Manufactured Iron and Steel.—Very satisfactory and 
encouraging accounts are given of the various branches of 
the manufactured iron and steel trades. Nearly every 
department is now characterised by very considerable 
activity. Not only have most firms orders on their books 
which will keep them occupied for some time, but good 
inquiries are still in the market. Buyers were surprised 
that the advances made last week were no more than 
23. 6d. They were quite prepared to find them at least 
double that amount, and further rises in the near future 
are generallyanticipated, Commoniron bars are 62. 10s.; 
best 7l. ; iron ship - a: 6l. 53.3 iron ship- 
angles, 67. 10s. ; steel bars, 6/. 7s. 6d. ; steel ship-plates, 
6l.; steel ship-angles, 5/. 12s. 6d.; steel boiler-plates, 
6/. 17s. 6d. to 7/. ; and steel joists, 5/. 7s. 6d. to 52. 103.— 
all less the customary 24 per cent. discount. Heavy steel 
rails are 5/. 5s., and cast-iron railway chairs 3/. 12s. 6d. 
—both net at works. 

Coal and Coke.—The fuel trade on the whole is steady 
and firm. Gas coal is improving a little, and deliveries 
are now beginning to show the usual autumnal increase ; 
quotations run from 7s. 104d. to 83. 6d. f.o.b. Bunker 


coal is in pretty good demand, and unscreened Durhams 
are quoted 83. to 8s. 6d. f.o.b., according to quality. 
Manufacturing coal is in better request, and coking coal 


is firm. Coke is being well bought both for home con- 
sumption and for shipment, but there is a lot offering. 
Prices tend upwards, but are hardly quotably eeenel. 
Average blast-furnace qualities remain at 15s. 6d. deli- 
+ ay 7, Export coke is in the neighbourhood of 
63. 6d. f.0.b. 








Our Raits Aproap.—August was a favourable month 
in this year’s export rail trade. the shipments having 
been 49,045 tons, as compared with 41,077 tons in August, 
1904, and 36,370 tons in August, 1903. The colonial de- 
— was represented as follows in each of the three 
months :— 


Colonial Group. Aug., 1905, ; Aug., 1904.  Aug., 1903. 





tons tons tons 
British South Africa ee 6,619 4690 9213 
British India a > 10,075 9662 4793 
Australasia .. pd 482 7331 1422 
Canada 8,329 5308 €690 


The shipments of rails to the Argentine Republic in 
August were 7861 tons, as compared with 4414 tons and 
1254 tons respectively. The aggregate exports of rails 
from the United Kingdom up to August 31, this year, were 
369,496 tons, as compared with 346,661 tons in the cor- 
responding period of 1904, and 437,146 tons in the cor- 
responding period of 1903. The colonial demand figured 
in these totals as follows :— 








Colonial Group. 1905. 1904. 1993. 
tons tons tons 

British South Afric: 24,164 43,070 101,599 
British India ee 117,952 101,203 75,888 
Australasia .. 17,217 17,491 40.487 
anada oo 18,815 30,879 68,402 


It will be seen that there has been a great falling-off in 
the South African demand for our rails this year, but 
that some compensation has been found for this in larger 
deliveries to British India. On the other hand, Austra- 
lasian and Canadian deliveries this year have left a good 
deal to be desired. Argentina took 61,793 tons of British 
rails to August 31 this year, as compared with 41,121 tons 
in the corresponding period of 1904, and 24,860 tons in 
the corresponding period of 1903. The value of the rails 
exported from the United Kingdom up to August 31, this 
year, was 1,816,206/., as compared with 1,712,057/. in the 
corresponding period of 1904, and 2,346,486. in the corre- 





by the Grand Trunk 


Railway Company of Canada. 





sponding period of 1903, 


NOTES FROM THE SOUTH-WEST. 


Cardiff.—The demand for large steam coal for prompt 
delivery has been restricted, but recent prices have been 
about maintained, the best large being quoted at 12s. 9d. 
to 13s. per ton, while secondary qualities have brought 
lls. 6d. to 12s. 6d. per ton. As regards household coal, 
the best ordinary qualities have been quoted at 12s. 6d. to 
13s. per ton, while secondary descriptions have ranged 
from 10s. 6d. to 1ls. per ton; No. 3 Rhondda large has 
brought 13s. 9d. per ton. Patent fuel and coke have 
shown little change. Foundry coke has made 17s. 6d. to 
18s. per ton, and furnace ditto 16s. to 16s. 3d. per ton. 
As regards iron ore, Rubio and Almeria have made 14s. 
per ton upon a basis of 50 per cent. of iron, and charges, 
including freight, insurance, &c., to Cardiff or Newport. 


Growth of Bristol.—It appears from the last annual 
report of the Bristol city engineer that Bristol is now a 
city of 17,004 acres, with 358,515 inhabitants. There are 
331 miles of streets lit by 676 electric, 8730 gas, 58 oil, 
and four acetylene lamps. An extension of the boun- 
daries of Bristol last year brought 5347 additional acres 
and 13,443 additional people into the city. 


Swansea and the Great Western Railway.—Extensive 
blasting operations took place on Thursday on the new 
loop-line works which are being carried out by the Great 
Western Railway Company at Landore. Quantities of 
slag at Messrs. Vivian’s tips are being cleared away. 
Good progress is being made with the work of construct- 
ing the loop which is to enable trains to run in and out 
of Swansea direct. The contractors—Messrs. Muirhead, 
Grey, and Matthews—expect to finish the work by the 
end of the year. 


The Swansea Valley.—The steel trade has had a good 
output of ingots and bars. In the tin-plate trade the 
number of mills at work has remained unchanged. Most 
of the collieries have, however, been at work only four 
days per week. 

More Coke Ovens.—Elders’ navigation collieries are con- 
structing thirty-five new ye ewe ovens at Garth, 
at a cost of about 20,000/., for the production of best hard 
foundry coke. The ovens will have an output of about 
1200 tons per week, and will supply the British Admiralty 
and local iron works. 


Dowlais.—The production of steel rails at the Goat 
Mill last week, upon foreign account, was about 4000 tons, 
A fair quantity of steel sleepers was also despatched. 
The Big Mill has continued to be employed upon small- 
section colliery rails, fish-plates, angle-iron, &c. The 
yield of the furnaces has been slightly above the average. 


Swansea Docks.—The Swansea Harbour Trustees are 
considering the necessity of extending the west pier by 
about 1400 ft., chiefly for the protection of the new dock 
works. 


The ‘‘ Minotaur.”—One of the propeller shafting tubes 
of the Minotaur, cruiser, has been delivered at Devon- 
port Dockyard. Thisfitting, which weighs 10 tons, is an 
important departure from the shafting tubes hitherto 
fitted to warships at Devonport. The tube is cast with 
a bracket flange throughout its length, and this obviates 
the necessity of fitting s-frames and curved platin 
which formed the portion of ships’ sides through which 
the tubes formerly passed. In the new fitting the cast 
bracket referred to forms the curvature of the ship’s side, 
and the outer bottom plating laps over and is fastened 
to it. The innovation will contribute to structural 
strength in this section of theship, and will also economise 
labour. 








Tue Work OF THE REICHSANSTALT.—An official abstract 
of the annual report of the Reichsanstalt has appeared in 
the Zeitschrift fiir Instrumentenkunde, and those wanting 
fuller details than we gave in our article on page 308 of 
our issue of September 8 will find them there. 


GrorGciaAn Bay Canat.—Good progress is being made 
with the survey work of the Georgian Bay Canal from 
the Bay to the Ottawa. At present a party of engineers, 
under the direction of Mr. H. Drury, is engaged in 
making a detailed survey of the Chats Falls, at Fitzroy 
Harbour. The survey is being done very thoroughly, and 
more than 60,000 soundings have been taken in the bay 
at the harbour. The islands and the numerous chutes 
and falls in the vicinity will all be thoroughly surveyed 
before the party leaves. 





New Irartan Battiesuir.—The new Italian battle- 
ship Napoli was launched on Sunday, the 10th inst., at 
Castellammare. The Napoli will form a division of four 
homogeneous ships with the Vittorio Emanuele, Regina 
Elena, and Roma, but this last will not be launched until 
this time next year. The Napoli was laid down on 
October 21, 1903. ler length over all is 474 ft.; 
between perpendiculars, 435 ft.; beam, 82 ft. ; draught, 
25.8 ft. ; displacement, 12,624 tons; number of engines, 
two; number of cylinders in each engine, four ; number 
of boilers (Babcock and Wilcox), 22; engines, 15,200 
horse-power under natural draught, and 19,000 horse- 
power under forced draught ; speed, probably 22.5 knots ; 
ordinary load of coal, 1000 tons ; special load, 2000 tons ; 
radius of action at 12 knots with 2000 tons of coal, 10,000 
miles ; armament, two 12-in., twelve 8 in., sixteen 3-in., 
two 2.95in., and ten 1.85 in. guns, two mitrailleuses, and 
four torpedo-tubes. Her armour belt will run her whole 
length and be 9.18 ft. broad, with a maximum thickness 
of 9.84 in. Protection for 12-in. and 8 in. guns, 7.87 in. ; 
for small guns, 3.15 in. ; for conning-tower, 9.84 in. Her 
complement will be 36 officers and 679 men, or, when 








serving as flagship, 44 officers and 760 men. 
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THE TRADES UNION CONGRESS. 


THE congress of organised labour met last week 
at Hanley under very favourable conditions. It 
was a veritable Labour Parliament; the consti- 
tuents represented by the delegates cover the 
greater part of the United Kingdom, for in every 
industrial centre there are trade unions, old or 
new, and in all the great centres these unions 
are numerous, and have, in most cases, a lecal 
trades council for mutual protection and help. 
The gathering at Hanley was the Thirty-Eighth 
Annual Congress; the first was held in Man- 
chester, in Easter week, in 1868, and the second 
in Birmingham, in August, 1869. The number 
of delegates present at the Victoria Hall, Hanley, 
was 458, from 214 trade unions, with 1,561,800 
members. There was no duplication of numbers, 
as in the earlier congresses, for all political bodies, 
and even all the trades councils, are now excluded. 
The Amalgamated Society of Engineers again re- 
sumed its place in the Congress, after an absence 
of a few years, and also the Durham Miners. The 
late Sir William Allan, of the Engineers, was the 
first treasurer of the Congress, a post he held until 
his death. Only two or three members of the first 
three congresses survive to-day, and not one of 
these sat as a delegate in last week’s Congress. 
The old guard are gone—younger men occupy their 
places ; a newer policy has been inaugurated ; but 
whether to the advantage of labour is a matter upon 
which there are differences of opinion, even amongst 
those in the ranks. 

The agenda paper of the Congress has grown to 
almost a volume, and the report of the Parliamentary 
Committee extended to sixty-two large pages. Asa 
record of work done, or attempted to be done, it 
is a valuable historical document; but failure is 
largely writ in its pages as regards actual legisla- 
tion. Generally it may be said that it is an indict- 
ment of the Government; but the Opposition, or 
many of its followers, are not allowed to go scot 
free. No doubt the report was prepared in view 
of the next General Election; it is a political 
manifesto which will make itself felt in many con- 
stituencies. Formerly the report included the 
programme for the ensuing session ; this is changed, 
as the resolutions in the agenda constitute the 
basis of the Congress resolves, which is the real 
programme. The debate on the Parliamentary 
Committee’s report is now mainly restricted to any 
grievance which a union may have against the 
Committee for neglect, or alleged wrongful action. 
Otherwise its adoption has almost become formal. 
The resolutions in the agenda, with amendments, 
cover a very wide field. Many are purely political 
or general ; those dealing with special industrial 
questions, from the trade-union point of view, 
are few in comparison. The Trades Disputes 
Bill, the Compensation Bill, and a few others 
constitute the chief matters relating to labour. 
Some of the resolutions have become what are 
irreverently called ‘‘ hardy annuals,” others express 
what may be termed “ pious opinions” on topics 
interesting to those who bring them forward year 
after year. Some are framed in a form which shows 
a desire on the part of the authors to become 
amateur draftsmen of Parliamentary Bills, doubt- 
less due to the fact that the framers are aspirants 
to Parliamentary honours. But, as a rule, the Bills 
are too inelastic. 

Among the political and general questions before 
Congress, the Fiscal question held a foremost place. 
It created a desire to make speeches, long or short ; 
for those who are Parliamentary candidates were 
anxious to make known to their would-be consti- 
tuents that they held strong views adverse to pro- 
tection. After the closure had been carried the 
vote was taken, with the result that delegates 


° representing 1,253,000 trade unionists voted for 


the Free Trade resolution, while those opposing it 
only represented 26,000. This pronouncement is 
notable ; a majority of 1,224,000 in favour of Free 
Trade would seem to indicate practical unanimity 
on the part of organised labour. The delegates of 


;| the hosiery workers, and of the nut and bolt trades, 


were the only two representatives of distinct trades 
who spoke against the resolution, and one of the 





miners’ delegates. With singular unanimity the Con- 


gress passed a resolution in favour of the nationalisa- 
tion of railways, canals, mines, and minerals, as 
being conducive to national development and pros- 
perity. Mining royalties were vigorously denounced 
as injurious to trade. The Congress again refused to 
endorse a resolution in favour of compulsory con- 
ciliation and arbitration in labour disputes ; it was 
defeated by 765,000 votes to 673,000, even although 
there was attached to the resolution a clause re- 
lating to the law of contract and the protection of 
trade-union funds. The Congress unanimously 
urged the Government to place on the Royal Com- 
mission on the Poor Laws a Labour representative, 
and Mr. Balfour promised to consider the matter. 
If one such is appointed, he ought to be well versed 
in the subject, for itis one of the most complicated 
ever submitted toa Royal Commission. It is even 
more complicated than it was in 1834, when the 
first. Poor Law Commission was appointed. The 
Acts relating to it are most numerous and compli- 
cated, and the Orders nearly approach them in 
magnitude. The investigation ought to be thorough 
and complete. 

The inspiration of a General Election was upon 
the Congress, many of the delegates having already 
been selected as candidates, some with constituen- 
cies, others without, at present. The subject was, 
apparently by tacit consent, not very prominently 
discussed, though it cropped up in apouehion now and 
then, and the chosen candidates were well to the front 
as movers or seconders of resolutions, or as speakers 
thereto. The resolution endorsing the concordat 
between the Congress, the General Federation of 
Trades, and the Labour Representation Committee 
was passed quickly and unanimously ; but a motion 
demanding the fusion of all three bodies into one 
was defeated. Practically the Labour Representa- 
tion Committee hold the field, but with modified 
conditions. It is a strange infatuation on the part 
of many of the delegates that labour representa- 
tion is to be the cure-all of our social and in- 
dustrial troubles. They think it as easy to con- 
struct Bills and pass Acts of Parliament as it is to 
frame resolutions and pass them at Congresses or 
at public meetings. The House of Commons will 
soon undeceive them. Universal remedies are 
regarded as political quackery in that House. The 
voice of labour ought certainly to be heard there, 
but it must be uttered by men who have some 
claim to knowledge and wide experience. Money, 
the talisman of the rich, will not serve Labour 
candidates, as they have but little of it ; and con- 
stituencies will not be content with men who 


‘are governed and controlled by bodies outside the 


constituency. There will be a rude awakening in 
this respect unless the Labour party show more 
prudence than hitherto. 

The danger seems to be in connection with the 
control of labour representation by the Committee 
of that name, which, it is said, is practically 
governed by the Socialist sections and the Inde- 
pendent Labour party, although most of the funds 
are contributed by trade unions. Hence the desire 
for a fusion of the three bodies. Others advocate 
the capturing of the Committee by numbers—by all ° 
the unions joining the Committee. This is hardly 
possible, for the miners are averse to handing over 
their authority to any other body. A resolution 
was passed in favour of an eight-hour day, or forty- 
eight hours per week ; but the cotton operatives 
opposed it, as disadvantageous to the cotton trades. 
Extension of municipal trading and of municipal 
banking was urged and adopted. The employment 
of Chinese labour in the Transvaal was strongly 
condemned, and the revocation of the ordinance was 
demanded. Resolutions in favour of an extension . 
of the Factory Acts and an increase of factory in- 
spectors were carried. A new standing order was 
carried condemnatory of the system of touting for 
votes for positions on the Parliamentary Committee, 
for the secretaryship, delegations, &c., which has 
grown up of late years, and by which delegates 
barter with delegates for each other’s support. It 
shows that human nature is very much alike—in 
commerce and trade, in politics and labour. But 
the Labour party claim to be purists as regards 
elections. he post of secretary was conferred 
upon the London candidate, the miners’ nominee 
not being far behind. The Parliamentary Com- 
mittee is a strong one, with very little change. 
The trades represented on the Committee are all 
important ones—strong, sound, and active—their 
representatives being well known and respected in 





the labour world. Liverpool was selected as the 


meeting-place for the next Congress, Hull being 
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the only other competitor, for the nomination of 
Nottingham was withdrawn. 

The proceedings and resolves of the Congress are 
now matters of history. What will the verdict be ? 
The session was characterised by a listlessness quite 
unusual atsuch gatherings. Seriousness seemed to 
be absent. The Desens were, asa rule, meagre ; 
the speeches generally lacked depth and force. It 
was a rehearsal or a prelude ; the real performance 
is to be at the General Election, the several con- 
stituencies being the audience. The political 
activity of 1868 and of 1874 will be revived, but 
on different lines. It was complained that the 
Congress was a mob of delegates without a leader. 
That would seem to be the case. The programme 
of the Congress is wide, but indefinite. Some of 
the items are specific, such as the Labour Disputes 
Bill, the Compensation Act Amendment Bill, and 
a few others ; but there is no concentrated demand 
of an industrial character. The one definite cry 
was, ‘‘ Labour representation, and all will be 
well. Make us Members of Parliament, and then 
you will see what legislation we will hurry through 
for the benefit of the masses.” Disappointment is 
sure to ensue ; then there will be recrimination, a 
shuffling of the political cards, a change of repre- 
sentatives, a new programme, and fresh failures. 
In time the people will learn that a part is not 
equal to the whole, and that a section of the com- 
munity, however great, cannot control the whole. 
Class legislation has been tried and failed. The 
failure will be repeated, for some of the boasted 
aims of the leaders cannot be granted by the 

eople’s representatives in Parliament, however 
foudly Labour members may demand them. 





BRITISH RAILWAY ECONOMICS. 

Tue problems of the competition of railways and 
tramways, discussed in the speeches of the chair- 
men of the respective railway companies through- 
out the kingdom at the recent shareholders’ 
meetings, are referred to in the annual statement 
just issued by the Board of Trade relating to 
railway operations during the past year. This is 
unavoidable, because they are among the chief difti- 
culties associated with British railway economics of 
the present day, and it is unfortunate that the 
continued refusal of the companies, without appa- 
rent reason, to supply train-mileage, passenger- 
mileage, and other figures, prevents a conclusive 
analysis of the situation. It is, for instance, not 
enough to have a comparison of the numbers of 
tramway passengers and of third-class railway pas- 
sengers for several years, although it is significant 
that while the latter have increased in eight years to 
the extent of almost 24 per cent., the tramway pas- 
sengers have nearly trebled in number. The majority 
of such tramway passengers, however, could never 
have been clients of the railway ; many of them are 
short-distance travellers, and only pay half-penny 
fares. Last year the peg yd passengers in 
South London accounted for 35.97 per cent. of the 
total, and in Glasgow for 29.90 per cent. The 
number of penny passengers grows still more 
largely, and makes up quite one-half of the 1800 
million tramway travellers. No doubt many of 
them would otherwise travel by suburban railway 
lines. This fact is the less satisfactory to the rail- 
way companies as heavy taxpayers in practically 
every community, wher they recall that it is partly 
through the security which the existence of ruil- 
ways brings to the local authority that capital has 
been borrowed cheaply, enabling abnormally low 
fares to be fixed, and that tramway committees 
are the while running grave risks of ultimate 
serious financial embarrassment because they assume 
too low a rate of depreciation. The total amount 
of local taxes paid by the railway companies has 
increased by 57 per cent. in ten years, while the 
total capital, even including nominal increases, has 
only advanced in the same period by 27 per cent. 
In fact, the only ivem of expense per train-mile 
which shows an increase this year over last year is 
in respect of local rates and taxes. 

There are several evidences, even in the limited 
statistical review of the Board of Trade, indicative 
of the competition of tramways. There is no doubt, 
for instance, that the exceptionally fine summer of 
last year induced a much ter number of week- 
end trips to be made; and incidentally we commend 


the railway managements for their enterprise in 
this direction. This excursion traffic must have aug- 
mented the number of long-distance railway jour- 
neys, yet we find that the average payment per third- 





class passenger (excluding, of course, season-ticket 
reg | has remained unaltered for ten years at 
64d. The average for first-class passengers has 
not changed much in the decade, continuing at 
between 23$d. and 24d. But the mean rate for 
second - class passengers has gone up steadily 
from 87d. tolld. This latter is in some measure 
the result of the commendable policy on the 
part of the main lines of reducing the margin 
of difference between the second and third-class 
fares, in order to retain the clientele which un- 
doubtedly exists for the intermediate accommoda- 
tion. It is true that the total number of second- 
class passengers has not progressed at quite the 
same rate as that of the third-class traveller; but 
the evidences nevertheless clearly indicate public 
approval of the reduced fare. The question there- 
fore arises as to whether, by a similar provision, 
some check might not be placed upon the undoubted 
transference of passengers from the railways to the 
tramways. The great multiplication of low-fare 

assengers is worth striving for. A comparison of 

ritish railways of all densities of traffic with the 
associated lines of the British Electric Traction 
Company—one of the best-managed of tramway 
concerns, with lines in all kinds of districts— 
shows that the gross traffic per mile is about the 
same—just under 30001. per route-mile—in both 
cases, although the capital per mile of tramways is 
only one-fifth of that of railways. 

Many advocate electrifying suburban lines, but 
that is a remedy which involves a large increase to 
the already heavy capital charges of railways; and 
there is room for doubt as to whether it would be 
certain in its result, It is admitted that by more 
rapid rates of acceleration and deceleration a higher 
mean speed is obtainable, and the capacity of the 
line is increased. Even although acute congestion 
occurs for short periods only at long intervals 
throughout the day, this relief would be bene- 
ficial. One of the great ditficulties in respect to 
capacity is the time taken at terminals ; and herd 
the electric system, with the multiple-unit method 
of driving, enabling a train to be driven from either 
end, would be specially effective. At such termini as 
Victoria and London Bridge, eight minutes is about 
the minimum time for the arrival and departure of 
a train; whereas with the electric system it need 
not be more than a minute and a half, because in 
the morning passengers, as a rule, are ready and 
eager to leave the train, and few are there to join 
it; while in the evening the opposite holds good. 
Thus the capacity of the station, as well as the 
line, would be materially increased ; but the price 
to be paid in the increase of capital involved in the 
change is enormous, and we shall look with greater 
interest to the results of the rearrangement of Vic- 
toria Station for steam trains than to the electrifica- 
tion of the Victoria and London Bridge line vid 
Brixton. At Victoria the local platforms are to be 
sufficiently long to accommodate two steam trains, 
and there will be three lines between the platforms, 
so that the arriving train will come in on the centre 
track, pass to the platform line, berthing at the 
inner end of the ‘‘ dock,” dischaige its passengers, 
and be moved forward for entraining passengers, 
the locomotive for the first train becoming then the 
locomotive for the next arrival. This should very 
materially quicken the periodicity of the departures 
from a platform. 

Another feature which is well worth consideration 
is the quality of the accommodation and the season- 
ticket rates for suburban passengers. The size, 
ventilation, and comfort of the tramway-car, and 
the fine electric lighting in the evening, attract many 
passengers, but there are still a large number who 
shrink from the scramble to board cars in the busy 
hours in the evening ; these could very easily be re- 
tained by the railways, particularly if by improved 
terminal accommodation better time were kept. 
Some of the railway fares have recently been in- 
creased in the vicinity of London, and the rolling 
stock, especially that for third-class passengers, is 
not creditable. There is a decrease in the number of 
second-class season-ticket holders, and this, in a 
measure, is not surprising. The accommodation is 
not any better than is provided in the third-class 
carriage, although the average rate, according to 
the return before us, is quite 50 per cent. higher. 
The first-class rate, which averages nearly three 
times the third class, is much too high. Again, the 
ordinary single journey rate for second-class pas- 
sengers on most of the suburban lines is 60 per 
cent. above the third-class rate, and for first-class 
passengers double. Many instances could be found 





where a single first-class fare is five times the tram- 
way rate. it seems in a way surprising that with an 
immense travelling population in large towns there 
should only be 643,873 season-ticket holders (rather 
more than half being of the third-class), and that 
the revenue from them should be under 4,000,000/., 
made up of 1} millions by third-class, 1.43 millions 
by first-class, and a million by second-clas travellers. 
If the railway companies wish to check the suc- 
cessful competition of the tramway companies, 
concessions must be made ; they might obviate the 
need for an immediate heavy capital expenditure 
for the introduction of electric traction before ex- 
perience has discovered the most efficient method. 

The traffic receipts of all railways, as will be seen 
from the general figures tabulated on page 358, 
have increased 0.7 per cent., when compared with 
the previous year, the total having been 103.8 
millions sterling. The rate of addition in the case 
of the coaching traffic was 0.9 per cent.; the total 
under this head being barely one-half the aggregate 
receipts. Incidentally it may be noted that about 
29 per cent. of the total receipts from all sources are 
obtained from third-class passengers, of whom 1092 
millions travelled during the year, exclusive of 
season-ticket holders. The increase on mineral and 
goods traffic is equal to 0.5 per cent., the total 
having been 55.4 millions sterling. There was a 
sharp decrease in the quantity of live stock as com- 
pared with the previous year; the receipts from 
general merchandise practically remained station- 
ary, but under ‘‘ minerals ” there was an increase 
of 1.7 per cent. in volume and 1.3 per cent. in 
receipts. Unfortunately, the increase of 944,0001. 
in the gross receipts involved an increase of 611,000/. 
in the working expenses, and thus the net gain in 
divisible profit was only 333,000/. greater. The 
capital had increased 23.4 millions sterling, so that 
the average rate of dividend was less, ordinary 
shares suffering most. 

The addition to expenses is accounted for in 
some measure by increased train-mileage. Thus, 
although the number of passengers increased by 
only 0.3 per cent., and the receipts by 0.9 per cent., 
the passenger train-mileage was 3.3 per cent. greater. 
The same does not hold good as regards goods 
traffic, for although the tonnage advanced by 1.4 
per cent., and the receipts by only 0.5 per cent., 
the train-mileage decreased by 2.8 per cent. A 
higher tractive efficiency can only be assumed 
from the figures given. There is no possibility 
of working out the average ton-miles or passenger- 
miles per train-mile or engine-mile, and without 
these it is difficult to accurately determine the 
economy of locomotive haulage. It is indeed sur- 
prising that the management of the railways do 
not themselves grasp the value of such comparative 
figures. In connection with the passenger traftic 
we note that there has been a decrease in the re- 
ceipts per train-mile, which are lower than for 
several years, and 1.12d. less than in the preceding 
year. It would have been interesting to know 
whether this is due, as we suspect, to a larger pro- 
portion of excursionists or cheaper fares generally, 
rather than to fewer passenger-miles per train- 
mile. In connection with the goods traffic there 
is an increase to 85.42d. per train-mile. Three years 
ago the average receipts were only 73}d. It may be 
accepted that there ‘has been little change in freight 
rates, and it is safe to assume that high-capacity 
wagons and more powerful freight locomotives 
have had a beneficial effect. But here, again, all 
doubt would have been set at rest by a comparison 
of ton-mileage and engine-mileage. As a conse- 
quence of a greater weight of haul in mineral 
trains, the average receipts per train-mile for all 
traffic is 5s. 2?d.—the same as in the previous year, 
but higher than in any previous year. The average 
in the ’nineties was about 5d. less, so that it may 
be assumed that there has been a growth in efli- 
ciency in this respect. 

The working expenses in one or two recent years 
have decreased slightly, largely as a consequence of 
the reduction in the price of coal, whereby the 
locomotive charges have been lessened. This year 
the coal expenditure is actually much less than in the 
previous year, and is probably from 20 per cent. to 
25 per cent. less than in the early years of the cen- 
tury, partly because of the reduction in the average 
price. In the absence, however, of exact data it is not 
possible to give with confidence the credit which is 
probably due to the locomotive engineer ; but it is 
at least significant that while the train-mileage in- 
creased 0.8 per cent., the actual quantity of coal con- 
sumed for locomotive purposes was only 0.4 per cent. 
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greater. There has also been a decrease in wages 
of 0.9 per cent. in the locomotive department, con- 
sequent, no doubt, on heavier trains and less train- 
mileage. This is in part nullified by an increase 
of corresponding percentage in the traffic depart- 
ment. The expense per train-mile works out to 
39.83d., so that the net receipts are equal to 22.91d. 
In other words, the net earnings have increased 
only at practically the same ratio as the gross 
receipts (0.8 per cent.); but this result must be 
deemed quite satisfactory in view of the facts of the 
case. 

This net revenue is equal to 3.36 per cent. of the 
total capital raised, which is a trifle less than in the 
two preceding years, and, with the exception of 
the 3.27 per cent. in 1901, is less than in any year 
for at least three decades. In other words, the 
ordinary capital of the railways has earned on an 
average only 3} per cent., which is 0.04 per cent. 
less than in the previous year. This result, how- 
ever, has not materially affected the loan and 
debenture stock, which accounts for 27 per cent. of 
the total capital, or the guaranteed and preference 
stock, which is responsible for 35 per cent. It has 
had a very distinct influence on the return on the 
ordinary capital, of which there is invested in rail- 
ways now 480 millions, equal to 38 per cent. of the 
total. In 1900, for instance, nearly 88 millions of 
this capital earned dividends in excess of 6 per 
cent., whereas to-day barely nine millions is 
credited with this rate. Again, earning over 4 per 
cent., there was in 1900 166.8 millions, whereas 
last year only 148.5 millions so prof.ted. At the 
other end of the scale, however, there is not much 
difference, for in 1900 68.7 millions earned no 
dividend at all; and last year 62.5 millions was 
in this unfortunate position, while the amount of 
capital getting 1 per cent. or less was 22.7 millions, 
against 26 millions last year. 








MUNICIPAL TELEPHONY AT 
GLASGOW. 

Tae accounts of the Glasgow Corporation tele- 
phone department for the year ending May 31 last 
possess a merely obituary interest. The recent 
decision of Parliament, which confirmed the tele- 
phone policy of the Government, was, as a member 
pathetically remarked at the time, the death blow 
to municipal telephony. It seems fortunate that 
Parliament despatched the municipal telephone 
fad this year, and gave the Postmaster-General 
‘the opportunity to offer the municipal telephone 
systems a graceful retirement from active life by 
purchase, for the finances and statistics of the 
Glasgow system show that in another year or so 
municipal telephony on the Clyde would be in a 
bad way indeed. In the year under review it 
appears that the system has gained new subscribers 
only in insignificant numbers, and at the cost of 
an altogether disproportionate expenditure of 
capital. The total capital expenditure during the 
year was 29,5941., and the increase of business was 
only 957 stations, of which more than 600 were 
extension and party-line stations, and only 305 
direct subscribers’ and public telephone lines. The 
increase in unlimited-rate subscribers’ lines was 
only 178. These insignificant gains contrast oddly 
with the gain in the same period by the National 
Telephone Company’s Glasgow system, which, 
according to the published figures, amounted to 
over 6000 stations of all classes. They contrast 
even more oddly with the estimated cost of the 
Glasgow municipal system, with the various state- 
ments made from time to time as to the enormous 
amount of spare plant provided by the Glasgow 
Corporation telephone department, and with the 
confident. assurance of the officials, made only a 
year or two ago, that future subscribers would 
involve much lower average capital cost than had 
hitherto prevailed, 

It appears that the 957 new stations have been 
added to the system at an average cost of 31/. per 
station. The original pian of the Glasgow system 
premised a capital investment of about 19/. per 
subscriber's line, which would be equivalent to 
«bout 161. per station. The present average capital 
cost is 281. 103. per station, so that not only has 
the estimated capital cost per working station been 
exceeded by over 75 per cent., but the average cost 
of adding new stations is increasing. The net in- 
crease in stations last year was obtained at an average 
a iditional capital cost of 221. per station, as com- 
pared with 311. this year. Yet in September, 1903, 
Mr. D. M. Stevenson, vice-chairman of the Glasgow 





Corporation Telephone Committee, wrote us as 
follows :—‘‘ Referring to the large demand for new 
wires, you say that we evidently forget that the 
installation of these wires will cause a very large 
increase in expenditure. That is quite true; but 
the report points out that 59,0961. of capital have 
been invested in works which are not yet earning 
revenue, or, in other words, in anticipation of future 
demands. Every new wire, therefore, for a long 
time to come, at least, will mean a proportionately 
higher net revenue.” 

How little Mr. Stevenson understood the work- 
ing of a telephone system when he made this con- 
fident assurance, only two years ago, is evident 
from the figures published by his own committee. 
Since May 31, 1903, the capital account has been 
increased by 79,6441. Adding to this the 59,0561. 
which Mr. Stevenson assured us in 1903 was in- 
vested ‘‘in anticipation of future demands,” we 
get a total of 138,7001. as the cost of the new 
subscribers added to the system during the two 
years ended May 31, 1905. The total stations of 
all classes added during that period were 3240, 
giving an average cost per station added of nearly 
431. Of the 3240 stations added, only 1600 repre- 
sented direct subscribers’ lines at flat and toll rates, 
and the remainder extension stations, party-line 
stations, and private and public telephone lines, 
yielding a very small average revenue. Therefore 
Mr. Stevenson was wrong at all points of his 
prophecy. Not only has the capital account been 
increased out of all proportion to the gain in 
stations, in spite of the substantial sum invested 
‘‘in anticipation of future demands,” but the new 
wires added have not meant ‘‘a proportionately 
higher net revenue.” On the contrary, they have 
brought in a considerably lower net revenue, and a 
glance at the revenue account and balance-sheet of 
the current accounts shows that the Glasgow Tele- 
phone Committee have had considerable difficulty 
this year in making both ends meet. 

It appears that the actual working expenses, 
exclusive of royalty and terminal fees, were 
28,468]. for the year under review, as compared 
with 23,1541. for the year before. This is an in- 
crease of 5314/1. in the year for 957 additional 
stations, or 51. 11s. per station. This rapid rise in 
the working expenses for an extremely small in- 
crease in business completely explodes the theory 
of two years ago, that every new wire for a long 
time to come would mean a proportionately higher 
net revenue. 

The revenue account shows a balance of 15041. 
available towards depreciation fund, as compared 
with 36501. last year. This brings the total depre- 
ciation fund up to 72471., which, on a total capital 
of 350,000/. invested in plant, which to a large 
extent is of an obsolete character, is an absolutely 
insignificant sum. In the present situation of 
municipal telephony it is not likely that the Glas- 
gow Corporation will carry out their intention, 
officially announced in the Glasgow Press a long 
time ago, of converting their telephone plant to a 
modern system of working. Such a conversion, if 
effectively carried out, would cost at least 100,000/., 
and the Corporation now have invested in call-wire 
and magneto plant of a wholly obsolete character 
over 100,000/. All of this plant would have to be 
scrapped if the system were converted to common 
battery working—the only measure which would 
put the plant in a condition to give an efficient 
service. 

Although Mr. D. M. Stevenson recently wrote 
a letter to the Times, in which he claimed that the 
Glasgow municipal telephone system was self- 
supporting, we imagine there must be a sufficient 
leaven of common-sense in the Glasgow Town 
Council for the Council to recognise that the 
system is a disastrous failure, and to welcome the 
offer of the Postmaster-General to negotiate for 
the purchase of their telephone plant. We can 
well understand that a wealthy and powerful Cor- 
poration like that of Glasgow should feel that 
such a failure is a hard blow to pride and pres- 
tige. But for that the Council only have them- 
selves to thank, as they rushed into a difficult 
and technical business without giving it a frac- 
tion of the study and consideration it deserved, 
and, having made an initial error, have arrogantly, 
refused to listen to any criticism or suggestion 
since. In these columns we pointed out two years 
ago some of the fundamental errors made; our 
remarks elicited only contumelious and evasive re- 
joinders, and the Glasgow Telephone Committee 
have, since the time referred to, expended 80,0001. 





of additional capital in extending their plant along 
lines which we then pointed out were obsolete and 
inefficient. The situation now reached is an impasse, 
the system is radically defective, and has practically 
ceased to grow, and, on the other hand, the work- 
ing expenses are going up rapidly ; with a stationary 
group of customers, which will soon become a dimi- 
nishing group of customers, the excuse for spending 
further capital will disappear, and then the work- 
ing expenses will go up still more rapidly ; the 
enterprise is enormously over-capitalised, and the 
reserve fund is quite insignificant. In these cir- 
cunstances the Glasgow Corporation will do well 
to pocket their pride and sell out for the best price 
they can get. 





ENGINEERING AND TRADE 
PROSPECTS IN JAPAN. 

THE peace so happily concluded between Russia 
and Japan seems certain to be followed by a period 
of commercial and industrial activity unprecedented 
in the East. What Russia loses in the extent of 
the country that she occupies she will surely more 
than make up for, as far as her trade activities are 
concerned, by more concentrated energy within 
her restricted borders. As seen from the outside, 
it may be some time before this energy and its 
effects become very apparent, and doubtless it is to 
Japan that we must look for immediate results. 
In that empire, with the heavy war expenditure at 
an end, with her army reduced once more to its 
normal size, the remainder of her fighting men 
returning to their peaceful employments, and with 
her borrowing powers in the foreign market at a 
rate increasingly favourable, she is in a position to 
take up the work laid down at the beginning of the 
war. 

In some respects the war has been no bar to her 
progress ; during its course the ships owned within 
the country have been steadily increasing in number 
and tonnage, until her mercantile steamers, by latest 
returns, aggregate 870,000 gross tons ; but this is 
by no means the full tale; the substantial increase 
(5 per cent. to 10 per cent.), dating from July 1 
last, in the import duty on ships purchased from 
abroad, caused an activity in the buying and selling 
somewhat embarrassing in many ways. Of this in- 
crease the full report is not yet to hand. 

With the close of the war come accounts of 
further tonnage required for the principal steam- 
ship lines, especially those doing the mail services. 
Even before the close one of these lines had ordered 
two large steamers, to be built in Japan; other 
steamers, now required, it may be well hoped, may 
be built in this country, as the few shipyards 
capable of doing the work in Japan are already 
well occupied. Steamers recently purchased by 
smaller companies, and by owners of single ships, 
probably supply tonnage sufficient in quantity for 
all the trade developments that are likely to arise 
within the next few years; indeed, when the ships 
at present used as naval and military transports and 
as hospital-ships are released, there will possibly be 
some severe competition among the shipowners. 
In this competition it cannot be doubted that not 
a few of the ships recently acquired will, through 
age and effeteness, prove quite unsuited to the 
work of to-day; and in this way there will be a 
further opening for more modern ships capable of 
a larger return upon their working expenses. 

During the war railway construction has been 
practically at a standstill; a length of something 
under 5000 miles the country had and has ; pro- 
jected railways to the extent of some 1500 miles 
more have been allowed to stand over. In this 
direction, indeed, will activity within the country 
be early shown ; and as soon as the conditions are 
made ready construction will go forward. A city 
railway across the central portions of Tokio, de- 
signed to connect the various routes out of the 
capital and bring them to a common terminus, is 
but one of the enterprises. Other public works 
throughout the country will once more be put into 
constructive progress. The harbours at Osaka and 
Otaru (the latter in the Hokkaido or Northern 
Island) will once more be scenes of activity. The 
former is to cost 2,200,000/., of which the Govern- 
ment supplies 667,0001. In the case of the latter a 
breakwater is the chief feature at present author- 
ised, ata cost of 220,000. What works of this 
type will ultimately mean to the country it is 
difficult entirely to foresee; the gain that may 
accrue to Osaka must act upon the trade of Kobe, 
18 miles distant ; but it may be remembered that 
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Osaka is second only to Tokio in size, and has 
long been a most important centre of the trade of 
Japan. Otaru, on the other hand, has been looked 
upon to fulfil a new mission in assisting the deve- 
lopment of the resources of the Hokkaido, both 
agricultural and mineral. 

During the war, too, work on the Tonegawa, 
the river flowing into the Pacific some 60 miles 
east of Tokio, has been reduced enormously, the 
yearly expenditure being cut down from 117,0001. 
to 38,0001. The work involves improvement of the 
navigation on the one hand ; but this is a minor 
matter ; the larger part of the scheme involves the 
draining of the Kasumi Lake, the second largest 
fresh-water lake in Japan (Biwa being the largest). 
With the funds once more available, it is estimated 
that the work will be completed in another two 
years’ time, and many square miles added to the 
available area of the country. 

In Korea the activity that the Japanese have 
already shown is a guarantee that matters will not 
be allowed to rest. With the control they exercise 
or are likely to exercise on the administration of 
the country we are not now concerned ; but in in- 
dustrial matters railway construction is certain to 
be pushed vigorously forward. In discussions 
connected with the paramountcy of Japan, it is 
taken as a matter of course that the timber con- 
cessions acquired by the Russians from the Korean 
Government will pass to the Japauese ; if these 
concessions are as valuable as the Russians regarded 
them to be, the gain to the Japanese on their ac- 
count is a considerable asset. 

With regard to China, the prospects of the future 
are not so easy to trace. Judging from Sir Robert 
Hart’s views, that the sources of the Boxer troubles 
are still unclosed, a well-secured future, in which 
industrial and commercial matters may go forward 
without let or hindrance, is not ensured. What 
does seem clear as an immediate result of the war 
is release from Russian pressure on the one hand ; 
further, Japanese pressure on the other. Without 
any pressure from Japan at all, a natural sequence 
of present conditions is a greater leaning on Japan 
for scholastic and military purposes. In engineer- 
ing and other industrial matters China will, no 
doubt, look to this country ; probably she will do 
so with greater attention than in the past, having 
before her the object-lesson so plainly read to her 
by her neighbour ; desiring to follow that neighbour 
in the region of modern education and military 
prowess, she will find it easier to conceive that it is 
valuable to follow her also in her industrial achieve- 
ments and aims for still further progress. 





FUTURE OF THE AMERICAN 
IRON TRADE 


THE rapid growth of the American iron and steel 


industry has given rise to very natural fears lest 
the competition of American products in moe 3 
markets during the coming years may swamp local 
products altogether, and make industry in this 
respect entirely unremunerative, and, therefore, 
not worth while carrying on. The contingency 
is a very remote one, and the manufacturers of 
Europe can console themselves with the reflec- 
tion that the increased demand in the United 
States itself will, when coupled with the limita- 
tions of ore supply, suffice to prevent any over- 
running of the world’s markets with American 
goods. The analogy of wheat has its lesson. For 
all practical purposes, America has ceased to be a 
factor of consequence in relation to European con- 
sumption. It is only in years of exceptional plenty 
(of which the present year is one) that the country 
is able any longer to s any of its wheat for 
shipment abroad. Within another few years at 
the outside, probably, it will cease to be in a 
position to ship much manufactured metal to 
foreign countries. The great problem which the 
United States will have to consider in the not 
distant future is that of ore supplies. There 
are large deposits in the Lake Superior region, in 
Alabama, and elsewhere, but they cannot stand 
indefinitely the incessant drain upon them. Since 
the inauguration of work on the Lake Superior 
range in 1855, something like 300,000,000 tons of 
ore have been extracted. It may be consoling to 
the American users to be told on good authority 
that ‘‘ there is more ore in sight upon the old ranges 
to-day than previously, in spite of the vast quantity 
that has been carried away. Better methods of 
mining, improved machinery and facilities, more 
eareful and thorough work underground and in pros- 





pecting for additional lenses of ore, and the use of 
classes of ore that have been regarded as waste will 
preserve the Lake Superior rangesfar beyond the date 
that even optimistic prophets set for their exhaus- 
tion.” We used to hear statements of the same 
sort about the iron ores of the United Kingdom ; 
but we hear them nowno longer. The Lake ranges 
other than the Mesaba show little or no increase 
over the preceding seasons. With their customary 
long-sightedness, the American ironmasters awoke 
some years ago to the necessity of making provi- 
sion against the day when they could no longer 
count upon even the Lake Superior deposits, and 
they went farther afield. Hence the appearance of 
shipments from Michipicoton, which is in Canada, 
in a geological horizon much like that of the Ver- 
million range in Minnesota. Mr. John Fritz, who is 
a veteran of the iron and steel industry of the 
United States, and is described as the ‘‘ creator of 
the Bethlehem Works,” is quoted in the Baltimore 
Manufacturers’ Record as saying that the ‘‘ great 
problem with the iron and steel makers will be to 
find the ore and build the works to produce sufli- 
cient for the world’s needs.” He is ‘‘inclined to think 
that the iron and steel people can scarcely build 
ahead of the consumption requirements which will 
be developed by the world’s needs.” But it seems 
to us that America will have all its work cut out to 
supply its own needs, unless it comes eventually 
to Europe for its raw material. The following 
little table shows what has been the American 
production and consumption in recent years :— 


Tron Production and Consumption of the United States. 


1904. 1903. 1902. 1901. 1900. 


tons tons 
United States) 


| 
| tons 
production | 16,497,033 18,009,252 17,821,307 Menor 37> 


tons tons 


Excess of im-| 

ports (+) or| 

exports ( —)| — 901,276 + 852,207, + 834,412 - 479,565 
Home con-| | 
sumption .. | 15,595,757 18,861,459 18,655,719 15,398,789 


— 944,329 


12,844,913 


} 


The New York Iron Age published recently a 
statement showing the production of pig iron in 
the world during the calender year 1904, based 
upon authentic returns from the countries which in 
1903 furnished 95 per cent. of the total make. The 
results may therefore be accepted as affording a 
pretty close approximation to the actual output. 
Uf course, it was a foregone conclusion, in view of 
the falling off in the make of iron in the United 
States in that year, that the 1904 total for the world 
would be smaller than that for 1903. The output 
aggregated 44,804,150 tons, against 45,894,713 
tons in 1903-—-a decrease of 1,090,563 tons. 
Germany, which in recent years has made strides 
in iron-making only less noteworthy than the 
progress achieved in the United States, added a 
trifle to its total of the previous year, bringing its 
output up to 9,944,261 tons of 2240lb. Great 
Britain suffered in common with the United States 
from the depression which prevailed in the iron 
and steel industry during the greater part of 1904, 
and hence shows a reduction in output of 248,546 
tons. As a consequence, Germany has further 
increased its lead. Fifteen years before, in 
1889, this country still held rank as the largest 
iron-making country in the world; but the very 
next year yielded first place to the United States, 
and in 1903 Germany also us. In 1889 the 
production of Great Britain was 8,322,824 tons ; 
of the United States, 7,603,642 tons ; and of Ger- 
many, 4,524,558 tons, the latter in metric tons. 
We reproduce below the table of the Iron Age; 
showing the world’s production last year. 


The World’s Production of Pig Iron. 


Increase or 
1903. | Decrease. 





tons tons 
18,009,252 | Dec. 1,512,219 


9,926,251 


| tons 

United States ..| 16 497,033 
Germany and Luxem-| 

“Teas TT 
United Kingdom 
France... és ol @ 
Russia os 
Belgium .. ‘ 3 
Canada... es ie 
Austria-Hungary | 
Sweden .. a 
Spain 


Italy aa i J 
Other Countries .. 


Inc. 18,010 
Dec. 248,546 
Inc. 156,750 
Inc. 424,627 
Inc. 65,291 
Inc. 5,524 


\ 
74,090 J 


2,474,513" | 
225,000 








Total 44,804,150 45,894,713 | Dec. 1,090,563 , 


ee! 
} 


* Returns for 1904 not yet available. i 


It will be seen from the first table, above, that 
the home consumption of iron in the United States 
in 1904 was only 15,595,757 tons, against 18,861,459 
tons in 1903, and 18,655,719 tons in 1902. This 
is a shrinkage in consumption, as compared with 
either 1903 or 1902, of over 3,000,000 tons, and in- 
dicates how severe the depression was in the United 
States during 1904. This year the production is at 
the rate of 22,000,000 tons per annum, and the 
country has need for practically the entire quan- 
tity. Activity in the iron and steel trade, after 
a lull of two or three months, has been rising and 
is still on the increase. In some branches orders 
have outstripped the capacity to fill them within 
the time urgently demanded, and some orders 
have been placed abroad. Many plants are run- 
ning to their full capacity, and cannot keep up 
with the demand for their particular products. 
As a result, prices have risen and are likely 
to advance further, though already at a very 
profitable level. The railroads have been placing 
heavy orders for steel rails, and the United States 
Steel Trust, which makes about two-thirds of the 
output of the country, is turning out some 6000 
tons per day at its works at Bessemer, Pa., 
Youngstown, Ohio, and Chicago. The pool price 
of 28 dols. a ton still holds, and it is reported from 
Pittsburg that if there is to be any change, it will 
be an advance and not a reduction. This is the 
effect of domestic demand and of protection against 
foreign competition. The general level of iron 
and steel prices, and the inability to keep up with 
the present demand in several lines, are due to 
the same cause. The result, while this state of 
things lasts, will be enormous profits for the pro- 
ducing concerns, and heavy cost to consumers for 
all grades of iron and steel products. In this con- 
nection the New York Journal of Commerce asks 
pertinently what would be the effect if the 
duties were entirely removed ; and it supplies this 
answer :—‘‘Our producers would lose nothing 
in capacity or volume of production. They 
would lose something in profit, but that would 
still be large, and the consumers would gain 
substantially in such lowering of prices as took 
place, while the effect would be diffused through 
all the industries and employments that use iron 
and steel. Prices would be more steady and 
staple, and the industry would be in a sounder 
and safer condition, less subject to ups and downs, 
not a prince at one time and a pauper at another, 
but a prosperous gentleman all the time. The 
duties are responsible for much over-capitalisation 
of great corporations and for high prices, which 
alternately stimulate productive activity and check 
consumption, thereby making the condition of the 
industry a succession of fevers and lethargies, to 
the great disturbance of other industries and 
general business. There can no longer be a serious 
pretence that the iron and steel duties are neces- 
sary for protection, and that they have come 
to do positive harm is palpable to all except 
those who profit by them at the expense of the 
others.” 

Sooner or later, of course, there will need to 
be a revision. The infant industry treatment for 
such a giant, the coddling and shielding from 
foreign competition of such a ‘‘struggling” Colossus, 
is allowed by some of the best Americans to be 
becoming too absurd for toleration. Its one effect 
is to fatten more rapidly a few combinations of 
corporate capital, with riches drawn from the earn- 
ings of a hundred other industries upon which the 
mass of the people depend. 








COVENANTS IN MINING LEASES. 

In the case of Morgan v. the Great Western Coal 
Company, which was recently decided by Mr. 
Justice Farwell, a somewhat unusual covenant in a 
mining lease formed the subject of discussion. The 


—| material facts of the case may be very briefly 


stated. The plaintiffs were the reversioners of 
certain leases of mining property, all of which are 
to expire in 1907. The property referred to in 
the leases included two farms, known as the Hafod 
and Llan Farms, under which the defendant com- 
pany had certain mining rights. In 1885 the 
plaintiff commenced an action against the defen- 
dants to restrain them from working any of the 
seams under Hafod and Lian so as to let down 
the surface. This action was compromised by a deed 
dated January 5, 1889, at which date the defendants 


| had an under-lease of the upper seams under the 


whule of Hafod and part of Llan, expiring op 
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March 5, 1907, an under-lease of the lower seams 
under 35 acres of Llan, expiring in 1907, and an 
under-lease of the lower seams under all Hafod and 
57 acres of Llan, also expiring in 1907. In October, 
1893, the company took an assignment from the 
Rhondda Company of the seam under 122 acres of 
Llan, and it was with reference to the removal of 
coal from this seam that the plaintiff brought the 
present action under a clause in the agreement of 
1889. 

That covenant was as follows :—‘* The company 
hereby covenant with (the plaintiffs), and with each 
of them, that the quantity of coal to be worked by 
the company or their assigns from or out of the 
said Hafod and Llan farms, or either of them, during 
the last ten years of the said term of 99 years, shall 
not exceed the quantity of coal to be so worked 
during the ten years commencing from January 1, 
1887.” Mr. Justice Farwell said that if the covenant 
stood by itself, he would have no difficulty in ex- 
panding the words ‘‘to be so worked” to mean 
‘*worked by the company or their assigns out of the 
former premises,” and that, prima facie, the mean- 
ing of the clause was that a given area was to be 
worked out to no greater extent in the last ten 
years than it had been during the preceding ten 
years. The landlords contended, however, that, in 
all the circumstances of the case, the true view was 
that the amount of coal to be worked during the 
last ten years in any part of the Hafod and Llan 
farms, both that belonging to the company at the 
date of the deed, and any part subsequently acquired 
by them, was to be limited by the amount of coal 
worked in those parts which belonged to and were 
worked by the company in the ten years from 1887 
to 1897. Had this contention been upheld, the 
right of the defendants to carry out the Rhondda 
workings would have been seriously affected. His 
Lordship said that the plaintiff’s contention was, in 
effect, that the words ‘‘ Hafod and Llan farms” 
were used without any limitation, not only in the 
covenant that he had to construe, but throughout 
the deed, and that they meant the entirety of the 
two farms demised (originally) by a lease made in 
1808. He declined to accept the plaintiff's construc- 
tion of the covenant, and refused to grant an in- 
junction. 

A perusal of the case will serve to show that the 
real point at issue was somewhat narrow, as it 
turned upon the construction of a particular docu- 
ment ; the fact that the reversioners found it neces- 
sary to limit the output during the last ten years 
draws attention to the question whether, when 
the lease of a coal-mine is silent upon the sub- 
ject, the tenant is under liability to restrict 
his workings in any way. whatever. It may be of 
interest to refer to some of the cases which deal 
with the liabilities of lessees. 

As ageneral rule, covenants of this class impose 
a liability upon a lessee to get coal or minerals to 
a particular amount; they do not restrict that 
amount except in so far as they may impose a 
liability upon the lessee to leave sufficient pillars 
for the support of the roof. If a lessee enters into 
a covenant to produce a specified quantity of 
minerals, whether they exist in the mine or not, 
or to pay the stipulated royalty as if they had 
existed, he will not be allowed to escape per- 
formance on the ground that the minerals are diffi- 
cult to get (Jervis v. Tomkinson, 1 H. and N., 
195); nor will he be, although there never was 
that quantity in the mine, allowed to allege im- 
possibility of performance at the time of enter- 
ing into the covenant, whether occasioned by the 
act of a third party or by the act of God or other- 
wise. If, however, he covenants only to raise 
such minerals as it is possible to find under the 
land in question, at the specified rate of payment, 
he will not be bound by the covenant, unless the 
specified quantity existed in the mine at the time 
of the demise ; and where a lessee covenants to 
produce a specified quantity of minerals in a 
specified time, and to pay royalties thereon, or, in 
the alternative, to pay a specified sum by way of 
rent, and he pays the rent, he is not liable under 
the covenant to actually work the mine (Foley v. 
Addenbrooke, 13 M. and W., 174). 

A covenant by a lessee that he will, at the 
determination of the lease, “leave” sufficient 
pillars for the support of the roof and for 
preventing of thrusts and creeps, precludes him 
from removing them in the meantime (Mostyn 
v. Lancaster, 23 Ch. D., 583). Independently 

f his liability (if any) under his covenants, a 
‘essee who removes a barrier between the de- 


‘Niévre department, in the centre of France. 





mised mine and an adjoining mine is prima facie 
guilty of waste; and where a lessee covenants to 
leave proper and sufficient barriers in the demised 
mine against all adjoining mines, and to prevent 
the draining or laying dry any such adjoining 
mines, he will, if necessary, be compelled, by man- 
datory injunction, to perform his covenant. 








THE NEW ARMOUR-PLATE WORKS 
OF THE FRENCH ADMIRALTY. 

THe French Admiralty have now in an advanced 
state the armour- plate shops which they com- 
menced putting down about six years ago at the 
Forges de la Chaussade, at Guérigny, in -_ 

e 
installation so far made comprises two Siemens- 
Martin furnaces for the manufacture of steel by 
the acid process on a basic hearth. The capacity 
of these furnaces is 18 and 12 tons respectively, 
and they are supplied by six gas-producers. The 
system followed is that of Messrs. Poetter and 
Co., of Dortmund, a German firm, who have made 
a speciality of the design of blast-furnaces, coke- 
ovens, steel works, rolling-mills, and power-gas 
plants. The building which covers the steel fur- 
naces contains also the ingot-reheating furnaces 
and the rolling-mill. The latter and its engine 
were built by the Société Nouvelle des Etab- 
lissements de l’Horme et de la Buire, of Lyons, 
on plans supplied by the German firm. The rolls 
are of chilled cast iron 1.1 metre (3 ft. 755 in.) 
in diameter and 3.7 metres (12 ft. 13 in.) long. As 
is usually the case, the top roll is balanced hy- 
draulically, and its position is governed by me- 
chanically-driven setting-screws. The rolls, we 
understand, are fitted with a system of special 
bearings, the object of which is to enable the 
manufacture of taper-plates direct in the mill ; 
devices to obtain this have been tried repeatedly, 
and, so far as we know, they have never given 
any very great satisfaction. The rolls can take 
rectangular ingots the maximum thickness of which 
is 0.850 metre (33.46 in.), the maximum weight 
being 30 tons, equal to the capacity of the two 
steel furnaces. Cast-steel live rollers driven by a 
small reversing steam-engine and toothed wheel- 
gearing are placed over a length of 9 metres 
(29 ft. 6 in.) on both sides of the mill. The classic 
devices for turning an ingot round in a horizontal 
plane in course of rolling are also provided within 
the sets of feed-rollers. 

The rolling-mill is driven by a reversing engine, 
said to develop 6000 horse-power at 120 revolu- 
tions. The engine has twin cylinders; the dia- 
meter of these being 1.2 metre (47.24 in.), and the 
stroke being 1.3 metre (51.18 in.). Reversing is 
obtained by the action of an hydraulic relay. The 
engine drives the rolls by straight-toothed gearing. 
It is supplied with steam by five Babcock and 
Wilcox boilers, built by the Fonderies et Ateliers 
de la Courneuve, near Paris, the French Babcock 
boiler works. These boilers have each a heating sur- 
face of 330 square metres (3550 square feet). The 
shops are served by overhead travellers of ample 
=. A powerful hydraulic shaping-press has 

en made by the Lyons works above men- 
tioned. 

In conjunction with this very brief description 
of the French Government plant, it will be found 
interesting to reproduce here a few data on the 
corresponding portions of leading British, French, 
and “German private installations for modern 
armour-plate manufacture :— 


Messrs. Armstrong, Whitworth, and Co., Limited, 
Openshaw. 
4 ft. 2 in. 
14 ft. 


Diameter of rolls ... ” 
Length of rolls... oot “a 
(Of nickel steel.) 
Engine stated to be 10,000 horse-power. 


Messrs. Vickers Sons and Maxim, Limited, 
River Don Works, Sheffield.* 


Diameter of rolls ... A 3 ft. 
Length of rolls... a 


(Of special nickel-steel forgings. ) 
Diameter of engine cylinders ... 48 in. 
Stroke an i rot ae 54 ,, 

Krupp Works, Essen. 
Diameter of rolls ... ... L.2 m. (3 ft. 11} in.) 
Length of rolls ... 4m, (13 ft. 1y, in.) 
(Of forged steel.) 
Engine stated to be 3700 horse-power. 


* See ENGINEERING, vol. lxiv., page 583. 
+ See ENGINEERING, vol. lxxiii., page 605. 








Schneider and Co., Creusot Works.* 
Diameter of rolls ... ... 1.2 m, (3 ft. 11} in.) 
Length of rolls ... 4.25m, (13 ft. 11;;in.) 
(Two sets : a roughing set for armour-plates and for rough 
rolling ship and boiler-plates ; oat a finishing set for 


the latter.) 
Diameter of engine cylinders ...__ 1.7 m. (67 in.) 
Stroke ‘ : ie Le ., Wnt 


These comparisons are, however, of very little 
value, unless we also take note of the necessary 
machinery and plant for dealing with the ingots 
before rolling, and for performing on the rolled 
plates the operations necessary to transform them 
into completed armour-plates. 

The French Admiralty have always acted upon 
the only true principle permissible in warship 
construction—that of invariably selecting the very 
best of several similar articles, irrespective of 
first cost. In applying this to the manufacture 
of armour, they must evidently acquire licences 
for the best processes, and must complete their 
new shops with the required installations to car- 
burise, machine, and harden the plates cast, 
rolled, and bent, in addition to the preliminary 
installation we have briefly described above. When 
this is accomplished, and their plant is complete, 
they will not have solved all the difficulties in- 
herent to modern nickel-chrome steel armour-plate 
making. 

They will, no doubt, obtain the services of an 
experienced manager, and will recruit the nucleus 
of their staff from other, private, works. But after 
that has been satisfactorily accomplished, there 
will remain the training of subordinates, and the 
disciplining of a large number of workmen. The 
carburising of plates is a most delicate operation, as 
they are fully aware, and it is no unreasonable stretch 
of fancy to picture the floor of their cementing- 
shop littered for a more or less lengthy period with 
carburised plates the front surface of which has 
been carbonised too deep down, and has to be 
cleaned. Such accidents will happen ; they can be 
made good to a certain extent, but this means extra 
expenditure. The engineers in charge of the har- 
dening will also role vs stand greatly in need of 
patience when they witness the persistent tendency 
the carburised plates have to buckle in the har- 
dening process. Engineers entrusted with the 
hardening of modern armour-plates have often 
expressed the wish that the inventor of the whole 
process had charge of the hardening operation, 
especially that of comparatively thin plates. Much 
ready resource and extended experience are needed 
in all the phases of armour-plate making. 








THE INFERIORITY OF CANALS AS A 
MEANS OF GOODS TRANSPORT. 
By Danret Beer. 


Mucs to the surprise of the writer, a movement 
in favour of the development of traffic by inland 
waterways has of late been manifest in Great 
Britain. Many complaints have been made that 
the railway rates are not subject to effective com- 
petition by a good canal service, and that nothing is 
done to extend and complete the existing system 
of waterways ; and regret is expressed that in the 
earlier days of railway enterprise the rails were in 
some cases laid along the ‘‘ right of way” of then 
existing canals. It is contended that it is a matter 
of first importance that not only should the water- 
ways still in use be enlarged and improved, but also 
that steps should be taken to wrest from the rail- 
way companies the control they now have over 
many. Moreover, certain controversialists claim 
that new systems should be made, thus giving the 
manufacturer the advantages of very low freights, 
to the assumed general benefit of the community 
at large. 

The writer will not raise the question as to 
whether it- would not be really advantageous 
to Ma yates a number of the existing canals, the 
capital embarked in which has been lost ; but he 
is certain that, at the present time, inland water 
transport is out of date, as can be shown by the 
example of France. All the evidence in this case 
establishes the inferiority of canal to rail traction. 
The service rendered is, indeed, far more costly than 
it appears at first sight ; and if it is not unreason- 
able to preserve and improve the navigability of the 
existing waterways, recovering the expenditure 
involved from the users, it is altogether inoppor- 
tune to establish new ones, which would cost at 


* See ENGINEERING, vol. lxxv., page 583, 
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least as much as railways, whilst being incapable of 
rendering the same services. 

The network of French waterways was described 
at length in Traction AND TRANSMISSION, of May, 
1902. The creation of the first meshes was a very 
reasonable procedure, since at the time they were 
undertaken such canals could render the greatest 
services. Railways did not exist, and canal trans- 
port was very much cheaper than transport by 
road. It was in the sixteenth century that the idea 
first arose of coupling together the great rivers of 
France by artificial waterways, and of uniting in 
this way the two great seas washing the coasts of 
France. With this object the canal now known as 
the Central Canal, uniting the Loire and the Rhone, 
was made, and the same idea was the basis of the 
edict for the Canal du Languedoc, which ‘‘ was to 
enable ships of all nations to make in a few days, 
by the interior of France, a trip which would other- 
wise involve a passage through the Straits of 
Gibraltar, at a loss of much time and money, and 
involving also the risk of piracy and shipwreck.” 

Whilst at the outset the establishment of canals 
in France, as stated, arose from a desire to avoid 
the risks of the open sea, military considerations 
were also developed by the Continental Blockade. 
The result was the construction of a network of 
canals in Brittany, intended to serve Brest, St. 
Malo, and Lorient. These had never much econo- 
mical value, and have now less than ever, when the 
whole of Brittany is well provided with railways. 
Speaking generally, up to the time when the tolls for 
internal navigation were suppressed, the canals 
never responded to the hopes entertained by their 
promoters. From the commencement of the nine- 
teenth century, transport between the Atlantic and 
the Mediterranean by means of the internal water- 
ways was commercially impossible, the freight 
charges being much in excess of the ocean rate. It 
is scarcely necessary to add that matters have 
not improved in this respect in later years, so 
that at present the wines of Cette are taken to 
Bordeaux by sea, in spite of the fact that the 
transport by river and canal is possible and toll- 
free. 

At the commencement of the nineteenth century 
it was, of course, quite — to rank canal 
transport as superior to land transport. At that 
time transport rates were high, though it was fully 
realised how important it was to facilitate the inter- 
change of goods between the different regions of 
France. An inquiry made about 1828 showed with 
great clearness that in the improvement of the 
means of communication was to be found the solu- 
tion of all the great industrial problems. Wheeled 
transport on roads could not cope with the heavy 
and bulky goods which were precisely the articles 
which it was most desirable to interchange. The 
cost was fully 25 centimes per ton-kilometre—a 
figure which is still about the present-day cost of 
transport in the same way. On the waterways then 
existing it was 9 centimes, but these were only im- 
perfectly developed. Experience in Great Britain 
was very similar. Here also the canals had incon- 
testably proved their superiority to the roads, and 
yielded excellent dividends to their proprietors. 
At the Restoration of the Bourbons, therefore, 
a scheme was prepared for the establishment of a 
vast system of canals, at a cost which was at first 
estimated at 1300 million francs, though this figure 
was subsequently reduced to 573 millions. This 
system included — waterways, secondary 
waterways of smaller cross-section, and finally a 
number of narrow local canals. This division into 
classes somewhat detracted from the utility of 
the scheme, as the existence of these narrow canals 
constituted a limit to the size of barge which it was 
commercially possible to build. In 1879 this policy 
was reversed ; and it was decided, in principle at 
least, that all the canals, lovks, and other struc- 
tures should have uniform dimensions large enough 
to admit barges of relatively large size. As a con- 
sequence, the craft using the canals have gradually 
undergone modification, but there still exist small, 
narrow barges, which are a survival of the older 
conditions, which for the rest have not yet entirely 
disappeared. 

The great programme drawn up under the 
Restoration was far from being executed in its 
entirety ; and even now some of the schemes then 
projected are still unfinished, whilst others have 
not yet been begun. Indeed, some of the locations 
suggested are now occupied by railway tracks. 
The scheme, moreover, met a number of checks 
in its execution. Owing to the nature of the 





country, the cost of establishment proved extremely 
high—a fact which is often forgotten by French 
advocates of the advantages of the canals. As 
matters stand, the bad pecuniary position of the 
French canals is not immediately in evidence, 
since they are now almost entirely in the hands of 
the State ; and therefore, not having to pay a divi- 
dend, the absence of returns is not noticed by the 
public. In 1845, however, when a large propor- 
tion of the canals were still in the hands of private 
shareholders, it was not possible to ignore in this 
way matters of finance. The State, of which the 
budget was then but very modest, was only able to 
insure the construction of the canals by guarantee- 
ing the interest and the sinking fund for the capital 
necessary. At that time tolls were demanded from 
boats of all kinds; but the freighters soon pro- 
claimed these to be excessive, and demanded the 
gratuitous use of the waterways, which had been 
constructed at an enormous expense for their 
advantage. The State—or at least the ‘‘ Admini- 
stration des Ponts et Chaussées ”—was at this time 
desirous of an almost complete suppression of 
these tolls, because, being proud of their work, 
they were anxious to prove its advantages to the 
nation by the density of the traffic accommodated. 
Obviously, the gratutious use of the canals would 
tend to this; but the companies which had advanced 
the money for their construction had natural ob- 
jections, as they desired to realise a profit from their 
investments. At that time, indeed, the tolls barely 
covered the cost of maintenance. 

It was at this period when it was realised that 
the hopes of working the canals at a profit were 
illusory, that the railways made their appearance in 
France; and it was accordingly proposed in Parlia- 
ment to suspend the construction of the canals 
then in process of execution, and to fill in the 
Ounal latéral a la Garonne in order to lay in its 
bed, later on, the line from Bordeaux to Toulouse. 
This, in the writer’s opinion, was a mistake, in 
spite of the lack of utility of the canal, since the 
location was not well suited toa railway. At the 
same time, had the policy suggested been adopted 
in its entirety, and the construction of new canals 
abandoned, France would have been the gainer 
by em | millions of francs. As a matter of fact, 
a special circumstance caused a renewal of the en- 
thusiasm for canals—viz., the invention of the moy- 
able barrage, by which it was possible to render 
navigable at a cheap rate many natural water- 
ways. 

The regulation of rivers in this way is a much 
less costly matter than the excavation of artificial 
canals ; and this method of improving and extend- 
ing the systems of navigable waterways has been 
developed with very great success in Germany, 
where theconditions have been unusually favourable. 
This was not the case in France ; yet, nevertheless, 
it has even there been possible, at no excessive cost, 
to improve in the most effective fashion the navig- 
ability of the Sadne, the Seine, and the Oise. it 
is only in rivers, it should be remembered, that 
it is practicable to permit of fair speeds on the 
waterway. Inthe case of canals the wash is too 
great; and this fact has also restricted there the 
adoption of steam tow-boats. The adoption of 
the system, therefore, greatly improved the pros- 
pects of navigation on natural waterways ; but with 
the assistance of the Administrations of Ponts and 
Chaussées the public were led to believe that the 
transport on the artificial waterways was equally 
favourably affected ; and a campaign in favour of the 
total abolition of tolls was accordingly commenced, 
in order that this should lead to a substantial in- 
crease in the density of the traffic. This agitation 
became effective in 1880, when the tolls were finally 
abolished. In the meantime the State had pur- 
chased all the private undertakings, and simply 
written off their capital. 

It is this fact which has made it possible to conceal 
from the public the superiority of the railways to 
the canals in the matter of goods transport. At 
the outset it was admitted that the railways would 
take the passenger traflic, and also ‘goods capable 
of bearing heavy a Many people still think 
that the progressive lowering of railway freights 
has been due to the competition of the waterways, 
whilst actually it is mainly due to improvements in 
the road-bed and rolling-stock. The real condition 
of affairs is shown by the fact that the State will 
not permit the railways to lower their rates belowa 
certain minimum, in order that they may not com- 

te too effectively with the waterways ; which, 
it will be remembered, have been constructed or 





improved at an immense capital expenditure, for 
which no return is sought. In order to increase the 
supposititious competition of the canals with the 
railways, the State determined in the Freycinet 
rogramme to widen and deepen all canals and 
ocks, bringing them all up to a single standard, 
which was to be uniform throughout France. The 
whole of this programme has not yet been executed, 
but very large sums have been expended on un- 
profitable enterprises. It is true that the weight of 
merchandise transmitted on the French waterways 
has largely increased, and amounted in 1903 to 
over 33 million tons. The average ‘‘haul” was 
considerable—viz., 93 miles. Of the total ton. 
mileage, fuel was responsible for 1409 million ton- 
miles, and building materials for 531 million. It is, 
however, necessary to insist on the artificiality of 
the conditions under which this traftic is conducted ; 
no tolls being exacted, whilst effective competition 
by the railway is excluded by the fixing of a mini- 
mum rate. 

Reference is constantly being made to the ex- 
treme cheapness of this mode of transport, owing to 
the smallness of the working expenses, and of the 
competition between the freighters, which reduces 
the rate to its minimum. As stated, however, the 
real cost is much more than the rate charged, but is 
paid by the country as a whole, and not by the 
freighters or their clients. The high cost of con- 
structing an artificial canal is far from being gener- 
ally known, as is also that of the cost of main- 
tenance. 

France has now 4700 kilometres of navigable 
waterways, satisfying the conditions considered as 
ideal in the programme of 1879. Of this total, 2600 
kilometres are artificial canals. Since 1879, when 
the tolls were suppressed, not less than 644 million 
francs have been spent in constructing new works, 
and 245 million in upkeep and repairs, the whole 
of which has been gratuitously presented to the 
freighters, together with the services of the staffs in 
charge of operation and maintenance. Under these 
conditions, the competition of the canals with the 
railways should certainly be effective, if possible. 
The cost of canal construction, as stated, has been 
very high. In the case of those made since 1879, 
which accommodate barges of a capacity of 300 
tons, it averages as much as 16,0001. per mile. A 
double-track railway of much greater capacity could 
probably be built for an equal sum, particularly if 
used for goods traffic only. It would also be 
shorter, as grades are permissible; whilst a canal 
must be built on the level. 

The railway, of course, gives much the more 
rapid service, and this is enhanced by its relative 
shortness. The distance between Paris and Calais 
is 50 per cent. more by canal than by rail, and 
between other important points the advantage of 
the latter is seldom less than 17 per cent. As a 
consequence of this and the slow speed of move- 
ment permitted, a barge working between Paris 
and the Department of the Nord can in practice 
only make five trips per year. In favourable 
conditions the trip can, it is true, be made in 
eighteen days, but in winter progress is liable to be 
blocked by ice, and at other times will be stopped 
by some part of the canal being under repair. 
The rate by boat is 5.80 francs, and by rail 
6.70 francs, this difference being necessary, or 
the extra length of time taken would bar traffic 
by the canal. It should, of course, be remem- 
bered that, owing to the absence of tolls, the 
rate by canal is less than the actual cost of the 
service, the difference being made good out of the 
national taxes. As already stated, the railway 
company, in addition, has not a free hand in 
making its rates, all of which, before being 
sanctioned, must be approved by the Comité Con- 
sultatif des Chemins y Fer ; and this committee 
will only authorise the tariff if it allows the canals 
a differential advantage of 20 per cent. This is done 
in order to leave some raison d’étre for the network 
of canals on which such heavy sums have been ex- 
pended, and to avoid an acknowledgment of the 
error of judgment committed by the advisers of the 
State 


As matters stand at present, the construction 
by the Government of another new canal has been 
decided on, but in this instance tolls are to be 
charged. How long it will be possible to maintain 
these after construction is, however, another 
matter ; but, certainly, the freighters who have so 
long been accustomed to an absence of navigation 
dues will feel it very hard to have to pay such dues 
on the new extension. 
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NOTES. 
A TounneL UNDER THE ELBE. 

Hamburg, like many other great cities, is divided 
into two parts by the river, on the border of which 
it was originally founded. The town proper is 
certainly on the north side, but the greater part of 
the harbour and a number of important industrial 
undertakings, including, for instance, the large 
shipbuilding establishment of Blohm and Voss, are 
on the south side, as are also the bulk of the big 
warehouses. The means of communication between 
the two parts of the city leave not a little to be de- 
sired, and at present principally consist of steamers, 
as far as the passenger, and lighters, as far as 
the goods traffic, is concerned. The bridge accom- 
modation is, on the whole, inconvenient. Fogs and 
ice place at times great obstacles in the way of the 
steamer traffic, so it will be understood that a new 
connection is much needed. To build an efficient 
bridge in a convenient locality is hardly considered 
practicable, and although the idea of a tunnel under 
the river does not appear to be very popular, 
the plan is at present under serious consideration, 
and will probably be resorted to. It is proposed to 
start the tunnel at the St. Paulli landing-stage, 
there being a sufficiency of space on both sides for 
the necessary works. The inlets to the tunnel will 
be about 70 ft. in diameter, and will contain stair- 
cases and six elevators, four of which are for 
ordinary vehicles and two for passengers. ~ If 
all the elevators should be used for passenger 
traffic, their capacity is put at 120, 80, and 20 
passengers respectively. It is proposed to divide 
the tunnel into two tubes, one for the traffic in 
each direction; the diameter of these tubes is 
16 ft. There will be a carriage road in the centre, 
and a causeway for foot passengers on each side. 
The tubes are to be of iron, covered with cement 
work, and lined inside with white glazed tiles. The 
lighting will, of course, be electric. The tunnel is 
to be placed so deep that its highest surface is 
about 47 ft. below river high water. Putting the 
draught of vessels at about 33 ft., there is a margin 
of close upon 14 ft. The one end of the tunnel 
will be in the free harbour, the other in the city, 
and it will consequently be necessary to have the 
requisite custom-house arrangements. The total 
expenditure is calculated at rather more than 
400,0001., of which about half belongs to the 
tunnel proper, and it can probably be completed in 
some two or three years. The tunnel is intended 
to pay its way, therefore fees will be charged for 
the use of it ; 3 pf. (about 4d.) for foot passengers, 
and for loaded and empty carriages and hand-carts 
respectively, 50 pf., 30 pf., and 10 pf. (or 6d., 
about 4d., and about 1d.), the calculated revenue 
amounting to some 168,000 marks, or about 84001. 


THe OPENING OF THE ZAMBESI BRIDGE. 


It was specially appropriate that the President of 
the British Association, the foremost representative 
of science of the year, should be associated with the 
inauguration of one of the most outstanding present- 
day triumphs of engineering, by opening the arch 
which spans the Zambesi river below the Victoria 
Falls, thus enabling the railway locomotive to con- 
tinue its way across equatorial Africa from the 
Cape to Cairo. The bridge, which was designed 
by Mr. G. A. Hobson, of Sir Douglas Fox’s firm, 
is as noticeable for the scientific accuracy of its 
details as for the ingenuity exercised in solving the 
many difficulties of erection. We have in recent 
Issues so fully described the structure, and the 
method of erection, that it is only necessary here 
to indicate some of the leading features. The 
height of the arch above the water-line—400 ft.— 
made it necessary to construct the north and south 
halves of the bridge from the banks of the chasm, 
und this was done cantileverwise ; the material for 
the northern half being first transmitted across the 
gorge by a wire-rope cableway, while the canti- 
lever was anchored back by a series of wire 
ropes, through an eye formed by shafts and 
‘tunnels through the solid rock. The prelimi 
details were so accurately arranged that the vek 
of erecting the bridge, which involved the use 
of 1500 tons of steel, was carried out for the 
full length of over 650 ft., including the side- 
Spans, in rather less than four months. Professor 
Darwin, with Sir Charles Metcalfe, Bart., joint 
engineer with Sir Douglas Fox and Partners to 
the Rhodesian Railways, and with the members of 
the British Association, who had completed a 
journey of 1700 miles along South African railways, 





travelled to the centre of the bridge on Tuesday ; 
and there alighting, the distinguished savant, by 
electrical means, fused a cord across the centre 
of the bridge, after which the train proceeded 
to the northern side. Perhaps the most impor- 
tant consequence of the inaugural work is that 
it will greatly facilitate the construction of the 
line northwards to Victoria Nyanza, through 
country rich in minerals and in timber, which 
already is being developed with that energy that 
has oll hae characterised the British South Africa 
Company. The cable-way across the chasm was 
utilised during construction of the bridge for the 

e of material for the permanent way beyond 
the River Zambesi, and at the present time the 
rail-head is 150 miles north of the bridge, and work 
is being pushed forward most vigorously. In.other 
words, the locomotives may now penetrate 1780 
miles north of Cape Town, or 1100 miles east of 
Beira. There therefore remain about 1000 miles 
to complete before the line is open to the shores 
of Victoria Nyanza. 


GERMANY AND THE SPEED OF TRANS-ATLANTIC 
STEAMERS. 


The decision of the North German Lloyd to con- 
struct another express steamer for the Atlantic 
service—-an exact duplicate of the Kaiser Wil- 
helm II.—is significant from every point of view. 
In the first place it indicates that this line, with its 
enormous experience of trans-Atlantic work, is not 
prepared to carry Atlantic speeds to the same 

oint as the Cunard Company, the new vessel, 
ike the Kaiser Wilhelm II., being designed for a 
speed of 234 knots ; and, in the second place, they 
have obviously, after considering the question, de- 
cided not to adopt turbines. The Vulcan Company 
of Stettin, who stand alone amongst the German con- 
cerns in their success with high-speed Atlantic ships, 
having built the four fastest vessels carrying the 
Kaiser’s flag, must have shared in the delibera- 
tions terminating with this decision. They have 
not been without experience whereon to base their 
decision, as for some time they have had in the 
Baltic two cruisers of 3000 tons displacement, one 
fitted with Parsons’ turbines and the other with 
ordinary reciprocating engines ; and although the 
turbine cruiser has not yet completed her official 
trials, the comparative data obtained from the 
preliminary tests must have influenced the Vulcan 
Company in giving~an opinion on the subject. 
Nor can it be said that the company are lacking 
in courage in reference to departures in marine con- 
struction. The new ship, as a consequence, will 
be very much smaller than the new Cunard liners, 
having a length of 706 ft. 6 in., a displacement of 
26,000 tons when drawing 29 ft. of water, and 
four sets of four-cylinder quadruple expansion 
engines, working on six cranks, and developing 
over 40,000 indicated horse-power ; this compares 
with about 65,000 indicated horse-power in the case 
of the new Cunarders. Some explanation for the 
decision to limit the speed to 235 to 24 knots may 
be found in the fact that the Kaiser Wilhelm II. 
has proved such a popular ship, and her speed has 
greatly simplified the time-table arrangements. 
At this speed the passage from the North German 
port to Southampton occupies just the correct time 
to enable the ship to leave Bremerhaven at a 
convenient hour in the forenoon, to arrive at 
Southampton to take the London passengers 
who leave after breakfast, and to reach Cher- 
bourg also in time to take the ngers 
who leave Paris in the forenoon. The depar- 
ture from Cherbourg in the early evening enables 
the ship to get to New York before sunset on the 
sixth day. So that, apart altogether from a slightly 
higher speed incommoding the arrangements on 
this side, it is doubtful if it would materially 
advance matters on the other side. A similar con- 
venience is attained on the return voyage to Ply- 
mouth, passengers landing in London within the 
six days. This arrangement of time-table is an 
important consideration in determining the speed 
of Atlantic ships, and the peculiar conditions to be 
met by the German liners is no doubt in part re- 
sponsible for the determination not to attempt 
conclusions with the immense Cunard liners. In 
their case, on the other hand, 24} knots sea speed 
will, in a similar way, facilitate matters. 


Tue Use or ‘‘ Masur” iw Iron anp Sreer 
Works. 


The heavy residue known as ‘‘astatki,” or 
‘** masut,” from the oil refineries of Baku, has of 





late years been largely used for steam-raising and 
for heating and none furnaces in the iron works 
of Russia. This may explain the continual rise in 
the price, for in the year 1900 nearly 4} million 
tons of it were produced, which was about twice 
that of 1893, yet the price had increased eightfold. 
Of the crude oil treated, 47 per cent. appears as 
‘*masut,” and always containsa notable proportion 
of water, which must be separated in storage-tanks 
having conical-bottomed outlets. The final separa- 
tion of this water is effected by steam coils in the 
reservoir, which raise the temperature of the masut 
to 60 deg. or 80 deg. Cent., and at the same time 
give it sufficient fluidity for the burners. The 
average composition is—carbon, 87.5 per cent.; 
hydrogen, 11 per cent.; oxygen, 1.5 per cent. Its 
specific gravity is about 0.91; temperature of 
ignition, about 110 deg. Cent. ; coefficient of ex- 

nsion, 0.00091 ; and calorific value, about 19,000 

-T.U. Mr. F. Hick, in Stahl und Eisen, 
describes the methods adopted for obtaining an 
intimate mixture of the liquid fuel and air as a 
preliminary to combustion, which may be classified 
as follows :—1. Gasification with subsequent mixing 
of the vapour with air either compressed or at the 
pressure of the atmosphere. 2. Atomisation of 
the masut by means of the so-called ‘‘ Forsunka” 
with (a) steam, (6) compressed air, (c) by fore- 
ing the masut through a jet under pressure. 
An example of the first kind is the furnace of C. 
Spiegel, of St. Petersburg. Details of the construc- 
tion and method of —— in an implement 
works making steel forks and shovels are given, 
showing that, according to size of the work done, 
there may be 1 ton to 34 tons of materiai heated in 
a nine-hours shift, with a consumption of fuel 
varying from 10 to 33 per cent. by weight of the 
steel heated, and a waste of 1 to 2 per cent. of the 
steel thus treated. The temperature is about 635 
deg. Cent. in hardening furnaces, and 1200 deg. 
Cent. in heating blooms for rolling, and the work- 
ing heat may be obtained in 20 to 30 minutes 
from starting cold. A second modification of the 
same principle is shown as applied to a slab re- 
heating furnace for a plate-mill. As in the pre- 
ceding example, there is a primary and a secondary 
air-supply. This furnace has a capacity of 30 tons 
of blooms, which are raised to a welding heat in 
three hours with a consumption of 15 per cent. of 
their weight in fuel, the waste heat being utilised 
to heat a steam boiler with 800 square feet of heat- 
ing surface. In the second or atomising jet burner 
class the Nobel burner is the best example of the 
use of steam. When compressed air is used the 
burner is formed of two concentric tubes, the 
central smaller one bringing the oil in from a 
high-level cistern, while the air at 45 lb. per 
square inch fills the outer annular space. A 
fairly large combustion-chamber is necessary, and 
numerous secondary air-flues in the side-walls. 
For Section c of Class 2—viz., when the fuel 
is injected into the furnace under pressure, an 
intermediate accumulator is necessary. This re- 
sembles a plain cylindrical boiler placed vertically, 
and divided by internal diaphragms into an upper 
and a lower reservoir, connected together by a 
series of small vertical tubes. The strained oil 
is pumped into the lower reservoir, and rises 
through the tubes (which are externally heated 
by high-pressure steam) into the upper, whence 
it issues to the burner under a pressure of 90 lb. 
per square inch. This burner is the Kérting 
atomiser or ‘‘ Simplex Forsunka,” a plain tube 
closed at the point by a cap with a single hole, 


which may be 0.5 to 2 millimetres in diameter, 
the orifice being controlled by a central pointed 
rod adjustable by a screw and hand-wheel behind, 


The jet of oil is dispersed by impinging on the point 
of a triangular spreader placed in front oft the 
orifice, and becomes mixed with the heated air in 
the combustion-chamber. When applied to Siemens 
regenerative furnaces the burners are provided 
with an additional movement, so that they may be 
drawn back at each reversal of the valves. Fur- 
naces with 15-ton to 25-ton charges have two jets 
at each end taking the place of the ordinary gas 
ports, and a fifth in the centre of the roof. Only 
two regenerators are used, as the air alone re- 
quires to be pre-heated. 





Coat Deposits IN TRANS-BaIkAL. — Huge coal deposits 
are reported to have been discovered in Trans-Baikal, 
close to the railway, of 21 ft. to 28 ft., in some places 
even 40 ft. thickness. It is understood that the working 
of them will be soon taken in hand, 
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BRITISH RAILWAY RETURNS. 


Tue following tables give the — figures from the 
Board of Trade Returns of British Railways, which is 
referred to in our leading article on page 352 :— 





























| 
| Increase in 1904 ft} 
| | Decrease in 1904 (-). 
— | 1904. 1008. | 
' 
| | 
| Amount. (PerCent 
| miles miles | miles 
Mileage .. | 22,634 22,435 | + 199 0.9 
Of which double} 
or more --| 12,500 12,500 + 90 0.7 
£ £ £ 
Capital .. _..|1,268 495,000! 1,245,020,000! +28,466,000} 1.9 
Amount included} 
in the forego- 
ing, which is 
nominal only ..| 193,494,000) 191,255,000 + 2,239,000 1.2 
Ordinary capita]) 480,290,000) 472,507,000|+ 7,783,000 1.6 
Amount included 
in the forego- 
ing, which is | | 
nominal only.. 88,225,000) 87,009,000)+ 1,216,00¢ 14 
Receipts :— } 
Passenger traffic! 48,388,000) 47,968,000|+ 420,000 0.9 
Goods traffic ..| 55,400,000) 55,111,000\+ 289,000, 0.5 
Miscellaneous ‘.| 8,045,000 7,810,000|+ 285,000 3.0 
ert 
Total  ..| 111,888,000} 110,889,000+ 944,000 0.9 
Working expen- | 
diture .. . 578,008 pogeinncns 611,000, 0.9 
la | oo aE | 
Net earnings ..| 42,660,000, 42,827,000/+ 333,000} 0.8 
Proportion of net) per cent. per cent. 
earnings to} 
capital .. eel, ne 3.40 — 0.04 1.2 
Dividend paid o 
3.25* 3.29° | —0.08 | 12 


ordinary capital) 


* These percentages are calculated on amounts a little in excess 
of the true totals. 











No. of ordinary No. No. 
passengers car- 
ried :— 
First-class 34,981,000} 35,069,000 — 138,000) - 0.4 
Second-class . 71,294,000; 73,991,000 ~— 2,697,000 3.6 
Third-class . 1,092,549,000)1,086,205,000 +6,344,000 + 0.6 
Total . 1,198,774,000!1,165,265,000 +38,509,000 | + 0.3 
Receipts from or- £ | £ } £ 


dinary and sea- | | 
son-ticket pas- | 
sengers :— 











First-class ee 4,866,000 4,946,000 | — 80,000 -— 1.6 
Second-class . 4,308,000 4,424,000 | - 121,000 2,7 
Third-class .. 80,895,000 30,615,000 + 280,000 + 0.9 
Total *40,066,000 | 39,985,000 | + 81,000 + 0.2 
* Including 20001. not classified. 
|million tons |million tons million tons 
Minerals con- | 
veyed... 349.6 343.7 5.9 1.7 
General merchan- 
dise conveyed 100.3 100.0 0.3 0.3 
Total 449.9 | 448.7 6.2 1.4 
Receipts from £ | £ £ 
Minerals ..  ..| 25,672,000 | 25,351,000 + 821,000 + 1.8 
General merchan- 
dise ..  .. 28,815,000 | 28,280,000 | + 35,000 ; + 0.1 
Live stock 1,413,000 1,479,000 — 66,000 — 45 
Total. . 55,400,000 | 45,110,000 + 290,000 | + 0.5 
Train-Mileage. 
Year | Passenger Goods Total (including 
Trains. Mixed Trains). 


Trains. 








mill. miles mill. miles million miles 
240.0 155.2 397.0 

















1904... ee ee 
1908 .. ae ag -+| 232.4 159.7 394.0 
Increase (+) orj mileage) +7.6 —4.5 + 3.0 
decrease (—) (per ent. | +3.8 -2.8 + 0.8 
Receipts per Train- Increase (+-) or 
Mile. 1904. 1008. Decrease ( —). 
d, d, d, 
Passengers .. 48.09 49.21 1.12 
Goods .. a 5 85.42 82.55 + 2.87 
Passengers and goods ‘ 62.74 62.79 - 0.05 
Expenses per train-mile .. 39.83 39.81 + 0.02 
Net receipts .. ee «-| 22.01 22.98 ~ 0.07 








Tue Surz Canat.—The transit revenue of the Suez 


Canal Com in August was 382,000/., as compared 
with 356.8002. in August 1904, and 335,200/. in August, 


te collection in the first eight months 
125, 255/., as compared with 2,988, 884/. 
period of 1904, and 2,710,0122. in the 


1903. The 
of this year was 
in the correspondi 


corresponding period of 1903. The directors have decided 
on ucing dues on tonnage passing through the canal 
from 6s. 10d. per ton to 6s. per ton. The uction is to 


take effect on January 1, 1906. 





6-FT. UNIVERSAL RADIAL DRILLING-MACHINE. 


CONSTRUCTED BY THE NILES-BEMENT-POND CO., AT THEIR HAMILTON WORKS, OHIO. 








Tuer 6-ft. ‘‘ Niles” universal radial drilling-machine, 
which we illustrate on this page, is the result of the 
oo of the maker’s five works in the design 
and manufacture of radial drills. It is built to 
use high-speed drills to their fullest capacity. The 
drill-head saddle fits between, as well as outside of, 
the arm-guides, which ensures great rigidity. The 
column saddle is strongly gibbed to flat- scraped 
bearings on the column, and the post about which 
the column revolves extends to the extreme top of the 
sleeve. The use of large shafts, steel gears, bronze 
bushings, and ring-oiling bronze bearings for all fast- 
running shafts makes a strong, durable machine, cap- 
able of standing the hardest service. The principal 
feature, however, of this machine is its convenience 
and ease of manipulation. All the feeds and speeds 
are changed by means of levers; and great care has 
been taken to arrange the levers and hand-wheels, so 
that they shall be within easy reach of the operator. 
The column rests on ball-bearings. An idea of -the 
simple compact design of the machine can be gained 
from the engraving. 

The machine is adapted for use with either carbon 
or high-speed drills, the ie of spindle speeds bein 
sufficient for this purpose. Friction clutches are u 
for starting and stopping the machine at high speeds, 
so as to prevent shock and consequent wear. The 
speed-box is planed on the top, in order that the drill 
may be easily changed from a belt-driven machine to 
a motor-driven machine, by the simple substitution 
of two gears for the pulley. Reversing gears for 


tapping are provided. All speeds and feeds may be 
changed while the machine is running, even at .its 
highest speeds. 


is radial drill is a full universal machine—that is, 
both the arm and the saddle swivel. The dimensions 
of the machine are as follow :— 

















Inches. 
Maximum distance from face of column to 
centre of drill ... ee is a ae 
Least distance from face of column to centre 
of drill ... ans t= ane us she 
Greatest distance from spindle to base-plate 


Traverse of spindle _... iw re 

The makers are the Niles-Bement-Pond Company, 

whose European offices are at’ 23 and 25, Victoria- 
street, Westminster, London, S.W. 


2 

cP} 
72 
20 


« 








Tne Water Suppty or Doveias (IsLE or Man).—On 
the 6th inst. the inauguration ceremony took place of the 
West Baldwin Reservoir, which has been built to increase 
the water supply of the town of Douglas. The Douglas 
Borough Council adopted the scheme in October, 1897 ; 
Messrs. G. H. Hill and Sons, of Manchester, and 3, Vic- 
toria-street, Westminster, S.W., were engaged to prepare 
the necessary plans and details, and a Bill was introduced 
into the islataxe. The Act was promulgated a | nd 
20, 1899, and she necessary plant was pure and the 
work 5 at the aa of October, 1900. The cost 
of the work is estimated to reach 90,000/.; the capacity ot 
the reservoir is 300,746,368 gallons. 





Lonpon Macuingery Leacue.—The Hon. Secretary, 
Mr. Arnold Goodwin, has written us stating that the 
league in question, whose offices are at.56, Sumner-street, 
Southwark Bridge-road, S.E., has been formed with a 
view to secure equality in rating conditions, in order 
that manufacturers and machine-users of one particula 
district be not penalised to the advantage of those of any 
other district, who would not bear, for example, the 
heavy tax which the London municipal authorities pro- 
pose to levy as regards the Metropolis. The league 
intends to resist the general policy which would appear 
to have for one of its aims to drive out of the Metropolis 
all factories and industrial enterprises which involve 4 


| considerable use of machinery. 
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1905—the highest since 1901. The ition seems to 
be favourable for the autumn of this year. There 
is a list of defaulting officers, which is rather alarming ; 
but they are all allowed to avert prosecution if they 

yup. In cases where the law courts were appealed 
to, the men were allowed to avoid imprisonment by 
paying up. It is distressing to see such a list of 
cases. The honesty of the officials has to be relied 
upon in all cases, and they have some latitude with 
the accounts; but when called upon, they have to 
settle up, as in all other concerns. 


The Iron-Founders’ monthly report shows an all- 
round increase of members on the funds of 198 ; but 
the increase on donation benefit was 203. There isa 
curious comment upon these figures. The report 
shows that the increase was solely due to the 
Stockton and Middlesbrough races. At the former 
place there were 122 members on the 93. per week 
scale of out-of-work pay, and at the latter 141; total 
263. In the previous month, when there were no 
races, there were 15 at Stockton and only three at 
Middlesbrough on the funds; therefore, the report 
says, 245 members came in for unemployed benefit due 
to the above-named races. Otherwise there would 
have been an aggregate decrease on donation benefit 
in the month. What an object-lesson on the unem- 
ployed question. In other branches, it is stated, a 
very large amount was paid out for the holidays. 
The total number on the funds was 3100 ; previous 
month, 2902. Of the total, 1408 were unemployed— 
increase, 204; on sick benefit, 439—decrease, 30; on 
euperannuation, 1251—increase, 26. Only two were on 
dispute benefit ; in the previous month there were four. 
The total membership was 18,361. The weekly expen- 
diture for benefits was 1014/. 17s. 6d., or at the rate 
of 1s. 24d. per member per week. The cash balance 
in hand was 85,279/. 2s. 1d.—an increase in the month 
of 360/. 17s. 4d.; but as compared with a year ago there 
was a decrease of 1008/. 17s. 9d. A vote of the members 
is being taken as toa levy of 2d. per member to aid the 
National Society of Operative Printers’ Assistants in 
support of their appeal case. The new offices of the 
society at Manchester are to be formally opened on 
November 11; after the ceremony the members and 
their friends will proceed to the Belle Vue Gardens, 
where speeches will be made. The special relief granted 
of 26 weeks, in consequence of depression in trade, has 
expired, and officers are cautioned against allowing any 
member to declare on this benefit ; but those on may 
continue until the 26 weeks have expired. 





The monthly report of the Associated Iron-Moulders 
of Scotland deals fully with the conferences and 
negotiations with the Employers’ Federation on the 
wages question, which has been before both bodies 
for some time past. The matters in dispute have 
been discussed at length at the conferences held, 
but no agreement has been come to. The next 
conference is to be held to-day, the 15th inst., 
and it is ho that a settlement will be effected. 
Judging by the amicable negotiations and the fre- 
quent consultations of the two parties as to points 
of detail, it seems probable that a mutual arrange- 
ment will be made, and that an open conflict will 
be averted. The total number on idle beuefit in 
the month was 426, but there were also 332 others out 
of work, but not on benefit. This shows a large per- 
centage at this season of the year, and will account 
for the readiness of the council to take part in the 
recent demonstration in Glasgow in support of 
the Unemployed Bill. A long and detailed report is 
given of the recent visit of the general secretary to 
Canada and the United States, the object of which 
was to promote a working agreement between the 
union here and those in Canada and the United 
States. The terms of the agreement are published 
for the information of all concerned, and if ap- 
roved of, will be ratified. The long strike in the 
Yominion and in the States has brought about this 
arrangement. But even before that the unions co- 
operated in the most friendly way, and exchanged 
reports regularly from month to month. Inthe report 
accompanying the proposed agreement, the secretary 
ives an account of his visit to the works and shops 
Sarieg his tour, and also as to the meetings and recep- 
tions. He was made an honorary member of the 
American Union, his card of membership being finely 
engrossed on vellum for framing, as a memento of his 
visit. These cordial relations will be of benefit to all 
the unions concerned. 





Every new number of the Jronworkers’ Journal em- 
phasises the value of conciliation and arbitration in 
the settlement of disputes and in preventing strikes 
and lock-outs. Occasionally the men at some works 
geta fit of strike fever; and notices are handed in 
to terminate agreements in spite of the authority of 
the union and of the influence of the leaders. One 
such instance is recorded in this month’s issue. The 
men at the Consett Iron Works, charging ingots in 


No. 2 cogging-mill, resolved to give in their notices, 
to enforce a c 


im for an advance in their rates of 





wages, which wasdone. The operatives’ representative 
of the firm at the Conciliation Board explained to 
‘them that they had no case, as there was no change in 
the conditions of work or employment. The men ad- 
mitted this, but persisted in giving in their notices. 
The matter was then referred to the Standing Commit- 
tee. But prior to the meeting Mr. Cox, the secretary 
of the association, and one of the secretaries of the 
Board, with his colieagues on the Board, had a meeting 
with the men. At that conference the men to 
withdraw the notices, and the matter was therefore not 
brought officially before the committee, except in the 
nature of a report of the result of the interview. Pru- 
dence prevailed, and there was peace. At the last meet- 
ing of the North of England Board it was agreed that the 
rates of wages should remain unaltered until October. 
There were three agreements made during the last two 
months as a result of reference to the Standing Com- 
mittee, all of which were signed by the employers’ and 
operatives’ representatives. At a presentation ceremony 
to Mr. W. Aucott, J.P.,on his 75th birthday, generous 
praise was awarded to him by all parties, employers 
and workpeople alike, for his services to the cause of 
labour. Mr, Aucott has been connected with the 
cause of conciliation and arbitration in the iron and 
steel trades from the first, and his high character has 
won for him the respect of all parties. The Council 
of the Ironworkers’ Association have to deplore one 
strike, or, as they call it, a lock-out, at Gateshead. The 
council endorses the action of the men, who are put on 
strike pay. 





The report of the National Union of Boot and Shoe 
Operatives again deplores that trade shows a down- 
ward tendency. Reports from branches state that 
there have been numerous discharges through slackness 
in several centres. As, however, there is more improve- 
ment in other industries, hopes are expressed that the 
boot and shoe trades will be favourably affected. As 
the central offices are in Leicester, it is not surprising 
that the cry of the unemployed is re-echoed in this 
report. The Hg Act is commended as a 
rightful step, but the cry is ‘‘ Back to the land!” 
as a real remedy. Disputes in the month were few 
and unimportant. One strike, at Worcester, is against 
a reduction alleged to amount to 50 per cent., the 
prices affected being on piecework. Most of the strikers 
are non-union men ; but the union men get strike pay. 
There is also a strike at Norwich, most of the men 
being non-unionists. Those in the union are not sup- 

rted, because they took action on their own responsi- 

ility. At Nottingham one firm gave notice to all 
workers to cease work ; this, therefore, is a lock-out. 
The union officials tried to effect a settlement, but 
could not. A high tribute is paid in the report to the 
late Sir Thomas Wright, who did so much to bring 
about conciliation in the boot and shoe trades a few 
ears ago. It speaks of his high character and un- 
ailing courtesy to all his colleagues on the board. 





The Durham Miners’ Monthly Circuiar devotes a 
good deal of space in this issue to the work of the 
compensation committee, there being 28 cases, eleven 
fatal, five non-fatal, and twelve medical referee cases. 
In all these cases the committee endeavour to settle 
the claims without legal costs, and in most instances 
they succeed. In this way the Act works smoothly 
and at little expense. At the Conciliation Board 
meeting, wages, it was decided, were to remain at the 
same level as during the last six months. There is a 
brief but careful — of the International Miners’ 
Congress at Liége last month, the fifteenth of the 
_ The several sections were not at all times in 
accord. 





The report of the Carpenters and Joiners is again 
depressing by reason of the large number of unem- 
ployed members. The total membership at date was 
70,378 ; of these, 3621 were on donation benefit, 1439 
on sick benefit, and 1782 on superannuation allowance. 
There were also many out of work who were not 
on the funds. It is pointed out that the number of 
unemployed in August is generally the lowest in any 
month of the year. In August, 1900, only 821, or 
about one member in each branch on the average, were 
on donation benefit. It is thought’ that it is too late 
in the year to expect any marked improvement ; but 
the council console themselves and the members by 
expressing their belief that the worst is passed, and 
that next year will be a flourishing one for the buildin 
trades. The Nottingham dispute, which threaten 
to become acute, has n amicably settled, the work- 
ing rules having been agreed to by employers and 
workmen after several conferences. The Glasgow dis- 
pute, after nineteen weeks’ duration, was settled, and 
the men resumed work last week. A concilation board 
is to be established, to meet in 1906, to consider and 
adjust bye-laws, so as to avert friction. There are 
disputes still at Norwich, Birmingham, Derby, Cardiff, 
Reading, and Caversham, mostly as to the manufacture 
of joinery work, except at Cardifl. Some anxiety and 
inconvenience has been caused by a statement by one 





of the London branches as to the inability of the 


union to meet its liabilities, especially as to super- 
annuation. This caused a bit of a panic, and some 
members hastened to claim superannuation lest the 
amounts might be reduced. The report states that 
all such fears are groundless. 

The Trades and Labour Gazette is always consistent 
in boldly supporting Socialism, even when outside and 
even inside influences in the Trades Council appear to 
be against it. In this month’s issue the apprenticeship 
system and education—elementary, technical, and 
secondary—are dealt with in the editorial notes. The 
old apprenticeship system cannot be revived—mecha- 
nical appliances and the division of labour are against 
it. But there are ways of helping to create and form 
capable craftsmen, one of the chief being a proper 
system of education of boys and youths up to 21 
years of age. So far our national system of educa- 
tion has not done very much to train future craftsmen, 
but it has done something. The technical institutes, 
polytechnics, and evening continuation schools are 
doing something towards that end. But out of the 
mass of scholars who have passed through the 
Board, National, sectarian, and other schools during 
the last thirty years, only a small proportion attend 
evening or other schools to prepare themselves for the 
craft or trade by which they hope to get a living. But 
something must be done to diminish the gigantic mass 
of unskilled, many of whom drift into loafers, to 
their own degradation and to the danger of the com- 
munity. There is a special article by the President of 
the London Trades Council on the need for concentra- 
tion. He would fuse or amalgamate the Trades Con- 

ress, the General Federation of Trades, and the 

bour Representation Committee in one powerful 
body, and he would amalgamate all sections of industry 
that are employed ina branch, such as the building, 
printing, and other trades, as are the engineers and 
some others. The provincial and foreign labour news 
in the Gazette are up to date, and generally of a useful 
character. Its readers are able to see the trend of 
labour movements, and whether they converge. If 
divergent, the divergence is often emphasised from 
the socialistic point of view. 


The labour world was very quiet last week, except at 
Hanley, where a large proportion of the leaders and 
trade union officials were making proposals for the 
reform of the industrial universe. In the iron and 
steel trades there is at last evidently a movement 
of advance, both in buying and in prices. In the 
Midlands sellers were well able to hold their own, and 
in some cases to stand out for an advance. Business 
in best and second bars is said to be good, and common 
bars have been in better inquiry. Makers of hoops 
are standing out for higher rates ; the gas-strip makers 
had a heavy week previously. Sheets, black and 
one eae were again dearer. In the Lancashire 

istricts finished iron has been in good demand, and 
prices have been in an upward direction. All this 
indicates that better times are in store for producers 
and for users. 





The efforts to effect a settlement of the dockers’ 
dispute at Cardiff, Barry, and Penarth have been 
successful, and the men have returned to their work. 





The Ebbw Vale Steel, Iron, and Coal Company have 
obtained 300/. damages against the union colliers who 
left their Work as a protest against the employment of 
non-union men. hen will men learn the folly of 
such conduct ? 





There seems to be every probability of a peaceful 
settlement of all points in Spake between the Master 
Builders’ Association of London and all sections of the 
building trades. The acceptance of the terms and 
conditions formulated by the masters, after some con- 
cessions in conference, by the operative masons indicate 
settlements by other branches, for the masons are the 
pioneers. 





Some disastrous riots have occurred in Switzerland 
in connection with the foundrymen’s strike. The 
strikers attacked and almost destroyed the foundry, 
and then the inn where the imported men from Alsace 
were lodged. The inn was sacked, but the men escaped. 
The riot had to be quelled by the military. 








Texas Mixerats.—The brown ores of Kastern Texas 
occur in at least twenty counties—viz., Camp, Cass, 
ion, Morris, ur, , Harrison, Gregg, 
Panola, Smith, Van Zandt, Rusk, Cherokee, Henderson, 
Anderson, Houston, Nacogdoches, Shelby, Sabine, and 
San Augustine. In the counties listed ore districts aggre- 
ating 1000 square miles were reported by the Texan 
Geolegical Survey. Most of the ores of this district occur 
in approximately horizontal beds, associated with clays 
and sands. To the miner the one question of practical 
import is the probability or otherwise of finding at ter 








depth richer deposits than are exposed at the surface or 
in shallow diggings. 
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THE RUSSIAN NAPHTHA INDUSTRY. 


Tue following extract of a recent official Russian 
report throws much light upon this important and 
interesting industry. The appended table shows the 
development of the industry during eight years, begin- 
ning with 1896 :— 





a Number of ; 
’ Number of : Yield 
Year. Productive 

Firms. Bore-Holes. of Naphtha. 

poods 
1896 93 734 386,300,000 
189/ 108 904 425,200,000 
1898 140 1107 486,000,000 
1899 160 1357 526,000,000 
1900 167 1760 602,000,000 
1901 171 1924 673,000,000 
1902 167 1840 638,000,000 
1903 170 1830 597,000,000 


It will appear from these figures (62 poods equal 
one ton) that the output had somewhat decreased dur- 
ing the last two years under notice, which is partly 
accounted for by the upper naphtha-carrying strata 
being exhausted in the older oil-fields, partly by the 
immense fountain fire at Bibi-Eibat, and the time lost 
in consequence. The total number of bore-holes at 
the end of the year 1903 amounted to 3417, against 3216 
a° ‘ae commencement. The largest number is in the 
Ssabuntschy district—viz., 1493; next comes Bala- 
chany, with 1142; then Romany, with 427; Bibi- 
Eibat, with 336 ; and Binagody, with 19. During the 
year the aggregate length of new bore-holes amounted 
to 330,000 ft. ; the maximum of aggregate boring was 
effected in the year 1899—viz., 575,000 ft. 

The output of naphtha for the year 1903 for the 
different districts is as follows :— 


Poods. 
Balachany ‘ 88,650,141 
Ssabuntschy ... 234, 454,593 
Romany 119,952,259 
Bibi-Eibat i sia et 157,289,515 
Binagady _.... e sis oe 258,297 
Sabsaty ne e on 316,617 


The above quantities comprise both pump and foun- 
tain naphtha, and the decrease for the year 1903 belongs 
exclusively to fountain naphtha, and is owing to the 
fire at Bibi-Eibat in September, 1903, by which 
30,000,000 poods (483,871 tons) of naphtha were de- 
stroyed, in addition to which serious stoppages were 
caused by the fire. The firm of Nobel Brothers heads 
the list with 66,900,000 poods (1,079,032 tons), next 
comes the Caspian Black Sea Company with 42,200,000 
poods (680,645 tons), the Mantaschew concern with 
40,800,000 poods (659,000 tons), and the Caspian Com- 
pany with 40,500,000 poods (658,064 tons). The foun- 
tains yielded, exclusive of the quantity destroyed by 
fire, 53,500,000 poods (862,903 tons)—the smallest 
quantity of the last twelve years; the largest, 
113,100,000 poods (1,824,193 tons), was in the year 1898. 
By far the largest portion of fountain naphtha is pro- 
duced at Bibi-EKibat. The following table gives some 
interesting particulars about the relations between 
depth of bore-hole and yield :-— 

Average Yield 


: Number of 
Depth in Feet. of Naphtha 
Bore-holes. per Bore-hole. 
Poods. 
Up to 337 ft. 8 38,000 
337 ft. to 675 ft. 207 117,000 
675 ,, ,, 1012 ,, 656 164,000 
1012 ,, ,, 1360 ,, 541 387,000 
1350 |’ ”” 1687 °° 337 478,000 
1687 |)” 2025 ”° 95 920,000 
Above 2025 ft. 6 289,000 


The above table shows that the yield of a bore-hole 
increases continuously with its depth up to 300 sashen 
(2025 ft.). 

At the end of the year 1903 there were 86 works 
for the handling of naphtha in the Baku district, 
of which 66 were in operation. Of the latter, 44 were 
kerosine factories, 14 made kerosine and lubricating 
oils, 14 only lubricating oils, &c. At the end of the 
year 1903 there were at the factories for distilling 
naphtha, naphtha residue, &c., 837 continuously work- 
ing, and 151 periodically working boilers in opera- 
tion. The works in question produced during 1903 
158,329,000 poods (2,553,700 tons) of light and heavy 
kerosine, and 292,339,000 poods (4,715,145 tons) of 
naphtha residues, &c. 








, COLLEGE CALENDARS.—From the new calendar just 
issued by the University College, Bristol, we learn that 
the ensuing session will commence on the 3rd proximo. 
Professor R. M. Ferrier, M. Inst. C.E., is chief of the 
faculty of engineering, whilst Professor A. P. Chattock, 
M. Inst. E.E., is head of the department of experimental 
physics and electro-technics. The college is wall canigned 
With laboratories and workshops. The courses in me- 
chanical engineering are so arranged that a student takes 
the College course during the winter six months, and 
Spends the summer six months in the workshops of an 
engineering firm as pupil or apprentice.—We have also 
received the calendar of the Merchant Venturers’ Tech- 
nical College, Bristol, for the fiftieth session, 1905-1906. 





LAUNCHES AND TRIAL TRIPS. 


Tue trial trip of the s.s. Normandie, built by the 
Elsinore Iron Shipbuilding and Engineering Company, 
Elsinore, Denmark, to the order of the Steam Navigation 
Company ‘‘Githa,” of Gothenburg, took place in the 
Sound on Tuesday, the 29th ult., and was considered very 
satisfactory. he vessel is built of steel, and measures 
233 ft. 84 in, by 35 ft. by 15 ft. 11Zin. depth of hold. 
The engine is of the triple-expansion type, with surface 
condenser, and indicates 700 horse-power. The coal con- 
sumption was | low, and an average speed of 10.64 
knots was attained. 


On Wednesday, the 30th ult., Messrs. Irvine’s Shipbuild- 
ing and Dry Docks Company, Limited, West Hartlepool, 
launched from their shipyard the Norfolk Range, a steel 
screw-steamer, built to the order of the Neptune Steam 
Navigation Company, Limited, Newcastle-on-Tyne. She 
is of the following dimensions :—Length, 336 ft.; breadth, 
47 ft.; depth, 24 ft. 10 in. Engines of the triple-expan- 
sion type, having cylinders 24 in., 38 in., and 64in. in 
diameter, with a 42-in. stroke, are being supplied and 
fitted by Messrs. Richardsons, Westgarth, and Co., 
Limited, Hartlepool. There will be two large single- 
ended boilers designed for 160 lb. working pressure. 

The s.s. Lake of Shadows, a paddle passenger and 
cargo boat, built to the order of Messrs. McCrea and 
McFarland, Belfast and Londonderry, for service on 
Lough Swilly, in connection with the North of Ireland 
Railways, was launched on Thursday, the 31st ult., from 
the yard of the Caledonian Engineering and Shipbuild- 
ing Company, of Preston. She measures 120 ft. by 20 ft. 
by 7 ft. 3in., and has compound diagonal surface-con- 
densing engines, having cylinders 17 in. and 30 in. in 
diameter, with a 36-in. stroke, designed for an initial 
pressure of 120 lb. per square inch. 





On Thursday, the 3ist ult., there was launched from 
the shipbuilding yard of Mr. William Walker, Maryport, 
the Africa, a steel screw coasting steamer, built for a 
London firm and destined for the Indian coasting trade. 
Her dimensions are:—Length between perpendiculars, 
159 ft.; breadth, moulded, 24 ft. 9in.; depth, moulded, 
11 ft. 9 in.; and she will take about 600 tons dead-weight. 
The engines are of the triple-expansion type, having 
cylinders 134 in., 214 in., and 344 1n. in diameter, and a 
27-in. stroke, with a boiler 12 ft. 6 in. in diameter by 10 ft. 
long, and designed for 1601lb. working pressure. The 
machinery has been built by Messrs Hutson and Sons, 
Kelvinhaugh Engine Works, Glasgow. The hull and 
machinery were both built under the supervision of Mr. 
William Sage, of Messrs. Williams and Sage, consulting 
engineers, London. 


On Thursday, the 3lst ult., Messrs. William Doxford 
and Sons, Limited, launched from their yard at Sunder- 
land the Grindon Hall, a turret vessel, built to the order 
of Mr. Edward Nicholl, of Cardiff. The length of the 
vessel is 342 ft.; breadth, 46} ft.; and depth, moulded, 
274 ft. The total weight of cargo and bunkers that can 
be. carried is 6200 tons. The engines and boilers will be 
supplied by Messrs. Doxford. 

On Friday, the 1st inst., the large steel screw-steamer 
Apollo proceeded on her official trial trip in Hartlepool 
Bay after adjusting compasses, and completed satisfac- 
tory runs over the measured mile, the mean speed being 
12? knots. The vessel has been built for Messrs. Harris 
and Dixon, Limited, London, - 4 Messrs. Furness, 
Withy, and Co., Limited, Hartlepool. She is over 350 ft. 
in length. The machinery, which has been supplied b 
Messrs. Richardsons, Westgarth, and Co., Limited, 
Hartlepool, ran smoothly throughout the trials. The 
cylinders measure 24 in., 39 in., and 66 in. in diameter, 
with a 45-in. stroke, and there are two boilers 16 ft. in 
diameter by 10 ft. 9 in. long, designed for 180 lb. working 
pressure. 





The large steel screw steamer Clan Macpherson was 
launched on yoring, the ist inst., by Messrs. Furness, 
Withy, and Co., Limited, Hartlepool. She has been 
built to the order of the ‘‘Clan” Line (Messrs. Cayzer, 
Irvine, and Co.), Glasgow. The vessel is over 400 ft. in 
length, and has a total capacity of 431,718 cubic feet. 
Triple-expansion engines, with cylinders 26 in., 43 in., 
and 71 in. in diameter, with a 48-in. stroke, will be sup- 
plied by Messrs. Richardsons, Westgarth, and Co., 
Limited, Hartlepool. Steam will be supplied by two 
boilers, 16 ft. 2in. by 11 ft. 9in., at 200 lb. working 
pressure, and fitted with Howden’s forced draught. 





The new steel screw-steamer Hjortholm, built by 
Messrs. Wood, Skinner, and Co., Limited, of Bill-Quay- 
on-Tyne, to the order of Dampskibsselskab Steam, con- 
trolled by Messrs, Johnsen and Jespersen, of Copen- 
hagen, left the Tyne for her official trial trip on Friday, 
the 1st inst. The propelling machinery, which has been 
constructed at the Northumberland Engine. Works, 
of the North Eastern Marine Engineering Company, 
Limited, Wallsend, consists of a set of tri-compound 
engines, having cylinders 19 in., 31 in., and 51 in. in dia- 
meter, with a 33-in. stroke, steam being supplied by two 
large steam boilers working at a pressure of 170 lb. per 
square inch. On the run over the measured mile off the 
Tyne, the machinery worked without the slightest hitch, 
and gave every satisfaction to all concerned, the speed 
being very satisfactory. 


There was launched from the yard of Messrs. Earle’s 
Shipbuilding and Engineering Company, Limited, Hull, 
on Saturday, the 2nd inst., the Coquet, a modelled steam 











‘*fleeter,” built to the order of the Hull Steam Fishing 
and Ice 377" Limited. Her dimensions are 
108 ft. 4 in. by 21 ft. 6 in. by 11 ft. 6 in. depth of hold. 
The machinery will consist of triple-expansion engines, 
having cylinders 10in., 17 in., and 28 in. in diameter, with 
a 22-in. stroke, steam being supplied by a single-ended 
cylindrical boiler working at a pressure of 185 lb. per 
square inch. 





On Saturday, the 2nd inst., there was successfully 
launched from the yard of Messrs. Edward Finch and 
Co., Limited, Bridge Works, Chepstow, a large steel 
caisson for the basin entrance of H.M. Dockyard, Sheer- 
ness. The caisson is of the following dimensions :— 
Length, 66 ft.; beam, 24ft.; depth, 33 ft. 6 in.; weighing 
about 465 tons. It was immediately taken in tow by 
the tugs Prairie Flower and Frank Stanley, and left for 
her destination. 





On Monday, the 4th inst., Messrs. Alexander Stephen 
and Sons, Limited, launched from their yard at Linthouse 
the Eildon, a steel screw-steamer built to the order of 
Messrs. George Gibson and Co., Leith. Her dimensions 
are:—Length, 270 {t.; breadth, 34 ft.; depth, 18 ft. 8 in. 
After the launch she proceeded to the berth at which 
she will receive her engines and boilers, which have been 
constructed by Messrs. Stephen and Sons, and the engines 
are expected to indicate about 1800 horse-power. 

On Monday, the 4th inst., there was launched from the 
shipbuilding yard of Messrs. David and William Hender- 
son and Co., Limited, Partick, Glasgow, the Craig Var, 
a steel screw-steamer of the following dimensions :— 
Length, keel and fore rake, 380{t.; breadth, 50{t.; depth, 
moulded, 26 ft. 8in. This steamer has been built to the 
order of Messrs. Biggart and Fulton, Glasgow. The 
machinery, which has also been constructed by Messrs. 
Henderson, consists of a set of triple-expansion engines, 
having cylinders 25 in., 41 in., and 67 in. in diameter, 
with a stroke of 48 in., and three single-ended boilers 
working at a pressure of 180 lb. per square inch. 





There was launched from the yard of Messrs. Earle’s 
Shipbuilding and Engineering Company, Limited, Hull, 
on Tuesday, the 5th inst., the Isle of Man, a steam 
fleeter, the fifth of six steamers of this type, built to the 
order of the Hull Steam Fishing and Ice Company, 
Limited. Her dimensions are 108 ft. 4 in. by 21 ft. 6 in. 
by 11 ft. 6 in. depth of hold. She has been built to 
Lloyd’s requirements, and is provided with the usual 
trawling outfit. The machinery will consist of a set of 
triple-expansion engines, having cylinders 10 in., 17 in., 
and 28 in. in diameter, with a 22-in. stroke, steam being 
supplied by a single-ended cylindrical boiler working at 
a pressure of 185 lb. per square inch. 








GERMAN Briquettes.—The production of briquettes 
from lignites has very greatly increased in tLe Rhenish 
basin during the last decade. In 1894 it stood at 314,770 
tons ; in 1904 it had been carried to 1,673,572 tons. 

A Mamoru Dror-Hammer.—The Billings and Spencer 
Company, Hartford, Connecticut, are constructing a 24-ton 
drop-hammer which, it is believed, will be the largest 
friction-board lift drop-hammer in the world. It is being 
constructed for the Bethlehem Steel Company, South 
Bethlehem, Pennsylvania. It is to be used in the manu- 
facture of heavy gun-forgings which the latter company 
make for the United States Government. The Billings 
and Spencer Company are working on the hammer day and 
night. The base weighs 36 tons, the shoe forging weighs 
1 ton, and the shoe-key weighs 1€01b. The dimensions 
of the driving pulleys are 60 in. by 13 in. by 44 in. The 
length of the rear roll-shaft is 94 in. ; that of the front 
roll-shaft, 60in. The distance between the points of 
ways is 30 in. ; the extreme fall of the hammer is 6 ft. 4 in. 

Tue Gun Power or Frencu Batriesuirs. — The 
France Militaire publishes an article on the guns of the 
new French battleships. These vessels will have a dis- 
placement of 18,000 tons, against the 15,000 tons of their 
immediate predecessors. ‘The additional 3000 tons will 
not be used to increase the thickness of the armour, which 
for the maximum thickness of the armour belt, for in- 
stance, will remain at 11 in., and be carried 10.8 ft. above 
the water-line, as in the Patrie type; but the increased 
displacement will enable a greater weight to be allowed 
for the guns. The new battleship ot 18,000 tons will 
carry four 12-in. guns in turrets fore ard aft, and twelve 
9.45-in. guns, also in pairs in twin turrets. In crder to 
illustrate the progress in the weight of the guns carried, 
the France Militaire gives the following figures: — 
Brennus, three 13.38-in., ten 6.48-in. ; Charles Martel, 
two 12-in., two 10.8-in., eight 5.45-in.; Charlemagne, 
four 12-in., ten 5.45-in., eight 3.94-in. ; Jena, four 12-in., 
eight 6.48-in., eight 3.94-in.; Suffren, four 12-in., ten 
6.48-in., eight 3.94-in.; Patrie, four 12-in., eighteen 
6.48-in. ; Verité, four 12-in., ten 7.64-in, ; battleship of 
18,000 tons, four 12-in., twelve 9.45.in. A new method of 
loading the 12-in. gun, which will be introduced on board 
the Patrie and all succeeding ships, will enable it to be 
fired at the rate of three rounds in two minutes. The 
9.45-in. gun throws a shell of 375 1b. with a muzzle velocity 
of 2969 ft. per second, being 279 ft. greater velocity than 
that of a projectile from a gun of the same calibre of ten 
years back. The shell bas a cap, and it will penetrate 
16.1 in. into Harveyed steel at a range of 3300 yards, with 
incidence at zero, and 13.46 in. with an incidence of 30 deg. 
In the new battleships the guns of 2.56-in. and 1.85-in. 
will be superseded entirely by guns of 2.95-in. of the 
1902 model improved. 
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COUNTERWEIGHTS FOR LARGE 
ENGINES.* 


By D. 8. Jacosus, Hoboken, N.J. 


THE writer was called oes to investigate the problem 
of lessening the vibration of the engines at the new —— 
plant at the Manchester-street station of the Rhode Island 
Company, Providence, R.I., and, working conjointly with 
Mr. Fred N. Bushnell, the chief engineer of the en og A 
he recommended that certain counterweights should 
added in addition to those already on the engines. These 
counterweights, which were exceptionally large, were 
adopted and gave satisfactory results. ‘ 

In addition to the problem of lessening the vibration 
certain electrical problems arose regarding the effect of 
the counterweights in increasing the variation in angular 
velocity of alternating-current generators run in parallel 
with each other. A number of measurements were made 
to determine the action of the cuunterweights, both as 


SHAKING FORCES 


Fig.1 


Horizontal Shaking Forces for the L.P, Cylinder... 



































Combined Horizontal Shaking Forces 
for the Entire Engine 





by feeling the vibration through the feet, and also by 
measuring the actual amount at different points with the 
special apparatus. At a point near the extreme end of the 
foundation where the No. 1 engine was located, the foun- 
dation was found to shake 0.008 in. Measurements made 
near the top of the chimney, which was erected to the 
height of about 175 ft. above the ground, showed that 
the maximum shake with the engine running at its ordi- 
nary speed of 90 revolutions per minute was about 0.02 in. 
After measuring the vibration of the chimney with the 
engine running at its ordinary speed, the engine was shut 
down, and a marked result took place when its speed fell 
in harmony with the time of vibration of the chimney. 
When this occurred, the chimney shook to such an extent 
that the motion was beyond the ry 4 of the special 
instrument. The total movement of the pointer of the 
instrument was such that the chimney was shown to 
move more than jin. In constructing the chimney the 
workmen had noticed that when they came to a height of 
about 130 ft. the vibration was much greater than it was 
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affecting the vibration of the building and the tendency 
of the alternating - current generators to break apart 
when run in parallel ; and as these data may be of interest 
to the society, they are hereby presented. 

The counterweights were applied to three engines, all 
of which were of the same cylinder dimensions, and had 
the same weights of reciprocating parts. The engines 
were built by the Filer and Stowell Company, of Mil.- 
waukee, Wis., and were of the horizontal cross-compound 
type, directly connected to electrical generators. Two 
of the engines, designated as Nos. 1 and 2, were connected 
to 1500-kilowatt alternating-current generators, and one, 
designated as No. 3, to a 1600-kilowatt direct-current 
generator. In the case of the revolving fields of the 
1500-kilowatt generators, the counterweight was clipped 
- to one of the arms, the two parts being hel by 

ts. 

On inspecting the plant it was evident that something 
should be done to diminish the shaking. The entire 
building rested on piles which passed through silt for about 
30 ft. before striking asolid bottom. There was a mass of 
concrete about 5 ft. thick placed on these piles, which 
extended under the entire plant, so as to form a bed on 
which rested the foundations of the buildings, boilers, and 

ines. The of concrete also extended under the 
chimney foundation. When the first observations were 
made the buildings were not completed. All three 
engines were, however, installed, and were protected by 
a temporary wooden structure. The boiler plant was in 
the process of construction, much of the brickwork having 
been laid, and the steel framework of the building nearly 
completed. A portion of the boiler plant was running 
to supply steam to one of the engines. The chimney, 
which was ultimately to be about 300 ft. high, was being 
erected. This was built of special brick furnished by the 
Alphons Custodis Chimney Construction Company. 











crank discs to carry out this plan. It was therefore 
decided to place counterweights on the fly-wheels, in 
addition to ing as heavy counterweights as possible 
on the crank-discs. A counterweight in the fiy-wheel 
acts just as efficiently as one placed on the crank disc in 
eliminating the shaking forces tending to translate the bed 
of the engine; but with such a counterweight there 
remain forces which act as couples, and tend to shake the 
engine by rotating it about its centre of mass. The 
horizontal forces tending to produce translation were, 
however, the most important in the case under considera- 
tion, and these were considered irrespective of the forces 
tending to produce rotation. 

The weight of the counterweights recommended to be 
added in addition to those already on the No. 3 engine 
was 4995 lb. on each of the crank-discs and 3600 lb. in the 
fly-wheel, the distance of the centre of gravity of the 
weights on the crank-discs from the centre of the shaft 
being 2.38 ft., and for the weight in the fly-wheel 7.67 ft. 
The counterweights originally in each crank-disc amounted 











toa net weight of 1740 Ib. at 2.05 ft. 
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@ engine which was running was that designated as 
No. 38, and it shook the entire foundation to such an 
extent that the motion could be readily felt by a person 
standing thereon. When water was poured outside of 
sheet Piling, which surrounded the foundation, the sur- 
face of the water could be seen io move up and down in | after the chimney was built higher. 
time with the strokes of the i 
After inspecting the . 
apparatus on the principle of the seismograph, for measur- | harmony with the number of revolutions made by the 
ing the amount of vibration. On a second visit to the engine. 
plant the horizontal shake of the foundation was measured | s the entire plant shook laterally on top of the piles, 
with this instrument with engine No. 3 running, and | xnd as there could be no vertical movement, it appeared 
found to be 0.01 in. at the engine. This may not seem | evident that the best plan would be to place counter- 
to be a large amount, but as the entire mass of the build- weights on the engines of such sizes that they would 
ing foundation shook, the movement of parts of the tem-| diminish the horizontal shaking forces to nearly a mini- 
wooden building was magnified in many places, so | mum, irrespective of the vertical shaking forces which 
as to be very evident to the eye. Furthermore, the iron-| might be produced. This wouid give much larger 
work of the boiler-house shook considerably. That the | counterweights than are ordinarily used; but on care- 
entire mass of the foundation shook could be appreciated | fully considering the conditions which exiated, it was 
— - | deemed best to adopt them. The counterweights origin- 
! ally on the engines were comparatively small, and it was 
| found impossible to place large enough weights on the 








This made it appear 
1 | that at the height of 130 ft., at which there was the most 
pry the writer constructed an | «hake, the time of the vibration of the chimney was in 


ie. 





* Paper presented at the Scranton meeting of the 
American Society of Mechanical Engineers. 











the fly-wheel counterweight and the shaking forces, with 
and without the additional counterweights, are shown in 


Fig. 1. 

Nir. Bushnell designed counterweights for the No. 3 
engine to conform with the above sizes. These counter- 
weights are shown in Figs. 2 to4. The counterweights 
finally placed on the engine were somewhat lighter than 
called for, but not enough so to produce any great differ- 
ence in the results. y 

On starting up the No. 3 engine with the counterweights, 
it ran without appreciable vibration, and operated with 
entire satisfaction. ; Z 

Counterweights were then placed on engines Nos. 1 
and 2, driving the alternating-current generators. As 
the dimensions of these engines and the weights of the 
reciprocating parts were the same as for the No. 3engine, 
the same size of counterweights were used as for the 
latter ; but those placed in the revolving fields were neces- 
sarily of a different form from that employed in the fly- 
wheel of the No. 3engine. In these engines the bigh- 
pressure crank leads ; whereas the low pressure leads in 
the No. 3 engine, and this was taken account of in 
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placing the counterweights in the revolving fields. The 
counterweights for the revolving fields of engines Nos. 1 
and 2 are shown in Fig. 5. 

There was some delay in arranging for a third visit to 
the plant. The buildings and the chimney of the plant 
were then completed. A vertical engine directly con- 
nected to a 2500-kilowatt generator had been erected and 
was running in addition to the three horizontal engines. 
It was found that the greatest shaking that oma be 
noticed occurred on the switchboard platform which was 
anchored to one of the side walls of the building at a 
point some distance above the floor. When engines 
Nos. 1 and 2, Griving the 1500-kilowatt alternators, were 
run in parallel, with the counterweights opposed, they 
produced but little vibration. When run with the 
counterweights together, there was a greater vibration. 
The greatest vibration that could be detected on the 
switchboard platform, with the counterweights of the two 
alternating machines together and all the engines in the 
station running, including Nos. 1, 2, and 3, and a vertical 
engine, which is designated as No. 4, was about 0.023 in. 
This maximum.shake occurred when the counterweights 


Derivation of curves showing the angular variation of revolving- 
fields of the alternators: in pole degrees.’ 
Combined Tangential Effort for the Two 


Fig. 6. 





































































































































about 3 to 4 pole degrees for each machine. The amount | 
of this pect nm variation with the machines running in | 
parallel was about the same ; irrespective of the position | 
of the counterweights with reference to each other ; but 
when the counterweights were opposed the variations | 
occurred every stroke, or about 94 times per minute; | 
whereas, when the counterweights were together, or nearly 
so, the variations occurred at less frequent gy age La 
total number of such variations then being from about 
30 to 40 per minute. As the total displacement of the 
two fields from their true position, as observed by looking | 
through the magnets of one revolving field at the other, 
was about the same, irrespective of the relative positions 


|of the two counterweights, it follows that this displace- 


ment was produced as much through governor action as 
through any variation in s during a single stroke. 
When the two alternating machines were operating in 
parallel there was a swaying of the ammeters in the ma- 
chine circuits. This swaying was, however, of an entirely 
different frequency from that of the strokes of the engines. 
The amount of this swaying was noted for different rela- 
tive positions of the counterweights of the engines. The 


It appears from Fig. 6 that by placing the counter- 
weights in the revolving fields the angular variation 
during a single stroke is made about twice what it would 
have been without the counterweights. It, however, 
appears that the increased angular variation during a 
single stroke due to employing the counterweights does 
not introduce any great disadvantage, as the alternators 
can be safely run in parallel at practically the same 
efficiency as would exist should there be less angular 
variation. 

As already stated, the counterweights actually placed 
in the engines were of a less weight than the amounts 
| called for, but not enough so as to produce any great 
difference in the results obtained. They were also placed 
| at different radii from those called for. The weights of 
| the counterweights and their distances from the centre 
| of the shaft, which were recommended and which were 
| actually used, are given below. For comparing these the 
| product of the weights into the distances of their centres 
| of gravity from the centre of the crank-shaft are given, as 
these products are a measure of the effects produced on the 
shaking forces. 


VIBRATION OF FOUNDATIONS AND OF SWITCHBOARD PLATFORM. 
The width of the diagram measured from one tooth or wave to the bottom of the one 
Fig. 7 next following represents the amount of vibration. 
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of the three engines, Nos. 1, 2, and 3, fell ther, which 
would take place about once every 15 seconds, as the two 
engines running the alternators ran at about 94 revolu- 
tions per minute, and that driving the direct-current 
machine at 90 revolutions per minute. The amount that 
the floor shook was measured, ‘and was found to 
extremely small and less than 0.002 in. / 

The ground was frozen during the above test, ‘and it 
was decided that it would be best to make a final set of 
observations of the amount of shaking ater the frost was 
entirely out of the ground. Furthermore, some questions 


















































engines were operating at the time under light loads. The 
voltmeter reading was also noted and found to be steady 
in every instance. 

It appeared that the fluctuations in the current gene- 
rated by the two alternating machines had but little 
influence on their efficiencies, and that they were working 
successfully when connected in parallel. The writer did 
not wish, however, to give an opinion on the electrical 
side of the problem, 7h. pada with Professor Albert 
F. Ganz, the professor of electrical engineering of the 
Stevens Institute, to accompany him at the time of 
making the final measurements. 

On a joint visit of Professor Ganz and the writer, 
observations of the angular displacement of the rotating 
fields and electrical readings were again taken, and these 
observations led Professor Ganz to conclude that there | 
was no aj mt danger of the alternators breaking out | 
of step while operating in parallel with the counter- 
weights in any relative position. 

Careful measurements were also made at this time of 
the amount that the engines shook the building. Obser- | 





be | vations of the angular 5g mene of the revolving 
e! 


fields when run in parallel bore out in a general way | 
those made on my previous visit. 

In order to study more thoroughly the effect of the 
counterweights in increasing the angular variation, 
diagrams of crank efforts were laid off corresponding to 


arose a8 to the possible danger of the alternating-current | indicator cards taken from the engines, and from these | 


enerators breaking out of step when run in parallel, with | curves of crank effort the angular variation in pole degrees | {), 
because when so | was determined, as shown in Fig. 6. From this figure 
ed to the generators swayed con- | it may be seen that the variation for a single machine, | 


their field counterweights op > 
run the ammeters attach 
siderably, indicating fluctuations in the current. 

On looking through the magnets of the revolving fields 
of one of the alternating-current generators at the revolv- 
ing field of the other, the angular variation back and forth 
Was ap} t. This was carefully estimated, and under 
the ordinary conditions of running was found to amount 


to from about 6 to 8 pole degrees total’ variation, or from | 


without the addition of the counterweights in the re- | 
volving fields, would be 1.8 pole degrees, and with the | 
counterweights 3.2 pole degrees. The latter value is the 

one to be compared with the variations observed by look- | 
ing through one of the revolving fields and observing the 

pe Bi and it agrees with the amount which was ob- 

served, which varied from 3 to 4 pole degrees. 


Recom- Actually 
mended. Used. 
Engines Nos. 1 and 2 Driving Alter- 
nating-Current Generators. 
Counterweights placed on crank-discs .. 4995 Ib. 4100 Ib. 
a inrevolving fields 3600 ,, 3467 ,, 
Distance of centre of gravity of the 
weight in the revolving fields to the 
centre of the shaft - ” -. 7.67 ft. 7.56 ft. 
Distance of centre of gravity of the 
weights on the crank - discs to the 
centre of the shaft : ¥ > Cis a7 . 
: Orank-dise counter- 
Product of wei . 
in tons by om weights .. . 40 6.68 ,, 
distance in feet Revolving field coun- 
terweights 13.81 ,, 13.11 ,, 
Engine No. 3 Driving Direct-Current 
Generator. 
Counterweight placed on crank-disc of 
high-pressure Kone ol as - +. 4996 Ib. 4100 Ib. 
Counterweight placed on crank-disc of 
low-pressure cylinder... ab 4995 ,, 4180 ,, 
Counterweight placed in fly-wheel ss ewe 3600 ,, 
Distance of centre of gravity of weight 
in the fly-wheel to the centre of the 
shaft .. es - _ és s Ce 7.06 ft. 
Distance of centre of gravity of the 
weights on the crank-discs to the centre 
of the shaft .. je - ae »s @8Be OTT op 
Product of, 
weight in } Crank-disc : 
— by | Counter \high-pres. cy. 5.94 5.68 
e dis-| weights _, J low-pres. cy. 5.94 5.79 
— in| Fly-wheel counterweights.. 13.80 12.71 
ee! 
Weight of original counterweights on 
crank-discs of all the engines .. - 1740 Ib, 
stance of centre of gravity of the 
original counterweights from the centre 
of the shaft... ee os es $6 205 ft. 


Fig. 7 shows characteristic records taken with the 
special instrument for measuring the amount of shake. 
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The principle on which this instrument was constructed 
is shown in Fig. 8. A light pointer A was made to rest 
against a large mass suspended from a point at some dis- 
tance above. In most of the experiments this mass was 
the lower block of the hoist of a travelling crane. This 
large mass was not affec by the vibrations of the 
building, or, if affected, its vibrations had a different 
period from those to be measured. The instrument was 
moun at a part of the building where the vibration 
was to be measured, and therefore moved in the same 
way as the my In taking a record the drum B was 
revolved by hand by pulling the cord C, and a curve was 
traced by a pen D on a paper placed on the drum B. The 
width of the diagram traced by the pen represen the 
amount of vibration. In the diagrams the vibrations 
were magnified fifteen times. The fact that the cylinder 
was rotated by hand accounts for some of the irregularities 
in the curves, but this does not affect the accuracy of the 
records, which depend only on the width of the waves 
measured from the top of one to the bottom of the one 
next following. 

It may be seen from this plate that the amount of 
vibration was greater at the time of the last visit than it 
was when measured on February 13. This is accounted 
for by the fact that the ground about the building was 
frozen on February 13, whereas this was not the case 
when the final measurements were made. The final 
measurements gave 0.035 in. for the maximum vibration 
of the switchboard platform with all the engines running 
and with the counterweights of engines Nos. 1 and 2 
together. The movement of the floor of the engine-room 
and of the foundation for this set of conditions was 
0.004 in. The amount that the foundation shook with 
the No. 3 engine running alone, without counterweights, 
as measured on the firet visit, was 0.01 in. It therefore 
follows that there was less than one-half the amount of 
vibration with all three engines running, with their 
counterweights in such a position that they gave the 
maximum shake, than there was with a single engine 
running without the additional counterweights. 

After the above investigation was completed, Mr. 
Bushnell made observations with a transit to determine 
whether there was any —— of the chimney with all 
the engines running, and found that there was no per- 
ceptible motion. 

he method of computing the size of the counter- 
weights, and the angular displacement of the revolving 
fields of the alternating-current generators when run in 
parallel, is given in the appendix which follows. 





APPENDIX, 


Metnop or CompuTine THE Size OF CoUNTERWEIGHTS | b 


REQUIRED. 

_ To most nearly balance the horizontal shaking forces 
in one of the engines a counterweight equivalent to the 
entire mass of the reciprocating parts, with its centre of 
gravity at the crank radius, should be used. It was im- 

ossible to place such a mass on the crank-disc, and, as 
nas already been stated, as heavy counterweights as _pos- 
sible were placed on the crank-discs, and an additional 
counterweight was placed either in the fly-wheel or in the 
revolving field. 

The maximum counterweights which could be placed on 
the crank-discs were estimated at 4995 lb. at 2.38 ft. 
The counterweights originally on the engines amounted 
to 1740 1b. at 2.05 ft., so that the counterweights originally 
on the crank-discs, together with the counterweights 
added to the crank-discs, amounted to 6870 Ib. at the 
crank radius. As the total weight of the reciprocating 
parts amounted to 12,750 1b. for the high-pressure cylinder 
and 19,025 lb. for the low-pressure iui, there re- 
mained 5880 1b. at the crank radius to be provided for by 
counterweight action in the high-pressure cylinder and 
12,155 1b. at the low-pressure cylinder. To accomplish 
this action a counterweight should be placed in the fly- 
wheel of 3960 1b. at 7.67 ft. from the shaft centre. For 
the direct-current generator, where the low-pressure 
crank leads, this counterweight should be placed about 
155 deg. ahead of the low-pressure crank; and for the 
alternating-current generators, where the high-pressure 
crank leads, it should be placed about 115 deg. ahead of 
the high-pressure crank. 

The full ——aeaee was not, however, recom- 
mended, as a substantial belance of the horizontal forces 
would be obtained by employing a weight of 3600 lb. in 
the fly-wheels or revolving fields instead of 4000 Ib., and 
it was considered advisable to keep slightly within the 
theoretical limit. 

In plotting the shaking forces given in Fig. 1, the 
gravity component of the rod at the crank-pin end is 
assumed to revolve with the crank-pin, and the remainder 
to have the same motion as the piston. 

As the distance of the centre of gravity of the rod 
from the crank-pin was 46 per cent. of the length of the 
rod, this gave 2700 lb. for the revolving part at the crank- 
pin, and 2300 1b. for the part which was assumed to move 
with the piston. This gives correct results as far as the 
shaking forces are concerned. In obtaining the horizontal 
shaking forces for the counterweights the centrifugal 
force is multiplied by cos @, where @ is the crank angle 
measured from the line of centres. For the mass moving 
along with the piston the horizontal shaking forces were 
obtained by the formula* 


F, = mr? R (cos 0 + Z), 
where Z can be given the approximate value of 
cos 2@ 
n 


* For notation and formula see article by the author, 
Transactions of the American Society of Mechanical 
Engineers, Vol. xi., pages 513 and 515. 








METHOD OF DETERMINING THE ANGULAR DISPLACEMENT 
Or THE RevVOLVING FIELDS OF THE ALTERNATING- 
Current GENERATORS WHEN RUN IN PARALLEL. 

This work is represented by the curves shown in Fig. 6. 
The tangential-effort curves due to the steam pressure 
which are there given were obtained from indicator-cards 
taken from the engines. The effect of the inertia of the 
connecting-rod on the tangential effort is obtained by 
assuming that one-half of the mass of the rod is concen- 
trated at the crank-pin, and one-half at the crosshead.* 
The inertia forces are worked out by the formula already 
given, and the tangential effort is worked out in the 
ordinary way. The effect of the gravity components of 
the counterweights was included in the analysis. Two 
sets of results were worked out, one for the engines as 
they are now running, with the counterweights which 
were added, and one assuming that the counterweights 
in the revolving fields were removed, 

The final curve of tangential effort for the entire mine. 
if measured on the proper scale, represents the accelera- 
tion. This scale was determined as follows :— 

The fly-wheel action of the revolving parts amounted 
to 2,236,000 lb. at the crank radius. 

The scale of the ordinates of the diagrams, as originally 
constructed, was 64,000 lb. per inch, and the ordinates 
— } in. apart, each space representing 15 deg. of crank 
angle. 

The acceleration corresponding to 1 in. height of the 
ordinates was therefore 


64,000 x 32,2 + 2,236,000 = 0.922 ft. per second, 


which gave the scale laid off to the right of the accelera- 
tion diagram. 

The areas included between each two consecutive ordi- 
nates of the acceleration diagram were measured in square 
inches, and this area gave the increments in velocity for 
the velocity di m. 

In laying off the increments in the velocity diagram the 
number of square inches were multiplied by two and laid 
off in lineal inches. If f represents the acceleration, A ¢ 
the time corresponding to the distance between two of the 
ordinates, or for the crank to turn 15 deg., and Av the 
variation in the velocity, we have 


SAt=Avr. 
As the crank revolved at 94 turns per minute, we have 
At = 60 + (94 x 24) = 0.0266 second. 

As the space between the ordinates of the acceleration 
curve was }in., and the scale of the ordinates 0.922 ft. 
per second, the value of f would be obtained by multiply- 
ing the area between two of the ordinates by 0.922 by 4 or 
y 3.688 ; hence we have 


A v = area between two ordinates x 0.0266 x 3.688 = 
0.0981. 


The area between the ordinates was multiplied by two 
in laying off the increments in the velocity diagram ; hence 
for lin. of height in the velocity curve would be 0.0981 + 
2 = 0.0491 ft. per second. 

The areas measured in square inches on the velocity 
diagram were laid off directly in lineal inches-in the space 
diagram. The scale for this diagram was therefore 


4 x 0.0491 x 0.0266 = 0.00522 ft. per inch of height. 


To obtain the scale in pole degrees the circumference of 
the crankjcircle, or 14.14 ft., was divided by 16, the number 
of poles and the distance measured between the poles at 
the crank circle was found to be 0.884 ft. The distance 
per pole degree was 0.884 + 360 = 0.00246 ft. The scale of 
the diagram in pole degrees per inch was therefore 

0.00522 + 0.00246 = 2.12. 


Nore ON PAPER PRESENTED AT THE LAST MEETING 
or THE Society By Mr. Sanrorp A. Moss, on ‘‘ THE 
INFLUENCE OF THE CONNECTING-ROD ON THE ENGINE 
Forces.” 

The writer’s first impression on looking over this paper 

was that it could contain no new matter, as the subject 


has m gone over many times before. For example, 
the papers presented to the Society of Naval Architects 
and Marine Engineers by Admiral George W. Melville 


and by Naval Constructor D. W. Taylor, and forming 
part of Vol. ix., 1901, of the Transactions of that Society, 
are masterpieces of literature on this subject. Again, 
in a paper presented by the author at the New York 
meeting in 1889, and which was published in Vol. xi. of 
the Transactions, the exact forces required to accelerate 
a connecting-rod are derived, and numerical values 
worked out for several classes of engines. In this paper 
the effect of friction was also computed, that for the con- 
necting-rod being obtained by a method devised by 
Professor J. Burkitt Webb and myself, and published in 
the “‘ Annals of Mathematics ” for mber, 1888. 

On examining Mr. Moss’s paper carefully, however, it 
appeared that he has demonstrated that the mass of the 
connecting-rod, without undue error, may be divided 
between the wrist and crank-pins, so that by considering 
only that part which he assumes to be placed at the 
wrist-pin the tangential effort at the crank-pin ma 
accurately determined. In other words, it follows from 
Mr. Moss’s work that with connecting-rods of ordinary 
construction, if one-half of the mass of the rod is assumed 
to move with the piston and cross-head, and no other 
allowance be made for the forces required to accelerate 
the rod, the values obtained for the tangential effort 
exerted on the crank-shaft will be substantially correct. 
This certainly gives an easy way of handling the forces for 
the rod in determing the tangential forces at the crank- 
pin, and its advantage over more complicated methods 


* This is the way recommended by Mr. Sanford H. 
Moss in a paper presented at the last meeting of the 
Society. A note on Mr, Moss’s paper follows, 








cannot be disputed. This method has been employed in 
the present paper. i 

Mr. Moss’s analysis does not, however, furnish any new 
light in the selection of proper counterweights for an 
engine, and, indeed, his deductions regarding a counter- 
weight are incorrect. He discusses counterweights and 
shaking forces, and does not point specially to the tan- 
gential force at the crank-pin, or the force transmitting 
the power, which involves the one feature in which his 
analysis excels others. g 

In Mr. Moss’s analysis he determines what he calls the 
average centrifugal force of the rod, and states that if we 
counterbalance this we eliminate its tendency to shake 
the engine-bed. It is true that we eliminate the tendency 
of the so-called — force to shake the bed, but 
this is only one of several forces exerted on the bed, and 
in estimating the size of a counterweight all the forces 
which act on the bed should be considered. The only 
forces in a connecting-rod which need ordinarily be con- 
sidered in estimating the size of a proper counterweight 
are those which produce translation of the centre of 
gravity, as the forces which govern the angular movement 
necessarily occur in couples which cannot be balanced 
by asingle counterweight. When the translative forces 
are considered, the vertical components in a horizontal 
engine will be nced by a counterweight equivalent to 
the gravity component of the connecting-rod at the crank- 
pin. Mr. Moss states that if a counterweight to balance 
what he calls the radial or centrifugal force is provided, 
the engine will be exactly in equilibrium in the direction 
at right angles to its axis. This is incorrect, for in order 
to obtain such an equilibrium the translative forces at 
the centre of gravity of the rod should alone be considered, 
and the proper counterweight would be one which would 
balance the gravity component of the rod at the crank-pin, 
whereas the counterweight specified by Mr. Moss for 
rods of ordinary construction would, according to his own 
estimate, be about eight-ninths of this. 








ARGENTINE GRAIN TRaFFic.—The Buenos Ayres Great 
Southern Railway Company, Limited, have decided to 
erect a in-elevator, with a capacity of 26,000 tons, at 
Babia Blanca. Argentine grain traffic is acquiring such a 

t development that loading can only be effected in 
ulk by means of elevators. 

WESTERN AUSTRALIAN TiMBER.—The value of the ex- 
ports of karri and jarrah timber from Western Australia 
in 1902 was 619,705/. Jarrah is recognised as about the 
best timber in the world, being especially adapted for 
piles for jetties and wharves, sleepers for ae and all 
purposes in which great durability is required. Jarrah 
piles which had been put down in the Swan, and others 
which had been driven into the sea-bottom at Fremantle, 
have been taken up after being exposed to water and 
weather for thirty years, and have been found to be 
perfectly uninjured, although the piles were young wood 
containing much sap. Thesupply of this splendid timber, 
which will equally withstand the attacks of white ants on 
land and marine insects, os teredo navalis, in 
fresh and salt water, is very great. North of the Blackwood 
there is a virgin jarrah belt of 2,000,000 acres, while to the 
south of the same river there are also fine jarrah forests. 
Karri (eucalyptus diversicolor) abounds on the south coast 
west of Albany, and approaches the jarrah for use for 
engineering purposes, Specimens of this tree have been 
met with which run to a height of 400 ft., a loftiness only 
equalled in Australia by the gigantic gums of the Victorian 
ranges. Karri wood is hard and close grained, and is 
noted for its wonderful durability. Karri appears, how- 
ever, to be restricted to the tract of country lying between 
the Margaret and the north of the Porongorup range, 
about 1,200,000 acres. The Severn tunnel and the South 
Wales direct section of the Great Western Railway of 
England are laid entirely with karri sleepers, measuring 
9 ft. by 94 in. by 44 in., instead of the usual 10 ft. by 10 in. 
by 5in., the a. Ot dimensions being due to the superior 
strength of karri. 

Tue Russian Cement Inpustry.—According to recent 
statistics the total number of Portland cement works in 
Russia amounts to thirty-four, of which the Grodzill 
Works, in Poland, are the oldest, dating from the 
year 1856. Inthe year 1875 the number had risen to five, 
and ten years later to seven, the dozen being reached in 
the year 1895, since which year, however, the building of 
new cement works gone on at a great pace, until it 
came to a stop some two or three years ago. The result 
of these many new factories was, naturally, over-pro- 
duction, with the usual sequel of lower prices; then the 
production was again uced, some works temporarily 
discontinuing the manufacture altogether. The maximum 
capacity of all the works is estimated at about 8,000,000 
barrels, but it is difficult to ascertain the actual output for 
the last few years ; the highest quent is probably that 
of 1901—viz., 3,720,000 barrels—which, however, does not 
reach half the aggregate capacity ; this figure is the one 


be | on record, but it is probable that in reality the output has 


just exceeded 4,000,000 barrels. The largest capacity 1s 
possessed Ly the Novorossjski Works of the Black Sea 
Cement Company—viz., 750,000 barrels; in the year 
1900 the output reached 650,000 barrels, since then the 
production, in spite of favourable position and excellent 
raw materials (natural Portland cement stone), has gone 
down to 400,000 barrels. Next in capacity come the 
Donez Company and the Franco-Russian Company, each 
with 500,000 barrels; the actual output, however, being 
only about 280,000 and 200,000 barrels respectively. Out 
of the thirty-four works already referred to, ten use the 
wet, two the semi-wet, and seventeen use the dry pro- 
cess. Eleven works manufacture Roman cement, often 








together with Portland cement. 
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MACHINE AND OTHER TOOLS, SHAFTING, &c. 


18,126. J. Miley and Craven Brothers, Limited, 
Manchester. Variable-Speed Driving Gear. (2 Figs.) 
August 22, 1904.—This invention relates to improvements in 
the driving mechanism of machines, such, for example, as lathes 
in which a mandrel or spindle has imparted to it variable 
velocities by the use of stepped or cone-like pulleys, deriving 
motion from correspondingly stepped or cone-like pulleys on a 
countershatt usually fixed at some distance away, in order that 
the belt by which the motion is transmitted from one set of 
pulleys to the other may take a proper hold. According to this 
invention, as applied, for example, to a lathe headstock, the 
countershaft carrying the driving stepped pulleys is mounted on 
brackets or bearings extending a short distarce from the lathe 
headstock itself. a designates the headstock of the lathe, b the 
ordinary stepped-cone pulley, c the main spindle, d the face- 
plate, e a pair of standards, g the second stepped-cone pulley 
corresponding to that mounted on the main spindle, but with 
the position of the cones reversed, h and 7 are two pairs of fast 
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and loose pulleys driven at quick and slow speeds by belts, not 
shown, for imparting two speeds to the countershaft. A separate 
endless belt p is provided for each pair of pulleys or steps on the 
cones, and these belts are of such a length as to be insufficient to 
grip and drive the driven pulleys unless purposely held thereto. 
To tighten each belt a jockey or tightening pulley is employed. 
Each jockey pulley is journalled in a swinging arm 7 provided 
with a slotted projection and a pinching-screw or lock-bolt, and 
in each arm r is formed a hole to receive the end of a bar or lever 
t for the purpose of drawing down any arm and its jockey pulley 
on to the belt, the locking 
jockey pulley in its desired position. 
driving can be quickly changed from one speed to another by 
slackening one arm and its jockey pulley, and moving the arm 
upward and locking it, and then bringing another arm and jockey 
pulley into position without shifting any of the belts’ and again 
the speed can also be further varied by changing the belt which 
drives the countershaft from the fast and loose pulejs h to i, or 
vice versa. (Accepted July 19, 1905.) 


15,925. Ganz and Co., Eisengiesserei und Mas- 
chinenfabriks Aktiengeselischaft, Budapest. Fric- 
tion Clutches. [6 Figs.) July 18, 1904.—Friction clutches 
as hitherto constructed, which transmit power by means of s: iral 
springs, only permit, when but a single spring is employed, of the 


the date of | 4 


andle being then turned to hold the | 
By this arrangement the | 





by the t of play afforded by the stops. Between the inner 
face of the spiral spring and the outer cylindrical periphery 
of the clutch member B there is but very slight play. The 
clutch member B is displaceably mounted upon the shaft, but 
rotates with this latter, whilst the part A is mounted fast upon the 
shaft. By displacing the clutch member B in the left-hand direc- 
tion the spiral spring comes into contact with the inner face 
of A, and friction is set up between the former and the clutch 
member A, so that both the spiral spring and the clutch member 
B are driven, the latter by means of the stops, according to the 
direction of rotation of A. In the constructional form of the 
friction clutch, which is shown in Fig. 2, both the clutch members 
A and B are cylindrically formed. Both parts are mounted fast 
upon their shaft ends, to which they are keyed. In the opera- 
tive condition of the clutch the e spring C which is employed 
bears upon the clutch member B, so that there is an interval 
between the spring and the member A of the clutch. As in the 
construction illustrated in Fig. 1, the spiral spring is not brought 
into direct contact with the clutch member B, but by the inter- 
mediary of the stops. These stops are not, however, as in the 
rst case, made in one piece with the clutch member B, but are 
aed mounted upon the hub of the latter. (Accepted July 26, 
1905. 
MINING, METALLURGY, AND METAL- 
WORKING. 
13,578. F.E. Elmore, London. Separating and 
Concentrating Ores. [3 Figs.) June 15, 1904.—This inven- 
tion relates to a process for separating or concentrating some of 
the constituents of an ore by subjecting the finely-divided ore, 
mixed with a liquid, to the action of an electric current. The 
process is also applicable to the separation of other subdivided 
material ofa like character. a isa rectangular vat, to the inner 
surface of whose sides are fastened strips b of a suitable metal, 
such as lead. Lead plates care bent twice at an obtuse angle, 
and are fastened at their upper parts to the strips } at intervals 
along the length thereof, in such a manner that for each plate on 
one side of the vat there is a like but o,positely-directed plate at 
approximately the same level on the opposite side of the vat. 
There are thus formed a number of partitions in the vessel, 
which are of Y shape in cross-section, each having a narrow 
passage at the point cf the Y. All the strips b on one side of the 
vat are connected respectively with one pole of a source of electric 
current, and all the strips on the other side with the other pole 
the plates ¢ are in electrical contact with the strips ), so that 
when the vat contains a suitable electrolyte, each plate becomesan 
anode or a cathode, causing an evolution of gas at its surface, 











| particularly in the narrow passage where the electrical resistance 
| fs obviously the least. At the top of the vat is a hopper e, into 
| which pulp for treatment is charged. At the sides the top of the 
| vat is cut away to form lips or weirs /, and liquid flowing over 
these is caught in channels g, to which there is a common outlet 
pipe. The bottom of the vat is preferably V-shaped in cross- 
section, and has an adjustable opening i. This opening having 
been adjusted, the pulp is run into the hopper e at such a rate 
| that more flows into the vat than can flow out through the 
ing i, so that there is always an excess flowing over the 





rotation of the shaft in one direction, whilst in ac with 
this invention, even if only one spiral spring be employed, the 
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shaft may b= rotated in both directions in exactly the same 
manner. In Fig. 1 the clutch member A is turned conically 
internally, whilst the clutch member B is of cylindrical form. 
The spiral — bearing upon the periphery of the cylindrical 
clutch member B is conical upon its outer periphery, but is not 
rigidly connected to the member B. The two ends of the spiral 


Spring rest against stops formed on the clutch member B in such 


am 


ver that it is able to slide or become compressed or extended | 


| weirsf. The incoming pulp tends to flow directly downwards 
| through the narrow ges where the electrolysis is most 
| rapid. The gas evolved as it rises from each passage is deflected 
by the descending current of liquid from the passage next above, 
and further by the inclined plates next above, so that it passes 
between the said plates and the sides of the vat, together with 
some of the particles to the top of the vat, where the liquid dis- 
placed by the incoming pulp flows over the weirs f together with 
the said ticles, to pass finally down the common outlet pipe 
into a suitable receptacle, where the particles can be collected. 
Those particles which do not ascend fall to the bottom of the 
vat, and are carried away through the opening i. (Accepted July 
26, 1905 


RAILWAYS AND TRAMWAYS. 


15,778. W. Griffiths and B. H. Bedell, Lon 
Surface Contact Systems. [4 Figs.) July 15, 1904.—This 
invention relates to an improved construction of combined road- 
stud and magnetically-operated switch-piece for use in systems of 
electric traction in which an enclosed underground conductor, 
| supplying electrical energy, is temporarily brought into electrical 

connection with the car travelling along the ground above it b 

| means of a magnet carried by the car, the electric current whic 

| provides the propulsive force passing to the car through the 
above-mentioned switch-piece and road-stud. The road-stud is 
formed in two parts a, b, pivotally connected together. This bi- 
partite construction permits the head of the stud a to be laid 
flush with the surface of the ground without requiring exactitude 
in the setting of the stalk b. Moreover, as it is only the head of 
the stud which gets worn in use, the method of construction 
adopted permits of easy renewal of this comparatively inexpen- 
sive portion without renewing or disturbing the stalk b. The 





lower end of the stalk is forked, and within the space between the 
two branches of the fork a switch-piece is suspended by a spring. 
The switch-piece is constructed in two parte, there being an 
| upper portion ¢ forming the switch body, which is suspended by 
the spring d from the arch of the fork, ard a lower portion form- 





| tube are a number of combusticn-tubes h, preferably arranged 


| ing the switch-foot, which is hung on two lugs c!, cl which pro- 
ject from the switch body by means of a metal strip e, in which 
| elongated apertures are formed. The portion of the switch-foot 
J which makes electric connection with the source of electricity 
is preferably made of carbon, and this is secured to the strip e by 
clips. The iron plate 1 is secured to the carbon contact-piece also 
by means of the metal strip e, for in that strip there are apertures 
to receive four ears which are formed at the corners of the plate 
g. The strip e serves the further purpose of effecting an attach- 
ment to a flexible metallic conductor A by tightly embracing its 
lower end at e3, the upper end of the conductor being connected 
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to the stalk ») by bonding it into a hole drilled therein. The 
interior sides of the fork are lined with non-magnetic material— 
as, for example, sheet brass, ridges being formed thereon to mini- 
mise the area of contact with the switch body c. The spring d is 
attached to the switch-body by a stud made of non-conducting 
material, such as red fibre, the hook at the upper end of the 

ring engaging in a loop formed in the brass liner. To steady 
the switch in its vertical movements, a app A c2 is formed 
therein, which is traversed by a pin, the ends of which are riveted 
to the two branches of the fork. A sleeve of non-magnetic 
material surrounds the central portion of the pin, and serves as a 
— between the sides of the fork. (Accepted July 12, 
1905. 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


18,888. Sir W. G. Armstrong, Whitworth and Co., 
ted,and R. Wright, Newcastie-on-Tyne. Fly- 
Wheels [5 Figs.) September 2, 1904.—In connection with 
the generation and transmission of electric or other power, it is 
often desirable to store energy in a fly-wheel or wheels to meet 
any sudden variation in the load, and as the energy stored varies 
with the equare of the velocity of the wheel, it is important to 
run the wheel as fast as practicable. Hitherto the speed of the 
fly-wheels has been limited by the strength of the wheel rim to 
resist the bursting strain induced. According to this inven- 
tion, the fly wheel is built up of a number of discs or plates of 
mild steel, iron, or other metal or alloys of great tensional 
strength, the plates being bolted or riveted together and keyed 
on to the crank-shaft. This construction of wheel can be safely 
run up to ry of 1000 revolutions per minute for diameters 
of 12 ft., and it possesses the further advantage that its com- 
ponent parts are of small weight and are easily put together, 
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| and therefore suitable for transportation and erection in hilly 

countries, or in difficult or in underground situations. The pre- 
sent limits of plate manufacture prevents plates of more than 
| about 12 ft. in diameter being obtained, but where wheels of 
greater diameter are required they can be constructed with each 
disc consisting of two plates, the discs being connected together 
| so that the joints between the plates do not coincide, but are 
preferably at right angles with each other. This construction 
does not permit as high a — as can be obtained fora wheel 
made of single plate oy ig. 1 is a section of a fly-wheel con- 
structed according to this invention. a is the shaft, ) are four discs, 
and ¢ are two rings fixed on the shaft by means of keys. The 
rings ¢ are attached to the outer discs b by countersunk rivets ¢, 
| whilst the whole is held together by through bolts /. The heads 
and nuts of these bolts are received in recesses in the rings and 
| discs, and the ends of the bolts are riveted over the nuts, as 
shown toa larger scale at Fig. 2. (Accepted July 12, 1905.) 


19,073. E. Perkins, Levexnsiulme, and J. B. Row- 
cliffe, Didsbury. Steam-G (1 Fig.) es 
n 


-Generators. 
tember 5, 1904.—This invention relates to steam-generators. 
carrying out this invention there is provided = indrical furnace 
@ adapted to be fed with fuel through a feeding door 6. The 
furnace is surrounded by an outer shell c with a space d between 
the two for allowing circulation of water. The tcp plate of the 
furnace is provided with a central fuel-feeding tube /, the upper 
end of which is supported by a second tube-plate, between which 
ard the top of the furnace and surrounding the central ae. 

n 
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a vertical direction. Attached to or forming part of the outer 
cylindrical shell ¢ is a second shell i of an e character. 
m the second tube-plate rises an enlarged shell j, the two 
enlarged shells being secured ther at their upper ends. 
between the two e' shells, and in line with or a 

little above the vertical combustion -tubes A, is a 
number of inclined combustion-tubes / adapted to conduct the 
gases rising up the tubes A back ae in a downward direction 
towards the smoke -box, which arranged to surround the 
largest of the enlarged shells. Both the vertical tubes and the 
inclined tubes are arranged to be submerged in the water when 
the boiler is working, so that a greatly enlarged ev: tive 
surface is obtained over boilers for the same purpose hitherto 
employed, and whereby greater and more rapid steaming qualities 
are obtained, whilst at the same time inequality of expansion of 
the connected parts is avoided. The inner of the boiler 
shells j is adapted to form an annular chamber n, into which 
the products of combustion from the vertical tubes A enter. 
The chamber is closed at the top by a loosely fitting cap o 
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consisting of two conical plates. The outer plate is adapted 
to rest on the top edge of the cylindrical shell j. The inner 
plate at the apex is adapted to over the central feeding-tube 
/, whilst the external plate at the apex is flanged somewhat to fit 
into the tube. The hole in the outer plate may be stopped up by 
a suitable cap. The conical plate also enables fuel to be 4 
thereon ready for dropping on to the fire when required by re 
moving the central cap. In this arrangement the fuel is heated 
prior to use. The smoke-box which surrounds the upper end of 
the generator and is attached thereto is adapted to allow free cir- 
culation of the prod of combustion round the external 
shell of the boiler in a similar way to the freedom of circulation 
obtained in the annular chamber n aay described. By this 
arrangement the heated gases can come in contact with the 
exterior sides of the enlarged boiler shell near to their top ends, 
contiguous to the steam space of the generator, thereby retaining 
sufficient heat to keep the steam dry. The smoke stack r is con- 
nected tothe smoke chamber at a suitable point and the gene- 
rator is provided with the usual connections for the boiler acces- 
sories. (Accepted July 12, 1905.) 


ae. W. M. Smith, Newcastle-on-Tyne. Lubri- 
ca € otive Cylinders. [5 Figs.) September 8, 
1904.—This invention has reference to means for admitting lubri- 
cant to the cylinders of locomotive engines when they are run- 
ning with steam shut off. a isa valve sliding in an opening in a 
casing b, the interior of which communicates by a branch ¢ with 
the steam space of the steam chest of the locomotive. The valve 
a, which closes on the seat d@, is subjected on its outer side to the 
pressure of the atmosphere, and on its inner side to the same 
pressure that exists for the time being in the steam chest. The 
stem ¢ of the valve slides in a guide which is in line with the 
steam-inlet connected by a e J) to the steam space 
ofthe boiler. g is a valve extending almost into contact with the 
end of the valve stem ; when the valve g is opened, steam passes 
through the passage f and nozzle i into the branch c. Connected 
with the nozzle i through passages containing a non-return valve 
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10 is a lubricant-containing chamber open to the atmosphere. 
When the pressure in the steam chest becomes less than the 
atmospheric pressure, o to the = pened ae | shut whilst 
the engine is running, the air-valve a will opeu, admitting air, and 
will force from its seat the steam v\ive g, which will allow steam 
from the boiler to pass through the steam-inlet passage f1 into 
the nozzle % At the same time the,lubricant contained in the 
lubricant-containing chamber will be forced by the pressure of. 
the atmosphere to which it is exposed the valve 10, which 
will be lifted from its seat, and into the nozzle i, where it will mix 
with the steam. The lubricant when mixed with the air and 
steam is converted into spray of increased volume, which is 


deposited on an increased area of the working surfaces of the | 


engine cylinder. When steam is admitted to the steam chest by 
the opening of the tor, the valve 10 prevents 

mto the phe hehe aren nd chamber, 2 yy = 
steam in the steam chest. (Accepted July 19, 1905.) 


20,165. W. Wilhelmshohe, near Cassel. 
Steam-Superheatere. 4 Figs.) Septem —This 
invention relates to pn a =, povided with eee 


chambers and with tubes closed at the end, and havi parti- 
tion to form two passages for the steam in each tube. ‘the bertl 
tions have for — to prevent the steam one 

penetrating to the other. a is the superheater casing, and 





tubes closed at one end; q is a partition within the tube for 
dividing the interior of the tube into two spaces el, e2. The parti- 
tion is formed as a casing, and prevents the temperature of the 
steam passing along the space ¢? from being transferred to the 
steam through the space e!. It is clear that the hollow 
space of the casing q may be filled with heat non-conductin 

material, and that the whole partition may be formed of suc! 

non-conducting material, the effect being the same as above 
described. The apparatus operates as follows :—The steam enters 
the chamber / through A, passes through the spaces e! and e? 
and leaves the tube at J. entering into the second chamber g ; 
when passing the space e! the steam is heated by the influence of 
the burning gases surrounding the tube c, and then the steam 
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flows through the passage e?, where it is further superheated by 
the influence of the gases surrounding the tube c. By the arrange- 
ment of the heat non-conducting partition q the superheating is 
not disturbed by the steam passing the space e!, which is no’ 
superheated to the same extent as the steam in the space e2. In 
Fig. 2 a modification is shown, and the difference consists in the 
formation of the partition g. The partition ¢ is here formed by 
two concentric tubes closed at both ends, leaving aspace between 
them, which may be filled with air, steam, or heat non-conducting 
material in the same manner as described in the first arrange- 
ment. The action of the apparatus is the same ; the double tube 
prevents the temperature of the more greatly superheated steam 
in the space e2 from being reduced by the temperature of the 
steam passing through the space el. (Accepted July 19, 1905.) 


MISCELLANEOUS. 


15,269. J. J. Kermode, Li 1. Liquid-Fuel 
Burners. {7 Figs.) July 8, 1904.—This invention relates to 
burners for liquid fuel of the type described in the specifications 
of Letters Patent No. 12,060, of 1898, and No. 22,930, of 1898. 
The main body of the burner is provided with three inlets 2a, 3, 
and 4, for air, oil, and steam respectively ; at the forward end it 
is recessed and screwed to take the spigot 5 of the main nozzle 6, 
which has the usual flared outlet ; within the main nozzle, con- 
centric therewith and attached thereto, isa barrel 7, which will be 
referred to as the intermediate barrel ; the intermediate barrel 
is attached to the nozzle by three ribs, from which three spiral 
deflectors extend, which form spiral ways in the annulus between 
7 and 6; the intermediate barrel extends rearwardly and makes 
— with the main body beyond the air inlet 2a, so that the 
latter is in communication with the said annulus. Within the 
intermediate barrel and concentric therewith is an inner barrel 8 
carried from the main body by means of a flange which fits steam- 
tightly in a recess, and which is held in the recess by a screwed 
end plug 9 ; the flange makes joint with the main body rear- 
pone of the steam inlet 4, so that the latter communicates 
with the annular 10 between the intermediate and inner 
barrels ; the inner barrel has four external feathers, which fit the 
bore of the intermediate barrel and serve to steady the inner 








barrel ; a short distance from the front end of the intermediate 
barrel an internal conical valve-seating is formed, the end of the 
said barrel being flared beyond the seating, and near the end of 
the inner barrel an external conical valve face is formed which is | 

to fit the said seating, the end of the inner barrel 
forming a spigot which projects through the said seating. 
As the inner barrel is fixed to:the main body of the burner, | 
and the intermediate barrel fixed to the nozzle, it will be seen | 
that the movement of the nozzle by screwing it in and out 
of its screwed recess will open or close the valve formed as | 
last described, and so late the steam opening. The nozzle 
is provided with suitable means for producing and indicat- 
ing this angular movement. Within the inner barrel 8 and con- 
centric therewith isa screwed stem or spindle 14, the forward end 








inner barrel, the rear end of which passes through a gland 15 | 
formed in the end. of the plug 9; the screwed part of the spindle 
fite the screwed or nutted part of the end plug, and just forward | 
of the screwed part a valve is formed which fits a valve-face | 
formed on the ; the valve is thus interposed between the 
oil inlet 3 and the of the inner tube through which the oil | 
passes to the burner outlet ; a hand-wheel 17 is fitted to the end | 
of the spindle by which the oil opening is adjusted. The main | 


mediate barrel may be controlled by a suitable valve, but usually 
the inlet ismade in the form of a series of radial ports 2a encircled 
by a band, ia which are a series of holes, which in the one position 
of the band coincide with the ports 2a, and which band when 
angularly rotated from this position is a to partially close 
them to any desired extent or to wholly close them. (Accepted 
July 19, 1905.) 
and W. Butterworth, Roch- 
. {1 Fig.) September 13, 1904.—This 
invention consists essentially in locating in the oil-vessel a suit- 
able float adapted to rise and fall therein, the float being con- 
nected by an arrangeinent of links or levers with the terminals 
of a battery or like source of electrical energy, and, when re- 
quired, with a valve or cock on the oil-supply pipe or tube. a is 
an oil-vessel arranged to be connected directly or indirectly with 
the part or parts to be lubricated, and with or without the inter. 
vention of a sight-feed arrangement b. In the oil-vessel a is 
arranged a suitable float /, such float being guided suitably in its 
rising and falling movements. The guiding arrangement com- 
prises a pin or passing through a hollow bridge-piece h. At the 
ms ed side the float is connected to a lever j, the opposite end of 
which is coupled to the plug of the cock or tap d on the oil-supply 
ipec. kis asecond lever connected to the float. This second 
ever is pivoted to astandard m carried by the upper portion of the 
oil-vessel, and is one ~~ which an electrical connection can be 
made through terminals to a battery, in the circuit of which 
is also arranged an audible alarm or indicator adapted to act on 
the closing of the circuit. The lever k is adapted to complete an 











electrical connection at either end. For this purpose the inner 
end of the lever may come into contact with an adjustable screw p 
carried by an arm g projecting from the standard m when the 
oil-vessel is full, thereby creating an alarm prior to the vessel 
overflowing, and at the same time indicating either that the oil 
supply is in excess of the feed to the part or parts to be lubri- 
cated, or that the feed-pipe to such part is stopped up. Simul- 
taneously the float, by reason of its connection with the cock or 
tap d, diminishes the oil supply, or may be arranged to entirely 
stop it for the time being. In cases where there is not a con- 
tinuous supply of oil, or, in fact, where such continuous supply 
is not sufficient for feed purposes, the float may descend and 
establish electrical connection by the other end of the pivoted 
lever k coming in contact with the standard m, and thereby indi- 
cating that the oil in the vessel a is running low. Again, where 
the feed is continuous the descent of the float may indicate that 
the oil supply from the pump or other general source of supply 
is princi 4 entirely. For the purpose of alarm a bell or bells may 
be arranged in the electrical circuit, such bell or bells being of 
any suitable construction ; or, in place of an audible alarm, any 


suitable form of indicator may be arranged in the circuit. The 
parts may be suitably insulated. (Accepted July 19, 1905.) 
19,816. J. Stott, Oldham. Ventilators. [6 Figs.) 


September 14, 1904.—This invention relates to an improved con- 
struction of ventilator inlet or grating for admitting or diffusing 
air into a room, the special features of the improved inlet being 
absence of sharp corners and recesses, so as to prevent accumula- 
tion of dust and germs, as well as facilitating cleaning. A is an 
external tubular casing for fitting into a hole in the wall B. 
Within this tubular casing a number of radial vanes C—say four 
—are placed. These vanes are all connected together centrally. 
E is a disc or head larger than the opening of the casing A, and 
secured to the vanes. This disc or head E closes the opening in 
the casing, when it is pushed home by means ofa knobF. The 
radial vanes C are preferably formed of bent strips of metal 

















placed back to back, the lines of the bends being rounded and 
coming together at the centre, so that sharp corners are avoided. 
The corners formed between the back of the closing head or dis: 


and is kept shut by the of which forms a helical deflector and scraper in the bore of the | E and the longitudinal vanes C are filled in, as at H, in such 


manner as to deflect or diffuse the incoming air when the head 
with the vanes is drawn out more or less as desired. A special 
stop arrangement is provided for preventing the complete with- 
drawal of the slide only when required for cleaning inspec- 
tion. In one case this stop is formed by a fixed ring J or part o! 
a ring with two half-loops K at the end of the vanes. These 
half-loops coincide with two stops L secured to the casing A, 80 
that by giving the slide a quarter-turn it is locked in position. 


ethe air inlet leading to the annulus between the nozzle and the inter- | (Accepted July 19, 1905.) 
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THE ANATOMY OF BRIDGEWORK.— 
No. X. 


By W. H. Tuorrg, Assoc. M. Inst. C.E. 


STRENGTHENING OF RtveteD Bripces sy CENTRE 
GIRDERS. 

Tue addition of distributing girders, described in 
the last article, as a means of strengthening a 
bridge floor, while sufficient in many cases so far 
as the cross-girders are concerned, does not in any 
way materially assist the main girders. When for 
a two-line bridge, having outer main girders only, 
this result also is desired, together with a more 
complete relief of the floor structure, centre main 
girders may be used, placed either above or below 
the cross-girders, on the centre line of the bridge. 

There are two principal ways in which such a 
girder may be brought into use; the easiest, but 
generally less economical, is by making « simple 
attachment to the cross-girders, the old girder work 
still taking the whole dead load. By this method 
the new girder does no work but carry itself till the 
live load comes upon the bridge, and must be made 
very stiff to take any sensible portion of the running 
load ; the second method is to make the connection 
adjustable, so that a part of the floor weights may 
be imposed upon the new girder as an initial load. 
In doing this the old outer girders will rise slightly, 
being relieved of stress, and the cross-girders also 
lifted at the middle, whilst the new girder is 
depressed as the load is brought upon it. With 
some part of the live load a very considerable pro- 
portion of the total may in this way be carried by 
a centre girder of moderate section. The whole 
question, by either method, turns upon deflections ; 
and it is in determining the relative movements of 
the girders that the problem chiefly lies. 

It is convenient first to determine the percentage 
of load relief to be effected in the main girders, as 
to which it is to be observed that as this relief 
(distributed) is induced by the upward reaction of 
the new girder acting at the centre of the cross- 
girders, the stress relief of these will, as a rule, 
greatly exceed that of the outside girders. For 
the generality of cases, it may be taken that the 
relief suitable for the outside girders will be satis- 
factory in its effects upon the cross-girders, even 
though it is desired to reduce the stress in these to 
a greater degree. 

If, however, it be thought desirable to check 
this, it may be done by considering a cross-girder 
subject to its dead and live loads acting downwards, 
and to reactions at the centre and ends. At the 
centre the reaction will be the load of which the 
two main girders are relieved on a length equal to 
the pitch of the cross-girders, or as here given :— 


ce x t.x P = reaction at centre . (1) 


c being the percentage of relief ; ¢ the total load 
per foot run of the bridge ; and P the pitch of 
cross-girders. The live loads carried by the cross- 
girders are for this purpose taken at per foot run, 
as for the main girders. With these data it will be 
easy to construct a diagram of moments, making it 
evident whether the relief proposed for the main 
girders will give a sufficient percentage of relief to 
the floor beams. 

Granting that this proportion has been decided, 
and dealing first with the case in which the centre 
girder is simply attached to the cross-girders, and 
takes no dead load other than its own weight, 
then the live load carried by the outside girders, 
and previously borne wholly by them, will be 
reduced by the amount it is intended to transfer to 
the centre girder, and will become 


Ix — (c x Le) = live load on outer girders . (2) 


L: being the total live load, and Lx the total dead 
and live load carried by the bridge. From this the 
deflection of the outer girders corresponding to this 
modified live load may be derived. 

It is next necessary to ascertain the vertical 
movement, commonly a depression, of the cross- 
girders at the centre relative to their ends, when 
subject to the running load only, and supported at 
the middle and ends, the centre reaction being 
obtained as before indicated (1). This movement 
will be the difference (if any) between the deflec- 
tion on the whole span of the cross-girder due to 
the live load, and the upward flexure of the girder 


due to the centre reaction, considered as separate 
effects. Stress values having been estimated for 
the two conditions, these results may readily be 
deduced by simple flexure formulz, observing that 
while the curve of moments due to live load suffi- 





ciently approximates to that for a distributed load 
to justify, for this, the use of a distributed load 
formula as given in the article ‘‘ Deflections,” 
the flexure due to the centre reaction will be but 
0.80 of that which corresponds to the same stress for 
distributed loading. Or, the curve assumed by the 
girder under live load may be plotted by a method 
to be later explained. 

The sum of the movements now determined—- 
that is, the live-load deflection of the outer girders, 
and depression, as is commonly the case, of the 
cross-girders—will give the extreme depression 
(marked m in Fig. 70), from the dead-load condi- 
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tion of the middle cross-girders, when supported “to 
the extent desired by a centre girder vicees pro- 
portions are not yet known, but which, carrying 
the required percentage of the total load, must, 
subject to a reservation presently stated, deflect 
only this amount. The unit stress in the flanges 
of the new girder, governed by this flexure, will for 
a plate girder be 


Pxexs (3) 


D and S being, as before (see ‘‘ Deflections’’), the 
depth and span respectively in feet, C a constant, 
m the deflection in inches, and f the stress per 
square inch on the gross section of flange. 

The gross area of the flange, A, is given by 
Sxex Le : (4) 
8xDxf 

c x L;, being, as in (2), the load transferred to and 
carried by the centre girder. 

The actual stress in the flanges will, of course, 
be greater by an amount due to the girders’ own 
weight ; but this does not affect the question of 
relief. For any ordinary case the stress per square 
inch will be low; but it will manifestly be useless 
to assume a greater stress with a view to economy, 
as the effect of reducing the section will simply be 
to make the girder too flexible, thus causing it to 
be less effective than primarily intended. If, as is 
seldom the case, there is freedom as to the depth 
of girder permissible, it is evident the unit stress 
may be made a condition, and the depth deduced 
by a suitable modification of formula (3); the relief 
desired being in this way equally well assured. 
Indeed, in the rare instances in which any depth 
may be adopted, this method is—contrary to the 
general rule—distinctly economical, particularly if 
the girder may be placed below the cross-girders, 
which simply rest upon it, without elaborate attach- 
ments. 

Considering now the second method of applying 
centre girders by which the new girder is made 
initially to carry part of the dead load, by adjust- 
ment, it will at once be recognised as a more com- 
plex matter. The measure of relief by which the 
old girder work shall benefit need not be affected 
by the method of applying the centre girder, and 
may be decided on the principles already considered. 
The outer girders carrying a reduced load, when the 
bridge is fully loaded, and the cross-girders being in 
partsupported at their centres in the manner already 
described, will give a resulting depression m (see 
Fig. 71) of the centre of the centre cross-girders, 
ielow the original dead-load position, of a similar 
amount determined in the same way. This extreme 
depression determines also the lowest position of 
the new centre girder, which may be designed to 
carry the required percentage of the total bridge 
loads with the maximui stress and depth, as:con- 
ditions, leaving the initial dead-load and necessary 
adjustments to be ascertained. This is the common 


= f, unit stress on gross section . 


= A, gross area of flange 


case and will be here dealt with, it being assumed to! 








avoid ambiguity in description that the new girder 
lies above the cross-girders. 

The centre girder of fixed depth being then 
required to carry a definite load at a definite flange 
stress, will deflect.a definite amount at this stress, 
If this deflection equalled the extreme depression m 
of the old girder work, no adjustment would be 
necessary, the centre girder then carrying no initial 
dead-load, as by the first method ; but for centre 
girders designed for economical flange stress the 
deflection will in ordinary cases tly exceed this, 
the depth generally being small, and in order to 
ensure that the new girder shall do its full work 
some dead load must be put upon it. In the act 
of adjustment the cross-girders must be lifted and 
the centre girder depressed, till the joint movement 
equals the excess s of the centre-girder deflection 
over m, when the new girder will carry the proper 
amount of initial load, and upon further deflection 
under live load give the full measure of relief. The 
amount of “ lift” or upward flexure of the old 
girder work, and the depression or ‘‘drop” of 
the new girder, during adjustment, will depend 
upon relative stiffness, and may be ascertained as 
follows :— 

For unit reactions at the centre of the cross- 
girders the upward flexure of these may be ascer- 
tained, as also the upward flexure of the two outer 
girders when subject to forces of the same total 
amount (one-half to each) applied at the cross- 
girder ends. The sum of these movements will 
give the total lift of the centre cross-girders when 
all are subject to unit lifting forces; similarly, 
the depression of the centre girder for unit loads 
applied at the cross-girders may be determined. 
There will then be known the movements. upwards 
and downwards of the old and new work when being 
drawn together by unit forces applied as stated. 

If 


l 
le 


lift due to unit loads, 
total lift due to adjustment, 

d = drop due to unit loads, 
d; = total drop due to adjustment, 

8s = deflection excess = gross adjustment, 


there will then be 


ie il 


a xs= d, ’ 
l+d 
total drop of centre girder under adjustment. 
ie x'g=le, ; 
l+d : 
total lift of centre cross-girders under adjustment. : 
. x unit load = , 
initial load put upon centre girder at each cross-girder. ' 


The rise of the two outer girders for upward 
forces together equal to those depressing the centre 
girder may readily be deduced. 

The act of adjustment may conveniently. be 
effected by the arrangement shown in Fig. 72, in 
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which each cross-girder is hung up at its centre 
by four bolts. At the middle of the centre girder 
the total amount to be screwed up will be that 
corresponding to the deflection excess s, but to 
wards the ends this amount decreases, and may 
advantageously be represented by a diagram, as 
Fig. 73, in which if s represents to scale .the 
amount to be screwed up at a centre cross-girder, 
the corresponding amounts for other girders may 
be read off direct. It will be apparent that it 
must be necessary to place the centre girder at 
such a height'as to leave a space. between the old 
and the new work: greater than the amount to be 
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screwed up, this excess clearance being ultimately 
filled by a packing. : 

The precautions to be observed in carrying out 
this kind of work, and the practical methods of 
adjustment adopted by the writer after some little 
experience, may here be given. ‘ 

Great care is necessary at the outset to ascertain 
the true spacing of the cross-girders, to ensure that 
the bolt-holes in the bottom /-. of the centre 
girder shall come where desired. The fixing of the 
cross-girder brackets also needs close attention to 
avoid after-trouble, the bolt-holes in the brackets 


Fig.73. 
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being preferably drilled on the site after fixing. It 
will, for masonry abutments, be necessary to fix 
bedstones to receive the new centre girder, which, 
being carried out quite possibly under adverse 
traffic conditions, will ae 0 eave the stones 
liable to settle slightly when the full load is carried. 
To eliminate the bad effect of this upon the 
ultimate adjustment, it is desirable, the centre 
girder being in place, to screw up the bolts and 
leave the girder to do its work for a week or two. 
To ensure regularity in the ecrewing-up process, 
it is convenient to prepare, for use at the bridge, 
a diagram somewhat similar to Fig. 73, giving the 
amount by which the new and old work is to be 
brought together at cach cross-girder, with the 
number of turns for each nut to effect this. With 
a man at each side of the girder, the whole length 
is traversed, giving a half-turn to each nut; this is 
repeated as often as necessary, and so managing as 
to bring all up proportionately to the final require- 
ment, keeping tally with chalk marks over each 
cross-girder as a check. The preliminary screw- 
ing up should be conducted with little less care 
than that adopted for the later adjustment, to 
avoid damage to the old work. This later adjust- 
ment having in due course been effected, it is then 
necessary to measure for packings to fill the spaces 
remaining between the old cross-girders and the 
new centre girder. These spaces should be calli- 
pered at each of the four corners, care being taken 
to avoid after-confusion.. The measurements ascer- 
tained will, however, be too great, for the finished 
ckings, as an allowance of not less than ,\, in. 
(total) will commonly be wanted to cover irregu- 
larities in the surfaces. The ape having been 
prepared and checked, may slipped into place 
after slacking all the bolts a small amount to per- 
mit this to be done, finally screwing up tight and 
securing the nuts by split - pins, through holes 
drilled as the last operation. 

As a check upon the calculations and adjustment, 
the. ‘‘lift”. of the outer girders and cross-girders, 
and the ‘‘drop” of the centre girder may be 
observed by levelling. For this purpose the writer 
has used a staff of inches divided into tenths, with 
which, and a good level, very accurate readings may 
be taken for short distances. 

No reference has been made to the effect of skew 
in a bridge on the above methods, the explanation 
given applying rather to bridges square on plan. 
The influence of skew on the load distribution will 
largely be a matter of detailed calculation. The 
flexure of the girders may also be sensibly affected, 
but may be arrived at with sufficient accuracy with- 
out any great trouble. The chief effect of skew is 
to modify the amount of screwing up during ad- 
justment, which may be better understood by 
reference to Fig. 74, and comparing it with Fig. 73, 
the adjustment diagram for a square bridge. 

To illustrate how these methods of strengthening 
work out, and compare as to weights of centre 
girders required, the case has been assumed of a 


wrought-iron bridge of 60-ft. span, having outer 
girders 5 ft. deep, of 39 square inches gross flange 
area; and cross-girders, at 8-ft. centres, 27-ft. span, 
1 ft. 9 in. deep, with a gross flange area of 20 square 
inches. The dead load and live load on either road 
are each 1.75 tons per foot run. 

The stress in the outer girders previous to the 
alteration being 6 tons per square inch gross, it is 
desired to relieve this to the extent of 33 per cent. 
by a steel centre girder. In the table here given 
the quantities given in italics are fixed as primary 
conditions :— 

Centre Strengthening Girders for 60-Ft. Span. 























| Centre Centre 
ae Girder Girder 4 
Stress Depth Unknown. 
| Unknown, | Unknown. , 
Outer Girder. | | 
Deflection under modified) 
liveload .. 4 oof Sie. 42 in. -42 in. 
Lift of adjustment | nil | nil 158 ,, 
Cross Girders. | | 
Depression under modified) | | 
live load .. é a -13 in. | -13 in. 7 
Extreme depression = sel < GED en | Mac a” 
Lift of adjustment (cross-' 
girder only) - eal nil } nil 095 ,, 
Total lift of adjustment (1+ )| nit | nil 1248 5, 
Centre Girder, } 
Depth.. a ee | 35 ft. | &2 ft. 3.5 ft. 
Unit stress on gross sec-| 
tion (ex girder’s weight)! 2.14 tons 5.0 tons 5.0 tons 
Total defiection(ex girder’» 
weight) .. - ..| 55in, | .65 in. 1.28 in. 
Deflection excess (8) ” nil nil . 
Depression, or ‘‘drop” of 
adjustment (dz) .. a nil nil -482 ,, 
Gross area of flange ..| 105 eq. in. | 19.2 sq. in. 44.5 sq. in. 
Weight mn oe “ 20tons | 10.4 tons 11.4 tons 
Net flange stress (including 
girder’s weight) .. ..| 3.19 tons 6.87 ,, on . 





Girders subject to distributed load are treated as 
having uniform stress; but where this is not 
strictly the case, as in some light girders, it will 
be necessary to take the fact into account. For 
centre girders of wrought iron, the unit stress on 
gross section being 4 instead of 5 tons, the girder 
weights are between 9 and 10 per cent. greater. 

In the above treatment of the application of 
centre strengthening girders there is a source of 
error which should be touched upon. If, under 
live load, the centre girder deflects more than the 
outer girders, as it commonly will, there must be a 
want of uniformity in the behaviour of the cross- 
girders, those near the abutments being more 
relieved than the estimated amount of relief of 
those at the centre, which will have less than that 
intended, but the reduction of stress in the cross- 
girders will generally be so considerable that any 
such ambiguity of excess or defect is commonly 
unimportant ; the effect of this also upon the main 
girders is much less than might be supposed, being, 
for the third of the cases just given, about 24 per 
cent. excess for the centre girder, and generally a 
much smaller error. With this qualification, the 
method can, however, be regarded as approximate 
only. It is possible to eliminate some part of the 
error by lifting the end cross-girders during adjust- 
ment a less amount than that given by the dia- 
grams, Fig. 73 or 74, taking care that the centre 
girder is depressed its full amount by lifting the 
centre cross-girders a little more; this refinement 
is hardly necessary, and unless controlled by calcu- 
lation cannot be depended upon for precise results. 

Particulars are here given of five ordinary cases, 
comparing the calculated and observed results of 
adjustment. The operation of levelling was con- 
ducted by a quick-eyed and capable assistant, who 
was not made acquainted with the results expected, 
in order to es any sub-conscious tendency to 
match the calculated figures :— 











| | 
cae Calculated. Observed. 
in. in. 
No. 1.—56-Ft. Span. 
Depression of centre girder .. ss 82 84 
Lift of cross-girders at centr % 23 22 
Lift of outer girders .. ; es -20 -10 and .13 
No, 2.—57-Ft. Span. 
Depression of centre girder .. — .50 -50 
Lift of cross-girders at centre » 18 -20 
Lift of outergirders .. af f ll 0S and .10 
No. 3.—67-Ft. Span. 
Depression of centre girder .. ae -70 Af 
Lifc of cross-girders at centre set 15 | VW 
Lift of outer girders .. = é -10 | 09 
No. 4.—68-Ft. Span. 
Depresion of centre girder .. ee -70 5 
Lift of cross-girders at centre al -20 13 
Lift of outer girders .. es ‘ .13 oe 


punta Calculated. Observed. 


No. 5.—52-Ft. and 28-Ft. Spans Continuous. 


| Long Short | Long short 
| Span. Span./ Span. Span. 
in. 


in. in, in. 
Depression of centre girder .. oof eae .29 
Lift of centregirder .. os oi 4 i .03 
Lift of cross-girders(centre of spans) .17 09 , .15 13 
Liftof outer girders .. - oo] O83 .08 
Depression of outer girders .. ‘ a 01 = nent 
gible. 


The method of calculation adopted for these 
cases was not precisely that given, though depend- 
ing upon the same broad principles. The first can- 
not be considered a good example. The last having 
continuous girders, of course needed special treat- 
ment. 

Of about seventeen bridges strengthened in the 

manner described, the effect generally was satis- 
factory in reducing deflection and vibration ; but 
in two cases of small span, owing probably to 
settlement of bedstones, the results were not so 
good. 
From first to last the work of putting in a centre 
girder takes some little time, owing to the slow 
progress generally made in fixing the brackets, pre- 
paring packings, &c. The cost of a typical case 
was about 23 per cent. of the cost of a new super- 
structure for a 30 per cent. relief of stress. 

A special case of strengthening by a centre 
girder, having considerable interest, may be here 
referred to. The primary idea involved was not 
the writer’s. The bridge dealt with has already 
been noticed in the article ‘‘ Bracing,” and a sec- 
tion, before alteration, shown in Fig. 26. The 
span being 85 ft., there was no room for a centre 
girder of sufficient depth above the cross-girders 
and between the roads, nor was it considered eco- 
nomical to place a girder wholly below the floor, 
because of the costly staging this would have 
necessitated for erection purposes, the height above 
ground-level being very great. A girder was 
therefore designed having open latticing at an 
angle of 60 deg., with a bottom boom to be below 
the cross-girders, the top being as high above the 
rails as could be permitted (see Figs. 75 and 76). 



































CENTRE GIRDER IN PLACE, PREVIOUS 
TO ADDING BOTTOM 800M. 


INS. 120 FT. 
(a971.0) rs a a 


A temporary boom was arranged at the intersection 
of diagonals, the lower boom proper not being 
fixed till the girder, having been lifted into place, 
with the diagonal members pe between the 
cross-girders, allowed this to be done. The girder 
for some time carried itself from bearing to bear- 
ing, with the temporary boom in tension, the 
deflection being then 2 in. The permanent boom 
was then put in place, and the girder restored as 
nearly as was practicable to the camber it was ic- 
tended to have when complete, but without throw- 
ing, during the process, any improper loads upon 
the old work. 

The lower boom being finally riveted up, the 
cross-girders were made to bear upon it by suit- 
able packings. There were, in addition to the new 
girder, two stiff frames between the old main 
girders, to which the new was secured. , 

The girder was designed with the intention that 
under dead load only the cross-girders should just 
rest, but throw no weight, upon the new work, the 
latter assisting to carry live load only. The floor 
beams being of small span, and securely riveted 





to the old girder tops, the centre girder was re- 
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quired to deflect, under its share of live load, the 
same amount as the old main girders under the 
remaining portion, the three points of support of 
the cross-girders thus not altering their relative 
levels. That this resulted was evident from the 
fact that previous to connecting the cross-frames to 
the centre girder, the work being otherwise com- 
plete, a space between the two of about 4 in., 
afterwards filled by a packing, showed no alteration, 
the closest measurement failing to disclose any 
relative movement upon the passage of live load. 
The reduction of vibration was, as might be -ex- 
pected, very marked. 

In the conduct of that class of strengthening work 
which has been dealt with in this article, it is 
essential, in the writer’s judgment, that the man 
responsible for the detailed calculations and design 
should himself see the operations of adjustment 
carried out, or delegate it only to one equally 
familiar with the requirements. 

Before dismissing the subject, it will be well to 
refer to a method of approximately determining 
flexure curves, of occasional use in dealing with 
centre girder or similar questions. The figure 
assumed is plotted to an exaggerated scale, with 
which object the actual radius of curvature at 
points along the girder’s length are first ascertained 
by the formula 

ExD 

“Ff x2 
and the radius of curvature for the diagram by 

12 x R x F2=,, radius for plotting, in inches . ° (5) 

E being the modulus of elasticity, D the girder’s 
depth in feet, f the mean of the extreme flange 
stresses per square inch of gross area, and F the 
fraction-indicating scale as 7, where } in. = 1 ft. 
The curve, being plotted, shows by direct scaling 


= R, radius of curvature in feet, 


























Fig.77. 4 
hes = Sta 
| Bi ees 





| 


STRESS DIAGRAM (LIVE LOAD ONLY) 


the inovement of any point relative to its original 
position. Near the ends of the curve, where the 
radii may be of considerable length, the arcs may 
be drawn with the help of template curves, or even 
set cut as pieces of ‘‘ straight.” 

When the curve is laid down so that its chord 
equals the span to scale, the method involves an 
errcr of excess in the resulting deflection or droop 
Which is as much as 7 per cent. when the mean 
radius for plotting equals the span as drawn, or 
when the droop of curve approaches one-eighth of 
the span. As the exaggeration of curvature is 
made less pronounced, this error rapidly diminishes, 
Will for a droop of about one-sixtcenth the per- 





centage is one-fourth part of that above given. 
This excess in the droop of curve may be amended 
by the following expression :— 
_ (droop* . a 
droop (Seems x 3.73) 
corrected droop, or deflection. 

For some purposes it may be preferable to amend 
the radii for plotting, so that the curve, as laid 
down, shall be correct, which may be effected by 
the formula here given, to be applied to each value 
of r, as first ascertained :— 


2 
r+ (Gere x .0625 ) = corrected plotting radius. 


If, however, the length of curve is made equal 
to the span (the chord then being less), and the 
radii for plotting as given by (5) are used, the 
result will for most purposes be sufficiently precise, 
though there will now be an error of a contrary 
kind, which, for a curve having a droop of one- 
eighth, will be about 2 per cent. too little. A 
somewhat similar method of setting out deflection 
curves is described by Professor Fleeming Jenkin 
in the article ‘‘ Bridges” of the ‘‘ Encyclopedia 
Britannica,” but without corrections. 

A careful comparison of results by the above 
means, with those calculated, shows that with good 
draughtsmanship they may be relied upon for con- 
siderable accuracy. Equally applicable to girders 
of varying depth and flange stress, they have also 
a limited use in cases of continuity. 

Figs. 77 and 78 illustrate the deflection and stress 
diagrams for the cross-girders of the bridge sup- 
posed to have been strengthened by a centre girder, 
when under the influence of live load and a centre 
reaction of a definite amount. As a matter of 
convenience, each radius length has been halved, 
before correction, so that the resulting droop of 
the curve is twice the true amount. 





THE CONTINENTAL FIRE SERVICE. 


By Epwin O. Sacus, F.R.S. Ed., Architect. 
(Continued from page 274.) 
Tue CHemicaL Fire-EnGIne. 

Tue following are some iculars of the actual 
appliances as installed at Hanover, and comprised 
in the unit. 

The chemical fire-engine (see Figs. 79 and 80, 
page 272 ante), which cost 15,300 marks (7651.), has 
the following weights :— 


‘ Kg. 

The appliance empty ... 2492 
The battery... ve 1110 
Water él i ae ‘i 400 
gear—i.e., loose equipment ... 213 
Personnel (estimated) te a 374 


Making the total weight of the appli . 
when wenned sa ee : er aed 

The dimensions of the battery spaces are 13,080 by 
1175 millimetres, with a height of 425 millimetres. 

There are seats for seven men on the appliance. 
The maximum speed for running, when manned, 
is 16 kilometres (11 miles) per hour. The distance 
the appliance can be run when manned without 
re-charging is 25 kilometres. The tyres used are 
Kelly tyres. The diameter of the front wheels is 
865 millimetres; that of the back wheels, 1170 
millimetres. The length of the appliance over 
all is 458 metres, and its height 2.36 metres. 
The wheels are 1480 millimetres apart, centre to 
centre. The water applied to the fire has its 
pressure brought upon it by two carboys of CO?, 
each carboy containing 8 kilogrammines. The seats 
are fitted as flaps, so that the batteries can be 
easily got at, and the space between the battery and 
the tank is used for stowing loose gear. There are 
two hose-reels, and a skeleton frame for carrying 
hook-ladders. The appliances are driven from the 
left-hand side, but it should be remembered that all 
the carriages in Germany drive to the right of a 
thoroughfare. The driver controls the running of 
the machine, with the exception of working the 
warning-bell, which is attended to by a second man. 
The appliance is propelled by two independent 
motors, each working on to a back wheel. The 
consumption per wagon kilometre, including all 
loss of power, is about 0.8 Board of Trade unit, 
equals 6.61 ampere-hours at 121 volts. It requires 
65 minutes to charge the battery sufficiently to run 
1 kilometre. Continuous current at 121 volts is 
used for charging. 

Special attention may be called to the way in 
which the springs are arranged ; they are partly ordi- 





nary springs and partly spiral springs. Ordinary 
brakes are used, and the wheels are of hickory wood. 

Regarding the small gear carried by this appli- 
ance, it would lead us too far to enumerate it in 
detail, but some of the main items should be men 
tioned. The loose equipment comprises :—One 
hydrant, three branches, one two-way piece, ten 
lengths of hose, 52 millimetres in diameter, each 
length 15 metres long, three life-lines, one ambu- 
lance outfit, one Davy lamp, two hand-lamps, one 
petroleum torch, two magnesium torches, four wax 
torches, and one portable electric lamp. 


Tae Trap. 


This appliance, known as the trap (see Fig. 81, 
page 272 ante), cost 10,600 marks (530I.), exclusive 
of its loose gear. 

The weight of the appliance empty is 2283 kilo- 
grammes ; the battery weighs 1112 kilogrammes ; 
the loose equipment 656 kilogrammes; and the 
complement of seven men is calculated at 537 
kilogrammes ; making a total weight of 4588 kilo- 
grammes, or about 44 tons. The number of seats 
for the men is nine. The maximum speed is 
16 kilometres (11 miles) per hour, and the run 
without re-charging is 25 kilometres. Otherwise, 
generally speaking, as far as tho carriage and its 
self-propelling gear is concerned, this appliance 
assimilates with the one previously described. 

The object of the trap is primarily to get addi- 
tional men on to the scene of the fire, bring hose 
on to the spot, and plenty of small gear. This 
small gear comprises in this case two hydrants, 
three branches, and one two-way piece; sixteen 
lengths of hose, as on the previously.described 
appliance, and five additional lengths of hose, of 
75 millimetres in diameter, each length 20 metres 
long, are carried ; the latter run on an unshippable 
hose-reel. The loose gear includes a very consider- 
able amount of tools, such as axes, swords, &c. ; 
also two hook-ladders, or pompier ladders, a scaling- 
ladder, a jumping-sheet, a smoke-helmet outfit, a 
reserve box of coals for the motor steam fire-engine, 
one box of tools for dealing with high-tension 
wiring ; an electric lamp, with flexible cord to work 
off the batteries ; a large petroleum flare, two mag- 
nesium torches, and four wax torches. . There are 
also a considerable number of appliances for clear- 
ing up after the back of a fire is broken, such as 
ee buckets, swabs, &c. In addition, six pea- 
jackets are also carried, for the men to change 
into if they are wet through. 


Tue Moror Steam Frre-Encine. 

The motor steam fire-engine, illustrated in Figs. 
82 and 86, pages 370. and 371, cost 16,500 marks 
(825l.). The two engravings represent the same 
engine seen from opposite sides. Its weight empty 
is 3440 kilogrammes ; the water, spirit, and coals 
carried weigh 476 kilogrammes; the loose gear, 
130 kilogrammes ; and the six men who accompany 
it are taken as weighing 479 kilogrammes ; making 
a total weight of 4525 kilogrammes. It will thus 
be seen that approximately all three appliances, 
when loaded up, average about 4500 kilogrammes, 
or 44 tons, each. 

The motor fire-engine has five seats, and room for 
one man standing stoking; the maximum speed 
per hour is 20 kilometres (12} miles). The tyres 
are Kelly tyres ; the diameter of the back wheels 
is 1430 millimetrcs, and that of the front wheels 
840 millimetres. The length of the machine without 
hose-reel attached is 4.35 metres, and the height to 
the top of the smoke-stack is 2.19 metres. The 
pump will raise 1000 litres per minute. The maxi- 
mum pressure provided for is 10 atmospheres, the 
total heating surface is 5.629 square metres, and the 
total grate area is 0.38 square metre. 

The general design of this engine is best ex- 
plained by the two illustrations (Figs. 82 and 86), 
supplemented by the details shown in Figs. 83, 84, 
85, 87, and 88. In these drawings Figs. 83 to 85 
show the propelling-engine and Figs. 87 and 88 
the pumping-engine. he water in the boiler is 
kept to a temperature of 100 deg. Cent., with 
the aid of the ordinary gas-burner arrangement to 
be found in most fire-stations. The engine can turn 
out immediately when using ite own steam, owing 
to its equipment of CO, carboys, the fire being 
got up in the meantime by the aid of spirit (benzine), 
which is sprayed on to small charcoal blocks. The 
fire is then supplemented in the ordinary way with 
a mixture of steam coal and coke. Under this 
arrangement the steamer, when turning out and 
running to a fire, neither makes a noise nor smell, 
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SELF-PROPELLED STEAM FIRE-ENGINE AT HANOVER 


CONSTRUCTED BY MESSRS. BUSCH, 


ENGINEERS, BAUTZEN. 




















and does not give off the slightest sign of smoke. 
In other words, whilst proceeding to the fire under 
CO, the engine runs as quietly as an electromobile. 

As to the small gear carried by the motor steam 
fire-engine, this comprises one hydrant, one branch 
for the larger hose, four lengths for suction, a 
basket, a dam, and ten lengths of hose of 75 milli- 
metres in diameter, each length 20 metres long ; 
the whole hose being placed on a reel running on 
its own wheels, attached to the back of the appli- 
ance. There are also spare parts and tools. 


A Heapquarters Moror Steam Fire-EnGine 
AND TENDER. 


Turning from this unit of three appliances com- 
prising the equipment of the district stations, we 
find that the headquarters station has an appliance 
which we illustrate in Figs. 89 and 90, page 374, and 
which particularly calls for attention—namely, a 
larger motor steam fire-engine with tender attached, 
intended for turning out to larger fires on a second 
call, and also for attending suburban or country fires 
outside the municipal area. This appliance also was 
made by Messrs. Busch, of Bautzen. Though of 
larger dimensions and greater capacity than the 
steam fire-engine just described, it is not very dif- 
ferent in design. its peculiarity is the arrangement 
of its tender, a vehicle intended to carry spare water, 
spare fuel, and spare hose. This tender (see Fig. 90) 
is designed to carry about 2 cwt. of fuel and 60 
gallons of water. A bicycle is carried when this 
appliance attends at a distance, in order to facilitate 
the rapid transmission of messages, &c., which is 
often essential at suburban and country fires. The 
total live load for the tender is about 2 cwt. The 
water tank and fuel are placed in front of the 
tender—i.e., at the end of the appliance nearest 
the steam fire-engine. The engine and the water- 





tanks are connected by means of a short hose to a 
water-box on the engine. By this arrangement | 
the water of the tender is used up first, and thereby | 
the weight of the tender is decreased as the journey 
continues. For the same reason, the coal stowed 
on the tender is packed in small handy bags, which 
the firemen can easily pass from the tender to the 
fire-box during locomotion, and the coal on the 





tender is also used up first. 


Rurat Moror APPLIANCES. 
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ing effective fire-brigade assistance to bear on large 
fires in country districts. This problem will be con- 


| siderably influenced by the introduction of self-pro- 
steam motor fire-engine | pelled appliances ; and it is of interest to observe 


Reference to the a 
for attending larger fires | that Herr Reichel, when stationed at Hanover, had 


at Hanover, which is wu 


and for rendering assistance at country fires, natu- | already given this matter considerable thought, and 
rally reminds one of the important problem of bring- | had made various experiments with a view of evolving 


' 


— in, 











K/025 102.5 + 





-- 890 ---- 








some scheme for generally supplementing the fire 
brigade service available in country districts, where 
there are isolated large factories, mills, sugar re- 
fineries, and the like. Though the scheme is not yet 
in any way systematically introduced in Germany. 
these experiments and writings of Herr Reichel, of 
Hanover, are sure to serve as a basis for some 
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general scheme in the near future, probably on the 
basis of provincial county motor steam fire-engine 
equipment, which could be easily made available as 
an efficient auxiliary to the rural brigades, or 
brigades in small townships. Such a system would 
practically lead to the local volunteer fire-service, 
generaliy associated with rural life, having a 
stand-by of professional, or at least retained, fire- 
men, ready equipped to bring ‘‘ heavy artillery ” to 
bear upon a serious fire, and thus save the country 
from extensive village fires, large mill fires, &c., 
which now so frequently occur outside large centres 
of population. 

Herr Reichel, writing on the subject last year, 
distinctly advocates the steam motor fire-engine, 
placed in suitable centres, for auxiliary rural work ; 
and he advocates motor steam fire-engines travel- 
ling under their own steam, specially equipped for 
rural work. The petrol-motor he considers, as 
well as the electromobile, to be quite out of the 
question for the present ; but he also points out 
that the motor steam fire-engine is dependent for the 
extent of its radius of action upon the quantity of 
water and fuel it carries ; for the obtaining of fuel 
or water on the road would be a matter of difficulty, 
and involve loss of time. 

The moment Herr Reichel had a second motor 
steam fire-engine at his disposal to make experi- 
ments with, at Hanover, he took the opportunity of 
making the necessary trials over different classes of 
roads, and in all weathers. For the purposes of 
these experiments, he first of all ascertained by 
small trial runs the quantity of fuel and water 
necessary for a distance of about 30 kilometres. 
He further ascertained on short runs the type of 
carriage that could be most easily hauled by the 
engine. A four-wheeled carriage weighing 660 kilo- 
grammes was coupled to the engine, and easily 
drawn with the load of 12 men, weighing 952 kilo- 
grammes ; and it has been on the basis of a hauled 
load of 1612 kilogrammes that Herr Reichel made 
most of his experiments. Considering the nature 
of the territory over which these experiments were 
made, and having regard to the risk of sparks 
setting light to the crops or to hay in rural districts, 
the steam fire-engine was equipped with a spark- 
catcher, and the back of the ash-plate was also so 
arranged as to prevent any possible scattering of 
sparks. One of these experimental runs was from 
Hanover to Neustadt, a run of 25 kilometres, in 
56 minutes. Another run had a distance of 100 kilo- 
metres—namely, from Hanover to Nineburg and 
back, the time being 4 hours and 44 minutes, half 
the distance being against the wind, and the whole 
on undulating ground and slippery roads. On 
these lines there were numerous other trial runs. 
The radius of efficiency for these motor vehicles 
may at present apparently be taken anywhere 
between 25 and 50 kilometres, if the engine is to 
arrive within a reasonable period, so as to be of 
some service at a large fire; 25 kilometres, or a 
little over 15 miles, can well be considered a prac- 
tical working distance from one centre, in order to 
get an appliance to work in fairly good time. 

Based on this figure, Herr Reichel proposes that 
the county stations in Germany should be 50 kilo- 
metres apart, each equipped with one steam motor 
fire-engine and tender. Personally, I think that 
for any scheme applied to Germany at the present 
moment the distance between the stations can be 
anything between 70 and 80 kilometres ; for there 
is no doubt that, as the appliance is improved, the 
radius of efficient action will rapidly increase. 

Herr Reichel goes so far as to consider that 
eventually these county stations will be supple- 
mented by stores of fuel and water-tanks on the 
principal highways for replenishing the appliances 
in cases of great emergency, where several county 
brigades have to be concentrated at some given 
spot, and have to cover long distances. He also 
goes so far as to consider that where there are 
specially large factory risks, or risks of this descrip- 
tion, the accommodation should already be provided 
for suitably getting the engine to work off the local 
streams and ponds; and that a scheme should also 
be worked out, where ponds and streams are not 
available in the vicinity, to obtain the water supply 
by utilising a heavy steam fire-engine as a pumping 
engine, which from a distance would provide water 
to the dams used by the local smaller steam fire- 
engines or manuals. 

The problem, as raised by Herr Reichel, is 
an extremely interesting one; and I have not 
the slightest doubt that now he is stationed at 
Berlin, we shall soon be finding some experimental 





county work tried on the lines indicated on a very 
much more extensive scale, and eventually some 
general plan established, at least for Prussia, by 
which a reserve of county motor fire-appliances 
would be available for emergencies. 

It should be remembered that, apart from fire- 
extinguishing purposes, the existence of such ap- 
pliances may be of considerable value and economic 
interest in other directions ; such as, for instance, 
for the transmission of water in times of drought, 
and for pumping water out in times of flood. They 
also have their military uses, as was demonstrated 
very forcibly by the large number of steam fire- 
engines used in the South African war for water- 
supply purposes. 

Altogether, the motor steam fire-engine and 
tender opens up problems in connection with muni- 
cipal and county work far greater than what I will 
term the mere equipment of town brigades with 
self - — fire - fighting appliances; and the 
sooner the advent of motor steamers is properly 
realised as an economic factor, the better for the 
community at large throughout Europe. 

(To be continued.) 








KETTERING. 

In view of the tendency of manufacturing firms 
to remove their works from crowded cities, in order 
not only to obtain cheaper land and to take ad- 
vantage of the better economy attainable in small 
towns, but to give their workers a greater chance 
of living near their work and of enjoying more salu- 
brious surroundings, the Urban District Council of 
Kettering haveorganised a strong committee to bring 
to public notice the advantages which their town 
offers as a site for manufacturing works. This 
committee—in the work of which Mr. F. Mobbs, 
J.P., the chairman of the Urban District Council, 
and Mr. L. Richards, the chairman of the Chamber 
of Commerce, take an active part—recently re- 
quested that a representative of ENGINEERING 
should pay a visit of inspection to Kettering, and 
we gladly complied with the request, believing that 
a review of the conditions of life in such a progres- 
sive provincial town would be helpful to the firms 
to whom we have referred, and, at the same time, 
would place on record general facts regarding the 
administration and the cost of living in a typical 
English county market town. 

Kettering -is situated 72 miles north of London, 
in Northamptonshire, on the southern fringe of the 
iron district, which in some measure accounts for 
its antiquity. Remains discovered within the area 
some years ago suggest that the town probably 
owes its origin to the Romans, who worked, in 
the fourth or fifth century, the ironstone of the 
district, using fuel obtained from the Rockingham 
Forest ; they had their principal station at Welling- 
borough (see ‘‘ Bull’s History of Kettering,” page 2). 
The first authentic records, beginning in the tenth 
century, are associated with ccclesiastical grants 
of land and with markets. It was not until 1650 
that there was any definite information regarding 
the beginning of manufactures ; then woollen and 
silk goods were produced, while in the year 1800 
boot-making was commenced. Both have since 
continued to be important industries, while asso- 
ciated with them are several engineering works 
commas machinery for these industries. There 

ave developed also clothing and other general 
manufacturing establishments. 

The town, of which a plan is given on the opposite 
pase, stands 300 ft. above sea-level, upon a ridge 
ormed of the ironstone of the district, known geolo- 
gically as ‘‘ Northampton Sands,” with a fall practi- 
cally on all sides to the extent of 100 ft. The 
country around—good agricultural land—is undu- 
lating, of the blue lias clay formation. The nearest 
larger town is Northampton, 13 miles to the south- 
west; while Bedford is 22 miles south-east, Leicester 
26 miles north-west, and Nottingham 45 miles north. 
The town is administered by an urban district 
council, the ratepayers preferring this to incorpora- 
tion under a charter as a borough ; it is possible that 
the cost of administration is less, while the absence 
of burghal dignity does not seem to have affected the 
credit of the community so far as the rate of interest 
chargeable on loans is concerned. The total area 
embraced within the boundaries is 2814 acres, and 
of this 640 acres have been built upon. The town 
is served by the main line of the Midland Railway 
Company, and as the station is a junction for the 
Cambridge branch and for the Leicester and 


Nottingham alternative routes northwards, the ' 





train service is very satisfactory. There is a train 
from London to Kettering almost every hour from 
8.30 in the morning to 6.30 in the evening, the 
time taken for the 72 miles run being about 
1} hours; from Kettering to London the ser- 
vice is equally satisfactory. As manufacturers 
usually like two strings to their bow, it may 
be noted that only the satisfactory attention paid 
by the Midland Railway Company to the town 
has deferred the projection of a competitive line, 
since proposals have been made to carry the London 
and North-Western Railway line from Welling- 
borough 6 miles to the south, through Kettering, 
on to Market Harborough, 11 miles to the north- 
west. Such a branch railway would place the town 
in communication with the main line of the London 
and North-Western Railway Company ; and once or 
twice the proposal has been made that, provided the 
inhabitants assisted towards the payment of promo- 
tion expenses, the London and North-Western 
Railway Company would undertake such a scheme, 
and refund the money if Parliament sanctioned it. 
This threatened scheme has no doubt had influence 
with the Midland Company in their attitude towards 
the town. The full Parliamentary fare, it is true, 
is exacted, but on most Thursdays and Saturdays 
each week excursions are run to London for 3s. 9d. 
return-—considerably less than the single fare. 
Another point in reference to communication is 
that the average fee for telephonic communication 
in the town and district, which extends as far as 
Northampton, is 101., and that the tariff for com- 
munication with London is 9d. per three minutes. 
It may be accepted, therefore, that the removal 
of works from London would not involve any great 
parting of business relations or of friendships. 

As to the land available for manufacturing works, 
there is, one might say, scarcely any limit; but 
there are extensive plots immediately to the east of 
the railway above and below the Northall Bridge, 
marked on the map of the town reproduced. This 
is especially convenient, as railway sidings could be 
built. The subsoil is the blue lias clay, affording a 
good foundation for machinery, &c. We believe 
that this land could be purchased outright as free- 
hold for about 1s. per square yard (about 250. 
= acre); but within the town there are several 

uildings, formerly utilised as boot factories, c., 
which could be had very cheaply, and could be 
easily adapted for other purposes. These factories 
have had to cease operations owing to the extreme 
competition and to the increased output of boots 
consequent on the introduction of up-to-date 
machinery ; this is one of the reasons why Ketter- 
ing, formerly very prosperous, has determined to 
make every effort to induce other manufacturers to 
establish works in the town. 

In the establishment of such new works the first 
consideration is generally the cost of materials. 
Kettering brick would be suitable for the great 
majority of building purposes ina factory ; they are 
obtainable in large quantities at 18s. per thousand. 
The wages of bricklayers in the town average 74d. 
per hour. Coal is introduced from Leicestershire, 
30 miles distant, and for the fuel for the electric 
station the charge is at present 10s. 10d. delivered 
at the railway station, which would also mean at a 
manufacturing company’s siding ; the cartage within 
the town is only 9d. per ton. Ironstone is, as we 
have indicated, found in the district, and there are 
five blast-furnaces in operation. The following isan 
analysis of the ore produced from local sources :— 


Per Cent. 
Moisture at 212 deg. Fabr. . 18.00 
Silica ... ae ms aS 15.00 
Alumina 4.50 
Lime ... 1.50 
Ison... 33.00 
Sulphur- 0.02 
Phosphorus ... » <a ok es 0.78 
Manganese ... aS 3 ; 0.40 


Labour is not only an important element, but 
one upon which there must always be a measure of 
uncertainty. At the present time it is, owing to 
the peculiar condition of the textile and boot trades, 
fairly plentiful. The population is at the present 
time about 31,000, having increased from 11,000 
in 1881, 19,500 in 1891, and 28,653 in 1901. There 
is an equal proportion of males and females ; more 
equal, in fact, than is to be found in most towns— 
the male population at last census numbering 
14,123, and the female 14,530. One advantage 
from the point of view of the welfare of the family 
is that woman-labour is largely employed. There 
are 50 boot factories, the majority of them well 
equipped with modern machinery, and 100,000 
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pairs of boots are turned out weekly. The girls and 
women employed in these factories earn 12s. to 16s. 
per week of 54 hours. There are also several large 
clothing factories where female labour again is ex- 
tensively employed at from 12s. to 15s. per week. 
There are a few engineering establishments, includ- 
ing the works of Messrs. O. Robinson and Co., 
whose principal production is boot-making machines. 
although they are also engaged in general engineer- 
ing. Messrs. Charles Wicksteed and Co. are noted 
for their engineering tools ; Messrs. Salmon, Whit- 
field, and Co. for their limbers and general engi- 
neering ; and Messrs. Mobbs and Lewis, Limited, 
for boot-making machinery and for wooden lasts, 
&c. These, with other firms, employ a large 
number of workers; the total wages paid per 
annum averaging about 30,0001. in the engineering 
works alone. The trade-union system has not 
found any strong footing in Kettering, and the 
employers, who have themselves a joint committee 
of administration, seek to meet their men in most 
instances, so that amicable relationships exist. 


ENGINEERING. 


| divided up into allotments of 20 poles, and the rent 
charged is about 12s. per annum. 

Coming now to rates, which directly influence 
the fixed charges of an establishment, and also the 
cost of living of the workers, we find that this 
year there has been a sharp increase in the 
Kettering rates, which now stand at 7s. 7d., or 
8d. more than in 1904. This is in part accounted 
for by the construction of an additional reservoir, 
the introduction of electricity, and the passing of 
the Education Act, which latter is accountable for 
4d. of the increase, the education rate being 1s. 8d. 
in the £. During the past four years the rates 
have gone up from 6s. 6d. to 7s. 7d., the general 
district rate having advanced from 3s. 5d. to 3s. 94d., 
and the poor rate, which includes the educational 
rate, from 3s. ld. to 3s.10d. This increase, too, 
is notwithstanding a very steady advance in the 
rateable and assessable values of the town, the 
latter having in the four years increased quite 10 
per cent; in fifteen years it has trebled, and, 
{no doubt, with the coming of new works, there 
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As to the purchasing value of the wage, the con- | 


ditions in Kettering are superior to those obtained 
in large towns. The dwelling-houses are almost 


all built of brick, having a front parlour, a/| 


back living-room and ascullery, and three bed-rooms 
on the floor above. These, built on a plot 33 ft. 
wide and 90 ft. in depth, are let for 6s. per week, 
while somewhat smaller dwellings are obtainable 
for 5s. 6d.; there are very few at lessrent. Anen- 
gineering firm establishing works at Kettering, and 
bringing workers with them, would not require to 
enter upon the construction of dwelling-houses, 
because, although there might not be a sufficient 
number available, local enterprise would soon 
meet any demand. Indeed, one notable feature is 
the extent of house construction by building 
societies, the tenants paying annual instalments 
which ultimately make them owners of the houses. 

Boots and clothing are cheap, a consequence of 
their manufacture being the staple industries of 
the district. Groceries generally are not cheaper 
than in London, but vegetables, and similar 
supplies from the adjoining agricultural land, are 
of considerably less price. ‘The great majority 
of working men, however, have allotment gardens, 
where they grow their vegetables and fruit. 
Indeed, this is a feature of Kettering, the various 
areas given over to allotment gardens totalling 
nearly 200 acres. These are for the most part 


would be a further increase without a correspond- 
ing addition having to be made to the current 
expenditure met by the rates. The recent advance 
in the rates is in some measure due to under- 
takings, which are likely to be self-supporting, 
and, perhaps, remunerative, in a year or two. 
The outstanding loans of the Council have in- 
creased since 1901 -from 228,992/. to 359,576l. at 
March 31 last. Of this increase of 130,584l., 
nearly 60,0001. was incurred under the Education 
Act, while a further part was due to the intro- 
duction of electric light and the extension of 
the water-works undertaking. These two latter 
items, indeed, account for about 213,336/. of the 
total outstanding debt of the town, the remainder 
(146, 2401.) being for education and for improvements 
under the Public Health Act, for the provision. of 
markets, sewage works, cemetery, &c. The larger 
part of the money for the water-works undertaking 
was got at 34 per cent., but the remainder, and 
that for the electric lighting undertaking, recently 
raised, was borrowed at 3% per cent., an increase 
in the rate of interest chargeable for local loans 
having been experienced throughout the kingdom. 
The repayment of the large loans by the Council 
extends, in the case of the water-works under- 





taking, over from 50 to 60 years; in the case of 
the educational loan, from 30 to 40 years ; and of 


| the electric lighting loan, to 25 years. 





‘of Sir Alex. B. W. Kennedy. 


As regards the municipal undertakings, we may 
refer first to the water works, as this directly 
influences the economy of works. The works, taken 
over from a company in 1899, at a price of 148,1111., 
comprise a collecting reservoir about three miles 
from the town, having a capacity of 160 million 
gallons, with four filters, each 500 square yards in 
area, and a pumping-station to deliver 500 gallons, 
with a lift of 80 ft., into one or other of the three 
service reservoirs, which are located at levels above 
ordnance datum of from 325 ft. to 365 ft. The 
site suggested for manufacturing works alongside 
the railway is at a height of 240 it. above ordnance 
datum, so that the ‘‘head” is satisfactory for 
most purposes. Since the water works were taken 
over extensions have been made. It was found 
that while the normal supply was 28 to 29 gallons 
per head per day of the population supplied—equal 
to a total consumption of about 700,000 gallons per 
day—the minimum storage in the driest years was 
not less than 60 million gallons, equal to about 
two months’ supply. .It was decided to have a new 
reservoir to augment. the supply to the extent of 
300,000 gallons per day. This reservoir, which is 
nearing completion, is situated in an adjoining 
valley to the original works, and 3 miles distant from 
the town ; so that so far as water supply is con- 
cerned, the conditions are favourable. As to the 
quality of the water, it is, perhaps, a little hard, 
as is shown by the following analysis :— 


Grains per 
Gallon. 
Total solids ... 13.44 
Oxygen absorbed 0.072 
Lime ... anne 3.92 
Magnesia... 0.86 
Sulpharic acid sig 2.56 
Nitrogen as nitrates None 
Chlorine ne ae x: 1.10 
Equal to chloride of sodium 1.81 
Free ammonia os we None 
Albuminoid ammonia 0.005 


This sample was taken from the main entering the 
town, at showed markedly less solids than usual ; 
the filtration was satisfactory. We are informed 
by the steam-users of the district that, with a little 
soda, quite satisfactory results are got with the 
boilers. As regards the water charges, the rates 
for supply by meter, exclusive of meter rent, are, 
for large trade consumers, 1s. 6d. per 1000 gallons 
in cases where the consumption is between 25,000 
and 100,090 gallons per quarter, and 1s. 3d. per 
1000 gallons where the quarterly consumption 
exceeds this total. The hire charge of meter varies 
according to size—from 2s. for those with }$-in. 
pipe to 6s. 2d. with the 1}-in. pipe. The domestic 
rate is graded according to the rateable value of 
the premises: where this does not exceed 51. it 
is 2s, 2d. per quarter ; between 5/. and 10I. it is 
4s. 4d.; exceeding 10/., but not exceeding 301., it 
is 8 per cent. per annum on the rateable value ; 
and over 30/. it is 7 per cent. This includes one 
water-closet; but for each additional closet the rate 
is 1s. 10d. per quarter; for baths the charge is 2s. 
per quarter. 

The gas, which was first introduced into Ket- 
tering in 1834, is supplied from works owned 
by a limited company, the rate for ordinary con- 
sumption being 2s. 10d. per 1000 cubic feet. 
Last year, however, the Urban District Council 
commenced electric light and power works, the 
Council having had the advice in this department 
In view of the com- 
petition between the gas company and the eleciric 


works, still more satisfactory results may be 


achieved. The electric station, which is situated 


‘in the heart of the town, has been built with liberal 


dimensions, with anticipations of considerable 
developments in the future. There are four elec- 
tric generating sets, with a total capacity of 450 
kilowatts. There is a large Meldrum refuse-de- 
structor at the power station, which deals, on an 
average, with 17 tons of refuse per day. On the 
occasion of our visit we were informed by the 
electrical engineer, Mr. W. A. Walker, that the 
water evaporated from and at 212 deg. Fahr. per 
pound of refuse was 1.24 lb., and per unit gene- 
rated 70 lb.; while in the station boilers, which 
are of the Lancashire type, fitted with Green's 
economisers, the evaporation per pound of coal is 
9.3 lb., and per unit generated 60.9 lb. The sta- 
tion has not been long enough in use to justify the 
publication of figures as to the cost of generating 
current per unit ; but there has been a steady 
increase in the load since the generation of elec- 





tricity was commenced. The charge for lighting 
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is 4$d. per B.T.U., and for power and heating 2d. 
per BLU. for the first 500 units consumed each 
quarter, and 14d. per unit for the subsequent supply 
during the quarter. In this way the average rate, 
where 1500 units are consumed per quarter, comes 
to 1.667d., and for 2000 units per quarter to 14d. 
per unit. This latter is equal to 1.316d. per brake 
horse-power if the efficiency of the motor is taken 
at 85 per cent. No doubt. a special rate would be 
made for exceptionally large consumers. 

The Kettering Council have secured the powers 
coveted by most municipal owners of electric sta- 
tions in respect to wiring and supplying motors 
on the rent and hire system. The motors in use 
on these bases number 20, and range up to 30 
horse-power. For wiring the annual rent-charge 
is at the rate of 6 per cent. on the cost of instal- 
lation, paid quarterly, the minimum term being 
three years ; while in the case of motors the rental 
is 8 per cent. per annum, On the hire-purchase 
system the rate per annum, paid quarterly, alike 
for wiring and motor installations, is 124 per 
cent., payable for a period of ten years. ‘Thus, 
for materials involving a capital cost of 2501., 
the payment would be 311. 5s. per annum for ten 
years, making a total of 3121. 10s. 6d. It costs 
the Council 12/. 6s. 6d. per cent. per annum to 
repay capital and interest on the loan, making for 
the 2501. of material practically 31/. per annum, 
or 3101. for ten years. The conditions are 
therefore undoubtedly favourable to the hire-pur- 
chaser. In the case of renting the wires, &c., the 
annual payment for a 2501. expenditure of: capital 
would be 15l., and for motors 201., so that the 
surplus for meeting the depreciation and loss is 
very small. Of course, this monetary accommoda- 
tion is, in a place like Kettering, where there are 
so many small factories, a strong recommendation 
in favour of the adoption of electric power in pre- 
ference to any other system. Many of the larger 
factories, however, have their own power installa- 
tion, and on the occasion of our visit we noticed 
that suction-producer gas was being extensively 
adopted. 

One consideration which must weigh with manu- 
facturing firms in choosing the venue for works 
has reference not only to the educational facilities 
afforded in the community, but also to the social 
and other amenities; and in connection with the 
former it may be noted that Kettering is well pro- 
vided with well-equipped schools of all classes, 
including a Grammar BEhool, and the Council con- 
duct evening continuation and technical classes 
in connection with the Science and Art Depart- 
ment, the curriculum including machine construc- 
tion and drawing, building construction, mag- 
netism and electricity, practical science, shorthand 
and typewriting, and commerce generally. There 
is accommodation in all the schools for nearly 6500 
pupils ; the percentage of population attending the 
schools has continued at about 20 per cent. for 
several years. The total percentage of scholars in 
attendance to the number on the roll ‘is favour- 
able—-about 90 per cent. There are churches of 
all denominations in Kettering, which has long 
been identified also with the Society of Friends. 
There is a public library, Kettering being the first 
urban district council to be recognised by Mr. 
Carnegie, who in 1902 made a present of 80001. to 
the town for this purpose. There is a well-equipped 
infirmary, and it is significant that the workmen, 
by voluntary resolution, tax themselves each pay- 
day to the extent of 1000/. per annum to assist 
in the maintenance of this institution. 

The town is exceptionally clean as an industrial 
centre. The 31 miles of streets and roads within 
the area are for the most part lighted by gas, but 
the principal thoroughfares have arc-lamps, and 
some of them incandescent electric lights. The 
water-closet system is ado»oted throughout the 
town, and the sewage is treated by filtration ang 
irrigation, the refuse, as already indicated, being 
dealt with in the electric power-station. The 
subsidence tanks have a capacity of 500,000 
gallons, receiving the sewage from the outfall 
sewers ; the effluent passes through bacterial filter 
beds, having an area of 6800 square yards, sub- 
sequently flowing on toirrigation land. There are 
also sludge- presses and air-compressors. The 
present works, which were opened in 1897, in- 
volved a capital cost of 25,0001., irrespective of 
the earlier expenditure in connection with sewage 
disposal. In all, 50,0001. has been expended in 
connection with this object, of which 21,000/. has 
already been repaid. The health record of the 
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town is exceptionally satisfactory. The death-rate 
has not for several years been over 13 per 1000, 
while in 1903 it was 10.9, and in 1904 11.5 per 
1000 on a population reckoned only at 30,000, 
which is rather under than over the mark. An 
examination of the reports of the medical officer 
for some years indicates an absence of serious 
epidemics, the total of infectious diseases for the 
past three years averaging about 150. 

As regards facilities for amusement and recrea- 
tion, there are two theatres. The principal resorts 
of the working classes in the evening seem to be 
one or other of the five large workmen’s clubs. 
These are notable institutions in the town, and 
may be reckoned as commendable features. They 
have a large membership, with extensive accommo- 
dation, having reading-rooms and libraries, and 
apartments are set apart for almost every form 
of pastime, with bowling - alleys, quoit grounds, 
bowling-greens, and large halls for theatrical 
entertainments and concerts. Each has a horti- 
cultural competition. Indeed, one could not help 
realising in visiting one of these clubs that such 
institutions possessed enormous potentialities in 
connection with the advancement or otherwise of 
working men. 
principles, they are certain to be attractive, 
and can as easily be made healthful and im- 
press as otherwise. 
or almost all times associated with the main 


institution, including football, cricket, cycling, as 
In the town there 


well as the indoor pastimes. 
are several recreation grounds for golf, cricket, 


When well conducted, on broad | 


There are committees |Smaland, Sweden. The 


| football, &c., and. the clubs connected with these 
|are in a prosperous condition. There is an open 

swimming- bath, and ground ‘has already been 
| bought for a closed-in bath; so that from first 
‘to last the community is well equipped from a 
|social point of view. It only remains to add 
|that the surrounding country is very charming ; 
|much of this is owned by the Buccleuch family. 
| They became possessed of it by marriage with the 
| Montagues, who bought a large share during that 
| unfortunate period in England when the South Sea 
| Bubble ruined so many. Among the features of 
|the estate are the 70 miles of avenue, planted by 
| John Earl of Montague, commonly known as ‘‘ the 
| planter,” when he was refused permission by King 
| George III. to make an avenue of the highway from 

Kettering to London. It is greatly to the credit 

of the Buccleuch family.that the grounds are opeu 
| to the public, except on Sundays. 

We cannot conclude our notice of Kettering 
without acknowledging the courtesy extended to 
our representative on the occasion of his visit by 
| Councillors Lewis and Bryan, Mr. John Bond, the 
| Clerk to the Council, and Mr. T. R. Smith, the 
| surveyor and engineer. 








Prat InpustTry in SwepEN.—Plans are being pre 

| for a rational exploitation of the vast peat deposits in 

pa pony sufficiently dry of the 
to cost about 100,000/., and 


| land in question is calcula 


the plan comprises the establishment of a large peat- 
| spirit factory by a Swedish-French syndicate, as well as 
| several other industrial undertakings, based upon using 
| peat as raw material, 
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THE COCKERILL ROLLING-MILL ENGINE 
AT THE LIEGE EXHIBITION. 


Tue rolling-mill engine we illustrate in Figs. 1 to 3 

of our two-page plate, and in Figs. 4 to 7 on page 382, 
has been built by the John Cockerill Company, of 
Seraing, near Liége, and is shown running at the 
company’s stand at the Liége Exhibition, driven at a 
slow speed by an electric motor, which is geared to a 
pinion on the main shaft. This is a 10,000-horse- 
power reversing compound three-crank tandem steam- 
engine, non-condensing presumably owing to the 
cheapness of the steam generated in boilers fired by 
the waste gases from re-heating furnaces. It is to be 
put down at the close of the Exhibition at the builders’ 
works, where it will drive four sets of rolls for heavy 
joists. 
: The engine is the largest unit at the Li¢ge Exhibi- 
tion ; its proportions are imposing, though it appears 
rather’ cramped up in the Cockerill stand, and its 
lazy revolving, driven by a small electric motor 
geared to the crank-shaft conveys a disappointing 
impression. 

As will be seen from our illustrations, it has three 
high-pressure cyliuders, 900 millimetres (35.43 in ) 
in diameter, placed side by side in front, and three 
low-pressure cylinders, 1.350 metres (53.15 in.) in 
diameter, placed directly in the rear. The stroke is 
1.300 metres (51.19 in.). With steam at a pressure of 
8 atmospheres (117 lb. per square inch), and a speed 
of 120 revolutions, the engine will develop the 10,000 
horse-power stated. 

The cylinders are steam-jacketed (Fig. 4); the 
steam distribution is by piston-valves placed at the 
top of the cylinders and driven by rocking levers 
worked by eccentrics driven from a countershaft, the 
latter receiving its motion from the crank-shaft by spur- 
wheel gearing (Figs. 2, 4, and 5). The steam from the 
high-pressure cylinders is led to the low-pressure cy- 
linders in the rear, by pipes of large section, the hori- 
zontal portion of which lies underneath the engine- 
room flooring ; these are shown in the side elevation, 
Fig. 1; plan, Fig. 2; end view, Fig. 3; and in the de- 
tailed views, Figs. 5 and 6. The piston valves to both 
the high and low-pressure cylinders are 330 millimetres 
(13 in.) in diameter, and their travel is 260 millimetres 
(10.23 in). The valve-rods have a diameter of 65 
millimetres (2.56 in.). The steam inlet to the high- 


pressure cylinders has an ss of 270 millimetres 
) 


(10.63 in.), and that to the low-pressure cylinders an 
opening of 425 millimetres (16.73 in.). The steam- 
valve of the high-pressure cylinders is placed at the 
top of the vabeahen, and its diameter is 280 milli- 
metres (11.02 in.); and that of the low - pressure 
cylinders is located at the bottom of the valve chest, 
its diameter being 435 millimetres (17.12 in). These 
valves are shown in section in Fig. 4; they are driven 
from the eccentric countershaft. The engine is started 
and reversed by the working of a horizontal steam 
relay-engine placed on the inside of the main engine 
at the foot of the driver’s platform, whence its action 
is governed by two levers (Figs. 1 to 3), one for start- 
ing and the other for reversing. The through piston- 
rod is built of several lengths ; the portion in front of 
the high-pressure cylinder is 180 millimetres (7.08 in. ) 
in diameter ; the length from the high-pressure piston 
to the front of the low-pressure is 175 millimetres 
(6.89 in.) in diameter, and the rear portion 120 milli- 
metres (4.72 in.). The crank-shaft is 430 millimetres 
(16.93 in.) in diameter ; the cranks are placed at 120 
deg., and are heavily counterweighted, as shown in 
Figs. land 2. As will be seen . our illustrations, 
the engine is very compact ; the distribution-gear is, 
perhaps, rather complicated for rolling-mill work. 





CANTILEVER BRIDGE OF 1890-FT. SPAN 
ACROSS THE ST. LAWRENCE. 

Sixce its completion in 1890 the Forth Bridge has 
stood unrivalled as the greatest girder span yet 
attempted. It is fated, however, to maintain this 
pre-eminence but little longer, as work is now in pro- 
gress on the erection of a bridge across the St. Law- 
rence the main span of which will exceed that of the 
Forth by full 90 ft. This bridge is represented as it 
will finally appear in Fig. 1, page 375. As will be 
seen, it is a cantilever structure, the central span of 
which extends almost from bank to bank of the river. 
This span is of the cantilever type, 1800 ft. in width, 
with a central suspended girder 675-ft. long and 130 ft. 
deep at the centre, whilst the anchor spans are each 
500 ft. wide, and the approach spans 210 ft. wide. 

The bridge is being built for the Quebec Bridge and 
Railway Company, of which the Hon. 8. N. Parent is 
president, and Mr. E. A. Hoare the chief engineer, 
whilst Mr. Theodore Cooper is acting as consulting 
engineer. The site selected is some 6 miles above 
Quebec, at a point where the river narrows to less 
than 2000 ft. at low water. From this point up-stream 
to Montreal, a distance of 165 miles, there is no bridge 
now existing, whilst below Quebec the river widens 
out so much as to make the bridging of the river below 





the city very improbable; so that this bridge will, 
when finished, be the only one between Montreal and 
the sea, a distance of very nearly 1000 miles. It will 
afford direct connection between the Great Northern 
Railway of Canada, the Quebec and St. John Railway, 
and the Canadian Pacific Railway, on the one side, 
and the Grand Trunk Railroad, the Inter-Colonial 
line, and the Quebec Central Railway on the south 
side of the river. The bridge will also form a link in 
the projected Grand Trunk Pacific Trans-Continental 
line. In addition to thus facilitating the exchange of 
railway traffic, the new bridge is also intended to 
accommodate road and tramway traffic, which will be 
provided for on roadways carried outside the main 
trusses by cantilever extensions of the cross-girders. 
Two tracks for railway traflic will be provided between 
the trusses, which are 65 ft. apart. 

A diagram of half the main and the whole of one 
anchor span of the bridge is represented in Fig. 2 
and views of the piers in Figs. 3 and 4, which show 
clearly the main characteristics of the structure. The 
clear headway provided is 150 ft., which, owing to 
the height of the river banks, is attained without an 
excessive length of approach viaduct, and with a 
gradient not exceeding | per cent. 

The height of the post over each river pier is 315 ft., 


ahd 
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corresponding to about 350 ft. above the level of ordi- 
nary high water. This post is 10 ft. wide by 4 ft. in 
depth, and rests at its lower end on a pin 24 in. in dia- 
meter. Pin connections have been used throughout, 
the usual size of the pins on the mainand anchor spans 
being 12 in., though, as stated, the main pins over 
the river i are double this. The main eye-bars 
are naturally of exceptional dimensions, being gene- 
rally 15 in. or 16 in. wide, and it is also proposed to 
use some 18 in. wide. The main chords are 54 in. 
deep and 68 in. wide ; whilst the vertical posts measure 
from 40 in. to 48 in. in width, according to their 
situation. The cross-girders carrying the roadway are 
10 ft. deep. No castings are being used for any portion 
of the bridge, even the main shoes and pedestals being 
built up of rolled plates and angles. In Fig. 5, on 
Plate V., we reproduce a photograph of an intermediate 
section of one of the main posts as it ap when 
shipped for transport. The piece in question weighed 
74 tons, and measured 66 ft. in length by 10 ft. wide 
and 4 ft. deep. A still heavier, though shorter, piece 
of the same post is shown on a car in Fig. 6. Here the 
the weight was 70 tons, and the length 52 ft., the 
width and depth being the same as before. Near the 
bridge site a storage yard has been provided, in 
which the material as received is kept till wanted. 
This yard is 750 ft. long, and is served by two 


70-ft. electric travellers, of which one is shown in 
Fig. 7, lifting the top piece of one of the main inter 
mediate posts. This weighs about 63 tons, and is 54 ft. 
long. Its. width is 4 ft., and its depth the same. Tho 
pin plate for the connection of the diagonals is clearly 
shown in the engraving, and, as will be seen, these 
diagonals connect on to a subsidiary pin, and not 
direct to the main one. 

Fig. 9, Plate VI., represents the bearing for one of 
the river piers with the pin-plates for the vertical an« 
inclined members already in position. The total 
weight here represented is stated to be 537,000 lb. 
The heavy weights and large dimensions of the pieces 
of the bridge have occasioned some trouble in trans 
port. The shoe forming the middle portion of Fig. 9, 
Plate VI., is shown in Fig. 8, Plate , on the car on 
which it was carried, its weight being 78 tons, whilst 
the false work for the erection of the south anchor span 
is shown in Fig. 10, Plate VI. The central portion is 
of timber and will carry the floor of the bridge, over 
which materials will be delivered to the traveller. 
The outer portion is of steel, and is built of groups of 
four columns under each panel point, which are 
thoroughly braced together. At the top of these 
columns is fixed a steel floor, on which will be laid the 
lower chords of the bridge. The traveller shown to the 
extreme right is used for erecting the false work only, 
that to be used in the erection of the main structure 
being represented on the left, and is shown separately 
in Fig. 11. This latter ‘‘ straddles ” the bridge, and is 
carried on metal girders fixed on the false work in the 
case of the anchor spans, and in the case of the channel 
spans the traveller will run over heavy box-girders 
suspended from the main pins of the permanent struc- 
ture. This traveller is Built of steel, it is 215 ft. 
high and is 100 ft. wide at the bottom, with an over- 
reach of 66 ft. It is fitted with four electric hoists, 
and will be able to handle easily weights up to 105 
tons. 

The railway approach to the bridge site was com- 
pleted last July, and the traveller erected immediately 
afterwards, the first portion, the permanent metal, 
being put in place on July 22. On September 1 the 
main anchorage bent on the south side of the bridge, 
and all the lower chords and bracing of the south 
anchor arm, the main pedestal shoes over the main 
pier were in position, and the erection of the web 
members of the main truss was started carly in the 
present month. Work will, however, have shortly to 
be suspended for the winter, as it is generally impos- 
sible at Quebec to carry on operations of this character 
between November 15 and April15. The work on the 
approaches, and the construction of the main piers, 
was executed by Mr. M. P. Davis, of Ottawa, whilst 
the steel work is being supplied by the Pheenix Bridge 
Company, of Pheenixville, Pennsylvania. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, September 12. 

Tue railway system of the United States has 
entered upon a policy of expansion and improvement 
of roadway and equipment which is involving require- 
ments for iron ona steel of unprecedented magnitude. 
The latest order for steel freight cars just placed by 
the Erie Railroad calls for the construction of 3810 
cars. Negotiations are under way for a total of 75,000 
steel cars in all, in addition to the 17,000 cars con- 
tracted for recently by the Pennsylvania Steel Com- 
pany. The orders for standard steel rails continue 
to pour in, the aggregate orders for the past two 
weeks being 500,000 tons. Among the railroads 
placing orders are the Chicago and North-Western, 
70,000 tons ; the St. Paul, 55,000 tons; the Brrling- 
ton, 50,000 tons; the Reading, 15,000 tons; the 
Wisconsin Central, 22,000 tons; the Great Northern, 
40,000 tons; the Atlantic Coast Line, 15,000 tons; 
and the Tide Water Railway, 10,000 tons. The re- 
markable announcement is just made that three of the 
largest rail companies have sold their entire output 
for 1906—namely, the Carnegie Steel Company, the 
Colorado Fuel and Iroa Company, and the Illinois 
Steel Company. A few large contracts have been 
placed for structural steel, but the majority of the 
orders continue to be for smalllots. There is a heavy 
demand for hardware of all kinds, especially for 
builders’ hardware, and the makers for special pro- 
ducts are far behind in their deliveries. Retailers 
everywhere are making more liberal purchases than 
usual, 

The demand for pig iron is very heavy this week, 
and sales in Eastern markets foot up 50,000 tons of all! 
— About as much basic and Bessemer iron has 

en purchased by Western buyers. Inquiries are on 
the market to-day for 7000 tons of special foundry 
iron, and a sewing-machine works is wanting to buy 
2000 tons; the International Steamship Company 
is also in the market. Consumers of all grades of pix 
iron have begun to place their orders as far ahead as 
possible, some of them covering their requirements to 
the end of the second quarter of next year. Ver\ 
little is said about any advance in prices; in fact, 





there is-a sentiment in the trade against the wisdom 
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of endeavouring to exact the very highest price possible, 
merely because iron is scarce. Orders have already 
been taken for 700,000 tons of rails for next year’s 
delivery by two concerns. The American Bridge 
Company has booked orders for 8000 tons of structural 
material within the past week. A great deal of struc- 
tural material will be contracted for, for winter de- 
livery, for ordinary construction purposes, such as 
office and mill building. There isa heavy demand at 
present for concrete, and the great cement plants 
are at present booking orders for large supplies for 
delivery next year. There is no disturbance in the 
finished-iron market, but the entire capacity is en- 
gaged to its maximum limit. 





Ececrricat GoLp Draepcinc.—A new plan has been 
devised for the electrical working of gold-dredging boats 
on Alaskan rivers. The power-house, which will be at 
Dawson City, will be equipped with a 400-kilowatt gene- 
rator, worked by a 600-horse-power steam-turbine. Lines 
for transmitting this power will be strung from the station 
to wherever the dredges may be working on the Yukon 
and its tributaries. The boats will have induction motors 
of an aggregate of about 500 horse-power, in sizes rang- 
ing from 7 to 100 horse-power each. 





THe Fiasninc Point or VEGETABLE O1Ls.—The fol- 
lowing determinations were made by the chief of the 
laboratory of the Imperial Russian gun factory at Tula 
(Herr Kryloff), and published by M. Rakusin in the 
Chemiker Zeitung, vol. xxix. :— 


: Specific Flashing 
Name of Oil. Gravity. Point. 
deg. Cent. 
Cocoanut .. 0.924 200 
Linseed 0.930 to 0.935 205 to 225 
Ra 0.915 215 
Mustard 0.914 225 
Gallipoli .. 0.914 to 0.919 235 to 240 
Olive - 0.916 240 
Lesame 0 928 ,, 0924 240 
Poppy 0.924 ,, 0.935 250 
Hemp 0.925 ,, 0.930 250 to 265 
Castor 0.968 255 ,, 270 


Adulteration by mineral oil is accompanied by a reduc- 
tion of the flashing point, and this effect affords a means 
of detection. This method of discovery is valuable, espe- 
cially in the case of castor oil, where the adulterant must 
be colourless ; and in all cases the accurate determination 
of the specific gravity is helpful. 


Our Coat Aproap.—The exports of coal from the 
United Kingdom continue to increase, having amounted 
in August to 4,154,505 tona, as compared with 3,933,176 
tons in August, 1904, and 3,840,319 tons in August, 1903, 
these totals being increased to 4,306,857 tons, 4,081,192 
tons, and 3,960,065 tons respectively when account is 
taken of the exports of coke and patent fuel. Three- 
fourths of the exports of coal from Great Britain are 
required for steam-generating purposes. The following 
were the principal exports in August in each of the last 
three years : — 


Aug., 1905. Aug., 1904. Aug., 1903. 











Country. 
tons tons tons 
Russia 401,245 351,734 388,955 
Sweden 372,712 379,869 331,241 
Germany 657,836 609,641 514,346 
France 503,276 522,690 483,307 
Italy .. 592,650 512,250 549,564 


The aggregate exports of coal from the United Kingdom 
to August 31, this year, were 31,180,138 tons, as compared 
with 30,548,820 tons in the corresponding period of 1904, 
and 29,743,175 tons in the corresponding period of 1903. 
These totals are increased to 32,371,451 tons, 31,859,459 
tons, and 30,791,366 tons respectively when account is 
taken of shipments of coke and patent fuel. -The prin- 
cipal exports of coal in the first eight months of the last 
three years were :— 





Country. 1905. 1904. 1903. 

tons tons tons 
Russia 1,612,681 1,979,311 1,714,799 
Sweden 1,971,254 2,064,727 1,964,205 

Denmark 1,431,048 1,498,540 1,338, 
Germany 5,071,155 980,650 3,949,231 
Holland 1,331,376 628,981 454.973 
France 4,237,124 4,485,222 4,504,798 
Spain .. 1,552,753 1,615,403 1,647,365 
Italy ws 4,488,146 4,357,381 4,218,028 
Egypt . 1,497,311 1,487,794 1,384,967 
Argentina 1,123,907 913,860 | 708,549 


Including coal shipped for the use of steamers engaged 
in foreign trade, coal was exported from the United 
Kingdom in the first eight months of this year to the 
extent of 43,825,410 tons, as compared with 43,163,251 
tons in the corresponding period of 1904, and 41,730,561 
tons in the corresponding period of 1903. Our coal ex- 
ports have thus been moving on this year at the rate of 
65,738,115 tons per annum, as compared with 64,744,876 
tons per annum in 1904, and 62,595,841 tons in 1903. 
That coal has experienced a severe fall this year is shown 
by the fact that the 32,371,451 tons of coal, coke, and 
patent fuel exported to August 31, this year, were only 
valued at 17,146,338/., while the 30,791,366 tons expo 

in the first eight months of 1903 were valued at 18,077,443. 


THE FRACTURE OF BOILER-PLATES. 
To THE Epitor oF ENGINEERING. 

Srr,—A good deal has of late been said with reference 
to this subject, and various theories have been put forward 
as to the cause of these fractures. 

Professor Arnold’s conclusion, which was arrived at 
after a searching examination, was that overheating during 
the course of manufacture was the main cause of these 
failures, This theory is one which a practical mind can 
accept, and when the Professor goes on to say that there 
is no remedy for material such as this, except that of re- 
melting, I again agree entirely with him. 

In the discussion which followed the reading of Mr. J. 
T. Milton’s paper on “Fractures of Boiler-Plates,”* 
Mr. Stromeyer described some interesting bend tests 
which had been made from boiler-plates. The test-strips, 
which were bent immediately after manufacture, bent 
double without fracture. Other test-strips were taken 
from near the first set, but these were found to crack about 
4 in. into the metal when the test-strips had been bent 
through but asmall angle, and further bending caused the 
cracks to be greatly accentuated. 

Other tests were made which showed that bend-strips 
tested immediately after the manufacture of the plate 
gave good results; but other strips taken from the same 
plate, and kept lying for some time before bending, split 
before the strip had been bent through an angle of 90 deg. 

Twoking at the results of these tests from an engineer’s 
point of view, it would seem that either deterioration of 
the material had set in very rapidly, through the crystal- 
line structure of the material not being at rest as the 
strips lay waiting for bending, or, as Mr. Stromeyer 
suggests, that punching or shearing will develop a hard- 


‘ 
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ness on the edges of the plate, which has a tendency to 
travel further into the plate, the degree of hardness 
being regulated by the phosphorus content ; but the prac- 
tical worker can hardly accept these theories, and would 
rather believe that the hard places are in the plate before 
punching or shearing takes place, and that these hard 
places are formed at some stage in the manufacture of the 
raw material to the plate. 

The object of this letter is an attempt to show how 
these defects can be brought about. 

I have already agreed that overheating has much to 
answer for, but I will go further back into the manufac- 
ture of the material, and say that bad treatment in the 
melting furnace may be the forerunner of the subsequent 
overheating, and causes other evils, such as hollow 
ingots, seamy material, through spongy ingots, lack of 
homogeneity of carbon content, and ‘‘ red-shortness.” 

This oxidised or wild metal is always red-short, al- 
though the sulphur content may be normal. 

The figure above shows a cross-section of a broken 
26.in. square ingot cast from an oxidised heat. 

Here we have a hollow ingot, and with cells each 
about 1 in. in length and ,%, in. in diameter on each side 
of the ingot. The cells are developed by mechanical 
labour into elongated seams which run longitudinally and 
transversely through the material. hese seams are 
obviously lines of weakness, which compression by either 
eorremg, or shearing will open out along the edges, and 
urther bending will cause shearing along the seams. 

In the same way mechanical labour will cause the 
hollow centre to be an extended crack, even to the full 
length of the plate; but as this material is ‘* red-short,” 
there is also every opportunity for it to be over-heated, 
and so accentuate the evils of seams and a crack. 

The furnace-man is not aware of this *red-short ” 
material, and gets the usual heat on the slabs before draw- 
ing them ; over-heating is the result. 

From the position in which the slab or slabs lie in the 
furnace the centre of the top side of the slab is in direct 
contact with the flame, and is therefore the likeliest part 
to suffer most from the gver-heating. To make matters 
worse, this is the place in the slab where the crack 
already is. We have thus a slab with a hard side and 
a soft side, and a crack running through the centre. 

In rolling to a plate the hard side is not malleable and 
will not readily yield to the pressure of the rolls, which 
has a tendency to cause the crack to break further 
through the thickness of the plate throughout the whole 
rolling operation. 

Lack of homogeneity of carbon will also cause hard 
places, as an ingot cast from an oxidised heat will vary 
in carbon content from 0.14 per cent. on the outside to 
anything like 0.26 per cent. in the centre; but these hard 
places produced by variation of carbon only will not be 
of such a hardness or brittleness as when produced by 
over-heating. 

Cold and damp ingot moulds will also produce blown 
ingots; but, in my opinion, oxidisation of the metal in the 
melting-furnace, and tapping in this condition, are really 
the chief sources of mischief and after-failings. 





* See ENGINEERING, August 4, page 161. 


In this letter I have purposely omitted mentioning 
the dangers from too high a casting temperature, as there 
is not much to fear from this, considering the way boiler- 
plate heats are usually handled or worked, 

I shall probably be accused of having gone to extremes 
on the subject of oxidised material, but I would point 
out that in this age of competition and large outputs, 
the working of the heats in the melting-furnace is 
rushed to far too great an extent, thus sacrificing quality 
to quantity. So long as the chemical analysis is satis- 
factory, dependence is placed on the mechanical labour 
to carry the material through the epecified tensile tests. 

C. GREENHALGH. 

473, Moston-lane, Moston, ncar Manchester. 





TRADE-MARKS IN AUSTRALIA. 
To Tae Eprror or ENGINEERING. 

Sir,—Through the courtesy of a member of the 
Australian Parliament we have received a copy of the 
new Bill introduced by the Commonwealth Government 
for the registration of trademarks. It is, in most im- 
portant respects, the new Englirh trade-mark law, which 
comes, into force on April 1 next, amended slightly to 
suit Australian institutions. There are, however, the 
following special points in it :—First, the proprietor of a 
trade mark registered in any State of the Union before 
the commencement of this Act is entitled to have his 
niark registered for the whole of Australia, but subject to 
the rights of other users or proprietors of a similar mark 
in any of the other States of the Union, and provided it 
could at the time when the Act came into force have been 
lawfully registered in the Australian State in which the 
trade-mark was then registered and in use. If a mark 
has been publicly used by more than three persons or 
firms in any one State of the Union as a mark in con- 
nection with similar goods, it shall be held to be common 
to the trade, and therefore not registrable. There is 1 
special section on trade-union marks, by which any trade 
union of workmen or employers registered under any 
law of the Commonwealth, or of any State, may register 
a mark as atrade-uuion mark, only to be used by members 
of that trade union, and any person wilfully infringing the 
same is liable to a penalty of 507. A clause is inserted by 
which Australia can enter the International Union for 
the protection of patents and trade-marks. The Act is 
admirably drawn up; and though certain members have 
given notice of a few amendments, chiefly verbal, it is 
practically certain to be passed this session in almost 
exactly the form in which it has been entered, as the feel- 
ing appears to be unanimous in its favour. It isexpected 
to come into force on January 1 next. 


ours a 
W. P. THompson anp Co, 
6, Lord-street, Liverpool], September 19, 1905. 








Mrxine Encingers.— Delegates from all parts of the 
country attended the sixteenth annual meeting of the 
Institution of Mining Engineers, held in Manchester on 
the 13th to 16th inst. At the outset Mr. H.C. Peak, 
chairman of the committee, announced that the council 
had elected Sir Lees Knowles, M.P., to the presidential 
chair. Sir Lees Knowles, who was warmly received, 
alluded to the great interest taken in mining matters by 
his grandfather, of whom the chairman had spoken, and 
said that his family had been connected with the Lan- 
cashire coal trade for over 100 years. The report, read by 
the secretary, referred to the death of the late president, 
Sir J. Lowthian Bell, and pointed out that the member- 
ship now stood at 2901. The business consisted of the 
reading of a number of papers by experts. They included 
‘*Leading Features of the neashire Coal-Field Ex- 
tended,” by Mr. J. Dickinson, a former chief inspector 
of mines; ‘‘ Up-to-Date Electrica] Power Distribution,” 
by Mr. R. L. Gamlen ; *‘Can Explosives in Coal-Mines, 
with their Associated Toxic Fatalities, be Prevented?” 
by Mr. B. H. Thwaite; and ‘* Earth in Collieries, with 
Special Reference to the Recently-Issued Department 
Rules,” by Mr. J. F. Walker. Mr. Tkwaite made the 
encouraging statement that it would probably be possible 
in future to prevent the deaths of many men who die 
from poisoning resulting from the explosive combustion 
of marsh gas. 

INVESTIGATIONS INTO THE PROPERTIES OF CEMENT AND 
Concrete.— During the next twelve months there will 
be made, in the United States Geological Survey’s Labo- 
ratories at St. Louis, a series of comprehensive tests on 
certain structural materials. They will include :—(a) The 
examination of the constituent materials of mortar and 
concrete ; (4) tests of mortar ; (c) tests of concrete ; and 
(d) tests of reinforced concrete beams. Sands, gravels, 
stone, screenings, slags, cinders, and other material will 
be collected and will be subjected to both physical 
and chemical tests in connection with tests (a). 
The materials selected for the tests of mortars will 
be typical rather than unusual in character, and the 
tests be carried out to show the tensile, compressive, and 
transverse strength, as well as the porosity of various 
mixtures. The determination of the usual tensile, com- 
pressive, and transverse strengths of concrete composed 
of various mixtures will be included under heading (c), 
as well as the weights, porosity, resistance to heat and 
cold, and the metal-protecting properties of the specimen. 
The effect of vibration on the adhesion of metal to con- 
crete will also be investigated. Under heading (c) will 
be included tests of the strength of concrete beams and 
building blocks. In the last group will be tests to deter- 
mine the effect of varying the percentage of metal rein- 
forcement in concrete. The experiments will include the 
reinforcement of both the compression and tension sides 
of the m. The results of these forthcoming tests 





should prove interesting. 
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THE TWIN-SCREW STEAM LIFEBOAT “MOLESEY.” 


CONSTRUCTED BY MESSRS. FORRESTT AND CO., SHIPBUILDERS, WYVENHOEF, FSSEX. 
































Fig.7. 











































































Tue lifeboat illustrated above has been built by 
Messrs. Forrestt and Co., Limited, of Wyvenhoe, 
Essex, to the order of the Crown Agents for the 
Colonies, for service at Lagos. She is interesting for 
several reasons, being the fastest steam lifeboat in 
existence, and the only one fitted with twin screws. 
The screws, as will be seen in Fig. 1, work in a tunnel, 
as is usual in shallow-draught boats. Figs. 2 and 3 
are respectively a deck plan and a horizontal section 
of the lifeboat, and Fig. 4 shows her appearance 
afloat. Her length on the water-line is 57 ft. ; breadth 
on the water-line, 12 ft. 6 in. ; extreme breadth, 15 ft. ; 
and when fully loaded she draws 3 ft. 6 in. of water. 
The hull is of galvanised steel, divided into twenty- 
one water-tight compartments, which are, of course, 
closed when at sea. There is sufficient buoyancy in 
these compartments, exclusive of the engine and boiler- 
rooms, bunkers and reserve-feed tanks, to maintain 
the vessel afloat even though the spaces specified 
should become flooded. Aft of the machinery space 
is a cockpit, from which the vessel will be controlled ; 
and any water finding its way into the cockpit will 
be drained away by valves set in the floor for that 
purpose. A mast and sails are provided in addition 
to the propelling machinery, and the vessel is also 
equip with hand screw steering-gear, a pair of 
stockless anchors, and a steam-windlass: 

The boiler, shown in Figs. 5 and 6, page 379, is of the 
Yarrow water-tube type, arranged to work under forced 
draught in a closed stokehold. The machinery was 
built and fitted by Messrs. Plenty and Sons, Limited, 
of Newbury, Berks. It consists of two sets of com- 
pound surface-condensing engines, one of which is 
illustrated in Figs. 7 and 8. The cylinders are 7 in. 
and 15 in. in diameter, with a stroke of 8 in. An air- 
pump of the Edwards type is worked from the low- 
pressure crosshead of each engine, the condenser and ' 
circulating-pump being fixed independently. The 4 Fia. 4. 
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auxiliary machinery includes forced-draught fan, feed- 
pump, donkey-pump, and evaporator. 

On her official trial recently, the Molesey made 
10} knots, or 3 knot above the contract speed, over 
the measured mile, and proved satisfactory in — 
respect. She has been shipped complete on the dec 
of one of the steamers of Messrs. Elder, Dempster, 
and Co.’s West African line for her journey to Lagos. 








LAUNCHES AND TRIAL TRIPS. 

Scort’s Shipbuilding and Engineering Company. Gree- 
nock, launched on Saturday, the 9th inst., the steamer 
Huichow, the first of a fleet of six ordered from them by 
the China Navigation Company, London. The dimen- 
sions of the vessel are :—Length, 267 ft.; breadth, 40 ft.; 
depth, 22 ft.6 in. She has a carrying capacity of 2600 
tons. The machinery will be supplied by the builders. 





There was launched on Monday, the 11th inst., from 
the west shipbuilding yard of Messrs. Swan, Hunter, and 
Wigham-Richardson, Limited, Wallsend, a steel sectional 
pontoon dock, the Sir Alfred, which has been built to 
the order of the Nigerian Dry Dock and Engineering 
Company, which is one of the numerous off-shoots of 
Messrs. Elder, Dempster, and Co., of Liverpool. The 
dock has been built for service on the Forcados River, 
and is capable of taking a vessel up to about 250 ft. in 
length, and of any breadth up to 52 ft.; the lifting power 
being about 2700 tons. The dock has been so constructed 
that a further two pontoons can be added at a future date, 
so a8 to increase the lifting power up to 4200 tons, and 
make the dock capable of lifting roede: up to 380 ft. long 
and the same beam as stated above. 





he launch of the s.s. Jane Rowland took place on 
Tuesday, the 12th inst.,from the Ayr yard of the Ailsa 
puiphaiaing Cosyeny, Limited. The vessel, which has 
been built for Mr. William Rowland, Liverpool, for 
coasting service, is about 150 ft. in length, and is pro- 
pelled by a set of compound surface-condensing engines, 
constructed by Messrs. Ross and Duncan, Govan. 


On Wednesday, the 13th inst., Messrs. R. Craggs and 
Sons, Limited, launched from their Tees dockyard, 
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Middlesbrough, the steel cargo steamer Zafra, measuring 

358 ft. 6in. long by 50 ft. 8in. beam, and 25 ft. 6 in. depth, 

moulded. The machinery, fitted by the North-Eastern 
|Marine Engineering Company, of Sunderland, has cy- 
| linders 25 in., 42 in., and 68 in. in diameter, with a stroke 
|of 45 in., steam being supplied by two large single-ended 
| boilers working at 180 lb. to the square inch. The vessel 
| has been built to the order of the English and American 
Shipping Company, Limited. 





There was successfully launched on the Ribble from 
the yard of the Caledonian Engineering and Shipbuild- 
ing Company, Preston, on Thursday, the 14th inst., a 
steel screw tugboat the Herbert. 70 ft. by 15 ft. 6 in. by 
8 ft. 9 in., built to the order of Mr. Albert Westcott, of 
Plymouth. 

The Oberhausen was launched by Messrs. Swan, 
Hunter, and Wigham-Richardson, Limited, on Thursday, 
the 14th-inst., from their Neptune Shipyard, Newcastle- 
on-Tyne. This vessel bas been built to the order of the 
Deutsch-Australische A.G., of Hamburg, for their Aus- 
tralian service. She is fitted with one of Messrs. J. and 
E. Hall’s large duplex type CO, refrigerating machines 
for the preservatien of apples and frozen meat. She is 
of steel, 386 ft. in length by 50 ft. beam. The engines 
are of the quadruple-expansion type on four cranks, 
and are constructed on the Yarrow-Schlick-Tweedy 
system. 





. 

The Laxevaags Engineering and ShipbuildingC pany, 
Bergen, Norway, launched on Thursday, the 14ta _inst., 
the s.s. City of Mexico, built to the order of Messrs. 
Harloff and Bee, shipowners, Bergen. The principal 
dimensions are :—Length, extreme, about 266ft.; breadth, 
| 36 ft. 6 in.; depth, moulded, 19 ft. The machinery is 
| also being constructed by the Laxevaags Company, the 
| cylinders being 19 in., 31 in., and 51 in. in diameter, with 
|a 33-in. stroke. The working pressure is to be 175 lb. 
per square inch. 


On Thursday, the 14th inst., the steel screw-steamer 

| Havre, built by Messrs. William Gray and Co., Limited. 
for Messrs. Frank C. Strick and Co., Limited, of Swansea 

and London, had her trial trip in Hartle Bay. Her 

dimeasions are :—Length over all, 299 ft. ; breadth, 39 ft. ; 
















and depth, 22ft.4 in. She is of thesingle-deck type, with 
engines placed aft. The machinery has been constructed 
at the Central Marine Engine Works of the builders, 
being of the triple-expansion type, and having cylinders 
22 in., 35 in., and 59 in. in diameter, with a piston stroke 
of 39in. There are two large steel multitubular boilers, 
adapted to work at > peer of 180 lb. per square inch, 
and fitted with Howden’s system of forced draught. A 
speed of 13 knots was averaged, the engines woking 
smoothly and well. The vessel afterwaids proceeded tc 
Cardiff to load. 





There was launched on Friday, the 15th inst., from the 
Wallsend eg, ee yard of Messrs. Swan, Hunter, 
and Wigham-Richardson, Limited, a steel screw-steamer, 
the Langton Hall, which has been built for the Hall line 
service, of the Ellerman Lines, Limited. The dimensions 
of the vessel are:—Length over all, 389 ft.; beam, ex- 
treme, 47 ft. 5 in.; and depth, moulded, 30 ft. 11 in.; to 
carry a dead-weight cargo of 7000 tons on a moderate 
draught of water. Her machinery has been constructed 
by the Wallsend Slipway and Engineering Company, 
Limited, and consists of a set of triple-expansion engines, 
having cylinders 234 in., 40 in., and 69 in. in diameter, 
with a stroke of 48 in., steam being supplied by two 
single-ended boilers, fitted with Howden’s system of 
forced draught, and working at a pressure of 212 lb. per 
square inch. She is being built to the rules of the British 
Corporation for the Survey. and Registry of Shipping, 
and will take their highest class. 





There was launched from the shipyard of Messrs. 
Cochrane and Sons, shipbuilders, Selby, on Saturday, 
the 16th inst., the Pelican, a steel screw-trawler, the 
principal dimensions of which are 114 ft. by 21 ft. 6 in. by 
11 ft. 6 in. depth of hold. The vessel has been built to 
the order of the Cleethorpes Steam Trawling Company, 
Limited, of Grimsby, and will be fitted with powerful 
triple-expansion engines by Messrs. C. D. Holmes and 
Co., of Hall. 


There was launched from the yard of Messrs. Earle’s 
Shipbuilding and Engineering Company, Limited, Hull, 
on Saturday, the 16th inst., the Marshal Oyama, a steam- 
trawler, built to the order of the Pickering and Haldanes’ 
Steam Trawling Company, Limited, Hull. Her dimen- 
sions are 130 ft. by 22 ft. 3in. by 12 ft. 10 in. depth of 
hold. She is intended for the Iceland trade, and is fitted 
with a whale back, especially constructed to encounter 
heavy weather, and to provide a shelter for the deck 
hands forward. The machinery will consist of a set of 
triple-expansion engines, with an extra large boiler, cap- 
able of developing 500 horse-power at sea. 


Messrs. Barclay, Curle, and Co., Limited, Whiteinch, 
launched on Saturday, the 16th inst., the twin-screw 
steamer Dongola, which they have built for the Peninsular 
and Oriental Steamship Company. ‘The vessel is one of 
a class of steamers which have been specially designed 
for the Eastern mail service of the company. The prin- 
cipal dimensions of the Dongola are:—Length over all, 
490 ft.; breadth, extreme, 56 ft. 5in.; depth from bottom 
of keel to top of deck at centre, 36 ft, 8 in.; and gross 
registered tonnage, about 8100 tons. Accommodation has 
been provided for 150 first and 100 second-class pas- 
sengers. The machinery, which has been constructed by 
the builders, consists of two sets of quadruple-expansion 
engines, the diameter of the cylinders being 254 in., 
364 in., 52 in., and 74 in., with a 5l-in. stroke. The 
second intermediate cylinder and the low-pressure cylin- 
der are both steam-jacketed ; flat slide-valves are fitted to 
the second intermediate and the low-pressure cylinders, 
and piston valves to thehigh-pressureand first intermediate 
cylinders. The propellers are three-bladed, with cast-iron 
bosses and blades at wanannane bronze. The boilers are 
six in number: two double-ended, 20 ft. long, and four 
single-ended, 11 ft. 6 in. long, all 14 ft. 8 in. in diameter, 
with a working pressure of 215 lb. per square inch. 
Forced draught on Howden’s system is fitted. The total 
number of furnaces is twenty-four, the heating surface is 
18.700 square feet, and grate surface area is 470 square 
feet. The machinery is estimated to develop 8000 indi- 
cated horse-power on trial, and give a speed of 16 knots. 


The steam-tug Guardsman, built by the Ailsa Ship- 
buiiding Company, Limited, Ayr, and engined by Mr, 
James Ritchie, Glenavon Works, Sawmill-road, Partick, 
has successfully carried through her trials on the Firth. 
The engines, which are of the compound surface-condens- 
ing type, worked throughout with great smoothness, and 
the vessel attained a speed of 11} knots on the measured 
mile, being fully ? knot in excess of the guarantee. The 
owners are Messrs. T. Gray and Co., Limited, Hull. 








Warer Surrty or Cariistx.—At a special meetin 
of the Carlisle Town Council on Tuesday, it was ag’ 
that a tender of Messrs. Harold Arnold and Son to con- 
struct the main reservoir at Castlecarrock, in connection 
with the Geltsdale gravitation water supply for Carlisle, 
for 61,733/., should be accepted. It was stated that it 
would be necessary to go to Parliament for further 
borrowing powers to the extent of 100,000/. ; the borrow- 
ing powers under the Act which was obtained for the 
scheme amounted to 153,500/., and the Council had 
borrowed 120,982/. A suggestion was made that the 
extended powers be applied for by way of Provisional 
Order, and not by Act of Parliament; but this was 
defeated on a division, and it was agreed that a Bill 
should be promoted in Parliament as proposed. The 
time for repayment of loans under the existing local Act 
is sixty years, and the Council hopes to obtain similar 
terms in the new Bill 
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THE DISTRIBUTION OF POWER.* 
By Professor Ayrtoy, F.R.S. 


TWENTY-SIX yeara ago, at the meeting of the British 
Association at Sheffield, August, 1879, a lecture on 
‘* Electricity as a Motive Power” was delivered to some 
thousands of working men, and for the first time they 
realised that forks and spoons could not pe vag Boge plated 
by means of the electric current, but could also be polished 
with a brush made to spin by the same agency. 

As far as I am aware, it was at that lecture that this 
composite suggestion was first put forward—viz., to 
obtain economy in electric transmission of power, the 
current must be kept small; while to transmit muc 
power the electric pressure between the conducting wires 
must be made large; and, lastly, to secure safety and 
convenience in working, this high pressure must be 
transformed into a low one at the distant end of the 


transmission system. 

But what did high pressure, produced with a dynamo, 
mean twenty-six years ago? by, three or four hundred 
volts—what, in fact, is called low pressure to-day—a 
pressure less than is now often used for lifts in buildings, 
pumps in mines, and tramcars in streets. 

Nine years after that first lecture, the British Associa- 
tion honoured me by asking for another paper. In 1888, 
however, it was beginning to be realised that a pressure of 
2000 volts between electric mains might not make too 
great a call on the funds of life-insurance companies. 
Alternate-current transformers had come into use ; Fer- 
ranti was employing them for practically distributing 
electric current from the Grosvenor Gallery, Bond-street. 

But although current at 100 volts ure was begin- 
ning to be distributed for electric lighting, the distribu- 
tion of power for working electro-motovs was still but the 
dream of the future. 

In exactly a decade after the Paria Electrical Exhibi- 
tion of 1881 came the Frankfort Exhibition of 1891. 
More than ten times 2000 volts was there used to transmit 
more than 190 horse-power, more than 100 miles, with 
more than 75 per cent. efficiency. 











1882, . 1891. 
oor 1833. 1836. 
— ee Vizile to Creil to — 
Munich. Grenoble. Paris. Frankfort 
Pressure at transmit- 
ting end in volts . 700 3000 6000 25,000 
Horse - power deli 5.8 7 52 114.2 to 
ve by electro lamps. 
motor 
Distance in miles 3.5 8.75 35 108.7 
Percentage commer- &6 62 45 75.3 
cial efficiency of 
transmission Me 
Diameter of line wire 0,18 0.079 0.2 3 wires 
in inches each of 
0.158. 
Material of wire Silicium Copper | Copper. 


bronze | 


The table shows that the use of higher and higher 
pressures has enabled larger and larger amounts of power 
to be transmitted longer and longer distances, with 
greater and greater efficiency—that is, with less and less 
waste. 

In the distribution of power, current and pressure are 
equally important. It is not merely because, even this 
month, after a phenomenally dry season, about 5,000,000 
gallons of water are rushing per minute over the Vic- 
toria Falls, but also because this water thunders down 
about 380 ft. that make these Falls a potential source of 


power. 

Probably, like myself, you have heard vague compari- 
sons made between the power of the Victoria and the 
N fapere Falls. Now what is the true comparison ? 

The flow at Niagara varies at different times of the year 
from about 62 to 104 million gallons per minute, At the 
Victoria Falls the flow can be one-twelfth of the smaller 
number—for it is so now; and some authorities, well 
acquainted with the spot, say that at the end of another 
three months the flow will only be half of even that. The 
mean available drop at Niagara is about 160 ft.; at the 
Victoria Falls it is about 380 ft. Hence, while the minimum 
Niagara flow represents abcut three million horse-power, 
the present Victoria flow represents about 588,000 horse- 
power, or only about one-fifth of the preceding. Further, 
if those who predict that the flow of the Zambesi will sink 
to something like 24 million gallons per minute in Nov- 
ember are true prophets, the Victoria Falls will then only 
give out about 300,000 horse-power, or, say, one-tenth of 
the minimum that rey ge produces, 

In all that precedes I have taken the full power of the 
direct drop in each case—that is, I have assumed in each 
case the intake to be close to the main drop, and I have 
deducted nothing for inefficiency of machinery. 

Now, how exactly does the efficiency in the electric 
transmission of power depend on (1) the pressure ; (2) the 
power transmitted ; (3) the length of the transmission 
line ; and (4) the resistance of the conductors composing it? 

The very simple approximate formula connects these 
quantities. 


a EE 
®, S 
Ee . — Horse-power transmitted . satlen x 2 833. 
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* Abstract of lecture delivered on Tuesday, August 29, 
— at the meeting of the British Association, Johannes- 
urg. 
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This formula tells us that as long as the electric pres- 
sure is limited to some 10,000 or 11,000 volts (a pressure 
boldly used as early as 1897 by the Rand Central Electric 
Works, and at the Moodie Mines, near Barberton, 
but what is still the maximum sanctioned in Great 
Britain), it will not be possible, even with a pair of con- 
ductors of good copper, and each as thick as the one I 
hold in my hand—viz., ?in. in diameter—to transmit 
more than about 6000 horse-power, or to transmit that 
power more than about 10 miles, without the loss on the 
road exceeding 10 per cent. 

The actual efficiency will, of course, be less than 90 
per cent., since there will be losses also in the machinery 


}, | at each end of the transmission system. 


Tn 1898 the highest working pressure in the world was 
40,000 volts for a 34-mile transmission at Provo, in Utah, 
and at thesame date the male white population in Johan- 
nesburg was also 40,000. Then came the war, and volts 
beat the white man, for, according to the census of last 
year, while the white male population was 52,106, there 
were several examples of transmissions at 60,000 volts, as 
seen from that tablo. 








a ae os os g 
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From To |Country. 36. 6.8 £85 

“ 282 89 285 

3 225 36 i6a 
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1§97 Crofton Californie .. 33,000 

1897, Redlands ans 9 - 33,090 

—_ _— Bangalore India 92 | 4,300 35,000 

189s Provo oe | Utah 32 40,000 

— Gromo Nembro Lombard) 22 | 3,300 40,000 

_ Logan Salt Lake City, Utah 15 2,600 40,000 

— Janyon Ferry Butte | Missouri 70 | 5,700 50,000 

Shawinigan Montreal | Cana 90 | 15,000 50,000 

-- Moutiers Lyons France 112 57,600 

= Spokane Washington 100 3,000 60,000 

- és Guanaguato Mexico 104 | 4,000 60,000 

_— Electra 3an Francisco Californis| 147 10,000 60,000 

- Colegate Stockton -_ 218 5,€00 60,000 


Indeed, not only have various successful 60,000-volt 
transmission schemes been carried out, but the Kern 


River ieee ny A in California are constructing one 
a transmitting 4020 horse-power over 110 miles at 67,500 
volts. 


Transmission at 67,500 volts over 110 miles. Why, 
when the new railway—Brakpan to Witbank—is com- 
pleted, 110 miles will be 20 miles more than will separate 
the Rand from the coal-fields at Witbank—fields that 
ae note such good coal that the Central South African 

ailways have contracted to purchase 84,000 tons during 
this year at 63. per ton at the pit’s mouth. Now ata 
pressure of 67,500 volts these two small wires could, 
without warming, bring about 9000 horse-power from 
Witbank and deliver 7600 of it to the Rand. 

Or if six wires were used, like those now employed by 
the Rand Central Electric Works, then, at 67,500 volts, 
9000 horse-power might be put in at Witbank, and only 
5 per cent. lost on the road —that is, about 8950 horse- 
power delivered on the Rand. 

But the insulators would have to be placed much 
farther apart than on the existing Rand posts, to prevent 
the starting of a brush discharge between the wires—a 
— to which I will return. 

ou will now grasp why in 1895—ten years ago—it 
was a bold and pioneering policy to equip the Rand 
Central Works for 10,000 volts, and to use 13,000 volts 
during times of full load ; but surely in 1905 the recom- 
mendation of some advisers to distribute power at only 
10,000 volts to the proposed sub-stations of the contem- 
lated 57 miles of electrified railways—Springs to Rand- 
ontein—is most retrograde for those advisers to the 
railway. 

In 1879 a firm of electrical contractors, well known 
then, and equally well known now, told me that they had 
been asked to tender for the construction of an electric 
transmission system to convey a comparatively small 
amount of power 10 miles. But since they considered 
that they could not possibly hope to deliver more than 
half, while they might possibly only succeed in delivering 
much less, they decline to tender. To-day, twenty-six 

ears later, electric power is, from an engineering and 
rom a business point of view, being successfully trans- 
mitted 232 miles. 

Next I come to a very important question, and one that 
merits far more consideration than it has yet received. 
Now which kind of electric current should be used for the 
distribution of power over long distances? Practically 
every electrical engineer will at once reply, ‘‘Alternating, 
of course.” Well, I am going to preach heresy. 

The alternating current has undoubtedly the t 
advantage that a motor can be constructed with no 
rubbing electric contacts ; every wire may be permanently 
solde in position—a condition of considerable im- 
portance ift dusty places like mines. 

Another advantage possessed by an alternating current 
is that an alternating-current dynamo can be constructed 
to produce a large horse-power at a high voltage; and 
further, as we have already seen, this alternating voltage 
can be t ormed into a still higher one without the use 
of moving machinery. 

Contrasted with this, no single large direct-current 
machine has ever been constructed to generate more than 
about 3500 volts, and no means is known for efficiently 
converting a direct-current voltage into a higher or a 
lower one without the use of moving machinery. 

So far, then, my case seems weak. The advantages of 
using great electric pressures we have seen. Are there 
any disadvantages? This is a disadvantage—the risk of 
piercing the insulation. See how thick the insulating 
material has to be on cables; how far apart the conductors 








have to be placed, even when the cable is intended for 
only 10,000 volts. But does this consideration supply 
any argument for or against the use of one kind of current 
rather than the-other? That small current and high pres- 
sure must be used for the economical transmission of power 
over long distances, whether the current be alternating 
or direct, I agree ; but, ladies and gentlemen of the jury, 
I submit that, while from the point of view of economic 
transmission, 60,000 volts alternating means exactly the 
same as 60,000 volts direct, from the point of breakdown 
of the insulation, 60,000 volts alternating is as bad as 85,000 
=_ direct ; indeed, may be worse than 100,000 volts 
irect. 

The minimum distance that must separate the con- 
ductors has to be increased very rapidly with the pres- 
sure. The table gives this minimum distance for con- 
ductors, yy in., ;’5 in., and ;4; in. in diameter respectively. 
It is to be noticed that increasing the thickness of the 
wire greatly diminishes this minimum. For instance, at 
80,000 volts, doubling the thickness of the wire from } in. 
+} Pa diminishes the minimum distance from 64 ft. to 

in. 
JOHANNESBURG. 
Elevation, 5689 ft., January, 1995. Barometer, 24.3 in. 
Temperature, 91.5 deg. Fahr. 

Minimum distance that must separate two parallel wires to 

prevent the starting of a brush discharge. 


Electric Pres- Diameter of Wires in Inches. 


sure in Volts oe 
between Wires. 











40,000 8.8 in 
50,000 32.2 ,, 
60,000 9.9 ft 1t7 in. 
70,000 35.7 ,, 338 ,, 
, - 6.5 ft. 13.6 in. 
90,009 “ we a 
100,000 vs he 88 ,, 


It must, of course, be remembered, that these are mini- 
mun distances, and that the distances apart at which the 
wires have actually to be fixed in practice are much 
greater. 

But that is not the whole indictment against the use 
of alternating current for long-distance transmission. 
Leakage from wire to wire can be rendered small, but 
still, if the current be alternating, it always flows along 
the wires, even if all the apparatus at the distant end be 
=v disconnected from them. Let me show you 
this. 

I apply a direct pressure of 100 volts, and no current 
enters the transmission line, for it is well insulated along 
its length, and at its ends. [apply instead an alternating 
pressure of the same value, without making any other 
change, and you observe a very perceptible current. The 
very first thing that struck Ferranti when he commenced 
transmitting power with alternating current at 10,000 
volts pressure, from Deptford to London, was that the 
current flowing into the system at Deptford was as-large 
during the daytime, when practically no lamps were turned 
on in London; and, in the case of the 150 miles trans- 
mission, at 50,000 volts, by the Bay Counties Power 
Company, in California, it was found that to charge even 
the aerial lines as a condenser required 40 amperes, so 
that the current flowing into the system remained 

ractically unchanged when the useful load was decreased 
rom several thousand horse-power down to nought. 

Much damage has been done to electric cables used for 
the distribution of power by these unexpected high pres- 
sures produced by resonance in alternate-current circuits. 
A cable may have been tested at twice or thrice the work- 
range and passed as satisfactory. But if thereis a 
liability of a pressure being applied, which, as you see, 
may in somewhat extreme cases be twenty or thirty times 
the working pressure, what avails it, there being a factor 
of safety of 2or3? Disaster must follow. 

Now with direct current for long-distance transmission 
there is no question about the electric pressure at the top 
and bottom of a wave being much greater than the mean 
pressure, no question about self-induction reducing the 
current ; no objection, therefore, to putting the conductors 
as far apart as the risk of brush discharge may necessi- 
tate; no question about capacity current, no resonance 
troubles, &c. 

Power up to 3000 horse-power has been transmitted with 
direct current at 14,000 volts from Combe Garot to Le 
Locle and La Chaud de Fonds, round a circuit 32 miles 
long ; 4600 horse-power has been transmitted with direct 
current at 23,000 volts, 35 miles from St. Maurice to 
Lausanne; and a transmission system for 6000 horse- 

wer at 60,000 volts, over 114 miles, from Moutiers to 

yons, is in course of construction. 

Another advantage that is possessed by all these 
examples of direct-current transmission carried out by 
M. Thury is that it is the current that is kept constant, 
and the electric pressure that is automatically raised, 
when the demand for power is increased ; whereas with 
the ordinary alternate-current system it is the pressure 
at the lamp end that they aim at keeping constant, and 
the current that varies automatically with the demand 
for power. 

When, on the one hand, one hears that good coal is 
brought from Witbank and delivered to the mines on the 
Rand at 13s. a ton, and that even this price will be 
lowered on the completion of the new railway from 
Witbank to Brakpan, one feels that long-distance electri 
distribution has not much chance; indeed, a proposal tv 
burn slack coal at Vereeniging, only 33 miles from 
Johannesburg, and electrically distribute the power on 
the Rand, fell through. : 

On the other hand, when one finds that at the Wankei 
coal-fields themselves large coal costs 15s. a ton at the 
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pit’s mouth, and that Salisbury pays 363. 5d., Umtali 
43s. 6d., and Kimberley 67s. per ton, one feels that 
electric distribution in this country possesses possi- 
bilities. . 

South Wales has many coal-mines—cheap slack coal 
lies heaped at the pit’s mouth. Let me put this question 
to you:—‘‘If an electric supply distributing company 
were to start in South Wales to obtain their electric 
energy, not from waterfalls, mark you, but from coal 
brought to their generating stations from coal-mines, 
would you anticipate, I ask, that such a company would 
obtain customers for their electric energy at coal-mines 
themselves?” ‘‘ No—emphatically no,” you would reply, 
for that would be taking coals to Newcastle with a ven- 
geance. And yet what does that map tell us? Why, 
that within four years since that South Wales company 
was merely applying to Parliament for an Act to enable 
them to establish a distribution of power system, four- 
teen of the largest colliery companies and thirty of the 
mines are taking power at about 4d. a horse-power for an 
}ou, the demand three months ago having reached 13,000 
horse-power, and it is rapidly increasing. 

That the North-Eastern Railway and such a large 
number of manufactories along the iL should, as seen 
from that other diagram, take power from the Tyneside 
Electric Power Supply Company, which also has been 
but four years in existence, was perhaps to be enperies ; 
but that coal-mines should obtain power by the burning 
of the product of distant collieries resembles at first sight 
the method of earning a living attributed to a certain 
village—viz , by taking in one another’s washing. 

But this result is but an example of the sub-division of 
labour. At a coal-mine, getting coal, and at a gold-mine 
getting gold, is the business; and at both, especially in 
the early days of sinking the mine, it should pay better 
to buy electric energy from an outside source than to 
generate the current on the spot. ; 

Niagara sends 24,000 horse-power to Buffalo, 30 miles 
away, and sells it at 0.7d. per horse-power hour to an 
eight-hour user there—a price which is not cheaper than 
the total cost of generating a horse-power hour at Buffalo 
with a large steam-engine. But tapping electric wires 
to obtain any amount of power that may be needed, and 
just at the time that it is required, is far more convenient 
than erecting steam-engines and getting up steam, and 
certainly cheaper in the early days of sinking a mine. 

It has bean objected that the steam power curve of each 
of the gold-mines on the Rand shows the same sort of 
falling off during the hours 4 a.m. to 7 a.m. and 5 p.m. to 
8 p.m., and, therefore, that, apart from using larger and 
more economical engines, and from diminishing the cost of 
superintendence for the energy sent out, there would be 
no saving by supplying many mines with electric power 
from a common generating station. But if there be a 
railway in the neighbourhood, largely used by workmen, 
the slack hours on the mines will be the busy hours on 
the railway. Hence, if that railway be run electrically 
from the same generating station, the load curve will be 
fiattened and much improved. 


But, while advocating electric transmission of power, I | }, 


should not start by constructing a transmission line from 
the Victoria Falls to Johannesburg. And I say this, 
not because I am of opinion that it could not be made to 
work, nor that, if direct current were used, it could 
not be relied on to give as satisfactory results as, or 
even better than, some shorter existing ones on tke 
alternate-current system, but because it does not appear 
to me that, along the route, there is at present suffi- 
cient demand for power to justify as large an expendi- 
ture of capital as would be compatible with a transmission 
line 586 miles long as the crow flies. The length would 
be no less than 745 miles if made along a railway 
through Pietersburg and Gwanda, should that missing 
stretch of railway between these two places ever be con- 
structed. 

Those who hold the opposite view will doubtless urge 
that when the Cataract Construction Company, of 
Niagara, acquired in 1890 the right to use 100,000 horse- 
power, and a further right to subsequently use another 
100,000 horse-power, it required an extraordinary belief 
in the future of alestelenl engineering to expect that 
200,000 horse-power could ever be distributed at a price 
that could compete with large local steam-engines; and 
they will ask, Did not even Mr. George Westinghouse 
advise Mr. Stetson, the first vice-president of the Cataract 
Construction Company, in 1890, that it would only be 
by compressed air that power could be commercially 
transmitted from Niagara to Buffalo? And now what is 
the state of things? Power-house No. 1, with ten 5000- 
horse-power dynamos,’ has been working for some time; 
Power-house No. 2, with eleven more 5000-horse-power 
dynamos, was completed last year. Hence 105,000 horse- 
power can be developed, and of this 75,000 horse-power 
is regularly distributed. 

Further, the Canadian Niagara Power Company are 
constructing an electric station of an ultimate capacity of 
110,000 horse-power, the Ontario Power Company an 
electric station, a little lower down, of 200,000 horse- 
ote: and the Toronto Power Company one, a little 

igher up, of 100,000 horse-power, all these three being 
on the Canadian side. 

\lso the Electric and Hydraulic Company, who in 1881 
started with a station, on the American side, to supply 
on!y 1500 electrical horse-power, have in hand a third 
station which will bring their plant capacity up to 135,500 
electrical horse-power. 

Consequently the total electrical horse-power that 
could be sent out from these various Niagara power- 
houses, when completed, will approach 700,000 horse- 
power, and represents about 30 per cent. of the water 
80g over the Falls at the time of minimum flow. But 
taking into account the further fact that water is already 


abstracted to feed the Welland power canal, and the, 








Chicago drainage canal, and that other canals are pro- 
jected, Mr. A. D. Adams has estimated that about 
41 percent. of the minimum flow of Niagara will cease to 
pass over the Falls. In fact, the water that will cease 
to over the — Falls will be nearly five times 
as large as the total amount passing over the Victoria 
Falls to-day. 

Now what has caused this vast development in the dis- 
tribution of power? What is the secret of this extraordi- 
nary success? It any in the immediate neighbourhood 
of the Fallsthere have grown up works which take some 
60,000 horse-power, works which not only want chea 
power, but power in an electric form for electro-chemica 
processes, and need it in an undiminished amount, day 
and night, week-day and Sunday. The Carborundum 
Company, which manufactures emery’s rival grinding 
material, furnishes an absolutely steady load of 5000 
electric horse-power, the Union Carbide Company 15,000, 
and so on; loads which, from their magnitude and their 
absolute steadiness, make the electric-light engineer’s 
mouth water. 

Now what is the prospect of such a steady load grow- 
ing up locally within, say, three miles of your Falls? 
Even on the spot it is difficult to obtain trustworthy 
information ; by some it is said that one condition of the 
contract for the construction of the railway, which is 
being pushed forward to the copper, lead, and zinc fields 
at Broken Hill, 400 miles to the north-east, is that 100,000 
tons of the ore must be sent to Beira rey for ten years. 
If true, then that ore will not be available for reduction 
at the Falls. 

There is a convenient spot for a power-station near 
the water at the end of the second gorge—all the Niagara 
power-stations are on the top of the Falls, with the 
exception of that of the Ontario Power Company—and 
it is the latter method of construction that would be the 
most suitable to follow at a Victoria power-station. 

But jealously guard the beauty of your Falls. The 
protection of the grandeur of their American sister was 
the underlying idea of Thomas Evershed’s hydraulic- 
power scheme of 1886. How little has that object been 
aa in view ! 

iagara was glorious nature, to-day it is power ; 
Victoria is poetry. 








MISCELLANEA. 

A NEW type of large weighbridge, specially designed for 
taking on its platform heavy motor-cars, has pooenty 
been introduced by Messrs. W. and T. Avery, Limited, 
of the Soho Foundry, Birmingham. The median weighs 
+P to 15 tons, and its Sy we measures 14 ft. by 8 ft. 

atters are so arranged that when the car is in position 
on the bridge the weight on each axle can be read at will, 
or the weight of the car asa whole. The object of this 
is to facilitate —-> with the requirements of the 

1 Government , which fixes the maximum axle 
load at 8 tons, and the total maximum weight at 12 tons. 


Although the Gedserwarnemiinde steam ferry traffic 
as existed only for a couple of years, it has already been 
found necessary to lengthen some of the ferry-boats and 
fit them with double lines of rails. The Princess Alexan- 
drine is at present in dock for the purpose at the works 
of the Elsinore Shipbuilding Company. This ferry-boat 
will be lengthened on both sides of the engine-room, the 


fore part having been removed 38 ft. and the aft part |’ 


20 ft. from the engine-room. After lengthening, the 
Princess Alexandrine will be 333 ft. long. The lengthening 
is to be completed by October 1, when one of the German 
ferry-boats, the Friedrich Franz IV., will be taken in hand 
in order to undergo a similar process. 


It is many years since the late Sir Joseph Whitworth, 
in his millionth-of-an-inch measuring-machine, found it 
ible to detect a movement of one-millionth of an inch. 
his result has now been much improved on by an electric 
micrometer described by Dr. P. E. Shaw in a recent com- 
munication tothe Royal Society, with which he has found 
it ible to detect a motion of one-fifty-millionth of an 
inch. The device consists essentially of a series of six 
compound levers giving a magnification of 2000 to 1, 
which are opera‘ in combination with a micrometer 
screw. A telephone and an electric circuit are used to 
determine when the contact pieces are in touch with each 
other. Dr. Shaw has used his instrument to determine 
the eparking distance of one volt in air, which appears 
to be 2,600,000 1 
In replying to a discussion on his ron “Gas 
wieaten teeta ” read before the Waet of Scotland 
Iron and Steel Institute, Mr. Tom Westgarth stated 
that though it was commonly assumed that the fur- 
nished by by-product coke-ovens was sufficiently clean 
to be used forthwith in gas-engines, he had found that 
this was not the case, and that unless the gas was 
through an efficient scrubber, the valves suffered from a 
deposit of tar. In the case of blast-furnace gas, it 
had, he stated, proved possible with a Theisen washer to 
reduce the amount of dust to 0.008 gramme per cubic 
metre, which meant that there was less dust present than 
in the air of an ordinary dwelling-room ; but, in general, 
he thought it was sufficient if the dust was brought down 
to from 0.03 to 0.05 ae per cubic metre. r. West- 
garth also described a form of tar-extractor which, he 
stated, had given good results at Summerlee, where the 
gas was derived from a by-product coke-ovens The gas 
was simply passed through a series of narrow slits about 
in. wide, and if the velocity of flow was properly 
- justed, it was found that the tar was deposited at the 
ts. 


Ina _ read before the Société d’ Agriculture de 
Belgique, M. Léon Gérard describes the advances recently 





made in the electrical production of ozone, and the uses to 
which this gas is being put in the purification of water for 
potable purposes. He states that whilst Andreoli required 
in 1897 the expenditure of 6500 watts to produce 1 gramme 
of ozone, Messrs. Siemens and Halske, at Paderhorn, are 
producing it on an industrial scale with an expendi- 
ture of but 565 watts per gramme. When used for 
water purification, the ozonised air produced by the 
electrical apparatus is pum into the water to be 
treated in quantities which vary with the degree of 
purity of the water in its natural state. In the case of 
water from the Spree containing originally 40,000 bacteria 
per cubic centimetre, treatment with ozonised air in the 
ratio of six volumes of air to one of water reduced the 
colonies to but 20 to 28 per cubiccentimetre. The action 
is stated to be very rapid and to be toa certain extent 
selective, pathogenic bacteria of all kinds being specially 
susceptible to the treatment. In the case of filtered Marne 
water containing originally 145 bacteria percubiccentimetre 
agitation with ozone air in the proportion of 0 8 volume 
of air to 1 of water reduced the bacteria to but one or two 
per cubic centimetre. The cost of the power required 
1s said to be small. At Breda it works out to less than 
4d. per 1000 gallons, since the current used being taken 

uring the night only, is supplied at a very low rate. 
The total cost, including interest, depreciation, and ail 
other direct and indirect charges, amount at this plant to 
24d. per 1000 gallons. 


In a note recently published in the Comptes Rendus of 
the Paris Académie des Sciences, M. Ch. Fremont de- 
scribes some experiments which go to show that really 
good steel is not seriously injured by punching, shearing, 
or drifting. He claims that were precautions taken to 
exclude brittle steel, little risk would be run in admitting 
the use of punched or drif holes in boilers. In his 
experiments he took three plates of 25 to 26 ton steel, all 
of which showed an elongation on fracture of 25 to 30 od 
cent. in a length of 8in. Subjected to the notched bar 
test, however, specimens of A and B, measuring 10 milli- 
metres by 8 millimetres in section, broke with work done 
on them equivalent to 2 kilogrammetres (14.4 foot-pounds) 
and 6kilogrammetres (43.4 oe fmm nee Yo ree whilst 
a similarspecimen of plate C required 28 kilogrammetres 
(202.5 foot-pounds) to break it. In each of plates A and B 
a 30-millimetre hole was drilled. Then a hole 25 milli- 
metres in diameter was punched through them, and 
reamered out to 31 millimetres in diameter. A second 
25-millimetre hole was next punched, the female punch 
being 25.5 millimetres in diameter, a size which is found 
to give rise to the greatest strain in the metal operated on. 
In plate C two 25-millimetre holes were punched, one of 
which was drifted out to 30 millimetres in diameter. 
Specimens measuring 10 millimetres by 8 millimetres for 
testing by impact were next cut from all these plates 
tongpetially to the holes, and of these specimens a certain 
number were then notched by the saw, the remainder 
being tested as they were, in order to detect if ble 
the influence of the zone of overstrained metal. In both 
cases the side next the hole was re in tension by the 
test. In view of the importance of the results, the tests 
on plate C were multiplied, the results observed in the 
whole series being as follows :— 


Work of Rupture in Foot-Pounds. 
Unnotched bars. | Notched Bars. 


A. B. a ASB) CG 





.| 144.6 | 188.0 | 361.6 14.5/43.4 202.5 





Metal in its initial state 
Metal at the periphery of the 


drilled hole .. . | 180.2] 188.0) .. |14.5 67.8 
Metal at the periphery of the } 
hole reamered out after | | 
punching .| 144.7) 160.1) .. 289 28.9 
> 7 > pe 
Metal at the periphery of f 43.4) 67.9 oe 21.7/21.7 4 
the punched hole | eran eee See ew 
Metal at the periphery of 04 wie (hae ny 
the hole punched and 1663... |. 13902 
drifted bg ch Toe ‘ 
173.6' ..  .. | 126.6 


It will be seen that the non-brittle plate, after drifting, 
is still much tougher than either plate A or B in its 
initial state, yet these gave fair results in the tension 
tests, and when unnotched showed a fair degree of 
toughness. 








AUSTRALIAN Patent Act.—Mr. Fred. Walsh, patent 
and trade-mark attorney, of Sydney and Melbourne, has 
issued three pamphlets, being reprints of the Patent Act, 
1903 (Australia) ; of the rules and regulations under the 
Act; and a very complete alphabetical index of the new 
Act in question. These pamphlets will prove useful for 
reference. They are, however, printed on dark tinted 

per, and would have gained much had white paper 
oa used instead. 





Contracts.—Mr. P. J. Mitchell, of 52, Queen Victoria- 
street, E.C., has secured from Messrs. Barber, Walker, 
of Nottingham, an order to equip their Bentley Pit, near 
Doncaster, with a complete central station to be worked 
by exhaust steam. The plant will include two Rateau 
500-kilowatt low-pressure turbo-generators and acces- 
sories, and it is also intended to instal two high-lift 
Rateau motor-driven a umps, rated at 600 
brake horse-power, each of which will be capable of deliyer- 
ae ions per minute inst a head of 600 ft.— 

essrs. Ed. Bennis and Co., Limited, of Little Hulton, 
Bolton, are to supply two of their chain grate stokers to 
the Dumbarton Electricity Works. 
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NOTICES OF MEETINGS. 


Tue Tron anno Sree. Instirure.—On Tuesday, Wednesday, 
Thursday, and Friday, September 26, 27, 28, and 29, the autumn 
meeting will be held at Sheffield. The following papers have been 
offered for reading :—1. On ‘“‘The Metallurgical Department of 
Sheffield University,” by Professor J. O. Arnold (Sheffield). 2. 
On “The Thermal Transformation of Carbon Steels,” by Pro- 
fessor J. O. Arnold and Mr. A. McWilliam (Sheffield). 3. On ‘‘ The 
Nature of Troostite,” by Dr. Carl Benedicks (Upsala). 4. On 
“The Occurrence of Copper, Cobalt, and Nickel in American 
Pig Irons,” by Professor E. D. Campbell (Ann Arbor, Michigan). 
5. On “‘ Pipe in Steel Ingots,” by Mr. J. E. Fletcher (Sheffield). 
6. On “Steel for Motor~ Construction,” by Mr. L. Guillet 
(Paris). 7. On ‘* The Presence of Greenish-Coloured Markings in 
the Fractured Surface of Test-Pieces,” by Captain H. G. Howorth, 
R.A. (Sheffield). 8. On ‘*Overheated Steel,” by Mr. Arthur W. 
Richards (Grangetown), and Mr. J. E. Stead, F.R.S. 9. On 
ws gregation in Steel Ingots,” by Mr. B. Talbot (Middlesbrough). 
10. On “A Manipulator for Steel Bars,” by Mr. Douglas Upton 
(Jarrow). 11. On “‘ Machinery for Breaking Pig Iron,” by Mr. 
Cecil Walton (Whitehaven). 12. On “The Influence of Carbon 
on Nickel and Iron,” by Mr. Gonmpe B. Waterhouse (New York). 
—On Tuesday, September 26, at 10a.m. Reception in the Firth 
Hall, of the Sheffield University, by the Right Hon. the Lord 
Mayor (Sir Joseph Jonas, J.P.); the Vice-Chancellor of the Shef- 
field University (Sir Charles Eliot, K.C.M.G., C.B.); the Master 
Cutler (Mr. George Hall) ; Colonel H. Hughes, O.M.G., Chair- 








man, and the s of the Recep Committee, followed 
by di and di i of papers. In the afternoon there 
will be alternative visits to the Metallurgical Department of 
Sheffield University; to the works of the Sheepbridge Iron 


and Coal. Company, Limited, near Chesterfield, and to the 
Britannia Works of Messrs. J. Hopkinson and Co., Limited, 
Huddersfield. At 9 p.m. there will a reception by the Right 
Hon. the Lord Mayor and the Lady Mayoress at the Town Hall} 
—On Wednesday, September 27, at 10 a.m. Reading and discus- 
sion of papers at the University. In the afternoon visits to (a) 
the East Hecla Works of Messrs. Hadfield’s Steel Foundry Com- 
pany, Limited. To(b) the Iron and Wire-Rope Works of Messrs. 
W. Cooke and Co., Limited, Tinsley. In the evening the mem- 
bers will dine with the Reception Committee at the Cutlers’ 
Hall, and afterwards go to the theatre.—On Thursday, Sep- 
tember 28, at 10.30 a.m., there will be alternative visits to the 
Norfolk Works of Messrs. Thomas Firth and Sons, and to the 
Atlas Works of Messrs. John Brown and Co., Limited ; to the 
works of the Parkgate Iron and Steel Company, Limited, near 
Rotherham ; and to the Grimesthorpe Works of Messrs. Cammell, 
Laird, and Oo., Limited. At2 p.m. To the River Don Works 
of Messrs. Vickers Sons and Maxim, Limited ; and to the Ickles 
Works of Messrs. Steel, Peech, and Tozer, Limited. In the 
evening there will be a dance and reception at the Cutlers’ Hall 
by invitation of the President and Mrs. R. A. Hadfield.—On 
Friday, September 29, there will be alternative excursions to 
Welbeck and the Dukeries, and to Chatsworth, Rowsley, and 
Haddon Hall. At 9 p.m. there will be a display of fireworks, 
and musical selections will be given by a band, at Wincobank 
Ridge. A large number of Sheffield works will be open to 
members. 
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FRIDAY, SEPTEMBER 22, 1905. 


a) 


RE-DISTRIBUTION OF FACTORIES. 


One of the causes contributing to the increase 
in the number of unemployed in London and 
other large cities is the retention of factories within 
crowded areas ; and no opportunity should be lost 
of directing attention to the fact. There are, of 
course, factories and industrial concerns which are 
integral parts of, and inseparable from, the Metro- 
polis ; but these are comparatively few in number, 
and do not in any degree alter the fact that there 
continue within London and other large cities manu- 
facturing works which ought long since to have 
been removed to districts where there is ample 
room, and where the surroundings are more con- 
ducive to economy in work and to the health of the 
workers. The presence of manufactories in areas 
which have become densely populated is inimical to 
the best interests of the workers, and entails loss 
on the capitalists who own them, and consequently 
on the nation at large. A factory within London 
is likely to be inefficient, because the fixed charges 
are greater than they need be, labour costs are 


‘ higher, and in many cases insufficiency of room 


results in an increased amount of handling of 
material. These disadvantages, combined with 
higher cost of transport, intensify the inability of 


= the manufacturers to compete on equal terms with 


firms having works more favourably situated in the 
country or abroad. Consequently, there is a 
greater difficulty in keeping town factories going 
during times of depression and of keen competition, 
and, as a result, the men are discharged, and go to 
swell the ranks of the unemployed. It is signifi- 
cant that even last year, before the depression had 


“| become very serious, the monthly percentage of 


shipbuilders idle in London varied from 8 to 14 
per cent. ; that of engineers was from 4} to 5} 
per cent., repair work keeping this branch more 
stable ; and of carpenters and joiners, from 4 to 
11 per cent. There are, of course, other factors 
which affect the unemployed problem, but it 
is not our intention to discuss them, although 





many are incidental to the congregation of 
factories within limited areas. alone city 
has its seductions for the crowd, and the great 
supply of labour often influences firms to con- 
tinue their town factory, notwithstanding coun- 
teracting disadvantages; the worker finds that 
rates of wages are, as a rule, high, but the cost of 
living is still higher—a fact not always borne in 
mind by the provincial. The potentialities of 
success as the result of ability and energy are 
assumed to be greater; poverty is more readily 
hidden in the crowd; and recreations and amuse- 
ments offer a great attraction, although not neces- 
sarily satisfactory or beneficial. The municipalities 
of large communities have, in many instances, 
been extravagant in providing conditions which 
are alluring, but which must ultimately aggravate 
the evil of the industrial situation by increasing 
the cost of living. These are some of the causes 
which bring an unemployed problem ; and, of these, 
the one with which we are for the moment con- 
cerned is the inefliciency of some town works. 

From the national point of view the aggregation 
of factories in large centres is a material disadvan- 
tage. Every square yard of territory is part of tae 
assets of the nation, and the aim should ever be 
to obtain as high a return from such assets as is 
possible. Commercial and industrial conditions 
have resulted in the congregation in London, and 
to a less extent in other cities, of interests which 
are indispensable and cannot be moved. .The 
number of such interests to be accommodated has 
resulted in a great appreciation of the value of 
land within London ;. but in many cases the advan- 
tages resulting from proximity are far greater than 
the extra cost caused by such proximity. The con- 
dition which has necessitated aggregation and has 
increased the value of the land has enormously 
added to the wealth produced. It is profitable 
from the national point of view that bankers should 
be located in Lombard-street, apart altogether from 
the cost involved ; but it does not follow that to 
build a boot factory there would afford an equally 
eflicient use of the land. The considerations of 
international exchange render it impracticable for 
the banker to have his business premises iu a 
small provincial town; the boot-maker need ex- 
perience no disadvantage from distance from the 
Metropolis, provided he has railway communica- 
tion and capable representatives for the market. 
This is an extreme case, but the principle holds 
as regards many other industries in various parts 
of the Metropolis. If the boot-maker has to pay 
for the land he uses as a site for a factory 200/. 
per square yard, instead of ls., as might be the 
case in the provinces, it follows that the boots 
produced must bear a large additional charge, and 
to this extent the nation may lose in foreign com- 
petition. 

Moreover, the continuance of factories on ground 
otherwise required increases costs in businesses in- 
separable from London, and greatly intensifies the 
housing problem, besides augmenting the con- 
gestion of traffic on streets and railways. A direct 
national loss is involved in this congestion. Sir 
John Wolfe Barry has estimated the loss of time 
at four points only—Cheapside, Strand, Piccadilly, 
and the junction of Tottenham Court-road with 
Oxford-street—as equivalent to a monetary loss of 
over 2,000,0001. sterling per annum. The amount 
in the case of other great arteries must be equally 
great. It has also been computed that the time 
lost by the great army of ‘‘ daily-breaders ” travel- 
ling to and from their work in London aggregates 
almost seventy years per day. In addition, there 
is the expense incurred in transit, all of which 
tends to increase indirectly the cost of manufac- 
ture within the metropolitan area. Another serious 
national loss is attributable to overcrowding and 
to the evils inseparable from overcrowding: the 
physique of the race is deteriorated. 

These are no new facts ; they have been stated 
time and again in different phraseology, and states- 
men have recognised their truth, if not always 
their full effects. But the problem is too great 
for the party politician to tackle, because he is 
always inclined, in the solution of a difficulty, to 
take the line of least resistance; and hence it 
is that, in connection with the unemployed diffi- 
culty, the remedy provided deals with the result 
rather than with the cause. It is not easy to see 
how the redistribution of factories can be facili- 
tated by legislative means ; but indirectly Parlia- 
ment and the corporate bodies have assisted in per- 
petuating the maintenance of factories in London, 
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notwithstanding the evidences of their inefficiency. 
The Government have before now placed orders in 
the Metropolis, irrespective of the fact that the 
price was from 10 to 15 per cent. higher than that 
asked by provincial manufacturers, in order that 
an industry should be bolstered up under conditions 
which make economical working impossible. The 
case of the London County Council Thames steamers 
is another instance of the same practice. 

A much more hopeful movement towards the 
desired end is that which is being taken by manu- 
facturing firms themselves, and it is in this con- 
nection that we offer words of encouragement. We 
have already indicated that there are industries 
which necessarily belong to London ; other factories 
are also necessary for repair work. There are also 
concerns doing a large amount of manufacturing 
business within a moderate space, and the market 
for the productions of which is entirely within the 
metropolitan area Where the raw material is from 
over the seas, or if a large proportion of the output 
is exported, a factory alongside the river obviates 
transport and heavy terminal charges.’ In this one 
finds the reason and justification for the location of 
works on the shores of the Thames, even within 
the London area, 30 or 40 years ago, or earlier. 
Labour then was not so hampered by trade unions ; 
there were not so many municipal or Parliamentary 
restrictions in regard to buildings, &c.; rents, 
rates, and taxes were much lower; and the 
distances that workmen had to travel in order 
to find suitable homes were not nearly so great. 
But now all this has been changed by the steady 
growth of the Metropolis, as a result of the 
development of business inseparable and other- 
wise from it. The time has, consequently, come 
when every firm should seriously consider the 
question as to the advantage to be derived from 
migration to the country. Some of the small 
provincial towns, recognising this fact, and con- 
scious of the advantage which would accrue from 
the location of new works in their district, have 
formed special committees to further this end. 
A year or two ago we published an article on 
Luton,* and, as a consequence, two new factories 
have been established there. This week we give a 
similar article on Kettering. 

Many engineering firms have already migrated 
from London, and from several of these we have 
testimony as to the benefits accruing from the re- 
moval of their works. The only suggestions of 
disadvantage are in two cases, where there was a 
difficulty in finding sufficient skilled labour in the 
years immediately following the removal. This, 
however, soon remedied itself; in one case 68 per 
cent. of the old workers removed along with the 
establishment. The results have thus been 
most satisfactory, the men being more contented, 
more stable, and altogether more prosperous. 
Wages are lower. In onecase the rates in London 
had been 15 per cent. higher for skilled labour 
and 30 per cent. for unskilled labour than in the 
provincial town ; in another instance the differences 
are recorded as 5 and 10 per cent.; in a third case 
there was a difference of from 2s. to 4s. per week ; 
and in yet another instance the London rate was 
from 10 to 16 per cent. greater. Other examples 
might be given, but it is quite obvious that on an 
average the provincial rates are from 10 to 15 per 
cent. less than in the Metropolis. The labour is 
more efficient. London men have always been recog- 
nised as good craftsmen, but the conditions under 
which they live and work do not conduce to effi- 
ciency. The majority of London workmen live at 
a great distance from their work, and this entails 
a journey of from half an hour to an hour in the 
early morning, and an equal, or longer, trip home 
in the evening, as traffic is then more congested. 
Such an addition to the day's time is a serious 
factor in the amount of work tarned out.: In the 
country the men, as a rule, live within five minutes 
of the factory. This, again, has enabled some firms 
to adopt the ‘‘ one break” system, the men having 
their breakfast before beginning work. It follows 
from these better and more healthy conditions 
that there is more enthusiasm for work, there is 
reduced expenditure for light, and less supervision 
required, the time loss immediately before and 
after the breakfast hour is not experienced ; this 
has been estimated as equal to one hour per week 
for each break. The open country, the greater oppor- 
tunities and disposition for gardening and other pur- 
suits, as well as participation in athletic games, have 
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also had their effect on the workmen, their phy- 
sique, and their attitude towards work. Asregards 
the purchasing value of the wage, there is, as one 
might expect, more divergence of opinion in the 
results sent us; but it is reckoned that food is at 
least as cheap in the provincial towns, rents are, if 
anything, lower, while the accommodation is, as a 
rule, superior ; there is less expense involved in 
travelling to and from work. The men can go 
home to their dinner. Rates and taxes are not 
higher than in London; in some cases, indeed, 
they are, as we have stated, substanially less. 
There are no cases equal to the 9s. 6d. and 10s. 
in the £ of East End districts. 

In regard to fixed establishment charges, most 
of the firms who have gone to the country have 
bought the land. For comparison, nearly all are 
agreed in regarding 4 per cent. on the cost of the 
land and 5 per cent. on the cost of building as a 
fair basis for comparing this fixed charge for build- 
ing with the rent conditions in London. One firm 
states that on this basis the comparison is as 6 in 
London to 2.6 in the country per unit of super- 
ficial working area. Another firm, further up the 
country, states that the comparison is 175l. per 
acre per annum in London, as against 131. in the 
country. The cost need not be greater than one- 
tenth of that prevailing in most parts of London. 
It follows that a much larger area can be 
given to werks in the provinces. With the 
factory on one level, there is, first, a reduction 
in fire - risk, especially where the building is 
isolated, as is invariably the case in the country, 
while there is an absence in the provinces of the 
regulation of the London County Council, which 
vexatiously and needlessly restricts the maxi- 
mum permissible size of buildings to an extent 
which is subversive of economy in engineering 
works ; secondly, a simplification and cheapening 
of the handling of material ; thirdly, an important 
increase in the period of natural lighting, and a 
reduction in the cost of artificial lighting ; fourthly, 
easier supervision, at less cost than with many 
floors; and, fifthly, healthier conditions for the 
workers. All these contribute immensely to the 
economy of production. As regards transport 
charges, few factories are able to dispense with 
cartage in London, which is very costly ; whereas in 
the country railway-siding accommodation is easily 
obtained. In despatch, even if London be the 
port, the railway rates are not much greater than 
the loading and cartage rates necessary within the 
Metropolis. It is possible, however, to arrange 
for a choice of ports of shipment, so that, as one 
firm states, the cost of delivery and despatch of 
over-sea goods may be at least as low as in London. 
Again, the price for fuel is about half what it is in 
London, for not only is the mileage from the 
pit less, but it is possible in most districts to use 
cheap coal, instead of being compelled to burn the 
smokeless coal—to prevent the pollution of the 
atmosphere, as is very properly the case in cities. 
In some cases, therefore, the coal bill is only about 
half for the same thermal value. 

It is possible, too, that in the location of works 
attention may be so given to the question of site, 
in relation to the supply of raw materials, as to 
effect, on this score, a very considerable saving. 
In the construction of works buildings there is 
an advantage in the provinces, because, although 
material may not be much cheaper, there is a re- 
duction in the labour cost for building of some- 
thing like 25 per cent. We have thus, therefore, 
according to the testimony of several first-class 
firms, a reduction in the capital cost ; a material 
decrease in the fixed charges, and cheaper labour of 
amore efficient kind, with more salubrious sur- 
roundings for the workers. A study of the article 
on Kettering will show that, from a moral and 
physical point of view, there are great advantages 
to be derived from the removal to the country, and 
in this connection we may quote in conclusion the 
testimony of a working man who removed with one 
of the firms some three or four years ago. From 
his point of view the disadvantages of London 
were ‘‘ the dearness of rent ; overcrowding, which 
affects the health ; and the many places of amuse- 
ment which are to be had at night, and prevent the 
average working man from securing his night’s rest, 
so that, as a consequence, he is unable the next 
day to throw the energy into his work which he 
otherwise would do. "Phere is always something 
fresh turning up in London which takes a man’s 
interest off his work. In the country food is as 
cheap as in London, and although the wages are 





from 5 per cent. to 10 per cent. less, the purchasing 
power is at least equal to what it is in London, 
owing to rents and taxes being less.” We are 
informed, too, that the men are less likely to leave 
the provincial establishments, owing to the expense 
of moving their goods and chattels ; and, owing to 
the environment, it is possible to get a better class 
of lads as apprentices. There is more esprit de corps 
developed, due to various causes, amongst others 
the greater facility for forming athletic clubs and 
the existence of allotment gardens. 











CRYSTALLINE AND AMORPHOUS 
STATES OF METALS. 

WHEN, a few years ago, Mr. G. T. Beilby pub- 
lished the first account of his researches upon the 
hard and soft states of metals, his work excited 
more curiosity perhaps than real interest. It 
appeared strange that metals should yield to the 
gentle pressure of the fingers, and ‘‘ flow” and 
transform their surface layer into a vitreous film. 
The great part played by surface tension in liquids 
did not at once suggest the importance of these 
modified surface layers. Yet it should ke clear 
that if on the surface of solids which have under- 
gone certain mechanical treatment there is some- 
thing like the elastic skin which is apparently 
stretched over the surface of a liquid, that fact 
would strongly influence our tensile strength tests. 
This side of the question has, within the last 
few months, been touched upon by Mr. Beilby, in 
a communication which he has brought before the 
Royal Society ; and the presidential address which 
he delivered to the Chemical Section of the 
British Association at the Johannesburg meeting, 
on August 29, reviews the whole problem from a 
broad theoretical standpoint. Osmond and others 
have taken up these researches, which in many 
respects deserve the attention of the engineer. 
ts have already drawn our readers’ attention to 
them. 

Gold films which are being polished behave 
exactly like a liquid under the influence of surface 
tension. The molecules tend to heap up in minute 
mounds or flattened droplets. Sometimes the 
mounds are so shallow as to become visible under 
illumination by an intense oblique beam of light, 
and such films may be not more than 5 or 10 
micro-millimetres in thickness. They would con- 
tain only from 10 to 20 million molecules in 
their thickness. Moderately thin gold films be- 
come translucent at a temperature of 400 deg. 
to 500 deg. Cent., and show by transmitted light 
the forms resulting from surface tension. The 
astounding malleability and durability of gold is 
not unlimited. The finest films of gold and plati- 
num are utilised as electrical resistances; and when 
carelessly beaten, gold-foil develops cracks round 
its edges. That the original softness can be re- 
stored to the gold by heating has long been known 
to the artificers. In iron and steel heat annealing 
is, as a rule, associated with the growth of crystal- 
line grains ; under over-strain these grains become 
deformed by slips occurring along cleavage plains, 
as Ewing and Rosenhain have shown. Similar 
observations have been made on other metals ; 
but it is not clear why malleability and ductility 
should reach their limit at a point when the 
crystalline grains are, to all appearance, only slightly 
deformed. The polished surface film retains no 
trace of crystalline structure, and seems to have 
passed through a liquid condition. It may be 
assumed that the conditions which prevail at the 
outer surface might also occur at the inner surfaces 
where movement had taken place, so that every 
slip of one crystalline lamella over another would 
cause a thin film of the metal to pass through the 
liquid phase into the non-crystalline condition. 
Beaten pure gold-foil reaches its hardest and least 
plastic condition only when all trace of crystalline 
structure has disappeared. This state is limited 
to the surface layers ; for in the interior the hardened 
substance produced by the flowing under the hammer 
appears to encase and to protect the crystalline 
units, after they have become broken down to a 
certain size. It can be shown by careful etching 
that underneath the vitreous surface of the gold 
there remains a layer of minute granules, and 
beneath these again the distorted fragments of 
lamellee and grains are met with embedded in a 
vitreous and granular matrix. When the metal is 
annealed by heating, the crystalline structure 1s 
again observed on etching. 

Mr. Beilby’s researches prove that the property 
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of passing from the crystalline to the amorphous 
»hase by mechanical flow, and from the amorphous 
to the erystalline phase by heat at a definite tran- 
sition temperature, is general, and possessed by 
all erystalline solids which do not decompose at, or 
below, their transition temperature. He further 
argues that this change ranks with the great 
changes which result in the three generally dis- 
tinguished states of aggregation—the solid, liquid, 
and gaseous. All these changes mark alterations in 
the molecular activity at certain temperatures and 
other conditions. On grounds which require further 
elucidation he assumes that the amorphous.crystal- 
line change is different from the allotropic changes 
which the chemist ascribes to certain elements and 
compounds. We know that sulphur occurs both 
in the rhombic and in the prismatic modifications, 
which differ somewhat in physical and chemical 
properties, and which are both stable within cer- 
tain temperature ranges. Both modifications are 
crystalline, and as the perfect amorphous state 
is characterised by the absence of all crystalline 
structure, there is a difference between the pheno- 
mena. The crystal is a living unit; it can grow, 
and may be described as being in a state of dy- 
namical rather than in a static equilibrium. Below 
a certain temperature, however, the crystal, to all 
appearance, becomes a mere pseudo-morph, with 
no power of active growth. But those powers are 
not extinct ; they are only in abeyance, and ready 
to be called forth by the energising influence of 
heat. At extremely low temperatures all chemical 
affinity seems to become latent. 

Hadfield has. recently extended to iron and its 
alloys Dewar’s early experiments on the behaviour 
of metals at the temperatures of liquid oxygen 
and hydrogen. He conducted observations at 
ordinary temperatures and at —182 deg. Cent. 
The tenacity and hardness of the metal and alloys 
were invariably enhanced at the extremely low 
temperature, and they returned to exactly their 
former value when the ordinary temperature was 
re-attained. The tensile strength of a pure iron 
increased from 23 tons at +18 deg. Cent. to 52 tons 
at —182 deg. Cent.; that of gold, from 15 to 22.4 
tons ; that of copper, from 19.5 to 26.4 tons. The 
increase can hardly be ascribed to a closer ap- 
proximation of the molecules, for the actual ex- 
pansion coefficient of most metals below 0 deg. 
Cent. is extremely small ; nor can it be due to per- 
manent changes of molecular aggregation, for 
Hadfield obtained a perfectly smooth and regular 
cooling curve for iron between + 18 deg. and 
— 182 deg. Cent.. We must rather suppose that 
the abstraction of heat produces a reduction in the 
repulsive force of molecular vibration, such that 
the primary cohesive force can assert itself more 
and more. 

These researches prove, so far as they go, that 
the relation between temperature and tenacity con- 
tinues unchanged down to the lowest attainable 
temperature. Both Dewar and Hadfield tested 
their metals in the annealed or crystalline condi- 
tion. Assisted by his son, Mr. H. N. Beilby, 
B.Sc., Mr. G. T. Beilby has attacked this problem 
from the standpoint of his phase theory of the 
hard and soft state of metals. When tenacity 
is measured by the tension required to tear asunder 
a bar or rod, it is assumed that the tensile stress 
is uniformly distributed over the whole surface at 
which rupture ensues; but this is clearly not 
justified. It is impossible to experiment on a single 
chain of molecules, and only in a perfectly rigid 
body could all the pairs of molecules be pulled 
apart, as they would be ina single chain of mole- 
cules. If we depart from perfect rigidity, the 
molecules under strain will :nove over each other, 
and the rupture will become to a certain extent 
like that of a highly viscous body (molten glass, e.q.), 
in which the molecules evade any direct pull by 
slipping over each other. In the ductile metals 
the crystalline phase is mechanically unstable, 
while the amorphous phase only becomes unstable 
at « definite temperature. That the amorphous 
phase of ductile metals should, on Mr. Beilby’s 
views, be the hard state, and the crystalline the 
soft, seems to contradict the accepted ideas ; for 
hardaoess and brittleness are generally associated 
with the crystalline state. 

at Mr. Beilby regards the softest metals as 
those which pass most readily into the crystalline 
conditions, and which are in their softest stage 
when in this condition. The softness, in his opinion, 
isdie to the readiness with which the crystals can 
be broken down into the amorphous state. The 





crystalline state, in other words, marks the mecha-| ignored in the gaseous state. 


nical instability, the amorphous state the thermal 


instability. Aunealed wires in the crystalline, or C, 


It is on account of 
this latter fact—the absence uf cohesion in gases— 
that the gas laws are so simple, and that we base 


state stretch when they are stressed beyond the| most of our conclusions regarding the molecular 


yield-point ; hardened wires, practically in the | 
amorphous, or A, state, do not stretch, but break | 
without extension when their limit of tenacity is | 
exceeded. The homogeneous C phase of ductile | 
metals has no true breaking point; it yields and | 
stretches when stressed beyond the elastic limit, | 
and in doing so passes partly into the A phase, | 
rupture finally occurring at the breaking point of | 
the mixed structure. ‘The tenacity of this mixed | 
structure approaches that of the homogeneous A 
a but does not quite reach it. A wire which 
as been hardened simply by stretching differs 
from a wire hardened by hammering or drawing, 
and in order to obtain the nearest approach to the 
homogeneous A phase the C phase is broken down 
by wire-drawing in Mr. Beilby’s recent experi- 
ments. 

Wires about 0.5 millimetre in thickness were 
used. After drawing the wires through a series of 
die-plates to four or five times their original length, 
all crystalline structure seems to have disappeared ; 
yet the wire consists of minute granules of the C 
phase embedded in a matrix of the A phase ; the 
structure is still mixed. Further drawing at the 
same temperature alters the structure only slightly; 
there appears to exist a certain mechanical equi- 
librium between the phases for each temperature. 
But when the drawing is continued at lower tem- 

eratures, the A phase is more completely attained. 

he drawing was sometimes repeated until fifteen 
times the original length had been reached. Wire. 
drawing can be overdone, especially at ordinary 
temperatures—that is to say, the tenacity may 
decrease. It is evidently advisable to draw wires 
at the lowest possible temperature when high 
tenacity is aimed at, and that temperature may be 
even below —182 deg. Cent. Gold gave the highest 
tenacity when stretched to 3} times its original 
length. 

The experiments so far concern metals of great 
purity—that is, gold of 99.97 per cent., silver of 100 
per cent., and copper of a conductivity of more 
than 100, yet not quite so pure as the two other 
metals. In making the tenacity tests a water load 
was applied, so that the speed of loading could be 
controlled, and the wire was submerged with its 
grips, the extension being measured after taking 
the specimen out of the liquid air. . The wires 
broken at ordinary temperature (15 deg. Cent.) 
showed no general stretching. There was a slight 
extension of 0.5 or 1 per cent., entirely due to a 
sharp reduction of the diameter at the point of 
rupture. In liquid air all the wires stretched from 
11 to 12 per cent. over their whole length between 
the grips ; this was ascertained by careful mcasure- 
ments. The appearance of the fractured ends 
revealed some interesting points. The ends of the 
broken copper wires showed the cupped formation, 
due evidently to the lower tenacity of the central 
core, which may be ascribed to the presence of 
gas bubbles which the drawing operation had 
transformed into long tubes. Some silver wires 
also indicated cupped formation; in this case, 
however, the gas bubbles did not appear to have 
been evolved before the moment of fracture. The 
gold wires were practically free from sponginess, 
and the fractures were almost perfectly viscous. 
The tenacity tests yielded the following figures :— 
Gold wires at + 15 and — 182 deg. Cent. gave a 
strength of 15.6 and 22.4 tons per square inch ; 
silver wires, 25.7 and 34.4 tons; copper wires, 
28.4 and 36 tons at the same temperatures. The 
figures are not to be regarded as final, and it looks 
as if Dewar and Hadfield had also bzen working with 
partly hard-drawn and not with annealed gold. In 
the crystalline state the molecules exert their 
mutual attractions along directed axes. Fur- 
ther experiments with metals in the amorphous 
state may throw light on the question whether, and 
to what extent, the crystalline state depends upon 
a dynamic equilibrium between the forces of cohe- 
sion and repulsion, or whether a directed cohesion 
exists fully developed in the molecules at the abso- 
lute zero. 

This is a most interesting suggestion. Primitive 
or blind cohesion holds undisputed sway at abso- 
lute zero temperature, while with rising tempera- 
ture the repulsion due to the molecular vibration 
becomes more and more strong. The interplay 


between the two forces continues through the 


| of aggregation. 





three states of aggregation, until cohesion can be 





constitution of matter on the study of gases. So 
far all this is, of course, not novel. But Mr. 
Beilby reduces the whole problem to a question of 
heat energy. The mathematician will have to be 
consulted. But Mr. Beilby is no doubt right in 
pointing out that these problems are more Jikely 
to be elucidated by a study of the successive stages 
between the absolute zero and the vaporising tempe- 
rature than of the upper ranges where the gaseous 
state alone prevails. The most instructive field 
for investigation may be that of middle tempera- 
tures where the opposing forces are more nearly 
equal. 

The sizes of the ultimate solid particles have been 
estimated by optical means. Faraday ascribed the 
various colours exhibited by gold under different 
conditions to the size of its particles and their state 
Ruby glass and ruby solutions, he 
proved, are not true solutions, nor molecular diffu- 
sions of gold, but emulsions containing the gold in 
aggregates of sufficient size to produce a sensible 
reflection of light. Zsigmondy and Siedentopf came 
to a different conclusion a few years ago. They 
succeeded in making these ultra-microscopic parti- 
cles visible in the microscope as diffraction discs ; 
they counted the numbers of the discs and calcu- 
lated their size from the intensity of the reflected 
light, and as they observed particles ranging from 
4 to 791 millionths of a millimetre, they did not 
believe in any relation between size and colour of 
the particles. J. Maxwell Garnett has lately de- 
monstrated that the colour of metallic films and 
glasses depends not only upon the size of the 
metallic particles, but also on the proportion of the 
volume they occupy in the medium in which they 
are diffused. 

This is not easy to understand ; but Mr. Beilby’s 
observations, which agree with those of Garnett, 
suggest an explanation of much that was puzzling. 
He thinks that the actual microscopically-visible 
particles and the larger particles which can be 
measured in films, solutions, or suspensions, do not 
in any way represent the ultimate units of struc- 
ture which are required by Garnett, but that they 
are aggregates of smaller units built up in more or 
less open formation. This argument leads us 
back to the coarse visible structure, with which 
considerations of the hard and soft states are 
concerned. 








LOCOMOTIVE BUILDING IN NEW 
SOUTH WALES. 


Tue arrangement, recently approved by the Par- 
liament of New South Wales, to give a contract for 
the construction, within the State, of sixty loco- 
motives at an average rate of 711. 13s. 11d. per ton, 
has attracted much attention in this country, and a 
brief summary of the curious history of the matter, 
leading up to the above result, may be interesting 
to manufacturers and engineers. In 1889, works 
for the manufacture of locomotives in New South 
Wales were proposed, but nothing came of it; 
however, the further extension of the railway 
system caused the Railway Department, in 1903, 
to consider the question of an increased supply of 
locomotives, in addition to their general average 
importations, and a purchase of thirty passenger 
and thirty goods engines was determined upon. 
Pending the settlement (for which they could not 
wait) of the question of local rersus foreign manu- 
facture, which has been strongly agitated for 
some years, the Railway Commissioners ordered 
twenty engines from the Baldwin Company, of 
America, and these are now being delivered as we 
write. However, the demand for extra power 
continuing, the Government still required the full 
sixty engines, and, under the influence of the 
Labour Party, who were behind the Cabinet, 
tenders were invited in October, 1903, for their 
manufacture, within the State of New South Wales, 
the rest of Australia being excluded. So much for 
the brotherly federal spirit which was expected to 
sink all colonial differences. 

Notwithstanding this definite limitation, out- 
siders thought that it was worth while putting 
before the Government their proposals, so that be- 
sides the local tenders from the Fitzroy Dock (a 
Government establishment) and private firms, of 
which latter there were. only two, one being, from 
its terms, out of the running from the beginning, 
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Messrs. Beyer, Peacock, and Co., of England, 
Messrs. Henschel and Son, of Germany, and Messrs. 
Martin and Co., of South Australia, sent in tenders. 
To show that there existed some sense of uneasiness 
at what was being done, these outside proposals 
were not put aside, as not complying with the con- 
ditions, but were actually considered by the Govern- 
ment, so that, when a Royal Commission of experts 
-vas appointed in February, 1904, to report on the 
matter, it was directed to inquire into ‘‘ the prac- 
ticability of the construction of locomotives by the 
Government, or by private enterprise, in this 
State,” a question which ought to have been settled 
prior to calling for tenders, and which, of course, in- 
volved the consideration of the alternative of im- 
porting the engines. Moreover, a new departure 
was suggested in this reference, as to the possibility 
of construction being carried out in the Government 
workshops, hitherto almost exclusively used for 
repairs only. 

The local construction, whether by Government 
or by a private firm, would necessarily involve a 
considerable outlay of capital for buildings and 
purchase of machinery, estimated at about 30,0001. ; 

»ut this was evidently not the reason why local 
competition was not keener. It was the tyranny 
of trade-union rules, which in Australia seem to be 
framed with the object of keeping work out of, 
instead of within, the country. In the evidence 
given by the manager of one of the firms, the 
Mort’s Dock and Engineering Company, which had 
been expected to, but did not, compete, it was 
stated, as the principal reason for this abstention, 
that there was great uncertainty as to the tactics of 
the Labour Party, which was described as a factor 
in the government of the country, and, as such, 
wanted the whole benefit for the workman, who 
was to run no risk, but get full wages, and con- 
sent to no possible reduction. The men had 
been consulted before a tender was sent in, but 
they would give no concessions to enable the firm 
to make a reasonable offer. They refused to do 
piecework, would have nothing to do with bonuses, 
nor accept any less wages for aged or slow workers. 
They would not allow any modification of the rule 
limiting the percentage of apprentices to workers, 
which was very small ; and, above all, they insisted 
that there should be one man to look after one 
machine, although in America it is usual for one 
man to look after five or six; and though actual 
wages were from 60 to 70 per cent. higher than in 
England, the overtime was to be reckoned at double 
for the first two hours and time and a half afterwards. 

The Royal Commission found that it was prac- 
ticable to construct the engines in the Government 
workshops, and that the work could be done there 
for 621. per ton, Of the total, 279,000/., which this 
represents, material would cost 123,5001., of which 
8 per cent. would be imported ready finished, and 
92 per cent. raw, so that 155,500/. would be dis- 
tributed in wages. However, the locomotive en- 
gineer in charge of the shops—Mr. William Thow, 
who was clearly a better authority than the rest on 
that account, and who was on the Commission— 
dissented, though admitting the practicability of 
turning out the work, emphatically contended that 
it could not be done at less than 711. 12s. 3d. per 
ton. He also complained of the severity of the 
trade-union rules, and showed that, as regards the 
Government shops, at present eleven proclaimed 
holidays had to be peid for with no work to show 
for them, this costing no less than 5500/. in 1903. 
He stated that, taking all these matters into con- 
sideration, wages were virtually 2} times those 
ruling at home. Subsequent examination showed 
that even this enhanced estimate did not include 
several items which an outside contractor would 
have to provide for. 

The matter was held over pending inquiries 
made in the neighbouring colonies, and on Novem- 
ber 3 last, the Premier, in answer to one of the 
numerous deputations on the subject, showed that 
the difference between the lowest local tender and 
that from the open market—viz., 73,3501.—abso- 
lutely put the former out of consideration. He 
said that no Premier fit to stay in office twenty- 
four hours would throw away 73,0001. of the 
people’s money even to keep men in the State 
employed. It would be far better, if that sort of 
thing to be done, to face the thing in a fair and 
square fashion, and distribute the amount to the 
unemployed direct, and then they would know 
where they were. He went on to show that for the 
same money that they would spend in buildin 
the engines locally they could import them, and | 








with the balance build thirty carriages and cut down 
the gradients of some of the worst portions of the 
railways, and in this way, as regards numbers, 
at all events, give more employment. These 
decided views were subsequently modified by the 
compromise which the recent decision shows ; but 
it must be remembered that, in Parliamentary 
Government, if a certain result has to be reached 
in the face of a strong opposition, concessions are 
inevitable. 

It would be impossible for us to enter here into 
all the details and issues of this controversy, but 
the upshot of the whole matter, after much nego- 
tiation, is that the Clyde Engineering Company of 
New South Wales, who were the original lowest 
local tenderers, brought down their offer from 
801. 10s. 4d. to 711. 13s. 11d. per ton, practically 
the same rate as that which Mr. Thow stated he 
could have the work done at the Government shops, 
and it is the acceptance by Government of this 
tender that Parliament has just approved. 

The Railway Commissioners, who are charged 
with the duty of making the railways pay working 
expenses and the interest on their capital account, 
can hardly be enthusiastic as to this conclusion, 
knowing that, for the last ten years, the average 
rates paid, including duties, for imported en- 
gines delivered were 651. 2s. ; for those now being 
delivered from the Baldwin Company, 57/. 15s. 4d. 
is being paid, and that if Messrs. Beyer, Peacock, 
and Co.’s offer for the present requirements had 
been accepted, 631. 15s. 2d. per ton, includ- 
ing duties, would have been the cost. For the 
sixty engines, therefore, the New South Wales 
people are paying an extra amount of nearly 
36,0001., solely to keep less than 200 men employed 
for a few years. 

Of course, it must not be forgotten that one of 
the objects of the local manufacture is to establish 
an industry in the State, hitherto unattempted, 
except on a small scale ; but if the policy is to be 
continued on the unpielding basis laid down by the 
local trade unions, supported by the Labour Party, 
whose constituents, after all, form the bulk of the 
= that public will have to continue to provide 
arge sums, like the above, merely to keep an 
infinitesimal fraction of their body in employment. 

It is a matter for congratulation, however, that 
_— enterprise has been left to struggle with the 
abour difficulties in the execution of the work, 
and that the Railway Commissioners have been 
successful in freeing themselves from it. Govern- 
ment establishments are necessarily more suscep- 
tible than private ones to political labour influ- 
ences, which do not generally make for economy ; 
so that, if the work had been a Government one, it 
is not unlikely that the estimate would have been 
exceeded. 








THE PORT OF ANTWERP 
EXTENSIONS. 


An historical and commercial review of the Port 
of Antwerp, describing its foundation, the progress it 
has made, and the numerous extensions which have 
been carried out.periodically, in order to enable it 
to cope with increased trade and traffic, is beyond 
the scope of the present article, and we must limit 
ourselves to a few brief statements regarding the 
present accommodation available and the enlarge- 
ments proposed ; simply adding, by way of intro- 
duction, that Antwerp affords an interesting ex- 
ample of the progress of a seaport town, which, 
though possessing many natural advantages, has 
never owned a national mercantile steamship ser- 
vice of any importance. 

The shipping facilities of the Port of Antwerp 
have, for some considerable time past, been found 
inadequate for the volume of trade dealt with ; 
and schemes have been put forward repeatedly with 
a view to increase these facilities and to further 
develop the commercial activity of the great Belgian 
emporium. The port is a very busy one, as can be 
ascertained by a mere casual visit ; and the berths, 
when they become available, are most eagerly 
taken up. There are now about seventy lines 
of steamers which have headquarters in Antwerp. 
The greater number of these have their own berths, 
and would willingly secure an extension of the 
accommodation they enjoy ; other lines have to wait 
for berths, or have to borrow those belonging to 
regular lines. Sea-going steamers have priority as 
regards accommodation over coasting and river 
steamers; and when the port is full, the latter 
experience much delay and inconvenience. 
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The sheds and warehouses cover an area of 
over 37 hectares (84 acres) ; on completion of the 
intermediate dock, now. in course of construction, 
they will cover 57 hectares (140 acres) ; and when 
the whole scheme is complete, the shed and ware- 
house accommodation will extend over an area of 
337 hectares (833 acres). As will be seen from the 
plan, Fig. 1, the Small, Kattendyk, and Lefebvre 
docks opén into the river. The North Shippers’ 
dock is in communication with the Campine Canal. 
The quays along the Scheldt have at the present 
time a length of 5500 metres (3.42 miles) ; those 
round the various docks have a tota] length of 
13,000 metres (8.1 miles), which will be extended 
to 16,000 metres (10 miles) on completion of the 
Intermediate dock: The various docks and the 
loading and unloading quays are on the right bank 
of the river, ata distance of about 50 miles from 
the open sea. 

The river in close proximity to Antwerp, and 
over a distance of about eight miles down stream, 
is very sinuous; it describes sharp curves, the 
sharpest being that round the old Fort of Austru- 
weel, directly facing the entrance to the Kattendyk 
dock and the bend round the St. Philippe Fort. 
A third bend to the north of the latter occurs at 
a place called Oud-Kruis-Schans. Speaking from 
the point of view of a passenger on a Harwich 
steamer bound for Antwerp, the Scheldt is an ex- 
asperating river ; the country is flat, and affords a 
sight of the town long before it is actually reached. 

It has long been proposed to extend the traftic 
facilities afforded by the port, and a number of 
schemes have been considered from time to time, 
and abandoned. The municipality have generally 
been in favour of increasing the accommodation 
afforded by the docks, and have almost invariably 
advocated their extension or the construction of 
new ones. The Belgian Government, on the other 
hand, have always been in favour of extending the 
river anchorage and constructing new quays. But 
the bends above alluded to make this practically 
impossible ; it would be absolutely necessary to 
rectify the river bed, and this would mean purely 
and simply a reversion to the plans worked out 
by Belgian civil engineers as early as 1856. At 
that date a Belgian engineer named Stessels 
prepared a project for cutting a new bed for 
the river, from a point opposite the old Aus- 
truweel Fort, as far as Oud-Kruis-Schans. We 
believe that Sir John Hawkshaw,’ whose opinion 
had been asked by the Belgian Government as to 
the Stessels scheme generally, reported favourably 
upon it. At that time, however, Antwerp was 
comparatively a very small port, and the scheme 
was shelved, owing to the outlay it would have 
involved. Moreover, the popular mind on the 
Continent had not then been educated up to the 
possibility of large civil engineering undertakings ; 
the Mont-Cenis tunnel—the first to be cut through 
the Alps—was commenced in 1857 only, while the 
first work on the Suez Canal was started towards 
the close of 1860, one year and four years respec- 
tively after Stessels had drawn up his scheme for 
rectifying the Scheldt. Though shelved, the plan 
was never completely lost sight of, and the engi- 
neers of roads and bridges brought it up repeatedly 
in order to obtain the assent of the municipality and 
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province to its execution. One of these engineers, 
Mr. Maus, who, if we remember aright, assisted 
in the work of the Mont-Cenis tunnel, was, twenty 
years ago, one of the principal champions of the 
correction of the river on the lines proposed by 
Stessels; he demonstrated that the scheme was 
possible of execution, and showed how it could be 
carried out. He met, however, with no immediate 
success, and his endeavours and arguments could 
not prevent the construction by the municipality, 
in 1887, of the America. dock, which extends to 
within the area of the new bed proposed for the 
river, as will be seen from the plans, below. In 





the meantime a number of proposals less important 


extra expenditure that would be incurred under 
this head is absolutely unnecessary, and advocate 
moderation. 

With reference to the second consideration, we 
may state that some experts contend that the 
cutting from Austruweel to Oud - Kruis-Schans 
will not improve the flow of the river. They 
find support for this opinion in the unfavourable 
report recently issued on the scheme by some 
foreign Continental authorities (who, in condemn- 
ing it directly, preach indirectly pro domo), ignor- 
ing the fact that it has met with the full approval 
of others, apart from that given years ago by Sir 
John Hawkshaw, above alluded to. Now, owing 
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in scope were made by different engineers, but 
these never found much favour in any quarter. 

The scheme as it now stands is simply, therefore, 
the Stessels-Maus correction, with the addition of 
a number of new docks to be constructed to the 
north of the Lefebvre and Intermediate docks. It 
18 looked upon most favourably by the King, whose 
Interest in the development of his country is well 
known. But there are two main considerations 
which still delay its execution. The first of these 
we cin but touch upon. It will be seen by refer- 
ence to the plans (Figs. 1 and 2) that the site pro- 
on for the new docks to the north of the 

efebvre and Intermediate docks extends over and 
beyond the existing line of fortifications, which 
would have to be levelled; and while some 
politicians demand absolutely that an extensive 
new line of fortifications be built in place of the 





present one, others are of opinion that the heavy 





to the sinuous flow of the river, the course for 
the steamers—the channel—is alternately close up 
to the right bank and close up to the left, where 
depth is greater, owing to the greater strength of 
the current at the outer circumference of the bends. 
This, the opponents to the cutting point out, renders 
navigation difficult ; they are bound to agree also to 
the fact that dredging has to be resorted to periodi- 
cally in order to maintain the required depth of 
water over a navigable course as wide as possible. 
But, in face of all demonstrations to the contrary, 
they keep to their opinion that the cutting will not 
improve matters from the point of view of naviga- 
tion facility. Count de Smet de Naeyer, the Belgian 
Minister of Finances and Public Works, who, next 
to the King, is the principal exponent of the 
scheme, affirms that the shortening of the river by 
1.7 mile by the straight cut in question, which 
would do away with the sharp bends above men- 





tioned, and the lowering of the bed over the river 
anchorage, would have the effect of increasing the 
power of the tidal wave on its flow opposite Antwerp, 
and would therefore result in maintaining at the river 
anchorage, and over a wider course, greater depths 
than those which now rule. An increase in the 
river-bed section would, moreover, be necessary in 
order that the greater tidal wave should not raise 
the water-level, endangering several of the estates 
which lie on the banks of the Scheldt and of its 
nearer tributaries. The action. of the tides will 
continue to be closely followed, and eventually a 
number of existing dykes, which now protect dif- 
ferent estates, will be raised and strengthened. 
According to the Minister of Public Works, there- 
fore, there is no question but that the cutting will 
improve the flow of the river and its navigability 
—improvements which become more urgent as time 
goes on, owing to the steady increase in the size 
and draught of ships. 

We question whether the municipal trading spirit 
has not been to some extent—small perhaps—at 
the bottom of the objections raised by some 
authorities to the correction of the river and the 
extension of the river anchorage, seeing that 
the dues for the latter are paid to the Govern- 
ment, while the dock dues form part of the muni- 
cipal receipts. It may have been feared that sea- 
going ships might take a larger advantage of the 
river anchorage, and dispense more and more with 
the accommodation afforded by the docks. But 
this, if it has ever been entertained, would be a 
very one-sided mode of reasoning, considering that 
the indirect gain to the town by an important in- 
crease in the activity of the port is sure to be large, 
whether ships load and unload in the docks or not. 
Moreover, it may well be surmised that large trans- 
Atlantic steamship companies would prefer to take 
up their headquarters elsewhere to being compelled 
to abandon a possible quay anchorage for a berth 
in a dock with its attendant risks and loss of time. 

The scheme now under consideration is illus- 
trated in the plan, Fig. 2. The old bed of the 
river from Austruweel to Oud-Kruis-Schans will 
be isolated by two dykes, to form a basin which 
will communicate at the north with the river by a 
junction canal provided with two locks, To the 
north of the Intermediate dock, and communicating 
with it, will be built a canal basin opening into the 
river at Oud- Kruis-Schans through three locks, 
the cana] basin giving access to nine wet docks 
and five dry docks. The new works will increase 
the river anchorage from 5500 metres (3.42 miles) 
to 13,800 metres (8.6 miles). The three locks 
joining the canal basin to the river will be 
300 metres (984 ft.) long each, and 30 metres 
(98 ft. 6 in.) in width; the sill will be at a 
depth of 8 metres (26 ft. 3 in.) below low-water 
mark. The canal basin will be 8000 metres (5 
miles) long, 250 metres (820 ft.) wide, and 12 
metres (39 ft. 5 in.) depth of water. Of the nine 
new wet docks, seven are to be 1200 metres 
(3937 ft.) long; their width is to be 200 metres 
(656 ft.), and their depth that at the canal basin. 
The ships steering for the new docks Will not have 
to run down the river past those at anchor at the 
river quay; the river will, therefore, remain en- 
tirely free to those ships who have berths in the 
river anchorage. By reference to the plan, Fig. 2, 
it will be seen that ships will not lose time in 
taking up their berths in any of the new docks ; 
they will enter one of the three locks in a straight 
line, and thence into one of the docks, without 
manceuvres of any kind. We may mention here 
that the entrance to the Kattendyk dock is at 
the sharpest bend at Austruweel, and to make for 
the eatrance, the ships have to turn and place 
themselves perpendicular to the current. Of the 
five new dry docks included in the scheme, one is 
250 metres (820 ft.) in length ; these, as will be seen, 
will be most easy of access, and will meet a long- 
felt want. As above stated, the quay walls round 
the various docks will have a total developed length 
of 10 miles on completion of the Intermediate dock; 
when the nine new docks are built this will be 
extended to 46,600 metres (29 miles). The tract 
of land between the new bed of the river and the 
canal basin has an area of 110 hectares (272 acres) ; 
on this are to be built warehouses and dépéts. The 
cutting forming the new river-bed will have a 
width varying from 400 to 500 metres (1300 ft. to 
1940 ft.). 

The carrying into effect of the new scheme will 
be proceeded with as follows :—After some pre- 
liminary drainage work, the three locks of the 
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canal basin will first be built ; the latter will then 
be excavated simultaneously with the new river 
bed. The quay wall on the right bank of the river 
bed cutting, and that on the left bank of the 
excavation forming the canal basin, will then be 
built. The canal basin will be connected with 
the river through the locks, and the river will be 
made to flow in its new bed. The wet docks, 
which branch into the canal basin, will be built 
progressively, as they are required by the increased 
trattic at the port. ‘The old bed of the river will be 
transformed into a basin only after diversion to the 
new bed of the land water drainage. 

The cost of the work, as estimated, will reach 
7,320,0001. ; this sum does not include the wet and 
dry docks communicating with the canal basin, and 
which are to be built by the municipality, as they 
are needed, at the municipality’s expense. 

Such is an outline of the scheme which is now 
engrossing the attention of Belgian shipping and 
commerce. When once commenced, it will be 
pushed forward rapidly. It is looked upon most 
favourably by the Belgian public, who will not 
have to face increased taxes in order to meet the 
expenditure it will involve, the Belgian Ex- 
chequer being, we are told, in a position to bear 
the cost easily. As generally occurs in similar 
cases, the scheme has found not only adherents, 
but also a number of enthusiasts, who have widely 
circulated the opinion that the country should 
reap to the full the advantages to be derived from 
the works in question, by creating at the same time 
a mercantile fleet navigating under the Belgian flag. 








NOTES. 
New Inpran TroopsuHir. 

ConsIDERABLE interest attaches to the tenders 
which have just been received by the Indian 
Government for the construction of a new troop- 
ship, principally because of the penalties associated 
with the work. For a deficiency of 0.1 knot below 
the specified speed of 16 knots, the penalty is to 
be 175l.; for 0.2 knot, 400/.; 0.3 knot, 750l.; 0.4 
knot, 15001.; and half a knot, 2500/. In the event of 
the speed being less than 154 knots, the vessel may 
be rejected. Under ordinary conditions builders 
might demur to the acceptance of such conditions, 
where there is very little latitude in the design 
of the ship for the prospective contractor, but with 
a naval architect of the experience and ability of 
Sir Edward Reed, K.C.B., who is the adviser for 
the Indian Government, no difficulty is apprehended 
by the firms. Again, in respect of draught, it was 
found necessary to put forward heavy penalties, 
because this ship is intended to penetrate into 
many of the harbours of our Eastern dependency, 
where the depth of water is invariably limited. 
The draught is specified as 18 ft., and for an excess 
of 3 in. the penalty is 30001. ; for more than 3 in. 
and not exceeding 6in., 7,500/.; for more than 
6 in. and not exceeding 9 in., 14,000/.; and for 
more than 9 in. and not exceeding 12 in., 25,0001. 
The vessel is to have a length of 360 ft., a breadth 
of 51 ft. 9in., and a depth of 39 ft., and at the 
designed draught will displace 5820 tons. A speed 
of 16 knots is to be maintained on a six-hours’ 
trial, and it is anticipated that with the two sets 
of three-crank triple-expansion engines the power 
required will be 7000 horse-power, obtainable 
with 116 revoluticns. _Two double-ended and 
two single-ended boilers are to be fitted, having 
Howden’s system of forced draught, and work- 
ing at 1801b. pressure; while one small boiler, 
working at the same pressure, will run the auxiliary 
machinery. Generally, the ship, although smaller, 
will resemble in her fittings the troopship Dufferin, 
built some months ago af Messrs. Vickers Sons 
and Maxim, and fully described in Enainzertno, 
great satisfaction having been experienced with 
the working of this vessel. A date has been speci- 
fied for the delivery of the ship, and the penalty 
for late delivery will be 251. per day. 


Aut-Street Cars ror Execrric Raitways. 


The charge of lack of enterprise can certainly not 
be applied to British makers of railway rolling- 
stock during the last few years. Owing to the 
ear of Parliament and the municipalities, 
electric traction in this country made but slow 
progress for many years, and when at length 
the boom arrived British manufacturers were ill- 
equipped for dealing with it, and large imports 
were accordingly e from abroad. Fortunately, 
this condition of affairs did not last long. In the 
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to compete with America in the matter of trucks ; 
and now claim that they supply a better one than 
is obtainable from abroad. When the demand 
arose for fire-proof cars, they laid out at their works 
at Loughborough a large plant for fire-proofing 
timber ; and now that a steel car is asked for they 
are again the first in the field, and were able to show 
at Mill Hill Park, on Monday last, the first of these 
cars, which they have just completed for the Great 
Northern, Piccadilly, and Brompton Railway. The 
body of this car is built wholly of steel. It 
measures 41 ft. 84 in. long by 8 ft. 8 in. wide, and 
7 ft. 6 in. high above floor level. The total length 
over the platforms is 49 ft. 94 in., the total height 
ubove rail level is 9 ft. 5gin., and the weight 
15 tons 17 cwt. The car provides seats for 54 pas- 
sengers. Wood has not been entirely dispensed 
with, being used for the floor and for certain 
panellings ; but in some new cars, of which the 
company are building eighteen for the Great 
Northern and City Railway Company, the only 
wood will be that used for the arm-rests separating 
the seats. The use of steel for the body of the car 
makes it possible to combine great strength with a 
light weight, as the whole lower portion of the 
sides is trussed so as to form a regular girder. As 
compared with wood, the saving in weight amounts 
to about 3 to 4 tons on a car weighing (in wood) 
18 to 20 tons. On the Underground Railway it is 
estimated that each ton hauled costs about 251. per 
annum, so that a reduction in the weight of a train 
means a substantial economy in the operating 
expenses. This is obtained without any reduction 
in the accommodation afforded, whilst the appear- 
ance is at least as good as if the car were of wood. 
Indeed, when built of fire- proofed wood, it is usual 
to cover the car body with sheet aluminium, as the 
treated timber takes paint and polish very badly. 
The cost of the all-steel cars is about the same as 
that of one of fire-proofed timber, being between 
9001. and 1000/. for a car seating 55 to 60 pas- 
sengers. 


THE PRESERVATION OF THE *‘ AULD Bria” or Ayr. 


Very considerable interest has been taken not 
only by arch:eologists but also by bridge engineers 
in the destiny of the ‘‘ Auld Brig o’ Ayr,” and 
many eminent authorities have been consulted with 
a view to the preservation of this ancient structure. 
The bridge crosses the River Ayr in the county 
town, and is famous to the Scotch largely because 
of the poem written by Robert Burns entitled 
‘The Twa Brigs,” purporting to be a conversation 
between the old structure and the new, in which 
the ‘‘auld brig” makes the boast that it would 
remain a ‘‘brig” when the other structure had long 
become a shapeless cairn. The structure, which was 
originally built about the middle of the thirteenth 
century, consists of four arched spans in masonry, 
and has stood well the stress of years, although 
now little used for traffic. A new bridge was built 
in 1785-1788, at a cost of 5000/., and was widened 
in 1840 ; but in 1877 portion of it gave way, when 
it had to be demolished, and a more capacious 
bridge was erected on the same site, at a cost of 
15,0001. It will thus be seen that Burns’s prophecy 
was realised, but to day the decay of the ‘ auld 
brig” has awakened some anxiety on the part of the 
local authorities, and they were inclined to de- 
molish it. A vigorous protest was made by the 


arch:vologists, headed by Lord Rosebery, and, as a| Th 


consequence, several engineers were consulted. Of 
course, were sentiment not concerned, the bridge 
would be demolished, as it is not suited for 
modern requirements. The proposal was next made 
that in taking down the bridge the old stones should 
be very carefully marked, and used for the recon- 
struction of a bridge on the some lines. Amongst 
the engineers who were independently consulted 
were Mr. Francis Fox, Mr. John Carruthers, of 
Westminster, and Mr. John Strain, of Glasgow. 
There was a general concensus of opinion that, in 
view of the literary, archeological, and historical 
associations, the bridge should be preserved as it 
now stands, because reconstruction, even with the 
same material, would involve a complete change in 
appearance: ‘‘its wrinkles, and furrows, its dis- 








failure of the cement, could be made more or less 
a solid mass. Subsequent to this, the sand, which 
is a source of weakness, could be removed from 
the spandrils, and a mid-wall of brick in cement 
constructed running longitudinally from arch to 
arch. The foundations, unfortunately, have been 
considerably affected by the scour consequent on 
the deepening of the river-bed. If a cofferdam of 
vertical timbers were to be constructed round each 
pier, the piles being driven into the boulder clay 
at such a depth as not to reach the fireclay, further 
scouring would be prevented, and probably many 
existing holes could be grouted up and blown full of 
cement. Following upon this, each opening of the 
bridge should be provided with an invert of concrete 
in cement. Needless to say, the prospect of saving 
the bridge has given great satisfaction, and the 
reports made by the various experts have been 
handed to Sir William Arrol, who has great experi- 
ence generally in bridge construction. Although 
essentially a utilitarian, his Scotch sympathies will 
no doubt result in his acquiescence in this impor- 
tant work. No one is more fitted, from the point 
of view of experience and enthusiasm, to carry out 
this work than Sir William Arrol. 








SHIPWRECKS AND OTHER LossEs.—Lloyd’s Register of 
British and Foreign Shipping have just issued the quar- 
terly return of the vessels totally lost, condemned, &c., 
which deals with the three months ending March 31, 
and from this it appears that 197 vessels, of 188,640 tons, 
have m withdrawn from the list. The total is con- 
siderably higher than that for the corresponding quarter 
of the preceding year, when the tonnage was 155,933 
tons, while in the March quarter of 1902 the tonnage 
was as low as 66,791 tons. Wrecks account for the 
larger proportion of the tonnage loss—namely, 120,526 
tons ; the next cause being that most unsatisfactory of all 
reasons—‘‘ missing :” 29 vessels, of 23,351 tons, left our 
shores, and nothing more has been heard ofthem. Ofthe 
total of 197 vessels, 94 were steamers, having an aggregate 
tonnage of 125,909, while 103 were sailing ships ; but these 
were comparatively small, the total tonnage being 62,731. 
Again, of the total, 49 of the vessels were built of steel, 
representing about half the tonnage lost—namely, {4,215 
tons—and 61 were of iron, with a collective tonnage of 
50,824. The remainder were wooden or composite vessels, 
mostly sailing craft. We have often commented on the 
satisfactory position which Britain usually holds in the 
list in respect of the percentage of tonnage lost to the 
total owned, and for the quarter under review this pro- 
portion comes out at 0.40 per 100 tons owned. None of 
the larger Powers has such a satisfactory record. Italy 
has the highest percentage on this occasion, 1.40; Spain 
comes next with 0.93 ; Sweden, 0.84; Germany, 0.82; 
Norway, 0.77; France, 0.62; Denmark, 0.50; Russia, 
0.49; America, 0.47 ; and Austria-Hungary, 0.42. 





CoLLEGE CALENDARS.—We have received a copy of the 
new calendar of the Armstrong College, Newcastle-on- 
Tyne, by which name the old Durham College of Physical 
Science isnow known. The course includes the ‘‘ humani- 
ties” as well as purely scientific and technical studies, 
and the various degrees and diplomas of the University 
of Durham are open to the students. Included on the 
Council we find the names of a large proportion of the 
heads of the great manufacturing industries of the Tyne- 
side. The course in engineering and naval architecture 
is under the direction of Professor R. L. Weighton, 
M.A., whilst Dr. W. M. Thornton is the lecturer in 
electrical engineering. Arrangements have been made 
by which students can spend a portion of their time at 
different local workshops, the course recommended being 
three-quarters of a year in college followed by 1} years 
in wasn, This in its turn is followed by two years 
in college, and completed by another 18 months in 
works, making a total course of 54 years. There is & 
well-equipped laboratory attached to the department. 
e new session opens on the 25th inst.—From the pros- 
pectus of the Northampton Institute just issued we note 
that the day classes here will begin on October 2, whilst 
the evening classes will start on Monday next. We note 
that the courses on engineering include not only the regu- 
lation on the strength of materials, and the statics and 
kinematics of structures and machines, but also a series of 
lectures on engineering estimates, which ought to prove 
highly valuable. A special feature of the classes at this 
Institute is to be found in the courses designed to be of 
direct assistance to those engaged in the local industries. 
The optical department here has already done much 
useful work. The Institute has capitally-equipped work- 
shops, in which artisans are able to perfect themselves in 
certain departments of their business, which modern 
arrangements for the division of labour preclude from 
becoming adepts by the ordinary way of apprenticeship. 
—The Polytechnic, 307 to 311, Regent-street, W.., has 
issued the prospectus and courses of instruction «t its 
different classes for the coming session. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Sheepbridge Coal and Iron Company.—The directors of 
this company report that the net profit for last year 
amounted to 58,012/. 10s. 4d. The balance brought forward 
was 11,296/. 10s. 6d., making together 69,309/. 0s. 10d. In 
addition to paying the fixed dividends they recommend a 
dividend of 74 per cent. on the ordinary shares, and to 
carry forward a balance of 15,529/. 3s. 4d. The directors 
state that more capital will shortly be required to develop 
their proposed colliery at Maltby. 


Iron and Steel Trades.—There has been during the 
week no check to the steady development of the heavy 
trades, and there are now departments in some of the 
large works that are running night and day. The demand 
for iron is well maintained, and buying forward is on the 
increase. Prices are very firm, and in some cases special 
terms are being secu The Swedish iron and steel 
merchants report that that class of material is being 
bought much more freely for use in these works, and 
prospects are regarded as encouraging. The consumption 
of all classes of steel is now greater than for a long time. 
The armour-plate business is quiet, but employment is 
being found in the production of forgings, parts of 
machinery, railway requisites, and similar goods. There 
are heavy contracts on hand for tramway specialities, 
parts of motors, and electrical machinery. Orders con- 
tinue to come in very satisfactorily for files and a few 


classes of tools, and with some firms the cutlery trade has | }, 


begun to move. There are houses in the silver and plating 
trades which are doing more business, both with the home 
and foreign markets; the increasing use of machinery, 
however, in all these trades is reducing the number of 
people employed. 


South Yorkshire Coal Trade.—Business is exceptionally 
brisk throughout the South Yorkshire Coal-Field. The 
export trade is very heavy, an enormous tonnage being 
despatched to Hull and Grimsby for Russian ports. The 
troubles in the Caucasus appear to be increasing the 
demand for fuel, and prospects are good for a prosperous 
autumn. Domestic fuel is selling well, the colder weather 
causing an increased consumption all round. 








NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday mornin 
there was an absence of life in the pig-iron market, an 
although the turnover was nearly 3000 tons, the tone was 
flat. Cleveland warrants were done at 483. 34d. cash 
and from 483. 9d. to 483. 7d. one month, and at 483. 9d. 
two and three months, closing with sellers at 483. 4d. 
cash and 48s. 7d. one month. The settling prices were : 
— Scotch, 53s.; Cleveland, 483s. 3d.; Cumberland 
hematite, 6ls.; and Standard foundry iron, 47s. 6d 
In the afternoon only one lot of Cleveland warrants 
changed hands, the price being 483. 4d. cash, and 
sellers’ closing quotations were 1d. higher than in the 
forenoon. ematite was quoted by sellers at the 
close at 61s. 2d. cash, and Standard foundry iron was 
also quoted by sellers at 47s. 7d. cash. On Friday 
morning Cleveland warrants were rather easier, and 
5000 tons were done at 483. 3d. and 483. 34d. cash, 
48s. 6d. one month and 483. 9d. three months, with 
buyers over for the latter date. At the close sellers’ 
quotations were 483. 4d. cish and 481, 74d. one month. 
Standard foundry iron was quoted 47s. 7d. cash sellers. 
At the afternoon session the values of Cleveland war- 
rants were uuchanged, the tone of the market being 
steady. The transactions, amounting to 2500 tons, 
were done at 48s. 34d. cash and 483. 6d. one month, 
and 48s. 4d. to 48s. 34d. seven days. Sellers’ closing 

uotations were 48s. 34d. cash, and 483. 64d. one month ; 
Standard foundry iroa was easier at 47s. 34d. cash sellers, 
and 47s. 1d. cash buyers. On Monday the market 
was closed, owing to the King’s visit to Edinburgh to 
review the Scottish volunteers. At the odening on Tues- 
day morning the tone of the market was easy, and Cleve- 
land warrants showed a falling-off in value. The turnover 
was about 8000 tons, at 48s. 2d. to 483. 1d. cash, and 48s. 64d. 
to 48s. 34d. one month. Onelot each was done—of hema- 
tite at 6ls. one month, and Standard foundry iron at 47s. 
tendays. Thesettling prices were :—Scotch, 53s.; Cleve- 
land, 48s.; hematite, 603. 9d.; and Standard foundry iron, 
47s. A further slight downward tendency was noted in 
the afternoon, Cleveland warrants being done at 483. 34d. 
to 483. 3d. one month, and 433. 2d. to 483. 14d. fourteen 
days. The turnover was 6000 tons, and the closing quota- 
tions were 48s. cash sellers and 48s. 34d. one month sellers, 
while sellers of hematite quoted 61s. 14d. one month. When 
the market opened to-day (Wednesday) the tone was 
somewhat firmer, but the dealings only amounted to 
3500 tons of Cleveland warrants, which were done at 
483. 2d. cash and 483. 24d. six days. Sellers’ closing 
quotations were 483, 2d. cash and 48s. 54d. one month. 
At the afternoon session the prices of Cleveland warrants 
improved from 483. 2d. to 483. 3d. cash, and forward iron 
to 483. 6d. one month. The turnover was small, only 
2500 tons being done at these prices. At the close sellers 
quoted 483. 3d. cash and 48s. 6d. one month, while sellers 
of hematite quoted 603. 10}d. one month, and sellers of 
Standard foundry iron were at 47s. cash and 47s. 3d. one 
month, buyers offering 463. 94d. cash. The following are 
the current quotations for makers’ (No. 1) iron :—Clyde, 
583,; Calder and Gartsherrie, 58s. 6d.; Summerlee, 59s.; 
Langloan, 60s. ; Coltness, 66s. 6d. (all shipped at Glas- 
gow); Glengarnock (shipped at Ardrossan), 583. 6d.; 
Shotts (ship at Leith), 
Grangemouth), 58s. 6d. 


Sulphute of Ammonia.—The sulphate of ammonia 
market has lately exhibited signs of hardening up again. 


“9 


583. 6d.; Carron (shipped a’ 


The demand is fairly good at present, and prices are firm 
all round. The current quotation is round about 12/. 15s. 
per ton for prompt business, and some sellers are asking 
at least half-a-crown more. Shipments from Leith Har- 
bour last week amounted to 815 tons. 


Scotch Steel Trade.—At the time of writing very little 
of any moment falls to be recorded in connection with the 
local steel industry. Makers continue to be well em- 
ployed, and the prospects continue good, several satisfac- 
tory-looking inquiries being just now in the market. 

uth America and Canada have each been inquiring 
about steel rails ; 20,000 tons for the former and about 
30,000 tons for the latter, are the quantities re- 
ported. The wages question has again been tackled, and 
an advance to the men has already taken place. A 
meeting of the Board of Conciliation and Arbitration for 
the Manufactured Steel Trade of the West of Scotland 
was held here last Friday. A proposal was made that 
an alteration be made on the wages scale, under which 
there has been a rise or fall of 5 per cent. on each 10s. 
rise or fall in the market price of ship-plates. It was 
agreed that in future the wages should rise or fall 24 per 
cent. for each 5s. advance or reduction, on the under- 
standing that no change shall take place until it has been 
ascertained, by an examination of the employers’ books, 
that the price has been established for a period of two 
months. It was also agreed that, as prices warranted, 
an advance of 24 per cent. should be given from 
Monday of this week. This has had-the effect of a 
ig improvement in buying within the last day or 
two, as buyers concluded that while this agreement 
only dealt with wages, it had an important bear- 
ing on the immediate course of prices, which the 
anticipated would be upward. This es of fres 
buying of all sections of material has had the effect of 
firming the market prices, and some kinds of stuff have 
been raised about 2s. 6d. per ton within the past few 
days. Sellers are holding off now for higher prices, 
which, it is believed, they will get quite easily. ester- 
day 1000 tons of ship-plates for Canada were put through 
at 6. 5s. p2r ton, less 5 per cent., and this only after one 
maker had refused to sell at that figure. 











NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Yesterday the attendance 
on ’Change was rather thin and the market was quiet, 
with only a moderate amount of business doing, as is 
generally the case after a spell of brisk buying. The 
situation, however, was regarded as highly satisfactory, 
producers generally having excellent order-books, and 
every confidence in the future was expressed by many 
traders. The fact that the whole of the output of Cleve- 
land pig is not being taken up, as is shown by the con- 
tinued addition of from 1500 tons to 200€ tons per day to 
the warrant stores, appeared to have no influence on the 
market. Some people opined that the production will be 
fully absorbed shortly and the warrant stores drawn upon 
to meet requirements. No. 3 g.m.b. Cleveland pig stood 
at 48s. f.o.b., and both makers and merchants sold at 
that price, but for special brands sales were recorded at 
483. 3d. and 48s. 6d. No. 1 was 493. 641.; No. 4 foundry, 
463. 6d.; grey forge, 442. 6d.; mottled, 43s. 6d.; and 
white, 43s.; but buyers endeavoured to purchase the two 
last-named at 3d. to 6d. less. Est Coast hematite pig 
iron was very strong, and the increased output by the 
blowing in of a furnace at the Thornaby works of Messrs. 
Whitwell did not make the supply by any means exces- 
sive. Mixed numbers were fully 57s. 6d. for early de- 
livery; whilst No. 1 was 583., and No. 4 forge 533. to 
53s. 64. The price of Spanish ore was further raised, 
and though consumers have good contracts running, a 
fair amount of disposition to buy was shown. Rubio (50 
per cent. quality) was advanced to 163. 9d. ex-ship Tees ; 
that was for early delivery. At least 17s. was quoted 
in answer to inquiries on forward account. 


Manufactured Iron and Steel.— Almost every branch of 
the manufactured iron and steel industries now presents 
a very busy appearance. Capital contracts have of late 
been made, and inquiries concerning further orders are 
being made. It is some years since the outlook was so 
bright and encouraging. Quotations are very stiff, and 
may be advanced again almost any time. There are 
signs of a speedy settlement of the unfortunate strike at 
the Britannia Steel Works. Representatives of the firm 
and the men have entered into direct negotiations, and 
hopes are entertained that an amicable understanding 
will be come to in the course of a few days. The follow- 
ing are the market quotations:—Common iron bars, 
61. 103.; best bars, 7/. ; steel bars, 67. 7s. 6d.; iron ship- 
plates, 6/7. 53.; steel ship-plates, 6/.; iron ship-angles, 
62. 103.; steel ship-angles, 5/. 12s. 6d.; steel boiler-plates, 
6l. 17s. 6d. to 7l. ; steel joists, 5/. 7s. 6d. to 5/. 10s.; and 
heavy sections of steel rails, 5/. 5s.—all less the customary 
2} per cent. discount, except rails, which are net at works. 


Coal and Coke.—There is not much change to record so 
far as the fuel trade is concerned. There is a good 
demand for bunker coal, but it is met by a very ample 
supply. From 83. to 8s. 44d. may be quoted for unscreened 
Durham bunkers. As is usual at this season of the year, 
deliveries of gas-coal are becoming larger, demand on the 
long contracts, especially for the best qualities, showing 
considerable improvement. Prices ra from 7a. 104d. 
to 8s. 6d. Household coal continues quiet. Coking coal 
is in good request, and firm in price. There is a lot of 
coke offering, and therefore the increased demand has not 
the effect of raising prices. The tendency, however, is 
upwards. Ave blast-furnace qualities are still on 





sale at 15s. 6d. delivered here. 








NOTES FROM THE SOUTH-WEST. 


Cardiff.—The steam-coal trade has ruled quiet, as well 
for prompt as for forward delivery. _ The best large steam 
coal has been quoted at 12s, 6d. to 12s. 9d. per ton, while 
secondary qualities have ranged from 11s, 6d. to 12s. 6d. 
per ton. The house-coal trade has been firm. The best 
ordinary qualities have been quoted at 13s. to 14s. per 
ton, while secondary descriptions have made 10s. 6d. 
to lls. per ton; No. 3 Rhondda large has brought 
13s. 9d. per ton. Patent fuel has been quoted at 13s. to 
13s. 6d. per ton ; foundry coke at 17s. 6d. to 18s. per ton ; 
and furnace ditto at 16s. to 16s. 3d. per ton. As regards 
iron ore, Rubio and Almeria have made 14s. to 14s. 3d. 
per ton upon a basis of 50 per cent. of iron, and charges, 
including freight, insurance, &c., to Cardiff or Newport. 


Messrs. E. Finch and Co , Limited.—The balance-sheet 
of Messrs. E. Finch and Co., Limited, Chepstow, for the 
year ending June 30, 1905, shows a profit of 3507/7. The 
directors propose to place 300/. to the redemption of 
debentures account, 4007. to the purchase of new machi- 
nery account, 300/. to the reserve fund, to pay a dividend 
of 124 per cent. on the preference and ordinary shares, 
and to carry forward 179/. A fair number of orders are 
on the company’s books, and the directors anticipate 
being able to keep the works fully employed. 


The Swansea Valley.—In the steel trade employment 
continues active, and there has been a good demand for 
both tin-bars and billets. The tin-plate mills have been 
regularly employed with a full production. The position 
of the collieries leaves something to be desired. Stocks 
are still heavy, and this checks production at the semi- 
bituminous pits in the lower part of the valley. 


Bryncethin.—Preparations for working the Barrow pits 
at Bryncethin, which have been acquired by the Bryn- 
cethin Syndicate, Limited, are proceeding energetically, 
and Captain Lemon, the mining engineer of the syndicate, 
is satisfied with the progress made. Operations for un- 
watering have been successful, and at the commencement 
of this week the = have been cleared of water to a 
depth of 645 ft. The shafts are in perfect condition, 
The following seams have been proved by openings in 
the walling of the shafts:—The Bodorfach,-5 ft. thick ; 
the Bodofawr, 18 ft. 2 in. thick ; and the Fawr, 17 ft. 9 in. 
thick. It is anticipated that if the present rate of clear- 
ing the water is maintained, the opening to the Dryddid 
seam will be reached in a day or two. The pits, which 
have been idle for many years, are situated to the east of 
Bryncethin, and nearly a mile from the Brynmenin 
Great Western Railway station. It is proposed to 
develop the whole colliery, and to erect washeries, coke- 
ovens, and by-product plant. 


Dowlais.—The works have shown sustained activity. 
The Goat Mill has maintained its output of steel rails at 
about 4000 tons per week. The rails manufactured for 
the most part of late have been those weighing 50 lb. per 
yard, so that the aggregate output must be pumented en 
penny © Some large shipments of 50-Ib. rails are 
about to be made to Australia; other consignments of 
rails have been made to South America, which has taken 
much heavier qualities, running up to 100 1b. per yard. 
There have also been deliveries of steel rails of late to 
home railways. Steel sleepers have been despatched, to 
some extent, to West Africa, The Cogging Mill has 
been busily employed. The Big Mill has been engaged 
upon fish-plates for the Buenos Ayres and Pacific Rail- 
way ; there has also been a good demand for light section 
colliery rails and sleepers to correspond. 


South Wales Coal and Iron.—The exports of coal, 
foreign and coastwise, from the six principal Welsh ports 
—Cardiff, Newport, Swansea, Port Talbot, Neath, and 
Llanelly—in August were 1,941,769 tons, as compared 
with 1,898,771 tons in August, 1904. The exports of iron 
and steel from the six ports were 10,811 tons ; of coke, 
13,321 tons; and of patent fuel, 86,445 tons. The aggre- 
gate exports of coal from the six ports in the first eight 
months of this year were :—Cardiff, 11,112,932 tons; 
Newport, 2,643,280 tons; Swansea, 1,396,991 tons; Port 
Talbot, 698,080 tons; Neath, 206,735 tons ; and Llanelly, 
206,697 tons; making an aggregate of 16.264,715 tons. 
The exports of iron and cael wale :—Cardiff, 50,617 tons; 
Newport, 54,731 tons; Swansea, 18,345 tons; and Port 
Talbot, Neath, and Llaneliy, nil ; making an aggregate 
of 123,693 tons. The exports of coke were :—Cardiff, 
41,497 tons ; Newport, 12,842 tons; Swansea, 6678 tons ; 
Port Talbot, 11,542 tons; and Neath and Llaneily, nil ; 
making an aggregate of 72,559 tons. The exports of 
patent fuel were :—Cardiff, 255,914 tons ; Newport, 
48,382 tons ; Swansea, 364,458 tons; Port Talbot, 68,425 
tons ; and Neath and Llanelly, nil ; making an aggregate 
of 737,179 tons. 








THE LATE Mp. G. G. Dick.—We regret to announce that 
Mr, Gavin Gemmell Dick, late executive engineer to the 
Queensland Government, 1, Victoria-street, S.W., died 
at his residence in Ayr on the 23rd ult. He retired from 
the servicein June last on account of bad health, and was 
succeeded in the appointment by Mr. James Tearoe, for 
many years his principal assistant. 





PersonaL.—On and from October 1 next the engineer- 
ing company, Messrs. Guthrie and Murdoch, of Antwerp 
(Belgium), will be continued by the four sons of the 

resent owners, Messrs. Robert Guthrie: and Robert 
urdoch, under the style ‘‘Guthrie, Murdoch, and Co.” 


| —Mr. Jens Orten-Béving, civil engineer, announces that 


he has opened offices at 72, Victoria-street, Westminster, 
London, 8. W., as consulting engineer, and as agent for 
Messrs. Escher Wyss and Co., Zurich. By arrangement 
with this firm many of their specialities will be manu- 
factured in this country by first-claes engineers. 
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THE LOWRY COTTON-PICKER. 


In our issue of July 28 last we gave a general 
description of this interesting invention, and we are 
now in a position to supplement that with a detailed 
account of this machine from which so much is ex- 
pected. Je are also indebted to the courtesy of 
the inventor for a photograph, which we reproduce, 
and which represents the very latest stage which the 
machine has reached. Our readers may have noticed 
that the Prime Minister of Australia recently alluded 
to the cotton-picker ; and it is thought probable that 
the Federal Government will ask the United States 
for a report on the invention, which it is hoped may 
eventually solve the cotton labour difficulty in Queens- 
land. 

The machine comprises a frame composed of wrought- 
iron tubing, supported on four wheels, the rear— 
or traction—wheels being journalled on stub-axles, 
which are secured firmly to the frame, and the front 
or steering wheels being so arranged as to have a 
rocking movement with respect to the frame, in 
order to compensate for unevenness of ground and to 
avoid the twisting strain on the frame. ‘The wheels 
are spaced a sufficient distance apart, to enable the 
frame of the machine to straddle a row of cotton 
plants, the wheels travelling in the furrows as the 
machine progresses lengthwise of the rows. ‘Supported 
on the frame is a three-horse-power gasoline-engine, to 
propel the machine through the field and drive the 
picking mechanism. The traction wheels are geared 
to this engine by means of sprockets and chains 
through suitable compensating and speed-changing 
mechanism, mounted on the frame, the speed.-changing 
mechanism being so arranged that the driver may, by 
the manipulation of a lever, vary the speed of the 
machine according to the quantity of cotton to be 
picked. 

A seat is provided on the top of the machine for the 
driver, and the steering-wheel and the other levers are 
within his easy reach. Projecting forward and to the 
rear of the machine are extensions of the frame. 
On these extensions are supported the gathering 
or picking devices, which have universal move- 
ment, and are carefully counterbalanced; they can 
be easily manipulated and directed, by operators 
seated on the machine, to the opened bolls of cotton 
on the plants. There are seats provided on the ma- 
chine to carry four operators, and each operator is 
provided with two of these picking-arms (one for 
each hand). These picking-arms are arranged con- 
veniently to the operators, and have a wide range of 
movement in all directions. The arrangement of seats 
and picking-arms is such that when facing in the 
direction in which the machine travels over the field, 
the two rear operators face to the right, one picking 
one side of the centre row and the other picking one 
side of the right outside row. The two front operators 
face towards the left, one picking the other side of the 
centre row and the other picking one side of the left 
outside row. Thus, all of the centre row and one-half 
of each of the outside rows, in all equal to two rows, 
are picked. When the machine turns to travel over the 
field in the opposite direction, one row is skipped ; 
this enables the operators on the outside rows to pick 
the other side of their A ae rows. 

As all of the eight picking devices are identical, a 
description of one will answer for the whole. Four 
of the picker devices are suspended to the forward- 
extensions, and four to the rear - extensions. <A 
hollow net wnget elbow is hinged to the exten- 
sion, one end of which points in towards the body 
of the machine, and the other end pointing out- 
wards at right angles with respect to the direction of 
travel of the machine. To this end is secured an ex- 
tension tubing, to the free end of which is pivoted 
for rocking movement, a blower casing ; this casing 
is provided with a fan, which serves the double pur- 
pose of doffing the cotton and blowing it to the re- 
ceptacle. To the blower-casing is hinged the picking- 
arm, which consists of a trough-like casing having 
pulleys journalled at each end, over which travels an 
endless belt provided with prongs or teeth. The 
upper or drive roller is so arranged with respect to the 
fan or doffer that the blades just escape hitting the 
teeth of the belt. 

A fixed hollow elbow is secured to the extension 
tubing in such manner as tw permit the free end of 
the rocking elbow to extend into one end thereof and 
have axial movement therein. From the free end of 
this fixed elbow is a sheet-iron pipe which extends 
upwardly and into the mouth of a bag provided to 
receive the cotton. Four of these bags are provided, 
suspended from rings which are secured to standards 
fastened to the frame of the machine, and which are 
arranged over each wheel. These bags are open at 
both ends, but provided with a draw-string at the 
bottom, which closes the bottom while cotton is being 
delivered thereto. 

The means for actuating the picker-belts and doffer- 
fan consists of a light shaft running longitudinally of 
the machine, and parallel to the ore-end-aft exten- 


sions. This shaft is geared to the engine through 
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the medium of gears and a friction clutch, the lever of 
the clutch being arranged conveniently to the driver. 
This shaft has a constant speed, and is independent of 
the speed of advance of the machine through the field. 

Power is applied to the picker-belt and doffer-fan 
from this shaft, through an arrangement of light 
sprocket-wheels and chains which provide for the 
dirigibility of the picking-arms without in the least 
interfering with their flexibility. 

Simple contrivances are arranged at the picking 
point, and in the path of the picking-belt, to facilitate 
the engagement of the cotton with the teeth of the 
belt, and to eliminate all foreign matter, such as hulls, 
leaves, twigs, sand, &c. 

As the machine advances along the rows of plants 
in the field, each operator grasps two of the picker 
arms, one in each hand, and directs the points thereof 
to the opened bolls on the plant. The cotton is 
instantly withdrawn from the boll, and is rapidly 
carried up the arm by the belt to the doffer-fan, which 
strips it from the teeth of the belt, and at the same 
time blows it through the piping and delivers it into 
the bags. 

The driver controls the speed of advance of the 
machine, running slowly when the plants are well 
fruited and faster when only a few opened bolls appear 
on each plant. Thus the operators have always an 
abundance of opened bolls presented to them, and are 
unable to loaf, as each one is supposed to pick his 
particular row clean ; moreover, the cotton picked by 
each operator is delivered to his individual bag, and 
consequently a record of the quantity and quality each 
one picks is easily obtainable. When the bags become 
filled each operator loosens the draw-string at the 
bottom, and instantaneously drops the cotton into a 
basket or wherever desired. The bags are commodious, 
and will not have to be emptied frequently. The 
machine is light of draught, and very little power is 
required to operate it. 








ATLANTIC WavEs.—Careful measurements of Atlantic 
waves have been made for the Hydrographic Bureau of 
Washington. It has been found that the ordinary big 
Atlantic wave averages about 30 ft. in height, while those 


due to severe storms attain a height of from 40 ft. to) 


48 ft. The largest waves are often 500 ft. to 600 ft. in 
length, with a period of 10 or 11 seconds, while the 
longest recorded had a length of half a mile and lasted 23 
seconds. It has been noticed that in general the longer 
the waves the less is the proportion of height to length ; 
in other words, the longest waves have the easiest slopes, 
and hence in some respects are less to be feared than the 
shorter, steeper waves of a sudden storm. 





Dock Extension aT Nortu Suretps.—The Tyne- 
mouth Town Council met specially on Saturday, the 
16th inst., and to close Dotwick-street and the 
eastern portion of Mill-street, at the west end of North 
Shields, in order to permit Smith’s Dock Company to 
carry out a scheme of extension. The company has 
bought up all the property in and adjoining the two 
streets mentioned, and it is intended to demolish it all, 


and use the site obtained for the extension. Two existing 
dry docks are to be enlarged, so as to be capable of 
taking in vessels of the largest types, and modern engi- 
neering shops are to be erected. The company has 
constructed a new road to deal with the traffic of the 
streets proposed to be closed. 





Tue New Cunarp Liners.—At Darlington Forge on 
Saturday two gigantic stern-frame castings for two new 
Cunard liners were inspected. These vessels are being 
built by Messrs. J. Brown and Co., Clydebank, and Messrs. 
Swan and Hunter, Wallsend, and will be the largest 
vessels afloat. The stern post made at Darlington Forge 
for these vessels weighs 47 tons, the after brackets 224 tons 
each, and the forward brackets 24 tons each, and the 
total weight of the rudder will be about 70tons. A charge 
of 70 tons of molten steel was required in casting the stern 
frames, and the total weight of the castings, including 
the stern-frame hatches and rudder, is about 220 tons. 
These are stated to be the largest castings ever produced 
in England, and will be ready for despatch to the ship- 
builders in a short time. 





GERMANY AND Spain.—The abolition of the export 
duty on Spanish iron ore is sought by the German 
Government, and is one of the chief objects, from the 
German standpoint, of a pro new treaty with 
Spain. The imports of iron ore from Spain into Ger- 
many amounted to 1,918,000 tons in 1902, 2,491,000 tons 
in 1903, and 3,003,000 tons in 1904; but it is considered 
that the actual tonnage was greater, as a considerable 
quantity of Spanish ore was procured through Belgium 
and Holland. The present commercial treaty between 
Germany and Spain expires in June, 1906. At times a 
high countervailing import duty on Spanish iron ore has 
been proposed in Germany, but the suggestion has never 
been carried into effect, owing to the burden which would 
be imposed upon the German metallurgical industry. 





PALMER’S SHIPBUILDING AND IRON Company, LIMITED. 
—The directors report that the profit for the twelve 
months ending June 30, 1905, amounted to 89,827/., 
while 34067. was brought forward. The dividend for 
1904-5 is proposed to be at the rate of 5 per cent., 
34,8487. being written off for extensions and deprecia- 
tion, and 18,301/. being carried forward. The 89,827/. 
returned as the profit for 1904-5 compares with 63;209/. 
in 1903-4, 64,1847. in 1902.3, 89,925/. in 1901-2; and 
107,074/. in 1900-1. The directors observe : —*‘ The ship- 
| building trade of the country remains in a depressed 
| condition, and it is difficult to obtain orders at remune- 
rative prices. In these circumstances it is satisfac- 
|tory to find that the profits of the company for the 
|period under review compare favourably with those 
|for the previous twelve months. An order from the 
British vernment has been received for the build- 
ing of the first-class battleship Lord Nelson—one of the 
two largest battleships for which orders have been so far 
placed—and satisfactory pi has been made with the 
contract. The iron and steel departments have been better 
employed, and the prospects, both as regards prices and 
production, are more favourable. The improved resu!ts 
are largely due to the diminished cost of production, ars 
ing out of recent expenditure on the works. The directors 
are contemplating further large expenditure on the ste! 
| works in order to bring them up to date.” 
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THE INGERSOLL-SERGEANT AIR-COMPRESSOR. 


CONSTRUCTED BY THE INGERSOLL-SERGEANT DRILL COMPANY, NEW YORK. 




























































































(ase. a) 





_The Ingersoll-Sergeant Drill Company, Limited, of | all rope-driven from electric motors manufactured by 
New Y ork, and of 1144, Queen Victoria-street, London, | the General Electric Company of New York. The 
have supplied 12 of their D, duplex type, rope-driven | air -cylinders are fitted with the maker’s patent 
air-compressors to the Mysore Government in connec- | piston inlet valves, which are located on the piston, 
tion with the Cauvery Falls scheme for the supply of | and, together with the inlet tube, move to and fro with 
compressed air to the vatious mines in the oe lit. As these valves form one of the chief features of 
territory. Some of the companies with whom these | the compressors, their action is interesting, and will be 
macniaiee are now located are:—The Ooregum Gold- | better understood on reference to the longitudinal 
Minin Company, the Balaghat Gold-Mining Company, | section through the cylinder, which is shown in Fig. 2. 
- hampion Reefs Gold-Mining Company, the | The valves may be seen at A A, and the inlet tube at 
as Gold-Mining Company, the Mysore Gold- | B. The valves are of the form shown in Fig. 3, and are 
Mining Company, the Coromandel Gold-Mining Com- | of large diameter. They work in annular spaces at 
pany, and the Nine Reefs Gold-Mining Company. The | the ends of the piston, and are held in position, and 
pate ge are all fitted with duplex cylinders. | are prevented from moving too far from their seats, 
bs © sizes are :—16} in. in diameter by 18-in. stroke, | by pins which through the slots that may be seen 
~~ in. in diameter by 24-in. stroke, and 22} in. in|on the circumference of the valves, Fig. 3. The pins 
200 and by 24-in. stroke, the horse-power being 150, | are shown at C, Fig. 2. When the pump is in opera- 
” The 300 respectively. tion, the valve which is on that face of the piston 
e general arrangement of one of the compressors 
is shown in perspective in Fig. 1, above. 


which is towards the direction of movement is closed, 
When the 


They are! while the one on the other face is open. 





piston has reached the end of its travel, there is, of 
course, a stop, followed by a change of direction, and 
the valve, which was open, tamcltetaty closes. The 
valve on the other side is left behind by the piston, 
and free air is admitted to that end of the oylinder, for 
compression on the return stroke. No springs are 
used, and it is claimed that there is no throttling of 
the incoming air, and none of the chattering and 
hammering so often noticed when poppit valves are 
used. After the air has been drawn into the cylinder 
through the hollow piston B at each stroke, and com- 
—— on the return stroke, it out through the 

elivery valves D, and through the ‘main discharge 


ipe E. 

. The cylinder is water-jacketed, the water entering 
by the pipe F, and passing out by the pipe G. On the 
underside of the cylinder there is an outlet H, by means 
of which the jacket can be completely emptied. The 
cylinder-covers are also water-jacketed, 

Inlet valves of the type we have described have been 
found to be as positive and prompt in their movements 
at low as at high speeds, call tae been proved to work 
perfectly in a large duplex Corliss compressor when 
running as slowly as nine revolutions per minute. The 
large area of ring valves of the above kind admits of a 
very small throw of the valve, and allows the com- 
pressor to run at a high speed without a reduction in 
efficiency, and with safot to the moving parts. The 
travel of the valve is me about } in., and the valve 
therefore does not move far enough to acquire sufli- 
cient momentum to injure itself or its seat, and will 
consequently remain perfectly tight for a very long 
time. 

Another advantage claimed for these compressors is 
that in them the clearance spaces are reduced to a 
minimum, and a glance at Fig. 2 will show that this 
must so, for it will be seen that there are no 
countersunk spaces in the cylinder heads for the inlet 
valves, but there is merely a shallow groove turned in 
the heads, into which the projecting part of the valves 
is received. With compressors that must start the air 
from a state of rest at each stroke, and draw it into 
the cylinder against the resistance of poppit-valve 
springs, there is a considerable loss, which, it is claimed, 
is not present with the piston inlet form of construc- 
tion, the admission of free air being through the inlet 
tube, thus creating a constant and uniform flow in one 
direction only. 

With the compressors at the Mysore mines there is 
a complete equipment of circulating pumps to force 
cooling water through the heads and jackets of the 
cylinders, and the air-discharge pipes are arranged 
with gate-valves, so that either half of the compressor 
can be worked independently of the other by simply 
disconnecting the connecting-rod on one side. The 
discharge-pipes are also fitted with poppit safety- valves 
to prevent any chance of excessive preseure in the 
discharge-pipe. The oiling arrangements are also very 
complete. 

Another feature of the compressors is the intake 
choking controller, which is attached to each of the 
cylinders by means of a bracket, which extends from 
the rear of the air-cylinder cover, and in which the 
piston inlet pipe works. The object of this controller 
is to automatically close and open the intake of the 
compressor and regulate the admission of air to the 
— in direct proportion to the requirements of 
the mine ; at the same time the compressor will only 
take sufficient power to compress the air allowed to 
enter the cylinder. The controller is operated by 
means of the pressure of air in the receiver, which, 
having reached a mage sce! om acts on a small 
piston, which raises a weigh lever, which, in its 
turn, closes the intake pipe. On the pressure falling, 
the lever drops, and the intake is once more open to 
the atmosphere. The apparatus is provided with 
regulating-screws, so that the change can be made 
slowly to suit the requirements of the case. 

The whole of the plant was erected under the direct 
supervision of the Ingersoll-Sergeant Company’s engi- 
neers. 








ATLANTIC TELEGRAPHY.—The Commercial Cable Com- 
pany has succeeded in laying the shore end of a new 
Atlantic cable at Canso; Nova Scotia. The length of the 
cable to be run out is about 2200 miles, peng near 
St. Pierre, Newfoundland, and north of Flemish Cap to 
Waterville, Ireland. This will be the fifth and fastest 
trans-Atlantic line of the Commercial Cable Company. 





CANADIAN RarLways.—An announcement of interest 
has been made by the Temiskaming Railway Com- 
mission. That body, some time ago, caused an explora- 
tion to be made northward from the present terminus of 
the Temiskaming Railway to a a on the proposed line 
of the Grand Trunk Pacific Railway. The exploration 
has been completed, and it is now announced that the line 
will soon be located to its proposed junction with the 
Grand Trunk Pacific Railway, a distance of about 275 
miles. Fine timber land has m found, as well as an 
extensive clay belt, and the engineering difficulties of the 
route are re to be not serious. By next year 
200 miles of line will, it is expected, have been completed. 
About 113 miles are now being worked by the Commission. 
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INDUSTRIAL NOTES. 


Tue report of the Labour Department of the Board 
of Trade on the state of the labour market during 
last month states that there was a slight falling off 
in employment, mainly, of course, due to the holiday 
season. But the cotton trade continued to be very busy, 
and the iron and steel trades, in all branches, showed a 
further improvement. This statement is based upon 
4838 returns—namely, 3480 from employers or their 
associations, 127] from trade unions, and 87 from other 
sources. In the 270 trade unions ially reported on 
there was an aggregate membership of 578,444; of 
these, 31,046, or 5.4 per cent., were unemployed, as 
compared with 5.2 in the previous month, and 6.4 per 
cent. a year ago. 





Employment in the various groups of industries was 
as follows :—In the building trades it continued dull. 
It was, on the whole, rather better than a month 
ago, but slightly worse than a yearago. Usually these 
two months are the best in the year, as the weather 

enerally is favourable for outdoor work. When the 
depression in trade continues in these months, it is bad 
indeed. 

Employment in coal-mining showed some recovery 
as compared with the previous month, and was about 
the same asa yearago. The average weekly number 
of days worked by coal-miners during the four weeks 
covered was 4.76, as compared with 4.63 in the previous 
month and 4.76 in the same month a year ago. 

In ironstone-mining employment continued good — 
about the same as in the previous month and a year 
ago. At the 118 mines and open works covered by the 
returns the average weekly number of days worked 
during the four weeks was 5.73, as compared with 
5.72 in the previous month and 5.77 in the same month 
a yearago. In this branch of mining the time worked 
has been remarkably steady all through the depression 
in trade, as compared with coal-mining and the iron 
and steel industries. 

Employment in the pig-iron industry was fairly good 
during last month—-better than in the previous month, 
and much better than a year ago. At the works of 
198 ironmasters included in the returns 326 furnaces 
were in blast—four more than in the previous month, 
and 27 more than in the same month a year ago. 
This indicates a distinct revival in the iron trade. 


In the manufacture of iron and steel employment 
continued good, showing a great improvement over a 

ear ago. The number employed at 198 works, covered 
by the returns, has risen from 85,084 to 91,160—an 
increase of over 6000. The volume of employment— 
shifts worked multiplied by the number employed— 
in the last week of last month was 1.8 per cent. greater 
than in the previous month, and 9.7 per cent. greater 
than a year ago. This indicates improvement in the 
iron and steel-using trades, and probably greater de- 
velopment. 

Employment in the manufacture of tin-plates con- 
tinues steady ; but as compared with a year ago the 
number of mills in operation increased from 379 to 
404—increase, 25. 

In the engineering trades there was little change 
in employment over the previous month; but it was 
better than a year ago. The proportion of unemployed 
members was 4.9 per cent.; in the previous month, 
4.8; in the same two months a year ago, 7 per cent. 

In the shipbuilding trades employment, on the 
whole, was about the same as a month ago, and slightly 
better than a year ago. 





Employment in the cotton trades continued very 
brisk—much better than a year ago. The wages paid 
were 12.4 per cent. nigher than in the same month a 
year ago. This applied to 126,268 workpeople. 

In the woollen trades employment continued good— 
considerably better than a year ago. There was a 
decrease of 1 per cent. in the wages paid to 16,856 
workpeople, due to holidays, but an increase of 7.2 
pn with a year ago. 

In the worsted trades employment was quiet, but 
was distinctly better than a year ago. In firms em- 
ploying 36,609 workpeople, there was a decrease in 
the wages paid of 0.5 per cent., but an increase of 
5.6 per cent. over the same month a year ago. 

In the linen trade employment was better than in 
the previous month and a year ago. In firms employ- 
ing 49,311 workporg the wages paid increased: by 
My ga cent., and of 1.2 per cent. compared with the 
same month a year ago. 

In the jute trade employment was moderate —better 
than a month ago, but not so good as a year ago. In 
firms employing 20,242 workpeople there was an in- 
crease in wages paid of 3.2 per cent., but a decrease 
of 1.4 per cent. compared with a year ago. 

In the silk trade there was little change, but em- 
ployment was better than a year In em- 


ploying 10,258 workpeople there was a slight increase 
of spindles, but a decrease of 4 
with a year ago. 


per cent. compared 


In the number of power looms at 


work there was a decrease of 1.5 per cent., but an 
increase of 2.6 per cent. over a year ago. 

In the hosiery trades there was a further improve- 
ment, employment being much better than a year ago. 
In firms employing 19,863 workpeople there was an 
increase of 0.4 per cent. in the wages paid, and of 
7.3 per cent. over a year ago. 





In the woodworking and furnishing trades there was 
improvement, employment on the whole being re- 
ported to be fair—better than a year ago, but about 
the same as in the previous month. In the glass and 
pottery industry trade has been moderate to slack. 





Dock and riverside employment has been moderate, 
but rather worse than a month ago and a year ago. 
Agricultural labourers were fairly well employed, 
except during some wet weather. 





There were 12 new labour disputes in the month, 
17 in the previous month, and 15 in the same month 
a year ago. The total number of persons involved in 
all disputes new and old was 17,287, or 868 fewer 
than in the previous month, but 4318 more than in the 
same month a year ago. The duration of all disputes 
totalled up to 346,200 working days, or 70,300 more 
than in the previous month, and 118,200 more than 
in the same month a year ago. There were 14 disputes 
settled, affecting 5923 persons—five in favour of the 
workpeople, four in favour of the employers, and five 
were compromised by negotiation. 

Changes in wages affected a total of 247,500 work- 
people, of whom 92,800 received advances, and 154,300 
sustained decreases. The net effect was a decrease in 
wages of 950/. per week.. The changes in the previous 
month affected 183,300 persons, the net effect being 
an increase in wages of 4600/. per week. In the same 
month a year ago 356,600 persons were affected, the 
net result being a decrease in wages of over 17,600/. 
per week. The principal change was in the wages of 
87,000 cotton operatives, who obtained the concession 
of 5 per cent. bonus for twelve weeks. On the other 
hand, 150 coal-miners in South Wales suffered a reduc- 
tion of Sf per cent. on the standard rates. This was 
effected by a Conciliation Board; 600 workers in 
steel-mills suffered a reduction under a sliding-scale. 
The remainder were settled by negotiation between 
the parties concerned or by their representatives. 





The report of the Boiler-Makers and Iron-Ship- 
builders is disheartening. There was an increase of 
unemployed from 4700 to 5515—an increase of 815 in 
the month. The total on the funds was 8642 ; previous 
month, 7873. Of the former total 5515 were on unem- 
ployed benefit, 1849 on sick benefit, and 1278 on super- 
annuation allowance. The sick decreased by 78, but 
the number on superannuation increased by 32. There 
was an increase in membership of 12, after allowing 
for deaths and arrears. The votes of the members 
are being taken on the question of joining the General 
Federation of Trade Unions, as to the payment 
by levy or from the general fund, and as to whether 
the dispute pay, if the union joins, shall be in addition 
to the society's strike pay. The election of district 
delegates for four districts is about to take place; 
nominations for the posts are required. The vote of 
the members is also being taken as to the revision of 
rules. Arrangements have been made by the executive 
for advice and assistance to members as regards 
obtaining patents for inventions. This ought to 
valuable as a stimulus to men of inventive genius in 
the ranks of labour. Another case of a defaulting 
treasurer is published, with a portrait and particulars 
of the absconded officer. The results of the ballot 
for the executive are declared ; in two districts, Nos. 
3 and 6, a second ballot is required. There are also 
given the results of the special audits. The great 
majority of these, out of 290 branches, is declared 
to be very good; ten good, seven moderate, three 
bad, and one very bad. By means of these special 
audits the executive can detect where the branch 
accounts are wrong or going wrong. Trade seems to 
have improved in South Africa ; in one district only 
is it said to be bad, and in one slack. In other dis- 
tricts it is fair to moderate. 





The September report of the Operative Cotton- 
Spinners: is the most encouraging that has been 
issued for some time past. The membership is in- 
creasing, and the number of unemployed decreasing. 
The total united membership was at date 15,021, 
showing an increase of 158 in the month, and of 882 
on the year. The total number on the funds averaged 
only 210 per week, or at the rate of 3.05 per cent. of 
the whole of the members, as against 3.22 per cent. in 
the previous month, and of 14.36 per cent. a year ago. 
The number of dispute cases dealt with by the officials 
was 28 ; previous month, 2] ; same month a year ago, 17. 
This method of settling disputes by mutual negotiation 
averts strikes and stoppages of work. There were in 
the month 32 accident cases, 29 in the previous month, 
and 20 in the same month a year ago. One member 


to Dr. Vernon for treatment. There were 22 claims 
for compensation under the Act; these were placed 
before the employers on the members’ behalf. In the 
previous month there were 17 claims ; in the same month 
a year ago, 13. The financial gain of the association 
in the month was 1689/. 19s. 4d., nearly one-half of 
which was interest on loan investments. The sum of 
259/. 1s. 10d., members’ subscriptions, and 149/. 12s. 6d., 
interest, were added to the superannuation fund, which 
has now reached a total of 19,8907. 14s. 4d. The 
report contains a brief but very candid and moderate 
statement with respect to the wages difficulty which 
threatened to develop into a strike last month. It is 
candidly admitted that circumstances were too 
strongly against the operatives’ representatives for 
them to obtain more than they did at the conference 
which arranged the terms. 





The difficulties on the Rand in connection with the 
Chinese ampere to be increasing. The wholesale 
desertions have led to extraordinary precautions being 
taken, and to very severe measures for capturing and 

unishing the runaways when caught. ‘The deserters 
rom the a appear to have created a terror 
in districts adjacent to the locality, as some violence 
to persons and injury to property has resulted. It 
would seem that the mine-owners expect the Govern- 
ment to be responsible for keeping order, but there 
appears to be a limit to the responsibility which 
the official representatives of the Crown will under- 
take. Meanwhile the white man fares badly, accord- 
ing to all accounts. The intense activity in com- 
merce and trade which was expected to result after 
the South African War ended has not been realised. 
But, of course, the treasures and resources of the 
Transvaal are there to be developed if the conditions 
are such as to attract capitalists and workers from 
the Old Country or other civilised states. Reports 
of trade-union branches in nearly the whole of South 
Africa show a large percentage of unemployed among 
the mechanics and artizans. Some of the workers 
have been obliged to migrate to new fields, or return 
to their native land. 

Regrettable as the engineers’ strike of eight years 
ago was, there is consolation in the fact that it led to 
a more conciliatory course of action in the future. 
Since that date the representatives of the Engineer- 
ing Employers’ Federation and of the Amalgamated 
Society of Engineers have met from time to time to 
discuss the industrial situation, the result being the 
avoidance of strikes in most cases, and in others settle- 
ment in an amicable way. In the case of the Clyde the 
officials of the Engineers’ Union incurred a good deal of 
obloquy by reason of their resolute action. Recently 
there have been negotiations on matters in dispute, 
and a conference has been held in respect thereto. One 
subject that came up at that conference was the 
| omg of a 53 hours’ week, instead of 54, as at 

rrow, the result being the concession of an hour 
per week ; but it was agreed not to quote it as a 
precedent for exaction elsewhere. But a more 
critical question was that of overtime. The engineers 
have always been advocates of the abolition of syste- 
matic overtime, and a new rule to stop overtime in 
eg. where members of the union were out of work 
ed to some friction, especially at Hull and on the 
North-East Coast. The subject will be considered 
with a view to find a modus vivendi where overtime 
was excessively worked. Meanwhile the society will 
reconsider the rule as to no overtime where members 
of the union are unemployed. The question of an 
advance in — of 4d. per hour in Glasgow, Paisley, 
Greenock, and Motherwell was considered, but no 
agreement was arrived at. It was said by the em- 
ployers that trade was not quite so good, and the 
members of the union reported to be out of work 
seemed to confirm that view. It is probable that a 
further conference on this subject will be held if the 
members in those districts try to insist upon an ad- 
vance. It is probable also that the matter will be 
dealt with in such a way as to avert a strike. 





Reports from the Midlands indicate a real improve- 
ment in the iron and steel trades, and an upward trend 
in prices. Some people fear that the advance in prices 
may retard the expansion of trade, but competition will 
restrain any rush in rates. There is plenty of buying, 
and more might be done if would-be purchasers 
would book forward a little more freely at present 
rates. A steady business is reported in the best 
descriptions of finished iron, but common iron still 
moves slowly. Some progress is being made in respect 
of the sliding scale, the result of the accountants 
examination being said to be satisfactory ; but some 
time may elapse before the basis of agreement 18 
settled. Meanwhile there is no expectation of any 
hitch or dispute to mar the hoped-for arrangement. 
Generally, the tone was good at last week’s market. 





An improved tone was manifest on "Change at Man- 
chester in t of the iron and steel industries. 








received the full benefit of 100/., and some were sent 





good deal of buying is going on, but no rush. Both 
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producers and users, and also merchants, seem to 
regard the present improvement as likely to be per- 
manent, or at least to last for some time, so that there 
is greater confidence in the market. In crown bars 
makers advanced prices last week by 5s. per ton. 
There have been large orders for steel, which branch 
is very brisk. Similar reports come from other centres 
of the iron and steel trades. 





A further conference took place between the repre- 
sentatives of the Federation of Shipbuilders and of the 
30iler-Makers’ Society with respect to an advance in 
wages on the North-East Coast. No agreement was 
arrived at, as the employers say they cannot grant 
the advance asked for, and the men’s representatives 
state that they cannot withdraw the application. The 
matter will be further considered ere any decisive 
step is taken. In the meantime it is to be hoped that 
trade conditions will so change the situation that a 
strike will be averted. 

The strike of carpenters and joiners at Glasgow has 
been settled by mutual concessions, but the pattern- 
makers and plumbers are still out, no arrangement 
having as yet been effected. 





The efforts made to effect a settlement of the dis- 
pute between the London Coal Merchants and the Coal 
Porters’ Union have not yet been effectual; but as the 
conference was of a friendl character, it is hoped that 
a strike will be averted. The matter in dispute is a 
reduction in wages of ld. per ton. 





Negotiations have been on foot for the amalgamation 
of a large a union with the Amalgamated Society 
of Engineers. The latter union, it is said, has more 
money in its coffers than ever before, in spite of the 
depression in trade. 


It is stated that Lord Stanley, the Postmaster- 
General, has issued a circular to the postmasters of 
small towns to the effect that the wages paid are too 
high. The scale is from 17s. to 22s. per week ; the 
new scale is to be 16s. to 20s. per week for all vacancies 
that may occur in the service. 





The employment of Polish miners in some of the coal- 
fields in Scotland has more than once led to disorder. 
It is reported that the feeling of aversion to the em- 
ployment of foreigners is growing, and a conflict of some 
importance has occurred, in which several persons were 
injured. It seems strange that men who clamour for 
the solidarity of labour should in practical life resent 
the employment of a man on account of his nationality. 








_ Tue Catcium Carsrpe InpusTRY.—The calcium carbide 
industry is, in France, centred in the Alps and Pyrenees, 
at Bellegarde, Grenoble, Nice, and Toulouse. At present 
the eleven factories are capable of producing 40,000 tons 
of calcium carbide annually, but the output sold during 
1904 amounted only to 18,000 tons. The French manufac- 
turers, says the United States Consul in Report No. 2310 
(July 17, 1905), are protected against importations by the 
Bullier patent. The production of 1904 was disposed of 
at 200 francs per ton, the standard of quality being 
300 litres of acetylene gas per kilogramme of carbide. 
The retail price was 350 francs per ton. Makers of 
catbide and of acetylene have made an arrangement 
whereby an average price has been established which 
enables both industries to exist. 





Gotp.—The great rally which has taken place in South 
African gold-mining this year has told considerably upon 
the deliveries from that quarter. The imports last 
month were valued at 4,796,026/., as compared with 
2,154,9517. in August, 1904, and 1,734,962/. in August, 





1903. The three principal gold - producing districts 
figured in these totals as follows :— 
Colonial Group. Aug., 1905. Aug., 1904. Aug., 1903. 

al Ss ow &£ 
Britith South Africa 2,437,821 1,211,369 | 859,500 
British India “ 1,226,580 210,499 466,322 
Australasia 613,627 435,564 134,046 
Canada nil nil nil 


The aggregate imports for the eight. months ending 
August 31, this year, amounted to 26,768,177/., as com- 
pared with 21,309,416. in the corresponding period of 








1904, and 17,764,599/. in the corresponding period of 
1903. In these totals the colonial Saear gured as 
follows :— 
Colonial Group. 1905. 1904. 1903. 

bo £ £ 
British South Africa -, 14,246,165 | 10,222,692 8 297 894 
sritish India =...) 4,686,728 | 4,225,088 | 1,964/717 
Australasia .. 2,878,197 8,042,553 3,971,209 
Canada 1,120 nil nil 


> 


The gold produced by Canada is disposed of at home or in 
the United States. The t shipments of gold this 
year for the adjustment of trade balances have been those 
to Germany, which amounted, to August 31, to 2,101,521/., 
as compared with 1,824,630/. in the corresponding iod 
of 1904, and 130,668. in the corresponding period of 1903. 





resulting in careless work, and requiring constant checking 
and testing to keep up the standard of quality. 

The use of hopper scales, or of automatic scales, has 
|improved the proportions, but the materials are still 
| delivered in batches of considerable size, and must 
| thoroughly mixed by an intermittent process, corres- 
| ponding in time with the weighing, and ditficult to make 
| automatic. Even when the mixture of a batch is good, it 
| is often difficult to disc the product from the mixing- 
|machine without destroying the accuracy of the mix, 
because a difference in the sizes of the particles, or a 
difference in their specific gravity, tends to re-distribute 
the ingredients in the receiving hopper, which must be 
large enough to hold the contents of the mixer. 

Weighing-machines are affected by the varying con- 
dition of the materials, which stick to the hoppers, or the 
and where the colour or appearance must be uniform, the | dust which clogs the delicate balances. The gates used 
proportion must be perfect. | to feed the weighing-hopper, or discharge its contents, 

methods of the apothecary are sufficient for the | leak, and foreign substances clog or prevent their proper 
compounding of medicines which are weighed in small | action. 


MEASURING AND MIXING POWDERED 
MATERIALS. 


Continuous Measuring and Mixing of Crushed or 
Powdered Materials in Accurate Proportions.* 
By E. N. Trump, Syracuse, N.Y. 

Many chemical and metallurgical processes require the 
accurate proportioning of the raw materials in a crushed 
or powdered form, and their intimate association by mix- 
ture until the particles are near enough together to admit 
of the desired reactions. 

The success of these processes largely depends on the 
accuracy of the proportions, as an excess of one material, 
or lack of another, may give irregular results. 

Many products are simple mixtures of raw materials, 
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SECTIONAL ELEVATION 
OF DOUBLE MEASURING 
MACHINE, 


| Where the material contains varying amounts of 
| moisture frequent tests must made, and the weights 
| changed to obtain the proper portion of dry material. 

The measuring of batches of material is subjected to the 
| variations in the personal equation of the attendant. The 
| height of fall into the measure, the temperature and con- 
| dition of the material, the method of striking off the 
| surplus, the amount of tamping the material receives, all 
affect the result. 


Continuous MEASURING AND MIXING, 


Many machines have been made, and are in use, to 
proportion materials and mix them continuously. It is 
| recognised that much oving of labour in handling, and 
greatly en outputs, will result from proper methods. 
| . The first element of continuous mixing is a continuous 
feed, which will be rapid and accurate, and not affected 
by varying conditions of the materials, or at least adjust- 
able to these conditions. The following methods may be 
| mentioned :— ; 
Screw Conveyors are used for discharging a stream from 
a hopper, the quantity being sapeiated, by a sliding gate 
at the end, or by changes in speed. 
Shaking Spouts.—Operated under a hopper to move the 
material delivered upon it. 
Revolving Pockets.—Receivin 
| and emptying it into a spout below. 






BOTTOMLESS 
CYLINDER 


uantities, but when materials must be mixed by the ton 


these methods become too slow and laborious. 
Revolving Rolls,-—Arranged to feed a measured quantity 


METHODS OF MEASURING AND MIXING. | by the distance between them, or from a spout by extend- 
The Gootinaing of chemical processes has been an | ing the natural slope. 
enlargement of the chemist’s methods, and we find the, Reciprocating + horizontally under a 
favourite plan the ‘‘batch” method. The material is | spout, and moving the material out over its edge. 
measured or weighed in convenient sized ‘‘ batches,” and| Revolving Tables. —With stationary spout, grindin 
brought be ee od in some kind of a mixing-machine to be | material out until it falls over its edge, or is diver 
mechanically thrust or tumbled about until the particles | by an inclined blade. 
pooper | to find their proportional distancefrom each | Each one of the above methods is in use in various 
other. The smaller the batches are made, the less time | forms, with different degrees of success. Some of them 
required for the mixture; but the multiplying of the | work well on a particular material, but most of them are 
operations becomes a very monotonous occupation for the | affected by changes of speed, pressure from the hoppers 
men entrusted with the weighing or measuring, soon | holding supplies of material, be of moisture, or size 
- - | of crus) ing. Nearly all of them y abba for accuracy on 
* Paper presented at the Scranton meeting of the | the natural slope assumed by the material as it disc 
American Society of Mechanical Engineers. | from a spout, and as the natural slope which the material 


material from a spout 


ENGINEERING. 


materials in the proper qqetions in as close contact as | percentage of material in a mixture; and when the pro- 
possible, it is important to bring them together in super- | portions are approximately known, the width of the 
posed sheets while falling from the table, so that little | knives and the distance between the cylinders and the 
subsequent mixing will be required. Toreduce the amount | tables are fixed at approximately the average desired. 

of mechanism, therefore, and have only one revolving; As the material is diverted over the edge of the upper 
part, the arrangement shown in Fig. 5 is adopted, table, it falls into the material coming from the knife 
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assumes in falling out of a spout is changed by any 
variation in pressure from above, size of material, content 
of moisture, and s of delivery, all of these affect the 
accuracy of the delivery. . 

Of the methods mentioned above, the revolving table, 
with a stationary spout above its centre, has been con- 











sidered the most accurate, and is much used in cement 
manufacture for feeding mills, &c. Its defect is the 
change in the natural slope of the material, which varies 
the amount cut off by the diverting blade, as indicated by 
dotted lines in Fig. 1, page 393. : 

If we make the table of relatively large size, and dis- 
tribute the material in a uniform layer upon it, as shown 
in Fig. 2, the stationary knife, or diverting blade, may be 
pivoted so as to take off a predetermined quantity in one 
revolution; and if the layer is thin, variations in the 
natural slope on the edge will affect the accurac — 
little. As the table revolves, the stationary knife wi 
divert the material in front of it over the edge of the 
seni and it will fall in a continuous stream into the 
chute. 

If the material is replenished on the table, so that the 
layer taken off by the knife is restored to exactly the 
same shape as before, and is continuously removed by 
the knife, an accurately measured quantity will be 
diverted. 

By adding to the table a bottomless storage cylinder, 
somewhat smaller in diameter, with its lower edge s 
a distance above the table sufficient to clear the knife and 
yet near enough to the table so that the material flows 
out from under the edge of the cylinder and takes its 
— slope, we shall have the condition represented by 
Vig. 3. 

‘he cylinder, | supported by arms from the 
central spindle, may be filled to the top by means of 
the chute, and as the knife removes the section repre- 
sented by its path over the table, the material from 
the cylinder above will take the place left vacant, 
and will come out under the - of the cylinder to 
the extent of its natural slope. hile this slope may 
vary a little, this variation is a very small part of the 
amount diverted by the knife; and as the material com- 
posing nearly the whole base of the cylinder is cut oa. 
the space behind the knife is filled from above with nearly 
uniform pressure, and in practice the natural slope angle 
is almost exactly the same, in spite of considerable differ- 
ences in height of material within the cylinder. 

After deciding on the distance between the bottom of 
the cylinder and the table, and the width of the knife, 
the other factors, which determine the amount of mate- 
rial measured off ina given time, are the — of rotation 
and the depth of the cut of the knife, and these are both 
adjustable. The depth of cut of the knife is adjusted 
by swinging the knife around on its pivot, so that it 
extends a greater or less distance into the material. This 
swing is controlled by a screw attached to an arm, cast 
as part of the knife, and a micrometer scale with pointer 
shows the amount of movement. This is shown in Fig. 4. 

The mechanism described above may be employed for 
the feeding of a great variety of materials, varying con- 
siderably in size and consistency ; and if the size of the 
table, the shape of the cylinder, and the size of the knife 
and space between the cylinder and the table are properly 
—— almost any kind of crushed material may be 
f 


The variations in size may extend from fine powders, 
like cement, to rocks of 6 in. cube. In the case of the 
ane sizes the space between the bottom of the cylinder 
and the table is made considerably higher than the height 
of the knife, as the s between the bottom of the 
— and the top of the knife must be sufficient to let 
the largest pieces pass through without catching. The 
amount diverted by the knife is not dependent upon its 
height, but on the — of the space under the cylinder. 

As an example, in the case of a table 12 ft. in diameter, 
feeding rocks of 6 in. cube, the variations for a single 
revolution, where some 6000 lb. were diverted, showed 
less than 2.5 per cent., and for ten revolutions the varia- 
tions were less than half of 1 per cent. of the quantities. 
With finely-powdered materials the variations in the 
quantities by volume are considerably less than this. 

. A measuring-table 3 ft. 6 in. in diameter is bein 
used as a meter measuring the quantity of powde' 
material delivered to # series of furnaces. The quantit 
was formerly ascertained by passing the material throug 
a hopper scale, where batches were continuously weighed 
by an attendant. The measuring-table was calibrated 
in different positions of the knife, and the total quantity 
measured by it was checked for two consecutive months. 
The variations from | to day, where 12 to 15 tons of 
material were measured, were less than 50 lb. ; and the 
total differences for a month, for a measurement of 400 
tons, showed in one case 108 lb., and in the other case 
1501lb. As these variations were both sides of the ave 

the results of the scales were 4s doubtful as those of the 





bed of 

The same machine filled to the top of the cylinder was 
revolved, and the material for each revolution weighed 
separately, the depth of the cylinder being about 3 ft., 
the quantities for each revolution were within 5 lb. of 
each other, on a weight of 51b., and no variation occurred 
until the material reached within 6 in. of the bottom of 
the cylinder, when it began to decrease a little in quantity 
for each revolution. 

Having now obtained a method of measuring the 
materials, the proportioning of two or more materials, 
and the subsequent mixing, becomes a matter of the 
combination of two or more cylinders. Two measuring- 
machines, such as have been described, may deliver into 
the same spout; and may be driven at different s 
or the same apes ; and by adjusting the knives any pro- 
portions may be secured. 

As the function of a perfect mixer is to deliver the 


the cylinders supported from the same spindle, so that 
peeds, | they all revolve together. Each table has its own storage tables are used. 
eylinder, or annular space between the cylinders and for 
each table there is a knife with its own adjusting mecha- 
nism. These knives may be adjusted at will to vary the | keeps the cylinder full, the material itself preventing 
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The knives swing 
this vertical 


The feed of each 
knife is regulated by 
adjusting screws. 
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The feed of this 
is regulated by 
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’ aes: 


The knives swing around 
this vertical:spindle. 


The feed of each knife 
| is reguiated by adjusting 


| screws. 
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The mixture ts 
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The two or more tables are set one above another, and next below, and these two quantities fall into the material 
from the third table, and so on, in case three or more 


The spouts which feed the storage cylinders may be 80 
comnget thes the revolution of the cylinder automatically 
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more issuing from the spout than is necessary to maintain 
a constant level in the cylinder. _ ; ; 
Hoppers may also be employed, into which the material 
can be dumped from the wheelbarrows, fed with shovels, 
or drawn intermittently from a spout at comparatively 
irregular intervals, the only attention requi being to 
keep the cylinders reasonably full. The volume may be 
allowed to vary 50 per cent. without interfering with the 
accuracy of the quantity diverted by the knife. ’ 
With very finely divided powdered material, which 
flows very freely, it may be necessary to place a special 
mechanism in the top of the sto cylinders to late 
the pressure from the contents of a large bin, so that it 


Inlet and hand-hole may be placed. as 
indicated by dotted lines. 
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the machines are made dust-proof to avoid any possibility | mechanism on account of the greater regularity of the 


of lea and the whole is mounted on a substantial | operation. 
base. The three knives can be readily adjusted by the; One adaptation, which gives promise of great use in the 
micrometer-adjusting screws shown on the right, and a/| industrial arts, is the proportioning of the cement, sand, 
closed delivery chute and receiving chutes may be readily | and stone, with the addition of the necessary water, in 
connected to the cover and delivery spout. | the manufacture of concrete. The strength of concrete 
Figs. 7 and 8 show the arrangement of single and | depends largely on the perfect coating of the fine sand 
double machines of this c’ ter. . E with the ong. quantity of cement, and the proper 
Figs. 9 to 14 show the same machines for use with | filling of the voids between the crushed stone. If the 
very finely powdered materials, having a special sealing | proportions of the ingredients vary considerably, some 
device to prevent pressure from the entering spouts. parts of the structure will be weak, and to guard against 
These machines may be used for the measuring and | this weakness larger quantities of cement are necessary 
mixing of various chemicals, measuring and mixing of | than would be the case if absolute accuracy of proportions 


Knife adjustment may be placed 
in either of the positions indicated 
by dotted lines. 


‘Knife adjustment niay be 
placed in either of the positions 
indicated by dotted lines, - 
Inleta fay be placed as , “i: 
indicated by dotted lines. Fug. 23. 
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Fig. 12. 
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Fig. 16. 


will not force the material to flow with too great a | 


difference of velocity, these finely powdered materials 
being prone to stick in the bin, rm 


to have almost the mobility of water. 


siderably modified for different uses. One form of the 
machine is shown in Fig. 6, in which three tables are used, 
the tables and storage cylinders being all mounted and 

driven by the same centre sleeve, which is carried on a | 
dirt-proof step-hearing on top of a stationary spindle. 





The lowest table has a bevel gear cast on the underside, | cesses for mills, or crushers, requiring regular feeds, and 
kilns used in cement-making, 
these machines have been found to be especially well 
adapted, and to materially increase the efficiency of the 


which is driven by a pinion mounted on a counters 
A ring projecting down from the outer edge of this table 
runs in a dust-seal in the bottom casting. The casings of | 


dry colours, for mixing of glass batch, for the propor- 
tioning of in 
when once in motion, | plasters, and 2 | 
I r | the blending of coffees, the measuring and aS 
The design of this measuring-machine may be con- | flour, sugar, &c., in bakeries and confectionery establish- 
ments ; for the combining of ingredients in fertilisers, 
and for a variety of chemical and industrial processes in 
which accuracy of measurin 

of labour, and especially of ok 


t. | especially for the rotary 








(0998 .K) 


86-1ncH TaumMP DoUBLE-MEASURING MACHINE FOR FINE MATERIALS, 


was obtained. The usual methods of proportioning the 
materials in Meg nga | are very crude, and engi- 
neers are beginning to ise that for the important 
work now being done with reinforced concrete, greater 
accuracy is necessary. The method of measuring the 
ingredients in wheel-barrows, or by means of shovels in 
the hands of the ordinary labouring help, is very unsatis- 
factory ; and the effort to make up for this deficiency, 
by using machine mixers, does not entirely remedy the 
trouble. 

Figs. 15, 16, and 17 show an arrangement of measuring- 
machines, adapted to concrete-mixing, which has been 
very successful. Fig. 15 is intended for a semi-portable 
machine, having a capacity of 50 cubic yards of concrete 
per hour, the materials being fed from temporary station- 
ary hoppers supplied with ordinary elevating mechanisms, 
and delivered by the measuring-machine through a double 
spray of water into a short interrupted screw, so that the 
concrete is delivered in a continuous stream accurately 

roportioned and thoroughly incorporated with the water. 

ith this machine about 10 horse-power is required for 
measuring and mixing at the rate of 50 cubic yards per 
hour, and as small a quantity as a cubic foot can be made 
with the same accuracy as a much larger quantity. 

The diverting-knives of the measuring-machine can be 
quiekly changed to suit the proportions required in the 
concrete, and are provided with a locking arrangement, 
so that they can be set by the superintendent, and not 
changed except by his direction. 

Figs. 16 and 17 show a more portable arrangement of the 
same style of machine, designed to have a capacity of 
about 30 cubic yards per hour, in which special belt-con- 
veyors are provided for receiving the sand and stone at 
the level of the und on each side of the machine, the 
cement being delivered to a platform and fed into the ma- 
chine from bags by an attendant. These machines may be 
driven by a motor or engine and boiler, and the interrupted 
screw mixer has vertical and horizontal movements, which 
are useful in delivering to wheelbarrows, into excavations, 
or on to the street level in street-paving work. 

The great saving effected by the accuracy and con- 
tinuity maintained by these machines has been proven 


/ SPRAY CONTROLLED By 
(AUTOMATIC FLOAT VALVE 





ients for the manufacture of special 
of materials for making sand-lime brick, 


and mixing and reduction 
illed labour, is desirable. 
As a feeding mechanism, in continuous furnace pro- 
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in actual practice, and the accuracy demonstrated by use 
in actual construction. The only limit in speed is the 
ability to get material into them fast enough, and as only 
the interrupted screw conveyor contains any mixed con- | 
crete, no cleaning is required, and the machine can be 
stopped and started with little delay. 


EXxrERIMENTS ON SincLE Measurinc-TaB x, 4 Fr. 6 In. 
In DIAMETER. 

Comparisons of the amount of soda-ash fed from the 

table for each ten revolutions, the point of the knife, 

being entered different distances from the edge of the | 


= 0.065 dol. per 100 Ib. 
= 22.5 cub. ft. 
13.5 cub. ft. 
9.0 


4.5 


2.457 dols. + 38 es 
Cubic feet of stone for 1 
yard of concrete oes 
Cubic feet of sand for 1 
yard of concrete : 
To fill voids in stone, 40 
per cent. ve ove 


” 


Leaving excess sand 


Cement fills voids in sand 


. ee P 





26'0" approximate total length-----------—--- 


“ 
90 swing of con veyor»” 


Fig. 11. 
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conveyor 


° \. 
90 swing of conveyor 
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The superintendent of the plant in charge of this work 
reports that the concrete-mixer has been in use about six 
months, and he finds it is a great labour-saver. The 
concrete is well-made, both as to ———- and mixing, 
and careful checking of the amount of cement, sand, and 

' spalls used and fed to the machine shows that the machine 
| is measuring the quantities accurately. It will be noted 
that the cost of making the concrete, exclusive of the 
materials, is only 12 cents per cubic yard. In other situa 
tions, where the material is more easily handled, this cost 
| would be considerably reduced. 
In conclusion, it seems proper to state that the prin- 
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GENERAL ARRANGEMENT OF 48-INCH TRUMP CONCRETE MEASURING AND MIXING MACHINE. 


cylinder, the machine automatically feeding itself from a 
large bin above :— 
Number of | 
Kilos. 
per 10 
Revolutions. 


Number of 
Kilos. 
r 10 
Revolutions. 


Depth 


Depth 
of Cut. 


of Out. 


276 
276.5 
276 
290 
291 
292.5 
293 
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Cost oF MAKtnGc CoNcRETE. 


The cost of making concrete, where the materials were 
furnished near the job, at the prices mentioned below, 
and the concrete mixed by hand, has been found to 
average 5 dols. per cubic yard. 

No. 1 Concrete Experiment.—A concrete-mixer was 
installed in a central position, where the stone, cement, 
and sand could be elevated into hoppers by means of a 
system of buckets elevated on an elevator and pushed by 
hand at both the bottom and the top, the labour including 
shovelling the sand and stone into the buckets and empty- 
ing cement from the bags. The cost of this concrete was 
as follows :— 

1 cubic yard of concrete, with a 1—3—5 mixture, 
weighs 3800 1b., and contains as follows :— 


4.5 cubic feet, or 14 bb's. of cement 
at 1.15 dols. per bbl. ... & “et 
13.5 cubic feet of sand ... aaa Fa 
22.5 cubic feet of spalls, 1975 lb. at 
0.35 dol. per net ton ... ay Se 
For hauling sand, then elevating and 
placing in hopper ies tke ae 
For hauling cement, then elevating 
and placing in hopper ie hes 
Cost of mixing 50 yards per day 
(labour) at 0.15 dol. per hour aie 
Current and motors oe = 
Repairs—average for six months 


Cost per cubic yard loaded into 
wagons ... eA cd a. 
Cost of making concrete, exclu- 

sive of material a eis 


Dols. 
= 1.54 
= 0.45 
= 0.345 





The concrete machine running with the table making 
five revolutions per minute has a capacity of 50 cubic 
yards per hour. 

The above figures for labour are higher than they would 
be if more concrete had been made, only 50 cubic yards 
being the amount required. 

The machine was operated by making 2 or 3 cubic yards 
at Fear ig and then stopping until more concrete was 
required. 

No. 2 Concrete Experiment.—Foundations of a large 
building, the concrete being hauled in carts and dumped 
into trenches. a 

ols, 


2.45 
0.19 
0.28 


Total cost per cubic yard in place 2.92 


In the above case the concrete was made as fast as six 
carts could haul it 500 ft. 

No. 3 Concrete Experiment.—Cost of machine-shop floor, 
ane 8 in. thickness of concrete, left with a rough 
surface. 


Cost of concrete loaded into wagons ... 
Hauling from mixer to job __... me 
Putting in place ... ; 


Cost of concrete loaded into wagons ... 
Hauling from mixer to job... ey 
Putting in place ... ‘ 


Total tost per cubic yard in place ... 


No. 4 Concrete Experiment.—Heavy foundations. 
Concrete put into wheelbarrows and wheeled on plank 
runways about 150 ft. 


Cost of concrete loaded into wheel- Dols. 
= 2.45 
= 0.73 


= 3.18 


barrows ... et bin ae a 
Wheeling 150 ft. and putting in place 
Total cost per cubic yard 


No. 5 Concrete Experiment.—Heavy concrete retaining 
walls, and concreting around a series of large pipes in a 
trench, hauling concrete 2200 ft. on bad roads, and wheel- 
ing from where wagons were dumped and putting in 


place. 
Dols. 


2.45 
0.26 


Cost of concrete loaded into wagons ... 
Hauling 2200 ft. on bad roads ... Ss 
Wheeling from wagons, dumping, and 

putting in place bi * Af 


0.22 
= 2,93 


Total cost per cubic yard .., 


ciples and details used in the measuring and mixing 
machines described have been made the subject of patents 
in this country and abroad, 








Zinc OnE Deposits IN Potanp.—Some deposits of 
zinc ore, extending over a surface of some 4 square versts, 
have been discovered in the Kielse district, in the king- 
dom of Poland. These important deposits will in all 
probability be further examined ere long. 


ComBINED WEIGHBRIDGES FOR CHINESE RaILway.— 
Messrs. W. and T. Avery, Limited, of Soho Foundry, 
Birmingham, are now building five sets of combination 
weighbridges for the Shanghai-Nanking Railway, which 
are interesting for several reasons. Each machine has 
two weighing-platforms placed end to end, each 18 ft. 
long, and carrying rails of 4-ft. 8}-in. gauge. There isa 
2-ft. space between the platforms, making the centres of 
the latter 20 ft. apart. The weighbridges are of Messrs. 
Avery’s improved three-lever type, in which the plat- 
forms are allowed to swing in the direction of the traffic, 
thus preventing undue shock on the knife-edges, and 
avoiding the torsional stresses which frequently give 
trouble in the diagonal type. The general construction 
will be unders from the drawings and description of 
a combination weighbridge made by the same firm, pub- 
lished in ENGINEERING of September 11, 1903, vol. Ixxvi., 
page 350, although the present type has certain modifica- 
tions in detail on account of its greater size. The weigh- 
bridges are so designed that by one movement of a hand- 
lever one platform can be used for weighing short trucks 
up to a maximum load of 500 piculs, or 30 tons; by a 
second movement of the same lever, similar trucks can 
be weighed on the other platform; and by a third 
movement of the lever both bridges can be used in 
conjunction to weigh long bogie-trucks up to 60 tons 
in weight. An arrangement is provided whereby 
either of the weighbridges when in use can be readily 
separately balanced at the steelyard, to compensate 
for the accumulation of snow or dirt on the platforms. 
This can be done without getting down to the levers in 
the pit beneath. The steelyard is Avery’s patent duplex 
recording arrangement, by which a permanent record of 
weight is printed upon a ticket in English and Chinese 
characters. The weight can also be off the steelyard 
in the usual way. The steelyard is graduated up to the 
full capacity of the machine in English and Chinese 
weights—viz., 60 tons by 7-Ib. divisions, and 1000 picu!s 
by 5 Chin divisions, The total weight of each machine 
is 15 tons, 
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THE BIRMINGHAM UNIVERSITY. 
By C. ALFRED SmrrH, B.Sc., A.M.I. Mech. E. 
; (Continued from page 344.) 
Tue PowER-StTatT1on— continued. 


For engine-testing purposes there is one of 
Avery’s special sensitive weighing-machines. This 





machine is for the special purpose of ascertaining 
the weight of steam passing through the engine 
during the period of its test. 

The water from the surface condenser, and the con- | 
densed steam from the cylinder jacket, are measured 
separately, being conducted by means of overhead | 
pipes toa galvanised iron tank standing upon the | 


| that this is the correct place to attempt the separa- | 


The machine above mentioned is of Avery’s well- 
known type, with levers provided with hardened- 
steel knife-edges engaging with bearings of hardened 
steel ; the whole interior mechanism of the machine 
is enclosed within a cast-iron box or frame standing 
upon the ground. 

An ingenious oil-separator, supplied by Messrs. 
Reid and Adie, of Tayport, is used for removing 
the oil from the exhaust steam of the engine before 


it is passed to the condenser. Engineers are agreed | 





tion. The action and construction of the separator 
are exceedingly simple. Another type of oil-sepa- | 
rator has been supplied by Baker’s Patent Appli- | 


ances Company, Limited, for extracting grease from 


way, and diaphragms are arranged across the two 
cast-iron circulating heads in such a manner as to 
allow the circulating water to pass four times 
through the condenser tubes. The tube-plates and 
the condenser tubes are of brass, the latter being 
solid drawn. 

The air-pump is one of the well-known Worth- 
ington cross-compound vertical beam air-pumps, 
having high and low-pressure cylinders, 34 in. and 
6 in. in diameter respectively, 8 in. diameter 
air-pump buckets, and a stroke of 6 in. Each side 
of the pump is single-acting, the buckets being of 
the form used for many years in attached air-pumps 
on marine service. Foot, head, and bucket valves 
are provided ; the two sides are connected together 





platform of the weighing-machine. The maximum |the exhaust steam of the McLaren engine. A | by beam and links attached to the cross-heads. 
small pump works in conjunction with this sepa- 
rator, with the object of drawing off the separated 
grease from the separator, which, being connected 


water-holding capacity of the tank is equivalent to 
the total weighing capacity of the machine ; but to 
allow of the intermediate stages of the test being 





The Worthington cooling-tower is of the forced- 
draught type. It consists of a cylindrical shell 
made from riveted steel plates, at the bottom of 
































Fie. 12. 


recorded, the steelyard is graduated into sub- 
divisions. Prior to the test being made, the poises 
are moved out on the steelyard until they indicate 
the weight of water desired to be collected during 
the first period of the test; the engine is then 
started and the time noted. The condensed steam 
collects in the tank, and when sufficient water 
has been collected to put the machine into balance, 
the time is again recorded, and the poises again 
moved. The difference between the two time 
records gives the period in which a known weight 
of steam has passed through the engine. 

This method of weighing the condensed steam 
alter it has been used by the engine is generally 
“uceded to give much more accurate results than 
the old method of measuring the quantity of feed- 
Wier passed into the boiler during the test, the 
latter method taking no account whatever of the 
leskage and wasting which always exist, and, more- 
over, being less convenient to carry out. 


° 








directly to the condenser, is working under a 
vacuum. 

An oil-filter was supplied by the Valvoline Oil 
Company, of Liverpool. This type is known as 
Turner’s waste-oil filter, and seems quite effective. 

The condensing machinery was yg by 
the Worthington Pump Company and by Messrs. 
Weir, and both sets are good examples of modern 
marine types. That supplied by the Worthington 
Pump Company is of the self-cooling surface-con- 
densing type, with air and circulating-pumps driven 
separately, each by its own combination of steam- 
cylinders. The plant consists of a surface-condenser 
having 365 square feet of surface, vertical beam air- 
pump, a 6-in. by 83-in. by 6-in. vertical circulating- 
pump, and a forced-draught cooling-tower 9 ft. 3 in. 
in diameter by 32 ft. high. The surface-condenser 
is cylindrical in form, having a cast-iron shell and 
cast-iron circulating heads ; the circulating water is 
made to pass through the tubes in the ordinary 





‘*Premier” Gas-ENGINE DRIVING WESTINGHOUSE GENERATOR. 


which a fan casing is provided, to which is con- 
nected a fan of suitable dimensions and running at 
the proper speed to deliver through the tower the 
necessary amount of air which is required for cool- 
ing the water. Just above this casing and inside 
the tower shell an angle-iron ring is fixed, which 
carries a grid consisting of wrought-iron bars of a 
rectangular section. The grid is for the purpose of 
carrying the filling. The filling is made from gal- 
vanised iron sheets, which are 24in. wide and 14 in. 
long, and rolled into the form of pipes having a 
diameter of 44 in. The air, of course, passes through 
the tower in a reverse direction to the water, suit- 
able deflector plates being provided to guide the 
air upwards. fn addition to this self-cooling plant 
there is also a Worthington exhaust feed - water 
heater installed at the University. This heater is 
of tubular construction, and similar in design toa 
surface-condenser. 

The condensing plant, supplied by Messrs. G. 
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and J. Weir, Limited, is on their new dry-air- 
pump system. It consists of a cast-iron surface- 
condenser capable of dealing with 3000 lb. of steam 
per hour, and instead of the water and air being 
withdrawn from the condenser together, as by the 
ordinary air-pump, they are taken off separately. 
The air-pump deals only with air and vapour, and 
consequently can be made smaller and run faster 
than the ordinary air-pump. It is driven by the 
extension from the piston-rod of the circulating- 
pump engine, and is 6 in. in diameter, with a 4-in. 
stroke. The condensed water flows into a pocket 
or tank arranged on the bottom of the condenser, 
whence it is drawn by a Weir direct-acting pump 
3} in. in diameter, with a 6-in. stroke, controlled 
by a float in the tank on the bottom of the con- 
denser. The engine and centrifugal circulating- 
pump are of the ordinary type, capable of supply- 
ing a sufficient quantity of water to condense the 
whole of the steam and to circulate the water 
through the condenser and through 110 ft. of 
piping. The advantages of the system are that the 
condensed water is taken from the condenser at 
practically the temperature of the exhaust steam, 
and every degree of temperature saved in this way 
is a clear net gain in economy over the whole 
plant. As the air-pump deals with dry air only, 
and not with a mixture of air and water, the heavy 
strains placed upon ordinary air-pumps when start- 
ing are eliminated, and consequently there is less 
liability to break down. The same firm have also 
furnished a boiler feed-pump for the plant. — It is 
one of their differential pumps, 5 in. in diameter 
by 6} in. steam cylinder, with a 10-in. stroke, 
capable of delivering 9000 lb. of water per hour 
against a pressure of 200 lb. per square inch. 

Gas-Engines.—The power-house naturally includes 
several representative types of internal-combus- 
tion engines. The largest is a gas-engine of the 
‘* Premier” type, doodoniad about 120 indicated 
horse-power and direct coupled to a Westinghouse 
compound - wound generator, giving 55 kilowatts 
at 110 volts at 160 revolutions per minute. The 
engine, which is illustrated in Fig. 12, page 397, 
has been specially designed for the carrying out 
of experimental and research work by Professor 
Burstall on behalf of the Institution of Mechanical 
Engineers. Itisa single-cylinder scavenging-engine 
with water. jacketed piston, inlet and exhaust valves. 
The cylinder is 16 in. bore by 24 in. stroke. The 
fly-wheel is 11 ft. 6 in. in diameter, and weighs 15 
tons ; it is cast in one piece, and provided with 
teeth for hand-barring gear, although normally the 
engine is started by compressed air from a com- 
pressor close by. The gas is measured by a wet 
meter of 8000 ft. per hour capacity, made by Messrs. 
J. Braddock and Co., Oldham, and a Stott governor 
is fitted to prevent errors due to the suck on the 
delivery side of the meter. 

The water-jackets are divided into sections, so 
that the heat rejected into each section can be sepa- 
rately measured. There are two scts of tanks for 
each section, the barrel, breech, and inlet and ex- 
haust-valve jackets being independent. The com- 
pression of the engine can be varied from 80 lb. 
to 225 lb. per square inch by packing-pieces at the 
big end of the connecting-rod. 

The engine is capable of being run either scaveng- 
ing or non-scavenging, the governing being either 
by hit-or-miss, by throttling the gas and air, or by 
throttling the gas alone. Both high and low-ten- 
sion electric ignition are provided. 

The second gas-engine is of the well-known three- 
cylinder vertical type manufactured by the West- 
inghouse Company. It is coupled direct to a 374- 
kilowatt direct-current compound-wound Westing- 
house generator working at 110 to 117 volts, and 
running at 290 revolutions per minute. It should 
he mentioned that this engine, in common with the 
‘* Premier” gas-engine, operates on Mond gas from 
the plant outside the pover-house. 

A rotary converter by the British Westinghouse 
Company is situated between the McLaren-West- 
inghouse generator and the main switchboard. - It 
is a compound-wound three-phase 30-period on the 
alternating-current side, giving 110 volts on the 
direct-current side, and operating at 900 revolu- 
tions per minute. The rotary is capable of 37} 
kilowatts, and coupled with it is a direct-current 
exciter in order to keep the speed approximately 
constant. The converter can be used as alter- 


nating current to direct current, or vice versd, at 
will. Three 15-kilowatt Westinghouse single-phase 
transformers, used in conjunction with the rotary 


Other Smaller Engines.—The above completes the 
list of electrical generators. There are, however, 
the steam-engine which drives an air-compressor, 
the Diesel engine, and various pumps for circu- 
lating and other purposes installed in the engine- 
room of the power-station, in addition to those in 
the boiler-room. 

The Diesel engine is used to drive by means of 
a belt an ammonia refrigerating machine, supplied 
by Messrs. Haslam, of Derby. This engine will 
develop 10 brake horse - power (the guaranteed 
consumption being 0.53 lb. of oil per brake horse- 
power hour), and it has been especially fitted for 
research work. This Diesel engine is the only type 
of oil-engine to be met with in the station, but in 
the case of further extension of plant there will 
probably be other oil-engines added. 

The refrigerating plant is of a very complete 
character, and was supplied by the Haslam Foundry 
and Engineering Company, Limited, of Derby. It 
is on their ammonia pressure system, and consists 
of a vertical belt-driven ammonia compressor, 
which is capable of making 2 tons of ice per 24 hours. 
The machine consists of a double-acting compressor 
supported on a long cast-iron standard, which is 
fitted with bearings carrying the crank-shaft with 
fly-wheel and loose pulley. . The oil-separator is 
attached to a bracket on the machine itself. The 
ammonia condenser is of the Haslam type (open), 
consisting of nests of lap-welded wrought-iron 
tubes screwed into malleable-iron return bends and 
fitted with a number of small pipes at intervals for 
draining off the ammonia as it liquefies. The 
special features of this condenser are that the gas 
travelling in the opposite direction to the water, 
the highest possible efficiency is secured with the 
minimum quantity of condensing water; and the 
liquid being drawn off as it is formed, ensures the 
whole surface being available for condensing pur- 
poses. 

The refrigerating installation at the University of 
Birmingham is adapted for the purpose of making 
ice, and for this purpose a box of 1 ton capacity 
has been provided, fitted with a number of small 
galvanised ice-pails, which can be frozen up in 
twelve hours. To those unacquainted with the 
manufacture of ‘‘can” ice, it may be explained 
that the compressed, cooled, and liquefied ammonia 
is allowed to re-expand into a gas through coils 
placed in the ice-tank. The tank is filled with a 
non-freezing mixture of salt and water, in which 
the ice-pails are immersed. The ammonia in ex- 
panding extracts heat from the brine, which is thus 
rendered sufficiently low in temperature to freeze 
the water contained in the ice-pails. The installa- 
tion is also well equipped with apparatus for con- 
ducting experiments and investigations. 

The air-compressor is steam-driven, and was 
supplied by the Worthington Pump Company. It 
is capable of compressing 25 cubic feet per minute 
of free air to a pressure of 200 lb. 

The Switchboard.—The switchboard is a very im- 
posing fitting in the power-station ; it is built up 
of blue marble slabs, with bevelled edges, on a 
wrought-iron framework. There are thirteen 
panels, extending some 27 ft. from end to end of 
the board. Each panel is 7 ft. 8 in. high, and con- 
sists of three slabs, on which are mounted the 
various instruments, switches, &c., controlling the 
different circuits. 

Taking the panels in order from left to right, the 
first is for controlling a 75-kilowatt 220-volt three- 
phase Westinghouse alternator, 30 periods. An 
alternating-current ammeter is provided in each 
ese while a voltmeter is mounted on a swinging 

racket at the side of the panel, a plug switch en- 
abling the operator to read the voltage between any 
two phases. A direct-current ammeter reads the 
field current, the rheostat for controlling the latter 
being operated by a hand-wheel. An carth detector 
with lamp signal is also provided. At the rear of 
this panel an integrating wattmeter is placed in 
the alternator circuit. The next two panels con- 
trol various three-phase circuits for power, labora- 
tory, &c., and the alternating current side of a 37}- 
kilowatt rotary converter. On the first of these 
panels is also mounted an indicating wattmeter 
showing the output of the three-phase alternator. 
The fourth and fifth panels control the alternating- 
current and direct-current sides of the 374-kilo- 
watt rotary converter respectively, the former also 
having mounted on it a starting switch for the direct- 
current side of the converter, and the hand-wheels 
controlling the field rheostats of rotary and exciter. 





converter, have been fitted. 


The next six panels control various direct-current 





generators from 6 to 75 kilowatts capacity, 110 volt: 
made by the British Westinghouse Company, 
Messrs. Bruce Peebles, Siemens Brothers, Green. 
wood and Batley, &. Each is provided with 
ammeter, and the larger sizes with ampere-hour 
meters, while a plug switch enables voltage of any 
machine to be read on voltmeter mounted on swine. 
ing bracket at right-hand end of board. 

The remaining two — control feeder and load 
circuits arranged for three-phase and direct-current 
supply. 

At the rear of the board three sets of positive 
and negative bus-bars are carried on porcelain 
insulators and brackets bolted to the framework, 
one set being for lighting and the other for experi- 
mental purposes, &c. Each machine may lhe 
coupled to either of the bus-bars by means of a 
single-throw and throw-over switch. An equaliser 
bar also runs along between the larger direct- 
current machines, which are compound-wound. 

A synchroscope is mounted on the left-hand end 
of the board on the same swinging bracket carry- 
ing the voltmeter, the lamps for paralleling being 
on the panels. At the right-hand end are also 
three more voltmeters, connected by means of plug 
switches to the different sets of bus-bars. Tho 
switches, instruments, &c., which are fitted are 
Westinghouse, excepting the ampere-hour meters, 
which are of Chamberlain and Hookham’s make. 

The artificial load for the power-station is taken 
up in a somewhat novel manner by lamps. These 
lamp resistances were supplied by the Edison and 
Swan United Electric Company, Limited, and aro 
for carrying the load of the various generators while 
under test. The main frames are made up of 
angle-iron about 7 ft. 6 in. high by 3 ft. wide. In 
the top and bottom angle-irons are fixed porcelain 
insulators, placed 6 in. centres, and through these 
insulators was threaded hard-drawn copper wire, 
the bottom end of the wire being arranged to have 
connecting-leads sweated to it to be carried to the 
switches. Between the wires are hung 100 candle- 
power 130-volt incandescent lamps, 48 to each 
frame. Ono frame was supplied, divided into three 
sections. No. 1 section had six lamps in series, 
No. 2 section had twelve lamps, and No. 3 section 
had 24lamps. These two sections were arranged 
similar to the larger frames. The wiring is so 
arranged that by throwing over a single switch the 
lamps can absorb either direct current at 110 volts, 
or three-phase current at 220 volts, being thus 
available for testing any generator in the station. 

Indicators and Measuring - Instruments.—Con- 
siderable care has been taken in the selection of the 
apparatus necessary for indicating and recording 
purposes, because it was recognised that a training 
in accurate measurement is one of the most essen- 
tial portions of an engineering student’s education. 
The following is a list of the indicators supplied, 
and it will be seen that there are nearly suflicient 
to enable all the engines in the power-station to be 
indicated at one time. The equipment of the engi- 
neering department, when it was at the old Edmund- 
street buildings, included several kinds of indicators, 
and these have been retained. The new indicators, 
purchased for the power-station, include six steam- 
engine indicators, supplied by the Crosby Steam- 
Gauge and Valve Company, and of their well-known 
pattern. 

Messrs. Dobbie McInnes have also supplied six 
steam-engine indicators of their latest pattern, in 
which the spring is exterior to the steam-chamber. 
These instruments are fitted with drums for con- 
tinuous rolls of paper, and with detent gear for 
stopping the paper drum without disconnecting the 
cord lead. These indicators are sheathed with a 
special vulcanite preparation, so that they may be 
handled without discomfort when in use. The 
same two firms have supplied gas-engine indicators. 
Messrs. Crosby furnished five of these, and Messrs. 
Dobbie McInnes three of their small-design type, 
with spring exterior to the chamber. Messrs. 
Crosby have also supplied two ammonia-indicators 
for work in connection with the refrigerating plant. 

Among the special apparatus (supplied tv the 
University of Birming am by the Cambridge 
Scientific Instrument Company, Limited) for use 
in the power-station are the following, which will 
be used chiefly for research work :— 

Three platinum resistance thermometers, each 
6 ft. in length, made according to the Callendr and 
Griffith’s system, with compensating leads, s that 
changes in the temperature of the leads do nv: «ffect 
the readings. 





Twelve thermometers of similar constriction, 
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but with slate heads, for taking the temperatures of 
steam-boilers, steam-pipes, superheaters, &c. In 
each of these thermometers the resistance wire and 
leads are enclosed in a steel tube; which can be in- 
serted into a boiler or pipe with a tight pressure- 
resisting joint. 

A Whipple direct-reading temperature-indicator, 
which is used in conjunction with a resistance ther- 
mometer, and consists, as many readers are aware, 
of a special Wheatstone bridge, battery and galvano- 
meter, forming one self-contained set. The bridge 
wire being in the form of a helix, the adjustment of 
bridge wire contact is made by imparting a screw 
motion to a drum whereon the wire is wound, the 
same drum carrying a helically - arranged scale, 
divided so as to give direct readings of temperature 
in degrees Centigrade or Fahrenheit. 

A Callendar electric recorder for continuously 
registering temperature by means of a pen writing 
upon a paper-covered drum. The delicate system 
of pen-motors and relays, upon which the operation 
of these instruments depends, has already been 
described in the pages of ENGINEERING (see Enci- 
NEERING, Vol. Ixvii., page 676). 

The lighting of the power-house and metallurgical 
laboratory has been carried out by Messrs. Ellis and 
Ward. The power-house is fed from a distribution 
board in the drawing-office, and consists of six 10- 
ampere arc-lamps, running two in series, thirty-four 
wall sockets, fixed round the engine-rcom, eleven 
16-candle-power lamps and five Nernst lamps. The 
lighting of the foundry and smithy is done by two 
100-candle-power Nernst lamps in each room. The 
lighting circuits of the metallurgy department are 
fed by underground mains from the power-house, and 
contain eight 10-ampere arc-lamps, burning two in 
series, and four ee Nernst lamps. There is 
also a special three-phase power main running from 
the power-house switchboard to serve the motors in 
the metallurgy department. The underground 
main finishes at a four-way triple-pole 50-ampere 
fuse-distribution board, and from there mains are 
run to a 20-horse-power motor for driving the shaft- 
ing, and also to a 1-horse-power motor for working 
a small crane. 

An electric travelling-crane for the power- 
house was supplied by Messrs. Vaughan and Son. 
It is of similar construction to the hand-travellers 
which they have supplied for the foundry and 
the fitting-shop. It is a 5-ton overhead single- 
motor electric travelling crane, and is capable of 
raising 5 tons at the rate of 3 ft. per minute. An 
electric motor suited for three-phase alternating 
current, at 220 volts and 30 cycles per minute, is 
fitted to the crab. Reduction of speed from the 
motor-shaft to the load-chain sprocket-wheel is 
effected by worm-gearing. This motor is reversi- 
ble, and is started, stopped, and reversed by 
means of a special motor-controller, also fixed on 
the crab, and actuated by cords from the floor- 
level beneath. Since the erection of this crane a 
second motor has been added for running the crane 
up and down the engine-house ; the cross-traversing 
of the crab does not involve any heavy work, and 
is done by hand. 

(To be continued.) 








ROYAL TRAIN FOR INDIA. 
(Concluded from page 335.) 

Brake-Vans.—The front brake-van is allotted 
entirely to the accommodation of the railway officials, 
superior, subordinate and native, connected with 
the working of the train. The rear brake-van has a 
luggage compartment and accommodation for a 
native doctor, clerks, and servants. Figs. 22 to 28, 
page 400, and Fig. 29 on Plate VI[., published with 
the present issue, show clearly the arrangement of 
these vans. Fig. 29 shows the controlling apparatus 
in the guard’s compartments, situated in the ex- 
treme front and rear ends of the respective vans. 

R«yal Saloons.—There are two royal saloons, one 
for H.R.H. the Prince of Wales, and another for 
the Princess. These saloons are identical in in- 
ternal arrangements, which provide for day and 
night apartments, bath-room, compartment for per- 
sonal servant, and a luggage-room. Our illustra- 
tions, Figs. 33 to 37 on our two-page plate, give 
elevation, sections, and plan of one of these saloons, 
while the — effect of the interior arrangements 
is shown by the ph phs reproduced in Figs. 
43 and 44 on Plate VIII., representing respectively 
the day and night compartments. The internal 
decoration consists of polished woods, the panels 
being of figured Spanish mahogany, bird’s- eye 





maple, sycamore, rose-wood, and teak ; no paint has 
been used, and the natural colours of the different 
woods have been carefully preserved. The floors 
are carpeted with Axminster, of an artistic green, 
which is adopted for the entire train. 

The furniture of His Royal Highness’s day apart- 
ment (see Fig. 43, Plate VIII.) is upholstered in 
dark green morocco, the royal arms being em- 
blazoned on chair-backs, &c. ; that in Her Royal 
Highness’s apartment is upholstered in pale grey 
figured satin. 

The night apartments in both saloons are equipped 
with furniture of polished woods in keeping with 
the carriage panels. The bedsteads (see Fig. 44, 
Plate VIII.), which are specially fine, are made 
of Cuban mahogany inlaid with bird's-eye maple 
and rosewood moulding, the Royal arms appearing 
in diamond-shaped panels at head and foot. 

The bath-rooms (see Fig. 30, Plate VITI.), 12 ft. 
long by 7 ft. wide, are beautiful apartments ; ‘iis 
floors are of unglazed encaustic tiles, of dove colour, 
and the sides are panelled to the window sills, 
with glazed tiles of a pale green shade. The bati:s 
are full length, and the basins are of white marble 
hot and cold water being laid on ; all the fittings, 
including lights and fans, are electro-plated. 

The corridors in these carriages command atten- 
tion ; the roof and sides are lined, in keeping with 
the general scheme of decoration, with polished 
teak and plain maple ; the main electric switches 
and gauges, as well as fire-extinguishers, are con- 
veniently placed at the end of each corridor. 

Dining-Saloon.—The dining-carriage is a splendid 
apartment, 50 ft. long by 8 ft. 9 in. wide, panelled 
in rose-wood, walnut, and English oak. It is shown 
by the sections and plan, Figs. 38 to 40, on the 
two-page plate, while a photograph of its interior 
is reproduced in Fig. 45, Plate VIII. It seats 
twenty-four persons at side tables, having tops of 
dove-coloured marble. Between each pair of tables 
is a whatnot of polished walnut and oak, for 
holding table accessories. On the panels over each 
table are a series of enamelled medallions, exqui- 
sitely coloured on a golden background, of the 
armorial bearings of successive Governor-Generals 
and bisey: x of India. The arms of H.R.H. the 
Prince of Wales are similarly displayed on a panel 
above the door. 

The furniture, including the sideboard, is of 
figured —— mahogany and oak, the chairs 
being upholstered in green morocco, with the 
Royal arms emblazoned on their backs. The saloon 
is ventilated by eight electric fans of large dia- 
meter, and is lighted by 16 lamps, totalling 128 
candle-power, the lamp shades being of the finest 
cut glass. 

Immediately behind the dining-saloon is a pantry, 
fitted with china, cutlery, and linen cupboards, 
The wine-chest is fitted with a receptacle capable 
of holding 300 Ib. of ice. 

Kitchin Car.—The kitchen car, which is con- 
nected directly with the pantry by a covered gang- 
way, is shown by the plan and section, Figs. 41 
and 42 on our two-page plate, and by the interior 
views reproduced in Figs. 32 and 46, Plates VII. 
and VIII. It contains a large ‘‘ Briffault”’ cook- 
ing range and an ‘‘Kagle” grill, coal-bins, hot 
cupboards, &c. Near the door is a large ice- 
chest, with separate compartments for storing 
meat, poultry, and fish. Along the sides above 
the windows are ranged numerous cupboards and 
racks; the car is electrically lighted, and the 
ventilation is excellent. 

Close to the stoves is a fire-cock with hose in 
direct connection with the overhead tank, which 
contains nearly 3 tons of water ; an ample supply 
is therefore at all times available. Adjoining is a 
store-room, and beyond this apartments and lava- 
tories for the accommodation of cooks and other 
native servants. 

Staff Carriages.—There are three staff carriages, 
divided into compartments, with lavatories at each 
end, and fitted with electric lights and fans. Sec- 
tions and plans of these saloons are given in Figs. 43 
to 48 on page 401, and these illustrations clearly 
— the arrangement. The furniture is in 
polished teak, upholstered in dark-green leather, 
the general arrangement and equipment of each 
ay gee being practically identical, 

All windows throughout the train are fitted with 
glass frames, Venetian frames, and wire gauze fly- 
guards, the two royal and dining-saloons having in 
addition dark green spring-blinds. All window- 
glass frames are balanced, and require only the 
slightest effort to raise them, 

\ 





The freedom from vibration, the noiselessness, 
and smooth running of the vehicles at all speeds is 
remarkable. The train is fitted throughout with 
automatic vacuum brakes, and is electrically lighted 
and cooled on Messrs. J. Stone and Co.’s system. 

It is interesting to note that the workmen 
employed in the building of this train included 
Europeans, natives of Bengal, Bombay, Madras, 
Burmah, the Punjab, and, in addition, a large 
number of Chinamen. 

The train was built to the order of Lord Curzon, 
Viceroy and Governor-General, who took great 
interest in its construction, and expressed his satis- 
faction at the successful completion of so large an 
undertaking, of its kind, in India. ‘An indication 
of the progress in carriage construction is afforded 
by a comparison of the Royal train with the 
Viceregal train, now to be superseded. The old 
train is illustrated by Figs. 49 and 50 on page 401, 
which views may be compared with the correspond- 
ing illustration of the new train given in Figs. 3 
and 4 on our two-page plate of September 15. 

In conclusion, we desire to congratulate Mr. H. 
Kelway-Bamber, the Carriage and Wagon Super- 
intendent of the East Indian Railway, on the 
admirably designed and equipped train which he 
has been able to construct at the works under his 
charge, and to thank him for having placed at our 
disposal the drawings and photographs which have 
enabled us to describe ll illustrate the train so 
fully. 








MOLECULES IN SOLUTION. 

Last year F, Haber created almost a sensation 
among electro-chemists of the old and new schools 
by pointing out that the dissociation values deduced 
from theoretical consideration would force us to 
assume either almost inconceivable states of dilu- 
tion, or an unlimited divisibility of the smallest 
particles; in other words, the abandonment of the 
atomic theory. The controversy brought to, light 
the more or less discordant views of some of the 
leading electro-chemists, without stirring up the 
ordinary chemist. Yet extreme dilution offers 
some puzzling questions. Take the case of the 
gold contained in sea water. From time to time 
we hear of new ways of recovering this hidden trea- 
sure. Gold can easily be precipitated ; what one 
cannot grasp is, how all the gold particles con- 
tained in a pail of sea water can sufficiently 
approached to one another to coalesce and to con- 
dense to a speck of gold. With some aspects of 
such problems Mr. G. T. Beilby dealt in his 
address to the Chemical Section of the British 
Association, upon other sides of which we have 
already dwelt. 

Gold may broadly be said to be obtained by 
washing, by amalgamation, and by the cyanide 
process. In the latter a very dilute solution of the 
double cyanide of gold and potassium is first pre- 
pared, and the metal reprecipitated from this 
solution by electrolysis, or, more frequently, by 
passing it through boxes filled with zinc shavings. 
The cyanide vats may contain gold equal to 100 
grains and more per ton, and the solution leaving 
the vat as little as 1 or 2; more likely, however, 
something like 20 grains. Slimes are much more 
diluted solutions, which from 18 grains per ton 
may be reduced down to 1} grains. In round 
numbers, we may say that 1 gramme of gold is 
recovered from 1 cubic metre of solution, and 
0.1 gramme of gold is left in the solution. The 
stronger of these two solutions would, by the 


* 1 
chemist, be called 270,000 normal, or N/200,000, 


whilst the weaker solution would be N/2,000,000, 
equivalent to 14 grains per ton. In his investiga- 
tion of electrolytic conductivity Kohlrausch has 
carried the dilution down to 1/100,000 normal, and 
his solutions were, therefore, twenty times as 
strong as the weak cyanide solution. Griffiths and 
others have afterwards gone further. How are we 
to understand such extreme dilutions ? 

In estimating the number of molecules in a volume 
of liquid, it is customary to imagine the volume as 
subdivided into cubical cells, each enclosing a 
spherical molecule. This is not the closest possible 
mode of *‘ packing; but that does not matter for our 
consideration. ‘Taking the molecular diameter as 
0.2 x 10-° millimetre, which is intermediate be- 
tween diameters of the water molecule and of the 
smaller gold molecule, Mr. Beilby calculates that 
a cubic millimetre of solution—that is, about the 
volume of the head of a pin—would contain 125 x 
10"* molecules. If those molecules were arranged 
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in a single row, the row would have a length of 
25,000,000 kilometres. A thread of these fairy 
beads, spun from 6 cubic millimetres of water, would 
reach from the sun to theearth. In a gold solution 
of 1} grains per ton, the ratio of gold molecules to 
water molecules is 1 : 193,000,000, and each cubic 
millimetre of that cyanide would hence contain 6500 
million gold molecules, which would be 400 yp, or 


less than ean in. apart from one another. This is 


not really very wide spacing ; for the point of the 
finest sewing needle would cover 1500 gold mole- 
cules. A cubic metre of this solution spread out on 
a sheet, one molecule in thickness, would cover an 
area of 1680 square miles, and nowhere in this area 
would it be possible to put down the point of a 
needle without touching some hundred gold mole- 
cules simultaneously. 

We alluded above to the amount of gold in the 
sea water. Mr. Liveridge has estimated it at 
1 grain per ton—approximately the proportion of 
which we have been speaking. No drop of water 
can be removed from the sea that does not contain 
millions of gold molecules, and from this molecular 
point of view our ships literally float on a gilded 
ocean. But Mr. Beilby cautioned his audience 
‘* not to freight the ships which adventurers launch 
from time to time with the savings of the trusting 
investor.” The weakest gold solution practically 
dealt with is richer in gold than the sea water; and 
if it does not pay the expert to work his solution 
ready at hand, how can it pay to begin operating on 
sea water about half as rich / 

The calculations just referred presume an equal 
distribution of the gold molecules. But it does not 
seem improbable to suppose that the molecules 
would tend to drift into clouds, to be brought back 
within the range of molecular forces ; for gold this 
range would be about 500 micro-millimetres (500 1). 
Gold molecules, spaced 400 » apart, would be 
within that range, and their distribution would 
probably be uniform. But at further dilution this 
uniformity might disappear, and the equilibrium 
be disturbed. Great care is exercised to ensure 
actual contact between the zinc shavings and the 
solution in the precipitation boxes, and the solution 
is spread, in as thin a sheet as possible, over the 


zinc. If the molecules are only —_ in. apart, and 


endowed with a diffusive energy of the same order 
as that of the gaseous state, then it is difficult to 
understand how these gold molecules can escape 
coming into contact with the fine zinc shavings in 
their tortuous passage through the boxes. Some 
gold molecules, however, do escape. 

The condition of these isolated gold molecules, 
or of the more complex molecules forming the 
auricyanide of potassium, may now be regarded as 
typical for solute molecules in a dilute solution of 
any non-volatile liquid, although water is, of 
course, volatile. We have solid molecules sparsely 
distributed among a multitude of intensely active 
solvent molecules, the temperature of the solution 
being many hundreds of degrees below that at 
which they could of themselves assume the greater 
freedom of their gaseous or liquid states. The 
solute molecules have, to a certain extent, been 
set free from the constraining effect of their cohe- 
sive forces ; but this freedom, we must remember, 
has not been attained by the increase of their own 
kinetic energy in the liquefaction by heat. The 
freedom and the extra kinetic energy must in 
some way have been imparted to them by the 
more active molecules of the solvent; for the 
kinetic energy of the solute molecules is of itself 
quite insufficient to endow them with the pro- 
perties of the gaseous or even of the liquid mole- 
cule, even after their cohesive forces have been 
overcome or weakened by separation. If, then, the 
solvent molecules have supplied the kinetic energy, 
it will be interesting to compare the energy endow- 
ments of various sets of molecules, 

Ice at its freezing point, Mr. Beilby argues, has 
little hardness and tenacity; the cohesion of its 
molecules has been much relaxed by the great 
absorption of heat energy between absolute zero 
and freezing-point temperatures. This argument 
must not be pushed too far ; for we are not aware 
of any direct relation between hardness and tem- 
perature. Assuming an average specific heat of 
0.5 over the whole ran the heat absorption 


by 1 gramme of ice would be 136.5 calories, and 
allowing 79 calories for the latent heat of liquefac- 
tion, 1 gramme of liquid water would, at 0 deg. 
Cent., contain a heat energy of 215.5 calories. 


The 





high vapour pressure of 4.6 (millimetres of mercury) 
at freezing-point is an indication of this enormous 
store of energy, and we get some clue as to the 
great efficiency of water asa universal solvent and to 
its high osmotic and diffusive energies. One gramme 
of gold of specific heat 0.032 would, at 0 deg. 
Cent., contain 8.7 calories. For the gramme- 
molecules of water and of gold* we find the energies 
of 3880 and 1700 calories at 0 deg. Cent. ‘The 
active réle in solutions containing gold is therefore 
more likely to be due to the solvent, and Mr. 
Beilby directly ascribes the energy of solution, 
diffusion, and osmosis, not to the imaginary gaseous 
energy of the solute, as does the modern school, 
but to the actual liquid energy of the solvent mole- 
cules. The osmotic pressure, he states, in antici- 
pating his opponents, is of a hydrostatic, and not 
of gaseous, character, and the hydrostatic pres- 
sure results directly from the penetration of the 
solvent molecules from the other side of the 
solution. When a solution and a solvent are 
separated by a semi- permeable membrane, the 
pressure rises on the solution side (say inside 
the membrane) because the pure solvent mole- 
cules on the other side (outside) have some 
advantage for the display of their energy over the 
similar molecules in the solution. This effect may 
in its general form be attributed to the dilution of 
the solvent by the solute molecules. When the 
osmotic pressure appears to obey Boyle’s law, this 
pressure is exactly measured by the number of 
solute molecules per unit volume. But the facts 
of this position are in no way changed if the effect 
is taken to be due to the activity of an equal 
number of solvent molecules, for each molecule, by 
cancelling the activity of one solvent molecule on 
the solution side, permits a solvent molecule from 
the other side to enter the solution. The mechanism 
of this cancellation is not clear. Mr. Beilby tries to 
elucidate the mechanism in the following way. 
Imagine a hole in the semi-permeable membrane, 
and a set of molecules arranged in a horizontal 
row on both sides of this perforation. The 
middle molecule just in the perforation will be 
in equilibrium as long as the liquids on both 
sides are the same. Now introduce one solute 
molecule on the one (right-hand) side. If this 
molecule just cancels the energy of one solute 
molecule at its own (right) end of the row, the 
equilibrium point will move one molecule to the 
right, the solvent molecule will move in the same 
direction, and one of their number will enter on 
the other (solution) side. But as leng as the row 
includes only one of the solute molecules the equili- 
brium will remain unchanged, and no further mole- 
cules will pass into the perforation. If another 
solute molecule arrives on the scene, the equilibrium 
will again be disturbed in the same way. The 
mechanism will, to a certain extent, accomplish 
the work of Maxwell’s demon, which takes ad- 
vantage of the movement of individual molecules 
in order to raise one part of a system at a uniform 
temperature to a higher level of energy. 

These views may be extended to account for dis- 
sociation ona mechanical basis. Whence is derived 
the energy of electrolytic dissociation which, it will 
be remembered, precedes electrolysis and does not 
r@qjuire previous application of an external electro- 
motive force, has always been difficult to conceive. 
Mr. Beilby asks us to consider the situation of an 
isolated molecule of cyanide of gold and potas- 
sium closely surrounded by some millions of water 
molecules all in a state of intense activity. 
The rude mechanical jostling to which the com- 
plex gold molecule will be subjected will naturally 
tend to break it up into simpler, mechanically more 
stable portions. The process might be likened to 
what is going on in a ball mill in which the balls 
are self-driven at an enormous speed. In this way 
we should come back to Mr. Beilby’s view on the 
breaking down of complex into simpler molecules 
by purely mechanical means. Crystals turn into 
the simpler amorphous state, and water molecules 
break away from their combination with the salt 
molecules. W. Spring’s latest observation that the 
acid sulphates of the alkali may be mechanically 
split into two portions, on one of which the acid 
predominates, and on the other the base, is very 
important in this connection. Mechanical force in 
this instance breaks down not only cohesion, but 
also chemical union. Solid molecules from this 


* The gramme-molecule represents the number of 
grammes corresponding to the molecular weight ; thus 
the molecular weight and the gramme-molecule of water 


have the value 18, ; 


!point of view appear as substantial portions of 
matter, and not merely as ethereal abstractions. 
A liquid would be an assemblage of rapidly-moving 
molecules under the control of cohesive and repul- 
sive forces, the whole system being under such a 
high condensation that the free path of the mole- 
cules is reduced to an extremely small amount, or that 
the translatory motion is entirely suppressed, and 
the whole kinetic energy is manifested in the nature 
of arotation or vibration. The physical properties of 
a perfect liquid would, like that of a perfect gas, 
be simply related to the laws of dynamics. An 
ideally perfect solution—i.e , a solution, the physical 
properties of which would be determined solely by 
the number of molecules per given volume—would 
consist of a solvent and a solute which have no 
chemical affinity for each other, so that their 
molecules would neither associate nor dissociate 1 
the solution. A few solutions only would fulfil 
those conditions. But whatever mathematicians may 
urge against these hypotheses, Mr. Beilby’s views 
commend themselves to the mind which does not 
favour bold speculations. The chief point is this: 
The primary physical properties of liquids and 
solutions are due to the fact that these bodies are 
assemblages of molecules endowed with the amount 
and the kind of kinetic energy which is proper to 
their temperature. As these primary physical 
properties of the liquid and the dissolved state 
may be masked and interfered with by chemical 
affinity, they should be studied as far as possible 
in examples where the influence of this force is at 
a minimum ; that is, a working basis which would 
not bring us into direct conflict with the laws of 
thermodynamics, nor with those of electrolytic 
ionisation. Many a practical man may be thankful 
to be supplied with such a basis. 








SHEFFIELD WORKS VISITED BY THE 
IRON AND STEEL INSTITUTE. 


Norro“tK Works or Messrs. THomas FirtH axp 
Sons, Limitep. 


THE Norfolk Works of Messrs. Thomas Firth 
and Sons were visited by the members of the 
Iron and Steel Institute on the morning of yester- 
day, September 28. These extensive and old 
established works were, like other large steel 
works in Sheffield, originally established for the 
manufacture of crucible steel, and within the last 
twelve months close on 5000 tons have been melted 
in these works. The large crucible melting-shop 
has close on 200 holes for two pots each. In the 
old days, before Bessemer and Siemens stee] was 
introduced, very large ingots were cast in these 
works, some going up to a weight of 32 tons, and 
over 1000 pots of steel might be used for one ingot. 
Crucible steel castings are still made up to several 
tons, a large quantity of this metal being used for 
die steel. 

In the principal steel foundry there are one open- 
hearth furnace of 10 tons, two of 25 tons, and one 
of 45 tons ; all these are at the present time work- 
ing. They are served by overhead electric travel- 
ling-cranes, there being two runways for the furnace 
cranes—one for small, quick work, and the other 
for the larger crane to take heavier castings. A 
50-ton ladle is a conspicuous object here, and 
there is another ladle of 45 tons. At the 
time of a visit we recently paid to these works 
there was in hand a steel casting for the housing 
of an armour-plate rolling-mill, the weight being 
45 tons. Another large casting in hand was for an 
hydraulic press, the weight of this being 35 tons ; 
we also saw some interesting castings for marine 
purposes. A number of ingots for torpedo air- 
vessels were also in hand. These appeared at first 
unnecessarily large for the small amount of metal 
that is needed for the air‘vessels; but this is 
accounted for by the faet that only about 5 per cent. 
of the metal, as cast, appears in the finished air- 
vessel. A 7-ton ingot will be forged down to about 
14 cwt., and this has to be finished by machinery 
to about half the thickness of the final forging. 

In the rolling-mill for the crucible department a 
large number of sections are produced, and steel is 
rolled for many pu Amongst others, the 
watch-springs rolled hot in strips form an interest- 
ing production ; these strips have afterwards to be 
cold-rolled to be prepared for use. In the sheet-mill 
of the crucible department sheets for springs, saws, 
leaf-steel, &c., are being produced. In the paring- 
shop adjoining sheets are cut to shape, there being 
a large number of shearing-machines, saws, «c. 
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On the opposite side of the road in which the works 
are situated smaller forgings are produced. There 
is also here a cogging-mill and a rod-mill, besides 
power-hammers and other appliances of a like 
nature. 

We piss now to what are known as the West 
Gun Works, although a large number of articles 
other than guns are produced here. There are six 
steam-hammers of large size, ranging from 30 tons 
to 5 tons, and a number of smaller ones. It should 
be explained that Messrs. Firth and Sons make 
parts for guns, but do not make finished guns. A 
considerable number of large forgings for shafting 
were in progress at the time of our visit. In the 
machine-shop adjoining are placed some very heavy 
machines suitable for the heavy work undertaken by 
the firm. Amongst them are a long double-head- 
stock lathe which would take a length of 100 ft., 
and a boring-mill suitable for work of a similar 
nature. Face-plates of 50-in. and 40-in. centres 
are also in this shop. A very large slotting-ma- 
chine, with some planing-machines, are also notice- 
able. ‘* Speedicut,” which is the firm’s special 
high-speed steel, was largely being used, great 
quantities of metal being very rapidly removed by 
tools made with this steel. There are electric 
motors for driving some of the machines, whilst 
others are operated by shafting. This shop is 
served by three travelling-cranes of 10 to 50 tons 
capacity. In this shop there were being machined 
two steel crank-shaft forgings which were to be 
coupled up to form two four-throw cranks. The 
weight of each forging was 16 to 18 tons in the 
rough ; each forging included two journals and 
crank-collars ; these were for marine engines. Close 
by was a set of shafting for the same work ; there 
were two thrust-shafts, four intermediate shafts, 
and two propeller shafts. These shafts were from 
21 in. to 26 in. in diameter as forged, and varied in 
length from 18 ft. up to 80 ft. The longer forgings 
were for tail shafts, and had a hole forged in 
them 14 in. in diameter in the centre, and 9 in. 
at each end. The weight of each ingot from 
which these shafts were made was about 85 tons, 
whilst the weight of the shaft forged hollow 
was about 42 tons ; this shafting was for a battle- 
ship for the Royal Navy. Noticeable also were 
two jacket forgings for 9.2-in. guns; these were 
hollow forged, and weighed about 20 tons each, 
being about 21 ft. long. There were also two 
inner A tubes forged hollow for 9.2-in. guns; the 
weight would be about 12 to 13 tons each, and 
they were 41 ft. long. The above figures refer to 
the forgings, and not, of course, to the completed 
tubes. There were also a large number of forgings 
for marine shafts in various stages, and ranging 
from 3 to 20 tons. As will be readily understood, 
these big shafts are very difficult to make, and must 
necessarily be very costly. It is very generally under- 
stood that about ten times the weight of ordinary 
shafting can be produced for the time and labour 
needed for producing 1 ton of these very big shafts. 
It was interesting to notice here, in these days of 
almost universal steel, some large wrought-iron 
couplings for keying to the end of shafting for the 
purpose of connecting the tail-shaft to the flange 
of the intermediate shaft. These couplings are 
annular forgings 40 in. in diameter and 20in. wide. 
A large number of forgings in different stages of 
machining were also in this department, noticeable 
being the many locomotive crank-axles. 

Passing next to the large forge, we find steam- 
hammers of 25 to 30 tons served by a 100-ton travel- 
ling-crane and jib-cranes.. In the yard adjoining 
were a large number of locOmotives and railway- 
carriage tyres, some of the former up to 84 in. out- 
side diameter ; there were also a very large number 
of railway axles. Four large annealing furnaces 
are situated near here, the largest being up to 
42 fc. long. An oil tempering plant is close by. 
Thore are two tanks, one for taking articles up to 
about 4 tons, whilst the larger is a tank or well 
78 ‘t. deep, and served by-a 50-ton crane. Whale 
ol is used for tempering purposes. In the large 
She!l shop beyond work was temporarily suspended 
at the time of our visit. Beyond this was the 
shafting-erecting shop, in which were a large 
nuuber of machine-tools, those of larger size 
being driven by separate electric motors. 

_ What is known as the East gunnery press-shop 
is 250 ft. long by 250 ft. wide. In this department 
Is tle big 3000-ton press, served by two 50-ton and 
4 (U-ton crane, having hydraulic lifting and electric 
tra versing. At the time of our visita 9.2-in. gun- 
Jacket forging was being operated upon, the weight 





being about 24 tons. There was also in the adjoin- 
ing shop a 2000-ton press served by two 40-ton 
hydraulic and electric cranes. A notable casting 
here was one of 45 tons for a press-head. In this 
shop was a large stock of ingots, from 20 tons up to 
50 tons, there being about 3000 tons in the bay. 
A 75-ton electric overhead traveller serves this 
part of the shop. Amongst other machine-tools in 
this department may be mentioned a large trepan- 
ning tool by Messrs. Craven Brothers, which would 
take out a 16-in. hole from each end of a shaft 
preparatory to forging ; there was also a 12-ft. face- 
“wes lathe by Messrs. Craven Brothers. The two 
ast-named machines were worked by one motor. 
There was also a big slotting-machine, with a 6-ft. 
stroke, by Messrs. Craven Brothers; this had a sepa- 
rate motor. Inthe 12-ft. lathe referred to was one of 
the big steel castings to be used for steam-turbine 
machinery of large size. In the yard adjoining 
were other steel castings for turbine machinery, 
notable amongst them being the parts for the new 
Cunard trans-Atlantic liners, which are to be fitted 
with engines of 65,000 horse-power. Some of these 
castings. were 12 ft. in diameter, and weighed 
13 tons as cast. 

Another department of Messrs. Firth’s establish- 
ment visited by the members of the Iron and Steel 
Institute was the file works. Here files are made 
both by machinery and by hand, about 100,000 
dozen files being turned out from these works in 
the year. The steel as rolled is cut to length and 
then forged to shape, after which it is annealed ; 
the next process is the straightening, after which 
blanks are ground, and then the cutting operations 
are performed. The files are next hardened in salt 
water, and then scoured ; after this they are oiled 
and tested for hardness, straightness, and sound- 
ness, and are ultimately passed to the packing 
department. In the forging-shop are a large num- 
ber of spring power-hammers, which bring the bar 
steel, as cut to lengths, to the required shape. 
Grinding is done by machine grit-stones of large 
size, they being over 6 ft. in diameter by 12 in. 
wide. Several blanks are mounted ata time in the 
holder, and the stone as it revolves is traversed 
sideways in order to keep it true. Hand-grinding 
is carried out in another shop. In the first machine- 
shop for cutting the files, all English machines are 
used, the shop being driven by a gas-engine. In 
another department are about forty cutting-ma- 
chines, some American and some English; this 
shop is driven by electric power. An interesting 
section of Messrs. Firth’s works is a still remaining 
part of the original establishment, which illustrates 
in a practical manner what the old Sheffield in- 
dustry was. Here are what may be described as 
streets of shops, each small shop with its own 
gang of hand-workers, who produce edged tools, 
chisels, saws, &c. It is found that for certain 
purposes these hand methods are advisable, and 
compete successfully with machine processes. 


East Hecta Works or Messrs. Hapriep’s 
Sreet Founpry Company, Limttep. 


No doubt the most interesting among the visits 
to works at the Sheffield meeting of the Iron and 
Steel Institute that has taken place this week, and 
concludes to-day, was that paid on Wednesday last, 
September 27, to the steel works of the firm 
founded by the father of the President of the 
Institute, and which are now under the latter’s 
guidance. We have in the past, on more than one 
occasion, described Messrs. Hadfield’s steel foun- 
dries, and have frequently referred to their pro- 
ducts.* Our present notice, therefore, will be 
shorter than would otherwise be necessary in con- 
sideration .of the importance of the matter. 

We had, through the courtesy of the directors of 
the company, an opportunity of going through the 
works previously to the meeting, and the following 
description is partly founded on notes taken at the 
time. 

In our former notice, of February 8 and 22, 
1895, we gave some account of the early history of 
the firm, and it will suffice, therefore, to say that 
it was founded at Attercliffe by the late Mr. Robert 
Hadfield, and since his death, his son, the present 
President of the Institute, has been the head of the 
firm, and now acts as chairman and managing 
director of the company. Mr. Hadfield’s work in 
metallurgical research is too well known to need 
dwelling upon here. The numerous papers he has 


* See ENGINEERING, vol. lix., pages 165 and 233; vol. 
lxxvii., page 577 ; vol. lxxviii., pages 402 and 572. 


read before various scientific and technical societies 
bear evidence of this, whilst the rapid growth of 
the business he controls speaks eloquently of his 
energy and successful business management. The 
other directors of the company are :—Mr. A. M. 
Jack, who shares with Mr. Hadfield the position of 
managing director; Colonel Sir Howard Vincent, 
the Right Hon. Sir Henry Brackenbury, Mr. W. 
H. Dixon, who is both a director and the sec- 
retary of the company, and Mr. H. Cooper. 

It should be stated, first, that the Hadfield Steel 
Foundry Company have two works. One is their 
original establishment at Attercliffe, which was 
formed in the year 1872. These are the old Hecla 
works, which sufficed for the operations of the firm 
up to the year 1897. At that date the premises 
became too confined for the constantly swelling 
volume of trade, and fresh ground was broken by 
the company acquiring a large plot of land at 
Tinsley, some distance further out of the city. 
Here have been built what are known as the East 
Hecla works. They cover an area of 80 acres, 
20 acres of which are occupied by the various de- 
partments. About 5000 men are employed. Steel 
castings of all descriptions are the product of the 
firm, and they include castings for general engineer- 
ing work, shot and shell, castings for permanent 
way, castings for locomotives and carriage stock, 
for millwright work, hydraulic machinery, marine 
engines, agricultural machinery, &c.* In Fig. 1 
on page 404 we give as an example, a large cast- 
ing which we saw during our recent visit to the 
works. Itis asteel casting for an hydraulic cylinder, 
and is made of a special metal designed for resist- 
ing high pressures up to 54 tons per square inch, 
and yet tough enough to withstand sudden shocks ; 
the total weight is nearly 24 tons, this being 
amongst the largest castings turned out by the 
firm. Recently, however, steel castings have been 
made weighing up to nearly 30 tons. It is worth 
noting that if the cylinder shown in Fig. 1 had to 
be made in cast iron, the thickness of the metal 
would be nearly double, and still there would be a 
liability to failure under the high pressures used. 
The fact speaks eloquently for the assistance tho 
metallurgist has been to the engineer in producing 
the large and powerful machines which enable engi- 
neers and shipbuilders to produce the remarkable 
constructions of the present day. 

The largest building in the East Hecla Works 
is the steel foundry, which is believed to be the 
most extensive of its kind in the world. It is 
1020 ft. long, and occupies about 6 acres of ground. 
It is well equipped with all necessary appliances 
for the work, including overhead travelling-cranes, 
jib-cranes, and a very complete pneumatic system, 
Attached to it are the grinding, filing, and anneal- 
ing shops, which cover an area of 50,000 square feet. 
There are 33 annealing furnaces, some of very large 
size, the usual equipment of electric cranes, and 
other necessary appliances. The grinding-shop is of 
more than usual importance, from the fact of the 
large quantity of ‘‘Era” steel that is produced. 
This material is a further development of the man- 
ganese steel of which Mr. Hadfield was the inventor, 

The large castings produced by the firm are gene- 
rally roughly machined before they are sent out, 
and the machine-shops are of an extensive nature, 
containing some very powerful machine-tools. The 
two shops devoted to this purpose cover 124,691 
square feet, the buildings being 435 ft. in length, 
and ‘divided up into ten bays. There are nine 
overhead electric travellers, and all the tools 
are electrically-driven. Amongst other notable 
articles that were on exhibition at the time of 
the visit of the members of the Iron and Steel 
Institute are two large steel castings for engine 
pistons, 9 ft. in diameter, and each weighing 
55 cwt.; these are of the best toughened cast 
steel, and are for marine engines. Ore and stone 
crushers form a prominent feature in the work here 
in hand.’ Crushers in all stages are in progress, 
and a special platform has been erected in order 
that two gyratory crushers can be shown operating 
on granite for road-metal. In our issue of October 
25, 1904, we gave a specially illustrated article deal- 
ing with the rock and ore-crushing machinery of 
this firm. It may be mentioned that the company 
recently took a large order for crushers, most of 
them of the largest size, for operating on quartz in 
South Africa, the contract being for delivery in 
seven weeks. We understand that these machines 
were formerly bought from America, as it was 
thought that British makers could not deliver in 





time. Messrs. Hadfield are now standardising 
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their production, and this enables them to turn out 
work quickly. Their special business as steel- 
manufacturers gives them exceptional facilities by 
enabling them to use the stronger material in place 
of cast iron, which is generally introduced into the 
foreign-made machines of this type. The result 
naturally is that greater strength can be given to 
the parts, and atthe same time there is a consider- 
able saving in weight. The ‘‘Era”’ steel, which is in- 
troduced into the wearing parts, secures a long life 
for the machines, a matter of considerable import- 
ance in districts that are far from the ordinary 
means of transport. Another large contract to 
which reference may be made was secured by the 
firm for supplying ten ore-breakers of the gyratory 
type. This is believed to be the largest order that 
has ever been placed for crushers of this kind, the 
combined capacity of the machines being 1000 tons 
per hour. 

Amongst other objects that were shown to the 
visitors were a number of large bridge castings of 
toughened cast steel which have been made to the 
order of the North-Eastern Railway Company for 
their new bridge over the River Wear. The base- 
plates for these castings are 8 ft. 9 in. long by 
4 ft. 8in. wide. Another set of castings for the 
same purpose were recently delivered for the new 
bridge over the River Tyne. The very clean 
nature of these castings and their freedom from 
blow-holes are shown by parts that have been 
machined, indicating a great improvement in the 
present-day practice of steel-casting over that 
which obtained some yearsago. Amongst the most 
successful products of the firm have been the steel 
cylinders used for hydraulic presses. These are 
often difficult castings to produce in steel without 
defects, but owing to improvements in stee]- foundry 
practice the firm can now make cylinders up to 
27 ft. in length, with body walls as thin as 2 in. A 
large number of electrical motor-cases and other 
castings for electrical work are a prominent feature 
in the shops. A large dynamo-ring was recently 
cast, the weight being 17 tons. A steel of high 
electrical resistance, known as ‘‘ Resista,” is a 
special material produced by the firm. Railway 
wagon-wheels, cast-steel centres, and rolled-steel 
tyres and axles are to be seen in large quantities. 
Interesting and difficult castings are the circular 
racks for coal-cutting machines; these are of 
toughened cast steel, and must be somewhat diffi- 
cult to produce ; they are cast in two pieces, and 
are used for Garforth’s coal-cutting machines. 

As we have recently devoted a special article 
to Hadfield’s steel -track work (see our issue of 
September 23, 1904), we need only refer briefly to 
what is one of the important departments of the 
firm. In connection with this work there has been 
designed a portable emery and grinding machine, 
which we iflustrate in Fig. 2, annexed. This is 
designed to enable the groove and tread of tramway- 
track work to be ground after having been fixed 
in position without interfering with the running of 
the cars. It will be seen that the general design 
is that of a petrol-engine mounted on a trolley, and 
working a flexible shaft, at the end of which is an 
emery wheel. The motor is 44 brake horse-power, 
and has a water-cooled head. A sheet-iren cover 
protects the working parts when not at work. About 
14 gallons of petrol will suffice per day when the 
machine is in continual use. A drill can be sub- 
stituted for the emery grinder for drilling rails in 
position. This machine is especially useful in cases 
where ‘‘ Era” steel is used, as the a material, 
as is well known, cannot be machined in the ordi- 
nary way op account of its resistance to the cutting 
action of tools. The smoothness of running of 
tramcars that is secured by the use of this machine, 
on account of the removal of bumping places in 
the rails, is very remarkable. Two men can move 
the machine into the desired position. "It has been 
ssid that with a plentiful supply of electric current, 
as is available on a modern tramway line, another 
source of power, such as a petrol-engine, is not 
needed ; this, however, is not the case, as to tap 
a conductor for driving a machine would necessitate 
the stoppage of the cars, whereas the petrol-engine 
can be working and the operations carried on whilst 
the ordinary traftic is in progress. 

Another apparatus that tends to the easy running 
of cars, by doing away with the necessity of break- 
ing the track, is Le Rossignol’s unbroken main line 
cross-overs. One of these appliances has been laid 
in Newcastle for about two years, and is said to 
have given the greatest satisfaction. The use of 





this cross-over increases the life of the wheels, and at 
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the same time it avoids the jar and noise which are 
incidental to the use of ordinary points and cross- 
ings. This is a great advantage, especially in 
residential districts. A suggestive fact is the large 
number of electric car wheels with renewable 
tyres. These are fitted on to cast-steel centres, 
the material of which the latter are made being 
capable of standing a test load of at least 40 tons 
per square inch without producing permanent set, 
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|the least sideways. Naturally, the life of these 


wheels depends upon the conditions under which 
they have to work ; the Sheftield district, with its 
steep gradients and sharp turns, is particularly 
hard on wheels. The average performance of these 
steel tyres is equal to 5000 miles for every } in. in 
reduction in the thickness of the tyre. If the ca 
mechanism would admit of the tyre being reduced 
to its full extent, a mileage of 70,000 miles could be 
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whilst the load the material is equal fo would be 
at least 80 tons per square inch without showing 
signs of breaking up. The centres of these wheels 
are formed of seven arms and a rim. The front 
side of the rim is recessed and the back edge 
chamfered off. There is a little raised lip on the 
back side of the tyre, which is rolled over on the 
chamfered portion of the centre. This arrange- 
ment gives additional security when the tyre is 
worn, as it is at this stage that stretching com- 
mences ; the tyre is also prevented from working 





obtained, for the tyres are capable of being safely 
reduced to } in. in thickness. One sev of car 
wheels shown in the works had been in constant 
use for two-and-a-half years on the Sheffield Electric 
Tramways, a distance of nearly 80,000 miles being 
covered. Parr’s automatic electric plant controller 
is another apparatus supplied by Messrs. Hadfield 
for tramway work. This we described in our issue 
of July 7, 1905 (page 22 ante) ; it is an ingenious 
arrangement for altering the points to turn the 
tramcar in any required direction. 
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HIGH-SPEED RADIAL DRILLING AND TAPPING MACHINE. 


CONSTRUCTED BY MESSRS. POLLOCK AND MACNAB, LIMITED, ENGINEERS, BREDBURY, NEAR MANCHESTER. 










































(For Description, see Page 407.) 
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Another important machine tool in this neighbour- 
hood was a big base-plate lathe by Messrs. Shanks 
| and Co., in which a heavy bridge casting was being 
operated upon at the time of our visit. In the 
| locomotive-wheel lathes centres were being turned 
up with high-speed steel of the firm’s own make, 
the amount of stock removed within a given time 
being very great. Colliery wheels of ‘‘ Era” steel, 
from 7 in. upwards, were to be seen in large 
numbers. Sheets and dies for stamping-mills, 
axle-boxes, crushing-rolls, screens, elevators, con- 
veyors, dredger-tumblers, gear-wheels and pinions, 
and castings of all descriptions, in addition to 
those already mentioned, were to be seen in large 
numbers. 

The original Hecla Works at Attercliffe are now 
devoted to the production of war material ; but at 
the Tinsley Works there is one department set 
aside for the manufacture of shrapnel shell. These 
projectiles consist of comparatively light steel cases 
filled with leaden bullets, which are held together 
by resin, this being poured in amongst them in a 
molten state. At the present time the firm have 
in course of execution very large orders for 13-lb. 
and 18-lb. shells of this description for the new 
field artillery ; one order for the British Govern- 
ment consists of 100,000 rounds. The cases have 
| to be of steel of very high tenacity, so as to avoid 
| setting up or breaking in the gun. In other classes 
of projectiles the success of this firm is well known, 
and it is said that they are the largest manufac- 
turers of shot and shell for ordnance in the world. 
Examples were shown of projectiles of various 
sizes that had successfully penetrated Krupp 
cemented armour - plates of the highest class ; 
these projectiles had gone through the plates, and 
| except for a few scratches, appeared none the worse 
for the ordeal. One group of 6-in. projectiles, 
ranging from 4} in. to 12 in. in calibre, was espe- 
cially interesting ; these were ‘‘ Heclon” capped 














Fie. 6. projectiler, and had gone through Krupp cemented 

W armour-plate of a thickness about equal to the 

f , e have not space to refer to the large number|seem that Messrs. Hadfield manufacture steel|calibre of the shot. The 4}-in. projectile had 
of articles produced by the firm which were on | castings for almost every conceivable type of ma-| penetrated 5 in. of Krupp comantell armour at a 


view in the different departments. The very large|chinery in which they are used. Some housings | striking velocity of 1990 foot-seconds; a 4.7-in. 
variety of work turned out makes it difficult to deal| for rolling-mills were a noticeable feature, one | projectile had gone through 6 in. of the same 
with the subject in a general article ; but it would | example being machined in a large slotting-machine. | description of armour, the striking velocity being 
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2100 foot-seconds; the 6-in. projectile had gone 
through the same thickness of armour, the striking 
velocity being 1990 foot-seconds ; the 7.5 in. shot 
had gone through 7 in. of armour with a striking 
velocity of 1980 foot-seconds ; the 9.2-in. projectile 
had penetrated 9 in. of armour at 2U33 foot- 
seconds striking velocity ; and, finally, the 12-in. 
jrojectile had gone through 12 in. of Krupp 
c2mentei armour, the striking velocity being 1981 
foot-seconds. It should be noted that what is 
needed is a shell that will go through Krupp 
cemented armour-plate without breaking up, an 
will then burst by its own charge. The success 
that has leon attained by the capped projectiles 
above namel is so remarkable that it would seem 
that Krupp cemented armour is almost as vulner- 
able to these projectiles as ordinary steel armour 
was when attacked by the former type of projectile. 
It may be added that the firm take a pride in 
saying that out of projectiles supplied for several 
years, to the value of some millions sterling, they 
have not had a single lot rejected, notwithstanding 
the severe proof to which these projectiles are 
subjected. 

Before closing our account of these interesting 
works we would make reference to a number of 
special exhibits chiefly relating to laboratory work, 
and showing apparatus for research and test work 
in iron and steel. This collection had been got 
together by Mr. Hadfield at considerable pains, the 
metallurgical literature dating from 1520 to the 
present time, and being the result of many years’ 
work. Some of the ancient books written in Latin 
and German, with very clear illustrations, were 
particularly interesting. There was also a collec- 
tion of portraits of over forty of the early workers 
in scientific metallurgy ; these were mostly original 
engravings of considerable value. The other articles 
shown consisted of an exhibit of alloys of iron with 
other elements. Amongst them were the brittle 
iron-manganese alloy, containing 4} per cent. of 
manganese ; an example of the ‘ Kesista”’ metal 
already referred to, consisting of 79 per cent. of 
iron, 15 per cent. of nickel, and 6 per cent. of 
manganese. A 2h-in. cast bar, bent double cold, was 
exhibited. In its forged condition this metal has a 
tenacity of about 60 tons per square inch, with an 
elongation of from 60 to 70 per cent. It isa curious 
fact that this alloy is not made brittle by immer- 
sion in liquid air. Another special alloy was that 
known as ‘‘inert.” It is a non-magnetic cast-iron 
alloy, which is machinable. A pyrophoric material 
was an alloy containing 30 per cent. of iron, besides 
cerium and other rare metals. A magnetic copper 
contained 60 per cent. of copper, 25 per cent. of 
manganese, and 15 per cent. of aluminium, but 
neither iron, nickel, nor cobalt were present. A 
number of tests were made to show the mechanical 
properties of Hadfield’s various special cast steels 
used for electrical apparatus, locomotive work, 
general engineering and mining work, tramways 
and railways, &c. Other experiments consisted in 
the demonstration of the effect of liquid air on the 
properties of metals at a temperature of —182 
deg. Cent. The result of these low tempe- 
ratures upon the reversibility and irreversibility 
of various special steels and alloys of iron and 
nickel manganese and other elements was most 
interesting, and also the embrittling effect of liquid 
air upon ironand steel. Our readers will remember 
the paper read at the Iron and Steel Institute 
meeting of last spring by Mr. Hadfield, the subject 
being the experiments reiating to the effect of the 
mechanical and other properties of iron and its 
alloys produced at liquid-air temperatures. A col- 
lection of specimens and test-bars illustrating this 
matter was also exhibited. 

There was also shown a large collection of labora- 
tory apparats, some of it of a very interesting 
nature. There was an apparatus for scouring cy- 
linders by means of air-blast; an apparatus for 
estimation of carbon by combustion ; a Sartorius 
balance for very delicate weighing, capable of weigh- 
ing to one-tenth of a milligramme ; a simple form 
of apparatus for the determination of sulphur ; a 
complete photomicrographic outfit for metallurgical 
work, with apparatus for polishing microsections ; 
various types of pyrometers for research and com- 
mercial use ; laboratory types of electric furnaces ; 
apparatus for electrical and magnetic measure- 
ments ; and apparatus for measuring coefficients of 
expansion. The latter was the Bonniken dilato- 
meter, by which very rapid determinations can be 
made of small samples over a wide range of tem- 
perature. With this apparatus expansions as small 
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as 0.0003 in. in a length of 1} in. can be measured ; 
it is an exceedingly delicate instrument, and is the 
only one of its kind in existence. 


GrimestHorPE Works or Messrs. CaMMELL, 
Lairp, anp Co., Limrrep. 


The firm of Messrs. Cammell, Laird, and Co., 
Limited, is one of the important combinations of 
old-established Sheffield steel works and shipbuild- 
ing firms which have been formed in recent years, 
and have added so much to the manufacturing im- 
The steel works of 
the historic house of Cammell are extensive in 
Sheffield, and only a part of them was selected for 
the visit of the members of the Iron and Steel 
Institute yesterday, September 28, a day which 
was devoted entirely to visits to works. The 
Grimesthorpe Works, which were thus open to 
members, are situated some little distance further 
out of Sheffield than the main works. Probably the 
name of Cammell is best known to the general 
public in connection with the manufacture of 
armour-plates, this firm being amongst the first 
to enter this industry, and for long shared 
with Messrs. John Brown and Co. the manu- 
facture of compound armour. On the introduc- 
tion of other processes this firm at once adopted 
them, and in the offices are shown photographs of 
seven Japanese battleships and armoured cruisers, 
the whole of the armour of which has been sup- 
plied by this firm. Most of this is the Krupp 
cemented (or K.C.) armour. The whole of the gun- 
shields were also supplied from these works. We 
understand that Messrs. Cammiell have armoured 
about 250 war vessels since they commenced the 
manufacture of protective plates. A photograph 
of a four-throw crank-shaft of nickel-chrome steel, 
for the petrol engine for marine purposes, was 
also to be seen. This steel has a tensile strength 
of 50 tons and an elongation up to 30 per cent. on 
a 2-in. specimen. By proper heat treatment with 
this metal it is possible to get results widely vary- 
ing, and a much higher tensile strength can be 
obtained, but, naturally, at the expense of duc- 
tility. The hard metal is valuable in respect that 
it gives a better wearing surface to the journals. 

At the Grimesthorpe Works the open-hearth 
furnace department is of an extensive character, 
and some very big work is done here. There are 
nine Siemens furnaces, the largest being of 45 tons; 
and in the casting-bed are ingot moulds to take 
ingots up to 100 tons. The bed is served by a 150- 
ton travelling-crane, and one 80-ton electric crane, 
besides two others of 50 tons each. During a visit 
we recently paid to these works a 60-ton armour- 
plate ingot was being cast. The work here is 
divided into departments, each furnace being ap- 
portioned a different kind of steel : for instance, in 
one nickel-chrome steel will be made, and ordinary 
nickel steel in another, whilst different grades of 
carbon steel are produced in different furnaces. 
There are also special steels for guns and for cast- 
ings. A noticeable feature was the big 60-ton ladle. 
In order to be prepared for all emergencies, the firm 
keep a very large supply of pure nickel in stock, 
the value amounting toa considerable sum. Another 
ingot, that had just been cast, was a weight of 55 
tons, the forging being about 30 tons when finished. 
Near by was the plant for the Harmet process of 
compressing ingots up to 7 tons. The ingot mould 
is heavily hooped with steel, so as to stand the 
hydraulic pressure which is put upon the metal 
when fluid, to get rid of the pipe. Beyond the 
furnaces is the melting floor of the foundry; a 
large casting for a press-head was in process here, 
the weight being 65 tons. The fettling-shop is 
also on a large scale. Amongst other things we 
noticed a head for a new armour-plate bending- 
press which the firm are constructing for their own 
use, the three cylinders being in one casting of 
over 50 tons. Close by was one of the cylinder- 
liners for this press. Amongst other articles were 
dynamo castings, motor castings—a very large 
number of these being in process—patent anchors, 
toothed wheels, and other general steel castings. 

The tyre department is an extensive one. There 
is a steam-hammer of 10 tons for cutting the ingots 
into tyre blooms, and a new 12-ton hammer for 
the same purpose. A large number of annular tyre 
blooms, as forged by punching under the hammer, 
were in the yard adjoining. In the next depart- 
ment were the steam-hammers, with becking 
anvils, used to put work on the annular blooms 
and draw them down to smaller section in order 
to work to the shape of the tyre. There were also 





hydraulic presses used for the same purpose. The 
tyre-rolling mills were beyond. It should be stated, 
however, that the firm have special works at Peni- 
stone, Sheftield, for tyres, axles, and general rail- 
way forgings. 

There is at present in progress at these works 
a very large addition in the shape of an armour- 
plate mill. Atthe present time this mill is only 
partially constructed, and we hope at a future 
date to give fuller particulars ; when finished, it 
will be the largest mill of its kind in the world. 
The engines for driving the roller-train will be 
14,000 horse-power. The rolls will be 14 ft. 6 in. 
long, and weigh 43 tons each. There are six new 
Lancashire boilers, by Musgrave, 9 ft. 6in. in 
diameter and 30 ft. long. They will be pressed to 
180 lb. to the square inch. 

The armour-plate forging-press, which is situated 
close by, is of 7000 tons capacity, and is served by 
one crane of 150 tons and one of 120 tons. The 
armour-plate blooms are forged down in this press 
to a certain extent, and are then taken to the mill 
to be rolled. The hydraulic gear for handling these 
heavy armour-plates in the press is of a very 
powerful character, and it is most interesting to see 
the ease with which the massive plates are turned, 
and pressed to the required form. This press has 
two cylinders, and is by Davy Brothers. Close by 
the press is the rim of the big driving wheel for the 
engine of the new mill. It is of steel, and has 
been cast in one piece, the weight being 34 tons as 
cast. The teeth are all machine cut. There are 
also here the housings for the new mill, each 
standard weighing 31 tons, the double standard 
forming the one housing being therefore 62 tons in 
weight. The two bottom beds under the housing 
weigh 86 tons ; the stress that has to be met by 
the housings owing to the lift of the plate when 
being rolled is 5000 tons, and this will be taken by 
two large nickel-steel screws, which will be used 
to keep the rolls down, and give the necessary 
adjustment. In the heavy-machine shop close by 
are the engines for the new armour-plate mill, 
which are in process of erection, as stated ; they 
are three-cylinder simple engines. All parts of the 
mill, including the engines, are made of such 
strength that they will stand the stress of the rolls 
pulling up, there being no breaking part. 

There is in this part of the works a new big 
lathe driven by a 70-horse-power motor. This 
tool is by Messrs. Hulse. It has been put down 
temporarily for convenience during the erection of 
the new mill; it will be permanently installed in 
the new machine-shop. Further on is a big lathe, 
which was occupied in turning a very large hollow 
crank and dynamo shaft in one, the largest part 
being about 32 in. in diameter. There are several 
other very large machine-tools in this shop, which 
is served by overhead travellers of between 60 and 
80 tons capacity. One of the new armour mill 
rolls, 48 in. in diameter and 14 ft. 6 in. long, was 
in process of production. The roll part is without 
necks ; the roll is hollow, there being a 12-in. hole 
in the middle reduced to 9 in. at the ends. There 
were also here a number of gun tubes for 12-in. 
guns. The power-station for driving these shops 
is at the end, and supplies about 12,000 horse- 
power. 

In the adjoining building is a 3000-ton forging- 
press, which is fitted with its own gantry and 
overhead travellers ; above these run the shop- 
cranes, so that there is a double service. The 
press-cranes are hydraulic and electric combined, 
the hydraulic power being used for lifting. The 
shop-crane is 80 tons, all motions being by elec- 
tricity. A new 50-ton crane is about to be in- 
stalled. This 3000-ton press will forge an 80-ton 
ingot. The hydraulic pumps are in an adjoining 
building, and are by Messrs. Armstrong, Whit- 
worth, and Co., the same firm having supplied the 
press. In a shop beyond were a large number 
of heavy forgings of all descriptions, and four fur- 
naces. 

We pass next to the tyre-forging shop which has 
been recently erected, having been in work about 
a year. Here is a 1000-ton hydraulic press. A 
number of lighter marine shafts for torpedo de- 
stroyers were in hand ; these were of nickel steel. 
The tyre-rolling mill is well laid out, the rolls being 
worked by a fine pair of horizontal engines, place: 
on a bed underground ; the pressure for drawing ou! 
the tyre is hydraulic. It should be stated that all 
tyres produced in this department of the works 
are of the highest class suitable for locomotive 
and carriage stock, The tyres for wagon stock are 
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made at Penistone ; a large number of 7-ft. tyres 
for driving-wheels were to be seen here. In the 
yard at the end of this shop is the plant for testing 
tyres by the usual falling weight test. Beyond 
this the site is clear, and the foundations are in 
for the new heavy-machine shop for heavy marine 
and other large castings. We propose to refer to 
this more in detail at a future date, when it is com- 
pleted. 

The railway springs department is an extensive 
factory in itself, and is about to be reorganised. 
The old brick and slate machine-shops are to be 
pulled down, and new buildings of steel are to take 
their place. The spring-shop is of large size, and 
upwards of 200 tons a week are turned here. 
There is a fine open floor, well lit. Beyond are 
the smiths’ shops, punching and shearing-machines, 
and general equipment for spring-making. Further 
on again are the buffer-shops, another extensive 
department. 


Crype Works or Messrs. SAMUEL OsBoRN 
AND Co. 


Amongst the works visited by the members of 
the Iron and Steel Institute at the Sheffield meet- 
ing, the Clyde Steel Works of Messrs. Samuel 
Osborn and Co. possessed perhaps more than usual 
interest. This firm were for years manufacturers 
of Mushet steel, the special properties of which 
for the production of cutting-tools are well known. 
Since the introduction of what is now known as 
high-speed steel, a good deal of attention has been 
turned to the more rapid removal of material in 
the lathe and other machine-tools. The claim of 
Messrs. Osborn that Mushet steel was the fore- 
runner of the modern high-speed steels may fairly 
be allowed, and results show that they are justified 
in stating that their experience during the last 
thirty-four years of special steel for engineers’ tools 
has enabled them to adapt their processes to 
meet the needs of the present day. Although the 
shops of this firm are somewhat antiquated, they 
contain a number of modern features ; for instance, 
for driving purposes they have a gas-engine plant, 
and produce their own power-gas. There is 
a Crossley producer and a three-cylinder Tangye 
gas-engine, with dynamo direct coupled, for the 
day load, and a separate horizontal gas-engine, with 
a dynamo belt-driven, for the night load. In the 
forge are several steam- hammers of different powers, 
up to 30cwt.; the work here not being of the 
large nature of some of the big steel works, natu- 
rally heavy plant is not needed. Ingots are forged 
up to about 1 ft. square. In_ the~ rolling-mill 
department are roughing and finishing rolls in one 
train, driven by a beam engine; these are in the 
old part of the works, which are about to be rebuilt. 
Here also are the spring-forging machines driven 
by an electric motor, the contrast of the old beam 
engine and the new motor being typical of a great 
deal that is to be seen in Sheffield at the present 
day. . There is another rolling-mill further on. 
The spring department occupies a large part of 
these works, there being the usual machinery for 
the production of railway springs, and also testing 
machinery. Beyond are the blacksmiths’ shop 
and the annealing furnaces. 

An interesting part of these works is the depart- 
ment for testing the cutting properties of the 
Mushet high-speed steel which this firm produces. 
At the time of our visit to these works there was 
being turned in the powerful lathe used specially 
for testing work a shaft of steel containing 0.3 per 
cent. carbon. The tool was 1 in. square and the cut- 
ting speed 66 ft. per minute, with 4-in. traverse and 
a }-in. cut, the points of the tool being of a dull-red 
heat. It will be of interest here to give some figures 
relating to the capacity of this steel with which we 
have been supplied by Messrs. Osborn. With a 1-in. 
square Mushet high-speed cutting tool, operating 
on hard Siemens-Martin steel, the speed was 
140 ft. per minute, the feed j in., and the cut 
<in. With 1}-in. square tool operating on very hard 
‘teel the speed was 90 ft. per minute, the feed 
;,in., and the cut Zin. With a tool of the same 
description, operating on a Siemens-Martin forging, 
the speed was 66 ft. per minute, the feed } in., and 
the cut I}in. With the same description of tool 
cutting at 90ft. per minute, the feed was } in., the 
cut $ in. ; this was on cast iron. With the very 


hardest cast iron that could be obtained a tool 
of the same size gave a speed of 35 ft. per 
minute, the feed being y; in. and the cut $ in. 
The Mushet high-speed steel is also made for 
A 


nilling cutters, drills, and other cutting tools. 








cold saw made of this steel was found to traverse 
about twice as fast as one of ordinary carbon steel. 

The twist-drill and milling-cutter department 
forms a considerable part of the works, a large 
number of twist-drills and milling-cutters being 
produced. Here are the machine-tools necessary to 
the production of these articles. Twist-drills are 
made from ,%; in. up to 4 in., all of Mushet high- 
speed steel. The drills are fluted, backed off, har- 
dened, and ground and tipped by special machinery, 
which is driven by two 25 - horse - power electric 
motors. There is a machine for testing twist-drills 
up to 2in. in diameter. A }-in. drill running at 
526 revolutions per minute, with a feed of 17 in. per 
minute, drilled through ordinary foundry iron 3 in. 
thick, the time occupied being under 10 seconds. 
Messrs. Osborn have also supplied us with some 
figures as to the performance of twist-drills of 
Mushet high-speed steel. 

In the testing-machine for the drills referred to, 
which has been specially built by Messrs. Tangye, 
the drill-head is fixed on a slide supported at each 
end -by powerful uprights. The spindle is 3 in. in 
diameter, and is speeded to run at from 78 to 526 
revolutions per minute ; the feeds are from 0.79 in. 
to 17.02 in. per minute. The results given in the 
following table have been obtained :— 
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In the milling-cutter department there are the 
usual machines for the manufacture of milling- 
cutters ; amongst them being a grinding-machine 
with magnetic chuck, and a lathe for relieving mill- 
ing-cutters, so that the teeth retain the same form 
after sharpening. The operation is performed by 
means of a cam on a central shaft which operates 
the slide-rest, a spring bringing the tool up again 
for the fresh cut. In the steel warehouse was a 
large stock of crucible steel of all sizes and sections, 
amongst others some 4-cwt. bars, 44 in. by 2 in., 
and others 6 in. by 3 in. ; these were of Mushet 
high-speed steel. There were also bars of ‘‘ Ti- 
tanic” steel, for making chisels, this material 
being specially suitable, as it is tough, and holds a 
good cutting edge. Another special type of steel 
was in bars 5} in. by 4 in. and 10 ft. aa: this 
is used for stamping dies. The crucible steel- 
melting department has the usual melting holes, 
there being thirty-six in one shop; there are alto- 
gether seven sets of one dozen holes. Messrs. 
Osborn and Co. are extensive manufacturers of 
files, but these are made at works some distance 
out of Sheffield. We hope to refer to them more 
in detail on a future occasion. 


(To be continued.) 








HIGH-SPEED RADIAL DRILLING AND 
TAPPING MACHINES. 

Tue machines illustrated on page 405 have been de- 
signed by Messrs. Pollock and Macnab, Limited, of 
Bredbury, near Manchester, to meet the requirements 
as to speed, power, and stiffness called for in the use 
of modern high-speed tool steel. The type shown in 
Figs. 1 to 4 will drill holes from the solid up to 
2 in. in diameter at the highest guaranteed speed 
of standard high-speed twist drills, and will also 
tap holes by means of a separate tapping spindle. 
Fig. 5 is reproduced from a photograph of a slightly 
different machine, which is not fitted with a separate 
spindle for tapping, but as the main features of the 
two machines are the same, we will describe the one 
first mentioned more particularly, without further 
reference to the minor differences in detail of the two 
machines. 

The main drive is by belt on to the pulley seen at 
the left-hand side of the gear-box at the base of the 
column. This gear-box is not essential to the machine, 
as it may be replaced by a stepped cone and back 
gear, as shown in Fig. 2—an alteration very easily 
effected —but the gear-box is recommended by the 
makers as avoiding the necessity for a countershaft, 
and effecting economy in belting. It also lends itself 
readily to a motor drive, either when the machine is 
built or in case the purchaser should desire it after- 








wards. The driving belt is not struck, but the machine 
is started and stopped by a friction clutch. The gear- 
box gives sixteen speeds in geometrical progression, 
which amply cover the range required for high-speed 
drilling, m2 | allow the most efficient speed tobe used 
for any particular job. An engraved plate instructs 
the operator as to the correct speed for any size within 
the scope of the machine, and how to obtain that 
speed. From the gear-box the power is transmitted 
to the vertical shaft in the interior of the column by 
a pair of bevel wheels at the base. At the head of 
this shaft is some gearing, which normally drives the 
splined shaft and bevel gear, transmitting motion to 
the horizontal shaft which actuates the drilling and 
tapping spindles. By the movement of a lever, seen 
near the base of the culumn in Fig. 1, the wheels may 
be geared to a screwed shalt at the side of the column, 
the rotation of which raises or lowers the radial arm. 
Cams are bolted to the arm which operate the lever 
automatically, and thus disengage the gear when the 
arm is at the upper or lower limit of its travel. This 
provision makes it impossible for the workman to 
injure the machine by neglecting to stop the vertical 
travel in time. 

The column extends to the top of the surrounding 
sleeve, and thus gives the machine a high degree of 
rigidity, a feature of the utmost importance in radial 
drills. The sleeve and arm are able to make a com- 
plete revolution round the column ; and as the sleeve 
runs in ball-bearings at the top and bottom, the arm 
may be moved easily and accurately by one hand of 
the workman. The arm may be clamped en the sleeve 
by split lugs, and the sleeve clamped on the column by 
a V-shaped clamping-ring at the base, which locks 
it absolutely true. Au end view of the arm is given 
in Fig. 3, which shows how small an amount of over- 
hang the spindle has. The drive to the drilling 
— is from a short vertical shaft carried along by 
the slide and driven by bevel gear. This shaft drives 
the drilling spindle direct through spur gear, and the 
tapping spindle through a reduction gear at a lower 
speed. The arrangement will be understood from 
Figs.3 and 1. These gears may be easily manipu- 
lated whilst the machine is in motion, being stopped 
or reversed by alever on the head. This is an obvious 
advantage for rapid work. 

The spindle runs in a long sleeve, which obviates 
excessive or uneven wear. There are hand and power 
feeds operating through a friction drive, and the 
spindle is provided with a quick advance and return 
motion, An index, always reading from zero, enables 
the operator to drill to a given depth with certainty, 
and saves time and prevents possible mistakes of 
measurement, an automatic trip stopping the feed 
motion at any desired depth. The spindle is bored to 
No. 4 Morse taper, and has sixteen different speeds 
and six different feeds. Both drilling and tapping 
spindles are balanced, and the latter terminates in a 
tapping chuck, with spring friction adjustment for 
regulating the pressure for different taps. 

he machine has a planed base-plate provided with 
T slots, on which can be bolted either the usual box 
table shown in Fig. 1 or the special swivelling table 
seen in Figs. 5and 6. The latter can be inclined to 
any position from horizontal to vertical, and can also 
rotate about the central stump. These swivelling 
tables much increase the versatility of the machine, 
and combine all the advantages of a universal radial 
drill without the inherent weaknesses of the latter. 

We understand, from the makers, that at a recent 
test, before independent witnesses, one of these ma- 
chines gave the results shown in the following table : — 


Test on 5-Ft. ‘‘ Apollo” Radial Drilling and Tapping 


Machine. 

Diameter of hole 

drilled és --| $in, j in. lin, | Ijin. |) Qin. 
Depth of hole drilled) sin. | 11gin. 3 in. Ijin, | Sin. 
Time occupied to | 

drill this depth ..| 17sec. 1m.46s. 80sec. | 26sec. 1m. 808. 
Drilled at the rate of 

inches per minute | 10.6in. 8 in. 6 in. 3hin. | Zin. 
Nature of material | 

operated upon ..|castiron castiron castiron mild castiron 

steel 

Number of revolu- 

tions per inch of 

feed.. ’ é 6 61 6t 6 6 


This rate of work will be recognised as quite excep- 
tional, and shows the machine to be powerful enough 
to get the utmost value out of the modern high-speed 
drills. These tests were made. without any special 
stays, tackle, or .preparation. The depth of the 
second }-in. hole will be particularly noticed. 








CANADIAN TUNNELS.—Preparations are being made for 
a tunnel underneath the Detroit, near Detroit, the diffi- 
culties of ferryage through the winter ice, between 
Ontario and Michigan, being found more and more 
troublesome. The Michigan Central Railroad Company 
contemplates building a tunnel under the Niagara, from 
Canada to New York State, at a point between Buffalo 
and Tonawanda. Construction work is expected to be 
carried on jointly with that of the tunnel at Detroit and 
by the same company. 
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THE MORRIS-HAWKINS INTER-POLE MOTOR 


CONSTRUCTED BY THE 


Fig. 1. 


Fie. 3. 


One of the principal objects of the designer of 
electric motors is to produce a machine which will 
c mmutate sparklessly at all loads without moving the 
brushes from the neutral point. The more irregular 


MORRIS-HAWKINS ELECTKICAL COMPANY, 


Fig. 2. 








! 


(90258) 
|of 100 per cent. without sparking when running in 
|either direction. A photograph of one of these 


|motors, with the armature removed, so as to show 
| the arrangement of the poles, is given in Fig. 3. The 


LIMITED, 


the load on the motor, the more important is this | edges of the pole faces are inclined to the axis of the 
feature, while, of course, in the case of a motor which | machine, to reduce the humming noise often set up 
has to run in either direction, it is essential. The|by the armature teeth, especially when, as in the 
reason why the brushes on the earlier machines had | present case, the armature is designed with the mini- 
to be shifted round the commutator as the load in-|mum number of slots. Between the shunt-poles can 
creased was that the heavier armature current under | be seen the small series poles, one of which is shown 
those conditions reacted on the main field and dis- | separately in Fig. 4. The core of these is circular, and 
torted it, thereby making it necessary to set the | very oul comparatively. It is set towards one end of 
brushes by an amount sufficient to compensate for the | the armature, but the shoe extends the full width of 
distortion. To allow a machine to run with fixed the latter. The shape and position of the core has 
brushes at all loads the reactance must be as small as | been chosen to allow of a small circular winding, the 
possible, and the field so strong that its distortion is | proportions and size of which would not allow of its 


negligible. By careful designing, the reactance voltage 
of motors intended to work at pressures up to about 
250 volts can be kept so low that such machines will 
run sparklessly with fixed brushes; but to build a 
machine, at a reasonable price, having the same pro- 
perties to work at pressures of 400 to 500 volts is no 
easy matter. The usual reactance voltage of such 
machines lies generally between 2 and 4 volts, and 
if it is inadmissible to shift the brushes, and thus 
utilise the main field for commutation, the best alter- 
native seems to be to fit special series-wound magnets 
so as to provide an independent field for the purpose. 

By adopting commutating poles of this nature, the 
Morris-Hawkins Electrical Company, Limited, of 
Dagenham, Essex are now building a line of motors 
which, even on 500-volt circuits, will ran sparklessly 
at all loads with brushes fixed in the.neutral posi- 
tion. 
abuve, will, moreover, withstand temporary overloads 


These machines illustrated in Figs. 1 and 2/ 


| being placed between the shunt-coils of so small a 
machine. Fig. 5 shows a developed plan of the pole- 
shoes from which their arrangement and proportions 
will be clear. 

To reduce the self-induction of the armature coils 
under commutation, and prevent hunting of the arma- 
ture, the pole-shoes are all connected together by 
copper strips, which constitute a sort of closed 
secondary transformer winding, and absorb the energy 
which otherwise would be manifested in sparking. 
The arrangement of these strips will be understood 
from Fig. 5. On one side they connect the toes of 
the commutating-poles to thick gun-metal strips at 
the side of the shunt-poles, and on the other the 
circuit is formed through the heels of the commu- 
tating-poles, which are of solid metal. The design of 
the commutating- magnet is extremely simple and 
cheap, and the canepcaians in its excitation is very 
small, 








DAGENHAM, ESSEX. 


A 35-brake-horse-power motor of this type has been 
supplied to Messrs. Hulse and Co., machine-tool 
makers, of Salford, to drive. by open and crossed belt- 
ing, a heavy planing-machine. This motor runs on a 
440-volt circuit at 760 revolutions per minute. The 
planing-machine has a 28-ft. by 7-ft. table, weighing 
14 tons, and is designed to take work up to 20 tons in 
weight. Its cutting speed is 20 ft. per minute, and the 
return speed 45 ft. per minute. When working on a 
10-ton casting, the load on the motor was found to 
vary from 10 to 65 horse-power, the excessive overload 
at reversal occurring about four times per minute. The 
motor dealt with these frequent 80-per-cent. overloads 
with a complete absence of sparking, the brushes being 
fixed in the neutral position. 

The following results have been obtained from a 
12-brake-horse-power motor, wound for 480 volts and 
a normal speed of 580 revolutions per minute. The 
magnet-frame has four main poles and four commu- 
tating poles, and the armature is 12 in. in diameter 
by 5 in. long. Single brushes of hard carbon are fitted, 
each with 4 square inch of contact surface, the normal 
carrying capacity of the carbon being 30 amperes per 
square inch. 


Speed. | Volts. Amperes. Remarks. 





r.p.m. 
‘590 Brushes in the geometrical neutral 
position. 

Brush position shifted § in. out of 
the neutral, in one direction. 

Brush position shifted @ in. out of 

| the neutral, in the other direction. 


490 22.5 
489 


490 


560 22 


750 | 23.5 


The two last results show the compounding effect 
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THE SWEDISH 
CONSTRUCTED BY ¥ 


TORPEDO-BOAT DESTROYER 


“MAGN E.” 


{ESSRS. JOHN I. THORNYCROFT AND CO., LIMITED, CHISWICK. 











of the shifting of the brushes on the speed of the| for attacking other vessels of her ow 


motor, the shunt excitation being constant. 





density of the carbon, 80 amperes | are somewhat in excess of 31, 


Speed. Volts. |Amperes. Remarks. 
r. p.m 
560 470 40 Sparkless with 80 per cent. overload ; 
mean current density in the car- 
bon, 40 amperes per square inch. | 
560 472 40 Sparkless with one position and one | 
negative brush, using two brush | 
spindles only. Mean current 
| per square inch. 
1050 480 22.5 |Sparkless with about the double of 


the normal speed, with the normal 
current. 


Several motors of the type above described may be 
seen at the stand of the company in the Electrical 
Exhibition now being held at Olympia. 





THE SWEDISH TORPEDO-BOAT 
DESTROYER ‘‘ MAGNE.” 

THE engraving on this page illustrates the latest 
torpedo-boat destroyer completed by Messrs. John I. 
Thornycroft and Co., Limited, at their works at 
Chiswick. This vessel was built for the Royal Swedish 
Government, and recently, upon completion of her 
trials, proceeded to Susie in charge of a Swedish 
crew. The vessel, which has a length of 219 ft. 9 in., 
with a beam of 20 ft. 9 in., was designed to attain a 
speed of 30.5 knots on a three-hours’ trial when carry- 
ing a load of 50 tons, and for this purpose was fitted 
with two sets of four-cylinder tri So compened con- 
densing engines, designed to tude 7500 indicated 
horse-power, steam being supplied by four boilers of 
the Thornycroft-Schulz type. Generally, the vessel 
and the machinery correspond to the Japanese de- 
stroyers Shirakumo and Asashio, which were built by 
Messrs. Thornycroft, and proved, during the recent 
war, most satisfactory vessels, even in a very heavy 
sea. The full-power trial of the Magne was carried 
out on the 31st ult. ; under the required conditions of 
load, the vessel attained a s during the three- 
hours’ test of 30.705 knots, with the engines running 
at 378 revolutions per minute, and indicating 7700 
indicated horse-power. 

The completion of this vessel suggests a comparison 
with the ee built by the same firm for the 
navy of Sweden in 1872, the first boat of the class for 
the Swedish Government, and the second vessel of its 
type then in existence. The first, peculiarly enough, 
was built ty Messrs. Thornycroft for the neighbouring 
nation of Norway. This pioneer of 1872 was only 
about a quarter of the length of the Magne, being 58 ft., 
and about one-third the beam—namely, 7 ft. 6 in., 
while the engines were of compound type, and the 
speed only 17 knots. Not only, therefore, wd a great 
addition been made to speed during these thirty-three 
years, but the armament has become much more effec- 
tive. The old craft had only two outrigger spar 


torpedoes, while this new vessel has, mounted on the 
(leck, two revolving torpedo-firing tubes for the latest 
self-propelling torpedoes; and, in addition, she has 











Sales for the past week in this 


n type six 57-| particular grades. 
be added that | market and New York foot up in round figures about 


| millimetre quick-firing guns. It may ) 

| the trial and sea voyage of the Magne proved her | 80,000 tons. The Cambria Steel Company and the 

| to be very steady, so that she will afford a good gun- | Lackawanna Steel Company are now in the market 

| platform. for 15,000 tons each of standard Bessemer, and other 
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big steel companies are also making inquiries for large 
NOTES FROM THE UNITED STATES. | supplies, which they will want as soon as the material 
PHILADELPHIA, September 21. 


can be conveniently delivered. 
THE estimated net earnings of the United States 
Steel Corporation for the quarter ending September 30 | TECHNICAL EDUCATION. 
000,000 dols., and 4 THe following memorandum, which has just been 




















the entire year of 1905 the estimated earnings will | ; . : : 
be 115,000,000 dols. The net earnings for the second | —_ 7 Pe = eae one pla ar raed 
quarter of the year were 30,305,896 dols. The iron | who desire to promote technical education :— 
|and steel situation shows a steady improvement in he I Technical Instituti 
| every department, and the entire plant of the country, | Me ene = tot Pc magpie Sepsersyiy “4 om ey 
with a few unimportant exceptions, is running at its ey —_ ' : . 
\fullest capacity. Exception should be made in the| The Board of ———. _— a to ther 
|case of the tin-plate mills, which are operating at ot oe neal pt Me pls nets Ar otone 
\weses capacity ; but all appliances will be at work | pores be aan ieee en the one thet and Siu ehenintnin 
by October 1. The Illinois Steel Company has booked | of technical institutes and evening schools on the other, 
orders for 1906 delivery for about 600,000 tons of rails. | vith rd to the instruction of employ és or apprentices. 
The Carnegie Steel Company has sold more than | The rd consider that, as there appears to be great 
| 100,000 tons of rails for 1906. The total rail tonnage | variety in the character and amount cf such co-operation, 
| for this year will be 2,600,000 tons, and the outlook | a short account of a few typical examples may be of value 
is that next year the production will be 3,500,000 | in showing what has been found actually possible under 
one The_“Aimerican Bridge Company, wd ay a ae a ate 
the Steel yop mee ye that — ate enge- | of the celahipes hepueen employers and managers which 
city taken up, also that the increase of building opera | may be adopted with success in order to secure improved 
tions this year over the last twelvemonth will equal. oj. cational advantages for industrial students. Thé 
48 per cent. The American Steel and Wire Com- | details of such co-operation will, and must, vary from 
pany report that it is booking from 50,000 to 75,000 | place to place in accordance with the special requirements 
tons more per month than it usually does in quieter | of each important trade or industry ; but unless it exists 
periods. Structural shape mills are full for this year in one form or another, neither employers nor employed 
and cannot take any additional orders for delivery | will derive full advantage from the expenditure of 
until after January 1. During the second quarter | national and local funds upon technical instruction. The 
of this year the Steel Corporation set aside 18,509,563 | development and strengthening “= — which me 
dols. for improvements and expansions. The surplus | ng es the anaes eee apse pe Bethe A prea the 
of this company amounts to somewhere between | Onin eee eon Ay x4. of texthes inden. 
65,000,000 dols. and 75,000,000 dols., while the cash trial progress. It is therefore faapartens that H.M. In- 
assets total 250,000,000 dols. | spectors should be prepared to’ discuss with those inter- 


The American Bridge Company is now busy on a| ested what methods of promoting this connection are 
contract for 7400 tons of structural steel to be used in | most suitable, or most likely to prove ible of estab- 
building a bridge in Japan. Japan railroad companies | lishment, in the case of particular schools. hime 
are also buying American structural material to be| Itshould not be forgotten that any effective interest 


used in bridge-work, and large orders for further im- | which employers or foremen take in the studies of appren- 
tices who work under them will exercise an im 


rovements are expected from Japan, Korea, and | ‘ y u t rtant 
z ee Rai wood rsey | influence in helping these youths to appreciate the fact 
eachuria. The ms it and the Jersey that technical education has for them a real value. Thus, 


Central Railroad have just. placed orders for 6000 cars, | 
and additional contracts are expected from the same | local efforts to secure for a particular school such a direct 
source. An advance in steel plates and merchant steel |form of support as one of those indicated below, they 
bars will be announced in a few days, and an advance | will not have been wasted if they succeed in giving those 
in tin-plates will be made from 3.55 dols. to 3.65 dols. | in authority in the workshop or office a clear conception 
The New York Central Railroad has placed an order | of the nature of the facilities afforded in the school, and 
for steel rails for 160,000 tons for 1906 delivery, and | of the significance of the records of good work there. 
there are orders coming in from South America and| 1. Fees Re 4 a pe ytd em ay - one ond, veces 
Australia. common : 7 Re. Bare 

The buying movement in pig iron has again broken | employer or ry es firm pays the’ technical institute or 


out because of the necessity & covering large con- | evening school of those employés who take classes or 


, -  “™* | courses approved by the employer as suited to the circum- 
tracts recently placed for finished material. Pig-iron | stances of ihe apeoal industry concerned. A report as to 


makers are not very prompt in their deliveries, and | the attendance and progress of students thus assisted is 
| there is much complaint on this score. Prices for pig generally required, and without this condition the assist- 
j iron are likely to advance somewhat, especially for | ance is likely to be ineffective, In some cases the necessary 


even where no large measure of success is at’‘ained by 
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books are also supplied, partly or entirely at the employer's 
expense. 

rizes are not infrequently given by employers to 
students who pass with success the examinations of the 
Board of Education, of the City and Guilds of London 
Institute, of the Society of Arts, or of other recognised 
examining bodies. Such prizes generally take the form of 
a money gift. In one of the best thought-out schemes of 
this kind the prize increased in value with each year of 
the student’s evening school course, reaching a maximum 
of 51. for the best fourth-year student. _ : 

Prizes given by employers are sometimes restricted to 
their own employés but are more frequently given to the 
Institution, and open to competition among all students 
in attendance. 

2. Increase in Wages.—In certain cases students who 
who have passed successfully through a course of study 
approved by the employer esos thereby entitled to 
arise of wages which would not otherwise be granted. 
In several instances the usual annual increase in the rate 
of wages of an apprentice, or an advantage of 6d. or 1s. 
a week additional wages, is made partly dependent either 
upon regularity of attendance at a evening 
classes, or on passing certain approved examinations. 
As apprentices’ wages are frequently arranged on a 
graduated scale, this practically amounts to placing a 
second or third year apprentice on the wage level of one 
in his third or fourth year. 

Again, the recognition of increased efficiency may be 
marked by preference in selection for posts carrying 
greater remuneration or greater chances of promotion. 
‘Thus engineering firms not infrequently offer encourage- 
ment to students who show marked excellence in their 
technical studies, by transferring them from one section 
of the workshop to another, or to the drawing-office, so 
that they may enjoy opportunities of obtaining wider 
trade experience. 

3. Time allowed for Attendance at Classes.—More varied 
in form and more subject to local and trade conditions 
are the concessions in the matter of working hours which 
some firms find it in their power to make. This is a 
form of encouragement which, perhaps, would not at first 
sight have suggested itself as very probable, and a note 
of some of the methods of affording it, which have, in 
practice, been found compatible with economy of produc- 
tion in trade workshops 1s, therefore, likely to be no less 
valuable than interesting. 

There are already numerous examples of students 
attending approved evening classes being allowed, with- 
out loss of pay, some reduction on the ordinary hours o 
work. Thus some firms allow employés to leave the 
works on two or three days in the week at an hour which 
enables them to attend evening classes with some degree 
of comfort in the way of obtaining meals and changing 
working clothes, 

Allied to this is the plan adopted by some large engi- 
neering firms by which the attendance of students at courses 
or classes held during the ordinary working hours is looked 
upon as a definite portion of their employment, counting as 
wage-earning or apprenticeship time. This plan, which 
has been widely adopted, allows the student to attend 
such classes for a time varying from a minimum of about 
two hours per week to as much as six months in a year. 
It is, perhaps, needless to remark that as the time allowed 
by the employer increases, the care exercised in the selec- 
tion of the students who are to profit by the concession 
increases likewise. When the concession is small the 
number een to profit by it is large, and vice versd. 
Thus, while an arrangement which sets free apprentices 
for instruction one afternoon a week may prove applic. 
able to a large proportion of the better apprentices with 
the firm adopting it, only a few, even of the best, can be 
expected to give evidence of sufficient promise to justify 
their being set free for six months’ continuous study in 
a technical college. 

Another form of remission of time which is occasionally 
granted takes the shape of “writing off” part of the 
apprenticeship course, thus possibly reducing the appren- 
ticeship of a good student by a year. 

Many large engineering firms employing a number of 
apprentices make arrangements for their attendance one 
day per week, or two half-days per week, or two or three 
hours one afternoon or early morning per week, at an 
approved course of instruction at a technical school. 
Arrangements of this kind are found to work admirably, 
but in practice the best results are obtained when the 
total time thus allowed per week approximates to one 
working day. In many towns associations of master 
builders, master painters, and master plumbers’ give 
similar privileges. 

4. Higher Instruction.—In a few cases employers, or 
a federation of employers, have selected a few speciall 
qualified students, and have arranged that these shail 
receive scholarships, or maintenance and fees, while 
attending a two or three years full time course specially 
arranged to bear on their industry. Very carefully 
thought-out schemes for promoting the higher technical 
education of selected employés huve been worked out in 
special cases, 

_ 5. Supervision.—Another valuabie form of co-operation 
is found in the work of the committees of employers, 
formed in certain districts to keep the curriculum of the 
technical institute under observation, and to exercise on 
it a beneficial influence by the suggestions and guidance 
which those actually engaged in an industry can so well 
give. Where any such committee exists, it is found to be 
of advantage that a certain number of persons should be 
members both of the employers’ committee and of the 
technical institute or education committee of the locality. 
Such an arrangement facilitates, too, another form. of 
co-operation ; for where the employers are satisfied of 
the value of the instruction given at the technical school, 
and maintain some personal touch with the work done 


f| tion was 62s. 44d. one month. The market was cl 





there, they will often give a preference to the students 
in dealing with applications for admission to their works 
and offices. Indeed, it may be said generally that the 
success of any plan of co-operation depends very largely 
on the punsudt dees shown by the employer, director, 
manager, or foreman of the works in question, not only in 
the employé3 under his charge, but in the local technical 
school at which the instruction is given. Without this 
personal interest the class teaching may become too 
academic or too general in character, and may not be 
directed with’ sufficient reference to the particular in- 
dustry concerned. 








NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday reports of 
the favourable position of trade in this country and in 
America had the effect of further strengthening the pig- 
iron market. Cleveland warrants advanced to 48s. 7d. cash 
and 48s, 9d. onemonth. Business was also done at 48s. 74d. 
five days, 483. 84. eleven days, and from 493. to 493. 3d. 
three months. The closing quotations were 483. 74d. 
cash and 483. 104d. one month sellers, and the turnover 
was 8000 tons. Hematite—1000 tons—was done at 61s. 14d. 
one month, and closed with sellers at 61s. 3d. one month. 
The settling prices were:—Scotch, 53s.; Cleveland, 
483. 74d. ; Cumberland hematite, 603. 9d; and Standard 
foundry iron, 46s. 9d.. In the afternoon the tone was 
steady and the turnover small, only some 3000 tons of 
Cleveland warrants changing hands at 48s. 8d. cash, 
48s, 1ld. one month, and 493. 3d. three months. These 
were also sellers’ closing quotations. One lot of hematite 
was done at 61s. one month. On Friday morning the 
market was again strong, and Cleveland warrants 
advanced still further. The transactions amounted to 
12,500 tons, and there was also a good business done in 
options. The prices were 48s. 9d. cash, 493. 14d., 49s., 
and 49s. 24d. one month, and 48s. 9d. to 48s. 104d. seven 
days, and the market closed with sellers at 493. cash, and 
493. 3d. one month. One thousand tons of hematite 
warrants changed hands at 61s. 3d. cash. In the after- 
noon Cleveland warrants were firm, and 12,000 tons were 
done at 493. to 493. O4d. cash, and at 493. 3}d., 493. 3d., 
and 493. 4d. one month. The advance in Clevelands had 
the effect of increasing the price of hematite warrants, 
which rose to 62s. 3d. one month, and there were also 
dealings at 62s. fourteen and seventeen days. The 
business amounted to 1500 tons, and sellers’ closing quota- 
on 
Monday, being the Glasgow autumn holiday. On Tuesday 
morning local makers announced an advance in their 
prices, and this, coupled with favourable American 
advices and optimistic reports regarding the home in- 
dustrial position, brought about another rise in the price 
of Cleveland warrants and hematite iron. Business was 
brisk, about 16,000 tons of Cleveland and 4000 tons of 
hematite being done at good prices. The dealings in the 
former were at 493. 84d., 493. 8d., and 49s. 10d. cash, 
50s. one month, and 50s. 44d. three months, and in the 
latter at 633. ten days and one month. Sellers’ closing 
quotations were: — Cleveland, 49s. 104d. cash and 
503. 14d. one month ; hematite, 633. 6d. one month ; and 
Standard foundry iron, 493. cash. At the afternoon session 
the tone was again good, and 13,000 tons of Cleveland war- 
rants were dealt in at from 49s. 104d. to 493. 114d. cash, 
at 50s. six days, and from 50s. 0}d. to 50s. 3d. one month, 
and at 50s. 7d. three months.. At the close sellers quoted 
50s. cash and 503. 4d. one month. About 2000 tons of 
hematite was done at from 62s. 11d. to 62s. _ ten 
days, and at 633. 3d. one month, with closing sellers at 
63s. 6d, one month. The turnover at the forenoon market 
to-day (Wednesday) was 11,000 tons of Cleveland war- 
rants, and 1500 tons of hematite. Business opened at 
50s. cash for Cleveland warrants, but dropped to 493. 94d., 
and recovered to 49s. 10d., closing with sellers at 49s. 11d. 
Forward iron was done at 503. 2d. one month, then up to 
503. 3d., and, after easing to 50s. 1d-, closed at 50s. 24d. one 
month sellers. Other dealings were at 49s. 104d. nineteen 
days, and from 503. 6d. to 50s. 64d. three months. Cum. 
berland hematite was strong at 63s. 3d. and 633. 6d. one 
month, with closing sellers at 63s. 74d. one month. At 
the afternoon session the tone of Cleveland warrants 
was stronger, but irregular. The transactions were 
at 49s, 11d., 49s. 114d., and 493. 11d. cash, 50s. 1d. to 
50s. 24d. one month, and 50s. 6d. three months. The turn- 
over was 5000 tons. Hematite was much in demand and 
5000 tons were put through. Starting at 63s. 9d. it rose 
to 63s. 1ld., and then dropped to 63s. 8d. one month, 
while dealings also took place at 63s. 64d. and 63s. 54d. 
nine days, Closing sellers were at 633. 8d. one month. 
The following are the market quotations of makers’ 
(No. 1) iron:—Clyde, 60s. 6d. ; Calder, Gartsherrie, and 
Summerlee, 61s.; Langloan, 60s. ; Coltness, 68s. 6d. (all 
shipped at Glasgow) ; Glengarnock (shipped at Ardros- 
san), 593. 6d.; Shotts (shipped at Leith), 61s. ; Carron 
(shipped at Grangemouth), 59s. 


Scotch Pig-Iron Trade.—The present position of the 
Scotch pig-iron trade is superior to anything that has been 
experienced by producers over a long series of years. The 
sales in the closing days of last week were the heaviest 
booked since the recovery of trade set in. The demand is 
for all qualities, but, if anything, No.1 has been most 
asked for, and this not only for home, but also for colonial, 
continental, and Mediterranean account. he prices 
hardened up, and, not unexpectedly, several makers 
advanced their quotations yesterday (Tuesday) morning 
by from 6d. to 1s. per ton. In some cases the best prices 
of the year have been realised, and at the time of writing 
the demand seems to be stronger than ever. With re- 
gard to Scotch hematite, it is reported that the produc- 
tion seems to be unequal to the wants of customers, some 
of whom have been obliged to buy largely of English 





hematite. Prices are high, and sales are reported to have 
taken place at 64s: per ton, which is the highest level re- 
corded since early in 1903. 


Sulphate of Ammonia.— The sulphate of ammonia 
market remains steady, with values showing signs of 
hardening still further. The present quotation is 12/. 15s, 
per ton for prompt business, and 12/. 17s. 6d. for for- 
ward account Glasgow and Leith. 


Scotch Stcel Trade: Further Advance in Prices.--The 
local steel trade continues to be very active. Orders are 
fairly plentiful, despite the fact that the representatives 
of German makers have lately been offering to sell billets 
and blooms of some sections of structural material at 
prices considerably under what local producers are pre- 
pared to accept. At a meeting of representatives of the 
Scotch steel-makers held here yesterday (Tuesday) after- 
noon, it was agreed to again advance prices. The follow- 
ing is the official resolution :—‘‘ Owing to the serious 
advance in the price of pig iron and other raw material, 
the steel-makers are “compelled to advance prices of all 
classes of manufactures 103. per ton.” The minimum 
selling prices now are :—Ship-plates, 6/. 7s. 6d. per ton ; 
boiler-plates, 6/. 17s. Gd. per ton; angles, 6/. per ton ; 
bars, 7/. per ton—all less 5 per cent. These quotations are 
now 123. 6d. per ton better for ship and boiler-plates, and 
15s. per ton better for angles and bars, than at the begin- 
ning of this year. 

Scotch Steel Nails Advanced in Price.—The Scotch Nail- 
Makers’ Association have issued a circular intimating an 
advance of 5s. per ton in the price of all kinds of steel 
nails, owing to the increased cost of raw material. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Sir Charles McLaren, M.P., and Trade Prospects.— 
At the annual meeting of the Sheepbridge Coal and Iron 
Company, held in Sheffield on Monday, a remarkable 
speech was delivered by Sir Charles McLaren, M.P. Sir 
Charles said that he for one did not believe we were going 
to have any boom in the iron and steel trades. There 
was no doubt the iron trade looked more favourable than 
it did, but he might point out that whereas a year ago, 
with iron at 433. per ton, there was only 100,000 tons 
of iron in stock, there was now 600,000 tons in makers’ 
stores, which must have a depressing effect on trade. One 
of the serious difficulties we had to face was the tremen- 
dous organisation of German coal-producers against Great 
Britain. Germany was determined to secure our best 
foreign markets, and in some instances had succeeded. 
The Rhenish-Westphalian Coal Syndicate controlled 73 
million tons of a or two-thirds of the trade of Ger- 
many, and by their system of bounties on all coal exported 
were securing increasing trade with our best customers. 


Sheffield Satisfied.—Mr. H. H. Bedford, President of 
the Sheffield Chamber of Commerce, speaking at the 
banquet of the Incorporated Accountants, on Friday last, 
said Sheffield people had reason to be satisfied with the 
trade of their city in the markets of the world. Although, 
through the increase of foreign tariffs, they had seen many 
markets partially shut against their goods, the enterprise 
of Sheffield manufacturers had more than compensated, he 
thought, for such losses, They had found new markets, 
and, perhaps, better markets, with the result that the trade 
of Sheffield was more than double what it was thirty years 
ago. ‘The immediate outlook for both the steel and light 
trades was mcre cheerful than it had been for a very long 
time. 


Iron and Steel.—In the iron trade there has recently 
been considerable speculative buying owing doubtless to 
the close of the war, and the expectation of an improved 
state of trade. Stocks, however, in makers’ stores are 
very heavy, and this has a depreciating effect on the 
market. Current quotations are as follow : — West 
Coast hematites, 71s. per ton; East Coast ditto, 66s.; 
Lincolnshire No. 3 foundry, 493. 6d.; forge ditto, 46s. 6d. ; 
Derbyshire No. 3 foundry; 503.; forge ditto, 46s.; bars, 
6l. 15s.; sheets, 8/. 103. to 8/. 153. Better orders have 
come to hand for finished. iron, but prices are still very 
low, and profits cut very fine. 


South Yorkshire Coal Trade.—There is a decided im- 
provement in all branches of the coal trade throughout 
South Yorkshire. Pits are working nearly full time, and 
a ready sale is found for the output. There have recently 
been heavy purchases of house coal, both from London 
and the provinces, and prices have advanced about 6d. 

rton. In hards the demand is exceedingly active. 
The export trade is good, heavy supplies being despatched 
through the Humber ports to Russia. 








PURCHASE OF THE SINGAPORE Dooks BY THE COLONIAL 
GOVERNMENT.—We are officially informed that negotia- 
tions have for some time past been proceeding between 
the Government of the Straits Settlements and the Tan- 
jong Pagar Company, for the acquisition of the property 
of that company at Singapore by the Colonial Govern 
ment, the Colonial Government being anxious to acquire 
it in the future interests of the port. That Government 
alone has n concerned, and arbitration proceedings 
have been authorised by the Secretary of State for the 
Colonies te determine the price which the Colonia! 
Government should pay to the company. The arbitrators 
for the two parties are Mr. J. C. Inglis, of the Great 
Western Railway, for the Government, and Sir Edward 
Boyle, K.C., for the company. Sir Michael Hicks 
Beach has consented to act as umpire. The valuation 
which will form the basis of thearbitration proceedings ha ; 
been made by Messrs. Wheatley Kirk, Price, and Co.. 
London, and covers the harbour works of Singapore, and 
dock and shipbuilding yards at Penang. 
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FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Icon Trade.—Yesterday there was a 
fairly large attendance on ’Change, a sharp rise in quota- 
tions occurred, a good deal of business was transacted, 
and considerable excitement prevailed. Buyers were 
cager not only to purchase for early delivery, but also to 
enter into contracts on forward account. Sellers, how- 
ever, were in no hurry to commit themselves forward, 
holding to the belief that quotations would still further 
advance. Reports from other iron centres were of an 
encouraging kind, and it was realised that the improve- 
ment was genuine, and due to a legitimate increased 
demand. ‘The fact that the stock of Cleveland pig 
in the warrant sto-es continued to grow had little or 
no effect on the market, most traders being of opinion 
that before long the requirements would necessitate draw- 
ing upon the stocks, No. 3 > Cleveland pig went 
up at a bound to 503. f.o.b. Buyers were quite prepared 
to pay that figure, and sales on a very good scale were 
recorded at it. No, 1 was 5ls. 6d.; No. 4 foundry, 
483. 6d. ; grey forge, 46s. 3d. ; mottled, 453.; and white, 
443. 6d. Middlesbrough warrants closed 493. a. cash 
buyers. East Coast hematite pig was in excellent re- 
quest, the demand being a good deal more than the supply 
could meet, the result being that substantial advances in 
quotations were made. Mixed numbers readily realised 
60s , and, in fact, towards the close of the market buyers 
experienced considerable difficulty in placing orders at that 
price. Some of the leading makers asked up to 61s. No. 4 
forge hematite was fully 56s. Spanish ore, as was to be ex- 
pected, moved upwards. The mine-owners in Spain being 
well sold, naturally took full advantage of the situation, 
and were very firm in their quotations. Rubio of 50 per 
cent. quality rose to 17s. 6d. ex-ship Tees for early de- 
livery, whilst for delivery ahead 18s. was named. To- 
day thé market was practically unaltered, the only change 
being a drop of 14d. in Middlesbrough warrants. 


Manufactured Iron and Steel.—The various branches of 
the manufactured iron and steel industries are in a very 
healthy state. Not for years has work been so plentiful 
and prospects so bright. Producers have recently secured 
a lot of contracts, and good orders are still in the market, 
rising quotations apparently doing nothing to check pur- 
chasing. Further advances, as was anticipated, have 
been made, and we have this week to record a 5s. rise in 
plates, angles, and joists. Quotations for other descrip- 
tions are very strong, and are expected to mov 
upward at almost any time. Market rates stand :— 
Common iron bars, 6/. 10s. ; best bars, 7/. ; iron ship- 
plates, 6/. 10s.; iron ship-angles, 6/. 15s.; steel ship-plates, 
6l.; steel a 5l. 17s. 6d.; steel joists, 5/. 15s. ; 
steel sheets (singles), 7/. 7s. 6d. to 7/. 103s.; steel sheets 
(doubles), 7/. 17s. 6d. to 8/. ; and heavy sections of steel 
rails, 5/. 5s.—all less the customary 24 per cent. discount, 
except rails, which are net at works. 


Coal and Coke.—Coal shows some improvement. There 
are good deliveries of gas-coal on running contracts and 
quotations are firm. Best Durham gas is 83. 9d. to 93. 
f.o.b. ; and second kinds, 8s. 3d. Bunker coal is in good 
request and firmer in price. Unscreened Durhams may 
be quoted 83, to 83. 1}d. f.o.b. There is a fair business 
doing in coking coal, the value of which is 8s. 6d. to 8s. 9d. 
Coke is in large and growing request, but it is very plenti- 
ful, with the result that quotations have not risen—as 
they usually do—with advances in pig iron. Medium 
blast-furnace coke is still to be had at 15s. 6d. delivered 
here, but several sellers endeavour to fix the price ata 
rather higher figure. Export coke is about 16s. 6d. f.o.b. 


NOTES 








NOTES FROM THE SOUTH-WEST. 

Cardiff.—The steam-coal trade has shown little change, 
although sellers appear disposed to take a more hopeful 
view. The best large steam coal has made 12s. 6d. to 
12s. 9d. per ton, while secondary qualities have ranged 
from 11s. 6d. to 12s. 6d. per ton. House coal has exhbi- 
bited a firm tone; the best ordinary qualities have made 
13s. to 14s. per ton, while secondary descriptions have 
realised 10s. 6d. to lls. per ton; No. 3 Rhondda large 
has made 13s. 6d. to 13s. 9d. per ton. Foundry coke 
has been quoted at 17s. 6d. to 193. per ton, and furnace 
ditto at 16s. to 163. 3d. per ton. As regards iron ore, 
Rubio and Almeria have made 15s. to 15s. 3d. per ton 
upon a basis of 50 per cent. of iron, and charges, including 
freight, insurance, &c., to Cardiff or Newport. 


The Swansea Valley.—The tin-plate trade is somewhat 
depressed ; on the other hand, the demand for all descrip- 
tions of black sheets is increasing. The steel trade has 
about held its own. 


Dowlais.—The Goat Mill has beaten the record as 
regards its weekly production of rails, the last output 
returned exceeding 4000 tons. This total was principally 
inade up of heavy section rails which were taken for the 
most part by South.America and Australia. Steel sleepers 
have also been turned out, to some extent, for export. 
The Big Mill has been engaged upon smaller section steel 
sleepers, as well as upon colliery rails and fishplates. 


Berry Head.—-Operations have been commenced for the 
erection on Berry Head, near Brixham, of a lighthouse, 
iong needed by ships of the Royal Navy, Brixham fishing 

macks, and trading as sme, The necessity of 
the structure is demonstrated by the fact that the nearest 
lighthouse to the eastward, at Portland Bill, is 42 miles 
distant, the nearest to the westward, at Start Point, being 
\2 miles off. The veg A Head lighthouse has been under- 
taken by the Trinity House, who have purchased a piece 
{ ground 65 ft. by 55 ft. near the extreme point 
{ the headland. The promontory being about 183 ft. 


lighthouse will be only 20 ft. from the ground, including 
a 5-ft. dome. The base is to be of Cornish granite, sur- 
mounted with an iron and glass frame for the lantern ; the 
dome is tobe of copper. The frame is to be 10 ft. square, 
with a circular lantern. The light will be sufficiently 
powerful to be seen 20 miles out at sea. The lighthouse 
will probably be completed by Christmas. 


Wages in Wales.—The South Wales Coal-Owners’ 
Association has communicated with the Miners’ Federa- 
tion, suggesting that a conference to arrange a new wages 
agreement should be called in October. ‘The old agree- 
ment expires at the end of this year, and anxiety 1s ex- 

ressed in the trade as to the result. The men’s leaders 

ave recently madean emphatic expression of their inten- 
tion to resist to the uttermost any attempt to reduce the 
existing minimum wage of 30 per cent. on the standard, 
while on their side the coalowners claim that, in view of 
German competition, there must be a readjustment of 
a to enable Welsh coal to maintain its place in foreign 
markets. 








MISCELLANEA. 

Bice and feed pipes of copper, or its alloys, can, it is 
claimed, be protected from corrosion by coating them 
with a layer of oxide of iron. The process is due to Herr 
Uthemann, consulting engineer to the German Admiralty, 
who has made a series of elaborate experiments on this 
matter extending over a period of more than two years. 


A new mercury-vapour lamp has recently been pro- 
duced at Jena by Messrs. Schott and Co., making use, for 
the envelope, of a special glass, very tranparent to ultra- 
violet rays. The light emitted is highly actinic, and 
very useful for photographic work. With voltages of 110 
to 220, and a current of 2 or 4 amperes, the lamp gives a 
light of 800 candles. 


Messrs. J. I. Thornycroft and Co., Limited, accom- 
plished a smart piece of work at their new Woolston 
premises last Saturday, when, within a time-limit of 
24 hours, they dry-docked the Hamburg-American liner 
Amerika, and cleaned and applied two coats of composi- 
tion to her hull. The Amerika is the largest boat which 
has as yet entered Southampton. 


According to M. Bainville the tensile strength of the 
carbon filament used in incandescent lamps is 4300 lb. to 
5800 lb. per square inch. The temperature attained by 
it when the lamp is in operation has been variously esti- 
mated at 1400 deg. to 1800 deg. Cent. In order to deter- 


of the bulbs he tested a number of old lamps, and, noting 
the candle-power, then opened the Jamps, cleaned the 


as to candle-power. The loss due to the blackening of the 
globe proved to be over 20 per cent. in the best specimen, 
and 70 per cent. in the worst cases tested. 


Nickel carbonyl (from which Mond obtains metallic 
nickel) is found by Sir J. Dewar to be more efficiently 
prepared by working under a pressure of 2 to 100 atmos- 
pheres, the formation then taking place under condi- 
tions which allow of the application of heat to accelerate 
the reaction. Dewar and Jones find that the action of 
halogens and several active inorganic substances on nickel 
carbonyl is usually to break it up into carbon monoxide 
and nickel compounds. The following reaction with 


of compounds of carbon monoxide observed :—- 
Ni (CO), + Cl. = NiCl, + 4 CO. 
Nickel carbonyl + chlorine = nickel chloride + 
carbon monoxide. 


In an article in the Popular Science Monthly on 
**General Education for Engineers,” Professor Charles 
D. Marks, whilst insisting that an engineers’ culture 
must extend beyond the purely scientific und material, 
at the same time expresses the view that all classes should 
have some education in engineering. The whole organi- 
sation of the modern state is based on the engineer, by 
whose aid alone is modern civilised life possible. The 
material benefits with which he has endowed mankind 
are undeniable, and the intellectual side of the race is 
served by the abolition of soul-and-mind-killing drudgery 
which the engineer has already so largely accomplished. 
‘* Surely,” says Professor Marks, ‘‘he cannot be held to 
be truly educated who is ignorant of the conditions which 
surround him, and of the methods by which his daily 
intellectual and physical needs are met.” 


The official opening of the new water works at Talla, 
by which the supply to Edinburgh will be augmented by 
10 million gallons per day, took place yesterday. » The 
works were briefly described on page 638 of our issue of 
May 26 last. The Talla is one of the affluent waters of 
the Tweed. By means of an earthen dam, with a crest 
level 90 ft. above the bottom of the valley, an impounding 
reservoir 2 miles long, with a water surface of 257 acres, 
has been formed, the capacity of which, at the Jevel of 
the by-pass, is 2750 million gallons. The puddle trench 
was sunk to sound rock, the greatest depth below 
as attained by it being 60 ft. The conduit has 

een constructed ely in tunnel, and of sufficient capa- 
city to pass twice the 10 million gallons per day which 
can be supplied by the new reservoir, the intention 
being at some future date, when the necessities of the 
city require it, that a second reservoir shall be formed in 
the adjoining valley of the Menzion. The total length of 
the conduit is 35 miles. By the completion of this new 
reservoir and conduit at a cost which is expected to reach 


1} million sterling, the water supply available in Edin- 
burgh will be 55 gallons daily per head, which should be 
sufficient for many years to come. 





Profeasor C. G. Knott recorda, in the Transactions of 





high, there is no necessity for a high tower, so that the | 





mine the loss of light in old lamps due to the blackening | 


chlorine is typical, for in no instance was the production 





the Royal Society of Edinburgh, his experiments on the 
magnetisation and resistance of nickel wire at high tem- 
peratures. They deal with the effect of longitudinal 
magnetisation on the electrical resistance of nickel wire 
up to 400 deg. Cent.—the temperature about which nickel 
loses its pronounced magnetic properties. The results 
are summarised (1) in a diagram of isothermals, showing 
the relation between magnetising force and resistance 
change at various temperatures; and (2) in a diagram of 
isodynamica, showing the relation between resistance 
change and temperature in the various fields. In the 
higher fields the resistance change diminishes as the 
temperature rises, and is practically non-existent above 
350 deg. Cent. Hence it appears that the change in 
question is a function, not of the magnetising force, but 
of the magnetisation or induction in the nickel. The 
isodynamic curves further indicate a peculiarity at or 
near 180 deg. Cent. This is probably connected with the 
abnormal thermo-electric behaviour of nickel at 180 deg. 
to 200 deg. Cent., and with the abnormal temperature 
coefficient of the resistance of nickel at the same tem- 
perature. 


On Sunday, the 24th inst., Messrs. Alex. Findlay and 
Co., Limited, Motherwell, did a smart piece of bridge- 
building in the reconstruction of the bridge carrying the 
West London Railway and the London and North- 
Western Railway over Scrubbs-lane, at Wormwood 
Scrubbs, near Willesden. This bridge is a rather im- 
portant one, as, in addition to the two railway companies 
above mentioned, the Great Western Company have also 
running powers over it. ‘The bridge itself consists of four 
web-plate girders 88 ft. long, with Findlay’s troughing 
forming the floor, and the total weight of steel is about 
160 tons, It was built on bogies carried on a temporary 
timber staging, in line with the old bridge, and the rail- 
way company anticipated that twenty-four hours would 
be required for the removal of the old bridge and the 
drawing in of the new one, as there was a public roadway 
below and a considerable skew on the bridge. The 
arrangements, however, were so well planned that every- 
thing was in position ready for use fully 10 hours before 
the expiry of the time fixed. The work was started 
about 6 a.m., and by 9 a.m. the old bridge had been re- 
moved and the new one drawn into position ready for 
lowering into place. Some work, however, had to be 
done on the -stones, which could not be done during 
the week, and some time was occupied on this and in lay- 
ing the rails and sleepers, and making up the permanent 
way. 


In a paper published in a recent issue of the Journal 
of the American Chemical Society, Mr. F. F. Grout de- 


| scribes a new method - measuring the 2 page of av. 
| The plasticity he considers is proportional to the product 
bulbs, and re-exhausted them, finally making a new test | a z pe “tr 


of two factors—viz, the load required to sink a Vicat 
needle a definite depth into the mass of the clay, and, 
secondly, the deformation of the clay under stress, 
which a measures by the increase in area of a clay cy- 
linder produced by the load which just causes cracks to 
appear. If these two factors are separately observed for 
a given clay tempered with different quantities of water, 
it is found that the products obtained by multiplying 
each set of corresponding factors together lie on a 
smooth curve which has a well-defined maximum for 
some particular proportion of tempering water. He 
finds, moreover, that whilst fine grinding generally 
improves the plasticity of a clay, this is not invari- 
ably the case. The addition of sand or crushed quartz 
impairs the plasticity, though the effect only begins to be 
marked when the amount added is appreciable. The 


| cause of plasticity he finds in the molecular attraction of 


the lamin of clay for water, just as two plates of glass 
can be held together by a film of water between them, 
which acts both as a sort of cement and a lubricant, allow- 
ing the two pieces to slide over each other easily, but 
not to separate. The addition of tannin and other 
colloids to the water used in tempering increases the vis- 
cosity of the water films, and augments thereby the plas- 
ticity. 








University CoLtecr, Lonpon.—The work of the engi- 
neering school at University College, London, will begin 
on Tuesday, October 3. The prospectus of the school 
shows some important developments in its work since 
last year. The three years’ course for students quali- 
fying for the diploma or for the degree in engineering 
has now been fully organised. In connection with the 
department of civil engineering and surveying, an impor- 
tant new departure has been taken in the form of enlist- 
ing the services of eminent engineers in practice for 
special courses. For instance, Mr. H. Deans, M. Inst. 
CE. is to give a course in Railway Engineering, and 
Mr. A. T. Walmsley, M. Inst. C.E., in Waterways, 
Roads, Street Paving, and eye By this means 
the teaching of the school will be brought into direct 
touch with present-day practice. 

Trxs-Sip—e Water Suprpty.—Two new reservoirs at 
Longnewton have been inaugurated. When the Tees 
Valley Board decided to construct these reservoirs, it was 
intended to provide a capacity of 100 million gallons of 
water, but, thanks to the foresight of the manager (Mr. D. 
D. Wilson) and the members of the Board, the capacity 
was inc to 230 million gallons. While one of the 
huge water-tanks is emptying, the other will be filling 
with water, and in this way the water in both will be kept 
running. ‘Together the two reservoirs measure 430 yards 
long and 160 yards wide, and they provide an area of 
40 acres of water, standing at a depth of 21 ft. The site, 
which was purchased from Lord Londonderry, cost 3700/., 
and the contract has been carried out by Mr. J. Scott, of 
Darlington, at a cost of about 300,000/. This amount is 
double the original estimate. 
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THE ARROL-JOHNSTON TOURING-CAR. ° 


It has for some time been recognised that motor-car 
racing of the kind seen in the annual contests for the 
Gordon-Bennett Cup is not productive of benefits 
either to the manufacturers or to the users of cars at 
all proportional to the expenses involved. The com- 
petition for speed led to the construction of machines 
of enormous power, and utterly useless except for 
racing purposes, while the highly artificial conditions 
of the race, with gangs of workmen at short intervals 
to replace tyres and make good defects as they de- 
veloped, afforded little test of the qualities looked for 
by the majority of prospective purchasers. The Auto- 
mobile Club of Great Britain and Ireland therefore 
decided not to compete again in the Gordon-Bennett 
race, but to organise instead a contest which should 
assist in the development of a thoroughly economical 
and reliable car suited to the needs of the ordinary 
purchaser. 

The outcome of this resolution was the race for 
touring-cars held on the 14th iost , in the Isle of Man. 
The competing cars had to comply with certain rules 
drawn up with the express object of disqualifyin 
machines specially built for racing, however disguise 
with touring bodies, &c. The weight of the chdssis 
was fixed between upper and lower limits, and the 
cars had to be built to carry four persons, although on 
the day of the race two only were carried, ballast 
being taken to make up the full passenger weight to 
600 lb. The power of the engines was indirectly, but 
none the less effectively, limited by allowing only a 
gallon of petrol for every 25 miles of ‘‘dry average 
road” to be traversed. As a matter of fact, the course 
on the day of the race was not adjudged as being quite 
equal to ‘‘dry average road,” and consequently the 
fuel allowance was raised to a gallon per 224 miles, 
This restriction naturally worked greatly to the 
advantage of economical cars. Another feature of 
the race was that no outside assistance whatever was 
to be given to the competitors by the manufacturing 
firms interested. The driver and his assistant had to 
remedy any mishaps occurring to the machinery or the 
tyres, exactly as would comity be the case on tour. 

The race course consisted of four laps round a route 
in the Isle of Man, making a total distance of 208} 
miles. Each car was given 9} gallons of — by 
the authorities. Fifty-four cars entered, but only 
42 started, 12 having been scratched owing to un- 
readiness or non-compliance with the rules. Several 
cars that did compete were so near the weight limit 
that axle-caps had to be taken off and replaced by rag 
bandages ; one car had a cardboard bonnet, and other 
makeshifts were adopted to keep the weight within 
the specification. Of the starters, thirteen had 14 
horse-power engines, eight had 16-horse-power en- 
gines, six had 15-horse- power engines, five had 
18 horse-power engines, and four had 20-horse-power 
engines, The winner was the 18-horse-power Arrol- 
Johnston car, driven by Mr. John S. Napier, who 
covered the 208} miles in 6 hours 9 minutes 14} 
seconds, at an average speed of 33.9 miles an hour, ona 

etrol consumption of 1 gallon for each 26.5 miles run. 
This is particularly good work, as on each circuit of the 
course the car had to climb 1360 ft. above its starting 
point, and some very sharp corners had to be turned. 
It is further creditable both to the driver and the car 
that the course was finished with a considerable quan- 
tity of petrol still in hand. 

Ve illustrate the winning car in Fig. 1, annexed, 
and give a apes view of the chdssis arrangement 
in Fig. 2. The chdssis weighs 1864 lb. unladen, and 
2530 lb. laden. As will be seen by Fig. 1, a tonneau 
body was fitted to seat four persons, the entrance 
being by the front seat. The frame is of pressed 
channel steel, the web being drilled in places to save 
weight. Theengine is of 18 brake horse-power, and 
has two cylinders cast together, 4? in. bore, and 64 in. 
stroke. It works horizontally, at a normal = of 
800 revolutions per minute, the minimum and maxi- 
mum speeds being respectively 200 and 1100 revolu- 
tions per minute. The car has four forward speeds 
and one reverse, all obtained with gear of the sliding- 
pinion type operated by a single lever. With the 
engine at 800 revolutions per minute, the speeds are 
9.4, 21.8, 31.6, and 45 miles an hour, the last speed 
being obtained by a direct drive from the engine. 
There is an automatic governor of the hit-and-miss 
type acting on the exhaust, and controlled by a wheel 
and screw at the side of the :teering pillar. Low- 
tension magneto-ignition only is used. A force-pump 
is used for lubrication, and a rovary pump driven by 
gearing from the crank-shaft maintains the circulation 
of the cooling water. 

The engine is controlled by a special throttle-valve, 
the operating lever being immediately under the 
steering-wheel ; there is no accelerator pedal. There 
are three brakes: one on the propeller-shaft worked 
by a pedal, and two on the hubs worked by a hand- 
lever. The carburettor is of the Arrol Johnston t pe- 
A Hele-Shaw friction-clutch is used and a spring drive 
is fitted at the rear end of the driving shatt, ite to 


THE ARROL-JOHNSTON TOURING MOTOR-CAR. 


CONSTRUCTED BY THE NEW ARROL-JOHNSTON CAR COMPANY, LIMITED, PAISLEY, 








Fig. 2. 


throughout the car. Continental tyres are used, 815 | Ten Years’ Ratt Exports —The value of the rails ex- 
millimetres by 105 millimetres. The tanks will carry poeet from the United ae has fluctuated greatly 
r 


12 gallons of petrol and about 3 gallons of circulating | from year to year during the past decade. Upon the 
water. | whole, however, it has shown a tendency to increase, the 


The car was built by the New Arrol - Johnston | totals for the ten years ending with 1904 inclusive having 
Car Company, Limited, of Paisley, N.B., and is been as follow :— 


entirely of British construction and material, practi-| °° — ons. — 

cally all parts being made by the company at Paisley.| —_1895 1,432,911 1900 2,366,785 
We understand that the Arrol-Johnston Company are! _— 1896 2,504,357 1901 2,736,264 
also manufacturing cars of 12 and 24 horse-power,| —}59 aca a po 
specially for touring purposes, and commercial vehicles | —_j 399 2'311,200 1904 2,544,289 


| It will be observed that 1903 was the record year. The 
| falling off in 1904 was principally attributable to the 
weakness of the South African and Australian demand. 


fitted with engines of both powers. 





AMERICAN Drawsack REGULATIONS. —The United | 
States Treasury Department has prepared an elaborate| PxrsonaL.—Messrs. Princeps and Co., Sheffield, have 
series of regulations for the allowance of drawback of duty | appointed Mr. A. S. Mumme, of 95, Leadenhall-street, 
on exported locomotives. The regulations constitute an | sole agent for London and district for their piston-rings, 
important extension of a series prepared in May, 1903, | metallic packings, steam-driers, traps, files, twist-drills, 
upon the application of Burnham Williams and Co.,| and other specialities.—The \Wellasan-Seaver-BMorgen 
Baldwin Locomotive Works, Philadelphia. These rules| Company, of Cleveland, Ohio, have arranged for the 
provided for drawback of duty paid on imported steel | formation of a separate English company to take over 
bloums used in the manufacture of driving axles, engine-| their patents and business in Europe and the British 
truck axles, tender-truck axles, connecting-rods, piston-| Empire. Mr. 8. T. Wellman will be chairman, and Mr. 
rods, wrist-pins, and guides. These parts were authorised | Benjamin W. Head the managing director. The offices 
to be made by the Standard Steel Company, Burnham, will be at 47, Victoria-street, London.—The share capita! 
Pennsylvania, and delivered to the Baldwin Locomotive | of Messrs. Veithardt and Hall, Limited, of 41, East 
Works. The regulations of 1903 have now been extended | cheap, London, E.C., has been increased from 35,000/. to 
to cover valve yokes, valve-yoke knuckle-joints, radius | 100,000/.—The improvements committee of the Leeds 
rods, reverse links, reverse shafts, reverse lever-rods, link- | City Council selected, out of ninety-seven applicants, Mr. 
blocks, link-block pins, lifting-links, eccentric rods, |W. T. Lancashire, deputy city surveyor of Sheffield, for 
eccentric-rod pins, engine-truck stays, engine-truck spring- | the city engineership of s, at a salary of 600/. per 
links, engine-truck swinging-links, engine-truck pins,|annum. Mr. Lancashire served his articles with Mr. W. 
engine-truck bolts, safety-bars, draw-bars, draw coupling- | Dennis, of Westminster, and he was appointed deputy 
pine, radius-bars, lifting-links, draw-hooks front, draw- | city surveyorof Sheffield in 1899.—The North-Eastern Rail- 

ooks back, safety-bar pins, safety-bar links, and screw- | way Company has appointed Mr. T. M. Newell its docks 
coupling forgings, used in the manufacture of locomotives | engineer, to succeed Mr. E. Lake as oneof the company’s 








the differental gear. Roller-bearings are employed 





and forged from imported iron bars. | representatives on the Humber Conservancy Commission. 
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ROYAL TRAIN FOR THE PRINCE OF WALES'S TOUR IN INDIA. 
CONSTRUCTED AT THE LILLOAH WORKS OF THE EAST INDIAN RAILWAY COMPANY. 


For Description, see Page 399.) 


























Fic. 31. Lavatory 1n Royat SALoon. Fic. 32. KircnHen-RAncEs. 
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THE REMUNERATION OF LABOUR. 


THE analysis published in our ‘‘ Industrial Notes” 
this week of the recent Government return regard- 
ing the changes in recent years in rates of wages 
throughout the United Kingdom, and the means by 
which the fluctuations have been controlled, reveals 
a most gratifying tendency towards conciliation in 
the relationship between capital and labour. The 
remuneration of labour continues to be the most difli- 
cult economic problem in connection with industry; 
but, as the figures quoted show, there are indica- 
tions that sliding scales have proved advantageous 
in cases where labour bears a direct ratio to the 
cost and selling price; while in industries where 
mechanical aids predominate, and other factors 
operate, effective effort is being made to evolve a 
comprehensive system whereby the remuneration 
will be directly proportional to the ability and dili- 
gence exercised by the worker. Thus there have been 
evolved several preferential, premium, and bonus 
systems. Every such method is worthy of careful 
consideration as to its influence not only on the cost 
of production, but also on the wage of the worker. 
One such scheme was brought under the notice of 
the members of the Iron and Steel Institute, who, 
in the course of their meetings at Sheffield this 
week, visited the new works at Huddersfield of 
Messrs. J. Hopkinson and Co., Limited, which 
were recently illustrated in ENGINEERING (page 303 
ante). 

Their foundry is organised on a ‘‘differential piece- 
work system ;” a certain tale of work is expected 
from a workman per day. If he attains this, he is paid 
at a higher rate per piece than if he fails to reach the 
standard. It will ie be seen that in this respect 
the system differs essentially from the premium 
plan, where the greater the output of the workman 
the less the labour cost per piece, whereas with the 
differential piece-rate the labour cost increases with 
the output. At first sight this arrangement seems 
unprofitable, and likely to lead to trouble in the 
office, although, as the standing charges in an indus- 
trial undertaking are more or less infependent of 
the output, it is easy to understand that the en- 
hanced labour cost per pees is by no means incom- 

atible with a substantial reduction in the total cost. 

his differential piece-rate system seems to have 
originated with Mr. F. W. Taylor, of Philadelphia, 
to whom, in conjunction with Mr. White, the engi- 
neering world is indebted for the introduction of 
the modern high-speed tool steels. The system was 
introduced in the first place at the Midvale Steel 
Works about 1883, and proved so acceptable to 
both men and management that during the next 
ten years, which were characterised by. frequent 
and violent strikes in the steel trade, there were 
no labour troubles of any kind at these works. 
The basic idea of the plan as originated was the 
ascertainment of the maximum output which a 
really first-class man could permanently maintain. 
Experience proved this to be from two to four times 
as much as the average man could do in ordinary 
conditions. The first-class men were then attracted 


*| to the works by fixing the higher piece-rate, so that 


a man attaining the standard limit was paid at a 
rate which made his wages 30 to 100 per cent. 
more than the ordinary union rate. If the man 
failed to attain the output fixed, his price per piece 
was reduced, the result being that if he fell only 


2! slightly below the standard, his wages amount to 


rather less than the trade-union rate. 

It should be stated that in the above we are 
merely setting forth the principles laid down by 
Mr. Taylor, but in Messrs. Hopkinson’s works the 
standard rate is the minimum.. The average man is 
better off in works managed on different principles, 





and will naturally transfer his services to them at 


the first opportunity, and, failing this, would be dis- 
charged if, after a fair trial, he proved incapable 
of accomplishing the daily task set. A new hand 
is given the opportunity of discovering whether 
he really is -a first-class man or not. If he 
finds he is unequal to stand the strain caused 
by the work, he leaves without ill-feeling, havin 

had his chance; whilst if he is of exceptiona 
ability, he finds himself in receipt of an income far 
in excess of his earnings elsewhere, and is con- 
sequently very anxious to keep his job. The pro- 
ptietors, on the other hand, though their labour 
cost per piece is high, are saving so much by dis- 
tributing their fixed charges over an enormously 
increased output that they are well able to pay the 
high rates which are essential if a first-class man is 
to be induced to work at his best output. 

The saving which has- proved possible under 
this system is very remarkable. Up till the spring 
of 1899 all the materials in the yard of the Beth- 
lehem Steel Company were handled by gangs of 
labourers under the charge of foremen, who were 
themselves labourers promoted for their efficiency 
and good conduct. The labourers were paid 
4s. 94d. per day. In the year named Mr. Taylor 
determined to try and reduce the cost of this work, 
and to that end put in charge of the line of pro- 
gress a graduate from a technical college with no 
experience in dealing with this particular class of 
labour. The net result was that in the year ending 
April 30, 1901, the cost of handling 924,040 tons 
(2240 lb.) of coal, ore, and the like was 30,797.78 
dols., in place of 67,215.47 dols., showing a saving 
under the new system of well over 50 per cent. of 
the previous cost. The men who did the work 
were paid 7s. 10d. per day instead of 4s. 94d. ; but 
each man averaged 57 tons per day, instead of 
16 tons under the old system. It has, however, 
to be remarked that only one new candidate in 
five proved capable of meeting the requirements. 
To attain the remarkable result stated, the first 
step taken was to determine, by means of a stop- 
watch, the actual time of each operation, as per- 
formed by a first-class man. Thus, in loading pig iron 
into a car, the whole operation was divided up into 
its separate elements as follows, and the time of each 
noted :—(1) Picking up pig from the ground (time 
in hundredths of a minute); (2) walking with it 
on the level (time per foot walked) ; (3) walking 
with it up an incline to a car (time per foot walked) ; 
(4) throwing down the pig, or laying it on a pile 
(time in hundredths of a minute); (5) walking 
back empty to get a load (time per foot walked). 
The absolute quickest time in which it is possible 
to do the work is the sum of all these elements, 
and to this total must, of course, be added the time 
needed for rest, or otherwise lost, which may 
amount to 30 per cent., but can be ascertained by 
comparing the actual time taken by a first-class 
man in daily work with the quickest possible time 
as above determined. In a similar way, Mr. 
Taylor maintains that every operation in the 
machine-shop can be analysed, including, of course, 
the preliminary labourers’ operations, as well as 
the work done by the machinist ; the latter com- 
prises the time spent in considering how to clamp 
the job, the getting out of the tools, the shift- 
ing of the table, tool-holder, &c., into position, 
the getting of the work on the centres, the several 
operations of clamping, tool-setting, testing with 
calipers, levels, or the like, and all similar opera- 
tions, in addition to the actual work of machining 
proper. The time needed for each cut is also 
noted, together with the feed and character of the 
material. 

The cost of all shopwork consists of two elements 
—viz., the time heeded by ideally perfect workmen, 
requiring no rest and never making a mistake, and 
the ‘‘lost time.”” On Mr. Taylor’s system of timing 
operations, the former moiety of the total time is 
recorded, and on any new work can be definitely 
stated, so that the amount of time unavoidably lost 
has alone to be guessed at. As actual times taken 
are compared with these theoretic times on the 
completion of each stage of the progress, the lost 
time at each is determined, and steps can be taken 
to reduce it. Thus, when a sufticient number of 
observations have been made, it is possible to draw 
up a table in advance showing the time required for 
each individual operation on a proposed piece of 
work. This table accompanies the work to the 
workman, and keeps him informed at each step how 
he is keeping pace with the standard times. In 
quite new work, whilst the standard time is 





stated, the workman is allowed a very large 
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margin of lost time, but is simultaneously informed 
as to what will ultimately be expected from him. 
With this system in use at the Midvale Steel 
Works the number of forgings of a certain kind 
which could be turned in a working day was raised 
from between five or six to ten, the timing system 
being supplemented by a differential piece rate. 
If the workman turned out the ten, he received 
a high rate per piece, whilst if he failed to do this, 
he received a low rate per piece. This large loss 
for a small deficit is considered by Mr. Taylor an 
essential feature of the system, as without it the 
output soon falls below the standard. 

We have described this plan of Mr. Taylor’s at 
some length because under it the output in several 
large works was notably increased, and there was 
an entire absence of labour troubles ; but in spite of 
this the system, in our opinion, seems open to 
certain drawbacks. With it there seems no room 
in the same works for first-class and mediocre men, 
though the latter form by far the majority of the 
working classes, as of all other classes of the com- 
munity. Indeed, Mr. Taylor, in his papers read 
before the American Society of Mechanical Engi- 
neers, to which we are indebted for the above details, 
insists on the importance of the object-lessons 
afforded by the dismissal of men for failure to 
perform their allotted daily task. With British 
works managers, at any rate, this concomitant of 
the system as outlined by Mr. Taylor would be 
extremely distasteful. The most distressing portion 
of a manager’s duties arise when bad trade, or 
other reasons, necessitate a reduction in the staff. 
From his wife, who is often appealed to by the 
men’s wives, or by the clergyman, he learns what 
takes place inside the dismissed man’s front door 
when he brings back the fateful news which is to 
break up his home. After all, the mediocrities 
have a right to some consideration. It must 
doubtless add greatly to the pleasures of manage- 
ment to have none but the most capable workmen 
to deal with ; but it can never be feasible to man 
all factories entirely with selected men. 

The premium system as allocated by Mr. Halsey 
seems free from these objections ; but there the 
difficulty lies in knowing what the proper premium 
should be. On new work the men will naturally 
‘**soldier” a little, with a view to securing the 
possibility of a large premium. ‘To a certain ex- 
tent Mr. Rowan’s modification of the premium 
system avoids this difficulty, and the still greater 
one of trouble at the cashier’s office, by making of 
minor importance even large mistakes in rate-fixing. 
On his plan, it will be remembered, the man’s pay 


per hour is equal to p (1 + ) where p is the 


ordinary day-rate per hour, ¢ the number of hours 
allowed for the job, and s the number of hours saved 
by the workman. Hence under no conditions can 
his pay be more than double his time rate ; whilst, 
onthe other hand, every extra effort he puts forth 
gains him an additional reward. A combination of 
this system, or even of the original premium system, 
with Mr. Taylor’s plan of determining the quickest 
time in which it is possible to execute the work, 
would seem to have much to recommend it. The 
knowledge gained as to quickest conceivable time 
in which the work can be done must make it 
possible to reduce the proportions of the ‘‘ lost 
time,” though, naturally, this can never be entirely 
eliminated. The main drawback would appear to 
lie in the time and trouble essential to the proper 
determination of the elemental times required for 
each operation. It cannot be done in odd hours by a 
clerk or a manager, but must form the sole occupa- 
tion for some months of a careful and competent 
man, who, if inexperienced, is certain to waste much 
time at the outset by failing to realise exactly the 
facts which it is necessary to record. | Once this in- 
formation is available, however, it is obvious that the 
note accompanying the work showing the workman 
the time in which he should succeed in accomplishing 
each individual operation must act as a spur to 
induce him to exert his best energies. Moreover, 
the data collected make it possible to fix with 
accuracy standard times for new work of all kinds. 
To get the best results from the system a very 
radical reorganisation of a workshop may be neces- 
sary; but benefit should also result even where 


circumstances do not admit of any very material 
alterations in established methods of doing work. 
Of course, the differential piece-rate system, 
where run on Mr. Taylor’s lines, has the advantage 
of manning the whole factory with a corps d’élite ; 





but this, as stated above, cannot be generally 
practicable, though where adopted it has led to 
remarkable results, of which some examples have 
been given above. In another case mentioned by 
Mr. Taylor, the establishment of the system in the 
inspection of bicycle balls led to thirty-five girls 
working 8} hours a day doing work which formerly 
took 120 girls working 10} hours a day. At the 
same time the rate of pay was doubled, and the 
accuracy of inspection greatly increased. Here a 
detailed time study carried out on the lines de- 
scribed above showed a large proportion of “ lost 
time,” and also indicated how it could be reduced. 
The necessary changes were made with the results 
just stated ; but here, again, it was found that only 
a proportion of the girls tried were capable of work- 
ing at the rate required. The necessity of dis- 
missing all but the very ablest men would seem an 
insuperable objection to the working of a differential 
piece-rate system on Mr. Taylor's lines, and serious 
modifications would, therefore, be necessary to fit 
it to British conditions. 





FOREIGN CAPITAL IN JAPAN. 

Tue termination of the war between Japan and 
Russia is certain to mark a great development of 
industrial and commercial enterprise in the Far 
East, as the Japanese will take full advantage of 
the new fields which have been opened up to them 
as the results of the war. It was hoped that an 
indemnity would have been obtained from Russia 
for the expenses of that war, and no doubt the 
present financial conditions may make it difficult 
to carry out the extensive developments which 
have been suggested ; but in the end a slow and 
steady development will be more advantageous to 
the country than a sudden outburst of activity 
in all directions, some of them, no doubt, ill- 
considered. 

The termination of the war has almost synchro- 
nised with the coming into force of the new laws, 
which were passed during the last session of the 
Diet, regarding debenture trusts and mortgages, 
the text of which has just reached this country, 
and which have removed the obstacles which have 
hitherto prevented the investment of foreign 
capital in Japan. Their publication at the pre- 
sent moment is most opportune, because if advan- 
tage is taken of them, the loss of the indemnity 
may be far more than made up by the judicious 
investment of foreign capital, which no doubt will 
be much more closely looked after than would have 
been the case if a large indemnity had been placed 
at the disposal of the Government of Japan. 
Sudden increases of riches, either to individuals or 
nations, are very dangerous, while, on the other 
hand, the discipline derived from the efforts to 
combine efficiency and economy leads to far more 
satisfactory results in every respect. In Japan in 
the past trading, mining, and transport companies 
were unable to raise funds by mortgage, as the 
laws then in force did not authorise the establish- 
ment of trust companies or the nomination of 
trustees in whom mortgaged properties could be 
vested as security for debenture-holders. Under 
the new laws, railway companies and mining and 
manufacturing corporations may not only mortgage 
their moveable and immoveable assets, and vest 
the mortgaged properties in ‘‘ trust companies,” 
the formation of which is now authorised for the 
first time ; but they may also invite subscriptions 
for debenture issues in a foreign country, and 
conclude trust contracts with foreign companies, 
which must, in that event, appoint a representative 
in Japan. The latter possess equal powers with 
Japanese trust companies. 

he texts of the various laws have been drawn 
out with very great care, and seem to meet all the 
conditions which are likely to arise. We cannot, 
of course, enter into details, but a few notes indi- 
cating their scope may be given. By a “ trust 
company” is understood a company engaged in 
trust business connected with secured debentures. 
Debentures to which it is proposed to attach 
security on things must be issued in accordance 
with the trust contract concluded between the com- 
pany issuing the debentures and the trust com- 
pany. The security on things to be attached to 
debentures is limited to the following :— Pledge of 
moveables or of a claim under a written instrument 
or to a mortgage on immoveables, vessels, railways, 
factories, or mining properties. Trust business 
connected with secured debentures must not, 
except in cases otherwise provided for by special 





law, be carried on without a charter from the 
competent authority. A trust company cannot, in 
addition, engage in any other business except that 
of banking, and the total amount of the share 
capital or of the contributions in money of such a 
company shall not be less than a million yen. 

Under the Railway Mortgage Law a railway 
company may create for mortgage purposes a 
railway foundation in respect of the whole or a 
part of its railway. A railway foundation is 
formed with the following, which belong to the 
owner of the said foundation :—(1) Railway lines, 
land for railway use, and works and appliances 
thereon ; (2) workshops and warehouses ; (3) works 
connected with water for railway use, and the land 
and appliances appertaining thereto; (4) works 
required for communication, signals, &c. ; (5) 
superfices and registered leases ; (6) rolling stock 
and appliances appertaining thereto ; (7) materials, 
instruments, and appliances necessary for the 
maintenance of the line. 

In the Factory Mortgage Law a “factory ” is 
understood to be a place used for the purpose of 
manufacturing articles, or working thereon, print- 
ing or photographing for trade ; and a factory founda- 
tion may be formed with the whole or a part of the 
following :—-(1) Land and works belonging to the 
factory or factories ; (2) machines, tools, electric 
poles and wires, distributed pipes and other ap- 
purtenances ; (3) superficies; (4) right to hire 
things to which the lessor thereof has given 
his consent ; (5) industrial property. Full details 
are given in the law of the conditions and 
arrangements which must be made. The Mining 
Mortgage Law is probably the most important of 
all, and opens up the field which is most likely to 
be taken advantage of by foreign capitalists. A 
mining foundation may be formed with the whole 
or a part of the following, which belong in respect 
of mining to the same owner of a mining right :— 
1. Prospecting and mining rights. 2. Land and 
works. 3. Superfices and right of using land. 
4. Right to hire things to which the lessor thereof 
has given his consent. 5. Machines, tools, 
instruments, &c. The chief provisions relative 
to factory foundations in the Factory Mort- 
gage Law are correspondingly applicable to 
mining foundations. As these are of a technical 
or legal nature, we cannot enter into them; but 
those who are specially interested in them will no 
doubt be able to obtain copies of the complete 
texts from the Consul-General for Japan, 1, Broad- 
street Place, Finsbury-circus, London. Under 
Imperial Ordinances the above laws came into 
force on July 1, 1905, and it will be interesting to 
note how far they are taken advantage of, and how 
much they help in the industrial development of 
Japan. 








H.M. ARMOURED CRUISER “ NATAL.” 


THE armoured cruiser Natal, to be launched to- 
morrow (Saturday) by the Duchess of Devonshire 
from the Naval Construction Works of Messrs. 
Vickers Sons and Maxim, Limited, is interesting 
not only because this warship illustrates a step in 
the progress of cruiser design which will ultimately 
involve their assimilation with battleships, but, in 
her name, the Natal signalises the recognition by 
one more of the colonies of a financial responsi- 
bility in the maintenance of the first line of 
Imperial defence. It is only quite recently that 
the Parliament of Natal agreed to make a contribu- 
tion, and for the current year, out of 431,4001. paid 
towards naval expenditure by the colonies, Natal 
finds 35,000/.—a fairly large sum per unit of size and 
wealth ; the Cape Colony contributes 50,000/. ; 
Australasia, 200,0001.; New Zealand, 40,000/. ; 
India, 103,4001. ; and Newfoundland, 30001. The 
Admiralty’s acknowledgement of this generous act 
by the naming of such a useful cruiser the Natal, 
and the instruction that the launching ceremony 
should be as far as convenient a colonial function, 
should induce the other members of the Empire to 
similarly recognise their responsibility in the main- 
tenance of our sea power. gt 

The Natal, as we have said, marks the transition 
stage in the evolution of almost a new condition so 
far as our warships are concerned, and an analysis of 
hergun-power shows the progress made. She mounts, 
like her three consorts—the Warrior, Achilles, 
and Cochrane, all designed by Sir Philip Watts, 
K.C.B., Director of Naval Construction—six 9.2-in. 
and four 7.5-in. guns, as compared with the six 
9.2-in. and ten 6-in. weapons in the immediately 
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preceding cruisers for our Navy. She belongs to 
the first cruiser class in the British Navy, in which 
the 6-in. gun has been entirely dispensed with, 
and although this has involved a reduction in the 
number of guns, the gain is enormous in the pene- 
trating power of each shot fired. The 6-in. gun 
atits best has a muzzle energy of 6500 foot-tons ; in 
the most of our ships it does not exceed 5000 foot- 
tons. This makes it quite ineffective at the ranges 
naval tacticians now consider most suitable even in 
what have hitherto been regarded as essentially 
cruiser tactics. The7.5-in. gun, on the other hand, 
if constructed of 50 calibres in length, as is the case 
with those in the Natal, develops a muzzle energy of 
over 11,500 foot-tons ; and as the possible rapidity 
of fire per minute is nine shots for the 6-in. gun to 
six in the 7.5-in. weapon, the advantage, from this 
point of view, of the lighter weapon does not com- 
pensate for its ineffectivenessin power. The 9.2-in. 
gun, however, is now accepted even in preference 
to the 7.5 in. piece, and here the 50-calibre weapon 
may develop a muzzle energy of 24,000 foot- 
tons. Assuming, therefore, favourable conditions 
so far as rapidity of fire is concerned, we find 
that the Natal will develop practically 835,000 
foot-tons of muzzle energy for each minute’s fire, 
as compared with 829,000 foot-tons in the preced- 
ing ships; while but a few years ago our best 
cruisers, those of the County class, fitted only with 
6-in. guns, developed a total of only 542,000 foot- 
tons. The important point, however, is that the Natal 
may fire per minute 48 shots, which can be effec- 
tive at 3 miles range, as compared with 24 in the 
case of the immediately preceding ships—those of 
the Duke of Edinburgh class, eight in the case 
of the Drake, ten in the Devonshire, and none in the 
County class. The following table is instructive :— 


Fire of Primary Armament per Minute. 
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Another important improvement in connection 
with the armament which Sir Philip Watts has 
introduced in the ships for our Navy is the greater 
height of the gun platform above the sea-level ; 
in the Natal and her sister-ships all the guns are 
on the upper deck level. In gun-houses right 
forward and aft there is located a 9-2-in. weapon, 
encased in a barbette of 6-in. armour, decreas- 
ing to 3 in. at the base. On the four quarters 
of the citadel there are similar 9.2-in. guns close 
to the broadside, and as the forecastle structure 
is cut away, these guns fire in line with the keel, 
and have a very considerable are of fire—-180 deg. 
Four 7.5-in. guns are placed within casemates 
on the upper deck, one on each side, near to the 
centre of the length of the ship, the protecting 
armour here also being 6 in. in thickness. All the 
guns are loaded and the mountings rotated by 
hydraulic power. The equipment for dealing with 
torpedo or submarine attack includes 23 quick- 
firing guns, two 12-pounders, and two Maxim guns. 
The hoists for supplying all ammunition for these 
guns are operated by electric motors. In addition, 
the vessel has two under-water 18-in. broadside 
torpedo tubes, and one submerged 18-in. torpedo 
tube firing astern. 

_ The armour is very effectively distributed. There 
is, in the first place, a complete broadside belt 
from bow to stern, extending from about 5 ft. 
under the water-line to the upper deck in the 
centre part of the ship. The thickness of the 
armour over the machinery spaces, &c., extending 
over 60 per cent. of the length of the ship, is 
6 in. ; forward of this it narrows, and is thinned 
down by two stages, first to 4 in., and ultimately 
at the extreme end of the ship to 3 in. in thick- 
ness. The protective deck proper extends from 
the stem to the stern, and ranges in weight from 
50 Ib. to 30 Ib. per square foot. This deck is 
worked at the lower edge of the armour to assist 
in the protection of the vital parts of the vessel. 


Another deck of 40 lb. per square foot forms a 
crown for the side armour and the armour bulk- 
heads forward and aft, these latter being 6 in. in 
thickness. The conning-tower is 10 in. in thick- 
ness, and is provided with an armour tube for 
the lines of communication to below the protec- 
tive deck. For communication electric telephones 
are fitted, and the lighting is also by means of 
electric power, the double-wire system of distri- 
bution being adopted. There are six powerful 
search-lights. Wireless telegraph equipment will 
be included. 

The dimensions: of the ship are as follows :— 
Length between perpendiculars, 480 ft. ; breadth, 
extreme, 73 ft. 6 in. ; displacement at 27-ft. 
draught, 13,550 tons. The normal coal supply 
carried is to be 1000 tons, but bunker capacity has 
been provided for a much increased supply. 

The propelling machinery of these cruisers has, as 
far as possible, been standardised, the general system 
adopted being that which experience has proved to 
be most satisfactory for cruisers. The cylinders, all 
independent castings, are arranged on the Yarrow- 
Schlick-Tweedy system of balancing, being placed 
in couples close together, with the valves to the 
outside ; they are supported on an A frame at the 
rear, with forged steel columns in front. There are 
four cylinders arranged for triple compounding, 
the diameter of the high-pressure cylinders being 
43} in.; of the intermediate, 69 in.; and of the 
two low pressures, 77 in. Piston-valves are used 
for both high and intermediate cylinders, and slide- 
valves for the two low-pressure cylinders. The 
stroke is 42 in., and the total power of 23,500 indi- 
cated horse-power is expected to be realised with the 
machinery running at 135 revolutions. The crank, 
thrust, and propelling-shafts are of forged steel, 
and hollow. The two propellers are of manganese 
bronze, with adjustable blades, and work outwards 
when the vessel is going ahead. The main con- 
densers, oval in section, are of gun-metal, with 
brass tubes, there being two to each set of engines, 
making four in all, each with its own centrifugal 
pump of gun-metal, with independent engine. 
These condensers deal also with the steam from the 
auxiliary machinery of the ship, an arrangement 
which greatly simplifies the planning of the engine- 
room. The air-pumps are entirely separate, and 
are of Weir’s well-known type. 

The boiler installation was decided upon before 
the Admiralty had come to the conclusion that the 
combination of cylindrical and water-tube boilers 
had disadvantages which more than made up for 
any possible economy which, it was assumed, might 
be derived by the installation of the tank boiler 
for cruising purposes. The Natal is fitted with 
twenty Yarrow boilers and six cylindrical boilers, 
two-thirds of the power being represented by 
the former. The proportion of power to weight 
of machinery is hou 10} horse-power per ton, 
which is lower than is attainable now with a 
complete installation of water-tube boilers. The 
speed anticipated by the new ships is 22.33 knots, 
and the complement of officers and men is about 
700. The Natal, it may be added, is in a very 
advanced stage of construction, the launching 
weight being 7400 tons, of which 300 tons is due 
to the cradle, the practice at the Vickers Works 
being to defer the launch as long as possible, as 
there is no difficulty in launching a heavy hull 
which has been well advanced and clad in armour 
before being floated ; this latter is an economical 
procedure. 








SURVEYING WORK FOR THE 
SIMPLON TUNNEL. 

A DETERMINATION of the position of a line, in 
azimuth and altitude, that two tunnels are to pursue 
in order to meet under the summit of a mountain, 
is evidently a task of no common difficulty. In 
the case of the Simplon Tunnel the necessary sur- 
veying work was carried out by Professor Rosen- 
mund, of Zurich, and the results of a comparison 
of his preliminary calculations with the actual 
measurements made after the tunnel was complete, 
are in every way satisfactory. Three factors had 
to be rigorously determined : the difference of level 
or the gradient between the two ends; the total 
length of the tunnel; and the azimuth, or the 
angle between the axis of the tunnel and a known 
direction. Of these three factors, the levelling 
presents the least difficulty, since the results depend 
upon direct measurement. When the junction was 





leffected under the summit, actual measurement 
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proved that the difference in level between the two 
partial tunnels was only 0.1 metre, or less than 
4 in. 

The length of the road which the borings 
follow under the mountain need not be determined 
with the same accuracy as the difference of level 
or the direction of the tunnel axis. As a matter 
of fact, the derived values of the length of the 
tunnel differed by as much as 0.8 metre; that 
is to say, the probable error of the length 
based upon the different computations amounted 
to some 32in. The most probable length of the 
tunnel was found to be 19,228.71 metres, and the 
actual length measured after completion differed 
from this quantity by 2 metres, or1 part in 10,000. 

The most troublesome factor is undoubtedly the 
direction to be given to the tunnel axis, and here 
the greatest success was scored. It was found, 
when the opposite parties met in the centre of the 
boring, that the opposing walls were in perfect 
alignment. No deviation from true continuity 
could be detected in one of the walls, while the 
critical examination of the opposite wall could not 
be made, owing to projecting rockwork interrupt- 
ing, the view along the advancing gallery. 

rofessor Rosenmund and his staff heartily deserve 
the congratulations freely offered them, because 
they had to overcome difficulties of no common 
order. In the first place, the attraction of the 
mountain on the plumb-line, and the consequent 
displacement of the plane of reference, was of an 
unusual amount. When proper care is exercised 
to ensure the recognition of the precise angles of a 
triangle, it might be eutidgehel that the sum of 
the three angles of any surveyed triangle would differ 
from 180 deg. by a known amount, technically, the 
spherical excess. But very considerable discrep- 
ancies were found in the eleven triangles which Pro- 
fessor Rosenmund had to construct, showing that 
the attraction of the mountain displaced the position 
of the plumb line at some stations through an angle 
equal to 24 seconds of arc. 

Moreover, the work of verification of the actual 
line pursued was rendered difficult by two cir- 
cumstances. The ventilation of the tunnel was 
very good, owing to the construction of the 
parallel tunnel. When we say that on one occa- 
sion a lamp in the tunnel at a distance of 5600 
metres from the observer was clearly seen with the 
naked eye, it will be sufficient proof of the freedom 
of the tunnel from dust and smoke. But this 
effective ventilation was attended by two draw- 
backs, which interfered with the accuracy of 
observation. The temperature of the fresh air 
entering through the subsidiary tunnel was gradu- 
ally increased as it advanced, and the air was there- 
fore capable of holding in suspension more and more 
moisture. So long as the air retained its warmth 
it maintained its transparency, but on its return 
through the main tunnel, it was brought into contact 
with the cold stone walls, which were of a lower 
temperature; therefore the air growing colder depo- 
sited its moisture in the form of a cloud, which hung 
over the entrance and cooler parts of the tunnel, 
effectually obscuring the lamps and signals. 

Asource of even greater annoyanceand uncertainty 
was a kind of ‘‘ mirage” which displaced or distorted 
the sources of illumination. It seems to have been 
not uncommon for a lamp to give rise to, not one 
image, but two, in the field of the observing tele- 
scope. Not only did the observer not know which 
of the two images to observe, but the true position 
of the lamp probably corresponded with neither. 
These two images would be nearly vertical over each 
other, but the lower one might be displaced nearly 
45 seconds, an angle which would imply an error 
of an altogether inadmissible quantity. The ex- 
planation of the phenomena of doubled lamp 
images, or of the curving of straight lines of light, 
and similar vagaries, is probably the same as that 
offered in the case of the ‘‘ mirage ” of the desert. 
When the heated air near the ground becomes of 
of less density than that immediately above it, an 
inversion of the ordinary conditions of refraction 
occurs. The recognition of this disturbing effect 
is important in all surveying and verification work, 
where atmospheres of different temperatures and 
densities have to be encountered. 











THE IRON AND STEEL INSTITUTE. 
THe autumn meeting of the Iron and Steel 
Institute commenced on Tuesday last, Sept- 
ember 26, under the leadership of the President, 
Mr. R. A. Hadfield, and will conclude to-day, 
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Friday, September 29. It may be said that this 
year’s meeting is a landmark in the history of the 
Institute, as it is the first occasion upon which the 
Institute has visited the great historic home of 
steel-making. The reasons for this we need not 
enter upon now, as the reproach has been removed 
by the action of one of Sheffield’s leading steel- 
makers; perhaps there is no other man who, by 
his position and natural gifts, could so successfully 
have reconciled conflicting interests and have over- 
come difficulties that stood in the way. 

At the time of writing the success of the meeting 
may be said to have been secured. The attendance 
of members is what, in imitation of the sportin 
papers, is now generally described as ‘‘ a record ” ; 
that is to say, it exceeds all previously recorded 
attendances. The papérs have been well discussed 
and .the visits and excursions well attended. Con- 
trary to the expectation of some, works have been 
freely thrown open; and if some manufacturers 
have not been able to learn exactly all they wished 
to learn, it may be pertinent to remind, them that 
visits to works in connection with these meetings 
are not exactly organised to teach some people 
other people’s business. 


OPENING PROCEEDINGS. 


The first meeting for the reading and discussion 
of papers was held on Tuesday, September 26, in 
the Firth Hall of the new building of Sheffield 
University. The large hall was crowded to nearly 
its full capacity at ten o’clock, the hour at which 
proceedings commenced. The chairman of the 
reception committee, Colonel Hughes, occupied 
the chair at the commencement of the proceedings, 
and was supported by the Lord Mayor of Sheffield, 
Sir Joseph Jonas ; the Master Cutler, Mr. G. Hall ; 
and the Vice-Chancellor of Shettield University, 
Sir Charles Eliot. The President of the Institute 
occupied the chair next to Colonel Hughes, and 
amongst those members of the Council on the plat- 
form were Sir James Kitson, Sir Hugh Bell, Mr. 
E. Windsor Richards, Mr. E. P. Martin, Mr. 
Bleckley, and Mr. A. Tannett Walker. 

After a few words of welcome to the members 
from Colonel Hughes and the Lord Mayor of Shef- 
field, in which the latter alluded to the fact that 
this was the first occasion that the building in which 
they were assembled was practically used, and the 
Master Cutler having added a brief speech, Sir 
Charles Eliot rose to welcome members on behalf 
of the University. In the course of his remarks 
he stated that Professor Arnold, who had just come 
home from South Africa, had stated that all of the 
more important engineering positions in that country 
—say those of over a thousand a year—were held 
by Americans. He mentioned this as bearing upon 
the question of technical education, for it was to 
this cause that the fact was attributed. Mr. 
Holmshaw, of the Sheftield Federated Trades 
Council, also spoke. 


Tue PREsIpENT’s ADDREss. 


In the course of an interesting speech returning 
thanks for the welcome extended to the Institute, 
Mr. Hadfield said it was a great pleasure to him to 
see the Iron and Steel Institute meeting in Shef- 
field ; and he felt sure that every member present 
would join with him in congratulating the Lord 
Mayor on the honour conferred on him by the King. 
Since the first meeting of the Institute, in Middles- 
brough in 1869, no less than thirty-eight centres 
of metallurgical industry had been visited. All 
would share in the regret that one who was almost 
the founder of the Institute—Sir Lowthian Bell— 
would never again be seen at. a meeting ; but there 
was satisfaction in knowing that his son, Sir Hugh 
Bell, was on the Council, and would carry on the 
traditions of his renowned father. Members would 
also be especially glad te see present the veteran 
metallurgist, Mr. John Devonshire Ellis, to whom 
thanks were largely due for tie fact that the meet- 
ing was held in Sheffield at all, If it had not 
been for the kindly manner with which Mr. Ellis 
received the suggestion, Mr. Hadfield did not 
think he would have had the courage to bring 
the matter forward. The President also made 
reference to the foreign representatives present 
among them—Dr. Wedding, of Berlin, and M. 
Dumas, of Paris. Speaking of the past history of 
the city, Mr. Hadfield referred to Chaucer’s men- 


tion of Sheffield Thwiltes, still a not unimportant 

rt of the local industry. Jars, a French metal- 
urgist who wrote during the eighteenth century, 
recognised the important part Sheffield played in 





metallurgy. All knew how much Huntsman did, 
and it was a special pleasure to see present one of 
his descendants. It was rightly claimed that the 
city was the cradle of the modern steel industry, 
for though Bessemer was not born in Sheffield, it 
was there that the first practical development of 
his process took place. Sir John Brown, with his 
great foresight, saw the importance of Bessemer’s 
invention, and at his works turned out some of the 
highest quality rails ever produced. He held in 
his hand an interesting photograph of the first 
rail made of Bessemer steel for commercial pur- 
poses. This had been sent to him by the son 
of Mr. Bragge, then one of Sir John Brown’s 

tners. Round the photograph was the follow- 
ing inscription :—‘‘This photograph was taken 
from the first rails ever made commercially in 
England of cast steel produced by Bessemer’s 
process ; and when steel rails have superseded iron, 
as they certainly will do in course of time, this 
picture will record who first had courage to intro- 
duce them to the world. May 1, 1861.” How fully 
this prediction, made over forty-four years before, 
had n fulfilled, was a fact on which the Presi- 
sident did not need to dwell. Mr. W. D. Allen, 
Bessemer’s friend and partner in the Sheffield 
Works, had done much towards the practical deve- 
lopment of this wonderful industry; whilst the 
inimitable Holley, from whose work the enormous 
production of Bessemer steel in America largely 
arose, came to Sheffield to learn steel-making, so 
that Sheftield might be truly said to have taught 
America the process on which her vast industry 
was founded. It was through this that there had 
been produced those steel rails which had formed 
lines of communication, changing the entire aspect 
of the great trans-Atlantic Continent. 

Turning to the Siemens process, the President 
pointed out that such firms as Vickers were largely 
instrumental in leading to the more rapid develop- 
ment and perfection of this method of producing 
steel. Reference was also made to the work of 
Mark Firth, William Jessop, Charles Cammell, 
and others, from whose labours the world to-day 
reaped so much benefit. On the scientific side 
there was, amongst others, the renowned Dr. 
Sorby, who had rendered invaluable service to 
metallurgy by his initiation, as far back as 1857, 
of methods of examining the micro-structure of 
metals. 

To-day, Mr. Hadfield continued, Sheffield had 
probably the largest industrial army of any city 
devoted to the production and working of steel, 
30,000 men or more being employed. It was with 
great satisfaction that he presided over the In- 
stitute at a time when trade prospects seemed so 
much better in every country, and he trusted that 
there was a wave of prosperity in store for both 
employerand empluyed. He had heard only a few 
days previously that in an important trade-union 
branch in Sheffield there was not a single name on 
the ‘‘ unemployed” book. This was suggestive of 
better times. ‘**Booms” however, were not 
wanted, for they were bad alike for all; what was 
needed was a continuous steady demand for the 
products of industry. 

The work done by the Institute would speak for 
itself, and as a sign of prosperity he might point 
out that there had just been elected 150 new 
members, bringing the roll to the satisfactory total 
of 2200 names. Judging by the increasing size of 
the volumes, the results of important research were 
accumulating to an extent almost alarming; but 
everyone would be pleased to hear that Professor 
Arnold had consented to join the publication com- 
mittee. His help would be invaluable to Mr. 
Brough in his duties in connection with the pub- 
lication of the journal of the Institute. Mr. Had- 
field concluded with some words of recognition of 
the services of those who had worked so hard to 
render the meeting a success, the names of Colonel 
Hughes, Mr. F. Huntsman, Professor Arnold, 
Messrs. A. McWilliam, John Wortley, Beardshaw, 
Colver, Bedford, and Ward being mentioned. 

Colonel Hughes then vacated the chair, which 
was occupied by the President ; and the minutes 
of the last meeting having been dealt with, the 
reading of papers was proceeded with. 


METALLURGICAL INSTRUCTION AT SHEFFIELD. 


The first paper taken was by Mr. J. O. Arnold, 
Professor of Metallurgy in the University of Shef- 
field, and was entitled ‘‘The Department of Iron 
and Steel Metallurgy at the University of Shef- 
field.” The author read a short abstract of this 





paper, which gave a brief description of the appa- 
ratus used in the department over which he pre- 
sides. He drew special attention to the fact that 
the metallurgical department of the University was 
unique in placing the evening students on the sanic 
footing as the day students ; and it was interesting 
to note that out of thirty-nine graduates who had 
won the Associateship in Metallurgy—an examina- 
tion about equivalent in severity to the averave 
University B.Sc. in honours—twenty were day 
students and nineteen evening students. These 
facts, the author considered, fully justified a depar- 
ture of the Senate adversely criticised by many 
university men. We do not propose at present 
following the details of the paper. As most of 
our readers are doubtless aware, the Sheffield 
instructional plant is designed with a view to being 
of sufficient size for giving students a practical 
(although not commercial) insight into the process 
of steel-making, both by the open-hearth and 
Bessemer process, a8:well as in the production of 
crucible steel. How far this is accomplished, and 
how far it may be desirable, is a matter upon which 
there is diversity of opinion. 

The first speaker on this paper was Professor T. 
Turner, of Birmingham, who congratulated Shettield 
on what.had been done during the past few years 
in advancing metallurgical education. In Birming- 
ham they were interested in a somewhat similar 
effort, and there had .been much discussion on the 
general aspect of the problem whether an instruc- 
tional plant of what might be called practical 
dimensions was necessary. His own experience 
led him to favour the lines adopted in Sheftield and 
in Birmingham. It was not possible to teach metal- 
lurgy asone could teach mathematics, and students 
did not become metallurgists when they had been 
taught assaying. At the same time he would wish 
to guard against being thought to advance that the 
commercial aspect of the industry could be mastered 
at a college or school. He regarded his apparatus 
asa means for research andinstruction. The plant 
at Birmingham was restricted so that only half the 
class could use it at once, and the term was there- 
fore divided so that one-half of the time one-half 
of the class could have the use of it, and the other 
half of the class during the second half term. It 
was easy to tell at lectures whether a student 
had been through the practical part or not. 
Those who had had that advantage showed an under- 
standing of what was told them which was lack- 
ing in the others. It was possible to teach by 
practice what was meant by the various processes 
followed ; such as preparation of ladles, stopping 
and tapping holes, and many other expressions of 
which the ordinary student, without the advantage 
of practical illustration, would fail to grasp the 
meaning. 

Dr. Wedding, of Berlin, said that in Germany, 
before students went to the technical schools, they 
—_ one or two years in works acting as workmen. 

e considered it would be a good thing if owners 
here would follow a plan on the same lines, taking 
the learner to the smelting-furnace first, and then 
through the Bessemer and the Siemens plant. 
Dr. Wedding wished to say how glad he was to 
attend the meeting. It was good for Germany 
that he should be here, and he would in return 
cordially invite members to see his new laboratory 
in Germany. 

Professor Gowland congratulated Professor 
Arnold, and Sheffield at large, on the possession 
of the plant in the Technical Schools. It was 
over forty years before, that he first acquired a 
liking for metallurgy in this very city of Sheffield ; 
and though circumstances had led him to take up 
the study of copper, gold, and silver, he still re- 
tained an interest in the branch which Professor 
Arnold had followed so successfully. He hoped 
himself to do for copper what Arnold had done 
for iron and stecl, as he proposed to put up 4 
plant of which England might be proud, as it 
would not be excelled by any plant for similar 
purposes in the world. He did not attempt to 
teach students a trade, but it was quite possible to 
teach them the principles upon which the trade 
was founded, so that they might become more 
successful in their business capacity. These prin- 
ciples could be more successfully imparted by the 
aid of a plant of practical dimensions than they 
could without it. 

The President, in proposing a vote of thanks to 
the author, said that the best compliment that 
could be paid to him would be to go and see the 
plant. 
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THERMAL TRANSFORMATIONS OF CARBON STEEL. 


The long and important paper by Professor 
Arnold and Mr, A. MeWilliant, which we print in 
full, together with the illustrations, on another 
page, was next read by Professor Arnold. 

On the conclusion of the reading, the President 
said this was one of the most important papers 
read before the Institute for several years past, and 
he would call on Mr. Stead to open.the discussion. 

Mr. J. E. Stead said it was particularly pleasant 
for him to speak in Sheffield, as his forefathers 
were for many generations steel-makers in the 
town. He had some knives at home stamped 
‘‘ Stead, Sheffield,” and he also possessed a 
document which testified to the fact that his 
grandfather was a Sheffield cutler. He was proud 
to claim descent from Sheffield steel- makers. 
In regard to much that had been said by 
the authors in the paper, and in regard to the con- 
troversies that had arisen, he thought that much of 
the difference of opinion was due to the fact that 
different inquirers had approached the problem 
from opposite ends. It was the habit of professors 
and teachers to profess to know all that was to be 
known upon a subject. That was a wrong attitude 
to take up, for if the student were led to think 
that there was much to discover, his imagination 
would be excited and his ambition aroused. He 
would then hope that he too might contribute to the 
sum of human knowledge, and find a niche in the 
Temple of Fame. In regard to the allotropic 
theory he considered it was now acknowledged that 
the evidence of an allotropic state of iron was so 
overwhelming that it could not be withstood. In 
his opinion it was conclusive, and he thought the 
paper showed that the authors accepted a modified 
condition of the allotropic theory. In conjunction 
with the President, who had supplied him with all 
sorts of samples, he had made a study of the subject, 
and had found it impossible to solve the pro- 
blem by chemical means. Osmond’s discovery of 
austenite and Hadfield’s work on manganese steel 
had convinced him of this. Austenite was only 
relatively soft; it was not soft in the sense that 
lead was soft ; but it could not be procured in the 

ure state, and therefore it was relatively hard. 

he authors had suggested the word ‘‘ saturated ” 
in place of expressions that had been used, but 
Mr. Stead in turn took exception to that term, as 
in the annealed state there was a compound of two 
separate bodies in mechanical mixture. On heating 
they no doubt saturated each other, but this did 
not apply to the annealed condition. For this 
reason he preferred the use of the word ‘‘eutectoid,” 
as suggested by Professor Howe. After speaking 
further on the subject of nomenclature, Mr. Stead 
stated that in his opinion silicide of iron could not 
exist in the free state in soft steel. His investiga- 
tion went to show that ‘‘ ghost” lines in a propeller 
shaft were due to sulphur and phosphorus being 
in excess of what was present in the surrounding 
metal. This, however, was a subject with which 
he was going to deal at a future date. In thanking 
the authors for their paper, Mr. Stead, at the con- 
clusion of his speech, said that all were searching 
after truth, however much they might differ, and 
it was the duty of every one to renounce opinions, 
however firmly expressed, when they were found 
to be erroneous. If this course were taken, all 
might be found to be in agreement—in the sweet 
by-and-by. 

Mr. Gledhill, of Manchester, said it would be a 
good thing if some one would contribute a paper 
to tell steel-makers how to exorcise ‘‘ ghosts ” from 
steel. No makers could produce steel without 
these defects. An ingot might be cast which 
would be free on one part and be affected on 
another. It was a matter worthy of attention. 

Professor Bauerman considered that the paper 
seemed to simplify the subject, and the illustra- 
tions were certainly remarkable for their excellence ; 
indeed, anything from the authors was always ad- 
mirably presented. He was in agreement with 
the authors about the advantage of simplification of 
language, and, indeed, he would like to see special 
names abolished altogether. It was certainly in- 
convenient for general purposes. As an example, 
he would instance the expression ‘‘troostite.” It 
was a known substance, and it was no compli- 
_ to an eminent mineralogist to apply his name 

it. 

Professor Turner said that the different views as to 
the allotropic question were due to viewing the sub- 
ject from different standpviuts, and he agreed with 

. 





| tion of large crystals. 


Mr. Stead that there were allotropic varieties, but 
these were only of importance in low-carbon steels. 
He made reference to the red crystals which Dr. 
Sorby had observed. He had searched for these, 
but had not discovered them ; this might be be- 
cause he had not experimented on iron containing 
titanium. The occurrence of these crystals was, 
however, exceptional, and therefore unimportant. 

Dr. Sorby said it was a great pleasure to him to 
see, after so many years, that the field of research 
in which he had been engaged for so long without 
recognition was now accounted valuable. Since 
he had organised this study new varieties of steel 
had arisen, and it made him wish he could take 
the subject up again. 

Mr. E. F. S. Lange, as a practical engineer, 
sympathised with Professor Arnold in wishing to 
simplify the genera! idea of steel structure. Practi- 
cally there were two main substances in steel—iron 
and carbon. The carbon might vary in amount, 
and temperature would vary between cold steel and 
fluid. That would affect the conditions, as they 
would be dealing with solutions at temperatures 
that would widely affect the manner in which the 
carbon would be dissolved in the iron. He con- 
sidered, therefore, that it would simplify the 
matter if the reference were made to structures. 
It was rather beside the point to argue whether 
martensite were a definite substance, the effort 
should be to recognise martensitic structures rather 
than define what martensite itself was. 

Mr. McWilliam said that the effort of Professor 
Arnold and himself was towards simplicity. They 
by no means took the attitude, to which reference 
had been made, of sitting down and saying that 
they knew all. They encouraged students to tell 
them where they disagreed with views expressed. 
Their students were not all boys fresh from school, 
for amongst them were the heads of departments 
and managers in some of the most important steel 
works in Sheffield. In regard to what had been 
said about the allotropic theory, many speakers had 
missed the point. The alpha, beta, and gamma 
signs were adopted for nothing more than to indicate 
ranges of temperature ; they were only posts stuck 
up to indicate divisions. 

Professor Arnold, in replying, said he agreed with 
Mr. Stead that when there was entire agreement on 
a question there was not likely to be advancement ; 
but he thought Mr. Stead had taken a forensic ad- 
vantage in regard to the use attributed to the a, 8, 
and y signs used in the paper. As Mr. McWilliam 
had stated, they were only used as indicating tem- 
perature, and there was no warrant for saying they 
showed that the authors were coming round to the 
allotropic theory. In regard to nomenclature, he 
objected to the word ‘ eutectoid,” as the term, 
strictly speaking, was to be interpreted as ‘‘ lost 
fluid,” and pearlite was never fluid. Professor 
Bauerman had called attention to a point they had 
overlooked, namely, the fact that there were several 
troostites. He considered it a breach of scientific 
etiquette to apply to one matter a name that had 
already been appropriated for another. He was 
in practical agreement with Mr. Lange in his 
remarks, and he believed much good would come 
from the discussion. 


OVERHEATED STEEL, 


A paper by Mr. A. Windsor Richards and Mr. 
J. E. Stead, entitled ‘‘Overheated Steel,” was 
next read. After a pretty bit of fencing between 
the two authors as to who should read the paper, 
Mr. Richards displaying forensic ability of no mean 
order, Mr. Stead found himself at the table, and gave 
a brief abstract of the paper. The latter was a 
contribution admirable either from a commercially 
practical or a purely theoretical point of view, and 
we propose to print it in full, with the illustrations, 
at an early date. Briefly stated, the conclusion 
was that burnt steel is cold-short and brittle, 
and cannot be restored ; but a casting simply over- 
heated may, by proper heat treatment, be brought 
to its normal condition ; although, it should be 
stated, overheated steels, if they consisted entirely 
of pearlite, are very brittle. The reasoning upon 
which the conclusions were based were admirably 
set forward in the paper, and supported by cogent 
facts. These, however, could not be partially 
stated without damaging the argument. It will 
suffice for the present, therefore, to give some of the 
authors’ conclusions. ‘‘ Overheating ” they defined 
as heating to any point below that which produced 
incipient disintegration, and resulted in the forma- 
‘* Burning” was heating at 





or above the point at which such disintegration 
would occur ; burnt steel was nearly always coarsely 
crystalline. It would, they stated, be an ideal 
condition if free ferrite were absent in car- 
burised steels which had to be subjected to 
vibratory stresses. Ordinary structural steels 
in this condition could be obtained by heating to 
a suitable temperature, quenching, and reheating at 
a lower temperature. Good steels which had been 
heated to a point short of incipient disintegration 
and made excessively brittle by such treatment, 
could be completely restored by perfectly sound 
material. It would be safest to heat to a tempera- 
ture about 50 deg. above the critical points to 
ensure the complete change of every portion of the 
steel, excepting in the case of the purest and most 
homogeneous steels, when the critical points need 
not be greatly exceeded. 

The discussion on this paper was opened by Mr. 
J. M. Gledhill, who said that the authors could not 
raise a more important question from the manufac- 
turers’ point of view, for it was most desirable to 
know whether an ingot were simply overheated or 
whether it were burnt. If the former, it could be 
restored ; but in the latter case it should not be 
sent out, but should be destroyed. 

Mr. E. P. Martin said that steel might be 
brought to any temperature almost up to the 
melting point, and yet be only overheated ; whilst 
burning might be effected at a comparatively low 
temperature. If the heating were by a flame that 
had too much oxygen, there was no chance of re- 
storing the steel. 

Mr. Lange, referring to the effect of work done 
on steel, spoke of some forgings which had been 
annealed, but had to be scrapped ; the defect being 
found to be in the blooms. Another speaker asked 
if Mr. Stead had examined the metal micro- 
scopically. The speaker had made tests in which 
the metal had been enclosed in an iron tube, and 
that again in a fire-brick tube, as he found it 
necessary to know if oxidation took place. 

Mr. Stead said he knew the difficulty of dis- 
cussing a paper right off, and anticipated that the 
written communications to the Journal would be 
the most valuable part of the discussion. As to 
Mr. Gledhill’s remarks, he thought that it might 
be found out by the microscope whether steel 
were burnt or overheated. Other points he would 
deal with in writing. 


Vanapium STee.. 


A paper by Dr. Leon Guillet, of Paris, was next 
brought forward. It was divided into two parts; 
the first being entitled ‘‘The Use of Vanadium 
Steel in Metallurgy” ; and the second, ‘‘ Steel Used 
for Motor-Car Construction in France.” The two 
sections formed a memoir of great length, accom- 
panied by numerous illustrations. he whole 
matter is of great interest at the present time, and 
the subject is very completely treated. We hope 
to publish the paper, with illustrations, at an early 
date. At the period of the meeting the paper was 
brought forward there was no time to give even an 
adequate précis, so Mr. Brough made brief reference 
to a few passages in order to give ground for a dis- 
cussion. It will be convenient if we merely 
mention the concluding passages of the second 
part of the paper. 

The author stated that special steels actually in 
use in France for the construction of motor-cars 
might be classified as follows. 

1. Steels with a low percentage of carbon and 
nickel (pearlite steels), which were used for parts 
requiring cementing and quenching—i.e., shafts, 
gears which engage directly, &c. 

2. Steels with medium percentages of carbon 
and low percentages of nickel, used after quench- 
ing and reheating for a large number of parts— 
shafts, gearing, pinions, &c. 

3. Steels low in carbon with high percentages of 
nickel, used for valves. 

4. Chromium steels with high carbon and low 
chromium percentages, used as bearings. 

5. Silicon steels, used for springs and for 


gearing: 
6. Nickel-chromium steels with low percentages 
of nickel and of chromium, employed for numerous 
ae requiring resistance to shock and a degree of 

ardness. 

7. Anew steel known as NY, the composition 
of which has not yet been published. 

Many other steels have been investigated, and 
the author shows in his paper why their use had 
been, in part at least, abandoned. 
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In opening the discussion on this paper, the 
President said that the steel-makers, as a rule, had 
hardly given the motor-car makers a fair chance, as 
they had not turned their attention to the produc- 
tion of steels specially suited to the various needs 
of the structures. He called on Mr. Wheeler to 
speak. 

Mr. Wheeler said he addressed the audience 
with diffidence, as not being atechnical man. He 
had, however, some experience with vanadium ina 
mercantile capacity, and knew something of the 
practical results. He thought a good many experi- 
ments that were carried out were useless, as too 
much vanadium was used. This not only made the 
steel produced too costly for practical purposes, but 
it actually reduced the quality of the metal. The 
use of 5 per cent. of vanadium was worse than 
unnecessary, as it spoiled the steel. They had 
started with 1 per cent., and had reduced this with 
advantage to as low as 0.15 per cent. 

Mr. Mark Robinson said that the author did not 
appear to know the extent to which vanadium was 
used in this country, for considerable quantities of 
vanadium steel were made for commercial purposes, 
a good deal being used by motor-car makers. The 
alloy was extremely valuable for positions where 
resistance to shock was needed. It was said that 
an alloy of iron with carbon and vanadium was 
more sensitive to heat treatment ; but experience 
did not bear this out. 

Mr. Kent Smith confirmed what Mr. Robinson 
had said as to the shock-resisting property of vana- 
dium steel, and mentioned tests that had been made 
with steel of this nature manufactured by Messrs. 
Willans and Robinson on the open-hearth process. 
The greater part produced was used for motor- 
cars, and the application was growing every day. 
Vanadium steel was particularly adapted for tem- 
pering, and it had aself-lubricating property which 
especially fitted it for bearings. When case-hardened, 
it had a very tenacious core. He quite agreed 
that vanadium had to be used in small quantities, 
as it was dangerous if much were introduced in 
the metal. 

Dr. Matthews said that experiments made in 
America confirmed what had been stated in the 
paper as to the properties conferred on steel by 
vanadium. It was used principally for steels that 
would be subjected to shock. 

This brought the sitting to a close, members 
dispersing to take part in the luncheon which the 
—* of the reception committee had pro- 
vided. 


Visits to Works snp Reception at THE Town 
Hat. 


During the afternoon visits were paid to the 
Metallurgical Department of Sheffield University ; 
to the Sheepbridge Iron and Coal Company, near 
Chesterfield ; and to the works of Messrs. J. Hop- 
kinson and Co, at Huddersfield, recently described 
in our columns. In the evening there was a re- 
ception at the Town Hall by the Lord Mayor of 
Sheffield and the Lady Mayoress. This was a very 
successful gathering, the numbers attending being 
estimated at 900. 


Sreconp Day’s Proceepines. 


On the second day of the meeting— Wednesday, 
the 27th inst.—members again assembled in the 
Firth Hall of the Sheffield University, when the 
following four papers were read and discussed :— 
** Segregation in Steel Ingots,” by Mr. B. Talbot, 
of Middlesbrough; ‘‘A Manipulator for Steel 
Bars,” by Mr. Douglas Upton, of Jarrow ; ‘‘On 
Reversible and Irreversible Transformations of 
Nickel Steel,” by Mr. L. Dumas, of Paris ; and on 
‘*The Presence of Greenish-Coloured Markings in 
the Fractured Surfaces of Test- Pieces,” by Captain 
H. G. Howorth, R.A. Mr. Talbot’s paper led to 
a long and interesting dis:ussion, which occupied 
more than half the sitting. Mr. Uptons’s paper we 
publish in full in our presen issue. 

The following papers were taken as read :—‘‘ On 
the Wear of Steel Rails in Bridges,” by Mr. Thomas 
Andrews, F.R.S., of Wortley ; ‘‘On the Nature of 
Troostite,” by Dr. Carl Benedicks, of Upsala; 
**On the Occurrence of Copper, Cobalt, and 
Nickel in American Pig Irons,” by Professor E. D. 
Campbell, of Ann Arbor, Michigan ; ‘‘ On the 
Influence of Carbon on Nickel and Iron,” by Mr. 
George B. Waterhouse, of New York. 

On the afternoon of Wednesday visits were paid 
to the East Hecla Works of Messrs. Hadfield’s 


Steel Foundry Company, and to the Iron and Wire 
Rope Works of Messrs. W. Cooke and Co. 

In the evening a dinner was given in the Cutlers’ 
Hall by the Reception Committee to 400 guests, 
that being the greatest number that could be 
accommodated. hose who were not drawn in 
the ballot for this dinner, or who were accompanied 
by ladies, were entertained at dinner by the Re- 
ception Committee at the Victoria Hotel, and 
afterwards at the theatre. 


THurspay’s PRocreeDINGs. 

Yesterday (Thursday, September 28) was devoted 
entirely to excursions and visits to works. Amongst 
those establishments open were the following :—The 
Grimesthorpe Works of Messrs. Cammell, Laird, 
and Co.; the works of the Park Gate Iron and Steel 
Company, at Rotherham ; the River Don Works of 
Messrs. Vickers Sons and Maxim; and the Phcenix 
Steel Works of Messrs. Steel, Peach, and Tozer. 

We give an account of some of the works visited 
in our present issue, but limits of space prevent us 
dealing further with the meeting this week. We 
shall, however, continue our detailed report in our 
next issue. 








THE OLYMPIA ELECTRICAL 
EXHIBITION. 

StrmuLaTED no doubt by the Gas Exhibition at 
Earl’s Court last autumn, those interested in the 
electrical industry have organised this year an Ex- 
hibition of Electrical Apparatus at Olympia, which 
was formally opened on Monday last by the Lord 
Mayor of London. The present Exhibition has not 
been promoted as a speculation by private indivi- 
duals, but is rather intended to benefit the industry 
indirectly by the education of the public in the 
advantages to be gained by electrical methods of 
working. The first charge on the profits will be a 
sum to be distributed among the exhibitors as a 
rebate on the rent of their stands, and after this 
has been paid, the balance will be dedicated to 
charity. The Institution of Electrical Engineers and 
the National Electrical Manufacturers’ Association 
have joined hands in the endeavour to make the 
Exhibition as representative as possible of the elec- 
trical industry, and the strong executive committee, 
under the presidency of Sir William Preece, F.R.S., 
K.C.B., may be congratulated on the result ob- 
tained. Several prominent manufacturers, certainly, 
are unrepresented ; but on the whole there are few 
species of electrical plant of which specimens will 
not be found at Olympia. There has probably 
never yet been an exhibition which was quite com- 
plete on the opening day ; but in the present case 
the instances of unreadiness were so few and un- 
important as to reflect credit equally upon the 
exhibitors and the management. Some delay cer- 
tainly occurred in the supply of continuous current 
to the stands ; but as plenty of alternating current 
was available, it is probable that the public hardly 
noticed the deficiency. 

During the course of the Exhibition, which will 
remain open till October 21, there will be lectures 
two or three times a week dealing with various in- 
dustrial, scientific, and domestic applications of elec- 
tricity. The lecturers will all be recognised autho- 
rities on their respective topics, the list including 
the names of Colonel Crompton, Messrs. J. Swin- 
burne, S. Z. de Ferranti, W. M. Mordey, &c. 
Besides the above there will be cookery lectures 
and practical demonstrations of electric cooking 
twice daily, commencing on October 2. 

In the following account of the exhibits we shall 
make no attempt to cover the whole ground, but 
shall confine ourselves to a few only, passing over, 
in general, all those, however admirable in their 
way, which have either been noticed previously in 
these columns, or which have little engineering 
interest. Of domestic electric fittings, such as 
electroliers, lanterns, cooking utensils, &c., there 
are abundant examples, artistic in appearance and 
practical in design ; but these and similar goods do 
not fall within the scope of the present article. 

The lighting of the Exhibition is, naturally, good 
and bears witness to the popularity of the yellow- 
flame arc-lamps. The yellowness of the first of 
these lamps placed on the market was excessive, 
and the frequent reddish tinge irritating to the eyes; 
but the colour of the more recent lamps is paler 
and more pleasant. English manufacturers are 


alive to the improvements in efficiency and colour 
over the ordinary arcs, and 


Messrs. Crompton 





and Co., 


Messrs, Oliver and Co., and other 





makers show English-made flame-lamps, for both 
direct and alternating currents, which will com- 
= favourably with any foreign productions. 
nglish-made glow-lamps also are very much to 
the fore; and there is always an interested crowd 
round the stands of the Robertson Electric Lamps, 
Limited, and the Ediswan Company, where the 
various processes of manufacture, including squirt- 
ing and mounting the filaments, glass-blowing, cap 
ping, &c., are carried on by a considerable staff. 
The Morgan Crucible Company, of Battersea 
Works, London, 8.W., are showing Morganite 
brushes for dynamos and motors. These are made 
of a preparation of graphite quite distinct from the 
ordinary hard carbon used for brushes, and are 
stratified in the plane of the bars under com- 
mutation. The stratification causes the brush 
to have a high electrical resistance from front 
to back, so that the well-known commutating 
qualities of the carbon brush are obtained, while at 
the same time the longitudinal resistance is ex- 
tremely low. Commutation can be still further 
improved in many cases by using brushes the 
leading side of which has higher conductivity than 
the trailing side, and such brushes have been found 
perfectly effective in curing bad commutator spark- 
ing. The increased conductivity is obtained by 
the presence of finely-divided metallic copper in 
the graphite. The graphite brushes are said to 
keepthe commutator in perfect condition, without 
lubrication. In some forms of brush the current is 
led away bya flexible conductor, the ends of which 
are unravelled, and imbedded in the graphite during 
the process of manufacture, so that the various 
fibres of wire tap every part of the sectional area. 
Messrs. Vickers Sons and Maxim, Limited, of 
Sheftield, show a reversible motor drive in con- 
nection with a heavy planing-machine by Fairbairn, 
McPherson and Co. There is an entire absence of 
belting, the drive being direct through gear to 
the main screw, and the whole arrangement is 
very compact. The motor is shunt-wound and 
slightly compounded, and can be regulated by 
the field from 270 to 970 revolutions. During 
the cutting stroke the motor is running at its 
slowest, and at the end of the stroke is reversed 
automatically by a switch actuated by a stop 
bolted to the table. As soon as reversal has 
occurred, resistance is inserted in the field, raising 
the speed for the return stroke. Towards the end 
of the return stroke the field is automatically 
strengthened, slowing down the table, and re- 
storing a slight amount of its energy to the system. 
The reversal of the motor again takes place under 
this strong field, the cutting stroke is made, and 
the cycle recommences. In order to start or stop 
the planer it is only necessary for the operator to 
throw over a single switch. A small rheostat 
allows the cutting speed to be instantly regulated 
from its slowest to that of the return of the 
table. We learn that Messrs. Vickers are adopting 
this system very extensively in their own works as 
the result of long and severe tests on heavy 
machines. 
Messrs. Berry, Skinner, and Co., Limited, 78, 
Upper Thames-street, E.C., show several types of 
their patent ‘‘ Foolproof” ironclad switch and fuse. 
This is built either double or triple-pole, with two 
breaks per pole, the cartridge fuse forming the con- 
nection between each pair of contacts. The awitch 
proper is fixed to the inner side of a door hinged to 
a cast-iron box, and is worked bya knob projecting 
through the door. The switch is quick-break, and 
cannot be opened or closed by opening or closing 
the door. In fact, as its name implies, it is 
practically impossible to misuse it, and it may 
be mentioned that similar switches control the 
whole of the electric power in the Exhibition. The 
same firm also show models illustrating a method of 
making a continuous concrete cable conduit. Iron 
pipes of suitable diameter are dipped in melted 
paraffin, and then placed on wooden spacing- bridges 
laid across the trench at intervals. Concrete 1s 
laid around and above them, and, when set, tlie 
pipes are warmed: by steam and withdrawn, leaving 
round lubricated ducts for the cable to be drawn in. 
The pipes are made in 8-ft. lengths, and one end 
of each is shouldered down and screwed to fit the 
next, as socket connections are inadmissible on 
account of their projection. It is said that 
length of 120 ft. of piping can be withdrawn fro: 
the concrete at once without great difficulty. Any 
number and arrangement of ducts can be forme! 





by this means, though special work, of course, 
must be used at corners, 














SEPT. 29, 1905. | 


ENGINEERING. 


419 








Messrs. Crompton and Co., of Chelmsford, have 
on their stand a number of motors driving various 
machines, flame and other arc lamps, a switchboard 
suitable for controlling a private plant, and many 
of their well-known testing and measuring instru- 
ments. A very. compact form of motor-driven 
feed-pump is exhibited, in appearance similar to 
the ordinary duplex steam-pump, the steam cylin- 
ders being calntet by a worm reduction gear 
running in an oil-tight casing. Everything is on 
one small bed-plate, and the design is very neat. 
We hope to illustrate the arrangement shortly. 
There is also shown an alternating-current motor 
designed to run at 750 revolutions, and to give 
30 brake horse-power when on a single-phase 
circuit, or 50 brake horse-power on a three-phase 
circuit, the connections being altered for the latter 
duty. 

Messrs. Geo. Richards and Co., Limited, of 
Broadheath, Manchester, show a Tilghman’s sand- 
blast apparatus for cleaning castings, and three air- 
compressors. They also show a new portable 
mould-drier for foundry use, which can be carried 
to its work by hand, and will dry out a mould well 
and rapidly. It consists of a cylindrical sheet-iron 
casing lined with ganister, in which a coke fire is 
maintained, on a flat hearth near the bottom. The 
drier stands on the top box, and air blown down- 
wards through the fire is led by a, pipe into the 
interior of the mould. It draws down with it au 
adjustable supply of ccid air, so that the rate of 
drying may be regulated, and the warm mixture 
finally escapes through vent-holes in the top of 
the mould. The air is supplied to the heater 
at 20 lb. pressure, and the apparatus requires 
about 10 cubic feet of free air per minute. The 
method of passing the air downwards through the 
fire is claimed to prevent the formation both of 
poisonous CO gas and smoke. On the same stand 
is a drilling-machine for use in the Navy, built 
specially to the very costly requirements of the 
Admiralty, with gun-metal bushings to every part, 
and similar refinements. Messrs. Richards also 
show a 3-ft. vertical boring-mill of their latest 
pattern, in which the weight of each head is counter- 
balanced by a tape spring inside a drum at the top 
of theslide. This construction obviates the hanging 
chains and weights, which often inconvenience the 
operator in setting his work on the table. 

The Brush Electrical Engineering Company are 
exhibiting a considerable amount of apparatus con- 
nected with tramways, including motors, controllers, 
and a new radial axial-truck for tramcars. An 
electric coal-cutter is also on the stand, and a 500- 
kilowatt transformer, built for the County of 
Durham Power Company, attracts attention on 
account of its size. There is also exhibited a 
Webster and Bennett duplex vertical boring-mill, 
equipped with two 4-horse-power Brush variable- 
speed motors. The motors are at the back, out of 
the way, and the whole appears a most serviceable 
tool, 

There is a good deal of switch-gear of various 
types at the Exhibition, but undoubtedly the most 
important display of such apparatus is to be seen 
on the stand of Messrs. Ferranti, Limited. The 
cellular arrangement, due to Mr. Ferranti, and so 
long associated with the name of the firm, has 
been retained in principle for high-tension work, 
but the characteristic appearance of the Ferranti 
board has undergone a complete change. We 
understand that: Messrs. Ferranti still supply the 
old pattern, which for certain classes of work is 
admittedly unsurpassed, but desire it to be more 
generally known that flat-back boards and distance 
control gear are now among their standard pro- 
ductions. Full-sized models of high - tension 
three-phase remote-controlled switch-gear have 
been built at one end of the stand; the switch- 
board gallery above containing desk panels with 
instruments and operating gear, and the space 
beneath being divided into concrete fireproof cells 
for the instrument transformers, isolating switches, 
circuit-breakers, &c. Sheet-iron doors give ready 
access to any compartment. The specimens. of 
switch gear shown are mostly duplicates of plant 
supplied to power-stations in this country and 
abroad. There is also a new form of feeder- 
charging gear on view, designed for three-phase 
circuits up to 10,000 volts. A water resistance 
is made use of as in the previous Ferranti 
charging gear, but the design is much smaller 
and more compact. A large remote-controlled 


three-phase oil-switch for dealing with powers up 
to 5000 kilowatts at 10,000 volts is also on the 








stand. Each pole has two 10-in. breaks in series, 
and to get this length of travel two solenoids are 
mounted in line at the top, the full travel of one 
poner raising the contacts half-way and then 

ringing the other plunger into the field of the 
second solenoid to complete the travel. This com- 
bination of solenoids to get a strong pull over a 
long range is due to Mr. M. B. Field, and we hope 
to illustrate the arrangement and other mechanical 
details at an early date. Messrs. Ferranti are now 
manufacturing switchboard instruments for both 
direct and alternating current, and have numerous 
types on view ; and their latest patterns of service 
meters are also exhibited. 

The National Telephone Company are showing 
all sorts of telephones, bells, fire-alarms, and 
similar apparatus ; but the greatest attraction on 
the stand, as far as the general public is concerned, 
is certainly the telautograph. Messages written on 
the transmitting instrument at one end of the 
stand are reproduced in absolute facsimile on the 
receiver at the other, and everyone seems so anxious 
to prove this for himself that it is not easy to get 
near the apparatus. We gave a full description of 
the instruments in Enaingerrnc of December 2, 
1904, vol. Ixxviii., page 747, so that no further 
account is necessary here. Other fine displays of 
telephone apparatus are made by the General 
Electric Company, the British Ericsson Company, 
the Electric and Ordnance Accessories Company, 
Limited, and other firms. 

The Morris-Hawkins Electrical Company are 
showing motors fitted with a special form of series- 
wound auxiliary pole for sparkless commutation at 
heavy overloads and high voltages. These motors 
are described and illustrated elsewhere in this 
number. The company are also exhibiting 
7-horse-power motor with a speed range of from 
275 to 1000 revolutions per minute. The speed 
control is effected by the greater or less with- 
drawal of an iron plate from its normal position in 
the end of each pole. The plates are moved simul- 
taneously by a hand-wheel and screw, and the 
motor is stated to be particularly applicable to 
printing machinery. 


(7 be continued.) 








NOTES. 
Rginrorcep ConcReETE CHIMNEY. 

In the United Shoe Machinery Company’s new 
shops at Beverly, Mass., reinforced concrete has 
been used throughout the buildings, and one parti- 
cularly interesting piece of work has been in con- 
nection with a chimney stack 141 ft. 1 in. high from 
the foundations, the construction of which occupied 
sixty days. Thechimney is 6 ft. in diameter inside, 
and has a foundation 18 ft. square by 3 ft. 6in. in 
depth. The concrete in the foundation is composed 
of one part Portland cement, two parts sand, and 
four parts stone, and is reinforced with a network 
of 1}-in. by 1}-in. by ,',-in. steel T-bars placed 
horizontally. Similar bars worked vertically into 
the shaft are bent under the horizontal bars. 
The shaft is built in two portions, the lower one 
being 60 ft. high, and consisting of two shells with 
a4-in. air space between them. The inner shell 
is 4 in. thick and the outer one 6 in. thick, and 
the space between them is connected with the outside 
atmosphere by small air inlets. In the first 27 ft. 
of the outer shell seventy-two vertical bars, the 
same size as those in the foundation, are used, and 
these are placed in groups; while in the inner 
shell there are twelve vertical bars, and _ hori- 
zontal rings of lin. by lin. by } in. steel T’s are 
placed in it every 18in. The outer shell also has 
similar rings, but in this case they are placed every 
3 ft. apart. The next 15-ft. length of the lower shaft 
has sixty vertical bars, and twelve bars are omitted in 
every 15 ft. after this to the top of the chimney. At 
the height of the top of the inner shell the outside 
diameter of the chimney is reduced, as the air-space 
is omitted (the inside diameter of the chimney 
being unaltered), and a moulding is run round the 
chimney at this point. From here to the top the 
concrete is 5 in. thick, with the exception of the 
moulding at the cap. The vertical reinforcing bars 
in the outer shell are bent slightly at the top of the 
inner shell, and are continued through the con- 
crete of the upper part of the chimney to the top. 
Horizontal rings are also placed in the upper part 
above the moulding, but are spaced 3 ft. apart. 
In the construction two sets of wooden forms were 
used, each set being 3 ft. high, and they were 
made in sections. About 3 ft. of the double part 








and 6 ft. of the single part were built per day. The 
concrete used in the shaft was a mixture of one part 
cement and three parts sand. The foundation is 
12 ft. below the ground-level, and its weight is about 
161,000 lb., with an additional weight of earth 
upon it of about 184,600 lb. The total weight of 
the chimney is about 234,180 lb., the weight of the 
steelwork being about 14,440 lb. The stack is 
guaranteed to withstand a wind pressure of 50 lb. 
per square foot, and a temperature not exceeding 
1500 deg. Fahr. The maximum pressure on the 
ground is 2 tons per square foot. 


Rartway CASUALTIES IN THE Unitep States. 


According to advanced summaries of the statis- 
tics of railway operation in the United States, 
issued by the Inter-State Commission, we gather 
that, in the year ending June 30, 1904, the number 
of casualties to persons was 94,201, of which 10,046 
represented the number of persons killed, and 
84,155 the number injured. . The casualties which 
occurred among three general classes of employés 
were as follow :—Train-men, 2114 killed and 
29,275 injured; switch-tenders, crossing-tenders, 
and watchmen, 229 killed and 2070 injured; other 
employés, 1289 killed and 35,722 injured. The 
operation of coupling and uncoupling cars accounted 
for 307 employés killed and 4019 injured, the num- 
bers being made up of 269 trainmen killed and 3506 
injured ; 23 switch-tenders, crossing-tenders, and 
watchmen killed and 420 injured ; while there were 
15 other employés killed and 93 injured. Jumping 
on and off locomotives, trains, and cars in motion 
accounted for 116 trainmen killed and 3926 injured ; 
14 switch-tenders, crossing-tenders, and watchmen 
killed and 278 injured, as well as 61 other employés 
killed and 506 injured. Collisions and train derail- 
ments caused the death of 613 trainmen and injury 
to 4337, and the death of 20 crossing-tenders and 
watchmen, and injury to 138; while 90 other em- 
ployés met their deaths by the last-named cause, and 
854 were injured. During the year 1904 there were 
441 passengers killed and 9111 injured, against 355 
killed and 8231 injured in 1903. The railways 
of the United States carried in the year ending 
June 30, 1904, as many as 715,419,682 passengers, 
or an increase of 20,528,147 as compared with the 
year ending June 30, 1903. The passenger mileage in 
the year ending June 30, 1904, was 21,923, 213,536, 
or an increase of 1,007,449,655 over that of the 
previous year. Of the passengers killed and injured 
in 1904, collisions and derailments were responsible 
for 262 of the deaths, and for injury to 4978 per- 
sons. The total number of persons, other than 
employés, killed was 5973, and the injured were 
7977. These figures include the casualties to per- 
sons classed as trespassers, of whom 5105 were 
killed and 5194 injured. The total number of 
casualties to persons, other than employés, from 
being struck by trains, locomotives, or cars, 
was 4749 killed and 4179 injured. In 1904 one 
passenger for every 1,622,267 carried was killed, 
and for every 78,523 passengers carried one was 
injured. This is a considerable increase over the 
year 1903, when one passenger was killed for every 
1,957,411 carried, and one was injured for every 
84,424 carried ; the figures supplied for the year 
1904 also show that 49,712,502 passenger-miles 
were accomplished for each passenger killed, and 
2,406,236 passenger-miles for every passenger 
injured. Comparing the year 1903 with the year 
1904, we tind that in the former year one passenger 
was killed for 58,917,645 passenger-miles travelled, 
and 2,541,096 passenyer-miles were accomplished 
for each passenger injured. In 1895 the number of 
passenger-miles travelled was 71,696,743 for every 
passenger carried, and one passenger was injured 
for 5,131,977 passenger-miles. From these figures 
it appears that the risks of railway travelling in the 
United States are increasing. 


AUSTRALIAN SOcIALISTs AND IRON MANUFACTURE. 


It has been the ambition of the politician in 
Australia to develop the iron resources of the 
Commonwealth, and very properly so; but the 
methods adopted have been so tainted with the 
spirit of Socialism, which is more and more per- 
meating the government of some of the Colonies, 
that no success has yet been achieved, and there is 
less prospect of the realisation of Colonial hopes in 
the immediate future. The new government of 
the Commonwealth has re-introduced a Bill for the 
payment of bounties on iron and steel manufac- 
ture from the Colonial raw material ; but this Bill 
is worse than its precedessors, in respect that the 








420 


ENGINEERING 





[SePrT. 29, 1905. 








manufacturers working under the bonus system will 
be hampered with conditions as to wages and 
the selling price of the products; while in the 
event of success being achieved as the result of 
enterprise and energy, there is every probability 
that the ultimate reward will be forfeited, since the 
Bill anticipates the purchase of the works by the 
State upon terms which may, or may not, be favour- 
able to the promoters. The bonus for pig iron 
made from Australian ore, or for puddled bar-iron 
or steel made from such pig iron, is to be 12s. per 
ton, the total amount which may be thus paid being 
250,0001. ; the date fixed for the expiry of the 
bounty is January 1, 1911. 50,000/. has also been 
ear-marked for bonuses on galvanised iron, wiring, 
and iron and steel tubes or pipes, except where 
riveted or cast, and not more than 6 in. internal 
diameter, the date of ceasing to pay such bounty in 
this case being January 1, 1909. On each reaper and 
binder made in the Colonies 8l. will be paid up to 
and including 500, if completed before July 1, 1907. 
The Bill provides that the manufacturers must 
furnish proofs to the satisfaction of the Minister 
that the goods are all of satisfactory quality ; but 
before any bounty is granted the manufacturer 
must agree to transfer his whole establishment, 
including the land, to the State, if required by the 
Governor of the State, within some months of the 
expiration of the bounty: ‘‘ such transfer to be in 
consideration of fair compensation for the property 
transferred, to be assessed in case of dispute by 
the President of the Commonwealth Court of Con- 
ciliation’ and Arbitration, whose determination 
shall be final and conclusive and without appeal.” 
At the same time those earning bounty are required 
to pay to the workmen employed in the manu. 
facture of the goods a rate of wages fixed by the 
Bill, or the higher rate usually paid in the state 
to workmen and employés doing similar work ; and 
they must agree neither to sell nor cause to be 
sold, directly or indirectly, any of the goods in 
respect of which bounty is paid at a price higher 
than that fixed by the Bill. The wage and selling 
price are to be fixed not oftener than once in 
six months, by reference to the President of the 
Commonwealth Court already mentioned. The 
Governor-General may make regulations under the 
Act. The opinion entertained in Australia is that 
no capitalist will be found willing to comply with the 
conditions ; and as it has already been intimated 
by the sponsors of the Bill that the capital involved 
before the iron and steel bounty can be earned will 
be 500,0001., it seems as if such prognostications of 
failure will be realised. 








THE STEAM TRIALS OF H.M.S. ‘‘ ARGYLL.” 

Tur armoured cruiser Argyll, belonging to the 
Devonshire class, built and engined by Scotts’ Ship- 
building and Engineering Company, of Greenock, has 
this week completed her official steam trials, with 
satisfactory results. This cruiser, which has already 
been described in ENGINEERING (vol. lxxix., page 46), 
has a length of 450 ft., a breadth of 68 ft. 6 in., 
a depth, moulded, of 38 ft. 6 in., and at a mean 
draught of 24 ft. 9 in. displaces 10,700 tons. It will 
be noted that at the trial the mean draught in each 
case exceeded that designed, but this was due to extra 
load of water-ballast, and is only mentioned here to 
show that the trial steam performances will be main- 
tained when the vessel has all her war stores on board. 
On the trial she had all her guns, and was practically 
ready for service; indeed, the gun trials formed part 
of the programme of her steam tests. The vessel 
proceeded on her preliminary trial to the South Coast, 
where the ordnance tests were carried out in the 
English Channel ; subsequently she returned to the 
Clyde to complete the official performances. 

The machinery, which we illustrated on the two- 
page plate accompanying our issue of January 13, 
1905, is of the four-cylinder triple-expansion type, 
the high-pressure cylinders being 41 in. in diameter, 
the intermediate cylinders 654 in., and the two low- 
pressure cylinders on each ergine 734 in., having a 
stroke of 42in. There are sixteen Babcock and 
Wilcox and six cylindrical boilers, arranged in four 
compartments. 

“On the first trial of 30 hours’ duration the vessel 
was required to develop one-fifth of the total horse- 
power, and it will be noted from the accompanying 
table that the mean result of the hourly readings was 
4726 indicated horse-power, the consumption of water 
per indicated horse-power for all purposes being 
20.21 lb. It should be noted in this connection, how- 


ever, that the proportion of steam used by the auxiliary 
machiner 
considerable. 


poses was 1.94 lb. 


to the power of the main — is very 
The coal consumption for all pur- 
On the second trial, also of 
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Date of trial . Sept. 15 and 16, 1905, 
Nature of trial ..| 80 hours’ = consump- |30 hours’ coal consump-| 8 hours’ full. power 
| ion ; tion 
| Forward. | Aft. Forward. Aft. Forward. | Aft. 
Draught of water (mean) a ..| 24ft. 5 in 25 ft. 7.im. | 24ft.6in. 25 ft. 6in. | 24ft.6in. 265 ft. 6 in. 
8 da as eee ~ .. knots 13.9 (by bearings) | 20.8 (mean of four runs) | 22.28 (mean of four runs) 
Steam pressure in boilers .. Ib. p. sq. in.| 180 Ib. | 2 194 Ib. 
‘is ‘ “i f gy boilers, 
F " r > | - 0.6 in. water-tu 0.97 in. water. 
Air pressure in stokeholds inches in water) Nil 0.4 ,, cylindrical | Water-tube boilers, 
| | 1.05 in. water. 
’ Starboard. Port. | Starboard. Port. Starboard. Port. 
Vacuum in condensers. . 26. 25 in. 25.5in. | 24.7in. | 24.7 in. 24.5 in. 25.1 in. 
Revolutions per minute a ae 85.8 87 125.7 | 126.6 138.9 138.9 
High .. é 110.5 Ib. 107.8 Ib. 171 Ib 170 Ib 172 Ib. 173 Ib. 
Mean pressure in receivers ..4 Intermediate .. V.3 5. ms PP 68 ,, | 23 ,, a 
Low os rr > 1L8 ,, 9.2,, yA om 15.6 ,, 143 ,, 
High oii A ae 7 =. pa 60.9 ,, ; Se.. 63.3 ,, 68.6 , 
. ntermediate .. 22 5, 13.5 ,, 27.8 ,, 28.6 ,, 36.76 ,, 37.85 , 
ee PRN. 8 «+ 4 haw, fave a1, | 48. | ay, | my, 6 | ss, | ; 
Low, aft 4.39 ,, 453... i 28. 12.3 ,, 18.44 ,, = ie 
—_ oii pa - es 920 2197 2 2,522 2,736 
. “ ntermedia és 52 841 2596 3,652 3,760 
Mean indicated horse-power .. --1, Low, fore... 317 334 1322 1336 2,087 1,969 
Low, aft 339 339 | 1467 1405 2,305 2,199 
Total indicated horse-power .. 2292 2434 7489 «=| ~=—(7619 10,526 10,664 
ee ee eh ee ee ee 4726 | 15,108 21,190 
Consumption of water (all purposes) per indicated horse- | 
power per hour oe “< es a a“ oe 20.21 Ib. ] 17.28 Ib. 18.91 Ib. 
Consumption of coal (all purposes) per indicated horse- | 
> r ES we he i -94 Ib. | 1.82 Ib. 2.2 Ib. 


power per hour 3 2 1 


thirty hours’ duration, the engines developed 15,108 
horse-power, and the consumption of water for 
all purposes was 17.28 lb., while the fuel consumption 
was 1.82 lb. Four runs were made over the measured 
mile to ascertain the speed, and it was found that 
this rate worked out to 20.8 knots. On the full-power 
trial, which took place on Tuesday of this week, the 
mean draught was 25 ft., and the power developed 
was 21,139, or 190 indicated horse-power in excess 
of that guaranteed by the builders. In this con- 
nection it should be remembered that the builders of 
British warships designed at the Admiralty, as in 
the case of the Argyll, are not responsible for speed. 
The Argyll, on four runs on the measured mile, 
made a mean speed of 22.38 knots, while the speed 
anticipated in the design was 22} knots: the state 
of the hull, due to the fact that the vessel had 
not been in dock for three months, and the problem 
of propeller design probably accounts for the fact 
that this vessel has not steamed at quite the same 
high rate as the other cruisers of the class. Indeed, 
as we have already pointed out, the Admiralty 
are accumulating data as to the comparative per- 
formances of Admiralty propellers in the vessels of 
this class, and it may that the design of the 
screws of the Argyll have not yielded as satisfactory 
results as those on other vessels of exactly the same 
design and power. It will be noted that the air-pres- 
sure in the stokehold on the full-power trial was about 
lin., and that the consumption of water was 18.91 Ib. 
The total loss of water during the eight hours’ trial 
was 16.8 tons, which is equal to 2.37 tons per 1000 
I.H.-P. per day of 24 hours. 

The full results are tabulated in the accompanying 
table, and an examination of these details will show 
that they are, as far as the machinery is concerned, 
most satisfactory. Circling, stopping, starting, and 
gun trials have also been carried out, and the vessel 
will be at once completed, at the works of her builders, 
for commission. 








THE LATE MR. WILLIAM DEAN. 

WE regret to have to announce the death of Mr. 
William we which took place at Folkestone on 
Tuesday last, after an illness which had lasted over 
twelve months. To those Ean who know any- 
thing of the history and working of our railways, the 
name of Mr. Dean will be familiar in connection with 
locomotive practice on the Great Western Railway. 

Mr. Dean was in the sixty-sixth year of his age when 
he died. He was born in Liaie. and was the second 
son of the late Mr. Henry Dean, who in his day 
was well known in connection with the Haberdashers’ 
Company. Mr. William Dean received his education at 
the original school of the Haberdashers’ Company, and 
in October, 1855, from there to the locomotive 
shops of the Great Western Railway at Wolverhamp- 
ton, where he served his apprenticeship under the 
late Mr. Joseph Armstrong, who was then the loco- 
motive superintendent of the northern division of the 
Great Western Railway. Having "> successfully 
through the time of his tuition, Mr. Dean remained 
with his old chief, and was, in 1864, appointed as 
assistant superintendent in the locomotive depart- 
ment of the northern division of the railway under 
Mr. George Armstrong. While holding this position 
he undertook the management of the works at Suffolk- 
road, Wolverhampton, where in those days about 850 
men were employed. That times have siightly changed 
since then may be gathered by the fact that, when Mr. 
Dean got this appointment, the number of new engines 


built in the shops amounted to about 20 per annum, 
though this was, of course, in addition to ordinary 
repairs and renewals. Still remaining with the Great 

estern Railway Company, he was, in 1868, appointed 
chief assistant superintendent in the locomotive, car- 
riage, and wagon department at Swindon, under Mr. 
Joseph Armstrong. When this gentleman died, in 
1877, the subject of our memoir was appointed in his 
place, which position he occupied till he retired, owing 
to ill-health, in 1902. Under him the works at 
Swindon had during that time grown greatly, the 
number of men employed being about 13,000. 

When Mr. Dean left the company, which he had 
served so well for many years, it was a matter of keen 
regret to those workers connected with him. For 
nearly forty-seven years his had been a familiar figure 
in the locomotive works, and on the line. During his 
long experience he saw the introduction of many im- 
provements in connection with the railways of this 
country. To his skill and ingenuity are due a number 
of changes, which resulted in the greater comfort and 
convenience of passengers; and the locomotives he 
designed and built are too well known to need com- 
ment here. Mr. Dean was much respected by his 
brother officers and by his men, and on his retirement 
he was the recipient of a very handsome testimonial 
in the shape of an eight-day English chiming hall 
regulator clock, which was subscribed for by the 
employés of his department. 

Mr. Dean became a member of the Institution of 
of Mechanical Engineers in 1868, and was elected a 
Member of Council in 1892. At the time of his 
election as a member, he was manager of the Suffolk- 
road works of the Great Western Railway Company, 
at Wolverhampton. 

He joined the Institution of Civil Engineers as an 
Associate-Member in 1877, and was transferred to full 
membership in 1878. He never contributed a paper to 
this Institution, but in 1893 a paper of his was read 
before the Institution of Mechanical Engineers. This 
paper, entitled ‘Tensile Tests and Chemical Analysis of 
Copper Plates from Fire-Boxes on the Great Western 
Railway,” was read in conjunction with the late Sir 
W. C. Roberts-Austen’s Second Report of the Alloys 
Research Committee, and was discussed along with: it. 

Mr. Dean took a keen interest in the Volunteers, 
and for many years identified himself with them. He 
joined their ranks in the early ’sixties, when his name 
was enrolled with the 2nd V.B. Duke of Edinburgh’s 
Wiltshire Regiment. His heart was in the movement, 
and while at Swindon he worked very hard in connec- 
tion with it for. many years. At the time of his 
death he was major of his regiment. 

Mr. Dean was a freeman of the City of London, and 
was on the Livery of the Haberdashers’ Company. He 
was also a Justice of the Peace for the County oi 
Wiltshire. He was twice married, and had three 
children by his first wife. The only one of these now 
surviving is Commander F. W. Dean, R.N. 








Tue Sream Liresoat ‘‘Mosevry.”—In describing, 
in last week’s issue (page 378), the new twin-screw life- 
boat built by Messrs. Forrestt and Co., Limited, of 
Wyvenhoe, x, to the order of the Crown Agents for 
the Colonies, for service in ‘os, we inadvertently 
omitted to mention the interesting fact that the vessel 
was designed by, and built under the direction of, Sir 
Edward J. Reed. K.C.B., M.P., who is consulting naval 
architect and inspecting engineer to the Crown Agents 
for the Colonies. By a misprint, also, the name of the 
boat was given on pages 378 and 379 ante as ‘‘ Molesey,” 
instead of ‘* Moseley.” 
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FORSYTH’S RACKING-COCK 





Fic. 1, 


To fill barrels with beer or other liquid expeditiously 
and cleanly is not so simple an operation as it appears 
at first: sight. The liquid must be turned on and off, 
and during the time that a barrel is — the dis- 
placed air must be allowed to escape freely. Moreover, 
the withdrawal of the length of tube within the barrel 
when the latter is full is very prone to discharge the 
contents of the tube upon the floor, causing a consider- 
able mess and waste. 

In the racking-cock which we illustrate in Figs. 1 to 
3 on this page all these difficulties have been met in a 
very sheials Wena. The cock has only a single moving 
piece similar to the ordinary conical plug of a plug- 
cock, and this piece, like its counterpart, performs all 
its functions by being rotated through a quarter of a 
circle. It contains three ports: one the ordinary tho- 
roughfare, the second a smaller port forming a right- 
angled passage through the lesser end of the plug, and 
the third a still smaller hole drilled from the centre of 
the side of the plug into the second port. , 

The arrangement of the ports will be made clear 
by reference to Figs. 2 and 3. Fig. 2 shows the 
position of the plug when the barrel is filling. The 
tapered sheath screwed on to the shell of the cock is 
supposed to fit in the bunghole of the barrel, and the 
dip-pipe to the bottom of the barrel to be attached to 
the tube projecting below the sheath. The main 
thoroughfare of the plug allows the free passage of 
the liquid into the barrel, whilst the displ air 
escapes through the annular s surrounding the 
tube, and passes away through the second port in the 
plug to the air-pipe seen in Fig. 1. When the barrel 
is full, the plug is turned through 90 deg. into the 
position of Fig. 3. The liquid is thus shut off, and 
the dip-pipe simultaneously connected with the air- 
pipe through the third port, mentioned above. Air is 
thus admitted to the dip-pipe, so that it may be 
withdrawn empty, and the usual mess and waste 
avoided. 

The cock is very light to handle, and its simplicity 
and efficiency for the pur in view are obvious. It 
is the invention of Mr. eden Forsyth, of 1, Eaton- 
square, Terenure Park, Co. Dublin. 








INDUSTRIAL NOTES. 

Tue twelfth annual report of the Labour Department 
of the Board of Trade, on changes in rates of wages and 
hours of labour in the United Kingdom, is a valuable 
addition to our national records of economics. The 
report shows in detail in which industries there were 
changes, the amount of both increases and decreases 
in wages, and also generally the net results. Changes 
in wages during last year, and also in the three pre- 
ceding years, resulted in a net reduction. Nearly all 
the principal groups of trades suffered a decrease in 
wages in 1904, the amount, measured as total loss per 
week, was slightly in excess of that in 1903, but only 
about half of what it was in 1902 and 1901. The total 
number of workpeople affected by changes in wages 
in 1904 was nearly 801,000. Of that number about 
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16,000 obtained advances, amountin 
to a little over 1200/. per week, while about 785,000 


in the aggregate 


sustained decreases, amounting to over 40,400/. per 
week. The net result of all the changes was thus a 
loss of over 39,200/. per week. The decrease in 1903 
was 38,300/.; in 1902, 72,600/.; in 1901, 76,600/. The 
aggregate of all these losses over the whole four 
years amounted to an enormous sum, and reduced the 
purchasing power of the masses to such an extent as 
to become a factor in the depression in trade which 
the nation now experiences. Goductions in wages are 
probably inevitable, but they tend to render more 
acute, and to widen the area of, the depression which 
led to them. Moreover, the losses are increased by 
loss of time through unemployment. How to avert 
the evil is one of the soaibions to be solved in the 
future. 

Satisfaction is expressed in the report that most 
of the changes in wages were arranged by con- 
ciliation, arbitration, wages boards, sliding-scales, or 
other friendly agencies, without any interruption of 
work. The changes in the hours of labour during 
1904 were few and comparatively unimportant. The 
net result of all the changes was a reduction in work- 
ing hours of 24,599 per week for 16,792 workpeople. 
By way of comparison, the changes in wages during the 
first six months of this yearare also given. The net 
result was a weekly loss of about 9800/. per week in the 
wages of 305,300 workpeople. The decreases were 
mainly in the coal-mining, engineering, and shipbuild- 
ing industries. In the corresponding period of last 
year the decreases amounted to 13,000/. per week in 
the wages of 275,200 workpeople. A table is given in 
the report of all changes during the last ten years. In 
1895 there was a decrease of 28,125/. per week of the 
aggregate affected. Then for five years in succession 
there were large increases, In 190] there was a reac- 
tion, and reductions in wages set in. We have not 
yet begun to recover the lost ground of the last four 
years. But the workpeople have no cause for very 
acute disappointment at the net result of the ten 
years’ working, because, during the five years of 
reductions in wages—1895 and 1901-4—the losses in 
wages were less by 182,000/. per week than the in- 
creases from 1896 to 1900 inclusive. The distress has 
been caused by loss of time, through non-employment, 


| rather than by losses in wages when at work. Asa 


matter of fact, employers are not now so eager to 
reduce wages as wg | were thirty, forty, or fifty years 
ago. That may be due to the more conciliatory rela- 
tions that exist between employers and employed, and 
to the negotiations that take place when a labour dis- 
pute is pending, and before a strike takes place or 
work is suspended 

In the groups of industries affected by changes in 
wages, coal-miners take the lead in. numbers, ranging 
from 704,681 in 1901 to 658,390 in 1904. In 1902 
some 735,524 om were affected, and in 1904 no 
fewer than 752,190. In the ironstone and other mines 
the numbers ranged from 16,098 in 1901 to 7121, the 
lowest, in 1902. The iron and steel trades come 
next—from 66,809 in 1901 to 23,492 in 1903; in the 
two other years they stood at 50,343 and 60,097 
respectively. In the vy reer, and shipbuilding 
group of industries the highest figure—74,680—was 
reached in 1903; in the other years the numbers 
were 21,244, 32,822, and 31,094 respectively. In the 
building trades the numbers affected were not so 
great as the state of trade might have led us to ex- 





pect. In the textile trades the changes were unim- 
portant, only 3939 being affected in 1901 and 393!) 
in 1904. In the other two years the numbers were 
2107 and 1001 respectively. Employés of public autho- 
rities were involved to the number of 27,628 in 1901, 
while the yearly average since has been about 8000. 
The most satisfactory thing in the report is that 
portion of it which gives an account of the manner in 
which the changes in the rates of wages were effected. 
In nine groups of industries in 1904 a total of 800,658 
workpeople were affected. In all these changés 3.2 
per cent. were arranged under sliding scales, 71.3 per 
cent. by conciliation, mediation, and by wages or arbi- 
tration boards, and 25.5 per cent. by negotiation or 
other methods. In 1895 no fewer than 25.1 per cent. 
were arranged under sliding scales, and 29.3 per cent. 
by conciliation ; the former method has given place to 
the latter, for in 1904 no less than 71.3 per cent. of 
the disputes were so arranged. There have been 
fluctuations in the proportions, but now 74.5 per cent. 
are arranged under the two methods. A very fair 
number of disputes are now dealt with by direct nego- 
tiation between the parties, and strikes are averted. 





The thirteenth annual report of the National Free 
Labour Association, to presented at the annual 
meeting at the end of October, gives an account of the 
doings of the association for the past year, with a 
brief account of its rise, progress, and objects. ‘‘ The 
association,” it is stated, ‘‘ was founded in May, 1893, 
with a view to protect the general body of labour from 
the tyranny and dictation of trade unions, and to 
maintain Free Tradein labour.” ‘‘ Previous to 1893,” 
it says, ‘‘the coercive and despotic socialistic trade 
unions had developed . . . into organisations for pro- 
moting certain conditions of socialistic anarchy that 
are diametrically opposed to industrial progress and 
prosperity.” The association was therefore the pro- 
duct and outcome of what was then called the new 
trade unionism, the policy of which was stoutly 
attacked by the old leaders who had survived to that 
date. But the opens has no right to assume, least of 
all to state, that the disastrous strikes of 1889 to 1893 
‘** were subsidised by foreign manufacturers. . . to in- 
stigate discontent, and so to promote disputes between 
employers and employed, for the obvious purpose of en- 
abling foreign competitors to capture our trade during 
periods of depression, thereby causing ruin and disaster 
to the wage-earners of thecountry.” It is better not to 
impute motives. The report might have pointed tothe 
possibility of this happening in view of such strikes, 
without the implication. The report goes on to say :— 
‘**Strikes during that period (1893 to 1905) it is esti- 
mated had displaced 250,000 British workmen, ruinéd 
as many homes, and cost the workers of the United 
Kingdom 50,000,000/. in wages and strike-pay alone.” 
It then refers to the need for such an association to 
protect non-unionists. In thirteen years it has ob- 
tained the support of 3000 employers and 500,000 
British workmen. 

The association claims that there is a ‘‘ need for an 
organisation to watch over the interests of non- 
unionists,” inasmuch as while there are, roughly 
speaking, about 1,500,000 trade unionists, there are 
11,000,000 of non-unionists. The report continues : 
“The association, recognising the right of combination 
to protect legitimate interests, has lost no opportunity 
of promoting a better feeling between employers and 
employed.” The National Federation of Trades 
claim the same thing. But the methods are different. 
Nevertheless, all will rejoice should both bodies suc- 
ceed in promoting this better feeling. The association 
attributes the recent decrease in strikes to its action, 
The report states that ‘‘19,216 workmen, embracing 
many trades and industries, have been registered at 
our chief and district offices.” The report gives a 
synopsis of the “‘ legal status of trade unions,” and then 
deals with the Trades Disputes Bill. It then refers 
to the appointment of the Royal Commission on the 
subject of labour and trade disputes, the report of which 
has not yet been published. It condemns the atti- 
tude of the unions in refusing to give evidence, while 
the Free Labour association gave evidence through its 
chief officer. The report claims that the association de- 
feated several strikes, such as the North-East Coast 
shipsmiths’ strike, the Covent Garden porters’ strike, 
the pattern-makers’ strike in Scotland, and the London 
Printers’ Assistants’ strike. As regards the latter, it 

ives an account of the action at law to recover 

amages, together with the judgment thereon. The 
case is still before the Courts on appeal. In conclu- 
sion, the association claims to have,.defeated 500 
strikes, and to have enrolled on its register 500,000 
working men ; on these grounds it claims the support 
of the employers of the country. 





It is reported that a powerful organisation is being 
started in the United States to smash trade unions. 
It will have to deal with the American Federation of 
Labour, with the Civic Federation, which aims at a 
péaceful settlement of disputes by conciliation or arbi- 
tration, and with numerous trade unions and associa- 
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tions all over the United States. Without in any way 
defending the action of some of the unions in America, 
a doubt may be raised as to the policy of trying to 
smash the organisations of labour. The same idea 
characterised labour legislation in this country for six 
hundred years. Hundreds of ordinances and Acts 
of Parliament were between the reigas of 
Edward III, and George IV. with the object of abolish- 
ing combinations, regulating labour, wages, hours of 
work, apprentices, &c. They all failed in the end. In 
this country employers and workmen, in spite of some 
acute divergences and trouble, have drawn closer to- 
gether; and if the representatives of labour are wise, 
prudent, and courteous, there is no reason why strikes 
and lock-outs should not cease. 





There is every indication that a revival in the iron 
and steel trades has set in. The reports from Wol- 
verhampton say that the market continues buoyant. 
There has been a steady demand for marked iron at 
advanced rates, and unmarked iron is now being 
ordered extensively at enhanced rates. At Birmingham 
there was a very strong market, with a rising ten- 
dency. Makers of common bars have advanced the 
rates, while corrugated sheets are 5s. per ton dearer. 
The Board of Trade returns published by the Labour 
Department show that employment at the iron and 
steel works continues good. More workpeople are em- 
ployed than a month ago, and many more than a year 
ago. In the pig-iron industry four more furnaces are in 
blast than a month ago, and 27 more than a year ago. 
In the engineering trades the proportion of unemployed 
in the Birmingham and Wolverhampton district was 
4.1 per cent., as compared with 3.4 per cent. in the 
month previous, and 5.5 per cent. in the same month 
a yearago. There is no cause — for the slight 
increase in unemployed last month, but there may be 
local reasons unexplained—the holidays, for instance. 
In the miscellaneous metal trades brassworkers report 
trade as moderate ; bedstead-makers as fair; fender 
and fire-brass makers as quiet. Makers of nuts, bolts, 
nails, &c., are in moderate employment generally ; but 
the spike and wrought-nail trade is quiet. Cased-tube 
makers report trade as moderate; makers of steel 
tubes for bedsteads as fair. Trade has improved with 
the South Staffordshire tube-makers. Employment 
with chain-makers is moderate, slack with anchor- 
smiths; with vice and anvil-makers it is fair. 
Axle-makers are busy, spring-makers are fully em- 
ployed, and makers of railway-axles and springs re- 
port trade as good. Employment in the lock, latch, 
and key industries is reported to be bad ; with makers 
of iron fences and hurdles it is fair. The file trade 
is quiet at Wolverhampton, but fair at Birmingham. 
Employment in the sheet-metal trade is quiet at Wol- 
verhampton, but improving at Birmingham. 





The iron and steel trades in the Lancashire districts 
are participating in the revival of trade. In the 
finished iron branches there has been an advance in 
prices in all departments. Steel, generally, is in good 
request. The demand in both iron and steel indicates 
a growing improvement in the iron and steel-using 
industries generally, and in some departments the 
outlook is most encouraging, including all sections 
of engineering—marine, locomotive, and stationary 
engines, electrical and general. In textile machinery 
there is also a better outlook. The autumn quarter 
bids fair to be the best of the year. The report of the 
Labour Department of the Board of Trade indicates 
increasing activity in most departments of engineering. 
In Manchester, Salford, and district, employment on 
the whole is described as good, with some overtime ; 
at Oldham, Blackburn, Burnley, and Preston, fairly 
good, with overtime in some departments. Iron 
flangers and grinders are well employed, with over- 
time in several towns. Spindle and flyer makers re- 
port employment as fair. Iron-founders generally are 
well employed. At Barrow employment is generally 
good alt round. Boiler - makers, however, are not 
so actively employed. At Liverpool and Birkenhead 
all sections are dull. At Crewe and at Horwich trade 
is bad. But generally the outlook has improved. 
The tabular statement of employment shows that in 
the large area covered by the Manchester and Liver- 
pool districts the proportion of unemployed union 
members was 4.5 per cent. ; previous month, 4.8 per 
cent. ; and a year ago, 8.2 per cent. In the Oldham, 
Bolton, and Blackburn districts the percentages were 
3.7, 3.2, and 11.1 respectively. The greater slackness 
in the latter area was due to the annual holidays. 
Taking the whole county, the proportions of unem- 
ployed union members were 4.9 per cent. ; previous 
month, 4.8 per cent.; same month a year ago, 7 per 
cent, The improvement, as compared with a year 
ago, is not great; but it is tangible, fand the im- 
provement is still going on all along the line. 


At a meeting of the Amalgamated Society of En- 
gineers, held at Nottingham last week, it was decided 
to delete the rule as to overtime, which was found to 
be impracticable in operation. It was further decided 
to arrange with the Employers’ Federation to adopt 





measures to preven’ excessive and systematic over- 
time. This is a sensible, practical, and efficient way 
to accomplish what is really desired. Overtime is not 
profitable to an employer, nor in the end does it do 
much to the real advantage of the workman. But in 
the one case it may be a necessity under pressure, and 
in the other it helps to make up for lost time. 


The dispute between the workmen and the electrical 
companies in Berlin threatens to assume large dimen- 
sions. Already 8000 men are locked out, and others 
are likely to suffer a like fate, as they threaten to 
strike. The men claim a minimum wage of 27s. per 
week, and base their claim upon the high price of the 
necessaries of life and of house rent. It is said that 
other workmen will strike in sympathy with the 
electrical workers, but this would have the effect of 
stopping supplies to those already out. 

The dispute between the coal porters of London and 
the coal merchants was not settled at the conference 
last week, though it lasted six hours; but there is 
hope in the fact that the parties are in negotiation. 
This is the first great step towards a settlement. 

A short time ago the Clyde engineering employers 
refused to grant an advance of a halfpenny per hour 
demanded by the engineers: it is now said that they 
are willing to advance wages a farthing per hour. 
Surely negotiation can now settle the question. 





The London and South-Western Railway Company 
have posted a notice at their works at Eastleigh 
stating that the men are to resume full time again. 
Many men recently discharged are also resuming 
work. All these things indicate a revival of trade in 
the engineering and cognate industries. 








THE THERMAL TRANSFORMATIONS OF 
CARBON STEELS.* 


By Joun Ottver ARNOLD and ANDREW 
McWILLIAM. 

Tue study of the transformations of carbon steels 
naturally divides itself into three sections : — 

1. The transformations of saturated steel. 

2. The transformations of unsaturated steel. 

3. The transformations of supersatuated steel. 

It may be well at the outset to state that the following 
synonyms of the original terms, saturated, unsaturated, 
and supersaturated, are sometimes employed :— 


Eutectic, Hypo-eutectic, |Hyper-eutectic. 
‘Eolic, | Hypo-eolic, Hyper-olic. 
Eutectoid. Hypo-eutectoid, Hyper-eutectoid. 


The three steels selected by the authors for this re- 
search had the compositions tabulated below :— 


TABLE I. 


Nature of Steel. 


Elements. 











: ; Super- 
Saturated. | Unsaturated. saturated. 
Combined carbon ..| 0.89* 0.21 1.78 
Silicon ee -| 0.03 | 0.05 0.08 
Manganese .. 0.09 0.05 0.13 
Sulphur + 0.02 | 0.03 0.02 
Phosphorus .. 0.02 | 0.02 0.02 
Aluminium .. aa 0.03 0.02 0.04 
Tron (by difference) | 98.92 99.62 98, 24 
Total impurities ..| 9.19 0.17 0.29 


* Mean of five closely agreeing combustions. 

The steels were cast from the crucible into ingots of 
50 lb. each and 3 in. square, which were hammered and 
rolled into bars 1), in. round. 

Experimental Method.—The heating was carried out in 
an atmosphere of nitrogen, and the quenchings made in 
cold brine with the apparatus fumed by the authors in 
the Journal of the Iron and Steel Institute, 1899, No. I., 
page 99. The exact arrangement inside the porcelain 
tube is shown in Figs. 1 and2. § is the steel, the disc 












som 


being 8 in. in diameter and } in. thick. R is the rod for 

uickly transferring the heated steel from the nitrogen to 
the tank of iced brine. ‘TC is the thermo-couple and 
leads, the twist of the former being in contact with the 
steel (Fig. 1). 





Section I. 
Transformations of the Saturated Steel.—The 0.89 per 


cent. carbon steel, consisting entirely of rlite, was 
taken up to and quenched from about 718 deg. Cent. 
in brine at 5 deg. t. The authors say visedly 


about 718 deg. Cent., because by an oversight the 
exact zero and cold - junction temperature were not 


* Paper read before the Iron and Steel Institute at 
Sheffield on September 26. 





accurately noted previous to the experiment. The 
actual object of the experiment was to quench the steel 
just after. the whole of the pearlite had been trans- 
formed to hardenite—that is to say, almost immediately 
after the Ac 1.2.3change. The fortunate oversight with 
reference to the zeroand cold-junction resulted in the pro- 
duction of a single section of steel exhibiting the trans- 
formations of pearlile into hardenite in the most perfect 
manner yet recorded. Fig. 3, page 424, exhibits the 
whole section magnified about 11 diameters. On etching, 
it exhibited to the eye areas of three distinct types of 
structure: a pale new-moon shaped area A, a darker zone 
B, and a double convex area C, of a still darker colour. 
Structures typical of these three areas, as seen when 
magnified 460 diameters, are reproduced in Fig. 22, 
page 425. The area A, which was in contact with 
the bottom of the tube, was almost completely trans- 
formed into structureless hardenite, this edge of the sec- 
tion distinctly scratching quartz. A few small isolated 
areas of untransformed pearlite are also visible. In the 
region B the areas of hardenite and pearlite were roughly 
equal. In other words, the transformation of the pearlite 
to hardenite was about half completed. The region C, 
which was quite soft, consisted almost entirely of pearlite, 
but here and there, evidently forming from a series of 
centres, small patches of hardenite distinctly presented 
themselves. It would therefore appear that by a pure acci- 
dent, when the piece was quenched, the new-moon area A 
had reached a temperature approximating 725 deg. Cent., 
and hence was almost completely transformed. The 
zone B had probably reached a temperature of, say, 
718 deg. Cent., and the transformation was hence incom- 
plete; whilst the area C had probably reached a tempera- 
ture of, say, 710 deg. Cent. On reference to the engraving 
it will be seen har Aerecmll the pearlite and the hardenite, 
in all three divisions, there exist dark-etching boundary 
lines. These were first observed by Mr. Osmond, and 
by him described as a new constituent, to which he gave 
the name ‘‘ troozite.” With this transition substance the 
authors will deal later in Section II., describing the trans- 
formations of unsaturated steel. A glance at the figures 
will show that during the etching operation the appa. 
rently structureless hardenite was strongly electro- 
negative both to the pearlite and to its dark-etching 
boundary lines. The hardenite figured represents the 
perfection of hardened steel, and in this connection it 
may be remarked that the recalescence data of the steel 
approximate to those embodied in the following table :— 


On heating Ac 1.2.3 maximum Range 710 deg. C. 
at 720 deg. C. to 730 deg. C. 

On cooling Arl1.2.3 maximum Range 690 deg. C. 
at 675 deg. C. to 660 deg. C. 


These figures are possibly a few degrees from the abso- 
lute truth. This, however, is a matter of small import- 
ance, since they are relative; and, moreover, the recales- 
cence points themselves are not absolutely constant in 
the exact temperature at which they appear, or in the 
amplitude of their range in a given steel. Passing now 
from properly to improperly hardened steel, the latter is 
well represented in Fig. 4, page 424. Hardenite, such as 
that in Fig. 22, breaks with that close velvety fracturo 
characteristic of good steel of this type which has been 
subjected to proper thermal treatment. The steel figured 
in Fi . 4 was heated up to about 1200 deg. Cent., and 
quenched from 1150 deg. Cent. in iced brine ; in other 
words, the steel was irretrievably ruined. It is obviously 
highly crystalline, and breaks with a coarse fracture, 
showing brilliant faces. This section shows etching 
lines in three directions, and these lines occasionally 
form perfect equilateral triangles. The exact meaning 
of these etching figures the authors will not venture 
dogmatically to explain, but will merely put for- 
ward two or three possible or probable explanations. 
It is, however, quite safe to say that they indicate 
decisive cubic crystallisation. This may be brought 
about either by a crystallisation at the incipient white 
heat to which the sample was raised, or it may be due to 
the fact that, owing to the greater time occupied in cooling 
a very hot sample, the crystallisation at the lower tem- 
perature was more advanced than in that of a very quickly 
cooled steel. It is possible that the figures are due to 
infinitesimal cracks along lines of crystallisation ; or 
another explanation worthy of consideration is that the 
lines are due to cleavage planes in three directions. The 
supposition that these triangular figures are due to the 
cut-off corners of idiomorphic cubes is possible, but highly 
improbable, since it must be assumed in this case that 
several idiomorphic crystals in one minute area of the 
metal had formed with their axes mathematically parallel. 
The final explanation the authors have to suggest, which 
is, perhaps, the most probable, is that these markings 
represent crystallites P the cubic system—a view sup- 
ported by the fact that, in addition to the triangular 
structure, there occur here and there some curved 
lines strongly suggestive of crystallites moving into 
position. To this structure many authors give the name 
** martensite,” calling the etching lines ‘‘ an interlacing 
needle structure, characteristic of hardened steel.” 
Presently the authors will show a perfect development of 
this structure in an unhardened steel in circumstances 
which conclusively prove that it cannot be classed as a 
constituent. It may be stated that the pale apparently 
structureless substance figured in A, Fig. 22, and the sub- 
stance profusely marked with geometrical etching lines 
in Fig. 4, are both hardenite. As to whether the former 
hardenite is really amorphous, being in this respect 
analogous to obsidian, or mero-crystalline like basalt, 
the microscope is incapable of determining. Mr. Stead 
has certainly recorded in hardened steel equilateral tri- 
angles of only ts}s5 in. a side. This observation, how- 
ever, does not form conclusive proof of the non-existence 
of amorphous hardenite, since these minute triangles may 
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be merely indications of the commencement of a change 
from the amorphous to the crystalline condition. 

The Phases of Pearlite.—The molecular movements of 
the FesC of pearlite below the combined point Ar 1.2.3, 
although not strictly thermal transformations, lead, 
nevertheless, to startling microscopic transformations 
which entirely alter the mechanical properties of steel. 
These phases, previously described by one of the authors 
in 1895, may be broadly classed under four heads. 

In the first stage, immediately after the change point 
Ar 1.2.3, the 13 per cent. of oe  pecenel is in a state of 
division so fine as to be of the nature of an emulsion, and 
can be more or less so preserved by rapid cooling. This 
phase of pearlite may also be obtained by heating hardenite 
to about 400 deg. Cent. This emulsion of carbide, for 
reasons by no means clear, is regarded by Mr. Osmond as 
worthy o — rank, and by him has been christened 
‘“sorbite.” In the authors’ opinion, this phase of pearlite 
has no claim whatever to be regarded asa new constituent. 
There is, however, no objection (excepting the existence 
of two definite ‘‘sorbites”*) to distinguish this phase of 
pearlite by referring to its carbide as “‘sorbitic” or 
‘‘emulsified,” the latter term being more expressive of 
the facts. ¥ 

In the second stage normal pearlite is formed ; that is 
to say, the emulsified carbide of the first stage has segre- 
gated into ill-defined plates. : 

In the third stage, by slowly cooling, laminated pearlite 
is produced ; that is to say, the FesC has arranged itself 
in well-defined parallel striz. 

In the fourth stage, by extremely slow cooling, the 
parallel strie disappear, forming irregular ae ee 
of massive carbide. In stage 4 pearlite as a detinite 
constituent may be said to have disappeared, and the 
mass to be a mixture of ferrite and cementite. 

Figs. 5 to 8, annexed, graphically represent the phases 
just described, and state approximately the mechanical 
properties of the mass at the various stages. 


Section IT. 
Transformations of the Unsaturated Steel.—The follow- 
ing table gives approximately the thermal! data on heating 
and cooling the 0.21 per cent. carbon steel :— 


Range or Amplitude. 


Therma! Point. Maximum. 
deg. Cent. deg. Cent. 
Acl 720 About 719 to 730 
Ac2 735 so ate 
Ac3 820 »» 810 ,, 830 
Ar3 800 » 810 ,, 790 
Ar2* 735 »» 70 ,, 720 
Arl 670 680 ,, 660 


* Often presents two unequal maxima, the second and smaller 
appearing about 725 deg. Cent. 


In the thermal investigations on this steel it was 
necessary to instal a special recalescence apparatus, and to 
make the observations under conditions which, during 
cooling, sharply separated the three points, and gave an 
approximate idea of the relative amounts of heat evolved 
at each point. ‘ 

Micrographic Observations.—The right half-section of 
Micrograph Fig. 9, page 424, delineates the predominating 
structure of a 4-in, diameter section of the 0.21 per cent. 
carbon steel in its normal condition. But scattered 
over the section were here and there areas having a struc- 
ture like that delineated in the left half-section. Why 
occasionally this coarse structure should present itself 
the authors cannot explain, but merely record the fact. 

Micrograph Fig. 10 shows the 0.21 per cent. carbon 
steel heated to 950 deg. Cent., cooled to 730 deg. Cent., 
and rapidly quenched out. On etching, the a rance 
shown is depicted in the left-half section. The very 
dark areas owe their colour to the liberation of apes | 
carbon. On gently removing the ‘latter by rubbing wit 
the finger, the areas show the appearance delineated in 
the right-half section of Micrograph Fig. 10. The sub- 
stance from which was liberated the hardening. carbon 
appears homogeneous and pale brown in colour. This 
also is classed by Mr. Osmond as “‘troostite,” but it is 
easy to prove that if the dark transition boundaries 
shown in Fig. 22 are ‘‘troostite,” the dark etching sub- 
stance of Micrograph Fig. 10 cannot be troostite, and 
vice versd. It requires no demonstration to prove that 
the pearlite, the hardenite, and the dark transition 
borders of Fig. 22 are identical in ultimate chemical com- 
position, That composition may be represented in the 
case of pearlite by the formula 212Fe + x Fe;C; har- 
denite may be represented either as F., C or (21 Fe, Fe; 
C). The dark etching transition zones the authors —— 
as an indefinite molecular mixture of hardenite and of 
peurlite in which the carbide has been trap in the 
emulsified or ‘‘sérbitie*.condition. Turning back, how- 
ever, to the so-called ‘““troostite” of the unsaturated 
steel, on comparing the carburised areas in both half- 
sections of Micrograph Fig. 10, it will be seen that they 
are undoubtedly greater than the pearlite areas in the 
left-half section of Micrograph Fig. 9. Therefore the 
dark etching substance is not hardenite, because the 
vo.ume occupied by hardenite is practically the same as 


that oceupied by pearlite. If, instead of quenching the 
steel at 730 deg. Cent,, it had been allowed slowly to cool 
down to just above the change-point Ar1, and had been 


very rapidly quenched, the hardenite would have been 
found to occupy the same area as the pearlite in the normal 
stecl. It therefore follows that the dark etching areas in 
Micrograph Fig. 10 are an indefinite molecular mixture 

K The name ‘‘sorbite” was originally given b Professor 
Howe to the red crystals observed by Sorby A pig iron. 





The name ‘‘sorbite” is also applied to pearly crystals 
oLtained from mountain-ash berries. Formula, CgH,,O,. 





DIAGRAMS SHOWING THE PROPERTIES OF PRARLITE AND ITS DecomMPposiITION Propvct. 
Fe,C REPRESENTED BLAck. 


Micro-Structure. 





Fig. 5. 
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Fig, 8. 


Mechanical Properties of Mass. 


Maximum tensile stress about Maximum tensile stress about Maximum tensile stress about Maximum tensile stress about 


70 tons per square inch. Elon- 
gation on 2 in.=about 10 per 
cent. 


55 tons per square inch. Elon- 
gation on 2 in.=about 15 per 
cent. 


85 tons per square inch. Elon- 
gation on 2 in. = about 5 per 
cent. 


30 tons per square inch. 


Segregation Stages. 


_. First PHASE. SEcOND Puase. 
“‘Sorbitic” pearlite with emul- Normal pearlite with 
sified Fes0. Very dark on segregated Fes C. Dark on 
etching. etching. 


Note.—It is important to remember that in a single section 


observed in juxtaposition, gradually merging into each other. 


of hardenite and unsegregated ferrite. It is obviously 
out of place to call by one name, firstly, a mixture of 
hardenite and pearlite, and, secondly, a mixture of har- | 
denite and ferrite. Such indefinite and variable sub- 
stances are not entitled to specific rank, and it is a grave 
mistake in —— nomenclature to give them the 
name ‘‘troostite.” There appears, however, no objection 
to refer to them as “‘troostitic areas,” the name having 
reference to substances not being definite constituents 
which liberate hardening carbon on etching. It will be 
shown later that the term *‘ troostite” has also, by some 
authors, been applied to the pure hardenite of super- | 
saturated steels, Micrograph Fig. 11 shows the 0.21 per 
cent. carbon steel heated to about 1200 deg. Cent. and 
quenched in iced brine from 1150 deg. Cent. The section 
exhibits the so-called interlacing needles which are sup- | 
posed to be characteristic of hardened steel, and to which 
the specific name of ‘‘ martensite ” has been given. This | 
section occasionally shows small equilateral triangles | 
which, again, are merely evidence of cubic crystallisation. 
The structure probably consists of minute alternating 
strie of impure hardenite and ferrite. In some areas, 
indeed, well-marked laminew, and even masses of free 
ferrite, are distinctly visible. Micrograph Fig. 12 shows 
in the upper half-section a carbon steel casting containing 
0.39 per cent. C. This casting exhibits most clearly the | 
figures observed by Widmanstitten in meteorites. Many | 
of the triangles formed by the crystalline ferrite are | 
equilateral ; in fact, there is in this section, on a very 
large scale, a similar structure to that exhibited by Micro- 
graph Fig. 11 on a very minute scale. To call the 
structure shown in micrograph Fig. 12 a constituent is 
obviously absurd, because it is well known to be built up 
of the two constituents, ferrite and pearlite. In fact, the 
so-called ‘‘ martensite” is not a constituent at all, but a 
structure indicative of cubic crystallisation. This struc- 
ture, which may be called “‘ martensitic,” is in an un- 
saturated steel lined out in ferrite, in a saturated steel in 
triangular etching figures, and in a supersaturated steel in 
cementite. To all these evidences of cubic crystallisation 
it is quite legitimate to apply the term ‘‘ martensitic 
structure.” 
The authors are indebted to Mr. E. F. Lange, of Gorton, 
for an unhardened specimen of forged and overheated | 
mild steel exhibiting the ferrite (and co: uently the 
pearlite) most clearly arranged like the so-called ‘* mar- | 
tensite” su to be characteristic of hardened steel. | 
Steels which show a martensitic structure when quenched | 
from a proper temperature are, in the authors’ experience, | 
either steel as cast from fusion, or overheated forged steels 
sessing this structure (though not ame pe | — 
in their unhardened condition. Such forged steels usually 
give abnormal mechanical tests. On reference to the 
Journal of the Iron and Steel Institute, 1902, No. I., page 
177, it will be seen that Professor Heyn found that in a 
saturated steel as cast the martensitic structure, though, 
of course, present, did-not reveal itself on etching, but 
after hardening it became clearly visible. On pages 154 
to 156, and in Plate XXII. of the same journal, Mr. 
Sidney A. Houghton details the structures of a manga- 
niferous thrust-shaft. The steel in its unhardened con- 
dition showed a coarse martensitic structure which was 
represented in a somewhat modified form after quench- 
ing from about 850 deg. Cent. 
The Influence of the Ar2 and the Ar3 Transformations 
on the Mechanical Properties of Pure Iron.—In En- 
GINEERING, July 9, 1897, there was published by one of 
the authors a paper on ‘‘ The Influence of Sudden Cooling 
on Nearly Pure Iron.” The results obtained appear to 
have escaped the attention of many metallurgists. As 
they are of great importance, and decisive in their in- 
dications, a summary of these experiments is therefore 
now given. 
Forty pounds of bec Swedish bar iron was melted in a 
white crucible, and cast into a 3-in. ingot, which was | 
hammered and rolled down into a bar § in. in diameter. 








On analysis, the bar was found to contain 99.78 per cent. | 





Turd Puase. Fourtu Puasr, 


semi- Laminated pearlite, with com- Laminated pearlite passing into 


paw segregated FesC. Ex- massive FegC and ferrite. 
ibiting a play of go us 
colours when lightly etched. 


of steel, two, or even all three, phases of pearlite may be 


of iron and 0.22 per cent. of total impurities, which in- 
cluded 0.07 per cent. of combined carbon. The recalescence 
curve of this metal is figured in Fig. 13, the point Ar1 
being absent. From the §-in. bar a series of tensile test- 
pieces of one-tenth of a square inch in area were accu- 
rately turned. These were rapidly quenched from nitrogen 
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Recalescence Curve of Pure Iron. 


in a tank of iced brine, the initial temperature in each 
case being about 990 deg. Cent. Every precaution was 
taken to ensure accuracy in measuring the ening 
temperatures by means of a delicate Le Chatelier pyro- 
pec The results obtained are embodied in the following 
table :— 
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In Fig, 14, page 425, is plotted a curve, of which the 
co-ordinates are the mean temperatures and mean stres#cs 
of each pair of quenchings. It will be seen that the 
mechanical influence of the points Ar 2 and Ar 3 are practi- 
cally nil. The ductility as represented by the reduction of 
area is fairly steady at about 76 per cent., indicative of an 
extremely soft metal throughout the whole range of quench- 
ing. The tenacity from atmospheric temperature to about 
500 deg. Cent. is also unchanged, whilst from 500 deg. to 
900 deg. Cent. the increase in tenacity is directly pro- 


THERMAL 


Fic. 3.—Quenched piece (whole area) etched: Magnifica- 
tion of original photograph = 104 diameters ; magnification 
of engraving, 4.27 diameters. Showing distribution of 
areas represented at 460 diameters in Fig. 22. 





Fig. 10.—Unsaturated steel: Carbon, 0.21 per cent. Heated 
to 950 deg. Cent. and quenched from 730 deg. Cent. 
Magnification of original photograph, 460 diameters ; of 
engraving, 184 diameters. 


Fie. 15.—Supersaturated steel: Carbon, 1.78 per cent. in 
normal condition. Dominating structure. Magnification 
of original photograph, 460 diameters ; of engraving, 184 
diameters. 


EN NG. 


TRANSFORMATIONS OF 


Fig. 4.--Saturated steel : Carbon, 0.89 per cent. Quenched 
from 1150 deg. Cent. in iced brine. Magnification of 
original photograph, 460 diameters; of engraving, 184 
diameters. 


Fic. 11.—Unsaturated steel: Carbon, 0.21 per cent. 
Quenched in iced brine from 1150 deg. Cent. Magnifica- 
tion of original photograph, 460 diameters ; of engraving, 
184 diameters. 


Fie. 16.—Supersaturated steel: Carbon, 1.78 per cent. in 
normal condition. Cellular structure found here and 
there in same section as Micrograph Fig. 15. Magnifica- 
tion of original photograph, 460 diameters ; of engraving 
184 diameters. 


CARBON 


[Sept. 20, 





STEELS 





Fic. 9.—Unsaturated steel: Carbon, 0.21 per cent. in 
normal condition, showing two distinct types of crystal 
lisation in one section. Magnification of original photo- 
graph, 460 diameters; of engraving, 184 diameters. Right 
half-section the dominant structure. 


As Cast. 


After Annealing. 


Fic. 12. —Research Casting 541: Reduced from micrograph. 
Magnification of original photograph, 66 diameters ; of 
engraving, 26.4 diameters. Carbon, 0.39 per cent. 


Fic. 17.—Supersaturated steel: Carbon, 1.78 per cent. 
Structure like Micrograph Fig. 15. Quenched at 750deg 
Cent. Magnification of original photograph, 460 dia- 
meters ; of engraving, 184 diameters. 
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Fig. 18.—Supersatnrated steel: Carbon, 1,78 per cent. 
Structure like Micrograph Fig. 16. Quenched at 845 deg. 
Cent. Magnification of original photograph, 460 dia- 
meters ; of engraving, 184 diameters. 


bined carbon, 0.42 per cent. 








Fie. 23.—Transformations of a supersaturated steel : Carbon, 1.78 per cent. 
deg. Cent. in freezingj mixture jat;-7 deg. Cent. 


meters ; of engraving, 184 diameters. 





THERMAL 


Fie. 21.—Transformation of cementite into graphite and 
ferrite during slow cooling: Magnification of original 
photograph, 360 diameters ; of engraving, 144 diameters. 
C = 1.80 per cent.; Si = 0.50 per cent.; Mn = 0.15 per 
cent. Graphite in annealed section, 1.38 per cent. Com- 


TRANSFORMATIONS OF 


Fie. 19.—Supersaturated steel: Carbon, 1.78 per cent. 
Same as that figured in Micrographs Figs. 15, 16, 17, and 
18, but quenched at 975 deg. Cent. Magnification of 
original photograph, 460 diameters; of engraving, 184 
diameters. 
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Fie, 20.—Quenched piece (whole area) etched : Magnifi- 
cation of original photographs=10§% diameters ; of en- 
graving, 184 diameters. Showing the distribution of 
areas represented at higher magnification by A, B, and 
C respectively in Fig. 23. 





B Cc 


~ Transformations of a saturated steel : Carbon, 0.89 per cent. Quenched from about.715 deg. Cent. in brine at 


5 deg. Cent. Magnification of original photograph, 460 diameters ; of engraving, i84 diameters. 





Cc 


Rapidly quenched from 1150 
Magnification of original photograph = 460 dia- 


»ortional to the quenching temperature, the increase 
ier observable 200 deg. Cent. after the completion of 
the Ar2 change. This 200 deg. Cent. is, of course, situ- 
ated in thealpharange. Fortunately, in connection with 


RE LS ee 











35] | 
| 
| | | ¥ 
| | Z| . 
30}+-——— - 4+ -—} -— > a 
| | ia 
| 25 + = — st | = — 7. 
p* 
a“ 















































| Alpha Range ---— 
| Fe go 
| ~ Somme. omrpoiies aa | 
| | 
s 
& + + —_+— ma —_—_ —_+— —_—- 4 
BZ) ae 
She wah bend 
SL x. = | i | ww aa S _ 
£..%P 200 300 40 500 600 100 800 300 1000 


tc ‘ : 
| Ar2 and Ar3it is not necessary to discuss the crystalline 


transformations of iron in the alpha, beta, and gamma 
ranges of temperature, since everyone is now 
that iron does not present crystalline polymorphism.* 


* See Metallographist, vol. iv., page 249. 
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Also there is a general agreement that Ac 2 is coincident 
with the disappearauce of magnetism on heating, whilst 
Ar2 marks the point at which the iron again mes 
magnetic on cooling. ? 
Section ITT. 

Transformitions of the Supersaturated Steel. — The 
thermal points presented are two in number—namely, 
Ac 1.2.3 and Ar 1.2.3, and these are practically identical 
in position with those tabulated in Section I. for the 
saturated steel. The heat absorbed and evolved respec- 
tively is, however, much less than in the 0.89 per cent. 
carbon steel. In addition, there is a faint evolution of 
heat in the neighbourhood of 900 deg. Cent. Micrograph 
Fig. 15 shows the predominant structure of a 4-in. diameter 
section of this steel in its normal condition. It presents 
a ground mass of pearlite, with patches and streaks of 
cementite, but at a few isolated centres in the section the 
structure is distinctly cellular, exhibiting, in addition to 
patches and streaks, a well-marked sectional mesh-work 
of cementite. The appearance of two distinct types of 
structure in one small piece of steel the authors deem 
worthy of special record, but are unable to explain. The 
cellular type of structure is reproduced in Micrograph 
Fig. 16. Misvegpaph Fig. 17 reproduces the structure 
obtained on heating the normal steel (shown in Micro- 
graph Fig. 15) to 750 deg. Cent., and then rapidly 
quenching it. The o'r mass is dark-etching struc- 
tureless hardenite. The cementite is unchanged, re- 
sembling that in the normal steel, excepting a slight 
thickening of the patches and streaks of cementite due to 
molecular segregation. This dark-etching hardenite has 
by some authors been again called ‘*troosite,” to dis- 
tinguish it from e-etching hardenite, such as that 
figured by the authors in Fig. 22. The explanation of 
these remarkable etching effects is really very simple. 
In Fig. 22 the hardenite is associated with two substances 
to which it is strongly electro-negative ; hence it assumes 
the cathode position, and is practically unacted upon b 
the electrolyte employed for etching. On the other hand, 
in Micrograph Fig. 17 the hardenite is associated with 
massive cementite, probably the most strongly eleotro- 
negative of all the constituents of steel. Hence, in this 
c the hardenite assumes the anode position, is attacked 
by the electrolyte, and is very soon coated with a dark 
deposit of hardening carbon. In this connection the 
authors will presently reiterate the fact that the Fe,C of 

earlite is electro-positive to the Fes;C of cementite. 
Ktic ph Fig. 18 shows a structure similar to that 
figured in Micrograph Fig. 16 after being heated up to, 
and quenched from, 845 deg. Cent. The cell walls of 
cementite, except for a little segregational thickening, 
are unchanged, and the ground mass is again dark-etch- 
ing and apparently structureless hardenite. Micrograph 
Fig. 19 cous the supersaturated steel heated up to 
and quenched from 975 deg. Cent. The ground mass 
is again dark-etching hardenite, on which appear some 
small patches of massive cementite; these, doubtless, 
are the remains of some Of the larger patches existing 
in the normal steeel which had not had sufficient 
time to dissolve in the hardenite. The ground mass 
of hardenite (possibly containing some dissolved cemen- 
tite) is finely cellular, each cell being surrounded by 
a thrown-off wall of cementite, which had passed into 
solution, but fell out again during the quenching, in spite 
of the rapidity of the operation. The foregoing results 
conclusively confirm, by another method of observation, the 
accuracy of the authors’ observations on ‘‘ The Diffusion 
of Elements in Iron,” recorded in the Journal of the Iron 
and Steel Institute, 1899, No. 1, pages 85 to 124. In that 
paper, by direct chemical and micrographic measure- 
ments, the authors showed that, when exposed for six 
hours to a temperature of 850 deg. Cent., hardenite was 
incapable of dissolving even a trace of cementite. In 
fact, so far from diffusing outwards, the cementite actually 
segregated inwards (see Plate XVII., in ‘ Diffusion” 
paper already referred to). On the other hand, when 
maintained for the same time at 960 deg. Cent., the 
hardenite dissolved no less than 4.63 per cent. of ce- 
mentite. In other words, cementite dissolves in har- 
denite at a temperature —s a little over 900 deg. 
Cent., and possibly a little below 900 deg. Cent. ; 
on cooling, it falls completely out of solution with a 
faint evolution of heat. There is not one particle 
of practical evidence to support the view that cementite 
of a satura steel ever dissociates into iron and 
free dissolved carbon. On the contrary, it is certain that 
if dissolved in the same manner as the B carbide of 
pearlite, such carbon, on recombining with its equivalent 
of iron, would cause in the supersaturated steel now under 
consideration (which contains 1.78 per cent. of carbon) a 
recalescence point at about 900 deg. Cent., equal in in- 
tensity to that observed in the saturated steel at the point 
Ar 1.2.3. In other words, near 900 deg. Cent. there should 
be arise of several degrees in the temperature of the steel 
and a pyrometric retard of several minutes. As has 
been already pointed out, the evolution of heat is small. 
It is even very doubtful if the FesC of pearlite dissociates 
into iron and dissolved free carbon ; but the authors will 

resently claim to have conclusively proved that the 
Fre,0 of cementite dissolves unchan It is now neces- 
sary to advance the proposition that the Fe3;C of cemen. 
tite and the Fe;C of pearlite are physically different 
substances, though identical in chemical composition ; 
and to them the authors will hereinafter refer respec- 
tively as A and B carbides. When it is remembered 
that the cementite, or A carbide, crystallises from its 
solution in hardenite at about 900 deg. Cent, or at an 
oO heat, it is not surprising that, although micro- 
quaphiealiy identical, it should differ in certain physical 
properties from the B carbide of pearlite, which is form 


at about 680 deg. Cent., or at a low red heat. The main 
reasons which have induced the authors to differentiate 
between these two carbides are as follow :— 





Firstly, the B, or pearlite, carbide is soluble in iron in 
the Alpha range of temperature. This is clear)y, proved 
by the recalescence curve obtained on cooling an ‘un- 
saturated steel containing about 0.2 per cent. of carbon. 
Such a curve shows clearly a gap of more than 30 deg. 
Cent. of temperature between the determination of the 
— Ar2 and the commencement of the point Arl. 

his gap of about 30 deg. is obviously included in the 
Alpha range, and during the whole time occupied in this 
fall of temperature the Fe;C is dissolved in or alloyed 
with the iron in the form of hardenite, the carbide not 
totally falling out as Fe;C till the completion of the Ar1 
change at about 660 deg. On the other hand, the authors, 
in their paper on the *‘ Diffusion of Elements in Iron,” 
have shown that the A carbide cementite is insoluble 
in iron in the Alpha range, but dissolves readily in the 
Beta range; but whether or no this is due to the Ac2 
change, or merely to temperature, is a little doubtful 
(see Table IIL., page 93, Journal of the Iron and Steel 
Institute, 1899, No. I.). 

Secondly, the A carbide is smeneiy electro-negative to 
the Bcarbide. It has been shown by oneof usin a paper 
on ‘*The Influence of Carbon on Iron” (Institution of 
Civil Engineers, 1895, vol. cxxiii., page 127), that in a 
supersaturated steel containing 1.47 per cent. of carbon 
placed under the influence of an electric current in an 
electrolyte of dilute hydrochloric acid, the whole of the 
B, or pearlite, carbide was decomposed, leaving most of 
the A, or cementite, carbide unacted upon; whereas on 
placing a saturated steel under exactly similar condi- 
tions, practically the whole of the carbide of the pearlite 
remained intact as FesC. Micrograph Fig. 20 shows 
a §-in. diameter disc of a 1.78 per cent. carbon steel 
magnified about eleven diameters, after being heated 
to about 1200 deg. Cent., and very rapidly quenched 
out from a temperature of 1150 deg. Cent. Before 
cages and etching, ,4, in. was slowly ground off the 
ace of the section on emery in a copious supply of cold 
water. The magnified disc presents to the eye a pale 
external ring marked A, a darker core marked 8. and in 
the core B some darker patches, the largest of which at 
the centre of the disc is marked C. The microstructures 
of the A, B, and C areas magnified 460 diameters are re- 
produced in Fig. 23. The structure of the pale ring A 
will be seen to consist of pale-etching cells surrounded by 
dark cell walls, in the centre of each of which is observed 
a thin line of white. Here and there are dark patches 
showing striations of the white substance which runs 
through the centre of each of the dark cell walls. In the 
B areas the masses of the pale-etching substance are 
much diminished, the structure is still cellular, but the 
quantity of the dark-etching constituent overlaid with 
light lamin is much increased. In the C areas the pale- 
etching masses have practically disappeared. The ground 
mass is almost black, being overlaid with a sectional mesh- 
work, and in the interior of the cells thus formed are large 
numbers of angular and laminated white strie. It remains 
now to consider the meaning of the transformations 
depicted in Fig. 23. The transformations delineated in 
Micrographs Figs. 15 to 19 enable one to conceive the 
molecular configuration of the supersaturated steel just 
before quenching from 1150 deg. Cent. On heating at 
the Ac 1.2.3 point, the sectional ground mass of pearlite 

into hardenite, the cementite remaining un- 
changed. At about 900 deg. Cent. the cementite began 
to dissolve in the hardenite—or indifferently, it may be 
said, the cementite and hardenite mutually dissolved into 
each other, and at 1150 deg. Cent. existed as a homo- 
geneous molecular mixture. On suddenly quenchin 
this mixture, the rapidly-cooled outside ring of mers 
was very largely preserved in the condition in which it 
existed in the steel previous to quenching, but an appre- 
ciable portion of the solution of cementite and hardenite 
decomposed into their original condition of a mecha- 
nical mixture; hence the dark-etching patches and cell 
walls in the A compartment of Fig. 23 are dark- 
etching hardenite lined with cementite, which has, 
in spite of the extremely rapid quenching of the skin, 
escaped from solution. In the B compartment, repre- 
sentative of the inner portion of the section which 
obviously would be less rapidly cooled, the decomposition 
of the solution of hardenite and cementite into dark- 
etching hardenite and striz and meshes of pale cementite 
is much further advanced. The structure in the C com- 
partment, which, being near the centre of the section, was 
relatively slowly cooled, shows the complete falling out 
of the cementite from solution, except from a few isolated 
small angular masses, one of which is depicted in com- 
artment C. The dark ground mass is electro-positive 
ardenite meshed over with white electro-negative cemen- 
tite, and in the cells so formed numerous angular strie of 
cementite line out the martensitic structure of the cells. 
The me ang masses in the A and B compartments 
have been given specific rank by Osmond as baing a con- 
stituent named ‘‘austenite.” If it could be shown that 
the mutual solution of cementite and hardenite was of 
constant composition, then it would be legitimate to class 
it as a constituent ; but according to Mr. Osmond’s own 
showing such cannot be the case. He has stated that to 
obtain ‘‘austenite” the quenching temperature must be 
at least 1000 deg. Cent., and the carbon more than 1.1 

r cent.* Let 1.15 per cent. of carbon b3 assumed. 
Such a steel, heated to a - g temperature, and suffi- 
ciently rapidly quenched, will contain 4.5 per cent. of 
cementite dissolved in 95.5 per cent. of hardenite. In 
the case of the authors’ steel containing 1.78 per cent. 
of carbon, the pale strongly electro-negative masses of 
the A compartment of Fig. 23 contain 15.4 per cent. 
of cementite dissolved in 846 per cent. of hardenite. 


ed | Therefore the composition of this so-called ‘ austenite,” 


* See ‘‘The Microscopic Analysis of Metals,” by Os- 
mond and Stead, 1904, page 98. 





is quite indefinite. There can, however, be no objection 
to distinguish hardenite containing more or less cementite 
in solution as ‘‘austenitic.” Its micrographic identifica. 
tion depends altogether upon its electro-negative nature, 
Under corrosive chemical etching it becomes covered with 
hardening carbon, and is then indistinguishable from 
hardenite containing no cementite in solution. With 
reference to the alleged softness of this substance, the 
authors can only state that the sharp edge of thesection A, 
figured in Fig. 23, was just about equal to quartz in hard. 
ness, scratching it with difficulty ; whereas the edge of 
the section A figured in Fig. 22 (that is to say, pure 
hardenite) scratched quartz easily, suggesting that har- 
denite is slightly harder than cementite. This austenitic 
hardenite is of purely theoretical interest, its production 
being a term synonymous with that of utterly spoiling 
steel, so far as its use for any practical purpose is con- 
cerned. If every bright-etching (electro-negative) sub- 
stance in a mass of steel, no matter what its chemical 
composition may be, is to be classed as ‘‘ austenite,” 
micrographic analysis becomes farcical, so far as technical 
iron and steel metallurgy is concerned. 

The Transformation of Cementite into Ferrite and 
Amorphous Graphite.— But one more transformation 
remains to be considered—namely, Fe,C into amorphous 
graphite and crystalline ferrite. This change is of great 
practical importance, being an unwelcome phenomenon 
occasionally giving steel-manufacturers serious trouble. 
This matter has nm studied by the authors in con- 
junction with Mr. B. W. Winder, F.R.M.S., of the 
Continental Steel Works, Sheffield, who has from time to 
time recorded valuable data on the subject obtained in 
commercial works practice. The separation of graphite, 
resulting in the production of ‘‘ black” steel,” may be 
brought about in two ways. 

Firstly, in rolling small sections of supersaturated steel, 
such as strings for saw-files and razors. Saturated and 
unsaturated steels being free from cementite, seem little 
liable to precipitate graphite. There exists practical 
evidence strongly suggesting that in ‘‘ black” steel the 
predisposing cause of the mischief is rolling the steel too 
cold, thus causing the graphite to precipitate at a low 
red heat in the final stages of the operation. 

Secondly, in annealing bars of supersaturated crucible 
steel, considerable quantities of graphite sometimes sepa- 
rate. Mr. Winder called the authors’ attention to the 
fact that in bars about 10 ft. long by 2 in. in diameter the 
graphite sometimes am only at one end; and ex- 
periments were mutually projected to find out if any 
variations in temperature at the ends of his revolving 
annealing furnace would account for this local precipita- 
tion. These experiments were abruptly abandoned when 
Mr. Winder handed to one of the authors a piece from the 
middle of a 2-in. bar in which the graphite had separated 
in annular rings (!), thus conclusively disproving the 
theory of thermal variation being the cause of the pre- 
cipitation. It therefore behoves metallurgists to approach 
this difficult problem with minds unbiassed hy any 
theories. The authors will show the micrographic facts 
presented by the transformation, and advance a theoretical 
explanation, in no dogmatic spirit, but rather as a tenta- 
tive hypothesis for discussion, but one which seems, 
nevertheless, in accordance with the observed facts. 
Micrograph Fig. 21 shows in the right half-section a 
highly supersaturated steel casting containing i.8 per 
cent. of combined carbon, 0.5 per cent. of silicon, and 
0.15 per cent. of manganese (as cast). The structure con- 
sists of a ground mass of normal pearlite overlaid with 
ae and angular streaks of cementite. The left 

alf-section shows the same steel after heating to 
about 1000 deg. Cent. for about 70 hours, and slowly 
cooling during about an additional 70 hours. This 
thermal treatment, and the high silicon present, threw 
out 1.38 per cent. of graphite, the combined carbon in 
the annealed sample having fallen to 0.42 per cent. In 
the annealed steel the ground mass is laminated pearlite, 
and here and there little patches of ferrite ; but the most 
most noticeable micrographic feature is the presence at 
intervals of large numbers of what (viewed not sectionally, 
but mentally translated into the solid) may be called nuts 
of rugged form, the kernels of which are amorphous 
graphite, and the very thick irregular shells crystalline 
ferrite. The authors suggest the following explanation 
of the facts. 

During the slow cooling from 1000 deg. Cent., the dis- 
solved cementite completely fell out at about 900 deg. 
Cent., and from this temperature downwards gradually 
segregated into nodular masses. After the Ar 1.2.3 change 
point, the pearlite gradually became laminated. Then, 
acting overacertain radius of molecular attraction, the A, 
or cementite, carbide drew in about half the B, or pearlite, 
carbide, thus augmenting its own mass, and leaving 
round it a large mass of crystalline ferrite, the outer bound- 
aries of which mark the radius of action through which 
the nodules of cementite asserted their attractions on the 
strie of B carbide in the laminated pearlite. Then, for 
some reason which the authors cannot specify, at a low 
red heat the whole of the segregated masses of Fes‘ de- 
composed into amorphous graphite and iron, the latter 
augmenting the crystalline ferrite surrounding the 
graphite masses. The authors suggest that the spaces 
occupied by the amorphous graphite were formerly 
occupied by the FesC masses. In arpa | this matter 
it is highly necessary to remember that on heating !!ack 
steel to bright redness for a short time it has been [re- 

uently demonstrated, both practically and scientific lly, 
that nearly the whole of the amorphous graphite recom- 
bines with the iron, forming Fe;C, and that on quene!.'Dg 
such steel it is found to be fully hardened, but of inferior 
quality. The hypothesis that the whole of the a:as 
occupied by the amorphous graphite and crysta!: 16 
ferrite were originally Fe;C a which decomp-ed 
into iron and graphite, the latter substance then mig':t- 
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ing towards the centre of the masses of crystalline ferrite, 
involves an obvious micro-chemical impossibility. 


SumMMARY. 


1. The cooling transformations of an unsaturated iron 
and carbon steel previously heated to about 950 deg. Cent., 
when studied under suitable thermal conditions on a 
steel in which the points Ar3, Ar2, and Arl can be 
clearly differentiated, lead to the following conclusions: 
Above Ar3 (i.e, 810 deg. Cent.) the ferrite and har- 
denite are in mutual solution as a homogeneous mass. 
The Ar3 change is accompanied by a segregation of the 
two constituents, which, if the cooling be slow, is probably 
completed in the Beta range of temperature. On re- 
ference to Micrograph Fig. 10 it will be seen that after 
a fairly rapid cooling from 950 deg. Cent. the 0.21 per 
cent. carbon steel, when quenched at 730 deg. Cent. (or 
near the middle of the point Ar 2), micrographically re- 
gistered a segregation of ferrite so far advan as 
strongly to suggest that such segregation must have 
begun at Ar3, and not at Ar 2. In other words, hardenite 
is insoluble in ferrite in both the Beta and Alpha ranges 
of temperature. It, however, still retains its identity as 
hardenite whilst falling through, say, 30 deg. or 40 deg. 
Cent. of temperature in the Alpha range—namely, from 
theend of Ar 2 at about 720 deg. Cent. to the beginning of 
Ar 1 at about 680 deg. Cent., at which latter temperature 
it begins to decompose into pearlite. 

2. The heating transformations of the above steel are 
substantially as follow:—At Ac1 (about 710 deg. Cent.) 
in the Alpha range the pearlite begins to change into 
hardenite, hence the B carbide is soluble in the Alpha 
range. The change to hardenite is somewhat advanced 
when Ac1 mergesinto Ac 2 at about 720 deg. Cent., owing 
to these points always overlapping in the heating curve. 
The hardenite areas probably remain unchan on the 
sites previously occupied by the pearlite till the Gamma 
range Ac3 is reached (at about 810 deg. Cent.), when the 
hardenite and ferrite dissolve into each other, forming a 
homogeneous molecular mixture. 

3. In a saturated steel there is, on heating, a single 
absorption of heat at the change point Ac 1.2.3, the 
amplitude of which ranges from about 710 deg. Cent. to 
730 deg. Cent. This change marks the transformation 
of the whole mass from pearlite into hardenite. 

4. On cooling, there is a very considerable evolution of 
heat at the single point Ar 1.2.3, the amplitude of which 
ranges from about 690 deg. to 660 deg. Cent. This reca- 
lescence marks the transformation of hardenite into pear- 
lite. The particular phase of pearlite obtained depends 
upon the rate of cooling from 660 deg. Cent. to atmo- 
spheric temperature. The emulsified phase is produced 
by very rapid cooling, normal pearlite by ordinary cool- 
ing, and laminated pearlite by very slow cooling. 
Pearlite, in which the carbide is emulsified or ‘‘ sorbitic,” 
may also be produced by tempering hardenite. 

5. The micrographic and thermal transformations of a 
supersaturated steel are as follow:—At Ac 1 2.3 the sec- 


of crystalline growth or cleavage in a constituent not 
egg ened exhibiting such structure on etching cannot 

claimed as marking the production of a new con- 
stituent unless due to proved metamorphism. 


DEFINITION OF THE TERM “‘ CRYSTAL.” 


In an idiomorphic crystal (very rare in metallography) 
the internal molecular structure and the external geo- 
metrical form are perfect. In an allotrimorphic crystal 
(the common crystal of metallography) the internal mole- 
cular symmetry is more or less present, but the outward 
form is quite irregular, owing to external influences in- 
terfering with and preventing its perfect growth. The 
variety of crystal last named may be legitimately re- 
ferred to as a crystalline grain, but never by the in- 
definite term “‘ grain.” 


Key To THE TRUE CONSTITUENTS AND THEIR INDEFINITE 
TRANSITION Propucts MIcROGRAPHICALLY OBSERVED 
IN IRON AND CARBON STEELS. 


FErRIrve. 


This constituent was observed by Sorby (1863 64) in 
wrought iron. It occurs as allotrimorphic crystals, with 
polygonal or rounded boundary lines, produced by the 
interference of cubes or octahedra, forming from a series 
of centres. This constituent etches a very pale — 
and the dark boundary lines observed round each 
crystal are purely optical cffects. Quite recently it 
has been observed by the authors that an allotrimorphic 
crystal of ferrite (more or less pure iron) may possess an 
absolutely perfect mineral eereus parallel to the faces 
of the cube (see ~~ i Fig. 22) as predicted by Pro- 
fessor Bauerman in 1884.* This micrograph fully justifies 
the author’s refusal to call allotrimorphic crystals of iron 
grains, on the ground that though the external form of 
the ee did not possess crystallographic symmetry, 
nevertheless its molecular symmetry might be perfect, 
and that it was hence an individual crystal. This per- 
fectly legitimate plea of the authors was at the time 
referred to as a ‘“‘pretext” to conceal an error (see the 
Metallographist, July, 1900, page 184). 


PEARLITE. 


A definite mixture of iron and B carbide occurring in 
three well-marked phases — namely, with emulsified, 
normal, or laminated Fe;C. In ordinary steels manganese 
and many other elements tend to produce the emulsified 

hase under ‘‘ normal” conditions. Pearlite in its normal 
orm was discovered by Sorby in 1863-4, and in its Jami- 
nated phase described by him in 1886. The emulsified 
form was independently described by Osmond and by 
Arnold in 1895. Pearlite contains about 0.89 per cent. of 
carbon, or 13 per cent. of Fe,;C. Its typical formula is 
2iz Fe + xFe;C. In pearlite the carbon is molecularly 
associated with only about 12 per cent. of the iron, 87 per 
cent. of the latter being in the free state. The free iron 
of pearlite dissolves up or combines with its carbide in 
the Alpha range of temperature; that is to say, below 

c 2. , 


tional ground mass of pearlite changes to hardenite, the | Ac 2. 


cementite slowly segregates into larger masses until a 
temperature of about 900 deg. Cent. is reached, then the 
cementite and hardenite dissolve one into the other, and 
a homogeneous mass of hardenite and cementite is 
obtained. 

6. On cooling, at about 900 deg. Cent., the cementite 
falls out with a faint evolution of heat, and is completely 
segregated long before the point Ar 1.2.3 is reached ; hence 
the micrographic transformations of cementite and har- 
denite are quite unconnected with the three thermal 
critical points or any of them, and are due entirely to the 
influence of temperature. 

The authors much regret that in certain respects their 
views are fundamentally, but conscientiously, op d to 
those of the distinguished French metallographist, Mr. 
Floris Osmond. This fact makes it the more necessar. 
for them to ask those members of the Institute interested 


in the matter to refer back to Mr. Osmond’s paper on the C 


‘** Critical Points af Iron and Steel,” Journal of the Iron 
and Steel Institute, 1890, No. 1, page 38, and after an 
interval of nearly fifteen years to note the brilliant 
accuracy of his pioneer work on the thermal points pre- 
sented by iron and steel, and also that his chronographic 
inverse-rate method of registering the observed thermal 
curves is still unsurpassed for general utility in researches 
on the critical points of iron and steel. In conclusion, 
the authors have to tender their colleagues—Mr. F. 
Ibbetson, B.8c., and Mr. J. H. Wreaks—their warm 
thanks for the remarkable accuracy and untiring patience 
they have exhibited in reproducing the microstructures 
figured in this memoir. All the micrographs have been 
reduced from 6-in. circles, to which, and not to their 
reproductions, the magnifications specified have reference. 
The resolutions, however, are practically the same. 


APPENDIX. 
DEFINITION OF THE TERM ‘‘ CONSTITUENT.” 


A constituent of a metallic mass must have within 
moderate limits a definite chemical composition and 
hardness, or be reasonably analogous to a type possessing 
these properties. Mixtures of fixed and definite com- 
penton are also entitled to the specific rank denoted 
by the termination “ite.” Indefinite and variable 
mixtures of two or more constituents cannot form a new 
constituent. Differences in etching effects due to the 
varying state of division of the components of a 
detinite mixture ranking as a constituent (e.g., pearlite) 
cannot give rise to’ new constituents. The sectional 
pattern of a metal formed by the arrangement of its con- 
+tituents cannot be called a new constituent, but is essen- 
tially a structure. A difference in the etching colour of a 
constituent caused by reversing its electro-position cannot 
Convert it into two constituents. The development by 
thermal treatment of etching figures referable to lines 








HARDENITE. 


The constituent was described by Sorby in 1886+ as an 
intensely hard and practically amorphous substance. 
Hardenite easily scratches quartz. On etching, if in the 
electro-negative position, it presents a pale-yellow tinge ; 
but in the presence of cementite, to which it is electro- 
positive, it appears black, owing to liberation of harden- 
ing carbon on its surface. When overheated, this con- 
stituent becomes visibly more or less crystalline, pre- 
senting etching lines which, when perfectly corneas, 
are seen as equilateral triangles in the section. he 
empirical composition of typical hardenite may be a 
sented either as F.,C or as (21 Fe, FesC). Like pearlite, 
it contains 0.89 per cent. of carbon, but in this case the 
carbon is molecularly associated with about 99 per cent. 


¥ | of the iron. Hardenite is thermally unstable, completely 


decomposing into emulsified pearlite at about 400 deg. 
ent. 


CEMENTITE. 

This constituent was observed by Sorby in 1863-4. It 
contains the carbon of supersaturation, and is probably 
a little softer than hardenite, being about 6.5 to 7 on 
Moh’s scale of hardness. Being strongly electro-negative, 
it etches a brilliant white with an acid electrolyte. This 
constituent is very liable to molecular segregation during 
annealing or prolonged reheating operations between the 
temperatures of, say, 600 deg. and 900 deg. Cent. Its 
formula is Fe;C, containing 6.6 of carbon. It is electro- 
negative to the-Fe;C of pearlite, is insoluble in iron in 
the Alpha range of temperature, but soluble in the Beta 
range, and it dissolves in hardenite at a temperature of 
about 900 deg. Cent. 

GRAPUITE. 

Crystallised graphite was micrographically observed 
in pig iron by Sorby in 1863-4, and the amorphous form 
in steel was described by Arnold in 1895. The crystal- 
lised form occurs in plates, the amorphous in irregular 
rounded, and sometimes short worm-like masses embedded 
in crystalline ferrite. 

Troostitic AREAS. 

These were described by Osmond in 1895, and consist 
of indefinite transition mixtures, sometimes of hardenite 
and emulsified or ‘‘sorbitic ” pearlite, sometimes of har- 
denite and ferrite. Both these indeterminate mixtures 
etch very dark-brown, a to liberation of hardening 
carbon by the action of the electrolyte. 


AUSTENITIC HARDENITE. 
This substance was described by Osmond in 1896 as 
* Baverman’s “ Descriptive Mineralogy,” e 19, 
+ Journal of the Iron and Steel Institute, 1886, No. I., 
pages 140 and 147. 





occurring in rapidly-quenched supersaturated steel pre- 
viously heated to a high temperature. It consists of 
hardenite containing from about 4 to 20 per cent. of dis- 
solved cementite. It is on an average about equal in 
hardness to quartz. When much cementite is dissolved 
in the hardenite, the mass is electro-negative to most of 
the constituents of carbon steel, and consequently remains 
bright on etching. This substance is thermally unstable, 
decomposing into finely-divided cementite and emulsitied 
or “‘ sorbitic” pearlite at about 400 deg. Cent. 


OTHER CONSTITUENTS AND INDEFINITE SEGREGATIONS 
OBSERVED IN IRON AND STEEL, 
SorsirTe. 

Ruddy crystals observed by Sorby in pig iron, and by 
his permission christened ‘‘ sorbite” by | nae Howe. 
Sorby suggested that these crystals might be silicon. 
Their colour and crystalline form, however, suggest that 
they are probably involved crystals of titanium cyano- 


nitride. 
Ti (CN).3 Tis No. 


Su.pPHipe or Iron. 


This constituent was described by Arnold in 1894 as 
occurring in masses or as a mesh-work in sections of man- 

anese-free steel and iron. It has a very pale yellowish- 
Formula, FeS. 


SULPHIDE OF MANGANESE. 
Arnold observed this constituent (1896) in mangani- 


ferous steels in globules of a dull grey or dove colour. 
Formula, MnS. 


rown colour. 


ARSENIDE OF IRON, 


Formula undetermined. Observed in 1894 by Arnold 
in strie, alternating with those of iron, and forming an 
arsenical pearly constituent in practically carbon-free 
iron containing about 1.5 per cent. of arsenic, 


PHOSPHIDE OF 1RON. 
Described by Stead in 1900 in his classic paper on 


**Tron and Phosphorus,” Journal of the Iron and Steel 
Institute, 1900, No. 2., page 60. Formula, Fe; P. 


PHOSPHIDE EvTECcTIO. 


Also described by Stead, in the same paper in 1900, asa 
phosphoric pearly constituent in iron containing about 
10 per cent. of phosphorus. 


SuLPHO-SILICIDE OF IRON. 


Dark-etching cell walls described by Arnold in 1895 as 
occurring in steel castings containing low sulphur and 
high silicon. 

Siac or CINDER. 

Observed by Sorby in age iron in 1863-4 as dark 
etching masses and strings. Observed in steel by Stead 
(1896) as occurring in green masses or streaks. 


** GHosTs.” 


Drawn-out dark-etching segregations of ferrite high in 
carbon, sulphur, and phosphorus, observed in mild steel 
by Arnold (1899). During turning operations these lines 
show white, and cause the turning tool to jump a little 
in passing over them. On exposure to the atmosphere 
the ‘‘ghosts” readily rust and become relatively dark. 
In 1902 Mr. Sidney A. Houghton described carbonless 
“*ghost” lines containing only sulphur and phosphorus. 


MIcROGRAPHIC NOMENCLATURE. 


The authors earnestly advise students of metallography 
to keep as closely as possible to the well-established 
terminology of mineralogists and petrologists. If specific 
names terminating in “ite” are indiscriminately given 
to indefinite transition mixtures of true constituents, the 
utmost confusion is certain to ensue. It mes more 
and more evident that metals are igneous rocks (usually 
crystalline), and in more senses than one the nomencla- 
ture of metallography should be founded on a rock, 
otherwise the subject will never become a science. The 
constituents of iron and carbon steels must always be the 
types with which to compare the micrographic variations 
caused by the influences of elements other than carbon, 
Finally, in connection with this matter the authors 
cannot do better than quote the weighty words written 
by. Professor Grenville Cole, of the Royal College of 
Science, Ireland, in the opening paragraph on igneous 
rocks in his book ‘‘ Aids in Practical Geology ” :— 

‘*The study of the igneous rocks has become, unfortu- 
nately, so involved in the question of their nomenclature 
that it is impossible to give an outline of the characters 
employed in their discrimination without a statement of 
the sense in which each particular name is used. All 


these names represent groups.of rocks graduating into 
one another, but certain types can be kept clear] fore 
the mind. When a rock is on the border-line between 


two groups, whether in structure or minoral constitution, 
we must be content to say so, without attempting to dis- 
ae natural facts by our classification. Petrograph 

as of late suffered from the introduction of an abund- 
ance of new terms; and, what is far worse, of old terms 
defined in new senses; but the majority of these can 
avoided by the use of familiar adjectives or mineral 
prefixes, to the great lightening of the science.” 








Street v. Woopen Cars.—The Pennsylvania Railroad 
Company have condemned 12,000 wooden freight cars. 
The cars are in a fairly serviceable condition, but they are 
to be reduced to junk, or sold to small local rail 8, as 
the management of the Pennsylvania Railroad Company 
will have nothing more to do with old-fashioned wooden 
freight vehicles. The condemned rolling-stock is to be 
replaced by steel cars of a more up-to-date type. 





428 


ENGINEERING. 





[SEPT. 29, 1905. 








MANIPULATOR FOR STEEL BARS. 


HYO. CYL$ FOR LEVERS 











PULL OVER SKIO~>, \c = 
V2 
— ¢ 


eee ee mane, YY, 














| (TA mY 











ROLLERS sth 


c 

a =| ~~ 
ad ® (a pa fA irraene vos 
aw = Nd TC AY oF HEAD 


-~“ae. "i Si 4 Rouen Si ZFS. 
=== v PISTON RO | YT il oomasaitts pas eS 
































i Ton fo td ima 























(3016) 


CROSS SECTION OF FEED ROLLER GEAR AT ROUGHING ROLLS 


A MANIPULATOR FOR STEEL BARS.* 
By Dovctas Upton, Jarrow. 


THE constantly increasing sizes of sectional material 
demanded by shipbuilders and engineers have forced 
makers of sections to consider the adoption of mechanical 
means of handling bars during the process of manufacture. 
In a mill rolling a great variety of sections the problem 
is one of extreme difficulty, as, owing to the various 
motions required, any single apparatus capable of doing 
all that is uired in such a mill would be of an ex- 
tremely complicated nature; so much so indeed as to 
impair its usefulness owing to the probability of break- 
down and the constant attention which would be required 
to keep it in anything like order. t ; 

In the invention about to be described very briefly, 
this difficulty has, it is claimed, been overcome by em- 
ploying a series of three machines, the first of which 
consists of two pairs of movable heads which are installed 
at each side of the roughing and finishing rolls. These 
heads can move in either direction parallel to the rolls. 
They are, preferably, actuated by hydraulic cylinders, 
and they place the piece in position for entering an 
required pass. These heads, moreover, are fitted wit 
levers for turning the piece up for edging purposes ; not 
only will they turn the piece up, but, without actually 
gripping it, will maintain it in that position until it enters 
the rolls. The heads are shown at A. 

In addition to edging, however, nearly all the larger 
sizes require to be turned completely over once, or oftener, 
during the process of rolling. The rolls employed are so 
designed, however, that the first turn over does not take 
place until the bar has left the roughing rolls, and before 
it enters the finishing rolls. The second of the three ma- 
chines has been Mpg sage omg designed, therefore, to do 
this turning over of the piece between the roughing and 
finishing rolls. B indicates how this result is obtained. 
It will be seen that as the bar is being pushed over from 
the roughing to the finishing rolls it is caused to move up 
a slight incline until the outer edge of the bar is engaged 
by what may be termed the “hook” of a tumbler. As 
the bar is pushed farther forward this tumbler rotates, 
and finally the piece, of whatever shape, is turned com- 
pletely over, ready for entering the first pass of the 
finishing rolls. In point of fact, the time occupied in 
this pan te operation of skidding and turning over the 
piece is not longer than that usually occupied in merely 
skidding the piece across according to the old method ; 
hence the time formerly occupied in eae | over the 
piece by hand for entering the finishing rolls is saved 
altogether. 

hen rolling sections such as large bulb tees, it is 
necessary to turn the bar completely over at each side of 
the finishing rolls, and for this oo the machine (C) 
has been designed. It consists, briefly, of a head capable 
of being moved in either direction parallel to the rolls. 
This head carries a segmental body provided with teeth 
which engage with a rack, so that partial rotation of the 
body about a horizontal axis at right angles to the rolls 
can be obtained in any position of the head. The turn- 
ing over of the bur is performed by moving the head so 
that the segmental body engages the bar, which it holds 
in position without gripping. On rotating the body by 
means of the rack, the bar van be turned completely over, 
and at the same time brought directly opposite the next 

in the rolls, the whole operation only occupying a 
ection of the time previously required with manual 
labour. 

So far as experience goes, these appliances have been 
found to answer all the ew yma uired in the large 
millin which they have used They have reduced 
the rolling staff from ten men, on ordinary sections, to 
five, and on some of the larger sections even greater 
reductions in the number of men have been effected. 
Beyond watching the guards «nd guides of the mill 
generally, the men whose services have been retained 
have very little to do, and the hard, laborious work 
which they had to perform at times is now done in 
a fraction of the time by the machines described. 
The output of_all classes of sections has been in- 
creased very considerably, the material being finished 
so much hotter, much less steam is requi to drive 
the mill, and there are no cobbles due to delay in hand- 
ling heavy sections. There is less dressing of rolls; 
and, as to the life of the rolls, it may be mentioned that 
before this manipulating arrangement was designed the 


breakage of bulb tee rolls was very heavy, averaging | y 


* Paper read before the Iron and Steel Institute at 
Sheffield. 
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about one roll to every 400 tons manufactured. Since 
starting the manipulators some thousands of tons of bulb 
tees have been rolled, and not a single roll has been 
broken. This is a matter of t interest to all makers 
of sections ; especially those who manufacture the larger 
and more awkward sizes. A model is shown which 
a illugtrates the machinery and all that it is capable of 
oing. 








Russian MANGANESE INDUsTRY.—The Russian man- 
ganese industry is extending, and Russia now supplies 
about half of the world’s output of manganese ore. The 
ore is shipped by way of Poli and Batoum, whither the 
ore is conveyed from the deposits situated between the 
Caspian and the Black Sea. The percentage of man- 
ganese contained in the ore from this district varies con- 
siderably, but the poorest ore does not contain lees than 
20 per cent., and on account of the good quality of the 
ore it requires no special treatment prior to being loaded 
into the wagons. The breaking of the ore is, however, 
carried on in a somewhat primitive manner, and rational 
working on a large scale is hampered by the insufficiency 
of the railway accommodation. There is only one narrow- 
gauge railway, which cannot adequately carry the ore, 
and, besides, the rate is unreasonably high. Some im- 

rovement in this direction may, however, soon be looked 
or. 


New Larcr German WarsuHips.—The contemplated 
building of several very large German warships is likely 
to bring about enlargements and extensions in various 
directions, Thus it is under discussion to construct two 
la locks at both the entrances to the North Sea- 
Baltic Canal, at Bransbiittel and Holtenau. The present 
lock chambers are only 500 ft. long, but’as the German 
navy, ere long, is likely to comprise ships of this pa 
the building of new locks of, say, 633 ft, length, will re- 
quire to be undertaken, a plan which will probably take 
four or five years to accomplish. It is also proposed to 
remove part of the Stettin Vulcan Shipbuilding Com- 
pany’s works to a site near Hamburg, to meet the new 
requirements of the fleet. The River Oder is not suited 
for the departure from the works of ships of deep draught. 
The question is attracting much attention in the German 
Press. Further, the firm of Blohm and Voss, in Hamburg, 
is going to construct a floating dock with a capacity of 
35,000 tons, and it has been decided to proceed with the 
work at once. 

Ovr Locomotive Exports.—The aspect of our locomo- 
tive exports this year experienced a considerable improve- 
ment in August, the shipments for the month being valued 
at 218,337/., as compared with 125,051/. in August, 1904, 
and 153,002/. in August, 1903. The South African ex- 
ports continued extremely small in August, but there 
was some improvement in the shipments to British India. 
The Australian quota in August still left a great deal to 
be desired; the tendency of the Australasian authori- 
ties at present is to encourage colonial locomotive con- 
struction as much as possible. Baldwin (American) loco- 
motives are also in some request in our Antipodean 
settlements. The exports of British locomotives in August 
were, however, helped up by large shipments to South 
America, these shipments being valued at 117,452/., as 
compared with 26,5252. in August, 1904, and 8357/. in 
August, 1903. The te value of the locomotives 
exported from the Uni Kingdom in the first eight 
months of this gg was 1,610,936/., a8 compared wi 
1,238,3102. in the corresponding period of 1904, and 
1,618,295/. in the corresponding period of 1903. In these 
— the three principal groups of colonies figured as 
oHows :-— 





Colonial Group. 1906. 1904. 1903. 
£ £ _ 
British South Africa oe 59,778 374,302 425,057 
British India ee oe 693,331 325,284 | 415,608 
Australasia .. os a“ 16,403 55,900 300,838 


It will be observed that the value of our general loco- 
motive shipments in the first eight months of this year 
was nearly equal to the corresponding value in the first 
eight months of 1903; but this favourable result would 
not have been attained but for the fact that South 
America took British locomotives, up to August 31, this 
ear, to the value of 383,328/., as compared with 211,419/. 


in the corresponding period of 1904, and 155,364/. in the 


corresponding period of 1903. Still further, there has been 
a great rally 4 the Indian demand. 











CROSS SECTION OF FEED ROLLER GEAR AT FINISHING ROLLS 


LAUNCHES AND TRIAL TRIPS. 


Messrs. GourLay BrorHers AND Co. (Dundee), 
Limited, launched, on —— the 19th inst., a steel 
twin-screw steamer called the Rio-Mar, for the Amazon 
Steam Navigation Company, Limited. The vessel is of 
the flush-deck type, with spar-deck and sun-deck, and 
has been specially designed for passenger service on the 
Amazon. he dimensions are :—Length, 204 ft. ; beam, 
35 ft. 6 in.; depth, 10 ft. 9in.; the gross tonnage being 
680. The machinery, which is being constructed by 
Messrs. Gourlay, will be capable of propelling the vessel 
at 124 knots. 





On Thursday, the 21st inst., the steel screw-steamer 
Harlingen, built by Messrs. William Gray and OCo., 
Limited, West Hartlepool, to the order of Messrs. J. and 
C. Harrison, Limited, of London, was taken to sea for 
her trial trip. Her principal dimensions are :—Length 
over all, 353 ft. 6 in. ; breadth, 49 ft. 6 in. ; and depth, 
25 ft. 2 in. Triple-expansion engines have been sup- 
plied from the Con Marine Engine Works of the 
builders, having cylinders 254 in., 404 in., and 67 in. in 
diameter, with a piston stroke of 45 in. Steam is gene- 
rated in two large steel boilers “7 for a working 
pressure of 180 lb. per square inch. he average speed of 
the ship was 11 knots. 





Thes.s. Agberi, the latest addition to the fleet of Messrs. 
Elder, Dempster, and Co., of Liverpool, has been built 
and engined by Messrs. Workman, Clark, and Co., 
Limited of Belfast, and left their works on Friday, the 
22nd inst., for a trial cruise in the Belfast Lough, after 
which she proceeded to Liverpool, and will be placed 
shortly on the West African coast service. The Agberi 
is a sister-vessel to the Patani, which left the works about 
six weeks ago, and is 384 ft. long, with a gross tonnage 
of 3400 tons, The propelling machinery consists of a 
set of triple-expansion engines, supplied with steam by 
three steel multitubular boilers working under Howden’s 
system of forced draught. 





On Saturday, the 23rd inst., the steel screw-steamer 
Sir John Jackson, built by the Northumberland Ship- 
ggg Eger , Limited, Howdon-on-Tyne, for Mr. 
H. W. Dillon, of London, left the Tyne for her trial trip. 
The steamer is 372 ft. long by 48 ft. beam by 30 ft. 10 in. 
depth, moulded ; and the engines, supplied by Messrs. 
Richardsons, Westgarth, and Co., Limited, Sunderland, 
have cylinders 25 in., 41 in., and 69 in. in diameter, with 
a 48-in. stroke, steam being supplied by three large steel 
boilers, 14 ft. by 10 ft. 9 in., working at 180 lb. pressure. 
A mean speed of 12 knots was attained. 





On Saturday, the 23rd inst., the steel screw-steamer 
Pathan, built by Sir Raylton Dixon and Go., Limited, of 
Middlesbrough, to the order of Messrs. Gellatly, Hankey, 
and Co., managers of the Mogul Steamship Company, of 
London, for their China and Japan trade, proceeded to 
sea for her official trials. Her principal dimensions are :— 
372 ft. by 50 ft. 3 in. by 28 ft. 44 in. moulded, with a 
deadweight carrying capacity of about 7050 tons on a 
light draught of water, and capacity for about 10,000 
measurement cargo. Triple-expansion engines have 
been fitted by Messrs. Richardsons, Westgarth, and Co., 
Hartlepool, having cylinders 25 in., 40 in., and 68 in. in 


th | diameter, with a stroke of 48 in., supplied with steam 


by three large single-ended boilers working at 180 lb. 
pressure. 








NAPHTHA IN THE URAL.—Some naphtha deposits were 
discovered some twelve years ago north of the Caspian 
Sea, in the basin of the River Emba, in the Province of 
Ural, close to the settlement of Kara-Tschungue, and a 
syndicate was formed for the proper exploitation of the 
deposits. The matter was taken in hand with consider- 
able energy, and a number of experts were called in to 
report on the state of affairs, and they seemed to think 
that the naphtha deposits were simply enormous. The 
undertaking was extended so as to comprise the rights of 
all the commons of the Khergese steppe along the River 
Emba to its mouth; and in order to expedite matters 
co-operation has been established with the Nobel firm. 
A naphtha fountain is understood to have been reached 
at a depth of 18 sashen; but even if the expecta- 
tions are realised as to the quantity of naphtha, the diiffi- 
culty of transport is likely to seriously handicap ‘the 
undertaking. 
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GAS ENGINES, PRODUCERS, HOLDERS, &c. 


7241. C. Bauer, London. (Giildner Motoren G. m. b. H., 
Munich, Germany.) Suction Gas-Producers. [2 Figs.) 
April 6, 1905.—This invention has reference to an improved auto- 
matic water-feed device for gas-generating apparatus. The water- 
feed apparatus is d of water-cup a, which is in con- 
stant communication by the holes } with the rising pipec. Inthe 
latter is arranged a small overflow-pipe d, the lower end of 
which is tightly mounted in the base of the water-cup, and leads 
through this base into the air-duct of the generator. 











a and in the annular space ¢ (between the concentric tubes c an 


tube d ; at this moment no water can flow off from the lower end 
of the tube. During the suction stroke of the motor a temporary 
fall in pressure is produced in the air-supply duct of the gene- 
«ator, into which the water-feeding apparatus opens. This fall 





in pressure naturally continues into the annular space e, and 
there causes the water-level to rise above the overflow-holes /. 
At this moment, c juently, a corresp ing amount of water 
flows through the tube d into the air passing below into the 
generator. This water is afterwards decomposed in the well 
known manner in the generator after having been transformed into 
steam. As soon as the suction action of the motor ceases the 
water-level again falls in the annular space e below the overflow- 
holes f, and the feeding of water into the generator is stopped 
until the next suction stroke. As will be readily understood, 
the apparatus feeds only when the motor sucks, and the amount 
of water fed to the generator always corresponds to the t 
of air sucked in, and consequently to the height of the depression 
in the annular space. By raising and lowering the water-level 
when at rest, or by varying the fall of pressure in the annular 
space ¢, it is possible to regulate the amount of water discharged 
at every suction stroke of the motor. (Accepted July 26, 1905.) 


GUNS AND EXPLOSIVES. 


18,261A. A. T. Dawson and G. T. Buckham. Lon- 
don. Elevating Gear. [4 Figs.) August 23, 1904.—The 
present improvements are more particularly applicable to car- 
riages and mountings for short guns which have a relatively 
long recoil and are fired at high angles of elevation, and of which 
the carriages are not made very high. The chief object of the 
invention is to provide for quickly moving the gun into a loading 
position when firing at high elevations by the action of what is 
termed a ‘‘combined fine and quick-firing gear.” CO is the 
trail having bearings carrying the cradle trunnions C*. B® is the 
carriage-wheel axle. C® is a crank fixed to one of the cradle 
trunnions, and having at ite lower end a swivel-nut tapped for a 
treble-thread screw. Carried by fixed bearings on the carriage 
is a swivelling bracket D, which is furnished with acombined nut 
and hand wheel D2 adapted to rotate within the bracket without 
participating in longitudinal motion, the said nut being tapped 
for a single-thread screw. The elevating-screw comprises two con- 








As long as | 
equilibrium is maintained between the water columns in the cup | 


\f d Gl i Ise end im 
dd) the inner water level is below the overflow-holes of the small | ad gel ay appt ng ete ag peng = 


C* for the ‘‘fine” elevation of the gun to the desired extent. 
For quickly changing the elevation of the gun when it is to be 
brought to the — position from a particular angle of eleva- 
tion, to which it has placed by the “fine” elevating goer, 
the hand-wheel D’ is actuated, whereby the spindle D® within 
the sleeve D® is rotated and quickly pulls back the crank or arm 
C3 by the rotation of the treble-screwed portion D‘ of the spindle 
D5 working in the swivel-nut. By turning the said hand-wheel 
D7 in the opposite direction the crank or arm C® can be returned 
to its original position against the aforesaid collar D® of the 
treble-thread screw D6, thereby again quickly elevatirg the gun 
| to the “— it occupied before it was shifted to the loading 
position. e collars D§ and D5* on the spindle D® limit the 
movement of the “quick” elevating gear, and other suitable 
| collars d*, d* on the sleeve D® limit the movement of the “fine” 
elevating-gear. (Accepted August 2, 1905.) 
LIFTING AND HAULING APPLIANCES. 
19,406. The Improved Electric Glow-Lamp Com- 
, Limited, and N. de M. Wa » London. 
inch. (4 Figs.) September 8, 1904.—This invention relates 
to a safety winch for raising and lowering heavy weights, and has 
for its object the arrangement of such a winch so that whilst 
adapted to lift and lower such weight, by a winch handle and 
drum, through the medium of a cable or cord, upon the release of 
the handle, the winch drum is immediately locked, so that the 
| hanging weight cannot fall to earth by accident. The drum is 
| mounted in a case A provided with a lid B, the drum having 
| within it a spindle C, having its bearings in the end of the case 
| and lid, and fitted with a winch handle E. The spindle runs free 
in its bearings and within the drum, and hasa double cross-head F, 
| which is adapted to engage with studs upon a false end G! to the 
winch drum. This false end G! engages by pins H with the end 
of the winch drum so as to turn with it, but at the same time it 
has a free longitudinal movement upon the winch spindle rela- 
tively to the winch drum. A spring is introduced between the 











en there is no pressure on the handle E some little 
distance from the main end of the drum. In this position (Fig. 2) 
the false end G! engages by goes teeth O with 
ratchet teeth L upon the inside of the casing-cover B. In the 
normal position therefore of the false end, standing under spring 
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ressure at some distance from the main drum, the false end is 
locked with the casing-cover in that direction of rotation which 
is to lower out. The of the studs upon the false cover G!, 
with which the cross-head F of the winch spindle engages, are 
provided with inclined approaches to them, so that when the 
winch cross-head is brought into forcible contact with them, in 
order to lift the weight, the false end G! is thereby first forced 
down by the cross-head F nst the spring reaction, and in this 
way the locking teeth of the false drum-head are p from 
contact with the ratchet teeth L of the casing-cover B. The 
weight is thus free to be raised, and if it is desired to lower the 
same, the strain of the suspending cord of the winch upon the 
drum keeps the false end G! depressed from contact with the 
locking ratchet L of the cover B, so long as the hanging weight 
is taken by the handle of the winch. It may thus be lowered 
carefully and slowly. Should, however, the winch handle be 
suddenly released, or should the lowering be unduly abrupt, the 
pressure of the spring under the false end G! causes the same to 
push itself forward when the end of the cross-head is removed 





from the studs on the false end G!, and in such case G! comes out 
to its normai position of engagement, with the ratchet teeth L 
upon the casing-cover B. The drum is thus immediately locked 
as against the lowering-out movement, and any accident to the 
hanging weight is thereby prevented. (Accepted July 26, 1905.) 


20,613. BR. Waygood and Co, Sémttes. endem, ane 


H. C. Walker, ey. and Hoists. (2 Figs.) 





entrie parts, one of which consists of a screwed sleeve D® having 





single thread D4, which engages with the threads of the com- 
ined nut and hand-wheel D2. The sleeve D3 has two keyways d! 
extending from end to end of the threaded portion thereof, and 
engaging with keys formed on a collar d® carried by the swivel- 
ling-bracket D. e other of the elevating-screw consists 
of a spindle D® situated inside the screwed sleeve D°, and has at 


ne end a screwed portion D6 with a treble thread for engaging | 


ith the swivel-nut on the crank C3 of the cradle trunnions. At 
the other end the spindle D5 is retained in the sleeve D® by a 
hand-wheel D7 screwed upon the spindle and serving to actuate 
the same. The normal position of the crank C? is against a collar 
D* at the outer end of the treble-thread screw D®, and on actuat- 
ng the hand-wheel D2 of said combined nut and hand-wheel the 
nut of the latter is rotated, and the sleeve D? of the elevating- 
s°rew, guided by the keys of the swivelling-bracket, is moved 
forward without turning. The spindle D5 within the sleeve D3 is 
also moved forward without turning, and thus the crank or arm 


September 24, 1904.—This invention relates to improvements in 
connection with lifts and hoists, the object being to ensure the 
proper closing of lift-enclosure doors after a predetermined time 
has elapsed, should they be left open by the person last using the 


junction with the lift-controller through the wire connection 2 
with the electromagnet A, as stated, th the connection 1 
and, through the connection 3, with a special relay magnet C 
having time-adjusting mechanism. The double-contact switch B 
has also a wire connection 4 through a switch d with one of the 
main leads 2, the other lead y being connected, through the 
switch d, with the time relay-magnet C by a connection 5. The 
time relay-magnet is provided with two movable and connected 
tacts e and f adapted to complete the connection between two 
fixed contacts A, i, also on the re y-magnet, tothe latter of which 
contacts A, i the lead 5 passes, whilst the tact A is ted, 
through 6, with the. electromagnet A. The operation of the 
arrangement is as follows :—Upon opening the door of the lift- 
shaft the circuit 2 to the lift-controller becomes interrupted 
through the medium of the double-contact switch B, which 
assumes the position shown in dotted lines on the diagram and 
completes the circuit 3 with the time-adjusting relay C. The 
completing of the connection with the time relay operates the 
magnet thereof and draws the movable connected contacts e, 7 
towards the fixed contacts i, h, and upon the completion of the 
connection between these contacts e, f and i, A the circuit 
between the time relay and the electromagnet of the door-closing 
mechanism is completed through the connection 6 operating the 
mechanism to close the door, when the contact switch is thrown 
over from the dotted position to that shown in full lines, com- 
leting the controller circuit for the operation of the lift, and 
reaking the circuit 3 to the time relay t, an ti 
between the contacts i and /, thus interrupting also the connec- 
tion between the time relay and the electromagnet of the door- 
closing mechanism until the opening of the lift-enclosure door 
causes a repetition of the above-described operation. (Accepted 
July 26, 1905.) 


MINING, METALLURGY, AND METAL- 
‘WORKING. 











8677. W. H. tt wick. Gold Extraction. 
{1 Fig.] April 15, 1904.—This invention relates to the extraction 
of gold from gold-bearing minerals or deposits by a dry process, 
in which the pulverised mineral or deposit is fed continuously by 
suitable means into a region or chamber, where it is forced {nto 
intimate contact with mercury by means of an air blast, which 
also carries the lighter particles ye from the mercury, and may 
bring them into contact with fresh bodies of mercury, finally 
rejecting the residue into a suitable receptacle. The ore, in a 
finely-divided condition, is conti ly or intermittentl 

into the hopper a, which leads to a rotatable feed-cylinder 6, 
having pockets, which are brought successively into communica- 
tion with the hopper to receive charges of pulverised ore. The 
feed-cylinder b is rotated continuously or intermittently to bring 
the charged pockets successively into communication with an 
amalgamating -chamber d, having an air-blast inlet e, and con- 
taining a charge of mercury J, with which the pulverised ore is 
brought into intimate contact, so that the metallic particles of 
the ore, or some of them, form an amalgam with the mercury, 
and are retained thereby, while the remaining particles are carried 











by the air blast through the tube g leading to the next of a series 
of similar amalgamating-chambers d, the mercury baths of which 
chambers absorb the lighter metallic icles ied onwards 
by the air blast. The feed-cylinder } rotates in a casing h, which 
is arranged to cut off the pockets, after receiving their c 

from the hopper a, from the influence of the air blast until they 
are brought into the position for delivering their contents to the 
amalgamating-chamber. By this means a regular feed of the ore 
is absolutely assured, and consequently a high working efficiency 
of the plant. Owing to the action of the air blast part of the 
mercury may be broken up into small WY" and be carried 
over with the tailings by the blast, and it is desirable that this 
mercury should be trapped before or after leaving the last 
amalgamating-chamber. The tailings and finely-divided mercury 
mingled therewith are led from the last chamber d by a pipe i to 
a chamber & containing a well of mercury. This chamber is 
provided with an inclined shutter or baffle 0, which is made 
adjustable, so as to vary the issue opening, closing it more or 
less according to the degree of pulverisation and rate of feed of 
the materials and pressure of the air blast. (Accepted July 26, 
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lift. A is an electromagnet, one of which is fixed in any con- 
venient position adjacent to the door of the lift enclosure on each 
floor, being connected to such door by levers or other suitable 
mechanism, each electromagnet being also connected thro 

the wire connection 1 with a double-contact switch B at each floor, 
the switch B being operated by the movement: of the door of 


©’ and the gun-cradle are turned about the axis of the trunnions | the lift enclosure, or by the electromagnet A, and acting in con- 
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MOTOR ROAD VEHICLES. 


16,865. F. W. Lanchester, Birmingham, Motor- 
Cars. (6 Figs.) August 2, 1904.—The present invention refers 
more particularly to improvements in the construction and an 
arrangement of framework in passenger vehicles. In one mode 
of carrying out the present invention a frame is built up, of which 
the principal constructional limb consists of a transverse rect- 
angular tube a of large dimensions, which may, in some cases, 
conveniently serve as a tank for the storage of fuel. To the 
underside of this tube are bolted four longitudinal limbs }, )1 and 
¢c, cl, the two inner ones c, cl by extending forward, act as 
bearers on which the motor rests or is bolted, suitable projections 
d, d being provided for that purpose, if desired. The two outer 
limbs b, 6! support the superstructure of the carriage, and extend 
to the front and rear of the transverse tube or tank a. The four 


| longitudinal limbs may be made of light rolled joist, or may be 
of rectangular drawn tube, or be built up out of 


eet; but, in any 
case, their function is to give the necessary vertical stiffness to 
the frame, and they must be so secured to the transverse member 
a as to utilise its torsional strength to the utmost advantage. The 


i | function of the inner longitudinals ¢, cl, as well as being to sup- 
| port the motor, is to carry at their forward 
; | Suspension organs, so that the outer longitudin: 


rts the forward 
b, bl may be cut 
short forward sufficiently to clear the steering-wheels, and thereby 
| permit of a wide angle of lock. Instead of ending the inner members 
| ¢, cl close to the rear of the tank, they may with advan 
| prolonged aft to help to support the floor of the vehicle, and the 
| after ends of all four members connected by a light transverse 
| brace to distribute lateral stresses. The outer longitudinals b, b!, 
in addition to forming the main support for the vehicle body, 
| are rane erg to the stresses of the rear suspension, the car being 
| suspended at the rear through the rear parts of the outer members 
| of the frame. It will be seen that in this arrangement of frame 
the longitndinal members, as a whole, act as a beam to —- 
| the weight of the vehicle ; but it will also be noted that the bend- 
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ing stress is transferred from the inner members c, c! to the outer 
members b, b! at the points where they are vely connected 
to the tank member a, the stress between these points con- 
veyed as a torque by the tank shell itself. The tank shell, the 


_— 

















longitudinal members, and their attachments must be so pro r- 
tioned as to be capable of transmitting the stresses requ in 
the manner indicated. Any suitable suspension may be employed. 
(Accepted August 2, 1905.) 


SHIPS AND NAUTICAL APPLIANCES. 


3524. G. M. Harroway and W. a Middles- 
brough. Ship Construction. [3 Figs.) February 20, 
1905.—In the specification of a priest application for Letters 
Patent No. 16,164, of 1904, there is described an improved ship 
construction wherein the framing comprises cantilever frames, in 
each of which, to form the cantilever, there are two upwardly- 
extending branches—namely, a continuous outer branch to which 
the skin of the vessel is riveted, and the inwardly projectin 
flange of which has formed in it a fr, to receive a longitudin: 
stringer-bar riveted to the shell, and a branch inclining — 
towards the middle of the ship, to which is riveted fore-and- 
plating, which is also riveted at its bottom portion to the said 
stringer-bar, and which, in conjunction with the portion of the 
shell attached to the outer branches, a suitably-supported deck 
portion connecting the fore-and-aft plating to the shell, and 
transverse plates between the branches of the several frames, 
forms a box girder that gives great longitudinal strength to the 
ship. Now, in the building of ships of the type referred to ac- 
cording to the present invention, the cantilever frames are con- 
structed as will now be described., The lower upright portion a 
and the inwardly-inclined branch J of the frame, instead of 





being formed by a frame-bar and a reverse-bar, are formed by a 
continuous bulb angle-bar which is of sufficient strength in its 
portion a to take the place of a frame-bar and a reverse-bar, and 
is simply bent inw at the required part in order to form the 
inner portion of the cantilever and the outer branch c of the 
frame, the inwardly-projecting flange of which has a gar to 
receive the stringer-bar, is formed by a ey angle-bar which is 
scarfed or riveted at f to the portion a of the bulb angle-bar a, b, 
so a8 to constitute an in’ portion of the cantileverframe. As 
in the examples described in the aforesaid specification, a fore-and- 
aft box girder which gives great longitudinal strength to the ship 
ly by the porte i! = a h riveted 5A a 

e frames, partly by a portion ¢ suppo! y 
Heom of by tleenael plating & which is riveted to 
and at its bottom portion to the stringer-bar, this 
box-girder being ee sree at the cantilever frames by trans- 
verse corner bracket-p! , and also by knee-plates which sup- 
the bottom of the plating &, and are riveted to the branches 
» and to the branches c.  box-girder may be divided into 
lengths, as by the web-plates, and made water-tight so as to be 
= for carrying water-ballast if desired. (Accepted July 26, 


3524A. G. M. W. Dixon, Middles- 
2 Figs.) Fe’ 20, 
1905.—In the specification of a 


is constituted 
branches c of 


the branches 


bruary 20, 
prior app! on for Letters Patent 
No. 16,164, of 1904, there is described an improved shi) 
tion wherein the framing comprises cantilever frames, in each of 
which to form the cantilever there are two w 
branches—namely, @ continuous outer branch to w 
of the vessel is riveted, and the inwardly-projecting flange of 
which has formed in it a gap to receive a longitudinal stringer bar 


to which is riveted fore-and-aft plating, which 

in to the stringer-bar, and which, 

ion of the shell attached to the outer 

one deck portion connecting the fore- 

ell, and transverse plates between the 

frames, forms a box-girder that gives 
Now, in building shi 


middle of the shi 
is also riveted at its bottom 
in conjunction with the 
irae tele 
Pp 

pony nf BT S ccrength to the shi 

of the type referred to to The preeent invention, the 
cantilever frames are as will now be described. The 
lower upright portions @ and the outer branch c of the frame, 
which has a gap to receive the st -bar, are both formed by 
a continuous bulb angle-iron bar, which is of sufficient strength 
in its portion a to take the place of a frame-bar anda reverse-bar, 
whilst the inner branch } of the cantilever frame is formed by a 
separate angle-bar which is scarfed or riveted to the portion a of 
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the bulb angle-bar a, c so as to constitute an integral portion of 
the cantilever frame, and is bent inwardly at the required part in 
order to form the inner portion of the cantilever. As in the 
examples described in the said specification, a fore-and-aft box- 
girder which gives t longitudinal —— to the ship is con- 
stituted | woe J by the pcrtion of the shell / riveted to the branches 
ec of the frames, y by a deck portion i supported by beams j, 
and partly by fore-and-aft plating *, which is riveted to the 
branches 6 and at its bottom portion to the stringer-bar, this box- 
girder being strengthened at the cantilever frames by transverse 
corner bracket-plates, and also by knee-plates which ey the 
bottom portion of the plating *, and are riveted both to the 
branches b and tothe branches c. The box-girder may be divided 
into lengths, as by the web-plates, and made water-tight so as to 
a for carrying water-ballast if desired. (Accepted July 
26, 1905.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 
157 D. B. Westen, Hartlepool. Condensers 

and Heaters. (9 Figs.) July 

to steam cleansing and condensing apparatus designed to prevent 


oil 


feed-water obtained by the condensation of such steam and sup- 


lied to the boilers. 1 is the casing of the apparatus, along the 
front, and with a receptacle 
water can drain partly through 


and collecting devices in the chamber. 


inclined division plate 10 and downwardly and outwardly 


15, 1904.—This invention relates 


resent in steam coming from steam-engines passing to the 


ront side of which is the cleansing-chamber 2, which is provided 
with a steam inlet 3 at the top, with a removable cover 4 at the 
at the a been Op - 

passages in the cover and partly 
direct from the steam-distributing and oil and water separating 
7 is a communicating 
poomge between the cleansing-chamber 2 and the next adjacent 
chamber 8 of the condensing portion of the apparatus. The 
steam-distributing device comprises an inwardly and upwardly 


16,096. Cole, Marchent, and Morley, Limi and 
H.W. sestey. Bradford, and A. Dobson and 
Valve Gear. [4 Figs.) July 20, 1904.—This 
invention has reference to the distributing valves and operating 
gear in relation to vertical on engines. The steam inlet- 
valves are operated by eccentrics through suitable levers and 
release mechanism of the triptype. In the form illustrated, ¢ is 
the valve mounted on the spindle f, which spindle has a square 
or rectangular cross-section at g, and is extended so as to be 
secured to the dash-pot h. On the piston g of the spindle 
a sleeve ¢ is fitted, which sleeve can slide on the spindle and in 
the same e. The rectangular part of the spindle carries a 
die, and the sleeve carries another die, which, by means of a 
spring, is given a constant tendency to keep close to the spindle, 
and thus engage with the spindle die. To the sleeve i a 
governor lever m is pivoted, which lever is provided with an 
extension at n, 60 arran as to catch extensions on the sleeve 
die at such a time in the movement of the sleeve as may be 
determined by the speed and consequent position of the governor. 
The sleeve i receives a positive movement by means of the rock- 
ing lever o from an eccentric, or, it may be, an eccentric mounted 
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either on the main shaft or on the lay shaft. The gear operates 
as follows :—The sleeve i being in its lowest position, say, re- 
ferring to the top valve e, the sleeve die is in a position to engage 
the die carried by the spindle g, the dashpot having closed the 
valve e, or in case some derangement of the dash-pot, such as the 
breakage of the spring, has prevented the valve being closed, then 
the sleeve i will pus inst the collar p and close the valve. 
The lever 0 now moves the sleeve and lifts with it the spindle f 
and valve ¢ until by its movement the trip extension lever n comes 
in contact with the sleeve-die, and by further movement disen- 
gages itself, releasing the spindle f from the sleeve, when the 
power within the dashpot quickly closes the valve, and the dash- 
pot piston 4 by means of holes q suitably arranged forms an air 
cushion in well-known manner, bringing the parts quietly to rest. 
The exhaust -valves are independently operated by a positive 
motion received from a crank or eccentric mounted either on the 
engine-shaft or upon a lay-shaft, the motion being transmitted by 
means of a wrist-plate action in such a way as to give the valve 
the full port opening to exhaust, whilst the amount of lap and, 
consequently, the extent of total travel of the valve is reduced to 
— thereby lessening the wear. (Accepted July 26, 
5. 

18,984. C. Erith, London. Mechanical Stokers. 
(3 Figs.) September 2, 1904.—According to this invention, a re- 
curring series of regulated steam or air blasts of different force 
or intensity distributes successive small charges of fuel to dif- 
ferent portions of the furnace grates in similarly recurring series; 
thus securing substantially uniform fuel distribution of any kind 
of fuel over any desired grate area and at any rate of feed. In 
the throat of the fuel-hopper C a fuel-measuring or feeding device 
Dis placed, a rotating device with wings being preferable, although 





division plates 11, so that steam admit 


the chamber. 


to the chamber through 
the inlet 3 will be constrained to flow in a zig-zag direction to the 
outlet 7, and be thereby distributed through the whole width of 
Formed on the inner side of the cover 4 above and 
below the plate 10 are two series of oil and water separating and 
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recesses 13 arra 
el-inclined 14 
bs 14 may, as shown in Fig. 2, be eac 





collecting devices, consisting of a number of inclined grooves or 
side by side and formed by a number of 

against which the division-plates 11 bear. 
h or bee 





e 
Or the ribs 14 may each be straight but incli 
dotted lines in Fig. 2, the grooves 
plate 10 forms the bottom of one 


connecting 
water tubes 9. The last compartm 


outlet 23, 
it may to 


formed in the several 








riveted to the shell, and a branch inclining inwardly towards the 


weir into a hot-well. (Accepted July 26, 1905. 


h which air, or air and uncondensed va) 
an air-pump. The = of condensation 


» a8 y 
18 then being straight. The 
up of oil and water sepa- 
rating and collecting devices above it, and directs the separated 
oil and water to a transverse channel 15 formed in the cover 4, 
the bottom of which inclines to a vertical drain-passag 
This ary mye discharges into the bottom of the cleansing-chamber 
2 which is Ws age with an upwardly-extending rib that forms 
in — ion with the side walls and cover 4 the receptacle 5, 
which an outlet 18 for separated oil and water. 
ing-chambers 8 => Se with each — peg 
are eac ided, as usual, a group o 
oo. son ent 8 is provided with an 
ur, can 


The condens- 


ns through 


rate outlets into a common channel below, whence it flows over a 


sepa- 


any recip ig device could be used for the purpose of feeding 
successive charges of fuel. These successive charges of fuel are 
dropped on to the feed-plate E, behind which is a blast-nozzle F. 
The mouth of this nozzle is provided with a regulating plate which 
can be adjusted by bolts, thereby regulating the force of the blast 
to suit the nature of the fuel. The fuel-plate is provided with de- 
flectors J, preferably adjustable. At the rear of the blast-nozzle 





F is a rotary steam-valve M, provided with a series of steam 
ports of different areas. As the steam-valve M is rotated, the 
series of ports is brought in relation successively with the blast- 
nozzle F. A driving shaft Q is rotated bya Dee R. This driving 
shaft actuates the rotary steam-valve M and the measuring device 
D, preferably by means of suitable gearing 8%. Thus as each succes- 
sive charge of fuel is dropped on to the feed-plate it is followed in 
series by blasts admit successively, and these blasts being of 
varying force, the fuel is blown in series to different parts of the 

tes in thefurnace, thus ensuring substantial uniformity of 
| diffusion of fuel from back to front of such grates. The deflectors 
| J assist in spreading out the fuel sideways, and by adjusting the 
position of these deflectors a proper distribution of fuel can be 
attained on furnace grates of any width. Any desired rate of feed 
is secured by varying the speed of the driving shaft Q. (Accepted 





July 26, 1905.) 
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Practical Shipbuilding : A Treatise on the Structural Design 
and Building of Modern Steel Vessels. By A. CAMPBELL 
Ho.ums, M. Inst. N.A. ndon, New York, and Bom- 
bay: Longmans, Green, and Co. [Price 48s. net. ] 

Tuts is a somewhat imposing work, and a welcome 

addition to the literature of the subject of which it 

treats. It is in two volumes, the first consisting of 

600 pages (large 8vo.) of text ; the second volume 

is of 4to. size and contains over 100 pages of illus- 

trations, some of them large folding plates. The 
author, as one of the surveyors to Lloyd’s Registry 
of Shipping, has, naturally, a wide knowledge of 
the details of the building of merchant vessels, with 
which he chiefly deals. The book is of an eminently 
practical nature, and is written in a clear and con- 
cise style, which makes the explanations easy to 
follow. The more abstruse side of the subject is 
not dealt with, the book being free from mathe- 
matical formule. There is an appendix, in which 
elementary considerations on the strength and 
stiffness of beams is treated in a simple manner, 
easy to be understood by those who might find the 
more abstruse methods of exposition affected by 
some authors rather beyond their understanding ; 
in fact, simplicity and clearness are the keynote of 

the whole volume. j 
The opening chapters are of a quite elementary 

character, giving the way in which the whole of a 

ship is constructed and held together by frames, 

plates, &c. Information of a general nature upon 
the stresses to which vessels are subjected is given. 

The effect of vertical movement and of the mole- 

cular movement of wave-water in modifying bending 

stresses is clearly explained. It might be asked, 

Of what use is such information to those practically 

engaged in ship-designing? For students it is, of 

course, desirable to commence with most elemen- 
tary considerations ; but to those actually engaged 
in the drawing-office of a shipyard the numerical 
examples which the author puts forward to illus- 
trate explanations of principles will, we think, be 
found useful. They are collected from various 
and authentic sources, and the reasons given for 
the adoption of the well-known methods of con- 
struction will be illuminating to those draughtsmen 
who may be in the habit of following Lloyd’s 
Rules without considering the reason for their 
origin. For those who work in such empirical 
fashion—and, unfortunately, there are many—the 
book will serve as an incentive to more enlightened 
procedure, and should help numbers to rise from 
the position of simple draughtsman to that of 
designer. The discussions and illustrations given 
should also be of assistance to naval architects in 
making selection of alternative designs to meet 
given conditions. For instance, the question of 
which of the three methods of obtaining trans- 
verse strength should be adopted is discussed. 

There are designs in which it may be questionable 

whether hold beams, deep frames, or web frames 

should be adopted for giving transverse strength. 

The choice here rests with the designer or the 

owner, and Mr. Holms gives the various advan- 

tages of the three systems. He says :— 





Web or deep frames have a great advantage over hold 
ms in that they have a clearer hold-space for cargo ; 
except when carrying bulk cargoes, such as grain or 
coal, the presence of beams in the hold causes trouble in 
loading and discharging, and gives rise to broken stowage 
—i.e., vacant spaces amidst the cargo. In some cases, 
when especially large masses, such as machinery, must be 
carried, it is often found necessary to cut portions of the 
beams away, shunting them temporarily for the voyage 
—an objectionable expedient, because care may not 
always be taken to reunite them efficiently. Compared 
with web or deep frames, hold ms may give, in pro- 
portion to the weight of material used, greater support 
to the side against mere horizontal pressures; as regards 
rocking stresses, however, they are inferior. Comparing 
the deep-frame with the web-frame system as regards 
cargo stowage, there is little to choose between them ; 
the former has the advan of reducing the tonnage, 
this being measured to the inner edge of the frames or 
sparring. It is also superior in that the only projecting 
parts interfering with the stowage space are the side- 
stringers, between which cargo may often be stowed. 
With web frames the small rectangular spaces between 
the webs and the stringers is usually lost. 


The author continues :— 


Tie deep-frame system is structurally superior to the 
web, in that as all frames are identical, they are of equal 
value. Under stress they are all strained alike, and con- 
tribute the same resistance. With web frames there is 
an association of flexible and rigid parts. When ex- 
Posed to severe stress, while the underlying web-frames 


might be strained beyond their endurance—the elastic 








limit of the steel—the flexible intermediate frames might 
suffer little stress, but simply bear upon the rigid webs 
through the medium of the side-stringers. Nevertheless, 
in view of the high efficiency which accompanies any 
increase in the depth dimension of a cargo, it is probable 
that in proportion to the weight of material used, the 
web-frame system may give greater general strength 
and stiffness. The deep-frame system is becoming more 
and more popular. It has the advantantage of simplicity, 
for, as all the frames are alike—simple bars—they may 
formed in the same expeditious fashion ; and as the side 
stringers are continuous, they involve the minimum of 
labour. Web-frames, on the other hand, are so different 
from the others that they have to be made independently ; 
they thus involve additional labour and special fitting 
work is required at the joints of the side stringers. 

We make these quotations from the book as the 
best means of illustrating the author’s method of 
dealing with one branch of the subject. No doubt 
nothing is said here with which the average ship- 
designer—or, for that matter, the average draughts- 
man—would not claim to be fully acquainted ; but 
there is so much repetition work in the drawing- 
office of the ordinary shipyard that it might well 
be that all the circumstances of the case would not, 
in the mind of the designer, be so clear as they are 
in the quotations above given ; at any rate, it is 
useful to have such matters plainly put forward in 
an orderly manner. Another example of the same 
kind may be mentioned: it is that in which the 
author gives the reason why the plate at the double 
bottom is so often apt to leak at the rn 
more particularly under the weight of web-frames. 
The influence of bridge-houses on the strength of 
hull structure is another suggestive part in this 
section of the book. The remarks on the effect of 
discontinuity of strength might be read with ad- 
vantage, although they contain nothing but what 
every ship-designer is supposed to have at his 
fingers’ ends. Some of the effects of discontinuity, 
however, have been evidently overlooked, as late 
instances tend to show, especially in certain fast 
vessels, where the scantling is necessarily light. 
Some unfortunate results might have been avoided 
had the principles Mr. Holms enunciates been 
more fully borne in mind. 

In the fourteenth chapter of the book the author 
gives an account of Lloyd’s Registry from the 
earliest days. It is interesting to note that wooden 
ships were classed according to age only, and 
London-built vessels alone were eligible for the 
highest class, the work done on the see being 
considered superior to that of other districts. . The 
first iron vessel classed at Lloyd’s was the Sirius, 
of 180 tons, built in 1837; but it was not until 
1854 that Lloyd’s drew up set rules for iron con- 
struction. The author has naturally a strong admi- 
ration for the Society for which he works, and has 
something to say in answer to the criticisms so often 
expressed as to the advantages of what are some- 
times called ‘‘ the cast-iron rules of the Registra- 
tion Society.” Shipbuilders complain that initia- 
tive is killed by the application of such rules, and 
often express the opinion that the actual construc- 
tors of vessels must be in the best position to con- 
sider what is desirable to be included in the design. 
Mr. Holms traverses this position. He points out 
that a classification society, such as Lloyd’s Regis- 
try, is in a position to acquire experience from the 
most practical and valuable sources ; for it not only 
supervises the construction of many hundreds of 
vessels in each year, but subsequently throughout 
their existence, as they are under constant survey. 
Should any weakness or defects develop, whether 
due to insufficient scantlings, bad workmanship, 
material or design, the circumstance is carefully con- 
sidered and recorded. Having in this way constantly 
under observation many thousands of vessels of all 
sizes and types, the practical knowledge acquired em- 
powers the society to state with assurance what is 
required, and what should be effective in a struc- 
tural design. On the other hand, he points out, 
in answer to those who say that the shipbuilder 
should be the judge of what are the best methods 
of construction, that to build and launch a ship 
does not prove hera success. It is only after some 
years of active service, having carried all sorts of 
cargoes in all kinds of weather, that the efficiency 
of the structure may be said to to be proved. In 
building a vessel of unfamiliar size and type, both 
the builder and the owner find in Lloyd’s rules 
trustworthy data, founded on wide and matured 
experience. In regard to the assertion that by 
formulating fixed rules classification societies tend 
to restrict design and hinder progress, the author 

ints out that departures from the rules in the 
building of high-class vessels are only debarred 





when they tend to reduce strength and encroach on 
the margin of safety found by experience to be the 
minimum compatible with a sound and efficient 
ship. Many high-class vessels, he thinks, are 
built with very‘ considerable modifications from the 
rules, but these are usually in the direction of in- 
creased strength and efficiency. He claims that 
when there is any doubt as to the efficiency of de- 
partures from the usual practice a classification 
society must exercise caution and circumspection ; 
representing as it does the interest of owners, 
underwriters, merchants, and the general public, 
it is not for it to foster originality, new and un- 
tried schemes. 

The next section of the book deals at some length 
with the various types of modern merchant vessels, 
and the conditions which have led to their evolu- 
tion are set forthin an interesting manner. In the 
volume of plates, illustrations are given of the 
various classes of steamers, beginning with the 
first vessels which followed on the sailing ships of 
the period, having a flush upper deck with raised 
forecastle and quarter deck. The well-deck steamer, 
the awning-deck, shelter-deck, and other classes 
are illustrated and described. The special precau- 
tions that have to be taken in the consideration of 
tank steamers carrying petroleum are also set forth. 
Following this are several chapters dealing with 
different elements of hull design—keels, keelsons, 
frames, stringers, girders, plating, beams, pillars, 
decks, water-ballast and double bottoms, and water- 
tight sub-division have each a chapter to them- 
selves, the whole being very fully illustrated in the 
accompanying plates. 

We next pass to the arrangements made for the 
accommodation of machinery. The method of 
attachment to bow and stern frames, propeller 
brackets, &c., are given. There is a chapter on 
rudders, and another on riveting, caulking, &c.; 
cabin bulkheads and skylights are dealt with, and 
also the effect of bilge-keels on rolling—another 
section which the designers of merchant ships might 
consider with advantage. Extracts are made from 
Sir William White’s paper read before the Institu- 
tion of Naval Architects in 1895, describing the 
experiments made with H.M.S, Revenge, by which 
the advantages due to the fitting of bilge-keels 
were prominently brought forward. Necessarily, 
in merchant vessels, with their harder bilge, it is 
more difficult to fit rolling chocks than is the case 
with war-vessels, and the bilge-keels have to be of 
less depth. 

Other chapters in this section of the work deal 
with bulwarks, deck fittings, hatchways, derricks, 
winches, water-tight doors, anchors, cables, wind- 
lasses, boats’ davits, steering-gear, pumping arrange- 
ments, &c. There is a chapter on masts and spars 
and rigging, and another on rusting, fouling, and 
anti-corrosive paints, 

In the second section of the work the various 
operations carried out in the construction of vessels 
are dealt with ; drawing-office and mould-loft opera- 
tions are described, as well as the laying-off and 
preparation of plans. The description is then taken 
to the frame-sheds, where the method of painting 
frames, templating, and other operations are de- 
scribed. There is a chapter on shipyard machine- 
tools, of which a number are illustrated in the 
volume of plates ; another chapter is on preparing 
slipways and methods of launching. A chapter 
on steelmaking and the mechanical qualities of 
materials concludes this exceedingly useful book. 





The Hon, Peter White : A Biographical Sketch of the Lake 
Superior Iron Country. By Ratpu D, WILLIAMs. 
Cleveland, Ohio; ‘The Penton Publishin Company. 

Unpber a somewhat misleading title, Mr. Williams, 

editor of the American Marine Review, has written 

an exhaustive history of the development of the 

Lake Superior iron country, and the growth of its 

trade. The author tells us he has so selected the 

name of his book because Peter White, now a 

leading citizen of Michigan, assisted, nearly sixty 

years ago, in stripping the first iron mine of the 
district, and in writing one of the earliest bills of 
lading for a consignment of ore, a quantity of six 

Saas. 

Tron ore was discovered in the upper penin- 
sula of Michigan by W. A. Burt, a United States 
surveyor, but neither he nor his party appeared to 
appreciate, and certainly did not profit by, their 
discovery. It became known, however, and in 1845 
a party, headed by P. M. Everett, started on a tour 
of prospecting, which resulted in the pre-emption 
of several locations, afterwards the sites of famoys 
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mines. All of this early story is admirably told by 
Mr. Williams in his book. In 1847 a forge was 
started three miles from the Jackson mine—one of 
the earliest opened—and the first iron made in the 
district was produced the following year. Of course, 
these primitive efforts were ona very small scale, and 
were soon abandoned, partly because of difticulties 
in transport and partly because the water power 
available either failed, or was in such abundance as 
to wash away the mills. After several attempts, 
works were installed capable of producing 6 tons of 
iron a day ; but the cost of transport was too great, 
and the mill was closed ; this was in 1848-50. 

These and other pioneer ventures were based on 
the idea that the iron should be smelted where the 
ore existed, and strenuous efforts were made to 
prove the soundness of this belief. As, however, 
the cost of Lake Superior iron blooms delivered in 
Pittsburg was. 200 dols. per ton, while the market 
price was only 70 dols.; it was soon realised that no 
business could be done on these lines, and the 
pioneers began to see that in ore-shipping, and 
not iron-making, lay the future prosperity of the 
district. But this also was extremely difficult. 

Nothing but an Indian trail extended from the 
shore of the lake to the mines, and the crude wagon 
road which had been hewed through the forest 
would not bear so weighty a substance as ore in the 
summer time. That season was therefore devoted 
to mining the ore, and the winter to transporting 
it in sleighs to the shore of the lake. These sleighs 
held about a ton each, and it was impossible for a 
team to make more than one trip a day. The 
records of the Cleveland Iron-Mining Company 
show. that 18 tons were hauled one day, which, 
added the agent, ‘‘is the biggest day yet.” If by 
spring a stock pile of 1000 tons had accumulated on 
dock, it was accounted a large amount. 

In 1852 the iron companies began the con- 
struction of a’plank road to the mines. It was at 
this time that Peter White wrote the bill of lading 
of one of the earliest shipments of ore of the Lake 
Superior country. It consisted of six barrels, 
consigned to B. L. Webb, Detroit, who was at 
that time secretary of the Jackson Iron Com- 
pany. The ore was shipped to Sault Ste. Marie 
on the steamer Baltimore. In the fall of 1853 
about 150 tons of iron ore were sent forward by 
the Cleveland Iron-Mining Company to the fur- 
naces of the Jackson Iron Company at Sharon, 
where it was tested in the blast-furnace. It 
made a superior grade of iron, but it is doubtful 
-f it was smelted successfully so far as the blast- 
furnace was concerned, as it left the furnace in 
a very bad shape. However, its quality was un- 
doubted, and the iron companies determined to 
convert the plank. road into a strap railroad. 
Meanwhile construction had begun on the canal at 
Sault Ste. Marie. The strap railroad was not 
completed until November, 1855, and the canal 
was actually finished several months ahead of it. 
The first shipment of ore through the canal was on 
the brig Columbia on August 17, 1855, and con- 
sisted of 132 tons, sent by the Cleveland Iron- 
Mining Company to the Cleveland Iron-Mining 
Company. In September, 1857, two locomotives 
replaced mule haulage on the railroad ; they were 
the first to be used in the peninsula, and were 
capable of hauling 1200 tons a. day, which was 
termed in the newspapers of the time ‘‘an ava- 
lanche of ore.” 

The first blast-furnace in the Lake Superior 
region was built by the Lake Superior Iron Com- 
pany at what is now the City of Negaunee. It was 
called the ‘‘ Pioneer” furnace ; work. upon it was 
po og in June, 1857, and was finished in February, 

A number of other furnaces followed the Pioneer, 
being located at various points with reference to 
different advantages for the manufacture of iron, 
one being near a belt of hardwood, another by a 
limestone quarry, a third not far from an ore 
deposit, and a fourth securing the benefit of water 
privileges. The furnace history of the upper penin- 
sula, however, has been that of general abandon- 
ment, the Pioneer being the only early one to have 
survived. One can wander into the wilder portions 
of the Marquette range to-day with a feeling that 
no one has ever penetrated that portion of the 


wilderness, and suddenly come upon the remains of 
an old charcoal furnace with its battery of ruined 
kilns, embankments, and roadways—mute testi- 
monials of earnest but unrewarded effort. 

Such isa very brief review, given in Mr. Williams’s 
volume in great detail, of the earliest days of the 





Lake Superior iron-ore industry. To gain an idea 
of its present development, we cannot do better 
than quote a few passages from the concluding 
pages of the volume :— 


A review of Peter White’s life would be a review of the 
history of the Lake Superior country. His life compasses 
all that is modern in the history of that princely territory— 
the richest in a mineral sense that has ever been discovered. 
The changes since he has ripped the sod off the iron ore 
of the Cleveland mine in 1849 have been vast. Instead 
of a stubborn and rebellious mule hauling a 4-ton car on a 
little strap railroad, there is now p ing to this self-same 
range some of the most powerful locomotives ever con- 
structed, and the freight traffic along the old bed is among 
the heaviest in the world. Instead of a 100-ton schooner 
receiving its cargo of ore upon a gang plank, there is a 
10,000-ton steamer being loaded by means of a trestle 
dock, with its pockets and chutes, in far less time than 
it took to load the little schooner, and all coming from 
the self-same deposits. To be exact, the great steamer 
Augustus B. Wolvin has loaded 10,245 gross tons of ore 
at the Great Northern Docks, Allouez Bay, in 89 minutes ; 
9000 tons of this load were put on in 34 minutes, and the 
Wolvin was at dock a total period of only 180 minutes, 
which included shifting. Instead of the old strap rail- 
road at the Portage, and Sheldon McKnight with his old 
grey horse, there is the great Sault Ste. Marie Canal, 
whose traffic is more than three times as great as that of 
Suez, the ungated highway to nations that were old 
before the dawn of history. Instead of the painful load- 
ing and unloading of cars by human labour, there is the 
steam-shovel, the drop-bottom car, and the great un- 
——— machines and automatic buckets. Instead of an 
annual output of 1449 tons, there is an average output 
of over 20,000,000 tons, with the probability of the out- 

ut reaching 30,000,000 tons during the present year. 

nstead of a freight rate of from 3 dols. to 6.25 dols. per 
ton from Marquette to Ohio ports, as it was in 1866, 
there is the present trip-to-trip rate of 75 cents, and a 
contract rate over a term of years of even less than that 
figure. Witness the ore-laden fleet as it passes out of 
Duluth Harbour ; follow it a little down the lake until it 
joins the squadron emerging from two harbours, to be 
joined with a third, defiling from Ashland. Eastward 
they sweep, uniting with the old guard at Marquette, 
bearing down upon the Sault in a mighty throng, stag- 
gering the imagination to believe that they are plying on 
waters that knew only the birch-bark canoe scarcely half 
a century ago. Ask what genii is it that has rubbed 
Aladdin’s lamp to such purpose, and the answer is “‘ Iron.” 
Onward they sweep, and, debouching into Lake Huron, 
join another detachment coming through the Straits of 
Mackinaw from Lake Michigan. Down Lake Huron 
they continue, a vast and ever-growing procession, closing 
at Port Huron for the passage of the Straits. Then the 
t parade, moving steadily onward, enters the Detroit 
iver. It is no State occasion that one beholds, but the 
common business of the day. Never ending, never stop- 
ping, like shuttlecocks in some great machine, they ply, 
making up the most impressive commercial panorama 
that the earth can show. Fifty millions of tons are 
passing in review, 30,000,000 of it being iron ore to be 
worked up by countless hands to do service to mankind in 
innumerable ways. 

Tis a far cry from the 6 tons of bloom iron per day 
that were made in the Jackson forge in 1849 to the 
18,009,252 tons of pig iron that were produced in this 
country in 1903. Peter White, who laboured with the 
iron-makers in the beginning—the day of small things— 
saw a single American company, working with Lake 
Superior ore exclusively, produce Jast year more steel 
than was made in the whole of Great Britain. The 
United States Steel Corporation produced last year 
8,408,378 tons of steel, against 5,134,101 tons in Great 
Britain, exclusive of castings. Peter White’s six barrels 
have grown ind He saw this same company ship 
16,500,000 tons of ore from the Lake Superior country in 
a single season. What a contrast to the sleigh that held 
a single ton when he was a boy, the time when 18 tons 
was considered a big day’s haul, and when a stock pile of 
1000 tons was all that could be accumulated over winter. 


We can cordially recommend Mr. Williams’s book 
to all those, either in this country or elsewhere, 
who are interested in the development of industry, 
or who wish to gather a vivid idea of the American 
iron trade of to-day. 


Machines and Tools Employed in the Working of Sheet 
Metals. By R. B. Hopason, A.M.I. Mech, 
Technical Publishing Co., Limited. [Price 4s. 6d. net.] 

This book is a successful attempt to deal with a 

subject with which the general engineer has little 

acquaintance, because it does not lie within the 
range of the work of the machine and fitting shops. 

Simple though the pressed articles in steel, brass, 

and other alloys appear, they must be preceded by 

some punch and die work, more or less difficult, 
rere up by the fly-press and the drop-hammer. 

Some of the Birmingham shops have little to show 

but rows of fly-presses, others drop-hammers, and 

the handwork of the tinman and coppersmith is 
thus displaced. 

As seems most fitting, the author gives consider- 
able space to the design of the fly-press. Its 
elements are few, but they are taken and discussed 
in detail, and faulty constructions pointed out. 
The dies and punches are considered next, and the 





instructions given for making these, and the pre- 
cautions necessary to ensure good results, are very 
clear and minute. Specially the remarks relatiny 
to hardening are to be commended. The fixing «/ 
punches to their rams is described and illustrated, 
and the economy also of their interchangeability in 
different presses. 

The distinction is made between the medium 
degree of accuracy suitable for tools for stamping 
articles on which subsequent work has to be done, 
and the high degree of precision necessary in those 
for producing pieces that have to be assembled 
interchangeably, without subsequent work or cor- 
rection. The making of standard dies and punches 
for the latter involves many delicate operations, to 
which the author devotes several interesting pages, 
suitably illustrated; and these show how the 
humble drift has become a high-class tool of pre- 
cision. 

Chapter X. describes metal-spinning as far it is 
supplementary to the work of the stamping-press, 
and shows how articles are bulged and jointed by 
means of burnishers. Dies for bending wire and 
sheet-metal are shown, and also tools for cutting 
wire. 

An important chapter is that devoted to drawing 
or cupping sheet-metal, by causing it to flow 
between dies, and re-drawing, the several steps of 
which are illustrated, as is also the method of 
attaching punches to double-action presses. Re- 
drawing or extending long shells is explained, and 
the difference in the dies used. Here the work of 
the dies proper ends, and the remaining half of 
the volume, beginning with Chapter XIIL., is de- 
voted mostly to types of presses which are largely 
illustrated by engravings illustrating the practice of 
two firms only. Chapter XV. is devoted to drop- 
stamps ; Chapter X VI. to automatics, and the ordi- 
nary machine-tools useful to die-makers. 

There are other chapters on tools and jigs, tool- 
setting in presses, hardening and tempering, 
annealing, mensuration for sheet -metal work, 
presses for cutting blanks, and the work done by 
presses and hammers. In conclusion, we con- 
sider this book comprises a most valuable collec- 
tion of reliable information, gathered in the long 
experience of the writer, and put in a very lucid 
way. It contains 302 pages and 282 illustrations. 





Theorie und Praxis der Feuerungs-Kontrolle in Leichtver- 
stindlicher Darstellung. By G. A. ScnuttzE. Berlin: 
A. Seydel. 172 large octavo pages, with 56 text figures, 
many tables, and one plate. 

Mr. G. A. Scuuurzz, of Berlin-Charlottenburg, the 

manufacturer of the Schultze-Krell furnace-control 

apparatus, which we illustrated some time ago,* 
appears in this volume as the author of a treatise 
on the theory and practice of furnace control dealt 
with in technical language. It is stated on the title- 
page that the volume has been compiled with the 
assistance of practical experts. That the author 
should especially dwell on apparatus in whose per- 
fection he has had a share, and with whose perform- 
ance he is thoroughly familiar, is a feature with 
which we have no fault to find. The fact might have 
been mentioned in the preface, however, and there 
is no reason why platinum-resistance pyrometers 
should altogether have been left out. Nor is it 
consistent to dismiss the automatic devices which 
determine the percentage of carbon dioxide at 
intervals of five or ten minutes, and record the 
result of the analysis, on the ground that this class 
of apparatus does not yield continuous records, 
while reference is made for comparison and other 
purposes to the Orsat apparatus, which is certainly 
not any more continuous. 

What is given in the volume is, however, good, 


E. | and the reader will be satisfied if he bears in mind 


that, since one manufacturer is not, as a rule, the 
best critic of a competitor’s production, such criti- 
cisms can be spared ; there are hardly any in this 
volume. After an introduction on combustion and 
the percentage of carbon dioxide to be aimed at in 
the combustion gases, the author describes the Orsat- 
Fuchs and his own various apparatus, in which, it 
will be remembered, the difference in the density 
of the gas in two pipes, through one of which aii 
is flowing, while the combustion gases are passin¢ 
up the other, is measured by a pressure gauge ani 
registered photographically. The use of these 
devices and the determination of the flow of the 
gases (draught meters) is fully explained. The" 
follows a section on pyrometers, for which tlic 
author recommends his thermometers of Jena boro- 


* See ENGINEERING, vol. lxxvii., pages 629 and 688, 
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silicate glass, containing a broad clearly-visible 
thread of mercury and above the mercury carbon 
dioxide gas under a pressure of 22 atmospheres, 
and further, thermo - couples. Maximum and 
minimum thermometers with electric contacts 
for superheaters are also mentioned. 


section is devoted to fuel-testing and to the/| given by Euler’s well-known formula. With the | 
control of the feed-water and coal consumption. | same cantilever placed horizontally, or inclined to | 
As regards the feed-water, attention is drawn to| the horizon, failure took place under the same load. | g 


the automatic water-level regulator of Emil Han- 
nemann, of Charlottenburg, who controls the feed 
by means of a stand-pipe on the boiler and a special 
regulating-valve, actuated by the pressure of a 
water column. Several boilers, each of which is 
fitted with these parts, can be served by one pump. 
Special chapters deal with smoke-combustion and 
the tests of producer-gas which require modified 
apparatus. The volume is, on the whole, well illus- 
trated and got up. We have, however, not noticed 
any diagrams explaining the mounting of appa- 
ratus which has to be fixed in the flues. 





Experiments on the Flexure of Beams Resulting in the Dis- 
covery of New Laws of Fatlure by Buckling. By A. FE. 
Guy. London: Crosby Lockwood and Son. [Price 9s. ] 

Tus little book contains a description of a series 

of experiments made, with great care and much 

ingenuity, in the attempt to discover empirically 
the laws governing the buckling of beams. As 
every one knows, the deeper a rectangular beam 
the less the material needed to reduce the calcu- 
lated stresses at the extreme fibres to any desired 
limit. At the same time, if this process of making 
the beam deeper and narrower is carried too far, 
failure will take place by twisting or buckling ; 
though the stresses, as calculated by the ordinary 

rules for bending, may be extremely low. A 

theoretical solution of the problem is feasible, 

provided that the method of buckling is known ; 
but it is by no means certain that with different 
proportions of beam and different arrangements of 
load that failure will always occur in the same way. 

‘ir, Guy’s experiments were made with wooden 
laths, In some cases used as cantilevers, and in 

Others as beams supported at each end and loaded 

at the centre. Great care was necessary to see 

that the load was fairly applied, as it proved most 
ess itial that the application of the load should not 
fix vr guide the beam in any way. Mr. Guy con- 
clu'ed from his experiments that the load which, 








| applied to one end of the cantilever would cause | Elementary Manual of Maynetism and Electricity, specially 


arranged for the Use of Science Teachers and Students 
in Great Britain and the Colonies, and for other Elec- 
trical Students. By ANDREW JAMIESON, M. Inst. C.F. 
Sixth Edition. London: Charles Griffin and Co., 
Limited. [Price 3s. 6d.] 


failure by buckling, was the same whatever the 
angle at which the cantilever was inclined to 
the axis. When this angle is 90 deg. the canti- 
lever becomes a strut, free at the top and fixed | 





| It also appeared that, in the case of a cantilever, 


two loads, P and P,, applied at distances L and L!' 


PL? + P, L,? = constant. 

The author attempts to give a theoretical expla- 
nation of the results observed by assuming that, in 
the case of a beam inclined at an angle a to the 





of length L sin a, and to buckle a horizontal beam 
of length L cos a, and that the two effects are 
additive. Why this should be the case is, however, 
by no means obvious ; and the author’s reasoning 
appears similarly incomplete in a later attempt to 
explain some results observed with a beam sup- 
ported at the ends and loaded with two symmetri- 
cally-applied forces. Here the law appeared to be 
PL = OC, instead of PL? C, as found in the 
case of cantilevers. 


BOOKS RECEIVED. 
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A Text-Book of Gas Manufacture for Students. By JoHN 
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[Price 5s. } 
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| Publishing Company. |Price 3 dols.] 
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the effect of two or more loads applied at different | 
points was additive ; that is to say, in the case of | 


| from the point of fixation, experiment showed that | 


horizon, the applied force tends to buckle a column | 


The next| at the bottom, and the limiting load is then | A Treatise on Ore and Stone-Mining. By Sir CiemEnt 


Le Neve Foster. Sixth Edition, revised and enlarged 
by Bennet H. Broveu. London: Charles Griffin and 
Co., Limited. [Price 34s. ] 

raphic Methods of Engine Design. By Antuur H. 

Barker, B.A., B.Sc. Second Edition. Manchester: 

The Technical Publishing Company, Limited, [Price 

3s. 6d. net. } 

Cement and Concrete. By Louis Carton Sasin, B.S. 
London: Archibald Constable and Co., Limited. [Price 
21s. net. | 

| Practical Electric Wiring for Lighting Installations. By 

| CHARLES E. Mercatrr, A.M.I.E.E. London and New 

York: Harper and Brothers. [Price 9s. net. | 
| Work; The Illustrated Weekly Journal of Handicrafts. 
Vol. XXIX. London, Paris, New York, and Mel- 
| bourne: Cassell and Co., Limited. [Price 4s. 6d,] 
Standard Steel Construction; For the Use of Architects, 

Engineers, and Contractors. Compiled by Hatt and 

Pickies, Manchester. London: Sherratt and Hughes. 

| Price 10s. 6d.] 








THE SLEEPING SICKNESS. 

THE discoverers and conquerors of the past cen- 
turies had three chief dangers to meet—savage 
tribes, savage animals, and murderous climates. 
Savage tribes are not now thought of in the first in- 
stance. There are not many parts of the world left 
where the native has not been reduced to a state of 
| more or less complete dependence, not to use harsher 
'terms. Wild animals have almost everywhere be- 
come too scarce to constitute a serious danger for 
the invader ; and in most districts it is rather the 
|sportsman who hunts and searches for the game 
| than the game which attacks the invader. Extreme 
heat and cold no longer frighten us. Some men 
| have gained distinction as explorers both of the 
| Arctic and the tropical regiuns. Certain climates 
were described as murderous, because they seemed 
|to produce illnesses to which the new-comer 
|succumbed sooner or later. We know now that 
|the climate in itself, the temperature extremes 
and changes, are less dangerous than was be- 
ilieved. But we have had to learn that small 
insects and other animals, which wo regard as 





"| troublesome nuisances in the temperate zone, are 


far more to be feared than the big rapacious 
animals which occasionally claim a victim. The 
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number of those victims may, indeed, sometimes 
be alarming. The ravages of the lions for a time 
terrorised the workers on the Uganda Railway. 
But the lions have been killed and scared, while 
thousands of men are hopelessly doomed in 
Uganda to die of sleeping sickness. Everything 
is done to develop a fertile country, vast sums are 
spent upon irrigating territories subject to con- 
tinued droughts, railways and bridges are built 
under great difficulties to render the country acces- 
sible and transport easy, and then some wretched 
fly, or gnat, or bug comes and spreads a mys- 
terious disease, kills off the stock, poisons the 
people, and ruins the country. The engineer can 
help to fight such plagues, and it is to his interest to 
do it. Applied sanitation is, after all, an engineer- 
ing science, and without the engineer mosquitoes 
and ticks will never be suppressed, and the decima- 
tion of men and domestic animals not be prevented. 
There is no cure for sleeping sickness. We owe to 
medical men and biologists the partial clearing up 
of the mystery surrounding this disease. They 
have not found any remedy, and the engineer will 
have to carry out the preventive measures. 

Sleeping sickness has more or less been known 
in West Africa for over a hundred years. During 
the last thirty years it has travelled inland, appa- 
rently following the water-courses. From the 
Congo it seems to have reached, at the time of the 
Emin Pasha expedition, when the frontier was not 
guarded, the land surrounding the great Victoria 
Nyanza. Uganda proper, the country to the north- 
west of the lake, suffered less at first than Usoga, 
the north-eastern district. But the sickness has 
spread all round, and after the identification of 
the carrier of this illness on the Zambesi, we must 
fear that this terrible disease will penetrate further, 
and add to the terrors of the South African colonies, 
which have suffered so much from the tse-tse fly, 
rinderpest, locusts, and other plagues. Sleeping 
sickness is not in the ordinary sense contagious, 
and it is only the light thrown on this disease 
within the last few years which explains some of 
its mysterious features, which had so far puzzled 
observers. It was known that slaves transported 
from West Africa to Brazil might be struck 
down with sleeping sickness, but would not 
infect fellow slaves. The patient would become 
more lethargic and weak, and walk like a drunken 
man ; his limbs would tremble, the temperature 
would rise at night and fall in the morning, and go 
down to 92 in the last stages. Unable to feed him- 
self, the patient would finally starve, or be exposed 
by his own people—who know that there is no help 
—to die from exhaustion and neglect, or to fall a 
victim to some bacteria which a healthy organism 
might resist. This is the reason why various in- 
vestigators have connected the illness with different 
species of bacillus. A fish diet has also been held 
responsible, as the sickness favoured the borders of 
lakes and rivers ; and there have been many hypo- 
theses as to the origin of the sleeping sickness. 

The Commission which the Government sent out 
to Uganda in 1902 has, after all, solved the problem, 
in so far, at any rate, as the mode of infection has 
clearly been established. The Commission con- 
sisted of Colonel D. Bruce, Captain Grieg, and 
Dr. Nabarro, all of the Army Medical Staff. Mrs. 
Bruce, it should be mentioned, also rendered very 
valuable assistance ; and two medical officers are still 
continuing the research in Uganda. Colonel Bruce 
had previously done excellent work in connection 
with the tse-tse fly disease, and it will be advisable 
first to refer to this so-called ‘‘nagana” disease, 
because flies of the same type are the carriers of the 
infection in both these illnesses. The sickness of 
cattle bitten by the tse-tse fly (glossina morsitans) 
was formerly attributed to some poison secreted by 
the fly and injected during the process of biting. 
Colonel Bruce established that the illness is really 
due to the inoculation o; the beast with a minute 
parasitic organism, conveyed from host to host by 
the fly. The organism is a kind of protozoon, 
known as trypanosoma brucei. It consists of one 
cell only, and is provided with a nucleus in front 
and another nucleus in the central portion; a flagel- 
lum extends from the nucleus in front along a 
kind of fin to the back, and with the aid of this 
flagellum the animal moves briskly about between 
the red-blood corpuscles. The trypanosoma looks 
like jelly-fish, a long strip of jelly with a tail ; the 
organism has a width about a third of the diameter 
of the red-blood corpuscles. The trypanosoma was 
discovered by Gruby and T. Lewis, and various 
species of this protozoon aro known, differing in 








appearance, and causing various types of cattle 
diseases, distinguished as the surra (in India), the 
dourine (in French North Africa), mal de caderas 
(in South America), &c. 

The fly which carries this protozoon from animal 
to animal—the common tse-tse (glossina morsituns) 
—is only a little bigger than our horse fly, which it 
resembles. It flies about in the day and hides 
after dark ; fly districts are hence considered safe 
during night hours. Both the male and the female 
attack all kinds of warm-blooded animals, except 
man, by preference in spots difficult to get at, in 
which they are themselves protected. The culex and 
anopheles, on the other hand, which carry malaria 
and filariarsis, search for their prey in the dark, 
and in their case it is only the female in which the 
organs of the mouth are of sufficient strength to 
nage the human skin. The glossine are, so 
ar, confined to tropical Africa, and they only occur 
in districts where they find cover in bushes. They 
never fly more than a few hundred yards from 
their breeding places, but winds and ships may 
take them far away. Although the fly attacks all 
animals, the wild buffalo and antelope, as well as 
the donkey and goat, seem to be immune against 
their attacks. Before this immunity was recognised, 
African colonists were alarmed and confused be- 
cause domestic animals at once fell a prey to the 
tse-tse disease in districts in which antelopes and 
rage — did not appear to mind the bites of this 

y at all. 

The successful investigation of the nagana by 
Colonel Bruce pointed him out as the man to 
inquire into the sleeping sickness in Uganda. There 
were many features suggesting a fly-borne disease. 
With the assistance of the native authorities, he 
collected all the insects of the district, carefully 
keeping those from different localities separate, and 
studying their habits. A species of glossina, the 
glossina palpalis, was soon singled out as the most 
likely carrier of the sleeping sickness, and maps 
were prepared marking the spots in red or blue at 
which the fly occurred or did not occur, and other 
similar maps, showing the distribution of the sleep- 
ing sickness. When superposed, the two maps were 
found to be in good agreement. Thus it was ascer- 
tained that the sleeping sickness is chiefly prevalent 
in the jungles on the banks of rivers and lakes ; the 
fly does not voluntarily move for more than a 
few hundred yards from these jungles. Many 
natives in these districts were found to be suffer- 
ing from infection by trypanosoma gambiense. 
Flies feeding on those natives, infected monkeys on 
which they were allowed to bite in the course of 
weeks or months. The length of the period after 
which the protozoon will make its appearance in 
the inoculated monkey depends upon the time 
which has passed since the fly took up the trypano- 
soma from an infected animal. If more than 
48 hours intervene, no infection takes place. The 
infected monkeys suffered in all respects like men; 
they fell into the same listless lethargy and be- 
came prone to all sorts of diseases. Most of these 
tse-tse flies, captured in districts infected with the 
disease, were proved carriers of the disease. There 
was, thus, no doubt left as to the direct connection 
of both the glossina palpalis and the trypanosoma 
gambiense with sleeping sickness. 

The full course of the sickness is not cleared 
up yet, however. The fly sucks up the protozoon 
with the blood of the animal it bites. The protozoon 
passes into the stomach of the fly, and out again 
through the proboscis together with the saliva. 
Whether the fly itself suffers, as the anopheles, the 
carrier of malaria, appears to do, is not settled. In 
the blood of the infected man the protozoon multi- 
plies, but not necessarily to any great extent. The 
victim hardly feels any pain on being bitten, and 
for one, two, and even three years no wrong may 
be suspected ; for it is only when the protozoon 
reaches the cerebro spinal canal that characteristic 
symptoms are observed. The blood vessels of the 
brain then become obstructed, so that the brain is 
no longer nourished. The lymphatic glands of the 
neck particularly also become affected. 

There is no help for the patient. So far the 
disease has proved absolutely fatal. Arsenic alone 
of all the many remedies tried promises some 
chance. More than 100,000 “— succumbed to 
the sleeping sickness in Uganda in the years 1901 
to 1904, and the majority of the se 
infected districts appear to be hopelessly doomed. 
The outlook is gloomy in the extreme. The 
glossina palpatis is, as we stated already, limited to 
the jungle. 


le in the 








On grassy river banks it is no more! 





met with than on the open veldt ; but it might 
travel, all the same, down the Nile to the point 
where the grassy banks begin, and southward to 
the Zambesi, and further south. It is not even 
certain that the palpalis alone can act as a carrier 
for the sickness ; the ordinary tse-tse may probably 
likewise convey the infection. Although by far the 
greater number of the victims have been natives, a 
few white men have been attacked and have died. 
The natives helped to collect and to identify the 
insects, as stated. But it is not to be wondered at 
that they will not believe in the fatality of a fly. 
bite which they do not mind at the time, and 
which is not supposed to act until years afterwards. 
The natives of the shores and numerous islands of 
the Victoria’ Nyanza, which is shallow in those 
parts, dangle their legs in the warm water, and do 
not trouble to brush away the fly which settles on 
their limbs. The white man is more careful, of 
course. The administrator of the district had all 
the jungle surrounding his house cut down, and 
the whole house made mosquito and fly-proof. 
That precaution cannot everywhere be applied in 
its full extent ; but it is satisfactory to know that 
it is effective. What is to become of the poor 
native, who, even when alive to the danger, is 
too weak to ward off the flies which are eager to 
feed upon him, is hard to say. There seems to be 
no help whatever for him. Isolation would be no use 
in these cases, unless vigorously applied in the sense 
that the natives of an infected locality are forbidden 
to leave their district lest they should feed flies 
not, so far, infected. Such a quarantine has been 
persisted in, but only in cases where medical 
science could reasonably do something for the im- 
prisoned patients. In this instance the doctors 
are, so far, powerless. 

Yet we need not despair. Hopeless as the struggle 
against mosquitoes and other insect plagues looks, 
it has been fought with remarkable and most en- 
couraging success in different quarters of the world. 
The Americans have freed Havana of yellow fever 
merely by effective sanitary engineering, although 
we do not even now know the organism which 
causes the yellow fever; and although the chief 
carrier of the poison—the stegomgia—is a day-flier, 
an elegant little gnat, which flies about and bites 
in day-time. At Port Swettenham, in the Malay 
States, forty-one out of forty-nine Government 
quarters were infected in 1902 with malaria within 
two months of the opening of the port. After clear- 
ing the jungle and filling the pools in which mos- 
quitoes breed, the disease rate among the children 
has fallen from 33 to 0.77 per cent. The grave 
importance of the sleeping-sickness problem is fully 
recognised. Two lectures given during the British 
Association meeting in South Africa dealt with these 
problems. The one was delivered by Colonel Bruce 
at Pietermaritzburg, the other by Mr. A. E. Shipley, 
of Cambridge, at Pretoria, and the Transactions of 
the Physiological Section of the British Association 
included many important communications and dis- 
cussions on African stock diseases, the subject of 
Colonel Bruce’s presidential address to Section I., 
the effects of climate, and cognate questions. 
It is to be hoped that the prominence given to 
these problems will cause them to engage the 
serious attention of engineers. 








THE IRON AND STEEL INSTITUTE. 

In our last issue we gave an account of the first 
day’s proceedings at the meeting of the Iron and 
Steel Institute, held last week in Sheffield. We 
now complete our account. 

When members assembled in the Firth Hall of 
the University on the second day of the meeting, 
Wednesday, September 27, the President, Mr. KR. 
A. Hadfield, again occupying the chair, there was a 
long programme of papers to be got through. Only 
four, however, were read, and these mostly in 
abstract. The others will. duly appear in the 
Journal of the Institute, and it is to be presumed, 
as they were taken as read, that any members 
wishing to comment upon them may do so in 
writing. 
SEGREGATION.. 

The first paper taken was by Mr. B. Talbot, of 
Middlesbrough, the subject being ‘‘ Segregation in 
Steel Ingots.” This paper we print in full in our 
present issue. 

Mr. J. E. Stead opened the discussion by re- 
marking that regation was a subject every 
metallurgist should study. He himself had been 
occupied with the question for ten or fifteen year:, 
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and there were many points not yet clear. Stu- 
dents of the problem had to supplement known 
facts with the use of the imagination, for a cool- 
ing ingot was like the inside of a blast-furnace so 
far as it was not possible for the student to get 
inside and find out what was taking place. There 
were, however, many known facts, the result of 
years of observation by various inquirers. To in- 
terpret these, Mr. Talbot asked one or two main 
questions, though he might have put twenty into 
his paper. The chief points he put forward were, 
Why there was any segregation at all? and, as 
there was segregation, why did aluminium reduce 
it, and why was the top of the ingot purer than 
the rest? It was by the study of the uppermost 
layers that knowledge could be gained. The carbon, 
sulphur, and phosphorus would be less. Why was 
this? It was not only Mr. Talbot’s paper that 
dealt with the question ; others had discussed the 
subject also. Twenty years before, Colonel Mait- 
land had dealt with it in a paper he had read before 
the Institution of Civil Engineers. A diagram 
showed that in the uppermost layers there was less 
carbon, and in the internal part of the lower sec- 
tions there was also less carbon than the average. 
This led to the question, Why such an effect 
should be present? It was well known that 
rapid cooling led to small crystals, and motion 
during cooling also led to small crystals; whilst 
quietness and slow cooling led to large crystals 
being formed. When steel crystallised, parts sepa- 
rated, and this would occur also in the case of steel 
with aluminium. The condition was consistent 
with the laws of the phase rule. In passing from 
liquid to the solid state, crystals were formed, 
branches of the crystals would entangle some of the 
frozen metal, and the top layers would freeze 
more rapidly. The speaker likened the state to 
that existing in a forest where the trees were so 
closely planted that they could not send out side 
branches. If the crystals were small they did not 
become entangled. The first crystallisation would 
be practically pure iron, and the part that would 
escape entanglement would get to the centre. Minor 
segregations might be represented by ‘‘ ghosts” 
or ‘* phantoms.” These would take the form of 
long white lines, and they would be caused by 
phosphorus. Now phosphorus and carbon were 
uneasy bed-fellows, and, when cooling down, the 
iron would prefer the phosphorus, and thus 
“ghosts” would arise. He would suggest that it 
might be advisable not to prevent but to assist 
segregation. The ingot while hot might be kept 
in agitation, and this would produce small crystals. 
In this way the impurities might all be driven to 
the top of the ingot. 

Mr. Stead, continuing, added that in rails segre- 
gation was not so harmful as many believed, but 
for guns and other articles of a like nature the case 
was different. Twenty years before he had tried 
an experiment to find if aluminium did make the 
metal more fluid. He had put a small quantity of 
aluminium in some steel which he had melted and 
run into fine special moulds. It was found as a 
general thing that the steel with aluminium ran 
further than that without. This would lead to 
the supposition that aluminium increased fluidity. 
That view, however, was negatived by examination 
of the castings. In those that had not any alu- 
minium the steel frothed up and thin parts were 
made. These cooled first and obstructed the flow 
of the metal, so that it did not go as far. The 
increase of fluidity due to aluminium was apparent, 
therefore, but not necessarily real. 

Professor Bauerman, who spoke next, produced 
some diagrams showing areas of distribution of 
sulphur and phosphorus ; in one case the steel had 
been treated with aluminium, and in the other it had 
net. The sulphide constituent appeared to have 
greater mobility than the phosphorus constituent. 
The addition of aluminium appeared to give a 
mechanical effect retarding the action. 

Mr. Harbord said the author was to be congratu- 
lated on his paper, and the audience was to be 
congratulated also, as they had not only been told 
what defects existed, but also how to remedy them. 
Mr. Stead suggested that segregation should be 
facilitated ; and no doubt he was right in the case 
of high-class steel where a large part of the ingot 
was cut off. But for rails and structural steel this 
course could hardly be followed, and if a means of 
improving the ingot at a small expense could be 
Sugsested, it would be worth following. In regard 
to the use of “ fluidity,” he thought that some 
confusion might arise through the terms “fusi- 


bility” and ‘‘liquidity” being taken to mean the 
same thing ; lead might be taken as an instance in 
which the fusibility would be more pronounced 
than the liquidity. In his book he had originally 
used the word ‘‘ fluidity,” but, later, on seeing that 
this might lead to misconception, he had substituted 
‘increased flow.”’ Fluidity did not necessarily 
mean increased temperature, but increased facility 
for flow. He agreed with Mr. Stead that the effect 
of the addition of aluminium was due to it causing 
the metal to become quiescent. 

Mr. Cosmo John referred to the meeting of the 
Institute in London last year, when the question 
of local segregation was discussed. 

Mr. A. Windsor Richards said that the question 
of segregation in ingots had claimed his attention 
over a number of years, and he had found that 
every ingot was more or less segregated. If ingots 
set quickly, there was less segregation ; but the end 
could be reached by careful work and proper atten- 
tion to blowing and carburising. He had aban- 
doned sanding. The real object was, however, to 
avoid honeycombing, which was most detrimental. 
He had used aluminium, however, for many years 
in cases of fiery ingots, but there was no need to 
add it if the metal were blown properly and there 
was the right carburising. A quantity such as 3 oz. 
or 40z. of aluminium would cause piping. He 
considered segregation was not so objectionable, 
as it had the effect of arranging the sulphur and 
phosphorus so that they were placed in the web 
of the rail, where they would do the least damage, 
whilst the wearing parts of the rail would not be 
affected. 

Mr. Saniter agreed that, in regard to the use of 
large amounts of aluminium, as much as 4 oz. to 
the ton would produce piping. He criticised the 
manner in which Mr. Talbot had taken his drillings 
for analysis, as they did not all appear to have 
been from the central line. This view the speaker 
supported by a comparison of the analyses quoted. 
He thoughi in this way the author had uncon- 
sciously made his case more favourable than the 
actual truth. 

Mr. Ledingham said that the trouble from segre- 
gation arose with large ingots, and there was no 
virtue in aluminium in steel beyond the fact that it 

roduced soundness, and took away occluded gases. 
t should be remembered that some steel-makers 
had more experience, and could produce sound 
steel without the use of such physics as others 
might find necessary. The less physic necessary 
the better. 

Mr. McWilliam pointed out that aluminium went 
through crucible steel with great rapidity ; and he 
questioned whether occluded gases were present at 
the higher temperatures. 

Other speakers referred to various points already 
touched upon ; one member suggesting that alumi- 
nium, when added, might float on the surface of 
the metal, and take up oxygen from the air. An- 
other speaker had not secured as good tests when 
aluminium was used, whilst another asked if any one 
had found a trace of aluminium in a steel analysis. 

Mr. Talbot said that the trouble of writing the 
paper was quite repaid by the discussion to which 
the meeting had listened. The majority of the 
remarks were not in the nature of criticism, but 
were rather directed to giving information. Mr. 
Saniter had spoken of the position from which the 
drillings were taken, asking if they were from the 
cavity. The answer to this was ‘‘ Yes;” that was to 
say, they had drilled into the hole. It might be 
that aluminium was a physic, and he did not main- 
tain it was necessary ; but if it were likely to be a 
useful adjunct, it was worth testing. 

The President, in proposing a vote of thanks to 
the author, said the paper and discussion were 
amongst the best -he had ever heard. 


A Manrpuntator For Steet Bars. 


The next paper taken was a contribution by Mr. 
Douglas Upton, of Jarrow, the title being ‘‘ A 
Manipulator for Steel Bars.” This paper we 
printed in full in our last issue. 

The discussion by which it was followed was not 
altogether of a severely scientific character. It 
was opened by Mr. John Evans, who pronounced 
the mechanism described to be complicated, the 
number of hydraulic cylinders employed being, in 
his opinion, excessive. The invention might do 
away with manual labour, but, he would ask, 
‘* What would happen if the machine were to break 
down and the men who had formerly worked at the 








mill had been sacked,” He also thought the square 


shafts too flimsy, but considered that the author 
had done a great service by reading his paper. 

Mr. E. Windsor Richards intimated that the last 
speaker had been too modest, as his (Mr. Evans) 
father had invented a machine for a similar purpose 
to that described by the author. It would have 
been of interest if Mr. Evans had given some par- 
ticulars of this machine. The author claimed to 
have reduced the number of men employed at the 
mill ; but he would ask, why not do away with them 
altogether ’ 

r. Davis had been a member of an arbitration 
committee which inquired into the working of the 
machine described by the author in regard to the 
number of men who were to be employed in working 
it. They had been reduced from ten to five. He 
considered the manipulator described to be the finest 
he had ever seen in England, Scotland, or Wales. 
He knew the machine invented by Mr. Evans’s 
father, and he would ask if it rolled bulb-tees. 

Another speaker referred to a tilter he had 
invented, which, we understood him to say, also 
possessed advantages. Unfortunately, the peculiar 
acoustic properties of the Firth Hall prevented 
this speech from being distinctly heard in all parts ; 
a disadvantage from which several speakers like- 
wise suffered. 

Mr. Upton, in reply, said he had anticipated the 
paper might have proved useful in discovering how 
many machines for a similar purpose had pre- 
viously been invented, and he was surprised to find 
there were so few. The machine described had 
been criticised as being too complicated ; but it had 
been running fifteen months without trouble. In 
regard to the apparatus to which Mr. Windsor 
Richards had referred, he would point out the 
difference between rolling rails and bulb-tees. 


Nicket Steen. 


The President next announced that a paper by 
Mr. G. B. Waterhouse, of Buffalo, N.Y., on ‘‘ The 
Influence of Nickel and Carbon on Iron,” would 
be taken as read. 

A paper by Mr. L. Dumas, of Paris, on ‘‘ The 
Reversible and Irreversible Transformations of 
Nickel Steel,” was next read in brief abstract by 
the author. 

Dr. Wedding said that it was not difficult to 
make alloys of iron, nickel, and carbon, but it was 
when manganese was introduced that trouble arose. 
It would be interesting to know how this was done 
in Sheffield. 

The President, in moving a vote of thanks to 
the two authors, said that the papers were of a 
nature that rendered them more suitable for study- 
ing at home rather than for reading at a meeting 
and for discussion without previous consideration. 


GREENISH-COLOURED MARKINGS. 


A paper by Captain H. G. Howorth, R.A., of 
London, on ‘‘ The Presence of Greenish-Coloured 
Markings in the Fractured Surfaces of Test-Pieces,” 
was next read in brief abstract by Mr. Brough. 
This paper we print in full, with the illustrations, 
in our present issue. 

Mr. Gledhill referred to the importance of the 
paper, as the presence of greenish-coloured mark- 
ings in steel was very detrimental to the material. 
Very clear blue markings were due to slag impreg- 
nating the steel. The markings referred to by the 
author were like the ‘‘ ghost” lines mentioned 
earlier, inasmuch as out of two ingots from the 
same metal the markings might be in one and not 
in the other. This showed that they arose from 
the way in which the furnace was worked. In 
regard to the breech end being the most affected, 
and that being due to the bottom of the ingot 
chilling more quickly, he would point out that his 
firm cast ingots in composition moulds in order to 
get fluid pressure, and he therefore thought there 
would be less chance of the markings occurring. 

General O'Callaghan, R.A., referred to a passage 
at the conclusion of the paper in which the author 
said :—‘‘ The life of a modern gun is far too short, 
and anything tending further to reduce it must be 
condemned.” What was meant by the ‘‘life” of 
a gun was well understood by experts, but was, he 
thought, misconstrued by the general public. He 
believed he was responsible for the expression, and 
he regretted he had used the word. The British 
public seemed to think that after a 12-in. gun had 
fired 150 rounds—a number that might be technically 
described as its ‘‘life’—that it would incontinently 
burst. Of course, it was well known by experts 





that the word “‘life” only referred to the rifling. If 
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this wore away, the projectile would 
cease to rotate. He would point out 
the difficulty that arose in regard to 
projectiles. A new gun would shoot 
well with a certain kind of band ; but 
after the weapon had fired a certain 
number of rounds, the same kind of 
band would not give rotation. Shef- 
field gave such splendid material for 
guns that the whole civilised world was 
indebted to the city for the work it did 
in the cause of peace. 

General Murray, R.A., on being 
called upon by the President, said that, 
on behalf of General O'Callaghan and 
the officers of the Royal Artillery, he begged to 
thank the meeting for the splendid reception given 
to a paper by one of their corps. 





Papers TAKEN as Reap. 


The following papers were taken as read :—On 
‘The Nature of tite,” by Dr. Carl Benedicks, 
of U ; on ‘* The Occurrence of Copper, Cobalt, 
and Nickel in American Pig Irons,” by Professor 
E. D. Campbell, of Ann Arbor, Michigan. 


Vores or THANKs. 


The sitting was brought to_a conclusion by the 
President proposing votes of thanks to those who 
had taken part in the entertainment of the Insti- 
tute. They included the Lord Mayor of Sheffield, 
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the Master Cutler, the Council of the University of 
Sheffield, the Reception Committee, the proprietors 
of the various works visited, and others who had 
contributed to a reception which supported to the 
full the reputation Yorkshire has always held for 
generous and unstinted hospitality. Certainly there 
has never been a meeting of the Insitute—and one 
is tempted to say of any other Institute—where 
the members have been received with more cor- 
diality, and where all the appointments have been 
on a more princely scale. 


OrHer PrRocEEDINGS. 
In our last issue we referred to the visits and 


entertainments of Tuesday, Wednesday, and Thurs- 
day of the meeting, and we gave an account of some 
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On Friday there were ex- 
cursions to Welbeck and the ‘ Dukeries,” and to 
Chatsworth, Rowsley, and Haddon Hall, specia! 
trains, carriages for the long drives, lunches, and re- 
freshments, being feorttet by the Reception Com- 


of the works visited. 


mittee, whose capabilities in this direction seemed 
boundless. Unfortunately, the weather was not 
very favourable, there being a good deal of rain in 
the morning. All the arrangements were, however. 
so well planned and carried out that there was no! 
much discomfort, and the afternoon was not wet. 
A display of fireworks at Wincobank Ridge on 
Friday evening was the last item on the programm: 


Tue AutuMN Meetine For 1906. 
The autumn meeting for next year is to be held 
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in London in September, when it is hoped that a 
large number of American visitors will take part 
in the proceedings. 








RE{NFORCED CONCRETE AS A FIRE- 
RESISTANT. 

Every advocate of reinforced-concrete construc- 
tion has so far insisted on its fire-resistance as an 
advantage in buildings. From the manner in which 
this question of fire-resistance is generally put for- 
ward, one might be led to believe that these advo- 
cates of reinforced concrete were dealing with in- 
disputable facts. They have but rarely been con- 
tradicted in public, although it has been long 
obvious to those who have to deal with questions 
of fire-prevention that reinforced-concrete con- 
struction could only be looked upon as fire-resist- 
ing if certain conditions were observed—i.e., that 
it was a question of fire-resistance with limitations ; 
and, what is more, that the necessary limitations 
were of acharacter that must materially hamper the 
constructor in design and cost. 

Reinforced concrete, speaking generally, may be 
deemed fire-resisting, assuming that the concrete 
is of a suitable aggregate, and that the metal rods 
which form such an important feature in this kind 
of work are duly protected from the effects of fire 
by being well embedded in a suitable concrete 
aggregate. Without proper aggregates suitable as 
fire-resistants, and without proper protection of 
the metal-work, reinforced concrete is, however, 
distinctly dangerous and unreliable from the fire 
point of view. 

Unfortunately, the pioneers in reinforced-con- 
crete construction have not given that attention to 
the question of protecting their metal-work from 
the effects of fire that should have been the case, 
with the result that warehouses already in exist- 
ence may possibly be seriously damaged by fire even 
if only a small outbreak arises, and some serious 
collapses in this direction may be anticipated 
where least expected. Unfortunately, too, the 
selection of suitable concrete aggregates has only 
rarely been adhered to, there having been a prefer- 
ence for concrete containing so-called ‘‘ Thames” 
ballast and stone ballast ; whilst it should be well 
known that such ballast concrete is the worst kind 
of concrete that can be used for fire-resisting pur- 
poses ; and its dangerous features can only be 
modified to some small extent if all flints have 
been excluded, and the ballast used is such as has 
been passed through fine sieves of, say, $in. or 
3-in. mesh. 

It is only natural that the concrete contractor 
should be averse to protecting his metal-work, 
inasmuch as extra concrete is necessary to obtain 
the necessary protection; and there is, unfortu- 
nately, a tendency in reinforced-concrete design to 
bring the rods as low down as possible for purposes 
of increased strength ; so that even if more concrete 
is used than intended in the first instance, there is 
yet a tendency on the part of the contractor to 
bring his rods as near the soflit as possible, leaving 
perhaps only half an inch of protection. As to 
the selection of ballast for concrete, it is also only 
natural that this form of concrete should be 
preferred, having regard to the question of price, 
facility of supply, and also to relative strength. 
But it seems eminently regrettable that with so 
excellent a system of construction as reinforced 
concrete-work, which is obviously a leading system 
of construction for the future, and which should 
have an enormous field before it, that any risks 
should have been run from the fire point of view ; 
and, what is more, that they should have been pur- 
posely run, for the contractors primarily affected, 
have, we believe, long been duly warned as to the 
points at issue. Reinforced concrete has so many 
advantages that it would \be highly regrettable if 
an impression of its unreliability from the fire 
point of view were associated with it, owing either 
to the carelessness or obstinacy of those who 
should know better. 

As is well known, nothing exists as yet in the 
London Building Act permitting the application 
of reinforced-concrete construction for buildings 
in the Metropolis ; and although on the one hand 
there may be some grumbling as to the conser- 
vatism of our authorities in this direction, we must 
fain say that, on the other hand, it might have 
been premature to legislate until the subject was 
somewhat more advanced than it has been until 
quite recently ; in fact, the neglect of the fire ques- 
tion by the reinforced-concrete contractor speaks 





in favour of authorities having been chary in allow- 
ing its introduction. The concrete contractors’ un- 
warrantable policy of ‘‘ make-believe” in this one 
direction made the authorities suspicious, and set 
back its advent in the Metropolis quite five years, 
if not longer. That legislation will, however, soon 
come permitting the use of reinforced concrete is a 
matter of course; but when it comes, those who 
have cried fur it so much—namely, the contractors 
—must now anticipate that it will be very precise 
in its safeguards generally, and that these safe- 
guards will include some drastic limitations on the 
question of fire protection. 

As to the direction such legislation in the inte- 
rests of fire-protection must take, it will, perhaps, 
be best seen from some rules just issued by the 
Fire Offices Committee in the interests of the Tariff 
Fire Insurance Corporations, which whilst, of course, 
only being in the nature of quite unofficial ‘‘ legis- 
lation ”—i.e., only serving as a guide to those who 
desire to insure with tariff offices and obtain certain 
advantages in their rating, give a very good idea of 
what those best able to judge think of the matter. 
Compliance with these insurance rules will, as a 
matter of fact, be necessary in all future rein- 
forced concrete buildings of any moment through- 
out the country, for the vast majority of the build- 
ings in which reinforced concrete will be applied 
will be tariff-office risks, and without strict adher- 
ence to the rules the insurance companies will not 
consider them as being of fire-resisting construc- 
tion. These rules will, perhaps, come as a sur- 
prise to the enthusiasts, who, when quite rightly 
advocating reinforced concrete, have been led to 
believe in its infallible power of fire-resistance 
under ail circumstances ; and the rules will certainly 
at the outset be deemed inconvenient for designer 
and contractor alike. But, nevertheless, the rules 
are wise ones, and are absolutely necessary, and, 
if anything, they do not as yet go quite far enough. 
It is not, in fact, improbable that they will have to 
be further strengthened after various additional 
impending investigations have been completed : 
having regard not only to the question of rein- 
forced concrete as such, but what is perhaps even 
of greater importance, the question of concrete 
aggregates generally. 

These rules, which have just been issued, should 
be of primary importance to the members of the 
engineering profession connected with the dock 
companies, railway companies, harbour trusts, and 
the like, who propose adopting reinforced concrete, 
and desire to protect their employers’ interests 
quite apart from any question of insurance. 

The rules issued are supplementary to the Fire 
Oftice Committee’s General Rules on standard fire- 
resisting buildings. They commence by saying that 
buildings constructed with reinforced concrete in 
every part, with embedded metal rods or bars 
spaced not more than 12 in. apart, and overlapping 
at least 6 in. at all abutments and intersections, 
and having bands or bars across the concrete, may 
be deemed of standard fire-resisting construction ; 
provided that they conform with the general rules 
of the committee on fire-resisting buildings, with 
the specific modifications required for this special 
form of construction. 

Rule 3in the General Rules for all fire resisting 
buildings requires ‘‘ that walls and partitions must 
be of brick, terra-cotta, and cement concrete com- 
posed of broken brick, burnt ballast, furnace 
clinker, or other similar hard or burnt material.” 
The modification for reinforced concrete states that 
the concrete used shall be composed of ‘‘ sand and 
gravel” which will pass through a }-in. mesh, or 
of the other materials mentioned above, but in any 
case the cement used must be Portland (equal to 
the British Standard specification of December, 
1904), in the proportion of 6 cwt. of cement to each 
cubic yard of concrete ; further, that the concrete 
must be thoroughly mixed, both dry and wet, and 
must be rammed round the metal-work in position, 
every part of which must be closely encased in 
solid concrete. 

There is certainly a very wise limitation as to 
the character of the concrete to be used; and we 
observe with pleasure that the gravel must not 
contain stones or flints larger than will pass through 
a #-in. mesh. Asa matter of fact, ballast concrete 
should have been eschewed if possible; but if 
ballast concrete is to be used, the limitation as to 
the question of mesh is certainly judicious. 

We are also glad to see that no bar isto be further 
apart from another bar than 12 in., and that the over- 
lapping is clearly defined as requiring 6 in. ; for 


| in many forms of work there has, of course, been 4 
tendency to scamp, and the reduction of 6 in. to 3 in. 
throughout a job means a material economy for 

|the contractor, as far as metal is concerned ; in 

| the same way as the spacing of rods 14 in. to 15 in 

apart, instead of 12 in. apart, would mean a 

material economy for him to the detriment of the 

work. 

Rule 4 of the General Rules requires ‘‘ external 
}and party walls to be not less than 13 in. thick in 
any part, or if of concrete not less than 20 in. This 
has now been modified so that reinforced-concrete 
walls shall not be less than 6 in. thick if external 
walls, and if party walls not less than 13 in. thick. 
This modification, of course, gives reinforced con- 
crete a considerable and well-merited advantage. 

Rule 7 in the General Rules deals with the con- 
struction of flues in brickwork, which is not a matter 
we need enter into here; but its modification in 
reinforced concrete work is certainly of interest, for 
‘* flues may be built in reinforced concrete not less 
than 4 in. thick, if lined throughout with fire-clay 
tubes not less than 14 in. thick ; no timber or wood- 
work is to be in contact with such flue.” The lining 
is a safeguard against cracks in the concrete allow. 
ing sparks to pass. 

Rules 10 and 11 of the General Rules deal 
with floors; and here again we will only mention 
the modification as applicable for reinforced con- 
crete, which says that > ren must be constructed of 
reinforced concrete not less than 5 in. thick in any 
part (no woodwork to be embedded therein), sup- 
ported on beams or columns of similar reinforced 
concrete. The rule is, of course, of the utmost 
importance, as it defines the least thickness of 
reinforced concrete floor, and specifically does not 
allow wood to be embedded. 

Rule 13 in the General Rules deals with roofs and 
partitions of reinforced-concrete construction. We 
find that roofs, if constructed of reinforced con- 
crete, may be dealt with as floors, but in no part shall 
the concrete be less than 3in. thick. Three-inch 
reinforced concrete roofs will again give this system 
of construction a well-merited advantage. 

Rules 14, 15, and 16 of the General Rules deal 
with the protection of structural metal- work linings 
and ceilings, and these General Rules require that 
all coluinns and stanchions shall be covered with 
brickwork or porous terra-cotta at least 2 in. thick, 
or with a cement concrete or plaster at least 1} in. 
thick, if keyed into the metal supports and pro- 
tected with metal up to a height of not less than 
4 ft. from the floor ; whilst for girders, joists, Xc., 
the General Rules require similar protection 2 in. 
thick if of porous terra-cotta, or 1 in. thick, keyed 
into metal supports, if of cement concrete or 
plaster. The modification for reinforced concrete 
says :—‘*That all metal-work must be embedded 
in solid concrete, so that no part of any rod or 
bar shall be nearer the face of the concrete than 
double its diameter; such thickness of concrete 
must in no case be less than 1 in., but need not be 
more than 2 in. 

This rule, of course, covers the greatest failing 
of the ferro-concrete designer and contractor alike 
—namely, that of avoiding the proper protection 
of his metal rods by concrete. The new rule 
makes it compulsory to have at least 1 in. protec- 
tion below the metal rods, no matter what the 
thickness of that rod, and it requires 2 in. of pro- 
tection below the stouter rods. This inch protec- 
tion below the thin rods is certainly the very least 
that can be required. We think the minimums 
should have been 1} in. and 2} in. respectively. 
What is more, we think additional protection will 
also be required in their General Rules, where 
14 in. of cement concrete or plaster on vertical 
metal-work and 1 in. on horizontal metal-work is 
quite inadequate for the purpose. The minimum 
should be 2 in. on vertical work and 24 in. on 
horizontal work, in ordinary work coming under the 
General Rules. 

Rule 22 of the General Rules deals with com- 
municating compartments ; and for ferro-concrete 
such compartments must have walls not less than 
9 in. thick. and floors not less than 5 in. thick. 

Rule 18 of the General Rules deals generally 
with floor-openings for staircases, lift-shafts, c. 
In reinforced concrete the surrounding walls to 
such shafts must be 6 in. thick. 

It affords us considerable pleasure to call atten- 
tion to the excellent work of the Fire Offices Cou- 
mittee in the framing of rules as to reinforced- 
concrete construction ; the first rules of their kind, 
we believe, in this country, although, of course, 
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rules already exist on the Continent of Europe 
and the United States. We think the rules are 
moderate, and will in no way deter the proper 
development of the reinforced concrete movement 
If anything, as we before indicated, we think the 
rules are still too moderate in certain directions, and 
will have to be strengthened when reinforced- 
conerete construction becomes more extensively 
used. 

The rules, as already said, will probably serve as 
a basis for any new legislation admitting reinforced 
concrete to the Metropolis, and for such by-laws as 
may be framed for our provincial centres. They 
sound the note of warning that has long been wanted 
to deter unscrupulous contractors from foisting 
reinforced concrete upon the professional men and 
upon the public, without any regard as to the obvious 
risks of unsuitable design or construction and aggre- 
gates from the fire point of view. 








CARTRIDGE-CASE HEADING AND 
INDENTING PRESS. 

A soMEWuAT interesting hydraulic press for heading 
and indenting the cartridge-cases of quick-firing 
ammunition is illustrated on page 436 of our present 
issue. 

After a case has been capped and drawn to the re- 
quired internal and external diameters, and the mouth 
trimmed, it is necessary, in order to finish the work, to 
redistribute the metal in the solid end of the case, so 
as toform the projecting flange of the head. This 
requires three operations, known as the “‘ first and 
second indents ” and ‘* heading.” 

The press under notice has been designed and con- 
structed by the Vauxhall and West Hydraulic Engi- 
neering Company, Limited, for this class of work, and 
isso arranged that the three operations are carried 
out in a minimum time. The output is practically 
limited by the time occupied in the insertion and re- 
moval of the cases. As will be seen from the illustra- 
tion, the press is of substantial proportions, and the 
general outline is not so ungraceful in appearance as 
are so many of the large hydraulic presses made in 
this country. The topentablature of the press forms 
also the main cylinder, in which works an inverted ram 
fixed to a guide cross-head with adjustable slippers, 
these working on the columns of the press which con- 
nect the upper entablature to the case. To the ends 
of this cross-head are fixed the ends of two rams for 
returning the main ram into its cylinder after each 
stroke. The cylinders in which these side rams work 
are connected direct to the hydraulic-pressure mains, 
so that the side rams exert a constant upward pressure 
below the cross-head, and thus raise the latter whenever 
the valve of the main cylinder is open to exhaust. 

The base of the press is a cored casting, from the 
under-side of which is suspended a powerful ejector 
ram for forcing a headed cartridge-case from the die ; 
on the upper face of the base is arranged a circular 
block of gun steel, which can be rotated through 
180 deg. by the wire rope and two jigger cylinders 
seen in the illustration. The die-block, which is 
fitted with two dies, is carried by a vertical shaft, and 
is also recessed into the top of the press base. The 
two dies are diametrically opposite each other, and 
are so arranged that when one die is exactly under 
the centre of the main ram the other die is over the 
ejecting-ram. 

After this brief description of the principal parts of 
the press, it will be comparatively a simple matter to 
describe a complete working cycle. 

We will assume that the main ram is at the top of 
its stroke, the ejecting ram at the bottom of its stroke, 
and the rotatable die-block is in one or other of its 
working positions. 

A partly-finished case, of the shape shown at A, in 
Fig. 5, is placed in the die-block over a mandrel 
which rests over the ejecting-ram ; by means of the 
hydraulic jigger cylinders the die-block is rotated 
through an angle of 180 deg., and the cycle of opera- 
tions now commences :—The case being under the 
centre of the main ram, the follower of which is fitted 
with a revolving die-plate holding three dies —i.c., 
two indenting and one heading dies—the dies are 
turned until the first indenting-die is over the cart- 
ridge-case, when pressure is admitted to the main 
cylinder, and the ram forces the die into the solid 
metal of the case, and makes a shallow depression 
in the centre of the latter, as shown by B, Fig. 5. The 
main ram now ascends, and the second indenting- 
die is brought into position and the stroke repeated, 
which leaves the case with the central depression so 
enlarged that the end of the case has the appearance 
of a flat circular plate surrounded by a low wall, as 
shown by C, Fig. 5. 

The ram is then again raised, and the die-plate 
swung round until the heading-die is under the ram, 
which then descends and flattens down the wall left 
by the last operation, and thus forms the rim of the 
cartridge-case, as shown by D, Fig. 5. 





During these three successive working strokes of 
the main ram the lower die-block has remained 
stationary, and may be assumed to contain in the 
die-block over the extractor-ram a finished case. This 
case is next ejected, and a new case placed in the 
die, so that, when the three strokes of the main ram 
are completed, the die-block may be rotated, and the 
cycle of operations repeated. The method of rotating 
the die-block is very simple, and is decidedly prefer- 
able to the more common means of a rack and pinion: 
as the rope is always subjected to the tension of the 
smaller jigger ram, which is, of course, constantly 
under pressure, so that it is impossible for there to be 
any play or lost motion. The exact reversal of the 
die-block is limited to 180 deg. by the nuts and _lock- 
nuts on the guide-bars of the crosshead connected-to 
the larger jigger ram ; and any stretch in the rope is 
automatically taken up. In addition to this, the 
length can be adjusted by the screwed eyes at each 
end of the rope. 

One feature of great importance is to be found in 
this press—viz., all ram packings can be examined or 
replaced without dismantling the press or breaking a 
single pipe-joint. The weight of the press illustrated 
is 52 tons, and it was, as we have stated, designed and 
built for one of the leading English ordnance-makers 
by the Vauxhall and West Hydraulic Engineering 
Company, Limited, of 23, College Hill, London, E.C. 








HORIZONTAL BORING-MACHINE FOR 
AXLE-BOXES. 

Tue electrically-driven boring-machine illustrated 
on page 433 of the present issue has recently been 
supplied to the Pennsylvania Railroad Company by 
the Newton Machine-Tool Works, of Philadelphia, 
for machining locomotive axle-boxes. The spindle 
is 5in. in diameter, and has a continuous automatic 
feed of 60 in., besides quick hand adjustment. The 
feed-gear is positive, giving six changes in geometrical 
progression, the slowest and fastest speeds being 
respectively 0.0072 in. and 0.2646 in. per revolution. 
The spindle sleeve is driven by means of a phosphor- 
bronze worm-wheel and hardened-steel worm running 
in an oil-bath. The worm-gear has a ratio of 11 tol 
and the back gear of 3 to 1, so that with all gear in 
the spindle is geared down in the ratio of 33tol. A 
very steady drive is thus obtained, which is particularly 
advantageous when the tool is not cutting round a 
complete circle, as in the case of boring axle-boxes. 

The machine is driven by a 10-horse-power variable- 
speed motor, having a speed variation of 2 to 1, 
which speed range is doubled by means of back 
gearing. The elevating-table is 9 ft. long and 26 in. 
wide, raised and lowered by power and provided with 
hand adjustment. Two carriages, 36 in. wide and 
40 in. long, are fitted to the elevating-table, and have 
across adjustment of 36in. Two axle-boxes are set 
up on the end of each cross-slide, and the four are 
bored simultaneously ; the operator meanwhile bolting 
down another set of four to the other end of the cross- 
slides, to be bored as soon as the first set is finished. 
Twelve boxes a day have been bored on the machine, 
and it is expected to obtain an output of sixteen per 


day. 

The elevating-table is supported by two screws of 
4-in. diameter, and bolted to the two yokes, which 
are machined to receive it, and are themselves bolted 
to, and tongued into, the base-plate. The maximum 
height of the centre of the spindle is 264 in. above the 
carriages, or 324 in. above the elevating-table. A 
somewhat similar machine is being supplied by the 
makers to the Sayre Shops of the Lehigh Valley 
Railroad. 








COMPOUND ARTICULATED LOCOMOTIVE 
FOR THE NORTHERN RAILWAY OF 
FRANCE. 

By H. W. Hansury, Assoc, M. Inst. C.E. 

THE compound locomotive which we illustrate this 
week on our two-page engraving, and on pages 437, 440, 
and 441—the very latest in locomotives constructed on 
the articulated system—is exhibited at Liége, and by 
reason of its novel design is attracting more attention 
than any other in the Exhibition, not only from the 
ordinary visitor, but also from the engineer. 

It is one of a pair which has been built to the designs 
of M. du Bousquet, chief engineer of the Northern 
Railway of France, for the important coal traffic with 
which this company has to deal. 

Even as early as the year 1857 it was realised that 
specially powerful engines were necessary in order to 
cope with this particular traffic, and, consequently, 
simple engines, having four coupled axles, and capable 
of pulling on the level a load of 615 tons, were designed. 
In proportion to the varying grades of this company’s 
system, these engines could work trains from 575 tons 
to 345 tons, the steepest gradient that they had to 
encounter being one of 12 millimetres per metre (1 in 
83). In 1884 M. du Bousquet proposed four-cylinder 
tandem compounds for this traffic, and in 1890 twenty 
of these engines were built. These could draw 600 tons 





on the maximum gradient of 12 millimetres per metre 
(1 in 83). Kight years later—that is, in 1898—the 
company put into service yy having three- 
coupled axles (the first being built by the Société 
Alsacienne de Constructions Mécaniques) which were 
able to perform the journey between Lens and La 
Chapelle, Paris, a distance of 230 kilometres, in 
64 hours, with a load of 950 tons. 

Two important routes upon which the coal traffic is 
——a heavy start from Lens—the one to Paris, 
and the other vid Valenciennes or Busigny to Hirson. 
The compounds just referred to have no difficulty in 
taking 950 tons along the former route, which has 
easy gradients and curves of large radius, but they 
cannot carry this load further than’ Valenciennes or 
Busigny along the latter route, for beyond these towns 
towards Hirson the stiff gradient of 12 millimetres 

er-metre (1 in 83) is met with, owing to which it has 
ace customary to divide the trains at these stations, 
and send them-on to Hirson in two portions. 

To obviate this,.M. du Bousquet has, therefore, de- 
signed a locomotive which we purpose describing in 
this article, and which is capable of taking the full 
load from Lens to Hirson. Over the first part of the 
route from Lens to Valenciennes or Busigny, which is 
comparatively level, this locomotive travels at the 
rate of from 50 to 60 kilometres an hour, and over 
the second part, on the heavy grade, at from 18 to 20 
kilometres. 

As we have already observed, it is of the articulated 
or flexible wheel-base type; and is shown in side 
elevation in Fig. 1, and in front and rear elevation in 
Figs. 2 and 3 on our two-page plate. It is carried on 
two separate and independent eight-wheeled bogies, 
the leading one, shown in Figs. 4, 5, 6, 7, 8, and 9 on 
our two-page plate, and Figs. 10 and 11, on page 440, 
having the low-pressure cylinders attached to it; 
while the other, or front, bogie carries the high-pressure 
cylinders. 

The six leading wheels of the front and the six 
trailing wheels of the rear bogie are coupled, forming 
two distinct groups of driving-wheels, each group 
operated by its respective cylinders. With this arrange- 
ment the usual heavy engine frames are unnecessary, 
but in their place a strong box girder, directly under 
the centre of the boiler, which carries the entire weight 
of the boiler, tanks, and tender, is provided. This 
girder, which is clearly shown in Figs. 18 to 21 on 

age 437, extends the whole length of the engine, and 
is broadened out somewhat at the ends to enable the 
buffer beams to be conveniently and strongly attached. 
It is constructed of mild-steel plates, held together by 
four angles, 90 by 90 millimetres (38 in. by 38 in.), and 
is strengthened by numerous braces and stretchers of 
cast steel. The top and bottom plates are 12 milli- 
metres (4 in.) in thickness, and the vertical plates 
20 millimetres (}} in.), while the height of the girder 
is 346 millimetres (134 in.), and the breadth 380 milli- 
metres (15 in.). 

The boiler is rigidly attached to the supporting- 
girder by means of the saddle casting, which is of 
steel, and also by two double-plate supports, the one 
on the second and the other on the third section of the 
boiler, the latter supports, however, having sufficient 
—— in them to admit of the boiler expanding freely. 
A sliding support between the end of the fire-box and 
the girder is also provided. 

The two bogie centres are bulted to the girder, the 
one situated under the smoke-box saddle being spheri- 
cal, and the other, under the end of the fire-box, flat. 
The latter is shown by Figs. 12, 13, and 14, and the 
former by Figs. 15, 16, and 17 on our two-page plate. 
Two spring-stops or supports at the front end of the 
engine take up any radial deflection or oscillation 
about the pivot or bogie, one on each side of which 
they are situated. Each consists of a box containing 
two spiral springs, and a steel pin for transmitting 
the thrust, and may be seen in Figs. 2 and 16. They 
are inclined at an angle of about 45 deg. to the vertical 
centre line of the engine, and bolted to the saddle 
casting, which is machined at a suitable angle to receive 
them. The pins of the stops bear upon inclined rub- 
bing-plates attached to the bogie frames. Four cir- 
cular bearing stops are provided at the trailing end 
under the tanks, two being on each side of the engine 
between the coupled wheels, and these allow of radial 
movement and of the expansion of the engine. 

The bogies are identical in general design, their 
frames being of mild steel, 24 millimetres (1 in.) in 
thickness and 7.160 metres (234 ft.) in length. The 
coupled wheels are 1.455 metres (4 ft. 9 in.) in diameter, 
the smaller, or uncoupled wheels, 850 millimetres 
(2 ft. 10 in.), in diameter, while their axles, of nickel 
chrome steel, left rough at the centre, are 170 milli- 
metres (63 in.) and 130 millimetres (54 in.) in diameter 
respectively. 

Cast steel has been generally used for the stretcher 
ties and bogie centres, all forgings having been dis- 
pensed with. 

The cylinders are outside the bogie frames, as shown 
in Fig. 10, page 440, the high-pressure cylinders being 
carried on the front end of the trailing bogie, and the 
low-pressure cylinders on the rear of the leading bogie; 
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COMPOUND ARTICULATED LOCOMOTIVE; NORTHERN RAILWAY OF FRANCE. 
CONSTRUCTED FROM THE DESIGNS OF M. DU BOUSQUET, CHIEF ENGINEER TO THE COMPANY. 
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part of this bogie is shown in Fig. 11. 
in the centre of the engine, the steam-pi from the 
boiler to the high-pressure cylinders and from them 
to the low, are comparatively short, and, consequently, 
the loss from radiation during the passage of the 
steam is small, Two Bourdon telescopic oil-pumps 


Being thus all 


situated on the left of the engine, one on each bogie, 
— lubrication for the cylinders and valves, 
jing carried across the engine for the right 


Rand 





A description of the Bourdon lubricator 


cylinders. 
NGINEERING (see page 243 ante). 


appeared recently in 


he valves are of the ordinary sliding type, and are | sary. 
situated on the tops of the cylinders, the two sets of 


Walschaert motion operating them and also the re- 
versing gear being identical. With regard to the 
design of the latter, the free and independent motion 
of the bogies in relation to the engine naturally intro- 
duced considerable difficulty, and the rather com- | 
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plicated system of shafts, joints, and bevel gearing 
shown in igs. 26, 27, and 28, page 441, became neces- 
Provision has been made for enabling the ex- 
nsion of the steam in each ord of cylinders to be 
independently varied, the gear being operated by com- 
pressed air or by hand, as desired. The motion an‘ 
the reversing rods and levers are made of cast steel. 
Part of the reversing gear is shown in Figs. 24 and 25. 

The main steam supply is led to the high-pressure 
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cylinder by means of two pipes at the back of the 
dome, which extend down the sides of the boiler, one 
on the right and the other on the left-hand side of 
the engine. At about the level of the bottom of the 
barrel these are bent backwards and enter a common 
T pipe, the other end of which passes through the 
bogie centre and terminates in another T pipe, to 
which two solid steel pipes conducting the steam to 
the high-pressure cylinders, and shown in Figs. 22 and 
23, page 440, are connected. Figs. 31 and 32, on page 
441, will aid in making the arrangement clear. 
T pipes are made of bronze of gland pattern and fitted 
with metallic packing, the joint being tightened by 
means of special nuts and washers. 

The exhaust from the high-pressure cylinders is 
taken to the low by two pipes, which constitute part 
of the receiver, and which are each furnished with two 
spherical joints to permit of their free motion with the 
bogies. The exhaust from the low-pressure cylinders 
is conducted to a large double-branch pipe of bronze 
in direct communication with the blast-pipe. The 
smoke-box end of the branch pipe passes bien h the 
boiler saddle, to which it is rigidly connected, and 
may be seen in Fig. 1; flexible joints, however, con- 
sisting of rubber hose bound with steel wire, connect 
it with the pipes from the low-pressure cylinders. 

The intercepting-valves, for the purpose of changing 
the engine from simple to compound working, or vice 
versd, are operated by means of compressed air, and 
are situated in the pipes connecting the high and low- 
pressure cylinders. When the engine is starting, live 
steam is admitted direct to the low-pressure cylinders 
from a separate regulator in the dome, by means of 
pipes at the front of the dome, which pass down the 
outside of the boiler, one on each side of it. These 
pipes are also provided with rubber hose joints. The 
intercepting valves cut off the high-pressure exhaust 
from the low-pressure cylinders, allowing it to pass 
away by separate pipes connected by branches to the 
low-pressure exhaust-pipe, and, consequently, to the 
blast-pipes in the smoke-box. 

With engines of the particular type we are describ- 

ing the provision of suitable flexible joints for the 
several steam and exhaust-pipes is one of the most 
important considerations, and, up to the present, has 
undoubtedly been one of the principal Jiaciions to 
this type. We understand, however, that with engine 
‘No, 6122,” which is now running, and apparently 
giving considerable satisfaction, no trouble has been 
experienced inthis respect. Certainly the rubber-hose 
joints, although, perhaps, likely to require rather 
frequent renewal, are particularly economical, simple, 
and strong, besides possessing the advantage of being 
very much lighter than the usual spherical metallic 
joint. ; 
: The barrel of the boiler, the smallest inside diameter 
of which is 1.456 metres (4ft. 9in.), and extreme length, 
including the smoke-box, 6.420 metres (21 ft.), is con- 
structed of three mild-steel plates, 17 millimetres 
(}4 in.) in thickness. Owing to its great length and its 
unusual means of ae A girder to which we 
have previously referred—it is necessary to connect it 
to the fire-box in a particularly strong manner, and con- 
sequently the side cover-plates have been prolonged as 
far as the first barrel-plate and riveted to it (Figs. 29 and 
30, page 441), and also to the saddle-plate. The fire-box 
is of copper, and the boiler-tubes of steel and of Serve 
pattern. The dome is carried on the boiler ring next 
the fire-box, and both it and the chimney are neces- 
sarily short owing to the boiler centre being so far above 
the rails—namely, 2.800 metres (9 ft. 2} in.). In the 
dome are the main regulator and the subsidiary one, by 
means of which live steam is introduced into the low- 
pressure cylinders at starting. These regulators, which 
are of the slide-valve type, are worked by rods termi- 
nating in levers in the interior of the cab, these 
being plainly marked “H.P.” and ‘ B.P.”, for 
the information of the driver. The regulator-rods are 
placed one above the other on the left-hand side of 
the engine. 
upper of the two rods. The mouth of the blast-pipe 
is circular, and the conical gun-metal head with helical 
wings with which it is provided can be raised or 
lowered at will by the driver, in order to regulate the 
blast. A separate sectional model of this class of 
blast-pipe is exhibited with the locomotive. 

Four large tanks, connected to each other by means 
of substantial piping with rubber-hose flexible joints, 
are provided, two being carried by the leading bogie. 
Sufficient space is left between the two latter tanks 
and the boiler to allow of their clearing it in whatever 

ition the bogie may be. The cabis roomy and com- 
ortable, is roofed over, and has front and side windows, 
while accommodation for 5 tons of coal is provided at 
the rear.. The reversing-gear, the intercepting-valves, 
the cylinder water-cocks, and the sanding, are all 
operated by compressed air taken from two reservoirs 
in connection with a small Westinghouse pump 
situated in the cab. The locomotive is fitted with a 
vacuum brake acting upon all the coupled wheels. A 
hand-brake is also provided. 


The two locomotives we have been describing were, 


we should state, built from M. Du Bousquet’s designs 


The |~ 


The main regulator is worked by : the. 





at the works of the Northern of France Railway Com- 
pany. 

In conclusion we append the following additional 
particulars :— 


Gauge of locomotive 


Boiler pressure... ... 16 kgs. (228 lb. p. sq. in.) 
Total capacity of boiler ... 8.20cub. m. (278 cub. ft.) 
Water i ie awe (194.4 ,, ) 
Steam e # 2.62 .,, (83.6 ,, 
Grate: Length . 2.54 m. (8.32 ft.) 
Breadth ... 1.186 ,, (39 ,, ) 


Ks 3 sq. m. (32.45 sq. ft.) 


» Area nee te 
Heating surface of fire-box 11.990 sq. m. (129 sq. ft.) 
tu 


” ” 232.500 ” (2500 ” ) 
Total heating surface ... 244500 ,, (2630 ,, ) 
Number of tu ‘ 130 


External diameter 70 mm. (2.75 in.) 


Distance between tube- 


plates... si .. 4750 m. (15 ft. 7? in ) 
Smallest interior diameter 

of the boiler... a. 4%, (4,9 « 
Height of boiler centre 

above rail & a. Meee ot Oo BD 
Diameter of high-pressure 

cylinders... uh i OO os C2 Dae 3 
Diameter of low-pressure 

cylinders... ead - See. Teena? 
re: cas a Me 4 8e eet 
Number of coupled axles 6—3 and 3 
Number of independent 

axles ee ae oa 2 
Diameter of the coupled 

wheels 1.455 m. (4 ft. 9} in.) 


Diameter of the inde- 
ndent wheels... 


. 0.850 ,, (2,, 9§,, ) 
eight of the engine 


mew ve i nae 78 tons 
Weight of the engine full 02 ,, 
Distributed weights : 
First and eighth axle ... 4 
Second and seventh axle Ss ws 
Third and sixth na ): ae 
Fourth and fifth a S « 


Total capacity of the ~ 12.800 cub. m. (452 cub. ft.) 
yy 


Quantity of coal carrie 5 tons 








MILAN INTERNATIONAL EXHIBI- 
TION, 1906. 
To THE EpiTor oF ENGINEERING. 

Srr,—The recent grant of 10,0007. made by the British 
Government towards the Milan International Exhibition 
of 1906 deserves the careful attention of all British 
manufacturers who are interested in trade with Italy. 
The official recognition and substantial aid thus afforded 
have undoubtedly made a very favourable impression in 
Italy ; while the appointment of Mr. Arthur Serena as 
British Commissioner cannot fail to increase the satis- 
faction felt by all concerned. Mr. Serena’s well-known 
capacity, and the fact that he is a persona grata not only 
in Italy, but also among Italians in London, affords a 
guarantee that the money granted by the Government 
will be well expended. 

The Chamber over which I have the honour to preside 
is anxious to assist Mr. Serena in his arduous task. With 
this view I desire to point out that British goods of the 
best quality are still preferred in Italy to any others. 
The opportunity afforded by this Exhibition of compari- 
son with the manufactures, and sometimes imitations, of 
other countries should not be lost. The result should 
not be unfavourable to British industry. 

The sections of the Exhibition are classified under 
several headings, each of which has its printed programme 
and detailed sub-sections. With the aid of Lord Brassey, 
who has honoured us with a visit, the following list has 
been compiled from the programme officially issued. It 
includes the articles with which British industry is chiefly 
concerned :— 


Fishing. 


Carriage by Land. r 
Appliances of all descriptions. 


Locomotives. 


Motors. Maps and Statistics relating to 
Carriages Navigation. 
Hariess. 
Saddlery. ‘ Decorations. 
Carriage by Water. (a) Industrial art productions. 

Equipment of ships. Glass and china. 
Machi inery, engines and boilers. Tissues = carpets. 
Auxiliary tilling, electrical, papers. 

and refrigerati ‘machinery, Leather, embossed or 

anchors, and chain cables. Painted. ” 
Furnishing, lighting, and deco. Lighting and heating appa- 

rations of ships. ratus. 
Anti-fouling compositions. F — for houses and 

a o ° e3. 

Preserved provisions generally. Bookbinding. 


Nautical instruments. 


Ports and Arsenals. 
Machinery for loading and dis- 


(d) Suites of furniture for private 

and public rooms and 
pe A Pam rt houses, 

. ¢) Sanitation fitti f all de- 

Diving apparatus and dresses. Le 


scriptions. 
Yachts Pine toa = Agricultural Machinery of all 
Yacht fittings. escriptions. 
Launches. 
Life-Saving. Metrology. 

Lifeboats and life-saving appli- Photographic apparatus. 

ances. ical instruments. 
Hygienic and ambulance Sppli- Clocks aud watches. 

ances for use on board ship. Sounding instruments. 


British manufacturers should certainly be able success- 
fully to compete in the supply of the Italian demand for 





many of the articles mentioned. The list might be con- 
siderably extended. 

On one important point we desire very specially to 
insist. The opening for British industries in the Italian 
market will be best found in goods of the highest quality 
and machinery of the latest type. Italy is now entering 
on a period of great prosperity. The purchasing power 
has —— increased. The Italian market should not be 
neglected. Upon even conditions as to price, friendly 


)| tradition and sentiment give the assurance that British 


traders will be under no disadvantage. 
I am, Sir, your obedient servant, 
Evan Macxenztr, Chairman. 
British Chamber of Commerce for Italy, Genoa, 
September 28, 1905. 








APPRENTICE ADVANCEMENT. 
To THE EpiToR OF ENGINEERING. 

S1r,—Early in September last year the following notice 
was posted in the works of the British Electric Plant 
Company, Limited, Alloa :— 

ADVANCEMENT OF APPRENTICES. 

All apprentices are required to attend two c!acses in science 
subjects or practical mathematics during the winter session. 

At the beginning of September, 1905, apprentices will be 
awarded marks as follows :— 


For Approved Examinations Passed during the Year. 


The first on . ina “. és re. 20 marks. 
The second, third, or fourth, each - a ae as 
For good time-keeping (12 months) a maxi- 

mum of + oa i oo oe - 2 - 
For good conduct (12 months) .. a a as 
For intelligence, perseverance, and progress 

in the workshops (12 months) a maximum of Ce 


Marks for time-keeping will be deducted at the rate of one-half 
mark for each occasion on which time is lost, but no deduction 
will be made for special leave, or for sickness if certifi-d bya 
doctor. 

Marks will be awarded by the foreman of departments monthly, 
and commencing at once (September, 1904), on the following 
scales :— 

Conpucr, 
Excellent, 1; good, } ; fair, }; poor, }; bad, 0. 


INTELLIGENCE, PERSEVERANCE, AND PROGRESS. 
Excellent, 4; good, 3; fair, 2; poor, 1; bad, 0. 


INCRBASED Pay. 


An apprentice obtaining 60 marks will have the sum of 6d. 
added to his weekly rate of pay for the following year, and for 
marks in excess of 60, 1d. will be added for every 10 marks. 

For example, an apprentice who passed in three science subjects 
the previous May will be entitled to 40 marks ; for every good 
time-keeping during the past year, 20 marks ; for good conduct, 
12 marks ; and for intelligence and perseverance, 48 marks ; total, 
120 marks. This will entitle him to an increase of 1s. per week 
on his rate of pay from September 1 for the foliowing year. Should 
an cee obtain, say, 10 marks for time-keeping, 16 for good 
conduct, and 40 for intelligence and perseverance, or a total of 60 
marks, his pay will be increased 6d. per week. 

These additions are over and above the standard rates of pay 
and are cumulative. An advance once given will be continued, 
and subsequent advances will be additional. ; 

No payment under this scheme will be made to apprentices 
obtaining less than 60 marks, and apprentices who fail to obtain 
any marks for Sees. good conduct, intelligence, perse- 
verance, or progress, will be subject to dismissal. 

Apprentices starting between September 1 and February 28 
will be entitled to earn half the maximum marks for time-keeping 
(10), for good conduct (6), and for intelligence, &c., (24); but the 
full marks they earn for examination will count for increase of 
pay in the following year. ; 

Promotion in the workshops and admission to the drawing- 
office will depend on marks obtained. a 

All payments under this scheme cease on the termination of 
apprenticeship or on dismissal. 

Alloa, September 5, 1904. 


The scheme is based on the published details of one 
instituted previously on the North-East Coast, and it 
embodies such modifications as the writer considered 
necessary to meet local conditions. It has now had 
twelve months’ trial with most satisfactory results. f 

Two apprentices out of forty-one have gained the maxi- 
mum marks (80) for time-keeping, good conduct an 
intelligence, &c. ; twenty-seven have gained between 70 
and 80, and six over 60 but under 70. . 

It will, of course, be understood that, excepting those 
for time-keeping, which are dealt with in the time-office, 
and for class-work, the foremen alone award the marks ; 
this tends to: maintain discipline. There has only been 
onecomplaint of unfair treatment, and that was disa lowed 
on investigation. 5g f 

As’ the result of experience it is considered that undue 
prominence has been given to class-work and that no 


W. L. SPENCE. 


marks should be obtainable for examinations beyond the 
first two. : ; 
As regards the marks for ‘‘ intelligence, perseverance, 


and progress,” it is thought that another class should be 
added to bring out, if possible, not merely progress from 
the lad’s point of view, but his value to the shop. Thus, 
assuming that 120 marks be considered the maximum, 
corresponding to an advance of 1s. per week in wages, te 
ratings might be :— 


For approved examination passes: the 
first 20, the second 10... = ES 30 
For good time-keeping in 18 
” conduct ... det = i 12 
For intelligence and perseverance... 12 
For workmanship (accuracy and speed) ie 


or shop value 
It will be remarked that the premium put on perfect 


time-keeping is not high—this because good time-keep')¢ 
is absolutely insisted on, and is not regarded as speci®’. 
meritorious ; nineteen of our apprentices were never |e 














Oct. 6, 1905. ] 


ENGINEERING. 


443 





a 





throughout the year, six only once, and five on two occa- 
sions only. 

As already stated, the scheme is regarded by all con- 
cerned as having proved very pompeee / ; the apprentices 
take the greatest interest in the monthly posting of the 
marks, and undoubtedly the incentive to improvement 
raizes the standard of performance. 

Yours truly, 
Tue Britisa Evectric PLrant Company, Limirep, 
W. L. Spence, Managing Director. 
September 29, 1905. 








RACKS FOR TOOL-ROOMS. 
To THE EpITor oF ENGINEERING. 

Sir,—Having had our stores entirely burnt out, we 
would like to adopt steel or iron racks, bins, or shelves 
for our new place, if you, or any of your readers, can re- 
commend a suitable and economical design. 

We remain, yours truly, 
JosePpn ADAMSON AND Co. 
Hyde, Cheshire, September 28, 19€5. 








LAUNCHES AND TRIAL TRIPS. 

On Saturday, the 23rd ult., a cargo steamer, on order 
for the Leith and ri pean | Shipping Company, Limited, 
Leith, was launched from the yard of the Flensburg Ship- 
building Company, Flensburg. Her chief dimensions 
are:—Length over all, 250 ft.; length between perpen- 
diculars, 240 ft.; breadth, extreme, 35 ft. 34 in.; depth, 
moulded, 16 ft. 10 in.; and she has a carrying capacity of 
about 1950 tons. The vessel was named -Taurus. 


On Tuesday, the 26th ult., the steamer Rom, built by 
the Flensburg Shipbuilding Company, to the order of 
Mr. Robert M. Sloman, jun., Hamburg, left Flensburg 
Harbour for her official trials. The ship has the following 
dimensions :—Length over all, 284 ft.; length between 
perpendiculars, 273 ft. Gin.; breadth, extreme, 39 ft. ; 
depth, moulded, to spar-deck, 24 ft. 9in.; with a carrying 
capacity of about 3000 tons. The vessel is fitted with 
triple-expansion engines of 1000 indicated horse-power, 
which are capable of giving the ship a speed of 10 knots 
when loaded. After completion of the trials, which gave 
the utmost satisfaction to all concerned, the ship pro- 
ceeded to England. 

The Caledonian Ragneens and Shipbuilding Com- 
pany launched a vesse 
their yard in Strand Road, Preston. The steamer is for 
use as a salvage and water boat, and will leave Preston in 
about three weeks for Valparaiso. She measures 74 ft. 
by 18 ft. 6in. by 8 ft., and her engines have cylinders 
8} in. and 18 in. in diameter, with a 12-in. stroke. 





On Thursday, the 28th ult , the steamship Alexandra 
was launched from Messrs. Short Brothers’ shipbuilding 
yard, Palliov, Sunderland. She has been built to the 
order of the Taylor and Sanderson Steam Shipping Com- 
pany, Limited, Sunderland. The vessel, which is 359 ft. 
long by 49 ft. 6 in. beam and 26 ft. 45 in. depth, moulded, 
has been designed to carry 6100 tons deadweight on a 
light draught. The machinery, which will be supplied 
by Messrs. George Clark, Limited, of Sunderland, con- 
sists of engines having cylinders 25 in., 41 in., and 67 in. 
in diameter, with a 45-in. stroke, supplied with steam by 
two powerful boilers of 180 1b. working pressure, and has 
been arranged to give a good speed on an economical 
consumption. 





The new twin-screw steamer Delta, just completed by 
Messrs. Workman, Clark, and Co., Limited, of Belfast, 
to the order of the Peninsular and Oriental Steam Navi- 
gation Company, left the finishing berth of the Belfast ship- 
yard on Thursday, the 28th ult., and steamed down the 
Belfast Lough for her speed trials and adjustment of com- 
passes. After a cruise of a most satisfactory nature, the 
new steamer left for London, and will sail from that port 
on October 28 with a full complement of passengers for 
Bombay and China. She has a gross tonnage of about 8100 
tons. The propelling machinery, all of which has been con- 
structed by Messrs. Workman, Clark, and Co., Limited, 
at their Queen’s-road Works, Belfast, consists of two 
sets of quadruple-expansion engines having the latest 
type of auxiliary machinery, and supplied with steam 
from two double-ended and four single-ended steel multi- 
tubular boilers, working under Howden’s system of 
forced draught. The designing of the vessel and machi- 
nery has been carried out under the supervision of Mr. 
Leslie and Mr. Deane, the P. and O. Company’s sur- 
veyors, while Mr. H. J. Taylor and Mr. W. W. Wilson, 
with their assistants, have been responsible locally for the 
supervision of the work of construction. 





On Friday, the 29th ult., a launch took place from the 
yard of the Northumberland Shipbuilding Cémpany, 
Limited, Howdon-on-Tyne, the vessel being the Albiana, 
built to. the order of Messrs. Furness, Withy, and Co., 
Iimited, West Hartlepool. This steamer is 360 ft. long 
by 48 ft. beam by 30 ft.10 in. deep. She has been con- 
structed to a fine model with a view to rapid speed and 
eo nomy in fuel, and the machinery will be te b 


length of 414 ft., a breadth of 52 ft, and a depth of 
33 ft. 114 in., and a deadweight carrying capacity of about 
8500 tons. The machinery is by Messrs. Blair and Co., 
Limited, of Stockton-on-Tees. The owners are Messrs. 
R. Chapman and Son, Newcastle-on-Tyne, and the 
vessel received the name of Carlton. 

The Ailsa ne seg Company, Limited, Troon, 
launched on Saturday, the 30th ult., the steel ecrew- 
steamer Derrymore, built to the order of Messrs. Robert 
M ‘Cowen and Sons, Limited, Tralee. The vessel, which 
is of the following dimensions :—Length over all, 170 ft. ; 
breadth, moulded, 25 ft. 6 in. ; depth, moulded, 12 ft. 
10 in.—will carry about 575 tons dead-weight. Com- 

und surface-condensing engines to develop about 750 

orse-power will be fitted by Messrs. Muir and Houston, 
Limited, Kinning Park, Glasgow. 


The Blyth Shipbuilding Company, Limited, Blyth, 
launched, on Saturday, the 30th ult., a steel screw- 
steamer measuring 324 ft. by 45 ft. 6 in. by 23 ft. depth, 
built to the order of the Northern Commercial Syndicate, 
Limited, of Newcastle-on-Tyne, and specially adapted 
for the grain and timber trade. Machinery and boilers 
will be supplied by the North-Eastern Marine Engineer- 
ing Company, Limited, of Walleend. 








The new steamer Solo, which was launched from the 
shipbuilding yard of Messrs. J. P. Rennoldson and Sons, 
South Shields, on Thursday, August 31, has completed 
her official trial trip at_sea. The vessel measures 235 ft. 
by 34 ft. 3in. by 17 ft. 3 in. depth, moulded. The pro- 
pelling machinery, which has been supplied and fitted 
by the builders, consists of a three-crank compound en- 
gine, having cylinders 19 in., 31 in., and 51 in. in dia- 
meter, with a 33-in. stroke, steam for which is supplied 
by one large multitubular boiler designed for 160 Ib. 
working pressure. On the trial the vessel was fully 
loaded. The machinery throughout worked in a most 
perfect manner, and the results attained were thoroughly 
satisfactory. 





Messrs. Cochrane and Sons, Selby, launched, on Mon- 
day, the 2nd inst., a steel screw-trawler named the 
Emperor, the principal dimensions being 127 ft. by 22 ft. 
by 11 ft. 6 in. depth of hold. The vessel has been built 
to the order of the Anchor Steam Fishing Company, 
Limited, of Grimsby, and will be fitted with triple. 
expansion engines by Messrs. C. D. Holmes and Co., of 

ull. 


on Tharsday, the 28th ult., from | Hull 





A turret-steamer, the Belle of England, was launched 
last week from the yard of Messrs. Doxford, Pallion, for 
Messrs. Crow, Rudolf, and Co, Liverpool. The length 
of this vessel is 352 ft.; breadth, 48 ft.; moulded depth, 
26 ft. The total weight carried is 6300 tons. The engines, 
with cylinders 26 in., 42 in., and 68 in diameter, with a 
stroke of 42 in., and the two single-ended boilers working 
” ~ hg pressure, have also been supplied by Messss. 

‘oxford. 








Messrs. Str W. G. Armstronc, WHITWORTH, AND 
Co., Limrrep.—The annual meeting of this company was 
held at Newcastle-on-Tyne on Friday, September 29, 
Sir A. Noble in the chair. The directors’ report showed 
a divisible balance of 580,927/., out of which it was pro- 
posed to pay a dividend of 3s. per share, free of income 
tax, on the ordinary shares, and of 4 per cent., less income 
tax, on the preference shares. The ordinary share divi- 
dend is equal to 15 per cent. perannum. The chairman, 
in moving the adoption of the report, suid the works 
were satisfactorily supplied with orders. The report had 
been specially considered by the directors with reference 
to four points—depreciation, reserve, the renewal of plant, 
and experiments. As regards renewal of plant, in con- 
sequence of the great improvement in tooled steel, that 
company was continually getting large orders both from 
home and abroad. High-class tool-steel enabled the 
company to do its work both more quickly and more 
economically. Unfortunately, however, many machines 
which the company now had had not the power to use 
that steel, and more powerful lathes had to be obtained 
to utilise its advantages to the full extent. In the arma- 
ment of battleships, the Admiralty were coming to a 
simpler class. In the old class battleships we frequently 
found four or five calibres in the heavy armament, 
going, for example, from 12-in. down to 6-in. Now, 
in the newer designs, there was a great simplification, 
and this was a great advantage. In most ofthe 
company’s designs, unless otherwise required, if now 
put in only two main calibres—one for heavy arma- 
ment and one for lighter armament. He need not 
speak of the great advantages which they had from 
that arrangement. A very costly source of expenditure 
was experiment. The company lived by experiment ; it 
could do nothing if it did not constantly and continuall 
experiment. Experiments with artillery, however, suc 
as now existed, were costly. He believed that he was 
not wrong in saying that with certain guns which the 
company had to fire, so as to test shot on plates, the 
cost of a single shot reached 300/. or 4007. Another 
costly source of expenditure was to oO experiments. 





ssrs. Richardsons, Westgarth, and Co., Limited, 
Sunderland, consisting of engines with cylinders 25 in., 
4! in, and 69in. in diameter, with a 48-in. stroke. There 
arc three large steel boilers measuring 14 ft. by 10 ft. 9 in., 
designed for 180 Ib. working pressure. e steamer will 
carry about 7250 tons loaded, and is expected to steam at 
about 10 knots. 


On Friday, the 29th ult., Messrs. Ropner and Son, 





That department had been presided over sf Captain 
Lloyd. At a recent trial at Pola, Captain Lloyd suc- 

ed in doing what had never been done before—viz., 
in making ten consecutive hits at a target with a vessel 
going at a speed of over 21 knots per hour. The great 
success of Elswick material in the war now ended must 
be a source of satisfaction to the shareholders. In 
Admiral Togo’s last great battle he had eight ships built 
in British yards—four from Elswick, two from the 





Stockton-on-Tees, launched a steel screw etcamer with a | 





Thames, one from Barrow, and one from Clydebank. 





MISCELLANEA, 


THE opening meeting of the next session of the Insti- 
tution of Civil Engineers will take place on November 7, 
when the new President, Sir Alexander R. Binnie, will 
deliver the inaugural address at 8 p.m. 


Recent measurements of the velocity of a-rays of radium, 
made by Professor Rutherford, show this to bed per cent. 
of the velocity of light. The radiation was found to 
affect a photographic plate after passing through twelve 
thicknesses of aluminium foil, each 0.0031 millimetre thick ; 
but on the addition of a thirteenth layer all photographic 
action ceased, and the ionising power of the rays also 
disappeared. The remanent velocity of the rays was, 
however, still 60 per cent. of its original value. 


The power transmission line between Niagara Falls and 
Toronto, a distance of 75 miles, is descri in a recent 
issue of the £lectrival World and Engincer. The line 
consists of six copper cables, each of 190,000 mils in 
section, supported on steel towers. Each of the two 
groups of three conductors forms a three-phase circuit, 
which will transmit 12,000 horse-power. e voltage at 
Niagara will be 60,000, and a 10 per cent. drop in the line 
is anticipated. At times a 20 per cent. drop of voltage 
will be incurred, and then the power transmitted with o 
100 per cent. power factor will be 43,000 horse-power. At 
about 7 miles from Niagara Falls the transmission line 
crosses the Welland Canal at a height of 150 ft. above 
water-level. 


According to Indian Engineering, although it is too 
early to sum up the prospects of agriculture over the 
whole of India, in Bengal things appear so far to be well. 
In Rajputana famine is certain.. Between these two 
extremes various degrees of scarcity and sufficiency appear 
to be promised all over the country, though the con- 
ditions existing in various districts may vary at any 
moment. It is hopeless to expect that the country can 
escape severe distress, though to what extent famine 
may prevail over prosperity, or the reverse, it is plain 
that the lean years are threatening to blot out the fat 
years which have lately blessed the land. The coin- 
cidence of the threatened calamity with a period of 
considerable sun-spot activity will revive Dr. Hunter’s 
cyclical theory. 

The Council of the Institution of Civil Engineers have, 
in addition to the medals and prizes given for communi- 
cations discussed at the meetings of the Institution in the 
last session, made the following awards in respect of 
other papers dealt with in 1904-1905 :—A George Stephen- 
son Medal to Captain H. R. Sankey, R.E. (ret.), London ; 
a Watt Medal to Dr. C. Chree, F.R.S. (Richmond); Tel- 
ford Premiums to Messrs. W. E. W. Millington (Oldham), 
C. E. Stromeyer (Manchester), C. W. Hill (London), F. 
C. Lea (London), W. B. Cole (London), W. C. Popple- 
well, M.Sc. (Stockport), E. H. Rigby, B.Sc. (Tientsin), 
and W. O. Leitch, Jun. (Tientsin). For students’ papers 
the awards are :—Miller Prizes to Messrs. A. B. Potts 
(Macclesfield), W. M. Hayman (Glasgow), R. E. Bury 
(Calcutta), T. Lees, Jun. (Winnipeg), T. L. Matthews 
(London), P. J. Risdon (London), and F. E. Tudor 
(Stevenage). 

The carbon formed by the incomplete combustion of 
acetylene is dull and porous, and it isa good conductor 
of heat and electricity. It has the specific gravity 1.919 
at the ordinary temperature, and the heat of combustion 
at constant pressure and volume at 20 deg. Cent. is 7894 
calories for 1 gramme, or 94,728 calories for 12 grammes. 
The corresponding figures for graphite is 7831 calories, 
and for charcoal.(made from sugar) 8057 calories. The 
value of the new form is hence very different to that of 
amorphous carbon, but approximately the same as 
graphite. Henri Moissan finds, however, that it does 
not contain graphite, and this is confirmed by Wm. G. 
Mixter, who has investigated its properties. One gramme 
of it is capable of condensing 1 milligramme of dry air on 
its surface and in its pores, but 1t exercises no catalytic 
effect on gas reactions, as does charcoal. It only absorbs 
0.1 per cent. by weight of moisture from the atmosphere, 
and when heated with sulphuric acid, there is no odour 
of sulphur dioxide. 





PrRsonAL.—The Governors of the Merchant Venturers 
Technical College, Bristol, have appointed Mr. Francis 
R. B. Watson to the vacant post of assistant-lecturer and 
demonstrator in engineering, caused by the resignation 
of Mr..W. K. Beard, owing to his appointment as one 
of His Majesty’s Inspectors of Factories.—Messrs. W. 
H. Roy and Co., engineers, have started business at 
Tower Chambers, 30, Spring-gardens, Manchester, with 
water-cooling plant design as a speciality.—Mr. H. 8. 
Meyer, M. Inst. E.E., who for the last five years has 
been the British Thomson-Houston Company’s chief 
designing and consulting engineer for alternating-current 
work, has resigned his position, to open an office in London 
as electrical expert and advising engineer.—Mr. John E. 
Raworth has opened an office as patent mt and con- 
sulting engineer at Queen Anne’s Cham estminster, 
London, 8.W.—The oe body have appointed Mr. 
J. Davidson, A.R.C.S8. (Ireland), to the post of assistant 
in mechanical engineering for drawing - office classes in 
the Battersea Polytechnic. Mr. Davidson has been for 
some time engineering instructor with the County Cork 
Technical Instruction Committee.—Mr. Joseph Francis, 
who was for many .years engineer to the New River 
Company, has, since the t er of the water undertak- 
ing of the company to the Metropolitan Water Board, 
retired from the public service. He has taken offices 
at 28, Victoria-street, Westminster, where he will prac- 
tise as a consulting engineer in all matters of water 





supply. 
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ELECTRIC CHARGING AND DRAWING MACHINERY FOR GAS RETORTS. 
CONSTRUCTED BY MESSRS. W. J. JENKINS AND C©O., LIMITED, ENGINEERS, RETFORD, NOTTS. 
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of coal is received through a vertical shoot or conduit. | consideration does not apply; hence the disposition 
he resistances for controlling the s are in front | adopted, as shown in Figs. 1 and 3. The illustrations 
of the dust-proof casing containing the motor. | also show that power machinery may now be profitably 
From this outline of the De Brouwer charger it will | installed in many gas-works where either the fewness 
be seen that a smaller space between the retort-house of the retorts or the narrowness of the house had pro- 
walls and the retort mouth-pieces will suffice than | hibited the use of the older types of machinery. 
with the hitherto accepted systems; and this fact has| The cross-section of the retort-bench at Derby, shown 
an important effect upon the cost of the retort-house in Fig. 3, shows the suspended charger on one side— 
cay and roof. The same considerations as to s which was at a later date supplemented by a discharger 
— been kept in view in the design of the discharger, | on the other side (see Fig. 4, above). These, and 
Dut since this, by preference, runs upon tram-lines laid | the auxiliary plant—coal-breaker, elevator, and push- 
in the retort-house floor, it is frequently economical plate conveyor —are driven by a 13.5-brake-horse- 
and convenient to make the erp ae Nanay ay to be| power gas-engine coupled, by a Zodel Voith flexible 


similarly supported and traversed as shown in Fig. 2. | coupling, to a four-pole continuous-current dynamo of 
_ the few cases where the discharging-machine is | 54 kilowatts capacity. The electromotive force is 
xed on the opposite side of the bench this last-named | 


about 110 volts. he arrangement of measuring- 














chambers in relation to the telescopic shoot of the 
charging-machine is. shown, and these chambers are 

over every vertical tier of three retorts. They 
are adjustable to deliver from 5 cwt. to 74 cwt. 

The grooved pulley E (Fig. 3) was, in this installa- 
tion, 39.3 in. in diameter by 15 in. wide, including 
the groove, which was 8 in. wide by 3fin. deep. The 
distance from the end of the belt which carries the 
coal to the face of the retort mouthpiece was 3 ft. 54 in., 
and the front erid was elevated about 2 in. The motor 
I, which drives.the belt, or ‘‘ projector,” is of 3. brake 
horse-power, and it is fitted with a starting resistance 
L, which has a magnetic overload release attached to 
the back of the motor-box, and a rheostat for varying 
the speed of the motor during the charging. F is a 
cross-section of the rim of the pulley, showing the 
space into which the coal falls and the outer surfaces 
upon which the belt re Figs. 4 to 7 show the 


Jenkins de Brouwer single-motor discharger as installed 
at Derby, the general construction of which will be 
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understood from a subsequent description of a later 

development to be given in this article. } 

Fig. 8 shows a non-suspended charger as designed 
for and installed at the Salford Corporation Gas Works. | 
The framework serves to carry a hopper containing’ 
5 tons of coal, which delivers a charge of coal into 
the measuring-chamber en route to the projector. 
Overhead hoppers are placed at intervals, and these 
are fed by the elevator and conveyor shown. On the | 
other side of the retort-bench is a coke-conveyor to 
receive the hot coke from the whole 20-ft. length—an 
advantage which accrues where a discharging ram is 
applied. It is obvious that steam, smoke, and grit are 
kept away from the stoking machinery to a large 
extent by these means. 

Another arrangement of the charger has been re- 
cently made for the Blackburn Corporation, but suffi- 
cient has been already said to show the essential fea- 
tures of the machines with one motor. Fig. 2 shows 
the “projector” fitted with power travelling and 
hoisting gear. _ 

Discharging - Machines. —The earlier machines, 
adopted in. the smaller works, were arranged for 
electric power to be applied to the reciprocating move- 
ments of the ram only, the traversing of the machine 
as a whole and the raising of the ram to the various | 
tiers of retorts being operated by hand. 
machines, however, all the motions are electrically 
operated. | 

Figs. 4 to7 show the arrangement of the former class, | 
whilst Figs. 9 and 10, page 448, show views of the latter 
machine. Fig. 9 shows the ram extended to its full | 
length, which is seen to be in three sections. Fig. 10 
shows the machine made for the Lancaster Corpora- | 
tion Gas Works, and belongs to the latter class. | 
A description of this one will, it is hoped, make clear | 
by implication the construction of the simpler form. | 

The built-up steel frame has its base carried on 
travelling wheels, keyed to steel axles, and running on 
rails laid in the retort-house floor. The vertical portion 
of this frame is braced together top and bottom, so as, 
to allow of the rise and fall of the hanging frame, which 
is suspended, and which carries the telescopic ram, 
or ‘‘ pusher,” together with the return path for the | 
chain links, as well as the motor gearing for operating 
the ram. 

The hanging frame is suspended by two slings fitted | 
with chain pulleys, around which the hoisting-chains | 
pass to the guide-pulleys on the top of the carriage, 
and thence down to the hoist-barrel, which is carried | 
in the hoisting and travelling gear-box at the base of | 
the machine. This ‘box is fitted with gun-metal 
bearings and caps for carrying the spur gearing and 
shafts for propelling the machine along the retort- 
house, or hoisting the discharging-ram to the heights 
of the various tiers of retorts. 

Attached to the end of the gearing-box is an electric | 
motor coupled to the gearing, as seen in Fig. 9. This 
motor is reversible, and is controlled by a metallic 
controller of the tramway type, with suitable resist- 
ances. | 

The pusher consists of a frame built of steel channels, 
shown in cross-section (Fig. 7), angles, and plates, the 
lower portion of which carries the telescopic bar and | 
the ram head, and the upper portion, which carries | 
the extension of the rack. This rack (see Figs. 4and 6) | 
is flexible when moved backward, but rigid when | 
moved forward, and constitutes a distinctive feature | 
in M. De Brouwer’s invention. Provision is made in 
the front lift of the pusher bar for water-cooling when 
necessary. 

The motor for the pusher (seen in Fig. 10) or ram is 
of the steel-clad compound-wound type of 74 brake- 
horse-power at 310 revolutions off a 220-volt circuit, 
The motor is provided with end covers enclosing the 
armature and commutator, and rendering the motor 
dust-proof. To this motor is coupled a shaft, which, 
through the intermediary of cut gearing, gives motion 
to the rack and pusher. 

The motor is reversed and controlled by means of a 
metallic controller, and is fitted with a magnetic brake 
for stopping either by hand at intermediate positions 
of the stroke, or automatically at either end of it. 

The telescopic ram in some forms of this machine is 
in two lengths, the first, or inner, portion consisting of 
two steel flat bars, between which is secured the cast- 
steel rack, and to the front sndof which is fixed a steel 
plate or head curved over at the top to prevent the 
coke crushing up. At 'the hack of this inner bar four 
slide-blocks are fixed to slide inside the second, or 
outer, length, joined together by plates on the top 
flanges. 
Inside thefront end of the second length are fixed 

stops, so that the first length, when at its extreme 

outward stroke, would have a rigid bearing on the 
four slide-blocks inside the second fongth. 

. |The action of the second length is similar to that of 
the first length, having at the back end four rollers of 
a diameter to suit the channel paths forming the lower 
portion of the pusher frame. The latter is titted with 





| 


' 
| 


stops at the front end, so that the second length will 
we eg a rigid bearing when at its extreme outward 
stroke, 





On the underside of the front end of the 





pusher frame is carried a steel pinion, on a shaft on 
the end of which is fitted a steel spur-wheel to gear 
with a similar wheel on a shaft fixed above ; to this 
latter shaft is keyed a sprocket-wheel, driven by a! 
roller chain from the sprocket-wheel fixed on the driv. | 
ing shaft in the hanging frame already described. 

The pinion mentioned at the beginning of the pre- 
ceding paragraph gears in the rack, the first portion , 
of which is rigidly fixed to the first portion of the | 
ram ; whilst the second portion, consisting of cast- 
steel jointed links, passes upwards and around the 
guide (see Fig. 9) at the back end of the frame when 
the pusher-bar is out of the retort. 

The electrical equipment consists of two bare con- | 
ductors of hard-drawn copper wire, } in. in diameter, | 
resting at intervals on porcelain insulators. The | 
charging and discharging machines are each fitted | 
with a short bracket, with contact-pieces attached | 
thereto, and these brackets are arranged so that they 
lift the copper leads off the insulators to allow the, 
machines to . At the end of the retort-house 
these leads are connected by insulated cable carrying | 
the current from the dynamo after passing through a| 
suitable switchboard. 

Econcmy.—The saving effected by power stoking | 
machinery must, of course, vary somewhat in woe} 


| 


| 


In the later individual replacement of hand labour, but the figures | seven days. 


c= by Mr. J. Ferguson Bell for the Derby Gas | 
Yorks are remarkably confirmatory of those given by 
Mr. Bertrand for the Paris installation. 

As already stated at the beginning of this article, 
that economy was 60 per cent., and Mr. Bell finds 40 
per cent. to be due to the charger and 20 per cent. to 
the discharger. The wages per ton of coal carbonised | 
were as follow :— 


d. 

Hland charging and drawing .. 21.43 
De Brouwer electric charger with 

hand drawing ee sa <f Sa 
De Brouwer electric charger and 

discharger : 8.40 


0 charger 8.60, equal to 40.15 


Sie : per cent, 
Saving in wages due todischarger... 4.42, equal to 20.64 


r cent. 
Total saving in wages, 13.02d.; less gas wood fa engine 
and stores, 0.73d. = 12.29d. net saving in working 
expenses, 

Capital charges on cost of the plant—viz., 5 per 
cent. interest, and 10 per cent. for depreciation and 
renewals upon 1500/.—amount to 3.40d. per ton when 
16,000 tons are carbonised per annum, or a net saving 
of 8.89d. per ton = 41.5 per cent. upon the former cost of 
—! or 39.2 per cent. per annum upon the capital 
outlay. 

Installation.—The elasticity of the arrangements of 
these machines is exemplified by Fig. 10, which repre- 
sents the installation at the Lancaster Corporation | 
Gas Works. The retort-house is fitted with a De| 
Brouwer projector of the suspended type and Jenkins 
De Brouwer discharger non-suspended type, with 

wer travelling and hoisting gear. 

Combined Charger and Discharger.—For use in gas | 
works of small magnitude, Messrs. Jenkins and Co. 
have quite recently designed a combination machine. 
This, while fitted with electrically-operated power in 
all its motions, is in first cost much less than that of 
two separate machines. The discharging machine is 
substantially as described for the separate machine. 
The charging portion is suspended from the extended 
top frame of the machine, being guided and held 


Saving in wages due t 


| steady by a turned pillar on one side, fixed top and 


bottom to the discharging-machine frame. The com- 

bined machine will work in any retort-house where | 
the distance between the brickwork of the retorts and | 
the house wall is 14 ft. 6 in., and will deal with 20 ft. | 
through retorts; and per man per shi‘t 6 to 7 tons of | 
coal may be operated. The arrangement is shown in| 


Figs. 11 and 12, page 445. 








: | 
FveEt ON THE Russian Rattways.—The following par- 


ticulars refer to the year 1901 (Russian statistics are 
generally somewhat behindhand, but they are, all the 
same, interesting). They apply to the railways of the 
Russian Empire, exclusive of Finland and local railways 
—some 34,000 miles :— 


Anthracite (Donez) 


Cval, Donez... 1,980,736 ,, 
»» Moscow 110,769 ,, 
56 OE: © oe ee ae 181,623 ,, 
» Siberian, Central Asia, 

Ussuri, Japan, Sakhalin 307,720 ,, 
» Tawubuli_... b> x4 13,892 ,, 
» Poland 579,580 ,, 
»» Silesia... 41,223 ,, 
» England 334,498 ,, 

Briquettes 7,672 ,, 

Coke ... 18,546 ,, 

Peat ... 1,656 ,, 

Naphtha 1,757,161 ,, 

Charcoal % Si ; 16,318 ,, 

Wood, for various heating pur- 
poses oe yx Su0 ... 8,672,669 cub. m. 


During five years the consumption of mjneral fuel has 


| risen from 73.1 per cent. to 77.73 per cent. 


| three months. 





NOTES FROM THE NORTH. 
Giascow, Wednesday, 

Glasgow Pig-Iron Market.—Last Thursday the pig-iron 
market was fairly active, and at the forenoon session 
about 15,000 tons of Cleveland warrants were dealt in at 
good prices. Opening at 503., cash iron eased to 493. 114d , 
and closed with seilers at 50s. Forward iron was don: 
at 50s, 24d. one month, and also at 503. 24d. to 503. 2d. 
twenty-eight days, 50s. 1d. to 503, fourteen days, and 
503. 7d. to 503. 6d. to 503. 7d. three months, closing at 
503. 3d. one month sellers. There were also dealings in 
options to the amount of 6000 tons. Cumberland hema 
tite—1500 tons—changed hands at 63s. 3d. eight days 
The settling prices were :—Scotch, 54s.; Cleveland, 
50s. ; Cumberland hematite, 63s. 14d.; and Standard 
foundry iron, 48s. 6d. In the afternoon the tone was 
steady, and 6500 tons of Cleveland warrants were done at 
503. Id. to 50s. cash, 503. 14d. to 50s. 1d. eight days, 
503. 24d. twenty-eight days, and from 50s. 74d. to 50s. 9d. 
The closing quotations were 49s. 114d. 
cash and 50s. 3d. one month sellers. About 1000 tons of 
Cumberland hematite changed hands at 63s. 3d. eight days. 
On Friday morning Cleveland warrants gained more 
strength, and cash iron was done up to 50s. 2d., and for- 
ward iron up to 503. 54d, one month and 50s. 3d. twelve 
days. The turnover was 12,000 tons, and sellers’ closing 

uotations were 503. 14d. cash and 503. 54d. one month. 

ne lot of Cumberland hematite was dealt in at 63s. 3d. 
At the afternoon session a very strong tone 
prevailed, and Cleveland warrants, after opening at 
50s. 2d. cash, jumped to 50s. 84d., and closed with sellers 
at 50s. 9d. cash. Forward iron was done at 50s. 6d. one 
month, and it likewise jumped up considerably, and was 
done at 5is., which was also sellers’ closing quotation. 
Three months’ iron changed hands up to 51s. 2d. The 
transactions amounted to 12,500 tons, besides which there 
were 1500 tons of Cumberland hematite put through at 
63s. 4d, and 633. 5d. cash, and 63s. 104d. one month. On 
Monday morning there was quite a boom in the market, 
and reports of the great improvement in the general 
industrial position were, to a large extent, responsible for 
the large turnover of business and the increased prices. 
The transactions amounted to about 40,000 tons, and of 
that quantity 34,500 tons were Cleveland (one firm being 
reported buyers of 20,000 tons), 5000 tons were Cumber- 
land hematite, and 500 tons were Standard foundry iron. 
Cleveland warrants opened at 51s. 3d. cash and 5ls. 6d. 
one month, and advanced to 5ls. 8d. cash and 52s. 
one month, with closing sellers at 4d. more for each 
position. Hematite was also strong. and was done 
up to 64s. 4d. cash, and 64s. 9d. one month, closing 
with sellers at 64s. 74d. cash and 65s. one month. In the 
afternoon the market developed further strength, and 
Cleveland warrants—12,500 tons—after opening rather 
easier at 51s. 6d. cash, and 51s. 114d. one month, advanced 
to 51s. 11d. and 52s. 3d. respectively. Other transactions 
were at 5is. 114d. eleven days, and 52s. four days, and 
sellers closing quotations were 52s. cash, and 52s. 4d. one 
month. Some 2500 tons of Cumberland hematite were 
done at 64s. 1ld. twenty-five days and one month. The 
market on Tuesday morning was again strong, and Cleve- 
land warrants opened at 52s. cash, and 52s. 3d, one month, 
and then, after jumping to 52s. 6d. cash and 52s. 104d. one 
month, eased to 52s. 34d. and 52s. 9d. respectively, ulti- 
mately closing with sellers at 52s. 4d. cash, and 52s. 8d. one 
month. The dealings were 30,000 tons of Cleveland and 


| 1000 tons of hematite at 65s. 3d. eight days and 65s. 6d. 


one month. At the afternoon session the tone was rather 
easier, and Cleveland warrants were done at 52s. 1d. cash 
and six days, 52s. 3d., 523. 4$d., 52s. 34d., and 52s. 64d. 
one month, and the market closed with sellers at 52s. 1d. 
cash, and 52s. 6d. one month. Cumberland hematite 
changed hands at 65s. 64d. seventeen days, and 65s. 7d. 
one month, and the total turnover of the session was 
about 20,000 tons. When the market opened to-day 
(Wednesday), the tone was rather easier, and prices 
of Cleveland warrants were from 6d. to 74d. down. 
The business of 16,000 tons was done at 5ls. 10d. 
cash, 51s. 9d. five days, and 52s. 2d., 52s. 1d., 52s. 2d., 
and 5ls. 104d. one month. The closing quotations 
were 51s. 7d. cash and 5ls. 104d. one month sellers. 
Cumberland hematite to the extent of 3000 tons was done 
at 65s. cash, 6d. one month, 65s. 3d. twenty-nine and 
nineteen days, and 65s. five days. In the afternoon the 
tone was better, and 8000 tons of Cleveland warrants 
changed hands at 52s. 1d. and 51s. 11d. cash, and from 
52s. 2d. to 52s. 44d. to 52s. 3d. one month, and also at 
Sls. 9d. nine days, and 52s. twenty-two days. Sellers 
| quoted 51s. 11d. cash and 52s. 34d. one month at the 


| close. Cumberland hematite was again steady, and 2000 


done at 65s. cash and 65s. 5d. one month, with 


' tons were 
The settlement 


closing sellers at 65s. 6d. one month. 


| prices were :—Scotch, 55s. 6d.; Cleveland, 51s. 6d.; Cum- 


162,179 tons berland hematite, 65s.; and Standard foundry iron, 50s. 6d. 


Scotch Pig Iron and Hematite.—On Monday morning, 

owing to heavy bookings and the high price of ore, makers 
| of Scotch pig iron and hematite practically withdrew all 
| quotations, and this without any agreement having been 

come to. Some makers decline even to name prices for 

next year, declaring also that they are not disposed to 
‘enter into fresh engagements at present, as they have 
| sold their output for this year. ematite has been done 
, at 66s, per ton, and even at that figure business has been 
refused. 


| Sulphate of Ammonia.—The market for sulphate of 
ammonia is still very strong, and quotations are firm at 
12/. 17s. 6d. per ton for prompt business, Glasgow and 
Leith. The amount exported last week from the latter 
| port was 379 tons. 


| Seotch Steel Trade.— D 
| industry is still continuing to improve, 


—Th ition of the local sieel 
to tang and the advances 
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made last week in the minimum selling prices do not seem 
to have checked business. Transactions are reported in 
ship-plates at 6/. 12s. 6d. per ton, less 5 per cent., being 
5s. above the minimum selling price, and orders for 
several thousand tons are said to have been declined by 
one firm at 62. 103. per ton. The inquiry for structural 
steel for bridge-work is very good, and the demand 
for light sheets from different parts of the world is 
greater than it has been for years. All round the 
local steel industry is at present in a very healthy 
condition. 


Advance in the Price of Malleable Iron.—OQwing to the 
enhanced price of raw materia], coupled with increased 
trade, the makers of malleable iron have advanced their 
prices of bars by 7s. 6d. per ton. The current quotations 
are now :— Unbranded, 62. 10s. ; crown, 6/. 12s. 6d. ; and 
best, 77. The last advance was in August, when quota- 
tions were raised 23. 6d. per ton. ; 


Tube-Strips Advanced in Price.—At a meeting of the 
Scotch makers of tube-strips, held on Monday, it. was 
resolved to raise their age J 10s. per ton, the advance 
to come into force to-day (Wednesday). bes 


Another Boom in Shipbuilding.—During the latter part 
of September Clyde shipbuilders experienced quite a 
boom in fresh orders, and not for some time back have so 
many new contracts been placed locally. The freight 
market has been exceedingly low recently, but now the 
pm | in freights is distinctly upward, and ‘since the 
price of raw material has increased so much, ship- 
owners have lately been in a hurry to‘place their 
orders for new vessels. -It is estimated that the tonnage 
of new work placed within the above period is close on 
80,000. tons. The following are some of the con- 
tracts :—Messrs. Barclay, Curle, and Co., a steamer of 
5000 tons for the Pacitic Steam Navigation Company ; 
Messrs. Denny Brothers, a turbine a steamer 
for the General Steam Navigation mpany, London, 
and a turbine steamer for the Bristol Channel service 
of Messrs. P. and A. Campbell, Cardiff; Ailsa* Ship- 
building Company, Troon, three steamers for Messrs. 
Spillers and Bakers, Cardiff ; Messrs. Hamilton and Co., 


Port Glasgow, ten steamers, each about 7000 tons, six of | po, 


them being for Messrs. William Burrell and Son, Glasgow, 
and also three cargo steamers, each about 5000 tons, for 
Messrs. F. C. Strick and’Co., Limited, London; Messrs. 
A. and J. Inglis, a paddle steamer, about 450 tons, for 
the River Plate service, and a paddle steamer for the N. B. 
Steam Packet Company; Messrs. A. McMillan and Sons, a 
steamer of about 2000 tons for Messrs. R. Hughes-Jones 
and Co., Liverpool; Messrs. A. Rodger and Co., Port 
Glasgow, one steamer of 7000 tons, for Messrs. William 
Burrell and Son; Messrs. Robert Duncan and Co., Port 
Glasgow, two steamers of 7000 tons, for Messrs. William 
Burrell and Son; the Grangemouth and Greenock Dock- 
yard Company, a steamer of 7000 tons, for Messrs. Wil- 
liam Burrell and Son, making their seventh on hand for 
Messrs. Burrell ; Messrs. D. and W. Henderson, a steamer 
of 7000 tons, for Messrs. Biggart and Fulton, Glasgow ; 
Messrs. Russell and Co., Port Glasgow, two steamers of 
between 6000 and 7000 tons, for Messrs. Marshall and 
Dobbie, Glasgow; Messrs. Fleming and Ferguson, 
Limited, Paisley, a self - propelling bucket - ladder 
dredger, capable of raising 600-tons per hour, from a 
depth of 40 ft., for the Hartlepool Harbour Commis- 
sioners ; Messrs. A. Rodger and Co., a steamer of 6100 
tons carrying capacity, for Messrs. Easton, Greig, and 
Ce., Glasgow.—The vessels launched on the Clyde in 
September numbered 33, representing a tonnage of 
45,556, as against 27 vessels, with a tonnage of 43,203, in 
September of last year. 











PALMER’S SHIPBUILDING AND Iron Company, LiwirTED. 
—Sir C. McLaren, M.P., presided at the annual meeting 
of this er mee 4 at Newcastle-on-Tyne, and said the com- 
pany continued to secure orders from abroad, the largest 
merchant vessel in hand being a steamer of 10,000 tons, 
for the Hamburg-American line, while for old Colonial 
customers it was eomne | a large steamer of a superior 
class. Among other work in hand the company a 
vessel for London owners, and one for the Tyne-Tees 
Steam Shipping Company, formed by Sir Charles Palmer 
many years since. The most important order received 
since the last meeting was a contract for the Lord Nelson, 
one of the largest battleships now building in private 
yards for the Admiralty. She. was a powerful vessel of 
16,500 tons displacement, and would fitted with re- 
ciprocating engines of 16,750 horse-power, and with 
water-tube boilers which were being constructed in the 
company’s shops. Sir Charles added that the company 
had not been greatly troubled with labour disputes during 
the past year, the only important stoppage Livies been 
a short strike at the steel works. Relations with the 
men were becoming more reasonable and friendly than 
they used to be. During the year there had’ been con- 
siderable fluctuations in both iron and steel, but prices 
had now risen to a more satisfactory level. The company 
had not shipped any hematite iron to America during the 
last financial year. During the last month or two, how- 
ever, a considerable quantity of hematite was shipped to 
the States, and there were still heavy deliveries to make 
under contract. During the year, trade being very dull, 
the company had found Germany a convenient dumping- 
ground for steel bars. The curious thing was that while 
the company was selling steel bars to Germany, Germany 
was selling steel bars to South Wales. He must leave 
financial ‘experts to show how such trading was made 
to pay. The aw might have distributed more than 
° per cent. on the ordinary shares, but he thought it 
was sound policy to pay a steady dividend, and to go on 
building up the capital of the concern. , 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Master Cutler.—On Tuesday, Mr. 8S. J. Robinson, 
managi + director of Messrs. William Jessop and Sons, 
Brightside Steel W orks, was installed Master of the Cutlers’ 
Company, with the quaint ceremonial usual on such an 
occasion. All who took part in it expressed the hope that 
he would have a very successful and happy year of office. 
In thé evening the workmen at Messrs. Jessop’s, number- 
ing some 1700, assembled to testify their appreciation of 
Mr. Robinson’s attitude towards them, and their gratifi- 
cation at the honour which had conferred on him. 
They also ted him with a sterling silver tea and coffee 
service with a tray suitably inscribed. They are of the 
same pattern as that presented to Nelson 100 years ago. 
The gift. also included an afternoon tea-set and tray, and 
a case containing a gold and pearl necklace with brooch 
to match for Mrs. Robinson. 


i Samuel Fox wr eo . a Amie. we 
chief. goods manager on the Midlan ilway, has been 
appointed a director of Messrs. Samuel Fox and Co., 
Limited, Stocksbridge, Sheffield. 


Iron and Stecl.—The-iron and steel trades of the dis. 
trict are in a much improved position. Prices of pig 
continue to strengthen. In finished iron there is dis- 
tinctly more doing. Orders have greatly increased durin 
the past week, and at most of the East-end works ful 
time is the rule. The improvement in shipbuilding has 
aa a considerable amount of business to the city in 
foundry work and forgings, and the outlook in this 
branch is ee gS The armour-plate departments 
are not too well off, but there continues to 
demand for guns and projectiles of all classes. 


South Yorkshire Coal Trade.—There is an improved 
demand for coal of all descriptions. In domestic fuel the 
winter season has fairly started, and there has been a 
general advance of 1s. per ton as from the first of the 
month. London has recently been taking very freely 
both by rail and sea, and the local demand is somewhat 
better than usual this year. The steam-coal branch is 
equally well maintained, the position being decidedly 
tter than twelve months ago. Values are stiff, and odd 
lots are sold at well above railway contract rates. 


a heavy 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MippDLEsBROUGH, Wednesday. 

The Cleveland Iron Trade.—Yesterday there was a 
fairly numerous attendance on Change, and the tone was 
most cheerful. Perhaps there was hardly so much business 
doing as there has been of late, buyers at length showing 
some disinclination to follow the continued rise in quota- 
tions. Sellers, however, adhered very firmly to their 
prices, and those who were necessitated to purchase had 
to pay’the market rates. No. 3 g.m.b. Cleveland pig 
rose to 51s. 9d. f.o.b., and a number of transactions were 
recorded ‘at that figure. No. 1 was 533, 3d.; No. 4 
joes pew 50s. 3d.; grey ferge, 48s. 6d.; mottled, 43s.; 
and white, 47s. 6d.; the difference in value between 
foundry pig and the lower qualities thus becoming about 
what it should be. East Coast hematite pig was in 
very good request—so much so, in fact, that the de- 
mand could not be fully met. Under such circum- 
stances quotations naturally advanced. For early de- 
livery of mixed numbers the price became 63s. ; whilst 
No. 1 went up to 63s. 6d. and No, 4 foundry to 60s. 
Spanish ore further increased in value. Dealers here put 
the price up to 18s. 6d. ex-ship Tees, and declared that 
they could not not afford to sell at less, as the mine-owners 
in Spain were asking up to 13s. there, and the freight from 
Bilbao to Middlesbrough was now 5s, 6d. For forward 
delivery of Rubio ore of 50 per cent. 193. ex-ship Tees was 
the quotation. To-day no alterations were made in quo- 
tations for makers’ iron, fluctuations in Middlesbrough 
warrants having no effect on them. The continued addi- 
tion of Cleveland iron to the public warrant stores did 
not influence the market at all, an opinion prevailing that 
before long the stores would have to be drawn upon to 
meet the demand. Middlesbrough warrants fell to 
51s. 6d., but rallied somewhat afterwards and closed 
5is. 104d. cash buyers. 


Manufactured Iron and Steel.—Very good accounts are 
given of all branches of the manufactured iron and steel 
industries. Following upon the advanced quotations for 
other material, bars and packing-iron have been raised 5s. 
per ton. The change was generally looked for. Producers 
are very well off for work, and good inquiries continue to 
be reported. Market quotations stand :—Common iron 
bars, 67. 153.; best bars, 7/. 5s.; best best bars, 7/. 15s.; 
packing-iron, 5/. 103.; iron ship-plates, 6/. 103.; iron ship- 
angles, 6/. 15s.; steel ship-plates, 6. 53.; steel shi enates, 
5l. 17s. 6d.; steel joists, 5/. 15s.; steel sheets (singles), 
7. 7s. 6d. to 7/. 103.; steel sheets (doubles), 77. 17s. 6d. to 
8l.; and heavy sections of steel rails, 5/. 5s.—all less the 
customary 2} per cent. discount, except rails, which are 
net at works. 


Ironworkers’ Wages.—The accountant to the Board of 
Conciliation and Arbitration for the manufactured iron 
and steel trade of the North of England has certified the 
average net selling price of iron rails, plates, bars, and 
angles for the two months ending August 31 last to have 
been 5/. 183. 11d., as against 5/. 17s. 6d., and, in accord- 
ance with sliding-scale arrangements, wages for October 
and November will be the same as prevailed during the 
preceding two months. 


Shipments of Iron and Steel.—Shipments of iron and 
steel from Middlesbrough during September were very 





sati-factory. The total clearances amounted to 131,241 





tons, of which 87,967 tons were pig iron, 16,566 tons 
manufactured iron, and 29,708 tons were steel.. Of the 
pig shipped 56,424 tons went abroad and 31,543 tons 
coastwise. The amount of manufactured iron sent 
abroad was 10,701 tons, and the amount sent coast- 
wise 5865 tons. Of the steel cleared, 21,262 tons 
went foreign, and 8446 tons coastwise. Scotland was 
again the largest customer for pig iron, taking 23,507 tons, 
and India was the biggest receiver of both manufactured 
iron and steel, importing 6434 tons of the former and 
5225 tons of the latter. The United States took 9950 tons 
of (pig ; Italy, 8330 tons ; Sweden, 7692 tons ; Germany, 
6405 tons; Holland, 6400 tons; and Canada, 4050 tons. 
Portuguese ‘East Africa received 5186 tons of steel, and 
Canada, 4201 tons. 


Coal and Coke.—Fuel shows very little change. De- 
liveries of gas-coal on contracts are now pretty heavy. 
Bunker coal is in good request, but the supply is very 
full. Prices run from 83s. to 8s. 6d. f.o.b. Coking coal is 
steady. The local consumption of coke is large, and 
buying is on a geod scale, but the abundant supply keeps 
prices down. Medium blast-furnace coke is still obtain- 
able at 15s. 6d. delivered here. 








NOTES FROM THE SOUTH-WEST. 

Cardif..—The demand for large steam coal has been 
principally for early shipment, and prices have shown 
no quotable change, the best descriptions having made 
12s. 9d. per ton, while secondary qualities have brought 
lls. 6d. to 11s. 9d. per ton. The demand for house coal 
has been quiet; but previous prices have been main- 
tained, the best ordinary qualities making 13s. to 14s. 
rd ton, while secondary descriptions have ranged from 
0s. 6d. to lls. per ton; No. 3 Rhondda large has 
brought 13s. 6d. to 13s. 9d. per ton. Foundry coke 
has ranged from 17s. 6d. to 18s. 6d. per ton, while furnace 
coke has brought 16s. to 163. 3d. per ton. As regards 
iron ore, Rubio and Almeria have brought 15s, 3d. to 
15s. 6d, per ton upon a basis of 50 per cent. of iron, and 
charges, including freight, insurance, &c., to Cardiff or 
Newport. 


Welsh Coal for Russia.—Considerable purchases of coal 
have been made at Cardiff for prompt shipment to 
Russia, where there is a scarcity of fuel in consequence 
of the troubles in the oil-fields of Baku. The orders 
given out are estimated at from 50,000 to 80,000 tons. 


More Steam Coaches.—The Alexandra (Newport and 
South Wales) Docks and Railway Company is putting 
another steam coach on its line from Caerphilly to Ponty- 
pridd. The car, which is 64 ft. 11 in. in length, weighs, 
when in working order, 35 tons. Steam is generated in a 
locomotive type of boiler, fitted with Drummond water- 
tubes, and designed for a working pressure of 160 lb. per 
square inch. The mechanical fittings are so arranged 
that the car can be worked from either end, so that at all 
times the driver has a clear look-out in the directicn in 
which the carriage is travelling. There is seating accom- 
modation for 54 passengers. 


Dowlais.—-The Goat Mill has been turning out steel 
rails at the rate of 400 tons per shift of 12 hours; one 
turn beat the record with 450 tons. The mill has been 
very largely engaged on heavy section rails for the Great 
Western Railway system. A large order has been re- 
ceived for steel sleepers for British South Africa. 
There has been no decline in the output at the Big Mill, 
which has been turning out fish-plates in considerable 
quantities for home delivery and foreign shipment, as 
well as light section colliery rails and sleeper:, The 
blast-furnaces have been working at high pressure. 


Tredegar.—Messrs. L. D. Deighton and Co., proprie- 
tors of the Deighton Iron Works, Tredegar, have secured 
three orders for steel bars, amounting to several thousand 
tons. One of the orders is for delivery in Scotland, and 
was secured against severe competition from Scottish 
firms ; while the other two were English orders. These 
orders will ensure increased activity in the works for the 
next nine months. 





CONTINENTAL TELEPHONE Systems.—We are informed 
by Mr. Herbert Laws Webb, of 35, Old Queen-street, 
8.W., that no very rapid development in the exten- 
sion of telephony is occurring in any of the Continental 
countries he has recently visited, but the adoption of 
message rates in Germany has materially improved 
the rate of telephone development in that country, both 
in small places and in large cities. The Berlin plant 
is being entirely reconstructed on the common battery 
system. In general, all new work on the Continent is 
being done on the common battery system, and, with but 
one exception, all the large Continental telephone ad- 
ministrations have adopted that system, and are not 


, | extending or reconstructing exchanges with magneto 


plant. 





Tue British MANvurAcTURERS’ EXHIBITION IN Eoypr. 
—This Exhibition, which was to have taken place in 
Alexandria and Cairo at the end of the present year, 
has been postponed until November, 1906, to February, 
1907. In informing us of this, the committee state that 
the public in Egypt has never had a pape opportunity 
of seeing what can be produced in the Unit ingdom 
and the Colonies, and therefore is unable to appreciate 
the excellence of their manufactures, with the result that 
cheaper Continental goods continue to be largely sold in 
the country. The Exhibition will therefore be of the 
greatest advantage in furthering the introduction of 
British and Colonial products in Egypt. The London 
agent for the committee is Mr. D. 8. Murray, 11 and 12, 

oster-lane, Cheapside, E.C, 
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ELECTRIC CHARGING AND DRAWING MACHINERY FOR . GAS-RETORTS. 
CONSTRUCTED BY MESSRS. W. J. JENKINS AND CO., LIMITED, ENGINEERS, RETFORD, NOTTS. 
(For Description, see Page 444.) 

















Fic. 9. Evecrric DiscHarcer, with Power TRAVELLING and Horstinc GEAR. 





Etecrric Caarcinc aND Drawinec Macuinery at Lancaster Gas Works. 
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THE FUTURE OF THE CRUISER. 


CoNSIDERABLE significance attaches to the state- 
ment that the Natal, launched last Saturday, may 
be among the last armoured ‘‘ cruisers ” floated from 
private works for the British Navy : there are three 
of the class still eruaoe in the dockyards, It is 
suggested. that in future this type of vessel will- - 
merged with the battleship, because of the 
powers of offence and defence required in all 
ships of war. This general principle, without any 


- | details, and obviously without reference to anythin 


but widely entertained naval opinion, was exp’ 

by a high authority on naval construction—Mr. 
Albert Vickees—who, it will be remembered, aleo 
foretold the great increase in the number of high- 
power guns in battleships, since decided upon in all 
projected ships, to the exclusion of weapons of in- 
termediate calibre. Our new ship, the Dreadnought 
—the keel of which was officially ‘‘ laid” this week 
—will have ten 12-in. guns, the other pieces being 
only those for defence against torpedo-boat attack. 
The United States naval authorities have deferred 
further progress with the design of their new ships 
until the Legislature meets to give permission to 
increase the displacement in order that a similar 
arrangement may be adopted. France has decided 
to enormously we the gun-power of her new 
battleships, and Germany is seriously considering 
the question of increasing the depth of water in 
canals and harbours, so that larger-ships may be 
built to accommodate the modern equipment of 
guns. The same reasons for increase in ordnance 
are applicable to armoured cruisers ; but here there 
are complications in the problems of design which 
do not make it so easy to realise the ideal con- 
ditions. 

The trend for the past two or three years has 
been towards an increase in the power of the 
ordnance of warships, and a very considerable im- 
pulse has been given to opinion in this direction by 


Kk, the recent naval operations in the Far East. There, 


under normal conditions, and at long range, the 
gun failed to penetrate modern cemen’ thick 
armour. We are in possession of important detuils 
regarding the destruction done to the Russian ships 
at Port Arthur, since salved by the Japanese 
Government, and hope soon to have authority to 
publish these ; but it may be said ert that 
the damage was surprisingly small. In only one 
spot was the main armour perforated in any of 
the ships ; in both the Peresviet and the Retvisan 
there were four holes, and in the Poltava one hole, 
under the armour-belt. Few of the shots which 
perforated the upper deck passed through the 
armoured deck; in the Peresviet, which suffered 
most, four shots out of twelve found their way 
These perforations 


other guns mounted by the Japanese forces on 
203 Metre Hill and other positions around Port 
Arthur, firing at a range of about four miles, 
and at a high angle, so that the projectiles 
plunged on to and penetrated the decks of the 
ships, although these weapons were of less power 
than naval guns of the same calibre. Moreover, 


56| Admiral Togo, in his actions against the Port 


Arthur Squadron, found it desirable, in order to 
conserve his relatively small battleship fleet, to 


= fight at long range. It was, no doubt, the conscious- 


ness of the ineffective fire at such range—as demon- 


462| strated in the Gulf of Pechili—that induced him, 


when he came to the crucial battle of the Sea of 


464| Japan, to refuse to waste ammunition until he 


ot within 6000 metres, notwithstanding that the 
Sashes opened fire at 9000 to 10,000 metres. In 
other words, it was clear to him that even the 
12-in. gun is only suited for engagements at about 





3 to 3} miles range. The need, as we have shown, of 








superior abe vey: power of projectiles has been 
as| Coualty ob in the case of battleships; and it is 

y obvious that if cruisers are to be brought 
into the line of battle to fight at such range, guns 
of 6-in. or even 7.5-in. calibre are totally inade- 
quate, and their armour protection may be in- 
sufficient. In the subsidiary, or purely cruiser, 
action in the Sea of Japan the ineffective attack 
of the.6-in. gun was further established ; so that, 
according to present e emg it seems that the 
9.2-in. gun is the absolute minimum for primary 
armament for large ships. Indeed, there are 
authorities who consider that the 10 in. or 12-in. 
breech-loader is the best weapon, notwithstanding 
that its rate of fire is unavoidably less than that 
of the 9.2-in. piece. But power in each separate 
shot is the one thing needful. 

The question next to be determined is as to 
whether armoured cruisers should be included in 
the line of battle, or, rather, whether they have a 
distinctive function. Admiral — utilised them in 
that position, but this was probably of ‘necessity 
rather than by choice, owing to his deficiency in 
battleships. There is, however, the significant fact 
t} that the practice of our own admirals during the 
manoeuvres of recent years has been to similarly 
use them. It is felt that without guns of 9.2-in. or 
higher calibre no warship—as distinct from torpedo 
craft—is of general utifity. And this practically 
leaves no alternative to the naval constructor but 
to provide so-called cruisers with guns of a calibre 
almost equal to those of battleships. Ifthe cruiser is 
not to become abnormally , the question is as to 
the number of weapons permissible. Is the cruiser 
of the future to have high speed at the expense of 
protection and the number of large-calibre guns ? If 
she is to fight in the line, is heavy armour not almost 
as essential as powerful guns? But before con- 
sidering these questions it is necessary to inquire 
as to whether there are not functions, as, for in- 
stance, in the protection of commerce, which 
demand a higher speed than is essential in a battle- 


shi 

This inquiry as to the future of the cruiser 
raises the whole question of the strategy of the 
British Fleet. We are primarily concerned with 
our own Navy—an ex antion here called for, 
since strategy and tactics must be based on the 
relative strength of combatants. A weak Power 
could not afford to—certainly need not—accept the 
main strategy of such a strong fleet as that pos- 
sessed by Britain. It has always been regarded 
as a first principle that the enemy’s coast must 
be the objective point of our fighting squadron, 
and that the maintenance of our sea power must 
be the ultimate aim. So long as our Fleet is 
strong enough to take the offensive against the 
enemy’s ships, the command of the sea cannot be 
said to be in peril. The aim of our Fleet, therefore, 
would be to engage the enemy in squadrons or to 
contain his ships in their own ports. In such case 
the cruiser would take her place in the line in fleet 
actions. It has been popularly regarded as essen- 
tial that we should have cruisers for protecting 
our commerce against fast hostile cruisers, but 
the official view of the present Board of Admi- 
ralty is that ‘‘ the attack or defence of commerce 
is best effected by concentration of force, and that 
a dispersion of strength for either of these objects 
is the strategy of the weak, and cannot materially 
influence the ultimate result of the war.” This 
view is also taken by Captain Mahan, who, in his 
‘Influence of Sea Power upon History,” says that 
the harassment and interference with commerce 
and the attempt to stop commerce is, when re- 
garded as a primary and fundamental measure, ‘a 
most dangerous delusion when presented in the 
fascinating garb of cheapness to the representatives 
of the people ; especially is it misleading when the 
nation against whom it has to be directed pos- 
sesses, as Great Britain did and-dves, the two 
requisites of a strong sea power—a widespread, 
healthy commerce, and a powerful Navy.” 

The main strategy laid down by the Admiralty 
thus involves a concentration of forces ; and while 
our naval authorities do not say that there will not 

ment of our commerce, they refuse to re- 
cognise this as a dangerous factor, and do not anti- 
cipate that it will necessitate a departure from the 
main function of our Fleet. The percentage of loss in 
captures by the enemy will be small, partly because 
our trade routes need not be defined. Even should 
the enemy’s férce be dispersed to harass commerce, 
it will be possible by fleet tactics to counteract the 
moral influence of such captures, if not to involve 
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the recall of the commerce-destroyers. In the last 
resort it will be possible to detach a superior 
number of vessels to run the commerce-destroyers 
of the enemy down. The long-entertained idea, 
therefore, that commerce- ang cruisers are 
necessary has been departed from, if it ever found 
full acceptance, and in any case it need not materi- 
ally influence the design of vessels which are almost 
primarily regarded as for fleet engagements. Cer- 
tainly the opinion is growing that, as Mr. Vickers 
put it, the type will be merged into the battleship 
class. This view is entertained not only by many 
strategists and officials in this country, but also by 
naval experts in France, America, and even in 
Germany. But while it is conceded that the arma- 
ment of the cruiser should be brought more into 
line with that of the battleship, there is not the 
same general agreement regarding the speed and 
the armour protection of the high-speed battleship 
which may be ‘“‘ detached,” as a last. alternative, 
as the Admiralty put it, to run down the commerce- 
destroyer of the enemy. 

In arriving at the compromise between gun, 
armour, and speed, the limiting feature is size, 
which includes cost. Speed is the most costly 
element of design, for the temptation of the naval 
designer is to increase the length of hull, as this 
is of itself conducive to propulsive efficiency. This 
addition involves a larger target to be protected, 
and therefore a greater addition to the price of the 
ship than the augmentation of any other dimen- 
sion. These problems of compromise are also 
exercising the minds of naval critics in France, 
owing to the determination to alter the type of 
ships to be built, in consequence of the experience 
in the Far East. But in their case there are factors 
not obtaining here. It is no disparagement to 
our friends across the Straits to say that circum- 
stances prevent them spending so much upon their 
Navy as is possible with our Government, and 
consequently it is necessary to minimise, as far as 
is prudent, the expenditure on any one ship. We, 
on the other hand, are fortunate in being able to 
place finance in an entirely subsidiary, although 
nevertheless still an important, position. While, 
therefore, our Admiralty—-and especially the pre- 
sent Board—are certain to give the greatest value 
for a given expenditure, they do not experience 
the same monetary limitations as other naval 
authorities. 

Again, the tendency of the weaker Power is to 
depend upon speed, so that in the event of a 
superior force being encountered, there is the choice 
of combat and of escape. But no war can be 
determined without a decisive engagement, and 
our maintenance of the command of the sea neces- 
sitates that our enemy’s squadron shall not escape 
to exercise the discomfiting functions of a ‘‘ fleet 
in being.” It is therefore easy to understand why 
many French critics have a leaning towards in- 
creasing the speed at the expense of the number 
of high calibre guns fitted to the battleship, or the 
cruiser-battleship ; while we must still excel in speed 
as well as in the powers of offence and defence. 

Speed was a most important factor in Admiral 
Togo’s success. It is true that his best speed during 
the battle of the Sea of Japan was 15 knots, but this 
was quite sufficient to out-manceuvre the Russian 
fleet with their maximum of 12 knots. Asa con- 
sequence, Admiral Togo succeeded, time and again, 
in heading off the Russian columns, and each time 
he crossed the head of the lines he so concentrated 
the fire of all his ships on the leading vessel of each 
Russian line as to fatally damage, first, the Osliabia 
and the Souvaroff, and later the Alexander III., 
which had become leader of the column. Several 
contributions have recently appeared in the Moni- 
teur de la Flotte, one of the foremost of the 
French naval papers, from writers of practical 
experience and professional ability. They consider 
the question from the standpoint of the French 
fleet, and many of them take the view that the 
future cruiser-battleship must sacrifice a few of 
her large guns in order to increase the speed ; but, 
for reasons of size and cost, they cannot attain 
to the rate of steaming of present-day cruisers with 
inferior armament. 

M. C. Pierreval makes a strong point, especially 
from the point of view of the French Fleet, when 
he indicates that high speeds involve greater risks 
of breakdown, although these may be much 
minimised by good design and workmanship and 


by a sufficiently large and experienced staff of engi- 
neers. He assumes the meeting of two squadrons 
—one of 18 knots and the other of 21 knots, differ- 





ing only by the predominance of speed obtained at 
the expense of gun-power. In the probable event 
of the fastest squadron having to run away, he 

ints to the grave risk of a machinery accident. 

his would involve the sacrifice of the disabled 
ship ; otherwise, the squadron standing by its 
‘lame duck,” would be compelled to fight, not- 
withstanding inferior guns. He therefore contends 
that as the gain in speed is more or Jess uncertain, 
the preference should be given to the gun. It is 
computed by one French writer that in a large 
cruiser an increase in speed of 3 miles per hour 
would involve an addition of 10,000 horse-power. 
This, at the minimum computation, would mean 
700 tons more weight, which seems rather low ; it 
is equal to 10 per cent. of the defensive power, or 
to a turret ath tee 12-in. guns~-i.e., 16 per cent. 
of the offensive power. The problem is to deter- 
mine which of these sacrifices in the fighting 
qualities is to be made. 

In the case of the British Fleet we are, fortu- 
nately, not so limited in respect of the size of ships 
as in most. other countries, either by the draught 
available in harbours, by the capacity of our docks, 
or by the length of our purse. In our new battle- 
ship, the Dreadnought, we have been able, through 
the skill of our designers at the Admiralty, to meet 
all of these requirements. As has been already 
indicated from semi-oflicial sources, the gun power 
has not only been enormously increased to ten 
guns of 12-in. calibre, but in order to add the 
required increment to the speed, machinery has 
been adopted which will probably involve an 
increase of about 500 tons in weight — and, at 
the same time, the armour protection has been 
improved. In our new high-speed battleships— 
the name which must be applied to the armoured 
cruisers of the future—a corresponding general 
advance will doubtless be realised. 

The question is the degree of advance in each 
quality. Can the Dreadnought’s armament be 
adopted in combination with a higher speed? Two 
miles per hour more would certainly add to the 
weight of machinery an equivalent to that involved 
in at least two 12-in. guns with barbette and 
mountings. The difference might be met by in- 
stalling 10-in. guns of 30,000 foot-tons muzzle 
energy, instead of the 47,000 foot-tons of the 12-in. 


weapon, or by a combination of 12-in. and 9.2-in. 


guns. There should be an increase in the speed of 
our next cruiser battleships. A reduction will in 
all probability be required to be made in the num- 
ber or calibre of high-power guns to be carried, as 
compared with the Dreadnought ; but it is certain 
that these fast battleships, while equalling the 
speed of armoured cruisers, will be of superior 
“aad wid to the existing line-of-battleships. As 
to whether the changes will be made in connection 
with the armoured ships to be laid down under 
this year’s programme remains to be seen. 








RAILWAYS AND THE FUTURE OF 
CHINA. 

THE question of Chinese trade and its future is 
always prominent. A nation with about 400 million 
inhabitants and vast mineral and agricultural re- 
sources in only the most primitive stage of develop- 
ment counts for a lot to the manufacturing nations 
of the West in relation not only to present, but to 
future, requirements. Since the conclusion of the 
Russo-Japanese war the question has assumed 
greater importance, because a fresh stage has been 
embarked upon. It is impossible to over-estimate 
the effect of the permanent security for the integrity 
of the Chinese Rapive which has been provided by 
the victory of Japan, and the renewal, in a more 
intimate and effective form, of the alliance between 
Japan and Great Britain. That the blighting influ- 
ence of Russian domination at Peking should be 
removed for ever, means more than the world has 
yet been able to grasp. That its place should, to 
some extent at least, be taken by that of Japan, 
must be held to be of good augury for the increase 
of wealth and the moral as well as the material 
well-being of China. 

The statesmen of Japan have left no room for 
doubt in regard to the policy which they propose 
to adopt towards China. Count Okuma, formerly 
Prime Minister of Japan, said, while the issue of 
the war was stil! doubtful :—‘‘ We have striven hard, 
and will go on striving, to make China and Korea 
have their share of Western civilisation. In our 
efforts in that direction we hope and trust we shall 





have the sympathy and support of every civilised 








power, especially of Great. Britain and the United 
States, the countries which have helped us to attain 
our present prestige.” The present Prime Minister, 
Count Katsura, with the end of the war in sight, 
repeated the same idea in more emphatic language 
when he said :—‘‘China and Korea have been 
asleep for a very long time, and it will be much 
more difficult to arouse them to a full appreciation 
of their own possibilities than it was to arouse 
us. But just as we have had to yield to the 
stress of advancement, to the necessities of the 
times, so must they.” With such influences at 
work for progress, backed as they certainly will 
be by diplomatic pressure from England and 
the United States, the oft-repeated assertion will 
assume a new meaning, that, valuable as_ is 
the commerce of China to-day, its possibilities 
almost transcend comprehension. Under circum- 
stances the reverse of favourable for commercial 
development, the foreign trade of China nearly 
doubled between 1887 and 1897, the figures being 
188,000,000 taels for the former and 366,000,000 
taels for the latter year. Between 1897 and 
1905 the increase was from 366,000,000 taels to 
583,000,000 taels—cqual to 70 per cent. ; and there 
is no room to doubt that with proper facilities for 
the opening up of the country the advance in the 
coming years will be at least as rapid, while’ there 
are abundant reasons for concluding that it will be 
accelerated. 

Writing in regard to the outlook for the foreign 
trade of China six years ago, the statistical secre- 
tary of the Imperial Maritime Customs pointed 
out that while, in view of its enormous possi- 
bilities, the then recorded dimensions of the 
trade were inconsiderable, its future must be 
directly affected by the coming era of railway 
construction. Mr. Taylor pointed out that the 
Chinese, from the highest to the lowest, are 
traders by instinct, and are prompt to take advan- 
tage of every opportunity of profit. To gauge the 
results of the immediate future, a comparison might 
fairly be made with India, since the areas of the two 
countries are almost identical, and their products 
not dissimilar. But China has a larger and more 
industrious and more intelligent population, and, 
on the whole, the country is probably more fertile 
and certainly possesses more mineral resources. In 
India trade is assisted by good roads, railways, and 
lightness or absence of taxation. In China trade is 
hampered by directly opposite conditions. One 
tangible result of this state of things is that the 
exports from India are worth three times the ship- 
ments from China. With a nearer approach to equal 
opportunities, which will come about with the 
building of railways and the opening of mines, there 
is every reason to expect that both in exports and 
imports China will easily take the lead over India. 
Progress is being made with the provision of rail- 
ways, but, naturally, it must be slow. The railways 
now existing, however, are highly successful, and 
the character and energy of the people make it 
certain that, with the overcoming of their super- 
stitions, the advent of the steam-engine will be 
followed by a great industrial development. 

The Government is awake to the necessities of 
the situation. The other day it took over the Canton 
Hankow Railway concession and agreed to pay the 
owners 1,350,000/. in satisfaction of their rights. 
The completion of this railway, which is to form 
one-half of what will be the grand trunk line of the 
empire, tapping the Yangtse Valley, will un- 
doubtedly exercise a wide influence upon the com- 
mercial and industrial development of China. Liang 
Chen, the Chinese Minister at Washington, has 
since stated that the construction of a trunk rail- 
way is being planned under Chinese auspices ; 
it will traverse the three central provinces of 
China, running from Canton to Peking, and the 
Canton Hankow Railway will form the southern 
part of the proposed system. The upper half of 
the line is being completed by a French company 
from Hankow northwards, and on this enterprise 
fair progress has been made. 

British commercial interests in China will be best 
served by a railway throughout the length of the 
Yangtse Valley, connecting with Burmah on the 
west, and with the sea on the east. It may be 
remembered that six years ago an agreement was 
concluded between this country and Russia whereby 
we engaged not to seek for our own account, or on 
behalf of British subjects or of others, any railway 
concession to the north of the Great Wall of China, 
while Russia engaged, in like manner, not to seek 
any railway concession in the basin of the Yangtse. 
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In the course of the negotiations, extending over 
more than a year, which preceded this agreement, 
the declaration was made by the Russian Foreign 
Minister that, as ed railway enterprises to 
the south of Peking, neither the Russian Govern- 
ment nor Russian enterprise had any interest what- 
ever. Nevertheless, it has been a cardinal principle 
of Russian policy that the construction of a southern 
Asiatie: railroad was by all possible means to 
be prevented, and as such a system would have 
been fostered by railway developments in Central 
and Southern China, these were opposed. It was 
mainly through her lien on Persia that Russia pro- 
posed to render impossible direct and continuous 
railway connection between the Mediterranean and 
the Yellow Sea. Now that Russia cannot play, in 
Asiatic development, the part of the dog in the 
manger, the Persian veto on the southern all-rail 
route across the Continent may be held as subject 
to revision. 

International jealousies apart, the first link 
between Europe and such a railroad would be the 
German line across Asia Minor, beginning on the 
Asiatic side of the Bosphorus, and ending at the 
harbour of El Koweit, on the Persian Gulf—a total 
distance of 1750 miles. But the fact has been 
recognised that the Power in possession of this so- 
called Bagdad Railway would commiand the intercom- 
munication of three continents ; and as the ambi- 
tions of Germany cover so large a surface, it is in 
the last degree undesirable that the key of the 
Asiatic railway system should come into German 
hands. A southern Asiatic railway system which 
should start within a sphere where British influ- 
ence is secure is found in Arabia ; and it is pro- 
posed to connect the Mediterranean with the 
Persian Gulf by a line beginning at Alexandria, 
crossing the Isthmus of Suez to the Gulf of Akbah, 
and continuing thence to Bussorah and Koweit. 
This line is 500 miles shorter than the German road, 
which starts from the Asiatic side of the Bosphorus, 
but it would entirely lack the advantage possessed 
by the German system of being a direct railway 
communication with Europe. Between El Koweit 
and the frontier of Baluchistan, where British in- 
fluence is again supreme, comes 700 miles of Persian 
territory which, it is assumed, cannot be much 
longer closed to railway enterprise. There remains 
but 520 miles to connect the new system with the 
Indian railway at Kurrachee. From this latter 
point to the frontier of Burmah, the interval of 
2500 miles is already traversed by railways, and a 
line supplementary to that system is now in process 
of construction through British Burmah. The 
terminus of this latter is on the Chinese frontier at 
Kunlong Ferry, between which and: Shanghai 
there remains a distance of 1600 miles. The cover- 
ing of this by the iron road is already in progress. 
Combining the various sections of the system thus 
outlined, we get a total of 6870 miles, of which 
fully one-third has already been constructed, and 
of which some important links are in course of being 
supplied. 








THE OUTPUT OF IRON AND STEEL 


Tue Comité des Forges de France have recently 
issued a report showing both in graphic and 
tabular form the progress and present state of the 
iron and steel industries in the principal manufac- 
turing countries. Owing to the fact that different 
methods are adopted in compiling official statistics 
in different countries, it has not been possible to 
make the figures in all cases strictly comparative, 
though the same unit of weight—the metric ton— 
has been adopted throughout. The common use 
of a ton of 20001lb. sometimes unduly inflates 
American statistics, but, as stated in the report 
under consideration, this source of misunderstand- 
ing is avoided and all countries compared on the 
same basis. 

The first year for which figures are given is 
1870, whilst the last is 1903. The most marked 
characteristic of the third of a century dealt with 
has been, of course, the rise of the industry in 
Germany and America. In 1870 Great Britain 
produced 6,000,000 tons of pig iron, Germany 
about 1.4 millions, and the United States 1.6 mil- 
lion tons. In 1890 the United States produced 
more cast iron than we did; and though we re- 
covered the lead in 1893, this pre-eminence was 
of short duration, America again passing us in 
1896, and her output in 1903 was 18.3 million 
tons, as inst 9.1 million tons for this country. 
The growth of the German output has been less 





rapid, but very constant, with the result that she 

us for the first time in ‘1903, when her 
output was 10 million tons. In France and Belgium 
there has also been a steady growth, but this has 
been much less exuberant than in’ either of the 
two countries just mentioned. In 1870 France 
produced 1.2 million tons of cast iron, and in 1903 
2.8 million tons. In the case of Belgium the advance 
has been still slower, an output of 0.6: million tons 
in 1870 being increased to but 1.2 million tons in 
1903. 

A noteworthy feature of the manufacture of 
cast iron has been the increasing use of large fur- 
naces. In 1870, 266 blast-furnaces in France pro- 
duced 1.2 million tons of pig iron, whilst in 1903 
over 2.8 million tons were produced by but 114 fur- 
naces. The other countries which furnish statistics 
show the same phenomenon in an equally marked 
degree. The average output of the French fur- 
naces in the last year dealt with was 25,000 tons 
per furnace per year. In Germany and Luxemburg 
234 furnaces produced over 10,000,000 tons, giving 
an output of 42,500 tons per furnace, whilst the 
9,000,000 tons produced in Great Britain required 
the use of 349 furnaces, the output per furnace 
being therefore nearly 26,000 tons per annum. 
Even Germany’s figures are, however, insignificant 
besides those furnished by the United States, where 
the output of over 18,000,000 tons was produced by 
furnaces of which the average uanliet in blast 
throughout’ the year was 245, making the yield 
about 100,000 tons per furnace per annum. 

Though the United States and Germany have both 
passed us in the output of cast iron, our exports 
of this material still greatly exceed that of either 
country. The high-water mark of our exports of pig 
was reached in 1882, when it was nearly 1.8 million 
tons. In 1903 the export was 1.08 million tons. 
The maximum export from the United States was 
in 1900, when it reached 260,000 tons; but it has 
since fallen to very little. German exports, on 
the other hand, are still increasing ; but in 1903, 
which was the high-water mark, so far, the export 
was about 570,000 tons, or little more than half 
that from this country. Supremacy in the matter 
of exporting cast iron is, however, perhaps, hardly 
a matter for congratulation, as this simply means 
that the iron is being worked up into the finished 
form elsewhere. 

The rate at which iron is being consumed per 
head is steadily increasing in all civilised countries. 
In America it has risen from 105 1b. per head in 
1870 to 386 lb. per head in 1903, and the German 
rate of consumption was in that year about the 
same. In Great Britain the production of pig iron 
amounted to over 480 lb. per head in 1903; and 
allowing for the excess of exports over imports, 
the amount used per head was not less than 
420 lb., so that on this point the lead still rests 
with us. 

With respect to our output of steel, this has risen 
from 582,000 tons in 1873 to over five million 
tons in 1903, of which rather over three million 
tons were produced by the open-hearth process, 
the remainder being Bessemer. Our output of 
steel was first exceeded by the United States in 
1886 ; but we were in advance again in 1888 and 
1889. Since then, however, the American out- 
put has gone ahead with giant strides, attaining 
its maximum of 15.2 million tons in 1902. Ger- 
many first passed us in 1893, and her output of 
steel in 1903 was 8.3 million tons, as compared 
with 5.1 million tons in this country. No distine- 
tion is made in the German statistics as published 
between basic and acid steel ; but it is known that 
the basic process is extremely widely used there. 
In this country, the output of basic steel in 1903 
was 1.1 million tons, as compared with 4 million 
tons made by the acid process, and of this limited 
output over 600,000 tons was basic Bessemer, 
which is mainly used for rails. : 








THE LATE SIR WILLIAM SHELFORD, 
K.C.M.G, 

Our readers will hear with much regret of the 
death of Sir William Shelford, K.C.M.G.,; which 
took place this week at Kensington, in the seventy- 
second year of his age. The deceased gentleman 
was the son of the Rev. William Herd Shelford, 
rector of Preston St. Mary, Suffolk, and, like 
many other civil engineers who have risen to 
eminence, commenced his career in the workshops 
of a firm of manufacturing engineers—Messrs. 





Young, of Ayr. | Here, however, he spent but one 


ear, at the end of that time becoming a pupil of 

r. William Gate, civil engineer, of Glasgow, then 
engaged in constructing water works at Glasgow, 
Hamilton, and Dumbarton. During this period 
he attended Rankine’s lectures at the University. 
At the end of two years he was released from 
his arricles, and entered the service of the late Sir 
John Fowler, being engaged with him for three 
years on the Nene Valley Drainage and Naviga- 
tion Works, of which he was in responsible charge 
for two out of the three years mentioned. The 
work done included the erection of a large swing- 
bridge at Wisbech, and a smaller one at Peter- 
borough. The early age at which Mr. Shelford was 
called upon to undertake such serious responsi- 
bilities was undoubtedly of immense advantage to 
him in after life. Stillanother year was spent in the 
service of Sir John Fowler in connection with the 
works of the Metropolitan Railway. After this, Mr. 
Shelford, in 1860, commenced a service of five 
years with Mr. F. T. Turner, M. Inst. C.E., then 
engaged as joint engineer with Mr. Joseph Cubitt 
in making the plans for and constructing the High- 
Level Crystal Palace Railway, the Greenwich line, 
and other short railways for the London, Chatham, 
and Dover Company, and for three-and-a-half years 
of the five Mr. Shelford had personal charge of the 
work of construction, and was responsible for most 
of the detail designs. In May, 1866, Mr. Shelford 
was appointed receiver for the line by the Court 
of Chancery, having previously, in conjunction 
with Mr. Robinson, commenced practice on his 
own account, which rapidly obtained a considerable 
importance. 

n conjunction with Mr. Robinson he con- 
structed the Burry Port and Gwendreath Valley 
Railway, the Louth Water Works, and numerous 
other works of lesser importance at home and 
abroad. On the termination of the partnership 
he constructed the water works at Chichester and 
Truro, the South and East Coast Railway, and laid 
out the Boston District Tramways. His principal 
work in this country, however, was the con- 
struction of the Hull and Barnsley Railway, 
the Act for which was only obtained after a 
six weeks’ contest in Parliament. In conjunc- 
tion with the late Sir Frederick Bramwell he also 
acted as consulting engineer for the Winnipeg and 
Hudson Bay Railway Company, and was after- 
wards responsible for the construction of new rail- 
ways in many different quarters of the globe. 
Most important work was done by him as engineer 
to the Crown Agents for the Colonies, in which 
his large and varied experience proved of the 
greatest value. Acting for them, he contructed a 
number of railways in West Africa, where the 

hysical difficulties were enhanced by the un- 
Lostthinete of the climate. One of these lines has 
been extended to Kumasi. 

Sir William Shelford contributed several papers 
to the Proceedings of the Institution of Civil 
Engineers, of which he was elected a full member 
in 1866, and a member of the council in 1887. 
His first paper was read during the session of 
1868-69, and dealt with the outfall of the River 
Humber, giving a highly interesting description, 
with maps, showing the history for some centuries 
of the encroachments of the sea in this locality. 
This paper, which summarised the results of what 
must have been a highly laborious and tedious 
research, gave rise to an animated discussion, which 
extended over two evenings, and at the close of the 
session the author was awarded for it a Telford 
medal and premium. His next paper, which was 
similarly recognised, was read in the session 1875-76, 
and dealt with the treatment of sewage by precipi- 
tation. At this date it is still very interesting read- 
ing. Shortly before the compilation of the paper the 
Native Guano Company, with their A B C process, 
said to be founded on scriptural precedent, claimed 
to have solved the problem of the profitable disposal 
of sewage. Works were erected at Leamington, 
where from the sewage was manufactured a manure, 
at a total cost, inclusive of interest charges, it was 
claimed, of 30s. per ton, this manure being disposed of 
at 31. 10s. per ton, leaving a clear profit of 2l. per ton. 
Hopes ran high ; towns succeeded in getting bids of 
500), to 1000/. per annum for the right to treat their 
sewage, and the parent company obtained from the 
Metropolitan Board of Works a concession of the 
right to erect works at Crossness, and treat 500,000 
gallons of sewage per day. The bona fides of 
the company was clearly shown in their arrang- 
ing with Sir Joseph Bazalgette and the chemist 
to the Board to superintend and report on the 
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results obtained. So confident were they of suc- 
cess that the 51. shares of the company coul 
only be obtained at 401. each. When the re- 
port appeared, however, it was found that though 
a g effluent was produced, the cost of the re- 
sulting manure was 61. 6s. 4d. per ton, exclusive 
of rent, depreciation, and interest charges, whilst 
its commercial value was but 20s. per ton. In his 
paper, Mr. Shelford made a thorough analysis of 
this report, and pointed out that the failure re- 
corded arose mainly from the excessive and unex- 

ted cost of the chemicals, amounting to no less 
than 41. 7s. 6d. per ton of manure produced. He 
suggested that the only way to get over this diffi- 
po would be to effect the precipitation of the 
sewage with reagents having a manurial value of 
their own, so that the cost of them should be re- 
covered when the manure was sold. 

A third paper of his, published in 1878-9, de- 
scribed an ingenious graphic method of ascertaining 
the flow of mill-streams from a minimum of obser- 
vations, while in the session 1884-5 he read a fourth 
paper on ‘‘ Rivers Flowing into Tideless Seas,” for 
which he received another Telford premium. He 
also contributed some valuable papers to the Pro- 
ceedings of the British Association. 

In 1889 he took into partnership his son, Mr. 
Frederic Shelford, in conjunction with whom all 
his latter work in West Africa and elsewhere was 
executed. ; 

Sir William’s health began to fail early in 1903, 
and in 1904 he retired entirely from business, re- 
ceiving in that year also his well-earned K.C.M.G. 
His son is now in partnership with Sir Benjamin 
Baker. 





THE OLYMPIA ELECTRICAL 
EXHIBITION. 
(Concluded from page 419.) 

Messrs. Seric, SONNENTHAL, AND Co. show a 
large collection of machine and hand tools. Among 
the lathes is a universal brass-finishers’ lathe of 
their own make, having several improvements over 
the ordinary type. The bed, which is of the 
English V pattern, is mounted on cabinet legs, 
and is provided with a cast-iron tray to catch ‘the 
chips. The spindle is hollow, and at the outer 
end of the headstock is a circular plate, carrying 
four copying - screws of different pitches. By 
simply revolving the plate any one of the copy- 
ing-screws can be ee into its operating posi- 
tion and into gear with the mandrel wheel, the 
other three screws being out of , and therefore 
at rest when the lathe is running. On the back 
shaft near the screws is a turret which carries four 
nut segments, any one of which can be instantly 
brought into gear with its corresponding copying- 
screw when the latter is in the working position. 
An arrangement in the headstock allows right or 
left-hand threads to be cut with the same copying- 
screw. In addition to an ordinary poppet-head 
and a strong turret-slide, the bed carries a chasing- 
slide fixed with a turret to hold four chasers of 
different pitch. The chasing-slide is provided 
with vertical and horizontal adjustment, and 
can be swung back completely out of the way 
when not required. Among the lighter exhibits 
of Messrs. Selig, Sonnenthal, and Co., is an attach- 
ment for a lathe or drilling-machine to drill square 
holes. The fitting ee a self-centering chuck, 
all the mechanism being out of sight in the in- 
terior. A three-fluted drill projects from the face, 
its triangular shank being guided by, but not held 
tightly in, self-centering jaws, and it drills a 
square hole with either absolutely sharp or rounded 
corners, as desired, from the solid. The specimens 
of its work, in both wood and steel, on view are 
of great interest. A further fitting shown is a mag- 
netic holder, to enable small thin steel objects to be 
truly ground on a surface-grinler. It can be accu- 
rately set to suit the thickness or angle required 
and will hold articles down to 0.002 in. thick with 
no difficulty. It appears a most useful device, and 
we propose to illustrate it later. 

essrs. A. Reyrolle and Co., Limited, of Heb- 
burn-on-Tyne, show a considerable amount of 
switchboard apparatus, and it may be mentioned 
that the switchboard controlling the continuous 
current generated on Messrs. Davey, Paxman, and 
Co.’s stand for the uses of the Exhibition is of their 
manufacture. The greatest novelty, however, 
appears to be the type of resistance used in con- 
nection with the firm’s motor-starters. This re- 
sistance consists of thin liners of a graphitic cement 








interspaced between numerous strips of sheet-iron 


d| which project to form radiating gills, and at the 


same time afford means of tapping the entire re- 
sistance at intermediate points. The whole is 
clamped together by tie-bolts passing through cast- 
iron end-plates, and makes a most compact and 
strong arrangement, which may be worked red- 
hot without fear of mene. Carbon, as is well 
known, has a diminishing electrical resistance with 
rise of temperature, and this property is taken 
advantage of. When the starter is put on the 
first stop, if the motor does not start at once, 
the resistance gradually warms and allows more and 
more current to pass until it does, so that users 
have only to obey the simple rule to ‘‘keep the 
handle on the first stop until the motor starts,” A 
drum type of starter, somewhat similar to a small 
tramway controller, is shown on the stand. It is en- 
tirely enclosed, and suited for the most severe duty 
in exposed situations. This starter was designed 
primarily to meet the requirements of the New- 
castle-on-Tyne Electric Supply Company, and we 
understand that it has proved entirely successful 
during the two years or so it has been in service. 
It contains overload and no-voltage cut-outs, and 
seems impossible of abuse by any ordinary foolish- 
ness. 

The machinery on the stand of the Lahmeyer 
Electrical Company, Limited, at once attracts atten- 
tion by its size and general handsome appearance. 
The exhibits include a 350-kilowatt synchronous 
motor generator set to take three-phase current 
at 10,000 volts and 50 periods, and supply direct 
current at 220 to 240 volts. During the TEchibition 
this plant is being run from the direct-current 
side at half-speed to generate 2000-volt current at 
25 periods for driving a three-phase haulage gear 
motor. A 30-kilowatt booster in series with the 
direct-current motor reduces the terminal pressure 
to obtain the desired speed reduction. This booster 
consists of a 220-volt direct-current motor directly 
coupled to a 30-kilowatt variable voltage generator. 
The generator fields are wound for 220 volts, and a 
regulator in series with the fields gives a boost 
varying from zero to 70 volts. An interesting 
feature of the booster is the provision of compensat- 
ing-poles between the main poles. The compen- 
sating-poles extend the full length of the armature 
core, but are very narrow. They are excited by 
series windings, the current from each brush pass- 
ing round the coils of the corresponding ort ae 
sng pole, and strengthening it proportionately to 
the load, so that the commutation conditions are con- 
stant, and the machine will run with fixed brushes, 
even when the boost voltage is very low. The haulage 
gear driven by the above-described plant was built 
by the Uskside Engineering and Rivet Company, 
of Newport, Monmouthshire. The cast-iron drums 
have wrought-steel cheeks instead of the more 
usual cast-iron ones, and all clutches and gears 
are of the best Sheffield steel. All the operating 
levers are brought together within easy reach of 
the driver. The controller works under oil, but 
all the contacts, &c., are fixed to the lid of the 
oil-tank, so that they are lifted out of the oil and 
can be easily inspected when the lid is raised. 
The reversing resistance-boxes also are flooded 
with oil ; and owing to the great speed variation 
for which the plant was designed, an oil-circulat- 
ing pump is provided. The pump is belt-driven 
from the motor coupling, and passes the oil 
through cooling-tubes and back again to the re- 
sistance-tank. 

Messrs. A. P. Wright and Co., of 60, Queen 
Victoria-street, E.C., are showing, on behalf of 
Messrs. Wade and Jones, Limited, of Birming- 
ham, some very compact oil - engines directly 
coupled to dynamos. e combination is particu- 
larly adapted for the lighting of country-houses, 
&c., as it will run on ordinary ffin oil, and 
needs the minimum of skilled attendance. The 
engine has two horizontal cylinders facing each 
other on each side of the onahedealh. It is carried 
on a box framing bolted to the bed-plate supporting 
the dynamo, and is entirely enclosed. Forced 
lubrication is supplied to main bearings, crank-pin, 
&c., by means of a piston-pump, and all heated 
parts are completely water-jacketed. The size 
shown is rated at 12 to 16 horse-power, at 700 
revolutions per minute, and including the dynamo 
only occupies a floor space of 6 ft. by 3 ft. High- 
tension electric — is used. The engines are 
built for the exhibitors by Messrs. Belliss and 
Morcom, and the dynamos, which are two-polar 
open machines, by Messrs. Thomas Parker, though, 





of course, any desired generator can be fitted. 
Although the engine may be started with véry 
little trouble with ordinary petroleum, the use of 
petrol makes matters easier ; the heavy oil being 
substituted by the movement of a lever, as soon as 
the cylinders have become warmed up. It is stated 
that the engines may be run for many months 
with no skilled attention whatever, and that no 
tarry matter is deposited requiring removal from 
the cylinders and passages. 

Mr. G. Braulik shows a combined gas-engine and 
suction-producer plant on one bed-plate. ~The 
engine, of 5} brake horse-power, is set in a sloping 
position with the crank-shaft overhead, and is sup- 

rted by a cast-iron framing, the interior of which 
is utilised as a scrubber, &c. Close to the end of 
the framing is a small suction-producer, the whole 
occupying a very small floor space. The plant is 
shown in operation. The National Gas-Engine 
Company and Messrs. Crossley both show small 
suction plants and gas-engines, and the Diesel Oil- 
Engine Company have a 20-horse-power Diesel 
engine running on their stand direct-coupled to a 
direct-current dynamo of the Lancashire Dynamo 
and Motor Company’s make. 

Messrs. W. H. Allen, Son, and Co., Limited, of 
Bedford, are showing one of their three-crank com- 
pound enclosed engines of 450 brake horse-power, 
at 400 revolutions per minute. This and the other 
machinery on the stand is noticeable for the ex- 
cellent finish of the details, which we understand 
were not got up in any way specially for exhibition 
pur . The value of good workmanship is 
strikingly shown by a three-throw crank-shaft placed 
prominently on the stand. This shaft was taken 
from a 500-horse-power Allen engine, fitted with 
forced lubrication, and had been running for seven 
years at 300 revolutions per minute, 12 hours a 
day for 300 days a year, . usually considerably over- 
loaded. After this heavy duty the wear in many 
parts cannot be detected, and in no place is it 
much more than microscopic. Needless to say, 
a single failure of the lubrication would have spoilt 
such a record, which, morevver, could by no means 
have been obtained had not the original workman- 
ship and material been of the finest. A diagram 
showing the actual magnitude of the wear was 
published in Exarnggrine of October 7, 1904, 
vol. lxxviii., page. 479. A surface - condensing 
plant to deal with 7200 lb. of steam per hour is 
also exhibited. A twin Allen-Edwards air-pump, 
with barrels 10 in. in diameter and 7 in. stroke, 
maintains the vacuum, the pump being driven by 
an enclosed forced-lubrication engine running at 
140 revolutions. A larger three-throw Allen- 
Edwards air-pump, driven by an electric motor, is 
shown as well. 

The Phoenix Dynamo-Manufacturing Company, 
of Bradford, show a collection of both alternating 
and direct-current machines, the largest specimen 
being a 250-kilowatt motor-generator set, one of 
four being built for the Sunderland Corporation. 
The motor is a three-phase, 5000-volt, 50-cycle 
synchronous machine, arranged for 250-volt field 
excitation, and to run at 500 revolutions per 
minute. The high-tension winding is in micanite 
tubes guaranteed to stand a pressure of 23,000 
volts for an hour, and is so arranged that the top 
half of the stator can be removed without disturb- 
ance of the coils. The direct-current generator is 
fitted with the Phcenix Pohl auxiliary commutating 

les, which we described fully in our issue of 

arch 25, this year. An induction motor on the 
crank-shaft is used to start the set, though, of 
course, it can be run up from the direct-current 
side. A small and handy motor-driven sensitive 
bench-drill is also shown, and several examples 
of the firm’s standard generators and motors. 

Among the exhibitors whose stands we need 
not describe, because their specialities are so 
well known, are Messrs. Babcock and Wilcox, 
the Temperley Transporter Company, E. Green 
and Son, Siemens Brothers and Co., and very many 
others. The makers of accumulators, both for 

wer - stations and motor vehicles, are very 

ully represented, and the various electrical in- 
strument makers show, among them, practically 
every sort of electrical instrument either in com- 
mercial or laboratory use. Among the newer in- 
struments may be mentioned the inkless recorders 
of Messrs. Everett, Edgcumbe, and Co., Limited, 
which may take the form of recording ammeters, 
voltmeters, wattmeters, &c. As the name implies, 
no ink is used, and the smudgy record often 
obtained of a very fluctuating load is avoided. The 
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THE LAUNCH OF H.M. ARMOURED CRUISER “NATAL.” 
CONSTRUCTED BY MESSRS. VICKERS SONS AND MAXIM, LIMITED, BARROW -IN- FURNESS. 


(For Description, see Page 455.) 








pen is dry, and makes its record by intermittent taps, It is, however, with the River Don Works alone 
thus entirely eliminating the friction of the usual pen | that we have to deal at present, and the limits of 
as it is dragged over the paper. The same firm | our space oblige us to do so in a very imperfect 
also show leakage-current indicators, specially de-| manner. The Sheffield works are over 50 acres in 
signed to meet the recent regulations concerning | extent, the numerous shops and buildings being 
electric circuits in coal-mines. Among other | full of the most costly plant and machinery, cover- 
makers whose exhibits are worthy of special com-|ing a wide range, and including the large steel- 
mendation are Mr. Robert W. Paul, of Newton-/| smelting furnaces, the powerful hydraulic forging- 
avenue Works, New Southgate, N., and the Edi-| presses of 10,000 tons, machine-tools of the largest 
swan Company, of Ponders End. The exhibition | size, and those capable of turning out work of that 
will remain open until October 21. accurate description which is needed for ordnance 
| construction. ‘ : ' 
SHEFFIELD WORKS VISITED BY THE! The principal steel-making plant is placed in a 


| large building, 380 ft. by 320 ft. The open-hearth 
IRON AND STEEL INSTITUTE. poche ne over 2000 tons of steel per 
(Concluded from page 407.) 


week, and range from 50 tons capacity down- 
Tue River Don Works or Messrs. Vickers | wards. The melting furnaces are of the newest 
Sons anp Maxim. | design, and the firm were among the first in this 
THE unprecedented number of members of the | country to take up the tilting form of open-hearth 
Iron and Steel- Institute who visited Sheffield) furnace. The electric charging machinery also 
at the late autumn meeting were, without doubt, | forms an especially interesting feature. The sub- 
chiefly attracted by the wonders that were to! stitution of mechanical means for hand-charging is 
be seen during the visits to those works which | one of the most beneficial advances made in recent 
‘ were thrown open to inspection. Amongst these | years, for not only is economy of working secured, 
none stood more prominently forward than the) but an onerous and distressing class of labour is 
River Don Works of Messrs. Vickers Sons and| removed. The large 50-ton ladles are notable 
Maxim, Limited, a firm that opened its doors on | features in this department, and the 100-ton over- 
the afternoon of Thursday, September 28, the| head electric travelling-cranes enable ingots of the 
third day of the meeting. These works, as our) greatest weight to be dealt with. : 
readers well know, are but a part of the vast} The extensive production of steel for railway 
esiablishment which the firm owns. Their ship-| work, one of the earlier branches of business of the 
yard and marine-engine, gun-mounting, and projec- | firm, occupies a larger number of buildings than we 
tile-making works at Barrow-in-Furness are among | have space to describe. The forging of tyre blooms, 
the finest and largest in the world ; their ordnance | and the rolling of the latter into tyres, by the now 
works at Erith, on the Thames, form an extensive | well-known tyre-mill that was first introduced at 
and well-equipped factory, whilst their nine other | these works, occupies a number of operators suffi- 
works in different parts of the country complete an | cient to man an ordinary factory. The machine- 
orsanisation in many respects without parallel, | tools for finishing railway work are situated in a 
wherever one may look. shop which formed a part of the original works 

















founded in 1867. Here are lathes, planing-machines, 
slotting-machines, drills, milling-machines, and 
other appliances of a like nature, many of them of 
large size and power. Each bay is well served 
with overhead and jib cranes of sufficient capacity. 
The forge at this part of the works contains steam- 
hammers of from 3 tons up to 8 tons capacity, and 
an hydraulic forging-press of 3000 tons served by 
a 100-ton overhead crane. There are also two ver- 
tical hydraulic presses for railway work ; these are 
served by two combined electric and hydraulic over- 
head cranes. There is also an hydraulic press for 
cogging tyre ingots, with hydraulic gear for hand- 
ling the work. 

At the eastern end of the works is situated the 
north gun-shop, one of the four great buildings de- 
voted to the machining of guns. It is 250 ft. long 
and 111 ft. wide, being divided into three bays. 
The height is 47 ft. All the machines are elec- 
trically driven, some of them being of very large 
size. For instance, there are lathes with beds 
70 ft. long, and having a height of 40 in. to centres. 
There are large boring-machines, rifling-machines, 
slotters, millers, and other machine-tools. This 
shop is served by overhead electric cranes from 
30 to 60 tons capacity. In the crank and gun- 
shop, which is 560 ft. long by 50 ft. wide, are also 
many machine-tools of very large size ; the lathes 
having beds up to 90 ft. long ; whilst there are two 
barrel-boring machines that have beds 108 ft. long, 
and a rifling-machine that will operate on a gun 
50 ft. in length. 

Crossing Brightside-lane we enter the armour- 
plate rolling-mill. In this part of the works isa 
10,000-ton forging-press, served by cranes which 
enable 150 tons to be handled. The reheating 
furnaces are gas-heated, and the other appliances 
are on a scale corresponding to the size of the work 
'to be done. The mill has rolls 36 in. in diameter 
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and 12 ft. wide. Close by there is an hydraulic 
press of 3500 tons capacity. The bending of the 
armour-plates to the required contour for the 
vessel to which they are to be fitted is done in a 
10,000-ton press. Pneumatic hammers are arranged 
for removing scale. In the gun-shops of this sec- 
tion may be found more of those powerful machine- 
tools, of all descriptions, which are characteristic 
of modern works devoted to the production of the 
powerful artillery of the present day. 

In another part of the works is a splendid range 
of shops extending for a length of 1060 ft. Part 
of this building is devoted to armour-plate-harden- 
ing, there being some large furnaces in which the 
plates are heated before being immersed in the oil- 
tanks. The powerful electric and hydraulic crane 
used for lifting these massive pieces of steel and 
dropping them into the oil-tank is a notable 
example of this class of mechanism ; special 
means have to be taken to lower the red-hot plate 
into the bath with sufficient rapidity. In this 
building there are some large and powerful armour- 
plate planing-machines, capable of taking plates 
24 ft. long and 12 ft. wide. 

In the south gun-shop are some of the finest 
and most modern of the enormous machine-tools 
that are characteristic of these works. The masses of 
steel that have to be dealt with sometimes weigh as 
much as 70 to 80 tons, so the character of the plant 
required to machine them may be imagined. The 
work, though so massive, has also to be finished 
to a degree of accuracy that is far beyond that of 
ordinary engineering practice. There are about 
a hundred of these costly machine-tools, some of 
those used for boring out the larger gun-tubes being 
115 ft. long, whilst the lathes have beds up to 51 ft. 
long and 42-in, centres. The east gun-shop is de- 
voted to guns of smaller natures, and contains a 
number of machine-tools that would be considered 
of a large description were they not overshadowed 
by the more powerful machines in the department 
to which reference has previously been made. 

The extensive yard where the stock of iron is 
stored is on the opposite bank of the River Don ; 
and in order to put this in communication with the 
works, a travelling cantilever crane of the con- 
veyor type has been erected, and forms a notable 
feature in the landscape. It serves the railway 
tracks on each side of the river, these being 187 ft. 
apart, whilst the inner arm of the cantilever pro- 
jects over the works side. The speed of the trolley 
is 600 ft. per minute. The crane itself can be 
traversed along the river bank at a speed of 200 ft. 
per minute. All operations are controlled by one 
man, who is placed in a cabin situated in the crane 
standard. 

Our sketch of these really wonderful works is 
necessarily of a most imperfect nature, but it may 
be sufficient to give an idea of many of the thin 
that the visitors of last week may have seen. We 
have not even been able to mention some depart- 
ments of considerable importance, such indeed as 
would form almost a moderate-sized works in them- 
selves. We must, however, leave the subject for 
the present, as its very immensity precludes it 
being dealt with satisfactorily in connection with a 
report of this nature. 


THe Meractiturcicat DEPARTMENT aT SHEFFIELD 
UNIVERSITY. 


One of the most interesting visits paid by 
members of the Iron and Steel Institute during 
the recent meeting at Sheffield was that to the 
Metallurgical Department of ,the University, so 
ably ery over by Professor John Oliver 
Arnold, with the assistance of Mr. A. McWilliam. 
Professor Arnold’s paper, to which we made refer- 
ence in our report of last week, had called attention 
to the laboratory, and served as an admirable guide 
to the visitors. 

The chief interest centred in the Bessemer 
converter and the open-hearth furnace, which have 
been erected in poss to give students an insight 
into the practical details of steel-making. The 
utility of this plant and the advisability of giving 
instruction of this kind at a teaching establishment 
has been questioned ; but into this matter we need 
not enter at present. As Professor Arnold stated 
in his paper, ‘‘the main objects in designing the 
laboratory were the erection on a manufacturing 
scale of plant producing steel by the three 
standard methods of manufacture—namely, cruci- 
ble, Bessemer, and Siemens steels.” The esl 
furnace is of 2} tons capacity, so that a quantity of 
metal can be melted sufficient to give an idea of 





what occurs in the larger furnaces of this kind used 
in the big Sheffield works; and this is more 
especially the case if the students have occasionally 
opportunities of seeing the big plants in operation. 

he producer is attached directly to the furnace, so 
that the gases evolved are taken directly to the 
hearth without being cooled. In this way there is 
no loss of heat, such as would occur were the gases 
passed through long passages ; moreover, the tarry 
particles that would condense, were the gases 
cooled, are carried to the furnace, where they are 
consumed. With this arrangement the regenera- 
tive principle is applied only to the air used for 
combustion. 

The Bessemer converter, which has been supplied 
by Messrs. Davy Brothers, is of 1 ton capacity, and 
is arranged so that it may be used for bottom 
blowing on the ordinary plan, for side blowing on 
the Robert system, or for surface blowing after the 
Tropenas method. Air for blowing is supplied by 
a three-cylinder blowing-engine by Messrs. Alley 
and MacLellan, of Glasgow. It has three single- 
acting cylinders, 28 in. in diameter, with a 12-in. 
stroke, and is capable of delivering 2000 cubic feet 
of air per minute at a pressure of 5 lb. to the square 
inch. Power to drive the blowing-engine is gene- 
rated by a two-phase motor of 115 horse-power. 
There is a 2-ton ladle, mounted on a bogie carriage, 
by Messrs. Stevenson and Co., of Preston. The 
cupola for melting pig is 48 in. in outside diameter, 
and has a drop bottom; it is by the Whiting 
Foundry Equipment Company, of Chicago. Blast 
is supplied by one of Messrs. B. Samuelson and 
Co.’s Roots blowers, which is driven by a 15-horse- 

wer motor. Electric current for motive power 
is taken from the Corporation mains for all ow 
poses. There isa 4-ton overhead electric traveller, 
to serve the foundry, the makers being Messrs. T. 
Smith and Sons, of Rodley. 

The crucible-steel plant, which is in a separate 
department, is also on a practical scale, being 
capable of melting 360 lb. of crucible steel at once. 
It comprises a six-pot Siemens gas furnace. Pro- 
fessor Arnold states that the economy of fuel ob- 
tained by this gas furnace is very great as com- 

ared with the old coke system ; but it has not yet 
ene decisively ascertained that gas-melted steel is 
equal in quality to that melted by coke. The 
crucibles used are made in the laboratory, there 
being a plant for the purpose. In another part of 
the laboratory is an electrically-driven pneumatic 
hammer by Messrs. W. and J. Player, of Birming- 
ham. It is nominally of 7 cwt., but this figure 
can be exceeded. It is driven by the same motor 
that works the blowing-engine. It is capable of 
dealing with 4-in. ingots, and will strike a hundred 
blows per minute. A coal-fired reheating furnace 
is close by. 

Among other appliances may be mentioned a 
Piftin stove—a portable apparatus for drying moulds 
by the products of combustion direct. There is a 
heat-treatment muffle heated by hydro-carbon fuel 
and having 15 square feet of floor space. Attached 
is a Uehling recording pyrometer. The smiths’ 
shop contains, amongst other appliances, drills 
se for drilling spoon tests and ingots. Near the 
Bessemer converter is a 20-foot-ton drop testing- 
apparatus, the steel bed-block for which is the 
largest’ casting yet made in the laboratory. It 
weighs 2} tons. 

The extent of the experimental operations carried 
out is indicated, as Professor Arnold stated, by the 
fact that during last session over 40 tons of ingots 
and castings were made in the laboratory. This, 
as will be readily understood, means a considerable 
expenditure, for the sale of articles produced is, very 
reasonably, not countenanced by the ruling powers, 
and the laboratory cannot go on using up its 
own productions—as in the case of the test ma- 
chine anvil—indefinitely. Professor Arnold states 
that unless Government financial support is secured 
the amount of practical work carried out must be 
curtailed. We should have thought, however, that 
some arrangement might be made for the disposal 
of ingots, or of metal produced, so long as no profit 
were made, a limit perhaps being put to the extent 
of the operations, it being understood that the money 
received was tobe expended upon the purchase of raw 
material. The evils attendant on bodies supported 
by public funds, or by general subscriptions, enter- 
ing into commercial operations are manifest, and the 
influence of a precedent must not be forgotten ; 
but the metal market, in its most sensitive state, 
could hardly be upset by another 40 tons of ingots 
being produced, especially if they were bartered 





for materials required for the working of the 
laboratory. 

We have not referred to other departments, some 
of which are mentioned in Professor Arnold's paper. 
In the chemical section there are four assay labo- 
ratories, which will provide accommodation for 120 
students at one time. A greater number can, 
and do, work in the laboratories, as there are 
day and evening students; a fact especially 
emphasised by Professor Arnold. There is also 
a specially-fitted post graduates’ laboratory to 
accommodate eleven students. This is designed 
for the use of those who may wish to specialise 
after entering works. In the testing department 
there is a 50 ton single-lever Wicksteed machine, 
and an alternating-stress testing machine. The 
latter, by the quickness with which tests can be 
made, is capable of ‘‘ bringing the almost imprac- 
ticable Wohler test into range of everyday works 
metallurgy.” Professor Arnold adds that ‘‘re- 
searches carried out on this machine have indicated 
that the idea, largely accepted by engineers, that 
a high elastic limit makes for safety is erroneous.” 

The micrographic department is well equipped, 
and comprises six 4-in. polishing-blocks, electrically 
driven. There are eleven microscopes, including 
the latest Zeiss photo-micrographic apparatus, illu- 
minated by a powerful Nernst lamp. The pyro- 
metric installation includes a Le Chatelier pyro- 
meter, which can be connected to any of the fur- 
naces ; the Uehling pyrometer already mentioned ; 
a portable dial pyrometer by Messrs. Baird and 
Tatlock ; a Mesuré and Nouel optical pyrometer ; 
a portable pyrometer by Mr. R. W. Paul ; a Siemens 
copper ball pyrometer ; and Seger cones. An appa- 
ratus for recalescence in vacuo is an interesting 
appliance. 

Our thanks are due to Professor Arnold and to 
Mr. McWilliam for the opportunity afforded to us 
for going through the laboratory previously to the 
meeting. We have, however, taken many of the 
details here given from Professor Arnold's paper. 
We could have wished to add, had space permitted, 
some remarks on the good work done by the Shef- 
field laboratories, but we have already devoted the 
space at our disposal to the meeting of the Institute. 
We n:ay add, however, that a practical testimony 
as to the work done was to be seen in the way those 
responsible for the instruction given were greeted 
by their old students, who occupied positions of 
importance in some of the Sheftield works. 








NOTES. 
FaILurE OF Ferro-Concrete at Maprip. 

From an account given in a recent issue of Le 
Génie Civil, it appears that a serious failure of 
ferro-concrete took place in Madrid last June, 
when the columns supporting the roof of a covered 
reservoir in course of construction gave way, this 
being the second accident at the same works, a 
previous failure in the preceding April being re- 
sponsible for the death of 35 workmen and injury 
to 60 others. The reservoir in question was 
divided into four compartments, each capable of 
containing water up to a depth of 22 ft. It was 
decided to cover the reservoirs with ferro-concrete, 
and tenders and designs being called for, the 
cheapest was adopted. The roof provided by this 
contractor consisted of arches of reinforced con- 
crete of 4 in. total thickness and 19 ft. span, with 
a rise of one-tenth the span. These arches took 
their springing from girders of reinforced concrete, 
each of which extended in ‘a continuous length 
over two compartments, and thus measured 580 ft. 
in total length. The depth of the girders was 20 in. 
and the width 10 in. at the top, and somewhat less 
at the bottom. These girders in their turn were 
supported on ferro-concrete columns, each 10 in. 
square and 27 ft. 6 in. long. These were not 
braced together in any direction. The materials 
used were all of good quality. The April accident 
took place when only a portion of the vaulting in 
compartments Nos. 1 and 2 was finished ; but the 
girders and columns were completely finished. 
These stood exposed during the whole of the month 
of May to all the changes of temperature, which, in 
consequence of the enormous length of the girders, 
gave rise to great distortions, which were very 
visible two days before the second accident took 
place. This followed a sharp fall of temperature, 
two hundred columns failing first, and their fa’! 
was followed by that of most of the rest. The 
accident is attributed to bad design and want of 
prevision on the part of the contractor, who took no 
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steps to correct the distortion produced by the 
temperature changes. The bad design was shown 
by the use of such slender pillars without the 
introduction of bracing, and in the failure to pro- 
vide for the expansion of the longitudinals. 


Tue Royat AGRICULTURAL Society. 


No one will be surprised to hear that drastic 
measures have been pro by the Special 
Committee appointed by the Council of the Royal 
Agricultural Society to consider the best steps 
now to be taken with regard to the affairs of the 
Society. In the face of recent losses, and par- 
ticularly in the face of the great losses on the 
three Shows held at Park Royal, far - reaching 
and radical changes are, as we have frequently 
pointed out, absolutely necessary. After a loss 
during the last three years of about 25,000I., 
the Society are bound to face unpleasant facts 
boldly, for their only salvation rests in so doing. 
The result of the Committee’s deliberation has 
been a report, which appeared on September 21, 
and which came before the Council for considera- 
tion last Wednesday. Among the suggestions 
of the Committee, which were supported unani- 
mously, are the proposals that Park Royal be 
sold, and the migratory system of shows reverted 
to. In addition to these important suggestions, 
the ,;Committee urge that Harewood House, the 
headquarters of the Society, be sold, or, at any 
rate, a portion of it let, as being much too large 
and expensive a place to keep up under the present 
circumstances. Other proposals are also made with 
regard to the staff, which, it is thought, should be 
largely reconstructed, for the Committee have had 
the main object in view of effecting much needed 
economies. They would reduce the total salaries 
of the secretary and administrative personnel to 
15001. a year, and curtail the expenses of the 
Journal to 600l. a year. They would also ask for 
a guarantee from the Board of Agriculture for 
purposes of the Society’s purely scientific work. 
It was proposed to hold the next show at Derby, 
but this is not definitely settled. At the meeting 
last Wednesday the proposals of the Committee 
were considered and accepted in their entirety, 
with the exception that Park Royal should be 
sold at once. This was referred back to the 
Special Committee. The freehold land at Park 
Royal was purchased by the Society, who paid 
30,0001. for it, and since the purchase it has, of 
course, been much improved. It now remains to 
be seen what effect these drastic alterations will 
have on the future of the Society. There is no 
doubt that the right thing has been done, and we 
can only hope that, under the new régime and 
under the influence of wholesome economies, the 
return to migratory shows may also prove to be 
wise. We have always been a well-wisher of the 
Royal Agricultural Society, and it will be a great 
pleasure to us to hear of its renewed prosperity. 


Tue SuHrpsurmLtpinc TRADE. 


Although the number and tonnage of vessels 
launched during the past three months— 206 ships, 
of 421,800 tons—is the largest output for any 
quarter for four years, the amount of merchant 
shipping still in course of construction in the 
United Kingdom marks an increase on the total of 
three months ago, and is the highest aggregate re- 
corded smce 1901. There are, according to Lloyd’s 
returns, 474 vessels now building, with a total of 
1,325,328 tons. This “is 24,000 tons more than 
three months ago, 276,000 tons more than at the 
end of last year, and within 87,000 tons of the maxi- 
mum ever recorded—the 1,414,120 tons of Septem- 
ber, 1901. This is a gratifying result ; ‘and although 
shipbuilders state that the prices ruling are not very 
satisfactory, and although the work is for the most 
part in connection with cargo-carrying steamers, the 
increase in the volume means a very considerable 
addition to the number of shipyard workers em- 
ployed. The increase of 276,000 tons in the amount 
of work now in hand, as compared with December 
last, is practically all for ship-owners in the United 
Kingdom ; for, although Germany has increased her 
orders from 34,450 to 50,440 tons, Norway and one 
or two other countries have decreased their quota. 
Another satisfactory feature is that the amount 
of work on the stocks ‘‘for sale” has been con- 
siderably reduced during the quarter. There are 
still five vessels of over 20,000 tons in course 
of construction, and ,three between 15,000 and 
20,000 tons, while between 12,000 and 15,000 
tons there are two, and between 10,000 and 12,000 


tons one. All of the districts participate in the im- 
provement in trade. As compared with a year 
ago there is an increase of 50,000 tons (31 per 
cent.) in the work at Belfast, the total now being 
twenty-four vessels, of 213,530 tons. At Glasgow 
there are building ninety-two vessels, of a total of 
283,021 tons, which is 44,000 tons, or 18} per cent., 
increase. Greenock shows a larger improvement, 
for here the total in the year has increased 
from 123,000 to 204,000 tons, equal to 86 per cent. 
Hartlepool has now 20,000 tons (44 per cent.) 
more than twelve months ago; Middlesbrough, 
26,000 tons (444 per cent.); Newcastle, 41,000 
tons (19$ per om and Sunderland, 14,000 
tons (9 per cent.). Thus in these four districts, 
constituting the North-East Coast, the total of work 
now in hand is 573,500 tons, equal to 21 per cent. 
more than a yearago. There are, however, fewer 
warships building than was the case a year ago, the 
actual state of the shipbuilding industry, including 
warships.not yet delivered, as compared with two 
years ago, being as follows :— 











1905. 1903. 

No. Tons. No. Tons. 

Merchant ships .. 474 1,825,828 393 906,608 
British warships in 

dockyards “s 7 8 119,950 12 128,120 

Ditto, private yards .. 30 93,560 47 171,350 

Foreign warships, ditto a 50,800 5 28,100 

516 1,589,638 457 1,234,178 


It will thus be seen that the aggregate increase is 
355,000 tons. 


A New Curnese Navy. 


In naval matters the Chinese have never had a fair 
chance, but under Admiral Lang they certainly made 
remarkable advances, and with proper conditions the 
Chinese sailors would have been able to have given 
a very good account of themselves. According to 
the Japan Daily Mail, the Chinese Government 
has determined to re-establish a naval school, and 
it is said that Japanese teachers will be employed 
at the school. In addition, a number of students 
are to be sent to Japan for training, where they 
will have the advantage of instruction from experi- 
rienced Japanese oaeal officers, and also see a naval 
force which in many respects has given lessons to 
the navies of the world. In the days of Li Chung- 
tang a large and prosperous naval college existed at 
Tientsin, mainly under German professors, and it 
undoubtedly turned out many competent men, who 
were drafted for service in the ships of the then 
highly-thought-of Peiyang squadron. But after 
the death of the gallant Admiral Ting and the sur- 
render of the remnants of his fleet at Wei-hai- Wei, 
China ceased to have anything that could be justly 
called a navy, and the once-famous Shin-shih 
Hsiieh - tang dwindled to a very insignificant 
atiair, its foreign staff being limited to a professor 
of mathematics and navigation, a professor of engi- 
neering, and an instructor of gymnastics. There 
must be still in China many naval.men who received 
a good training at the old college, for only ten 


years have ed since the battles of the Yalu and 
Wei-hai-wei extinguished the Peiyang squadron. 
Perhaps some of these will be employed in the 


newly-expanded institution, but the evident inten- 
tion is to have a staff mainly of Japanese. Many 
people had expected that the energetic and en- 
lightened Viceroy Yuan would take up this ques- 
tion of furnishing his country with a navy. It must 
be a question of years, but if China can only supply 
the funds, the Japanese will soon be able to train 
an efficient personnel, and we may add that British 
shipbuilding yards will be able to supply the ships 
at a smaller cost and in a shorter time than those 
of any other country. No doubt, therefore, the 
progress of events in China will be watched with 
care, and our shipbuilders will be prepared to fur- 
nish their services as soon as they are required. 





ScHoot AND CoLLEGE CALENDARS.—We have received 
from the University of Liverpool a copy of their calendar 
of the Faculty of Engineering for the session 1905-6, 
commencing on the 2nd inst. Mr. W. H. Watkinson, 
M. Inst. C.E., M.I. Mech, E., M. Inst. E.E., is _ 
fessor of engineering; and Mr. E. W. Marchant, D.Sc., 
professor of electrotechnics. Theuni a which 
extends over at least three years, is either preliminary 
to or supplementary of a pupilage under an engineer, 
or a course of apprenticeship with some engineering 
firm. A number of engineers and firms are in com- 
munication with the University with a view to receive 
students or apprentices. Students who do not proceed 
to a university degree may take a course of not less than 
two years leading, to a certificate in engineering. 








THE LAUNCH OF THE ARMOURED 
CRUISER ‘ NATAL.” 


WE reproduce on page 453 a photograph of the 
armoured cruiser Natal as she left the ways at the 
Naval Construction Works of Messrs. Vickers Sons 
and Maxim, Limited, on Saturday last. This view of 
the ship shows the cutting away of the forecastle, so 
as to allow a greater arc of training of the 9.2-in. 
guns in the forequarters of the citadel, to which refer- 
ence was made in our description last week. Inci- 
dentally it may be said that this reduces the weight 
of the ship at this point, and does not materially 
reduce the accommodation in the forecastle head. 
This reduction of weight at the fore part was an im- 
portant element in deciding to construct the gun-house 
tor the forward central 9.2-in. weapon so far forward. 
It will also enable the ship to steam steadily even with 
a head sea. 

Although we fully described this vessel in last week’s 
ENGINEERING, we may here repeat the dimensions, 
which are as follow :— Length, 480 ft.; breadth, 
73 ft. 6 in.; mean draught, 27 ft.; displacement, 
13,550 tons. The indicated horse-power is to be 
23,500 ; and the speed, 22 knots. The armament will 
be as follows :—Six 9.2-in. guns, four 7.5-in. guns, 
two 12-pounders, twenty-four 3-pounders, five Maxim 
guns, two 18-in. submerged torpedo-tubes, and one 
stern torpedo-tube. The side armour and the barbette 
armour is 6 in. thick. The Duchess of Devonshire 
named the ship, and the Duke, in a speech at the 
luncheon which followed, was reminiscent of his 
former connection with the same works under a diffe- 
rent title and management. Asa result of an inspec- 
tion of the works, he expressed surprise at the enormous 
improvements made by the skill, energy, and ability 
of the present owners, the works having become an 
important national asset. 








_Frexcu Meta..urcican Inpustry.—The production of 
pig iron in France in the first half of this year was 1,499,802 


tons, as compared with 1,480,637 tons in the corresponding 
period of 1904, and 1,365,421 tons in the corresponding 
period of 1903, 





New South WaLEs.—Speaking at the opening of an 
exhibition in connection with the jubilee of railways in 
New South Wales, Mr. Carruthers, the Premier, showed 
that at the end of 1904 the State owned 3362 miles of 
line. It had often been stated, he added, that New South 
Wales was running headlong into a debt beyond its ability 
to pay off; but the fact was that of the total debt 
43,000,000/, had been expended on railways, 6,000,000/. on 
tramways, 10,000,000/. on water supply and sewerage, 
and 5,000,000/. on the improvement oP Sydney Harbour. 
These and other business undertakings accounted for no 
less than 65,500,0007. of a national debt amounting to 
83,500, 0002, 





THe CHAIR OF ENGINEERING AT THE GLASGOW AND 
West or Scortanp TrcHNicAL CoLLEcr.—The vacant 
Professorship of Engineering at the Glasgow and West of 
Scotland Technical College has been filled by the appoint- 
ment of Mr. Alexander Lawson Mellanby, D.Sc., to the 
chair. Dr. Mellanby has received an engineering educa- 
tion of both a practical and theoretical character, such as 
especially fits him for the duty of training young en- 

ineers. He was apprenticed at the Central Marine 

tngine Works at West Hartlepool, then under the 
management of the late Mr. Thomas Mudd, where he 
spent six years in the workshops and drawing-office. In 
1892 he entered the Durham College of Science as a 
student in engineering, and also took’ up the honours 
lectures in mathematics and physics. At the end of three 
years he took the B.Sc. de with honours, and was 
awarded a research scholarship. This enabled him to 
go to Montreal, where, under the direction of his late 
chief, Professor J. T. Nicolson, he spent two years in 
carrying out researches upon the experimental engine at 
the McGill University. For the work he did, and a 
paper he read on the subject, he was awarded the degree 
of Master of Science of the University, He was aio 
quaetty also engaged upon similar work at the Durham 

‘ollege of Science. Mr. Mellanby was next chief tech- 
nical assistant to“the firm of Messrs. T, Richardson and 
Sons, now Messrs. Richardsons, Westgarth, and Co., at 
West Hartlepool; and in 1898 was appointed chief 
lecturer in engineering at the Battersea Polytechnic, a 
a he resigned in the following year to assist Dr, 
Nicolson in designing and fitting out the engineering 
laboratories, workshops, and electric-generating station 
of the Manchester School of Technology. For the past 
four years Dr. Mellanby has been lecturer in engineering 
at the Manchester school. We gave an account of the 
Manchester school at the time it was opened (see Ena- 
NEERING, vol. Ixxiv., page 466) three years ago, and our 
readers who remember the illustrations and description 
of the elaborate and extensive plant with which it was 
seh on understand that those who designed and 
installed it must have been competent engineers, ~ Dr. 
Nicolson has borne testimony to the important part Mr. 
Mellanby played in this work. Dr. Mellanby has con- 
tributed several valuable papers to various technical 
societies ; perhaps the one that will be most prominently 
in the memory of our readers will be his memoir upon 
the steam jacket, read at the recent Li¢ge meeting of the 
Institution of Mechanical Engineers. It is with much 
pleasure we congratulate both Dr. Mellanby and the 
College on the appointment, 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, September 27. 

Wiruin the past few days American steel works 
have purchased 60,000 tons of English hematite and 
ferro-manganese, and sales of spiegel have amounted 
to 25,000 tons, as well as 30,000 tons of Bessemer. 
The fact that furnaces have very little iron to offer for 
several months to come has stimulated a demand for 
supplies for future delivery. Large orders have been 
placed for car-wheel iron; the month of September 
will prove to be the heaviest on record. Furnaces 
are withdrawing from the market in consequence of 
being over-sold. An advance in English prices is 
looked for. There is a heavy demand for foundry 
and forge iron. Large orders are being placed for 
fabricated steel and structural shapes. One order placed 
this week amounted to 12,000 tons, and another to 5000 
tons. The great activity in steel products will probably 
terminate in a short time; at least, this is the opinion 
given out by some in very close touch with the large 
consuming interests. An active demand exists for 
soft-steel bars, bar iron, sheet, as well as plate. The 
American Sheet and Tin-Plate Company has taken 
orders aggregating 1,500,000 boxes of tin-plate from 
large canning interests in the West. This, if correct, 
will stimulate prices. Steel billets are hard to get, 
and the market is badly oversold. The impression 
prevails that some of the larger consumers will not be 
able to cover all of their requirements. The general 
situation to-day is one of great activity. Leading and 
small railroads throughout the country are placing 
orders for steel rails for 1906. Over 290,000 tons were 
contracted for, and there are inquiries on the market 
for not less than 300,000 tons. ‘The order for 160,000 
tons, which it was erroneous] reported had been 
placed, has not yet been finally disposed of. The 
orders will go to Pittsburg and Buffalo mills. During 
the past week 35,000 tons of rails were shipped to the 
Argentine Republic, Australia, Japan, and two or 
three other countries. Within a few days 30,000 
tons of structural material have been placed by the 
American Bridge Company in the Chicago and Pitts- 
burg districts. Large orders are about being placed 
for the Imperial Railway of Japan and the Keifu 
Railroad in Korea. During the past week the 
foundry-iron makers booked orders for 200,000 tons, 
including 50,000 tons for cast-iron pipe. In the same 
period orders for Bessemer grades aggregated 100,000 
tons. There are at present inquiries for a like amount, 
which furnace managers north and south are consider- 
ing. Among the companies which have withdrawn 
from the market as to pig iron are the Sloss-Sheffield 
Steel and Iron Company and the Alabama Consoli- 
dated Iron and Coal Company. The Alabama pro- 
ducers have put up prices 50 cents. Similar action 
has been taken by a number of furnace companies in 
New York, Pennsylvania, Ohio, New Jersey, and 
other States. 








Con'rracts.—Messrs. C. A. Parsons and Co., Limited, 
are supplying two 1500-kilowatt three-phase alternators 
and accessories for the Kent power scheme and three 
1000-kilowatt three-phase turbo-alternators for the Great 
Eastern Railwa moon new power-station at Strat- 
ford. A 300-kilowatt turbo-generator is also being fur- 
nished for the Folkestone Electric Supply wor and 
a complete power plant, ‘including three -kilowatt 
generators, for the Dublin Port and Docks Board. 


Tue Direcror or His Masgsty’s Docxyarps. — The 
me peeettion of Sir James Williamson as the 
Jirector of His Majesty’s Dockyards at home and abroad 
is now announced, and will take effect at the end of this 
year. Sir James Williamson, C.B., was appointed to this 
t fifteen years by Lord George Hamilton, then 
irst Lord of the Admiralty, and, according to the age 
limit, his time sage’ two years , but at the request 
of the Earl of Selborne, who was then First Lord of the 
Admiralty, he agreed to continue in office for two years 
longer, so as to see certain reforms p on a sound basis. 
Sir James Williamson has been an admirable director of 
dockyards, not only because of his peootiehl experience, 
but also because of his diplomati¢ ability. He began his 
es life in the docky: and was subsequently 
or several years on the staff of Lloyd’s , becoming 
ultimately a ner in Messrs. lay, Cur e and Co., 
a firm of shipbuilders and engineers on the Clyde. From 
here he went to the dockyards. There has fon during 
Sir James’s tenure of office an enormous development in 


the Government establishments, concurrently with the | — 


increase of the naval fleet of Britain, the os paid, for 
instance, having multiplied three-fold. y changes 
have been made—all in the direction of economy ; and 
the outstanding work during his term of office included 
the completion of the Naval Defence Fleet under his 
direction at the dockyards, the carrying out of very ex- 
tensive naval works, and the complete electrification of 
the dockyards. He vacates office with the best wishes 
of everyone connected with the department. 


FReMANTLE (W. A.).—Fremantle is pre-eminently the 
* port of Western Australia, It is situated at the mou 

of the Swan, about 12 miles from Perth, the Western 
Australian capital, Two ocean moles have been carried 
up from Rous Head on the north and Arthur’s Head on 


DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 


JULY. AvuGuST. SEPTEMBER. 
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In the accompanying diagrams each vertical line represents a market day, and each horizontal 
line represents 1s. in the case of tin plates, hematite, Scotch, and Cleveland iron, and ll. in all 
other cases. The price of quicksilver is per bottle, the contents of which vary in weight from 
70 lb. to 80 1b. The metal prices are per ton. Heavy steel rails are to Middlesbrough quotations. 
Tin plates are per box of I.C. cokes. 


the south. The north mole, which was commenced in | 85 acres on either side of it have been reclaimed. Wharves 
has been completed to a length of 3450 ft., and is | have been constructed on the south bank of the river, at 
above the highest recorded high tide, with a width | which the largest mail steamers can lie in safety and dis- 
their cargoes, every facility being given for their 
water at the extreme end being 28 ft. at low water. The) rapid despatch. The total length of wharfage Bm 
south mole is only 2040 ft. in length, but terminates in | is 12,500 t., 6900 ft. being on the north side, and 5600 ft. 
24 ft. of water at low tide. It was not deemed necessary | on the south side. When completed, the Queen’s and 
to extend this mole further, as Garden and Carnac other warehouses proposed to be erected will cover some 
Islands the harbour from south and south-west 85 acres. The Swan is spanned by a wooden bridge 
, in fact, a natural breakwater. The bar of 954 ft. long and 46 ft. 6 in. wide, as well as by a viaduct 


les, formi ; 
river; which formerly prevented all but small craft | timber bridge of the Western Australian Railway. 
thas Fremantle is the western terminus of the eastern section. 


12 fe 
t. 
of 30 ft., extending to 50 ft. at the head, the depth of | cha 





from entering, has been ted, and a channel 450 ft. | { é 
The population of Fremantle and its suburbs is now 
000. 


and 30 ft. deep has been dredged. Dredging o - | 
roms have been pn thes on are the river, an bout about 
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GEYER’S REVERSI 











BLE PROPELLER. 


























WE illustrate on this page a type of reversible pro- | 
peller, designed by Mr. W. E. Geyer, of Boston, 
U.S.A., and now being introduced here by Mr. W. A. | 
Bryce, of 3, King-street, Liverpool, for use on craft 
propelled by internal-combustion engines. As in the | 
case of the numerous patterns of reversible propeller | 
hitherto introduced, the Geyer propeller is fitted with | 
blades pivoted on their boss, and the angle of these | 
blades relatively to the shaft can be altered by means | 
of a sliding-piece. Most reversible propellers pre- | 
viously made have, however, had two blades only ; but 
in this case there are three blades, and the change in the | 
inclination of the blades is effected by means of gears. | 
Each blade, it will be seen, is let into a recess cut in | 
the boss, as shown in Figs. 1 and 2. The shape of 
this recess is best seen in Fig. 3. The boss can slide 
longitudinally on the propeller shaft. In each recess 
is cut a slot A, Fig. 3, going through to the shaft ; 
and through this slot projects a pin B, which engages 
ina slot G, Fig. 4, cut in the flange, by which the 
propeller is secured in place. Hence, if the boss is 
moved longitudinally on its shaft, the pin B engag- 
ing with slot C will rotate the flange about C, about 
the point at which it is pivoted. This, as shown in 
Fig. 2, is a set-pin screwed into the boss. The blade 
forming one integral part with its flange, rotates 
with the latter, and its angle of inclination can there- 
fore be reversed by sliding the sleeve as stated. The 
makers claim that experience has shown that the 
method of fixing the blades is very secure. 

It will be seen that the centre of pressure of the 
blade lies between the pivot and the sliding-pin, so 
that the thrust is divided between the two, the 
greater portion being taken almost wholly by the pin 
which is an integral part of the propeller shaft. 








Hence only a small fraction of the total thrust is | 

















transmitted to the boss, and through it to the revers- 
ing-fork. A solid shaft is used instead of the hollow 
one commonly employed with reversible propellers. 

The propeller has been largely used in America for 
launches ranging from 3 to 120 horse-power, and has 
been largely fitted, especially by Messrs. Herreshoff. 
The method of fixing the blades has also been used 
for ordinary propellers, and requires a smaller boss 
than is necessary with bolted blades. 








INDUSTRIAL NOTES. 

Tue Unemployed Bill, as finally approved by the 
House of Commons, having passed into law, the Local 
Government Board have published the statutory rules 
and orders for giving effect to the measure. Some 
Socialists regard the passing of the Act as a great 
victory for Socialism ; but in reality it is but putting 
into operation some of the clauses of the earliest poor 
laws passed in this country, down to and including 
the Act of Elizabeth, which is the foundation of our 

r lawsystem. It is admitted on all hands that there 
cs been, and still is, acute distress through lack of em- 


ployment ; and few people will van | that it is better to 


| put men to useful work than mere y to relieve present 
| distress, if only the right way and methods could be 
found. West Ham has long been in evidence as a 
case in point. The scores of thousands of pounds 
poured into that district,and the money spent by the 
guardians, did relieve acute distress for a time, but 
doubts are expressed whether it did any real good, 
except temporarily feeding the hungry, which was a 
dire necessity. Local authorities are now empowered by 
the Act to find work for the workless. The extent to 
| which this is done, and the manner of doing it, will 
be an object-lesson worthy of careful study. Each ex- 


riment will be watched with an eager desire to see 
ow it works, and to ascertain the cost. ‘The ratepayers, 
asa whole, will, perhaps, be more captious critics than 
the general public outside the areas where the Act is 
put in force. If good and useful work can be done at 
reasonable cost, a system of relief may be evolved 
which will curtail the cost of pauperism, and tend to 
supersede it with the younger generation. The “‘ orga- 
nisers”” of the unemployed will demand too much, it 
is to be feared ; if they do, the ratepayers will resent 
it as a political trick. 
The 1 Government Board have issued two orders 
under the Unemployed Workmen Act, one dealing 
with the Administrative County of London, the 
other with large boroughs and urban districts having 
a population of 50,000 and upwards, to which the Act 
applies. That for the County of London appoints 
from twenty to twenty-five members in each of the 
twenty-eight Borough Councils to act as a district com- 
mittee, the proportions being from ten to twelve from 
each council, six to eight from the boards of guardians, 
and from four to five co-opted members, ‘‘ being persons 
experienced in the relief of distress, one of whom, at 
least, shall be a woman.” The proportions are the same 
in all cases, whether the committee consist of twenty 
or twenty-five members. Perhaps the constitution 
of these committees is as perfect as any that could be 
suggested. But in addition to these local committees 
there is to be a central committee, com of various 
bodies, as follows :—Representing the cities of London 
and Westminster, and the London County Council, four 
members each; thetwenty-eight metropolitan boroughs, 
two each ; total, rere drs ys to be nominated by 
the Local Government Board, eight ; and co-opted by 
the central committee, eight ; grand total, eighty-four. 
Every care is thus taken to make the local and the 
central committees representative in the best sense, 
and also thoroughly efficient by their varied composi- 
tion. Both the central and the local committees are 
empowered to appoint sub-committees to deal with 
such matters as are remitted te them; in case of 
difficulties they are to be referred to the Local Govern- 
ment Board. In Greater London distress committees 
are to be set up in East Ham, West Ham, Hornsey, 
Leyton, Tottenham, Walthamstow, and Willesden. 
There are also seventy-five other places to which the 
order applies in England and Wales. In boroughs 
with a population under 100,000 the committee is to 
consist of twenty-five members; at 100,000 up to 
200,000, thirty ; between 200,000 and 400,000, thirty- 
five; above 400,000, forty. It will be seen that the 
machinery that is being set up has been carefully con- 
sidered and prepared with a view to efficiency, and later 
on regulations are to be issued by the Local Govern- 
ment Board for the working of distress committees. 
The machinery being thus provided by the Un- 
employed Act, and by the Orders of the Local 
Government Board, the committees appointed will 
be responsible for its efficient and smooth working. 
It will depend upon their action, prudence, and fore- 
sight whether the measure will compass the objects 
aimed at—namely, the means of dealing with the 
masses of unemployed, and with the questions con- 
nected therewith. There are two dangers to be coped 
with in the situation: firstly, the conduct of the 
leaders of unemployed as recently organised, and of 
those who aim at Socialism; and, secondly, the 
attitude of the local authorities, by whom the money 
is to be found for carrying out the Act. In London it 
is proposed to create an outside body, quite indepen- 
dently of the committees to be appointed, and of the 
provisions of the Act. The body is being, or is to be, 
organised by the London Trades Council, and is to 
consist of that council, together with other labour 
councils in the various boroughs, and representatives 
of trade unions within the area of the metropolitan 
jurisdiction. If such a body is needed, or thought to 
be needed, the London Trades Council is the best to 
organise such representative committee. It has had 
an experience of nearly forty-five years in connection 
with labour. Its delegates represent a large number 
of trade unions of the best type, such as provide large 
provident benefits—-out-of-work, sick, superannuation, 
funeral, accident, supply of tools lost by fire or theft, 
and other benefits. These men will not rashly do any- 
thing that may weaken the self-respect of the worker, 
nor will they give undue sympathy to the habitual 
loafer. Those delegates are the best type of the 
British workman—of men able, willing, and anxious to 
work at fairly remunerative wages, on the scale now 
recognised as fair by the Government—namely, the 
trade-union rates in the district where employed. But 
the committee thus to be constituted will need pest 
self - restraint, prudence, foresight, and knowledge 
gained by experience. Above all, the members of such 
committee must not seek to control the action of the 
official committees ; if they do, the whole thing will 
end in a dismal failure, and the same problem will 
remain to be solved in the future. 


The interest taken in the welfare of the working 
classes was never so keen as at the present time. The 





working man is in evidence everywhere—in his social 
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and industrial relations, as to his health and relief in 
case of accidents or disease, by hospitals; as regards 
his intellectual training by schools, polytechnics, and 
various classes ; his recreation, both in the open air 
and in the concert-room, and in other ways. But 
a most important question relates to housing and cheap 
fares, so that he may enjoy a comfortable home at a 
cost within his means. The housing question was 
first seriously raised in the middle of the last century, 
and in 1851 the late Lord Shaftesbury carried an Act 
for the inspection of lodging-houses for the very poor. 
This was very soon followed by other Acts for the 
housing of the poorer classes, and then the Public 
Health Acts followed, which, if properly enforced, 
meant the cleansing of the poorer dwellings in crowded 
towns, especially in London. A stupendous work has 
been done in the last fifty-five years in this direction, 
not without dislocations in various localities, and some 
suffering to those dislodged. Now the question is 
before the public as if very little had been done ; but 
that is because the public conscience is more alert to 
the dangers of insanitation. Garden villages are 
now being constructed and promoted in such a way 
as will probably lead to immense improvements in 
the future. All these things help to make work 
for the unemployed, for building operations lead to 
a large expansion of trade in all directions. It is 
of no use for mob orators to complain of want of 
sympathy, for all the facts are against them. Not 
only is sympathy given, but,material assistance. The 
working man is on the crest of the wave ; his own con- 
duct and prudence will help him into a safe harbour, 
or at least land him upon a hospitable shore where he 
can earn his own living and dwell in comfort. 


The growth of trade unionism in France has been very 
rapid. The title under which the unions are known in 
that country is ‘‘Syndicats Professionnels.” They were 
first authorised by law in 1884—a little over twenty 
yearsago. Under that law associations are permitted 
of more than twenty persons exercising the same trade 
or calling, to be formed for the purpose of promoting 
or defending their economic, industrial, commercial, or 
agricultural interests. Such associations are em- 

owered to acquire property and institute special 
Funds for mutual he p: superannuation, and other 
benefits ; the only condition of their regular establish- 
ment and legal status is publicity. These ‘‘ syndicats” 
have a wider meaning than we attach to the term 
‘* trade union” in England, for they include unions of 


employers as well as of bye ee age and also mixed 
a 


associations of both. The growth of these associa- 
tions, as given in the report o the French Government, 
recently issued, is set forth in the following table :— 


Industrial and Commercial Unions. 


| 
Em- 
ployers. | 


| 
Agricul- 


Workers. | Mixed. tural, 


Year. 
1006 
2163 | 

| 





97 
173 
170 
144 


1004 
1622 
2157 
3102 


1890 
1895 
1900 


1905 4625 


The increase of unions is nearly fourfold in 15 years, 
while the membership has increased from 481,433 to 
1,719,196, or about three-and-a-half times. On 
January 1 of this year the employers’ unions had 
252,036 members ; the workpeople’s unions, 781,344 ; 
mixed unions, 25,863; agricultural unions, 659,953. 
These institutions cover all sorts of objects of an 
industrial and commercial character, including friendly 
and other provident societies. Under the law of 
1892, doctors, dentists, and midwives are also em- 
powered to form associations for mutual protection. 


A great industrial conflict is raging in Germany, and 
it is likely to extend. The dispute originated with 
the electrical workers, who demanded an advance in 
wages on the ground that the cost of living had so 
increased that they were unable to live decently on 
the rates paid, owing to the high price of provisions. 
As the employers refused to comply with the work- 
men’s demands, the men struck work. The sympathies 
of other workers in the metal trades were aroused, and 
they determined to support those on strike; there 
was a desire on the part of some to make the strike 
general in the metal trades Under this general term 
all workers in iron, steel, and other metals are included, 
so that engineers, iron-founders, and all engaged in 
hardware manufactures are affected by the lock-out 
which the Employers’ Federation in all sections deter- 
mined to effect. The number of electrical workers 
alone locked out is about 40,000; but if the entire 
metal trades are involved, the aggregate number will 
be immense. In order to prevent as far as possible 
the men getting work elsewhere, the employers re- 
solved to close the employment bureau. This means 
that the men are to be starved into compliance. The 
men applied to the Government Trade Court to inter- 
vene to settle the dispute, but the employers refused 
to associate themselves with the appeal for arbitration 
or conciliation. They, however, agreed to meet repre- 
sentatives of the workers to discuss the question under 





the chairmanship of the President of the Government 
Trade Court, Councillor von Schulz. The Court can- 
not take action unless both parties to the dispute 
agree to the reference ; in this case one of the parties 
refuse. The dispute is so far-reaching, it involves 
so many workers of various sections of industry, that it 
is to be hoped some modus vivendi will be found to 
effect a settlement. In this case, as in many others, 
the fiscal question appears to come in, for the workers 
declare that the high price of provisions is due to 
protection, to duties levied upon the necessaries of 
life, while the rates of wages do not reach a standard 
that enable workers to live in comfort such as they 
desire and deserve. 


The improved tone in the iron and steel trades is 
most encouraging, and the indications are most favour- 
able. In Birmingham the market was described as 
buoyant in most qualities. Bar iron is in much improved 
demand, unmarked bars being 2s. 6d. per ton higher. 
Steel is in good demand, with a hardening tendency in 
prices. In the Wolverhampton district there was a 
good demand for most sections of iron and steel, quo- 
tations being well maintained. Some makers are so 
flush with orders that they decline further business 
for delivery over October at present rates. Generally, 
it is said that producers have sold their output as far 
forward as they deem advisable for the present, con- 
sidering the buoyant state of the market. The indiffer- 
ence of sellers was shown by the almost fancy figures 
quoted for some descriptions of iron. The bar trade 
shows a marked improvement in best brands, while 
unmarked bars advanced 2s. 6d. per ton. The 
sheet trade is better generally ; makers are so well 
booked forward that they do not care to add to their 
engagements. In the steel trade it is much the same, 
prices being advanced. Altogether the outlook appears 
to be good. The improved demand for iron and steel 
means that all sections of the engineering trades, 
and other users of those metals, are better employed, 
and indicates, moreover, still further improvement in 
these trades. 


Though the attendance at the Iron Exchange at 
Manchester at last week’s meeting was not great, 
it was not lacking in interest and buoyancy. This 
strength has been manifest for some time, and is 
by no means diminished. Pig iron was in demand, 
and dearer, and the indications point to higher prices 
still. Merchants find it difficult to put through 
orders at advanced rates, so that users are evidently 
busier and require to be supplied. Finished iron is 
in demand at the recently advanced rates. Steel is in 
heavy demand, so much so that producers are not in a 
hurry to _ business. In general the outlook is fairly 
good, and the chances are that there will be a largely 
increased activity in all the iron and steel-using 
industries during the autumn and winter. There 
are rumours of inquiries and of orders on so large a 
scale that many branches will be exceedingly busy. 


The Coal Conciliation Board, covering the English 
federated mining districts, met in Manchester last 
week to consider the application of the mine-owners 
for a reduction of 5 per cent. in the wages of colliers. 
The conference failed to agree upon the matter, and 
was therefore adjourned in order that it should go 
before Lord James of Hereford for his decision. 


Owing to the briskness in the Scotch steel trade the 
Lanarkshire steel-mill-men have had their wages 
advanced 24 per cent., with the prospect of a further 
rise in the near future. 


The strike of the cotton operatives in Ghent, Bel- 
gium, has terminated, the workers having accepted the 
employers’ terms, being unable to support those on 
strike. 

The Cotton Operative Spinners’ Association has 
unanimously resolved to secure a fortnight’s holiday 
each year, instead of one week, as at present, throughout 
the whole of the Federation district. This change is 
made at the instance of the Ashton-under-Lyne dis- 
trict. The arrangement as to time is to be left with 
each district, in negotiation with the Employers’ 
Federation. This is a wise course to take. 

The Amalgamated Society of Railway Servants, of 
all grades, has decided to approach the directors of the 
several companies again on the question of hours of 
labour, overtime, night work, Sunday work, wages, 
and other questions, on the lines of the programme 
adopted two years ago. Asa rule, labour leaders and 
officials create difficulties by asking too much at one 
time. A lesser programme would have a better chance 
of acceptance. 








_ GUADALAJARA.—A system of electric street railways is 
in course of development in this Mexican city by a com- 
pany known as La Electra. The company proposes to 
pny EE power plant at the Falls of Santiago at a cost of 





TECHNICAL EDUCATION. 


In our issue of last week (page 409 ante) we pub- 
lished a memorandum issued by the Board of Educa- 
tion, South Kensington, suggesting directions whereby 
employers of labour and others might greatly facilitate 
the development of technical education amongst the 
industrial classes, particularly of apprentices in their 
works. We have since received a copy of the notice 
issued by Mr. James Holden, the locomotive super. 
intendent of the Great Eastern Railway, on behalf of 
the directors of the company, setting forth the con- 
ditions applicable for the coming winter in connection 
with apprentices or ‘‘ employé-students” attending 
the winter session of a technical institution ; and in 
connection with this notice it may be stated that a 
similar arrangement has been in vogue since the spring 
of 1903, with very satisfactory results. Indeed, one of 
the apprentices at the Stratford Locomotive Works, 
Mr. Richard William Bailey, who was the first ‘‘ em- 
ployé-student” under the scheme, has won a Whit- 
worth Scholarship of 150/. per annum, tenable for three 
years, a fact which is, no doubt, very gratifying to the 
directors of the company and to Mr. Holden, as this 
student received the whole of his practical training 
and all his early scientific and theoretical training in 
the company’s works at Stratford and in the technical 
school carried on by the company in connection with 
their Stratford works. The school is now in its fifty- 
fifth session, having been the first technical school to 
be established in the East of London. 

The notice to the employés, signed by Mr. James 
Holden, is as follows : — 


The Directors of the Great Eastern Railway Company 
desire to give increased facilities to their employés for the 
pursuit of technical study, and, subject to the following 
conditions, have agreed to grant to employé-students 
leave of absence with full pay for one or more winter 
sessions of about six months each. 


ConpITIONs. 


1. An employé.student shall not be less than eighteen 
or more than twenty years of age on July 1 of the year 
in which the session for which leave of absence is granted 
commences. 

2. He shall have been at least three years in the ser- 
vice of the Great Eastern Railway Company, regular in 
attendance, and industrious at work, and shall have given 
satisfactory evidence of his practical ability. 

3. He shall have attended the classes at the compiny’s 
Mechanics’ Institute during at least two sessions, and 
shall be able to produce certificates from the Committee 
of the Institute that he has attended such classes regu- 
larly, and worked in a satisfactory manner. 

4. He shall be required to pass a local examination, 
which will embrace the following subjects, or produce 
recent certificates from the Board of Education (or in the 
case of railway carriage-building, the City and Guilds of 
London Institute), in the subjects, and stages named. 

The local examination will be held in the month of 
May. Applications to sit thereat must be made to the 
head of the department not later than April 25 of each 
year. 


Machine Construction and Drawing Advanced 
Stage. 
Honours 
Stage. 
Advanced 
’ * Stage. 
Practical Plane and Solid Geometry _... Elementary 
Stage 


or 
. Railway Carriage-Building 


or 
Building Construction 


Second 
Stage. 
Advanced 
Stage. 
Advanced 


Mathematics ... 
Steam ... 
Applied Mechanics ... 


i Stage. 
Theoretical Mechanics (Solids & Fluids)... Elementary 
Stage. 
... Elementary 
Stage. 


An employé-student who complies with these con- 
ditions must make application not later than August 1 of 
any year, and must submit for approval to the head of his 
department a scheme of the course of study he proposes 
to pursue. He will also be required to give satisfactory 
evidence, by a monthly report or by pa other proof as 
may be required, that he is industriously working to the 
approved scheme. 

n addition to the course of theoretical study, the 
employé student will be required to devote a portion of 
his time to visiting manufactories, works in progress, &c , 
for which visits facilities will, as far as possible, be 
obtained. It is estimated that not less than one such 
visit can be made each month. A report of the visit must 
be submitted to the head of the department during the 
following week. 

The leave of absence with pay will be cancelled in the 
case of any employé-student who fails to fulfil the 
necessary conditions, or whose conduct is in other respects 
unsatisfactory. 


Magnetism and Electricity 








ELECTRIFICATION AT BuENos Ayres.—Electrification is 
being actively carried out by the Anglo-Argentine Tram- 
way Company, Limited, upon the lines of the old City of 
Buenos Ayres Tramway Company. Large gangs of work- 
men are apres, and the electrified lines are expected 
to be opened for traffic shortly. . 
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OVERHEATED STEEL.* 


By ArgtHurR Winpsor RicHarps (Grangetown) and 
JoHN Epwarp Sreap, F.R S., Member of Council. 


INTRODUCTION. 


In view of the fact that there still exists much 

confusion in the minds of many metallurgists as to the 
definition of the term ‘‘ overheating” as applied to steel, 
and as to whether or not reheating overheated steel can 
invariably be relied upon to restore good properties to 
such brittle material, we venture to present a review of 
the opinions of those who have specially studied the 
question, and to supplement our previous work on this 
subject by further experiments, in the hope that some of 
the confusion may be removed. 
* The pioneer work of Tschernoff, afterwards confirmed 
by Brinell and others, shows clearly the value of proper 
heat treatment in restoring forged steel, which had been 
made coarsely crystalline by heating at a bigh tempera- 
ture, into material of finely crystalline character and 
good physical quality, as determined by the ordinary 
system of testing. 

Professor Howe, in his ‘‘ Metallurgy of Steel,” states :— 
**Steel which has m ex d to a very high tem- 
perature is known as ‘burnt.’ It is cold-short ind brittle, 
can be forged and welded only with care, and has a low 
tensile strength. Its fracture is coarse and even flaky, 
crystalline, with brilliant facets. Steel known as ‘over- 
heated’ has a coarse structure, which may be removed 
more or less completely by reheating or careful forging. 
prone nany | long or strong overheating produces the 
structure known as ‘burnt,’ and the coarseness and 
brittleness due to burning are removed with greater 
difficulty and much less completely than those due to 
overheating, yet in the same manner and by the same 
expedients.” 

The same authority, in his work on ‘*Iron, Steel, and 
other Alloys,” states:—‘‘As a palliative for burning, 
mechanical refining by rolling, &c., is much more effective 
than heat refining, as we should naturally expect. For 
while heat refining should be powerless to close up even 
the most minute cracks, the compression and kneading 
which accompany mechanical refining should have a 
powerful effect in closing cracks even of considerable size, 
av if their sides have not become coated with iron 
oxide.” 

William Metcalf, in his book, ‘‘ Steel: A Manual for 
Steel-Users,” says:—‘‘A ‘fiery’ fracture indicates too 
much heat. It may be found in the best steel and in the 
poorest; it may corrected by simply heating to a 
proper temperature. It shows that someone needs to be 


In Professor Alfred Stansfield’s paper on “‘The Burning 
and Overheating of Steel,”* overheating is defined as 
“reheating to below the point of incipient fusion,” and 
that ‘‘steel that has been merely overheated can be com- 
pletely restored by heating just above its highest re- 
calescence point and allowing to cool.” 

Professor Heyn, Mr. C. H. Ridsdale, and one of the 

resent authors have shown that overheated soft steel can 

, and is, completely restored by reheating to a proper 
temperature above the point Ac 3. 

In the sixth report of the Alloys Research Committee, 
by Sir W. Roberts-Austen and Professor Gowland, there 
is evidence that overheated steel can be completely 
restored to good quality by reheating. 

Professor Arnold,t in discussing the question of re- 
storing the good properties by reheating brittle steel, 
claims that it was invented in Sheffield in 1820, but that 
those who were best capable of judging did not call it 
‘*restoring,” but ‘* faking.” 

Mr. Rogers’t most valuable researches on ‘‘ The Fatigue 
of Steel” —a work which must be considered of the very 
highest value to engineers and metallurgists—indicates 
that steel with 0.27 per cent. carbon, after overheating at 
1215 deg. Cent. for three hours and reheating to 900 deg. 

















reprimanded for careless work.” He further states :— 


| Fig. 2. 


| End of Short Bar rests iw aw hardened steel ove at 















40A0 


‘* Actual burning reveals itself in rough tears, and cracks | 
at the surface and corners of the piece. Such a piece | 
should go to the scrap-heap. Overheated steel of coarse, 
fiery grain has been injured, and not necessarily destroyed. | 
Such a piece may be restored to any fineness of grain by | 
heating to the right temperature —medium orange for the | 
best grain—keeping it at that heat for, say, one minute | 
for a little piece, and five to ten or fifteen minutes for a 
large piece. The heat should penetrate the whole mass, 
and it should not be allowed to run above the given 
colour in any part, not even for a moment. It should 
then be allowed to cool in a dry place, without dis- 
turbance. The grain will now be fine and uniform, and 
the steel may be worked in the ordinary way. This | 
simple operation is all that is necessary to restore to a | 
fine grain any piece of steel that has been overheated, 
provided that the piece has not been actually burned nor | 
ruptured.” In the glossary at the end of Mr. Metcalf’s 
k is given the following definition of overheating :— 
‘* Overheated.—Steel that has been heated too hot, and 
not quite burned ; its fiery fracture exposes it. The) 
grain of overheated steel may be restored, but restored 
steel is never as reliable as steel that has not been over- 
heated. Overheating is a disintegrating operation.” 
A committee of the Iron and Steel Institute on the 
nomenclature of metallography define ‘‘ overheated” | 
(Ger. Ueberhitzt, Fr. Surchauffé) as: ‘‘applied to steel 
that has been heated to excess and not quite burned.” 


* Paper read before the Iron and Steel Institute, at 
Sheffield, on September 26. 
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Cent. for ten minutes and cooling in air, compared with 
the normal steel after annealing it at 655 deg. Cent. for 
half-an-hour, was restored to a higher fatigue-resisting 
character. The results are given as follow :— 





Normal Annealed Overheated 











at 655 deg. Cent. at 1215 deg. a 
17.78 Tons Fibre Cent. “a wae 
Stress, 16 Tons Stress. ocress, 
Reversals to pro- 
duce fracture. . 1,493,600 636,950 | 2,692,700 
Ratio . 1 1.80 


0.42 
| | 


The bars as rolled, however, before annealing for a 
short time at 650 deg. Cent., stood more fatigue than the 
resto’ steel, inasmuch as it took 2,630,100 reversals 
at 19 tons stress to gore fracture, while the restored 
steel broke down with 204,350 reversals at 19 tons stress. 
The experience of all steel-founders has proved beyond 
doubt that their castings, when they leave the moulds, are 
very coarsely crystalline and more or less brittle, and that 





page 433. 
+ Sixth Alloys Research Report. Proceedings of the 


| Institution of Mechanical Engineers. 
i $F. ers, ‘‘ Heat Treatment and Fatigue of Steel.” 
Journal of the Iron and Steel Institute, 1905, No. I., 


page 486. 


destroys the coarse crystallisation and removes the brittle- 
néss. The physical character of overheated forged steel is 
identical with that of steel castings, except that the latter 
are liable to contain intercrystalline deposits. One would 
naturally expect that the same heat treatment would be 
followed in each class of material by the same improve- 
ment. 

It is well known that in the production of armour-plates 
the steel, during its guelsened enjouta in the cementation 
furnace, becomes exceedingly coarsely crystalline and 
brittle, and in such condition may be regarded as over 
heated, and that by proper reheating the coarse brittle 
character is completely removed, and a steel of exceptional 
toughness produced. 

Captain H. Riall Sankey and Mr. J. Kent Smith in a 
recent paper* show that after overheating their chrome- 
vanadium steel at 1200 deg. Cent. for twelve hours and re- 
heating to 950 deg. for half-an-hour the mechanical 
properties, according to all the tests applied, compared 
with those of the raw steel, were much improved. 

In our previous papert it was shown that, provided the 
heating was not carried to the point of disintegration, 
overheated steel could be completely restored to excellent 
quality, and made even superior to what it was in the 
forged condition. 

In traversing the expressed conclusions of the authori- 
ties quoted, it seems evident that both Professor Howe 
and Mr. Metcalf, although they are emphatic in their 
statements that ** heat refining” removes coarse and pro- 
duces fine crystallisation, are not so strongly convinced 
that the steel will be completely restored ; indeed, Metcalf 
states that ‘‘restored steel is never so reliable as steel 
which has not been overheated.” The remark, however, 
that ‘‘overheating is a disintegrating operation ” clearly 
shows that what is meant here by overheating is in- 
cipient disintegration. 

Professor Stansfield’s simple definition of overheating 
is  assnoan that which we hold, qualified by the obvious 
inference that until the point of incipient fusion is 
reached there carmot be any disintegration. 

High carbon crucible steels, such as were available at 
the time when Mr. Charles Wardlow made his experi- 
ments in Sheffield, in 1820, are very easily incipiently 
disintegrated by heat, as is proved by the fall in the 
specific gravity produced by high heating. Reheating 
will not perfectly restore the density unless the steel is 
forged to a smaller size, and not even forging if the steel 
has suffered severe disintegration. 

The confusion existing appears to have arisen by con- 
founding ‘‘ burnt” with ‘‘overheated” steel, and it cer- 
tainly seems to us that this will disappear if the follow- 
ing definitions of overheating and burning are accepted 
Vis, $= 

Overheating is heating at any point below that which 
produces incipient disintegration and results in the for- 
mation of large crystals. Burning is heating at or above 
the point at which such disintegration occurs ; burnt steel 
is nearly always coarsely crystalline. If these definitions 
are accepted, the following facts should be remembered:— 

1. That all overheated steel is more or less coarsely 
crystalline. 

2. That different steels apparently of the same com- 
position vary in their susceptibility to disintegration. At 
a given high temperature one may be simply overheated, 
whilst another may be burnt and partially disintegrated. 

3. That burnt steel cannot be completely restored by 
reheating ; it can be greatly improved, but is never equal 
to reheated steel which has not suffered partial disinte- 
gration. 

As an example of such burnt steel before and after heat 
treatment, photomicrographs, Figs. 4 and 5, page 461, are 
given, in which it is shown that some of the broad ferrite 
sheets or bands remain after reheating, and these are 
divided centrally by some substance quite foreign to the 
steel proper. On attempting to bend this steel the ferrite 
bands broke up along vay he or plane of the foreign 
substance, and this, of course, led to sudden fracture 
through the whole mass. Such burnt steel is only fit for 
the scrap-heap or remelting; it is worthless until it has 
again passed through the fluid state. 


GENERAL Description OF WorK Done. 


In this research, instead of working upon rails, we 
have mainly confined our work to the treatment of 1-in. 
square rolled bars. The tests applied were as follows : 

1. Testing for maximum tenacity and elongation ina 
50-ton Buckton machine having an hydraulic cylinder 
driven from an accumulator and belt-driven pump 
coupled to a motor running at a constant speed. : 

The yield point was observed by means of a pair of 
calipers adjusted to suitable marks on the test-piece. 
The diameter of the bars, turned parallel, was 0.75 in., 
and the portion subjected to tension was 4 in. in length. 

2. Ordinary bending tests. The pieces tested were cut 
from the bars and were highly polished, being of the fol- 
lowing dimensions :— ay : 

Length, 100 millimetres ; breadth, 6 millimetres; thick- 
ness, 3 millimetres. ‘ 

The measurements recorded in the table of tests repre- 
sent the radius of the convex side of the bend when frac- 
ture occurred. : 

It will be understood that the greater the radius the 
less ductile the steel, and vice versa. — , ai 

3. Alternate bending of strips, having a section 6 milli- 
metres by 3 millimetres, through an angle of 40 deg. The 


* “Heat Treatment Experiments with Chrome-Vana- 
dium Steel.” Bp of the Institution of Mechanical 
Engineers, 1904, page 1319. . 

+ ‘Restoration of Dangerously Crystalline Steel by 
Heat Treatment.” Journal of the Iron and Steel Institute, 





1903, No. II., page 119. 
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number of bendings backward and forward to produce 
fracture was recorded in each case. (See Fig. 1.) 

4. Rotary bending, through a constant slight angle, of 
round pieces of the same dimensions as those used for fibre 
stress testing described in (5). 

5. Testing by reversals of stress, a the Wéhler method, 
on a machine built by Messrs. Richardsons, Westgarth, 
and Co., to designs supplied by us, it being an improved 
form of that described in our previous paper. (See Fig. 2.) 

The machine consists of a strong steel spindle, on 
which are mounted three pulley wheels, giving speeds of 
800, 1200, and 2400 revolutions per minute when driven 
by a suitable motor. The spindle moves in massive 
bearings, and each end terminates in a modified form of 
self-centering chuck, in which the test-pieces are securely 
fastened. 

To one end of the machine is attached a short steel 
bar, 10 in. long, also with suitable chuck, which is con- 
nected to the spindle by the test-piece, one end of the 
bar runniag free, and having a groove in which is loosely 
fitted one end of a hardened steel lever carrying the load 
used in testing. The other end of the machine is 
similarly fitted, the bar being 42 in. long, and the load 
is applied by means of a a. following the 
plan of Professor Ewing and Mr. Humfrey. A suitable 
counter for recording the number of revolutions is also 
attached. (See Fig. 3.) : : 

The test-pieces were uniform in size, being 4 in. long. 
and turned to a diameter of 4 in., the centre of each 
being further reduced by a semi-circular groove to a 
diameter of exactly 1 centimetre. (See Fig. 2.) 


Analysis of Steels. 


Series F. | Series G. Series H. 





per cent. 
0.06 
0.20 
0.02 | 
0.05 | 
0.032 | 


per cent. per cent. 
0.48 0.44 


Combined carbon . 
Manganese .. 
Silicon 

Sulphur . 
Phosphorus . 


0.82 
0.045 
0.06 
0.087 


DgSCRIPTION OF TREATMENT AND OF THE TERMS 
USED. 
1. Normal Stcel.—Bars tested in the condition as re- 
ceived from the rolls. ' 
2. Overheating.—The bars were packed in quartz sand 


in a closed firebrick tube and heated at a temperature of | 


about 1300 deg. Cent. for from two to three hours. The 
tube with contents was allowed to cool in air before 
opening. 

Tensile Tests. 


| Elongation per 


mate Stress. 
Cent. in 4 In. 


Point to Ulti- 


Contraction of 


Ratio of Yield 


tns. p. tne. p.| per 
sq. in.|sq. in. cent. | 
| 


} 


| 
| Yield Point. 
| Ultimate 


| Stress. 


per 


cent. | 

. --| 16,05 | 24.40 65.70 
cent. | | 

° ..| 14.75 | 23.80 | 62.00 | 
cent. | 

. +» | 15.85 24.20 | 65.50 
cent. 


F1 (Carbon, 0.06 
| normal .. 
\Carbon, 0.06 
overheated 
Oarbon, 0.06 
reheated 
F 4 (Carbon, 0.06 
| annealed 
\Carbon, 0.48 
normal .. 
Carbon, 0.48 


9 


4 


F 


F3 | 
40.00 


70.90 
34.50 


. | 15.65 | 23.60 | 66.30 37.00 
cent. | | 

° ..| 27.20 | 45.80 
cent. | 

é ..| 27.40 | 46.90 58 50 
cent. 

P .| 27.00 | 45.80 59.00 
cent. 
.. 22.00 | 48.30 
cent. | 
..| 21.70 | 40.20 | 58.80 
cent. | | 
- «| 20,60 | 41.30 | 52.40 
cent. 

‘ se 22.00 | 40.20 54.70 
cent. 

wp ..| 21.80 | 39.90 | 53.40 
cent. | 

--| 43.40 | 55.10 or" 


59.70 | 19.00 


10.00 26.50 
38.60 
36.50 
48.80 


20.60 


22.00 


annealed 55.30 21.00 
Carbon, 0.44 
normal .. 
Carbon, 0.44 
overheated 
Oarbon, 0.44 
reheated 
Carbon, 0.44 
annealed 
Carbon, 0.44 
sorbitic .. 


23.00 
12.00 
25.00 51.10 
24.00 50.00 
25.00 | 56.80 





Ordinary Bending Tests. 
Section of bars, 6 millimetres by 3 millimetres. 
F G. H. 


7.25 
10.80 
» 6.00 6.65 
» 6.00 6,80 


Normal 
Overheated 
Reheated .. 
Annealed. . 
Sorbitic 


radius of bend 6.50 8.00 millimetres. 
” » 7.00 12.20 


(see Fig. 3.) 
At 6 millimetres radius the bends were quite close on the 
concave side. 


3. Reheating.—The overheated steels were packed in a 
closed fire-brick tube and heated in a muffle furnace until 
a temperature of 880 deg. Cent. was reached, with the 
exception of series F, which were heated to 950 deg. 
Cent. The tubes with their contents, as soon as the 
desired temperature was reached, were removed and 
allowed to cool in air before opening. 

4. Annealing.—The rolled bars were slowly heated in 
a muffle furnace to a temperature of from 850 deg. to 
880 deg. Cent., with the exception of series F, which was 
heated to 950 deg. Cent., and was then withdrawn and 
allowed to cool in air. 


” 


water, and lafterwards reheated to 330 deg. Cent. for 20 
minutes and allowed to cool in air.* 

In reviewing the results of our experiments, what 
appears to be most remarkable is the fact that the indica- 
tions obtained by all systems of testing prove that over- 
heating reduces the power of the steel to resist fatigue ; 
that reheating such steel more than restores the original 


Alternate Bending of Strips through an Angle of 40 deg. 





Compari- 
son. 
Normal 
=1, 


| Average 
} Bends to 
7 Produce 
| Fracture. 


Series. 





1.0000 
0.7500 
1.1041 
1.0833 


1.0000 
0.4434 
1.0113 
1.0026 


1.0000 
0.6125 


48 
36 
53 
52 
115 
51 
116.3 
115.3 
117 
72 
132 
129 
263 


. normal we 
overheated . 
reheated 
annealed 


. normal we 
overheated .. 
reheated 
annealed 


normal . 
overheated . 
reheated 
annealed 
sorbitic 


= sy 


QLAR 
OR COD BOON BOON 


” ” 


Carbon, 0.44 per cent. 
0.44 





ae 
0.44 
0.44 


” 


Salieatinatiantieed! 
eee 


” 


Fig.3 BENDS -SERIES F. 


2 
OVERHEATED 


Fi 


NORMAL REHEATED nnndilies 


f 


ANNEALED 


BENOS-SERIES G. 


AB 


OVERHEATEO REHEATED 





| cent. | 
85.00 | 66.80 
33.00 | 60.80 | 
67.10 | 





5. Sorbitic Treatment.—Portions of the rolled bars of 


series H were heated to 900 deg. Cent., quenched in cold 


BENDS -SERIES H. 


H2 ‘ 
REHEATED 


OVERHEATED 


L 


4 Hs 
ANNEALED SORBITIC 


Resistance to Alternating Fibre Stresses. 
Revolutions per minute, 1200. 


Total Re-| Com- | 
volutions parison.| Fibre 

toproduce Normal Stress. 
Fracture 


tons 
1.0000 25 
0.7197 
1.0693 
1.0471 


1.0000 
0.4627 
1,3226 
1.2344 


1.0000 
0.5891 
1.4528 | 
1.3773 
2.4570 | 


| 


F1 |Carbon, 0.06 p.c. normal , 
F2 | -s 0.06 ,, overheated. . 
| : reheated 
annealed 


normal a 
overheated. . 
reheated 
annealed 


normal on 
overheated. . | 
” \ reheated 

” .44 ,, annealed 
sorbitic 


” 
| ” 
\Carbon, 
| 
| oe ( 

” 

j ” 
Carbon, 


3,517,200 25 


” 


good qualities of the rolled bars; and that when the 
steel has the carbon in the sorbitic condition its power 
of endurance is more than doubled. 


* Although this treatment is very liable to produce 
water cracks, none were produ In our experiments. 
Further trials are in to ascertain the best pos- 


Rotary Bending through an Angle of 6 deg. 
Revolutions per Minute, 1200. 


Total 
Revolutions 
to Produce 

Fracture. 


Comparison. 
Normal = 1. 


1.0000 
0.7400 
1.0655 
1.0510 
1.0000 
0.5177 
1.3451 
1.3000 
1.0000 
0.6306 
1.4731 
1.4255 
2.5361 





| Carbon 0.06 normal 
overheated 
reheated 
* annealed 
| Carbon 0.48 normal 
overheated 
reheated 
. annealed 
Carbon 0.44 normal 
overheated 
reheated 
annealed 
sorbitic 


3500 
2590 
3730 
2680 
3940 
2040 
5300 
5120 
3660 
2207 
5390 
5215 


9280 


| 
| ” ” 
| ’ ” 


The results amply confirm those published in our 
previous paper. 

Heat TREATMENT OF A BROKEN AXLE. 
(Series. I.) 

By the kind permission of Mr. James Holden, of the 
Great Eastern Railway Company, we are able to describe 
experiments made to determine the effect of heat treat- 
ment on a wagon axle which broke at a flaw after being 
in use for twenty years. The micro-structure indicates 
that it had been initially slightly overheated. The 
analysis made by Mr. J. H. B. Jenkins, chemist to the 
Great Eastern Company, of a portion of steel cut from 
the axle was as follows :— 


Carbon ... 
Manganese 
Silicon ... 
Sulphur... 
Phosphorus 


Per Cent. 
... 0.349 
0.837 
0.053 


0.047 
0.085 


Portions were cut from the axle under the wheel seat- 
ing, where the stresses during the life may be assumed to 
have been inappreciable, and from near to the central 
axis, where the fatigue stresses must have been at a maxi- 
mum, and near to where the fracture occurred. One 
portion of each was reheated in a muffle furnace to 820 
deg. Cent. and was cooled in air; these, with other un- 
treated portions, were tested in a tensile testing-machine 
at the Stratford works of the Great Eastern Railway 
Company, with the following results :— 


Tensile Test. 


From under 


Central Axis. Wheel-Seating. 


Reheated 
at 820 
Deg. Cent. 


Reheated 
at 820 
Deg. Cent. 


37.83 


Untreated Untreated 





Ultimate stress tons 
Elongation per cent. 


38.31 | 39.71 


in 3 in. ‘ 
Reduction of area 
per cent. 


27.08 27.08 28.12 


47.37 45.15 50.32 


Small pieces from each portion were treated as de- 
scribed below, and were subjected to continuous reversals 
of fibre stresses in the machine described in our previous 
paper. 

RESISTANCE TO REVERSALS OF STRESSES. 
Samples from Central Axis. 
Alternation of 
19 Tons Fibre Stress. 
Normal ... = ve -* 311,400 
Reheated to 820 deg. Cent. 
and cooled in air 1,506,000 
Reheated to 850 
and cooled in air... 3 
Reheated to 870 deg. Cent., 
cooled in air, and reheated 
again to 850 deg. Cent. and 
cooled in air ... aes er 


Samples from under Wheel Seating. 
. {(a} 616,000 
Normal ... = oe aes (3 208,000 
Reheated to 820 deg. Cent. 
and cooled in air... me 
Reheated to 850 deg. Cent. 
and cooled in air... oe 
Reheated to 870 deg. Cent., ) 
cooled in air, and reheated 
again to 850 deg. Cent. and 
cooled in air ... a os 


deg. Cent. 
; 2,526,000 


13,532,000 


1,052,000 
13,630,000 


11,630,000 at 19 tons 
2,833,000 at 21 tons 


In each case the pieces of metal reheated did not weigh 
more than 4 oz., the heating was rapidly effected, and as 
soon as the desired temperature was reached they were 
removed from the furnace. It is probable that a longer 
heating at somewhat lower temperatures would have 
given equally good results. ; 

As the pieces heated were small, and the cooling neces- 
sarily comparatively rapid, the treatment may re- 
garded as approaching that of oil-tempering on large 
masses. 

In reviewing the known data received from Mr. Holden 
about this axle, together with the information obtained 
by our own testing, the following observations should be 





sible method of producing sorbitic steel. 


noted, viz. :— 
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1. The axle stood twenty years before it finally broke. 
During this period it had travelled probably 300,000 
miles, and had been subjected to 200,000,000 reversals of 


Tess. 

2. The flaw which initiated fracture appears to have 
been a deep stamp mark, clearly seen in the photograph 
supplied by Mr. Jenkins (Fig. 6). 

3. The weakness produced initially by this deep impres- 
sion, in our opinion, eventually led to a fatigue fracture, 
which travelled from the upper to the convex termina- 
tion of what corresponds with the light part shown in the 
photograph. Sudden or granular fracture followed 
through the remaining part of the mass. 

4. The inference is that had there been no such exces- 
rene | deep stamp impression the axle could not have 
failed.* 

5. According to the fibre stress testing, the normal 
steel of rather coarse crystalline structure is relatively 


weak ; bat for all that it 1s good material, and calculated | 
to be quite strong enough to stand all the normal working | 


stresses. 

6. Proper heat treatment very greatly increases the 
fatigue-resisting properties of the steel. 

7. That ordinary tensile tests winch do not show the 
yield-points fail to give a hint as to the relative value of 
steels in their power to resist fatigue. 

The photomicrographs, Figs. 8 and 9, represent the 
structure of the steel before and after heating to 870 deg. 
and 850 deg. Cent. 


— confirmed by Mr. Jenkins in the case of the broken 
axle. 

4. The researches of Professor Ewing, Messrs. Hum- 
frey, A. E. Seaton,* and A. Jude have proved that frac- 
ture of steel when under the influence of long-continued 
fatigue or under sudden shock is initiated in the free 
ferrite, and generally travels continuously as far as pos- 
sible along a track in which there is the greatest amount 
of that constituent; in fact, along the line of least 
resistance. 

5. That in pureor nearly pure commercial carbon steels 
the ferrite has a yield-point of probably not more than 
8 to12 tons per square inch, whereas the other constituent 
—pearlite—does not sensibly yield until a tension of about 
twice these amounts is reached, excepting when its struc- 
ture is composed of broad sheets of ferrite and carbide of 
iron, for in such case the ferrite behaves as if it were 
massive, and the yield-point is necessarily much lower. 

6. The weakness of a steel under stress in any given 
direction depends on the manner in which the ferrite and 

lite are arranged with relation to the stresses applied. 

or instance, in large forgings it not infrequently happens 

| that the ferrite and pearlite are arranged in more or less 
continuous bands or sheets. If a polished and etched 
section is bent slightly at right angles to the plane of 
these, and is then examined, it will be found that the 
ferrite bands are depressed below the surface, whilst 
the lines of pearlite remain in relief. On attempting 





‘to bend to any great extent, the piece will break at a 


| ferrite approach more or less nearly to the actual and 


suppositious cases referred to of ferrite between pearlite. 

nen under stresses which are below the yield-point, as 
determined by the testing-machine, but which cannot be 
below that of the ferrite, these stresses are concentrated on 
these broad bands; movements backward and forward, with 
each reversal of stress, occur between the particles of the 
soft ferrite, till eventually incipient fracture is started, 
and, once begun, it rapidly travels through ferrite and 


| pearlite alike until a complete separation of the mass is 


effected. One broad plate of ferrite with planes at right 
angles to the direction of tension and compression will 
be sufficient to initiate fracture, and after this has actually 
broken there will be a very weak place where the stresses 
will be mainly concentrated, and the crack will grow to 
complete fracture. 

In this way is explained why it is that the steel 
immediately adjoining a fatigue fracture is usually found” 
to be practically as good as it was when first put in. The 


| stresses soon find out the weak spot, and make it weaker 


and weaker by being eontinually concentrated there, 
whilst the adjoining steel is often practically not affected 
or weakened.* 

In the case of overheated steels containing above 1 per 
cent. of carbon the brittle envelopes of carbide of iron 
which surround the grains, or which pass through their 
substance, are the places along which fracture most readily 
travels. 

Overheated steels consisting entirely of perlite are 








F.g, 4.—Burnt rail steel. Magnification of original , . Fie. 5.—Burnt rail steel, same as No. 1, after reheating Fie. 6.—Fractured axle. Magnification of original photo- 
photograph, 50 diameters ; of engraving, 40 dia--. | and cooling from, 850 deg. Cent. Magnification of original grapb, 1} diameters ; of engraving, 14 diameters. Sup- 
meters. photograph, £0 diameters ; of engraving, 40 d‘ameters. plied by Mr. J. H. D. Jenkins. 





Fia.*.7.—Portion of broken axle ; central part of one‘of the larger 
grains. Photo supplied by Mr. Jenkins. Magnification of ori- 
ginal photograph, 150 diameters ; of engraving, 10C diameters. 


HYPOTHETICAL CONCLUSIONS. 

It is ap seared to refrain from endeavouring to explain 
how it is that overheated steel should be so weak and non- 
resistant to the continued application of reversals of 
stresses and strains as compared with the same material 
in the normal and restored conditions. In doing this the 
following facts must be taken as bases :— 


1. That in the normal and restored material the crystal- | vided that there is a complete absence of strings or plates 


line structure is in each case fine, whereas it is coarse in 
the overheated steels. 

2. That in Series G, H, and I the crystal grains of large 
dimensions in the overheated steels were surrounded by 
more or less complete envelopes of massive free ferrite, 
and that in Series I the grains enclosed by these envelopes 
were cut up by plates or sheets of the same substance. 

3. That on bending the polished and etched specimen 
of the overheated steel backward and forward it was 
easily observed under the microscope that the extension 
or distortion during the bending was mainly confined to 
the massive ferrite envelopes and sheets. At first they | 
appeared to sink below the surface, and eventually deve- | 
loped into actual fissures or incipient cracks ; an dia 

- | 

* It may here be mentioned that, in the experience of 
one of the authors, this weakness and eventual fracture 
in axles is not by any means uncommon as the result of a | 
deep stamp indentation. Such indentations are the 
exact equivalents of flaws, but instead of being accidental, 
are deliberately produced. 


| very 


| To make the point clearer by a hypothetical case, let 


Fic. &—Broken] axle after} heat treatment ; section cut 
from a fatigue test-piece. Magnification of original 
photograph, 30 diameters ; of engraving, 24 diameters. 


r angle. 
the sore, the steel will bend quite close without frac- 
turing. If such a steel is heated to a sufficient tem- 
| perature so as to cause the carbon to be regularly 
| diffused through what was originally massive ferrite, 
| and it is then quenched in water and reheated to 650 deg. 


us assume that a bar of pearlite is divided’ midway be- 
tween its ends by a plate of ferrite ;, in. in thickness, 





and is perfectly united with the pearlite on each side of 
|it. If this bar were to be submitted to tension, the ferrite 
| would begin to extend and sink below the surface, and 
| when it had extended as far as its nature would admit, | 
it would break before the elastic limit of the pearite was 
reached. The extension of the whole bar would be very 





Fie. 9. 
fatigue test-piece. 


Broken axle in normal state ; section cut from a 
Magnification of original photo- 
graph, 30 diameters ; of engraving, 24 diameters. 


If, however, bending is effected with | very brittle, and probably fracture is initiated in the 


plates of carbide. 

Ingot iron may be made coarse grained and brittle by 
long-continued heating at temperatures below Ac 3— 
870 deg. Cent., if the carbon is very low ; and if it exceed 
0.10, by heating at a very high degree of heat. In either 


| Cent., it will bend close equally in each direction pro- | case the steel is weak, and fracture is initiated between 
the cleavage planes of the ferrite when subjected to 
| of sulphide or silicate of manganese. stresses and strains. 


On the other hand, when the crystals are fine, and the 
ferrite exists in minute crystals, which are heterogeneously 
oriented, and are intimately distributed with the pearlite 
throughout the mass, the strengths of the two constituents 
are averaged, the lines of stress pass over a multitude of 
each of them, and the pearlite, being the stronger, sup- 
ports the ferrite and prevents it breaking down. 

If these conclusions are right, it seems obvious that it 
would be an ideal condition if free ferrite were absent in 


carburised steels which have to be subjected to severe 
vibratory stresses. Ordinary structural steels in this 
condition can be obtained by heating to a suitable tem- 
uivalent to the weakest link in a chain. perature, quenching, and reheating at a lower tempera- 
ith these facts before us, it is not difficult to explain | ture. The example described (on page 460) as sorbitic 
the weakness of coarsely crystalline structural steels. | steel was prepared in that way. It was devoid of free 
The comparatively massive and continuous sheets of | ferrite, and it will be seen that it has double the resisting 
power of the normal forged bars. 


Before concluding we wish to emphasise the fact that 


slight, but that of the ferrite plate would be probably 
20 per cent. or more. The tenacity would be that of the 
ferrite. In such a case the ferrite would be the exact 





* “Tmpact Tests on Wrought Steels of Commerce,” 
Proceedings of the Institution of Mechanical Engineers, 


1964, page 1135. | ™ There are, as we have proved, exceptions to this rule. 
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we do not maintain that steel initially bad, brittle, and 
dangerous, owing to irregularity in the distribution of 
the elements, or from other causes which have not yet 
been explained, can be made good by any kind of heat 
treatment. What we believe has hoon proved con- 
clusively, is that good steels which have been heated to 
any point short of incipient disintegration, and made 
excassively brittle by such treatment, can be completely 
restored to enya bry and reliable material. Also, 
that it is safest to heat to a temperature ahout 50 deg. 
above the critical points to ensure the —— change of 
every portion of the steel, excepting in the case of the 
purest and most homogeneous stezls, when the tempera- 
ture of the upper critical points need not be greatly 
exceeded. 

In conclusion, we gratefully acknowledge the assistance 
of Mes:ra. Bolckow, Vaughan, and Co., Limited, who 
fiave encouraged our research, of Mr. James Holden, of 
the Great Eastern Railway Company, and his chemist, 
Mr. Jenkins, for their contribution and permission to 
publish the experiments made on a wagon axle. 

We must also acknowledge the valuable services of 
Mr. R. C. V. Whitfield, who is responsible for practically 
all the experiments on heat treatment and the mechanical 
testing. 








SEGREGATION IN STEEL INGOTS.* 
By B. Tarsor. 


Tue author has felt some little trepidation in bringing 
a paper on the above subject before the members of the 
Institute. On the one hand, the facts set forth in the 
following pages are, in a general way, known to all 
practical steel-manufacturers and engineere, whilst, on 
the other hand, there has been rather a tendency in many 
quarters to ignore the subject as one into which it is 
perhaps better not to make too close an investigation. 

The fact that segregation takes place in ingots appears 
to have been first discovered by Mr. Stubbs, who brought 
it before the notice of the Institute in the discussion on a 
p»per by Mr. Parry, read in 1831,+ The subject was then 
taken up ty Mr. Snelus, who published his results in the 
same year, completely confirming Mr. Stubbs’s earlier 
observations.t Some years later Mr. Eccles read a paper 
before the Institute on an imperfection in mild steel plates 
considered chemically,§ in which the effects of segrega- 
tion in plates were clearly set forth. Since that date other 
observers have from time to time drawn attention to the 
subject—Mr. Hogg, in his paper read before the Society 
of Chemical Industry,|| and Mr. Pourcel, in his paper read 
at the Chicago meeting of the American Institute of Min- 
ing Engineers in 1893. There is also a good résumé of the 
subject in Howe’s work on tho ‘* Metallurgy of Steel.” 

Although the above papers draw attention to the effects 
of segregation in ingots and rolled products, very little 
appears to have been published as regards any means of 
lessening the amount of such segregation. It appears to 
have been pointed out by Pourcel as early as 1893 that 
aluminium Resa decided tendency to prevent segregation, 
but the author has not met with =— systematic series of 
tests to prove the point. The following results, there- 
fore, in which parallel tests have been made on ingots 
from the same heat, with and without the addition of a 
small amount of aluminium to the ingot, may prove of 
interest. 

The ingots taken for examination were from both acid 
and basic open-hearth furnaces, and varied in weight 
from about 14 to 34 tons; and it may be noted here in 
passing that the smaller ingot showed the effect of segre- 
gation quite as distinctly, if not more so, than the bigger 
ingots tested. 

The height of the ingots was about 5 ft. 6 in., and 
Figs. 1 and 2 have been prepared in order to show how 
the drillings were taken over the whole surface of the 
divided ingot. 

The heading found at the top of each of the tables 
(reproduced in abstract on this page) sufficiently indicates 
in what manner the effects of the tion were looked 
fo, both in the ingot and subsequently in the bloom and 

illet. 

Asa rule, the results show that in the case of ingots 
to which no aluminium has been added, excessive segre- 
gation down the central line of the ingot occurs from 
about 6in. from the top to about half-way down the 
ingot, that sulphur is the element which tends to segre- 
gate most, phosphorus next, followed by carbon, and, 
finally, manganese, the segregation of which latter 
e‘ement is so slight as to be almost negligible. No silicon 
determinations were made, as the amount of this element 
present was extremely small. The analyses given under 
the heading ‘* Average of the whole ingot,” are obtained 
by taking the average of all the analyses of that ingot, 
and this average analysis will be found to agree very 
closely indeed with the analysis of the ladle test. In 
considering the tables, attention. must first be drawn 
to the fact that the various heats have not been all cast 
and prepared in the same way. The first two tables, AJ 
and B, refer to ingots which were bottom-cast simul- 
taneously from the same acid steel heat, the only differ- 


* Paper read before the Iron and Steel Institute at 
Sheffield, on September 27. 

t —— of the Iron and Steel Institute, 1881, No. I., 

age 200. 

t Journal of the Iron and Steel Institute, 1881, No. 2, 
paze 379. 

8 hea of the Iron and Steel Institute, 1888, No. 1, 
page 70. 

Journal of the Society of Chemical Industry, vol. xii., 

pages 236 to 239. 

‘| We regret that considerations of space prevent us 
from reprinting in full these elaborate tables. We can 
only give the averages of the 109 analyses. 





ence being that the one was cast in a larger ingot mould 
than the other. A portion of the ferro was added in the 
ladle, but the desired carbon was obtained by catching the 
metal as it came down. 


ABSTRACT OF TABLE A.—Analyses made on a 20-In. by 
24-In. by 68-In. Acid Steel Ingot. Heat D, 2072. 
Weight of Ingot, 7500 lb. 

Ingot was bottom-poured, allowed to cool, and was 
then cut through the centre of the 20-in. side 
longitudinally. Drillings were taken from holes 
§ in. in diameter by # in. deep on planed surface at 
intersection of lettered and numbered lines, as 
shown on Fig. 1. 

Average of the ~~ ingot : — C, 0.429; S, 0.0678 ; 


, 0.0607 ; Mn, 0. 

Analysis of ladle test:—C, 0.43; S, 0.069; P, 0.062; 
Mn, 0.55. 

ABsTRACT OF TABLE B.—Analyses made on a 13-In. by 
16-In. by 68-In. Acid Steel Ingot. Heat D, 2072. 
Weight of Ingot, 3000 /b. 

Ingot was bottom-poured, allowed to cool, and was 
then cut through the centre of the 13-in. side 
longitudinally. Drillings were taken from holes 
§ in. in diameter by } in. deep on planed surface at 
intersection of lettered and numbered lines, as 
shown on Fig. 2. 

Average of the whole ingot:—C, 0.432; S, 0.0704; 
P, 0.0626; Mn, 0.552. 

Analysis of ladle test:—C, 0.43; S, 0.069; P, 0.062; 

n, 0.55. 

ApsTRACT OF TABLE C.—Analyses made on an 18-In, by 
22-In. by 67-In. Acid Steel Ingot Heat D, 2086. 
Weight of Ingot, 6000 lb. 

Ingot was top-poured, with the addition of 4 oz. of 
aluminium to the ton of steel, allowed to cool, and 
was then cut through the centre of the 18-in. side 
longitudinally. Drillings were taken from holes 
§ in. in diameter by ? in. deep, on planed surface at 
intersection of lettered and numbered lines, as 
shown on Fig. 1. 

Average of the whole ingot:—C, 0.397; S, 0.0601; 
P, 0.0524 ; Mn, 0.522. 

Analysis of ladle test:—O, 0.38; S, 0.061; P, 0.052; 
Mn, 0.52. 

Apstrract or TasLe D.—Analyses made on an 18-In. by 
22-In. by 67-In. Acid Steel Ingot. Heat D, 2086. 
Weight of Ingot, 6000 1b. 

Ingot was top-poured, without the addition of alumi- 
nium, allowed to cool, and was then cut through 
the centre on the 18-in. side longitudinally. Dril- 
lings were taken from holes § in. in diameter by 
i in. deep on planed surface at intersection of 
ettered and numbered lines, as shown on Fig. 1. 

Average of the whole ingot:—C, 0.416; S, 0.0597 ; 
P, 0.0555; Mn, 0.532. 

Analysis of ladle test:—C, 0.38; S, 0.061; P, 0.052; 
Mn, 0.52. 


ABSTRACT OF TABLE E.—Analyses made on a 20-In. by 
24-In. by 65-In. Basic Steel Ingot. Heat H, 187. 
Weiyht, 7500 lb. 

Ingot was top-poured, with the addition of 10 oz. of 
aluminium to the ingot (inverted), allowed to cool, 
and was then cut through the centre of 20-in. side. 
Drillings were taken from holes § in. in diametex 
by ? in. deep on planed surface at intersection of 
lettered and numbered lines, as shown on Fig. 1. 

Average of the whole ingot:—C, 0.530; S, 0.0619; 
P, 0.0393 ; Mn, 0.614. 

Analysis ~ gem test :—C, 0.50; S, 0.062; P, 0.040; 

n, 0.62. 


ApsstTrAct OF TABLE F,—Analyses made on a 20-In. by 
24-In. by 65-In. Basic Steel Ingot. Heat H, 187. 
Weight, 7500 lb. 

Ingot was top-poured, with the addition of 10 oz. of 
aluminium to the ingot (in original position), 
allowed to cool, and was then cut through the 
centre of 20-in. side longitudinally. Drillings were 
taken from holes 2 in. in diameter by ? in. deep 
on planed surface at intersection of lettered and 
numbered lines, as shown on Fig. 1. 

Average of the whole ingot:—C, 0.518; S, 0.0604; 

, 0.0389 ; Mn, 0.617. 

Anslysis of ladle test:—C, 0.50; S, 0.062; P, 0.040; 

Mn, 0.62. 


ABsTRACT OF TABLE G.—Analyses made on a 20-In. by 
24-In. by 66-In. Basic Steel Ingot. Heat F, 548, 
Weight, 7300 ib. 

Ingot was top-poured, with the addition of 10 oz. of 
aluminium to the ingot, allowed to cool, and was 
then cut through the centre of the 20-in. side 
longitudinally. Drillings were taken from holes 
§ in. in diameter by # in. deep on planed surface at 
intersection of lettered and numbered lines, as 
shown on Fig. 1. 

Average of the whole ingot:—C, 0.117; S, 0.0720; 
P, 0.0339 ; Mn, 0.494. 


Tables C and D refer to two acid steel ingots from the 
same heat, which were cast side by side, but were top- 
poured instead of being bottom-poured. Aluminium was 
added to the ingot in the case of Table C, but none was 
added in the case of Table D. In this case also the 
carbon was retained in the bath of steel, which was tapped 
at the desired percentage. 

Tables E and F refer to two ingots from the same heat 
of fairly high carbon basic steel. These were cast, the 
one following the other, both being top-cast ; but in the 
case of Table E the ingot was inverted immediately after 
casting. 





Table G refers to a mild-steel basic ingot, which was 
also top-cast. 

Perhaps the chief interest in the competing tables con- 
sists in a comparison of the ation shown in the 
case of the acid steel ingot in Tables C and D, the former 
with, and the latter without, the addition of aluminium, 
to an ingot from the same cast of steel. An attempt has 
been made in Fig. 3 to show, by means of a diagram, the 
amount of segregation of the sulphur in these two ingots, 
and in this case a very marked difference is observable. 
The shaded portions represent areas on the surface of the 
ingot when cut through longitudinally, in which the per- 
centage of sulphur has increased more than 25 per cent. 
above the sulphur shown by the ladle test. In the case 
of the ingot to which no aluminium was added, the 
doubly-shaded portion represents the area in which the 
percentage of sulphur has increased more than 75 per 
cent. over the sulphur shown by the ladle test; no such 
area appears in the ingot to which aluminium was added, 
It should be remembered that the drillings for analy: is 
were taken at the points where the horizontal and ver- 
tical lines cross, and where the sulphur is above the limit ; 
the area shaded has been taken half-way between such 
point and the nearest point where the sulphur falls below 
such limit. 

No comparative tests were made in the case of basic 
steel with and without the addition of aluminium. As 
it became the established custom at the works always to 
add a small amount of aluminium to all ingots, the author 
at the time did not consider it important to have this 
done, considering that the influence of a small amount 
of aluminium in decreasing the area of segregation had 
been already sufficiently proved. 

In order to prove the importance of leaving the ingot 
always in a perfectly upright position, until sufficient 
time has been given to allow the centre to solidify, an 
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ingot was taken immediately after being cast, and whilst 
its centre was still quite fluid, it was inverted so that the 
base stood uppermost. After cooling in this position, the 
ingot was cut open and analysed, with the results shown 
in Table E. As was to be expected, the most segregated 
portion was here found in the end which had been allowed 
to cool uppermost ; that is, the broad end of the ingot, 
although this was the original bottom end. The ingot 
from the same cast, which was not inverted, has, of 
course, the segregated area in the normal position, as is 
shown by the analyses given in Table F. 

Another point to which attention should be drawn in 
the Tables E and F—analyses of fairly high carbon basic 
steel, made from a phosphoric mixture, and in which the 
carbon he been ee — ~ soft » about BP per 
cent., the percentage desired, is the regularity in the per- 
centages of carbon, obtained by the addition of solid 
carbon to the steel whilst running into the ladle. Con- 
tinental writers have several times eer d uestioned 
whether sufficient regularity can be obtained by this means, 
and the author would draw special attention to these 
analyses of carbon, as he considers they show the ground- 
less nature of these statements. Tables I and K, on the 
opposite page, giving the results obtained from billets trom 
the same heat show the same regularity in the carbon. 

An examination of the foregoing results shows clearly 
that by the use of aluminium a billet of a much more 
regular composition is obtained. This is especially im- 
portant in the case of carbon, especially if this steel had, 
without aluminium, been intended for rail purposes, as 
the surface of the rail would probably have shown con- 
siderable irregularities in the carbon percentage, with a 
consequent want of uniformity in its wearing properties. 

In cases in which the car has segregated to the 
centre it is obvious that corresponding areas will be found 
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at the sides in which the carbon is less than the mean,! So far as the author is aware, Pourcel was the first to Tape H. 
through the carbon having migrated to the centre to a| point out that the addition of aluminium gives homo- SS eae eee eS Ves ——o 
greater or less extent. This will be seen clearly if refer- | geneity to the steel. The analyses given in the tables en Side 
ence is made to the analyses given in Tables C and D. certainly tend to confirm this view. The reason why ‘ : 
As in cases in which aluminium has been added the | this should be so seems somewhat obscure, and the author 
segregation is lessened, the distribution of the carbon over | does not wish to put forward any view on the subject by | _ Piss. te Phes- 
the surface of the ingot is found to be much more even, | way of explanation, but the following considerations may | N° Carbon. Sulphur.  hopys, Carbon. Sulphur. phorus, 
ond Se popenses more nearly to the composition given by | serve to throw some light on the question. — ee aes — —e 
the ladle test. His experience on the addition of aluminium in the Sead 
To trace the effect of segregation when the ingot is | ingot ae during casting has always been that the ee Bs a. e 
worked down into billets, and to show the influence of | aluminium appears to make the metal set quicker. This, : He 0.089 Gore | Os yo = 
aluminium in lessening the effect of segregation when the | he is aware, is against the view usually held by metal-| § 0:54 en or tiem | gem | eae 
steel is rolled into billets, the following test was made :— | Jurgists. Thus, in Mr. Harbord’s recently-published| 4 0.37 0.076 | 0.056 0.84 | 0.068 ~, (0.058 
Two ingots from Heat No, D, 2086, of which analyses of | book on steel, it is stated :—‘‘ The addition of very small I B. Alumini 
the ingot are given in Table C., were rolled into blooms. | amounts of metallic ‘aluminium to such metal” (i.c., nget 5. pesttat el 
The ingots were 18 by 22 square, of acid open-hearth | metal containing dissolved oxides) **is found to cause a 1 0.34 0.074 0.050 0.39 0.064 0.061 
steel ; the weight of each ingot being 6000 lb., and the! marked increase in the fluidity of the molten metal, to| 2 %53 0.120 0.088 | 0.38 0.066 0.062 
analyses of the ladle test of the heat being C, 38; S, 061 ; stop the evolution of gas, and to allow of the production : : = = oan = . = — 
P, 052; Mn, 52 per cent. Table H shows the results of sound ingots without blowholes.” Mr. Harbord, how- ; - _ an . 
obtained. To the ingot marked A no aluminium was /| ever, does not seem entirely satisfied with this view, as 
added, whilst to the ingot marked B 7 Ib. of aluminium on the same in referring to Mr. Hadfield’s classic NOW nee N°3 Wed, 
was added. As the effect of the segregation is almost | work on aluminium steel, he tells us that, according to T 
entirely confined to the top third of the ingot, only this | that investigator, it is doubtful whether aluminium in- 3 
portion was analysed. Drillings were taken with a j-in. creases the fluidity of properly-made steel. This latter tottom 
drill at the centre of the billet, and also at j in. from the | view falls in with the facts observed by the author, under { 
side, thus :— whose ; means aluminium has been added regularly to 2? | 
——_- ——---- many thousands of casts. ‘908. 0) - 
[ c 6s Not only does the addition of a little aluminium to the Each, billet waghed 630 Ubs. 
oO fe) metal as it is run into the ingot have a marked effect in T I 
| setting the surface, but it also, in the author’s experience, ABLE 1. 
(sone | tends, when added above a certain quantity, to form 
| — in oy yo rt of Led aay that the amount Centre Side. 
. : added has to be strict: ulated. e setting effect on 
Although the results in Table H show that the influence | the top of the ingot in bey marked that at the mean with : | : . 
of the aluminium did distinctly lessen the effects of | which the author was connected, after it had become the 2 5 Z| ¢ | 58 z 
segregation, as shown in the billet, still segregation could ' custom to add aluminium regularly, the ingots were never ; 2 a #6 42)|., 4 S/8: . 
° _ | £ eo = 3s é a a 
Fhe g, 2012 OPEMHEARTH STEEL. BASIC OPENHEARTH STEEL WITH ALUMINIUM. - Oe ee et) ee 
3. 7 1 0.54 0.053 |0.088 | 0.61 0.58 0.054 (0.085 0.60 
oo 4 Aa cOEFG H Figé Salphar , Phosphorus. 2 0.58 (0.078 |0.036 | 0.63 0.49 0.051 (0.034 0.60 
a a2 1 ; t am se rea | OFF G Ht 3 0.71 (0.135 (0.065 | 0.57 0.54 0.056 0.036 | 0.64 
4} 7 4 . 0.55 (0.058 (0.086 | 0.64 0.54 0.058 (0.034 0.63 
| 5 0.53 (0.064 /0.036 | 0.64 | 0.52 0,062 0.036 | 0.63 
6 0.52 |0.064 |0.034 | 0.60 | 0.51 0.062 0.036 | 061 
2 7 0.51 (9.068 (0.041 | 0.59 | 051 0.062 0.038 | 0.60 
2H + 2 2 +} — 8 0.53 0.057 (0.035 | 0.62 0.52 0.059 (0.039 | 0.62 
9 0.51 0.062 0.039 | 0.62 | 0.51 (0.064 (0.040 | 0.61 
RS 10 0.52 0.069 0.039 | 0.61 | 0.53 0.066 |0.089 | 0.63 
| N 3} s 11 0.52 0.054 (0.085 | 0.61 | 0.53 (0.056 (0.036 | 0.63 
qT SN 3 ami 12 0.520.049 (0.086 | 0.61 0.50 0.044 0.040 | 0.59 
| ‘ | | Average .. 0.545 0.0674 0.0891 0.620 0.518 0.0578 |0.0868| 0.616 
SY | 4n-—-44 ae |e | = —— a 
@ S | 7 4 Total aver. 
| N = | age .. 0.581 0.0626 0.0379 0.618 
|] Sy —_—_- ——C—‘“— ———_ 
| N | Ss | 5 - Ladle test 0.50 0.062 0.040 , 0.62 
54—7—1+- rT | 5 t+ }-- 
mon | | ; 
| ' | a + ail ‘ Tate K, 
Gh 6 —- 
a | | Centre Side. 
| - Seee | 7 Re | 7 i } 
. | slg ial lalaig 
I = a | gs , & | gs : 
i = oe ae s o a = cs = ,) 
alt . | a 8 5 + z| &§ |& |" \a'8) 8 £8 § 
- US 1 0.50 0.053 | 0.087 0.63 0,60 0.080 | 0.045 0.62 
a BLSge a: LLY 4 Noted) SOON 2 | 0.49 | 0.057 | 0.037 0.62 0.51 0.058 | 0.085 0.63 
. v4 : : 3 | 0.54 | 0.055 | 0.032) 061 0.52 | 0.046 | 0.080 0.63 
Fie. 3.—Showing segregation of sulphur in the same heat in Fia. 4.—Showing segregation of sulphur and phosphorus in 4 0.52 0.051 0.029 0.60 0.50 0.050 0.085 0.59 
the case of two ingots. A, with aluminium ; B, without the same ingot. Parts shaded show the areas in which sul- 5 0.53 0,057 | 0.086 0.63 0.53 0.052 | 0.031 0.63 
aluminium. Parts shaded show the areas in which the sul- phur or phosphorus has increased at least 25 per cent. over 6 | 0.65 0.056 0.039 0.60 0.55 0.053 | 0,089 0.61 
phur has increased 25 per cent. over ladle test. The darker ladle test. 7 | 0.63 0.061 | 0.043 0.65 0,58 | 0.060 0.089 0.62 
shading shows approximately areas with over 75 per cent. S 0.56 0.063 | 0.039 0.62 0.53 | 0.054 0.031 0.64 
increase of sulphur. 9 | 0.63 0.087 0.051 0.62 0.53 0.052 0.0384 0.64 
cae : 10 0.52 | 0.059 | 0.041 0.63 0.51 0.056 | 0.087 0.61 
be very distinctly traced. Tests were also made in the | sanded over or stoppered down, as no such treatment] 1) 0.61 | 0.110 | 0.064! 0.65 | 0.58 0.087 0.089 0.64 
same manner on billets rolled from steel made in the basic | was necessary, either with acid or basic open-hearth steel.| 12 | 0.54 0.062 | 0.087. 0.65 0.58 0.054 0.088 0.68 


furnace, and in this case the effect of segregation seems 
considerably localised, and, as will be seen from Table I., 


























































































































| With mild steel also it was found that the moulds could 
| be stripped sooner when aluminium had been added. 
It was also observed that when the same quantity of 


it appears to a marked extent only in one spot—that is, in | we f 
the centre of the section taken between the second and | aluminium—viz., some 3 oz. to 4 oz. per ton of steel—was 
third billet. The following are the particulars of this | added to the metal as it ran into the ladle, its effect was 
test. The ingot was 20 in. by 24 in. by 65 in., and was | not so pronounced as when added in the ingot mould as 
taken from Heat No. H, 187. The ingot was top-poured | the ingot was being teemed. 
and 10 oz. of aluminium was added to it in casting.| There appears, therefore, to be somewhat of a contra- 
After casting, the ingot was allowed to cool in its original | diction in the facts observed, some authorities telling us 
position. | that aluminium in small quantities increases the fluidity 
After cooling, the ingot was reheated and bloomed down | of the metal; others, with whom the author joins, con- 
to6in. by 6}in. After rolling to this size, the ingot was | tending that the reverse is the case. Theoretically, one 


cut up into small billets, as follows :—First, the regular 
crop was cut off, then a small piece 6 in. long, then a 
billet 4 ft. 6 in. long, then another small piece 6 in. long, 
then another billet 4 ft. 6 in. long, and so on until the 
whole ingot was cut up and twelve emall pieces each 6 in. 
long had been cut from the same, From these small 
pieces drillings were taken from the centres and sides 
and analysed, with the results shown below. : 
_ The centre drillings were taken from holes }in. in 
diameter by 1 in. deep, while the side drillings were taken 
from holes } in. in diameter by 4 in. deep ; the side drill- 
ings were taken from a point about # in. from the ends of 
the piece. 

Piece No. 1 was taken from the top end of the ingot, 
and No, 12 wastaken from the bottom end. 

Another ingot from the same heat, and to which the 
same amount of aluminium was added, was inverted 
\{ter casting and allowed to cool in this position. After 


reheating, the ingot was bloomed down to 6 in. by 6} in., 
nd 6 in. pieces and 4 ft. 6-in. billets cut off, as before. 

in this case, of course, segregation was to be expected in 

the billets from the lower third of the ingot. Here, 

“gain, we find the excessive segregation is strictly 

Table yee found only in the centre of No. 11. (See 
abdle . 





| would undoubtedly expect some increase in temperature, 

| owing to the reaction between the dissolved oxides in the 
metal and the aluminium, an action akin to the well- 
known thermite process. 

If an increased temperature is obtained, with the con- 
| sequent increased fluidity, this would cause the steel to 
| take longer to solidify, and would consequently tend to 

increase the segregation, provided that the aluminium 
has no special action of its own on the metal, whereas the 
| numerous analyses made by the author prove that there 
| is a considerable diminution in the amount of segregation. 
| As the metal appears to set quicker, and as, consequently, 
segregation would be expected to be less, due to this 
quicker setting, the analyses seem to agree with this 
view. The author’s usual practice was to add about 3 oz. 
| to 4 oz. of aluminium per ton of steel in the ingot, but 
| this was never added until the ingot mould was approxi- 
| mately two-thirds full. Assuming the aluminium to be 
| all concentrated in this top third of the ingot, it would 
| then only be at the rate of about 12 oz. per ton, or about 
| 0.033 per cent. aluminium. 

| In the author’s opinion it would be well worth while 
| for other investigators interested in the manufacture of 
| higher carbon steel, such as for rail, tyre, and similar 
purposes, to follow up these results with a view of prov- 






























































0.531 0.0560 0.0363 0.624 


Average 0.543 














Total aver- 
age .. 0.537 


Ladle test 0.50 0.062 | 0.040 0.62 


ing whether a more uniform and regular steel is nob 
thereby obtained, a result well worth the few pence per 
ton the aluminium would cost. Perhaps the chief result 
to be looked for would be the dec amount of crop 
end that it would be necessary to cut off from the top of 
the ingot, due to the greater solidity of the top and the 
lessened amount of segregation in this top part of the 
ingot. This alone would undoubtedly pay for the cost of 
the aluminium added, without considering the more 
regular quality of the finished product as a whole. 








Ten Years’ Locomotive Exports. — Our locomotive 
exports have, upon the whole, increased very appreciably 
during the last ten years. This is shown by the annexed 
table, giving the value of the engines exported year by 
year in the decade ending with 1904 inclusive :— 


Year. Value. Year. Value, 
£ £ 
1895 798,027 1900 1,496,849 
1896 1,077,823 1901 1,911,340 
1897 1,006,136 1902 2,299,179 
1898 1,483,600 1908 2,358,700 
1899 1,467,389 1904 1,929,311 


It will be observed that 1903 was the record years The 
results attained are not discouraging, in view of the 
widely extended competition with which British loco- 
motive-builders have now to contend. 
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GREENISH-COLOURED MARKINGS IN 
TEST-PIECES. 


The Presence of Greenish-Coloured Markings in the Frac- 
tured Surfaces of Test-Pieces.* 
By Captain H. G. Howorrn, R.A., London. 

In November of last year the attention of the Ordnance 
Committee was drawn to the occurrence of coloured 
defects which were at the time prevalent in test-pieces 
from tubes, &c., for guns. It was directed that a paper 
should be prepa: in order that opinions ry t be 
obtained as to what extent the presence of such defects 
should weigh in accepting or rejecting the forgings for 
this pur 1 

Mr. - E. Stead very kindly gave the author his 
valuable advice and assistance, and has himself lately 
published a note on the subject in the Iron and Steel 
Magazine.t y . a 

1. The markings in question are sometimes visible to 
the naked eye, but in most instances can only be detected 
with the aid of a microscope or hand-glass. They vary 
in colour, a sulphur yellow streak with greenish tinge, 
about 0.03 in. broad, extending right across the fracture, 
being the most common variety. Next in order of fre- 
quency come minute leaf-green markings ; these are 
seldom massive, but occur as interrupted streaks in series. 
In some cases as much as 10 per cent. of the surface of 
the fracture is taken up by these. 

Cream and bronze coloured streaks also occur. The 
defects are usually elongated in the same way as the sl 
lines in a bar of wrought iron, but iesagaiuely chapel 
patches are not uncommon. : : 

As arule the fractures of the test-pieces in which these 
defects occur are not. good, but the markings have been 
detected in cupped fibrous pieces. In granular specimens 
the author has only identified them once 

The coloured matter is easily detached with a needle, 
either as an opaque powder or as vitreous masses, The 
latter are very similar, viewed optically, by transmitted 
light, to Siemens-Martin a, he bed from which the 
matter is displaced is always bright (non-fibrous). Similar 
bright streaks are common in gun-steel test-pieces, espe- 
cially in those which show colour or are under suspicion; 
and it is quite possible that the jar of fracture has de- 
tached the foreign matter. i ; 

Associated with the green markings in fractures are 
laminations, small reduction of area, external cracks in 


the stem, and in the worst cases the piece, instead of a 


breaking with a crack, parts silently, as though it had 
held on for a certain time and then grown tired. 

2. The large proportion of test-pieces in which defects 
have been observed will probably cause surprise, consider- 
ing the high quality of gun steel; but the conditions under 
which inspection is carried out are all in favour of their 
being detected. 

(A) For the past six months every fracture has been 
examined under the microscope with a magnifi- 
cation of 15 diameters. 

(B) The test-pieces are cut transversely to the length 
of the forging, and therefore a streak lying 
longitudinally to the forging will be at right 
angles to the axis of the test-piece; and if it 
occurs in the fracture, will present its largest 
dimensions to view. 

(C) The test-pieces are cut from the ends of the forg- 
ings, and consequently most frequently from 
the extreme ends of the usable portions of the 


ingots. 

(D) The forgings and ingots are large, and in no case 
does the reduction of area in working exceed 
1 to 5. 

3. With regard to forgings which have come under the 
author’s personal inspection, the number of sets of test- 
pieces showing defects is as follows:— _ ve 

(A) Smaller Forgings.—Made from medium-sized ingots, 
forged solid under the hammer. In most cases the ingot 
has been cut into two blooms at least, each bloom making 
a forging. 

Considered as Ingots.—In one case the defects occurred 
at centre and top and bottom. 

In three cases the defects occurred at top and bottom. 

In one case the defects occurred at centre and top. 

In two cases the defects occurred at centre and bottom. 

In three cases the defects occurred at centre only. 

In eight cases the defects occurred at bottom only. 

In the tests from forgings from many ingots no observa- 
tion was recorded, and eight complete casts, each 
making from three to seven ingots, were apparently free 
from defects. 

Considered as Forgings.—At the time the first report 
was written, out of eighty-five forgings examined, in 8 
per cent. of the muzzle and 11 per cent. of the breech 
tests green markings were noted. The muzzle end of a 
forging in all cases represents the upper portion of a 
bloom or ingot. 

(B) Larger Forgings.—From ingots up to 70 tons in 
weight. These ingots each make one forging, which is 
pressed hollow on a mandrel. Of fifty forgings, 5 per 
cent. of the test-pieces from the muzzle end, and 35 per 
cent. of the test-pieces from the breech end showed 
greenish defects. 

This is the record from one maker. The inspector of 
steel can give details of the tests from other contractors, 
all of whom, it is believed, experience the same trouble. 

Broadly speaking, the coloured defects occur most fre- 
quently at the bottom of the ingot, and certainly, accord- 
ing to the author’s observations, the streaks at the corre- 
sponding breech end of the forgings are much larger than 


* Paper read before the Iron and Steel Institute at 
Sheffield, September 27, 1905. 
+ Vol. ix., page 105. 


those found at the muzzle. They are also more common 
in forgings from large ingots than in those from small. 

4. The specification for gun steel calls for one ‘‘soft” 
and two final tensile and bending tests from each end of 
the forging ; cut, with certain exceptions, transversely, 
so as to be tangential to the finished interior circum- 
ference. 

Yield Point. 

Tons perSquare Tons 

_ 
1 


Breaking Stress. 
= joe Elongation. 
neh. 


c 
34 to 44 


17 per cent. 
on 2 in. 

The chemical specification is as follows :— 

Per Cent. 

0.05 to 0.20 

0.45 ,, 0.85 


0.04 
0.05 
0.05 


Silicon 
Manganese... 
Phosphorus... 
a 
pper 
Carbon bes 442 

The steel must be made by the acid open-hearth process. 

5. During the past two and a half months the number 
of instances of ‘‘green” recorded has fallen almost to 
zero in the smaller forgings, which happen to have been 
principally made from nickel steel. There has also been 
a diminution in the number recorded against the larger 
forgings. This may be due to the fact that more weight 
is now removed from the bottom of an ingot before forg- 
ing, or to the manufacturer striking a better vein. 

6. To enlarge on the heading in poe 2(A).—In 
very few cases have the markings been detected without 
the aid of a microscope; a strong light is also necessary. 

The fine re pe streaks can really only be dis- 
tinguished when the sun is shining. If vertical illumina- 
tion (from an oil lamp) is used, the green colour disappears, 
and the markings become slightly more leaden in appear- 
ance than the steel. 

It is the author’s personal opinion that this forei 
matter is always present, and would be detected if sufi 
ciently high magnification could be used. 

(C) The greenish markings generally appear as streaks ; 
when lamination also appears on the surface of the frac- 
ture, these streaks lie parallel to the laminations. 

The test-pieces are marked systematically, and in every 
case the streaks and laminations are found to run longi- 
tudinally in the forging. One would naturally infer that 
if a mass of foreign matter existed in the ingot, it would 
drawn out in the direction of maximum extension of 
the metal. 

Although the author deals with a very la number of 
longitudinal tests from plates and bars, and from a certain 
number of small gun-forgings, he has not been able to 
detect a —_ instance of a greenish defect in the fracture 
of a longitudinal test. 

This he believes to be due not to these being free, but to 
the fact that the particles have become so attenuated, and 
also that they lie parallel to the axis of the test-piece, and 
consequently the magnification used is not sufficient to 
define them. 

(D) Before forging, some 5 per cent. of the ingot is 
removed from the bottom, and a varying amount from the 
top—never less than 25 per cent., and frequently as much 
as 50 per cent. 

Theoretically, if the ingot has been allowed to cool 
naturally, the impurities should rise to the upper portion, 
which is removed before forging, or to the central, which 
is avoided by the ag meg of the test-pieces; but the 
steel which first falls into a cold ingot mould solidifies 
mente, and particles of foreign matter become entangled, 

ins of being able to rise to the more fluid head. 

This would seem to be the explanation of the fact that 
the breech ends of the larger forgings contain the most 
defects; the larger the ingot, the lower is its casting 
temperature with: a given steel, tratisverse shrinkage 
cracks being regarded as more dangerous than foreign 
matter. On taking successive discs for retests, the green 
markings tend to become fewer in number, and forgings 
from iogots from which a larger percentage has lately 
been removed before forging have been more satisfactory. 

(E) The final dimensions at the muzzle end of all 
forgings are smaller than those at the breech ; more work 
has been put in, and everything has been more broken up. 

The smaller forgings are made (solid) under the steam- 
hammer; the fractures of the test-pieces from these are 
practically all finely laminated. 

The work put in by a hammer is quickly applied, and is 
not distributed in the same way as when slow pressure is 
exerted. Flow lines are formed ; in fact, the hammer has 
a breaking-up effect, and the green patches are drawn out 
to threads, and are more unlikely to be recognised in the 
fractures of test-pieces from these forgings than they 
would have been had the same steel been subjected to 
the slow kneading of the press. That this is so is borne 
out by a micro-examination of. polished and etched 
sections. 

To go further still to the plate or bur, in addition to 
the fact that only the small cross-section of a streak lies 
in the plane of the fractures, the streak itself will be so 
redu by the excessive amount of work put in that it 
will escape observation. 

7. Sections from a large number of test-pieces, which 
| had shown greenish markings in the fractures, were. pre- 
| pared, and were found to contain flaws of various sizes 
| filled with leaden-coloured matter (by vertical illumina- 
| tion); but it was some time before a ‘defect sufficiently 
large to examine’under a low power by oblique illumina- 
tion (canlight) appeared. Figs. 1 and 2 show flaws which, 
both before and after etching with picric acid, were by 
oblique illumination yellow-green with lighter coloured 
and darker areas, and by vertical illumination leaden 

v. These establish the identity of the green defects | 
in the fractures with some of the micro-flaws seen after | 


... Not to exceed 








polishing and etching. From the following considerations 

1t appeared to be probable that they were due to slag :— 
(1.) The optical similarity between the matter in the 
larger defects and the slag in wrought iron (Fig. 3). 
The similarity between a detached piece of green 
tter and Si Martin slag by transmitted 


= (2.)" 
= (2)! 
en 
(3.) The percentage of sulphur in gun steel would not 
3 {be sufficient to account for the large quantity of 
“i greenish matter found at the bottom of large 
aim ingots. = é c 
— (4.) The probability of slag being entangled “at the 
bottom of the ingot. 

8. At this point the author consulted Mr. Stead, show 
ing him the specimen, of which Fig. 1 is a photograph. 
This he heat-tinted to blue; the main mass of the con- 
tents of the flaw was then light brown, whilst the two 
lighter-coloured spots were yellow. He then placed some 
dilute sulphuric acid on the section as it lay under the 
microscope ; bubbles of gas immediately rose over the 
light-coloured spots, and on cleaning the section the con- 
tents of the latter were found to be dissolved, whilst the 
main mass was untouched. 

The author repeated these tests on a number of sec- 
tions, and was able to confirm Mr. Stead’s results. There 
are therefore two substances very similar optically which 
others besides himself have probably considered to be 
one and the same. 

The contents of the rounded or oval pools, which must 
be the dove-grey sulphide of manganese described by 
Professor Arnold, are, as a rule, dissolyed by dilute acid, 
which reagent does not act upon the defects with jagged 
and irregular contours. ‘The -former are lighter-in colour, 
and the latter the more vitreous. 

Figs. 4 and 5 show a soluble defect after and before 
the application. of dilute hydrochloric acid. 

Figs. 6 and 7 show an insoluble defect under the same 
conditions. = 

Fig. 8 a soluble pool in an ingot before forging. 

Fig. 9 the same in a forging. 

Fig. 10 a large flaw filled with insoluble matter, from 
the same section as Fig. 9. 

Fig. 11 the soluble sulphide embedded in the insoluble 
matter. 

9. Mr. Stead, by digesting two test-pieces in dilute 
nitric acid, was able to separate a residue; this, on 
analysis, approximately satisfied the formula for sesqui- 
silicate of manganese. He also showed the authora slide 
containing some of the separated particles, which were 
of all shapes, and showed the rounded holes which had 
held sulphide of manganese. A second analysis which 
Mr. Stead has sent is as follows :— 

From a Patch of Olive-Green Slag in the Centre of an Azle. 
Per Cent. 
46.61 





Silica ... ati dad es 
Protoxide of manganese ... 
Alumina ; an 
Oxide of iron, &c. ... 


48.08 
3.39 
1.92 


100.00 


The author is indebted to Mr. Braithwaite for the fol- 
lowing information. Having separated the silicate from 
some plates, he found 0.027 per cent. in one case and 
0.02 per cent. in another (both bad plates), the silicate 
approximating to the formula Mn OSiOs;, whilst in a 
good plate he found only 0.005 per cent. of residue, and 
this approximated to the composition (Mn O), (Si Oz)3. 

10. At the Royal Arsenal a number of small nickel- 
steel forgings obtained from outside makers have lately 
been rejected for ‘‘ghosts” and longitudinal flaws. A 
careful examination of some fifty nickel-steel forgings 
here has ended in one only being found to contain similar 
defects; in this for about 2 ft. on ‘the exterior of the 
barrel, and over a space about 1 in. wide, were a number 
of very fine longitudinal marks, none more than } in. 
long, but lying in prolongation of each other. In this 
particular forging the marks could only be picked up by 
using a hand-glass after it had .been fine turned and 
polished with emery paper. As they disappeared when 
another ;); in. was taken off, the forging was accepted. 

Before this was done the author was able to distinguish 
the green colour in one of the broadest streaks, and to 
have it ——- out. Fig. 12 is a photograph of this; 
unfortunately, the metal was ‘‘set up” in chipping, and 
in fine polishing the contents of the flaw have been almost 
all swept out. 

Fig. 13, another chipping, shows one of the fine defects, 
which is of silicate: green streaks had appeared in the 
test-pieces from this forging. 

Some doubt has been cast on the good character of 
nickel steel in consequence of these failures; but the 
author’s observations show that an abnormally small per- 
centage of the test-pieces from nickel-steel forgings show 
greenish markings, and the forging mentioned above was 
the only one on which exterior defects could be found. 
It would seem that the forgings rejected at the Royal 
Arsenal were defective owing to faulty manufacture, more 
especially as the ingots from which they were made were 
not cast in the usual manner, but by a new and, perhaps, 
not properly understood process. ’ 

In the test-pieces from the last three large forgings 
rejected for flaws at the Arsenal, the author has been 
told that ‘‘ green” had previously been seen. : 

11. If, then, as seems most probable, the greenish 
markings on the fractured surfaces of test-pieces are due 
to the same matter that causes the longitudinal and in- 
terrupted defects in the forging, they should surely be 
taken serious notice of when present in quantity. It is 
very difficult to pick up these defects in the finished 
forging : the latter must first be polished before they can 
be distinguished from tool marks; only the surface can 
be examined, and it is unlikely that they will be noticed 
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GREENISH MARKINGS IN FRACTURED SURFACES OF TEST-PIECES. 
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Fic, 1.—Nickel steel, 13 per cent., jacket. Unetched. Iden”, # {Fic. 2.—7.5-ing inner A tube test-piece, hardened at 145 deg. Fie. 3.—Wrought-iron bar. Unetched. Magnification of 


tified as green by oblique sunlight. Magnification of original Fahr., and annealed at 900 deg. Fahr. Etched with picric original photograph, 110 diameters; of engraving, 66 
photograph, 110 diameters ; of engraving, 66 diameters. acid. Identified as green “ry ~ sunlight. Magnifica- diameters, 
tion of original photograph, 110 diameters ; of engraving, 


66 diameters. 














Fie. 4,.—After. Fie. 5.—Before. Fie. 6.—After. Fig. 7.—Before. Fie. 8.—Top of a 27-ton ingot. Etched with picric acid. 
12-in. A tube; muzzle end, Etched with picric acid first. 7.5-in. inner A tube; breech end, Test-piece oil-hardened at Magnification of original photograph, 110 diameters; of 
Photographs after and before treatment with dilute HCl. 1600 deg. Fahr., and annealed at 1200 deg. Fahr. Etched engraving, 66 diameters. 
Sulphide of manganese. Magnification of original photo- with picric acid first ; after and before treatment with dilute 
graph, 110 diameters ; of engraving, 66 diameters. HCl. Silicate of manganese. Magnification of original 


photograph, 110 diameters ; of engraving, 66 diameters, 

















Fie. 9.—Nickel steel, 13 per cent., A tube; muzzle end. Sul- Fie. 10,—Nickel steel, 13 per cent., A tube; muzzle end. Large Fi6. 11.—9,2-in, outer A tube ; breech end. Sulphide of man- 


phide streaks in a ‘‘ ghost.” Etched with picric acid. Mag- flaw lying in a “‘ ghost.” Etched with picric acid, Magnifi- ganese embedded in silicate. Etched with picric acid. Mag- 
nification of original photograph, 110 diameters; of en- cation of original photograph, 20 diameters ; of engraving, nification of original photograph, 1200 diameters ; of en- 
graving, 66 diameters. 12 diameters, graving, 720 diameters, 


| in the bore of a small forging. If the defects are seen in 

| the fractures of more than one test-piece in a forging, 

og are in all probability thickly distributed. 

| he streaks are never individually very long, but occa- 

| sionally they extend from one side of the test-piece to the 

| other (0.564 in.) ; more frequently they are broken up 
| into quite short flaws lying in prolongation of each other 
| with the metal welded up between them. 

| The effect on the tensile strength of the test-piece is 
little beyond what might well be accounted for by the con- 
sequent reduction of area. 

The effect on elongation is marked if the streaks are 
visible to the naked eye. The locus of the defects reaches 
its maximum in the very worst place—i.e., at_ the breech 
end of a large forging. In the inner tube it is at the 
front end of the chamber where erosion commences under 

| normal conditions, and these defects running longitudi- 
| nally, whilst they may or may not develop into cracks, 
| will, in all probability, form the starting - points for 
|erosion. The life of a modern gun is already far too 
short, and anything tending to further reduce it must be 
condemned. _ ‘ 4 

Fig. 12.—Chipping from a nickel-steel tube for a field-gun. Fig. 13.—Chipping from a nickel-steel tube for a field-gun. | In any forging subject to violent alternating stresses 
Unetched Magnification of original photograph, 110 dia- | Etched with picric acid. Magnification of original photo- | these flaws in prolongation may easily develop into 

meters ; of engraving, 66 diameters, graph, 110 diameters ; of engraving, 66 diameters. | cracks, 
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BOILER EXPLOSION NEAR TRURO. 


A FORMAL investigation has been conducted at the 
Town Hall, Truro, with reference to a boiler explosion 
which occurred at the Trelion Downs Farm, Grampound- 
road, Cornwall, owned by Mr. H. H. Bishop, and by 
which one person was killed and another injured. The 
Commissioners were his Honour Judge Howard Smith 
and Mr. J. H. Hallett, J.P., consulting engineer. Mr. 
G. C. Vaux appeared for the Board of Trade and Mr. 
D. M. Kerly, barrister, for Mr. Bishop. 

In opening the proceedings, Mr. Vaux stated that the 
boiler in question was of the portable locomotive type, 
8 ft. “ in. inlength, 2 ft. 4 in. in diameter in the barrel, 
and built of iron throughout. It was made by Messrs. 
Brown and May, engineers, of Devizes, in 1883, and was 
thus 21 years old. hen new it was tested to a water 
pressure of 120 1b. and a steam pressure of 80 lb. ed 
square inch, and the safety-valves were adjusted to blow 
off at 60 lb. The usual fittings were attached, and included 
one safety-valve 24 in. in diameter, loaded by Messrs. 
Lever and Salter’s spring-balance, and one lock-up safety- 
valve loaded by direct spring. The boiler when new was 
an exceptionally strong one, and was in the first instance 
supplied to a Mr. Crabb, now deceased, who was then in 
business as a machinery agent at Bodmin. The same 
year it was sold to Mr. C. H. Carlyon, an implement- 
dealer at Kenwyn. who in 1888 sold it to Mr. James 
Hearle, farmer, of Falmouth. At that timeit was worked 
at 60 1b. pressure, and no repairs had been effected. 
Mr. Hearle worked the boiler for some years, and 
then put it up for auction, when it was bought by 
Mr. T. R. Caddy, farmer, of Penryn. Previous to 
the purchase Mr. Caddy looked at the top of the 
fire-box, which appeared to be in order, but he did 
not have any inspection made on his behalf. In January, 
1900, Mr. Caddy thought that a new set of tubes was 
required, and then found that the fire-box was pitted and 
corroded. The boiler was sent to Messrs. Sara and 
Burgess, of the Penryn Foundry and Engine Works, for 
repairs. In June, 1900, it was sold to Mr. Mitchell, 
farmer, of Truro, and was worked by his son at a pressure 
of 801b. In 1902 it was sold to Mr. H. H. Bishop, on 
whose premises it ultimately exploded. Mr. Bishop, 
before buying the boiler, called in Mr. Thomas Fisher, 
engineer and millwright, of St. Austell, to examine it, 
and he told him that it was in order. Mr. Bishop 
worked it up to a pressure of 65 Ib.; but shortly before the 
explosion, the safety-valve was blowing off at 70 lb., more 
steam being required for the work to be done, so that an 
extra weight was placed on the valve. On September 16 
last the engine was at work threshing, and the steam- 
gauge registered between 60 lb. and 70 Ib. pressure. A 
boy, named Simmons, had just opened the fire-door and 
closed the damper, when the boiler burst. The explosion 
was of a very violent nature. The crown of the fire-box 
was ruptured right through the flanged part of the front 

late, near the edge of the crown-plate, for its whole 

readth ; and tearing the side-plates in an irregular way 
along both sides, was forced downwards towards the tube- 
plate, until it assumed a position nearly vertical. Through 
the opening thus formed the contents of the boiler poured, 
and, in consequence, the boiler was thrown upside down, 
and considerable damage done. A boy, named Hocking, 
fifteen years of age, was killed, and one man was seriously, 
and two others slight! , injured. The explosion was due 
to the fire-box ——- n wasted by internal corrosion. 

Mr. Vaux then called for evidence, which was given as 
follows :— 

Mr. Robert Ord, works manager for Messrs. Brown and 
May, of Devizes, spoke to the construction and testing of 
the boiler. He expressed the opinion that the thickness 
of the plates of an iron fire-box would be reduced 3 per 
cent. per annum, and the life of such a boiler as the one in 
question might be taken as twenty years. He looked 
somewhat suspiciously at boilers when more than ten 
years old. The greatest loss of thickness, he thought, 
took place on the fire side of the plate. : 

Mr. C. H. Carlyon a to buying the boiler, and 
working it at 601b.; and Mr. Hearle, farmer, of Falmouth, 
who bought it from the last witness, said he worked it for 
ten years without examining it. They cleaned it well, 
and used good water. It showed no signs of decay. 

By Judge Smith : He judged the condition of a fire-box 
by_the fire side, and not by the water side of the plates. 

Judge Smith advised witness to always have a boiler 
examined properly after working it for two or three — 

Mr. T. R. Caddy, Constantine, said he a = the boiler 
and engine at the sale of the stock of the last witness’s 
father, and gave 95/. for it. He examined the top of the 
fire-box, and it looked very good, and Mr. Hearle’s man 
told him it was safe to work at 60-lb. pressure. When the 
boiler was re-tubed, Mr. Sara told him it was in fair con- 
dition, and could work for some little time longer at 60 lb. 
He exchanged the boiler with Mr. Mitchell for a smaller 
one, the fire-box of which he found, a few months later, to 
be completely done. — bet 

Judge Smith inquired whether this did not have any 
effect on witness’s mind with regard to the condition of 
the boiler he had parted with. Did he not think that 
that one also might possibly be completely done? 

Witness replied that his boiler was different, and it 
did not occur to him that it might be in bad condition. 
He received 40/. from Mr. Mitchell, in addition to the 
smaller boiler. He told Mr. Mitchell that the boiler 
had just been thoroughly repaired, and that Messrs. Sara 
and Bu said it was in perfect order. 

Judge Smith: Was that true or false ? 

Witness replied that it was true. 

Mr. Kerly remarked that witness knew it was not true. 
He knew that the fire-box was pitted, and that it was an 
old boiler pretty nearly on its last legs. E 

Witness replied that he understood it was in good order 





for 60 lb. pressure. The safety-valve was screwed down to 
55 lb. when he sent the engine to Mr. Mitchell. 

Mr. Kerly put it to witness that the valve was screwed 
down to 801b., and that he told Mr. Mitchell that. he 
worked it at 80 lb. : 

Witness, in reply, denied this, and Judge Smith 
remarked that on the evidence the boiler in 1900 was 
certainly not fit to work at 60 lb. pressure. 

By Mr. Hallett: Witness thought he knew whether a 
boiler was in good condition or not, though his experience 
with such boilers had been limited. He was not anxious 
to sell this one because he thought it was weak. 

By Judge Smith : Hesold the boiler not caring whether 
it was safe or not, the same way as he bought it. 

Mr. E. B. Sara, sen., of the firm of Messrs. Sara and 
Bu engineers, Penryn, said they supplied new tubes 
to the boiler in January, 1900. He did not examine the 
fire-box or safety-valves, and had no recollection of saying 
anything about the pressure. They would not say any- 
thing about the fire-box unless inquiry were made. 

Judge Smith remarked that he should have thought 
that if the fire-box was dangerous, as he expected this 
one was, the men witness employed would have told him 
of it. 

Mr. Caddy inquired whether witness did not tell him, 
when he paid for the a that the boiler could be 
worked at 60 lb. pressure. Witness replied that he 
said nothing of the kind. 

By Judge Smith: The boiler was seventeen years old, 
and his men might have found out that it was deterio- 
rated ; but he had no recollection of being told anything 
about it. 

Mr. Harold C. Sara also gave evidence, and said he 
never gave Mr. Caddy any opinion as to the working 
pressure. If Mr. Caddy had requested him to do so, he 
should have declined. 

Mr. Alfred C. Mitchell, farmer, of Kenwyn, said that 
when he bought the boiler in June, 1900, Mr. Caddy told 
him that it was in thorough repair, and fit to work at 
80 lb. pressure. Witness worked the boiler at that pres- 
sure, but never had it examined; and when he gave up 
the threshing business he sold it to Mr. Bishop, telling 
him that he need not be afraid, as the boiler had been 
re-tubed about a year ago. 

Mr. Thomas Fisher, millwright, of St. Austell, said he 
did not consider himself competent to determine the safe 
working pressure of a boiler. He did not undertake to 
examine the boiler when Mr. Bishop bought it, but only 
the engine. He looked into the fire-box and tapped it, 
and told Mr. Bishop that he did not see any patches, and 
he may have said it was a good engine. 

By Judge Smith: He tapped the fire-box to remove 
the scale, and not to ascertain if the plates were sound, 
as he could not tell if they were. He was paid 1s. 6d. 
for what he did. 

By Mr. Kerly : Witness did not consider it part of his 
duty to see if the boiler was in good condition, but only 
to see if there were any patches. 

Judge Smith poin out that patches would not 
affect the engine; why, then, should witness want to 
know if there were patches. Which was the most impor- 
tant, the condition of the boiler or the condition of the 
brasses ? Witness replied that the condition of the boiler, 
as a matter of safety, was the most important. 

Mr. Kerly: Does it not occur to you that you misled 
Mr. Bishop? You knew that you were incompetent to 
examine the boiler, but did not tell him so. Did he think 
you were tapping the fire-box for amusement ? 

Witness replied that he could not say what Mr. Bishop 
thought. He could not form any opinion as to the fire- 
box, and did not think he said that it was in good condi- 
tion, and that the engine was a good one. He told Mr. 
Bishop what was amiss, and that he Gould see nothing 
wrong with the fire-box. 

Judge Smith inquired of witness why he did not tell 
the Court this at once? He had, it appeared, examined 
the fire-box after all. Why this fencing with the matter ? 
It had been dragged out of him. Witness replied that 
he could scarcely call it an examination, for he merely 
looked over the fire-box. 

Mr. Henry H. Bishop, farmer, of Grampound-road, 
deposed to having asked the last witness to examine the 
engine, meaning the whole thing as it stood. Nothing 
was said about the safe working pressure of the boiler, 
but Mr. Fisher told him he thought all was right, and 
he therefore secured ion of the engine in about a 
week. He worked it at 60 lb. to 651b., but two days 
before the explosion he wanted more steam for the thresh- 
ing, and anther than screw the balance down he put a 
poker on the lever and got a pressure of 80 lb., which he 
considered, judging from Mr. Mitchell’s statement, would 
be safe. 

J udge Smith: It was a silly thing to do. 

_By Mr. Kerly : Witness asked Mr. Fisher to advise 
him whether to buy or not. He bought a new engine 
about the same ont only used this old one about falf 
a day a week. He had used it very little. 

Henry Webb, engine-driver in Mr. Bishop’s employ, 
said his orders were that if anything was wron with the 
engine, it must be attended to immediately. The steam 
gauge registered 65 lb. to 70 lb. at the time of the ex- 
plosion. 

After some other unimportant evidence, Mr. Robert 
Falconer, engineer-surveyor to the Board of Trade at 
Falmouth, said he examined the boiler soon after the ex- 


plosion, The fire-box was —— worn out, in conse- 
e 


quence of corrosion on the water side, the plates having 
been reduced to 4 in. to ;; in. in thickness. The lock- 
up safety-valve was inoperative. The boiler was unfit to 
work at any pressure. 

This concluded the evidence, and Mr. Caddy, Mr. Mit- 
chell, and Mr. Fisher addressed the Court on their own 
behalf. Mr, Kerly, on behalf of Mr. Bishop, said the ex- 





plosion did not occur through any incompetency on the 
part of the employés of his client. It was idle for Mr. Fisher 
to fence with the Court, and pretend that he was not 
employed to examine the boiler. Parliament ought to 
interfere,-and have compulsory inspection of dangerous 
things like boilers, and it should require the certificates 
to be renewed at intervals. It would be hard to find 
Mr. Bishop guilty of neglect, for among the various 
ersons who fad had the boiler, he was the only one who* 
ad called in an engineer to examine it. 

Mr. Vaux, addressing the Court on behalf of the Board 
of Trade, said that this case was about the best example 
the Commissioners had had before them of that class of 
boiler being handed about from one person to another. 
It was made for a pressure of 60 1b., and more or less 
guaranteed by one to the other ; and yet after twenty-one 
years it was being worked at a Reker pressure than it 
was made for. Mr. Fisher was an example of the man 
who called himself an engineer; and whether or not he 
supposed himself to be an engineer, in course of time his 
friends trusted him and called on him for advice. 

At this point the Court adjourned until the following 
day, the Commissioners in the meantime having visited 
the scene of the explosion and examined the exploded 
boiler. On the Court re-assembling, the presiding Com- 
missioner, Judge Smith, said the case was illustrative of 
the manner in which agricultural boilers were dealt with, 
passing, as this one did, from hand to hand without exami- 
nation, and also of the mode in which they were worked. 
Tracing the evidence step by step, Judge Smith said that 
what the Court thought very important took place at the 
time Mr. Bishop bought the boiler. He consulted Mr. 
Fisher, who told him that the engine was in good 
order, which Mr. Bishop understood, and naturally so, to 
mean that the machine was all through in good order for 
a working pressure of 80 lb. The Commissioners were 
clear, notwithstanding the equivocating way in which 
Mr. Fisher gave his evidence, that he did pretend to 
examine the boiler, and reported that it was fit to work. 
The fire-box was practically worn out, in consequence of 
corrosion, on the water side, and the Court quite agreed 
with Mr. Falconer that the plates were so reduced as to 
be unable to withstand any useful pressure. The fact 
that there were defects in the boiler calling for imme- 
diate thorough examination would have been patent to 
any ordinary observer, and showed that the boiler had 
not been examined for a very long time. Answering 
certain questions submitted to the Court by Mr. Vaux, 
Judge Smith said that Mr. Fisher was requested by Mr. 
Bishop to make an examination of the boiler, but Mr. 
Fisher was apm not competent to examine it, though 
he did advise Mr. Bishop as to the condition of the engine 
and the safe eye at which it could be worked. Mr. 
Bishop thought that Mr. Fisher was competent to examine 
the boiler, and he therefore had it examined ; but he did 
not cause it to be periodically examined by a competent 

rson. While the boiler was in Mr. Bishop’s possession 

e did not take any measures to ascertain the pressure at 
which it could safely be worked. The management of 
the boiler was entrusted to a competent person, but 
proper measures were not taken by Mr. Bishop to ensure 
that it was being worked under safe conditions, 
having ard to the fact that’ it was a second-hand 
one. It should have been examined at least once every 
year after it became his property, but he did not see 
that this was done. The Court was of opinion that the 
explosion was contributed to by the neglect of Mr. Caddy 
and Mr. Mitchell, because the fire-box had substantially 
deteriorated whilst in their ion, and examination, 
would have. detected that detect. The explosion was 
directly caused * the neglect of Mr. Fisher, in advis- 
ing in 1902 that the boiler might be continued at work at 
a pressure of 80 lb., or, indeed, at any pressure. Mr. 
Fisher was very much to blame, for either he was com- 
petent to form an opinion or he was not. If he was 
competent to do so, he was very negligent in his 
examination, or he would have detected the defects. 
If he was incompetent, he was equally negligent in repre- 
senting himself to be a competent person. The Court 
therefore pronounced him to blame for the explosion. 
With regard to Mr. Bishop in buying the boiler, having 
had it examined, the Court held that he was blameless, 
but they must pronounce him to blame for not causing 
the boiler to be examined at least once after the purchase. 
They did not lose sight of the fact that during the two 
years it was very little used, and when idle was well 
taken care of ; and in that respect Mr. Bishop’s conduct 
compared favourably with that of many other steam-users 
of his class. The Court was obliged to find Mr. Bishop 
to blame, but under the circumstances they would not 
order him to pay any portion of the costs of that investi- 
gation. 

Mr, Vaux asked the Commissioners to consider the 
question of costs with regard to Mr. Fisher, as they had 
found that the explosion had been practically brought 
about by his neglect ; and it was a question whether he 
should not contribute to the expenses of the inquiry, 
which would be considerably over 1007. 

Judge Smith said that the justice of the case would be 
met by ordering Mr. Fisher to pay to the Solicitor of the 
Board of Trade the sum of 50/. towards the costs of the 
investigation. He would, therefore, make an order ta 
that effect. 








CHILI AND Botiv1a.—A convention has been concluded 
between the Governments of Chili and Bolivia for the 
construction and working of a line between Arica and 
Alto de la Paz. 


CANADIAN Coat.—The coal areas in and around Ed- 
monton, North-West Territories, are gradually showing 
up in larger quantity and better quality. One mine about 
15 miles up the river has a seam of coal 15 ft, in thickness, 
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Comrrtep sy W. LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS OF 1883—1902. 
The number of views git in the Specification Drawings is stated 
i se wi maanenal, the Specification is not 


Where inventions are communicated from abroad, the Names, 
é&c., of the Communicators are given in italics. 
Copies of Specifications may be ined at the Patent Office Sale 
nch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 
The date of the advertisement of the ance of a Complete 
Specification is, in each case, given after the abstract, unless the 
atent has been sealed, when the date of sealing is given. 
ag pene may, at any time within two months from the date of 
the advertisement of the ance of a Complete Specification, 
a a Patent O, of opposition to the grant of a 
‘atent on any of the grow mentioned in the Acts. 


ELECTRICAL APPARATUS. 


8972. P. C. Hewitt, New York. Electrical Distri- 
bution System. [1 Fig.) April 28, 1905.—The system of 
operating direct-current work circuits from alternating-current 
sources through vapour rectifiers is subject to the danger that 
the rectifier mney | current to the work circuit may cease 
to act, and the present invention is designed to provide means 
whereby the system may be supplied with a plurality of vapour- 
rectifiers so — that when the rectifier through which the 
current is originally transmitted goes out or ceases to operate, 
another rectifier is automatically substituted in its place. 1 and 
2 are the mains of an alternating-current circuit, and 3 is the 
primary of at former <¢ ted between the said mains. At 
4 is shown the secondary of the said transformer, and at 5 and 6 
are shown vapour rectifiers, the former having two positive elec- 
trodes 7 and 8, and the latter having two itive electrodes 9 
and 10. The vapour-rectifier 5 has a negative electrode 11, and 
the rectifier 6 has a negative electrode 12, the said negative elec- 
trodes being in each instance common to the two positive electrodes 
in the respectiye rectifiers. One terminal of the secondary 4 is con- 
nected to the positive electrodes 7 and 9, while the other terminal 
is connected to the positive electrodes 8 and 10. The neutral 
point of the secondary 4 is connected through a work circuit 13, 
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including direct-current translating devices 14, with the negative 
electrode—say 11—of one of the vapour-rectifiers. On its way to 
the negative *lectrode the circuit may include the coils 15 of an 
electromagnei * 3nd adapted to control the position of an arma- 
ture 17, so as draw it away from a conducting backstop con- 
nected with t'e .egative electrode 12 of the other rectifier. The 
rectifier 5 may be started into operation by any suitable means, 
and when thus started the work circuit will be supplied through 
the said rectifier, while at the same time the armature 17 will 
drawn down away from contact with the backstop. Should, 
now, the current flow in the rectifier cease, the magnet 15, 16 
would release the armature 17, allowing it to be drawn by the 
spring 19 into contact with the backstop. This would cause 
a flow of current through the primary 20 of a transformer con- 
nected between the positive and negative sides of the circuit, 
whereupon, through the action of the secondary 21 of the said 
transformer, a current of high potential would be impressed upon 
a starting - band near the negative electrode 12 and upon the 
positive electrode 9, thereby causing a starting of the rectifier 6. 
The work circuit would then be supplied with current ae 
the last-named rectifier, and the operation of the system woul 
(Accepted August 2, 1905.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 

20,446. A. H. Thwaite, Westminster, and M. W. 
w y on Arrangements. [1 Fig.) 
September 29, 1904.—This invention relates to an improved 
method of effecting the ignition of gases of low calorific value in 
the cylinders of internal-combustion engines. The usual method 


continue. 
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other method consisting in the employment of an electric spark. 


that the ignition medium is a pencil of ref earth, similar 
in constitution to that employed by Nernst for illuminating pur- 
poses, this arrangement being used to establish a condition of 
incandescence for the described. The pencil A of refrac- 


urpose 
tory earth is placed inside a tube B with a closed end ©; such a | 


tube, for instance, but shorter, as is outs for the tube-igni- 
tion method. Between the tube B and the cylinder body D of the 
internal-combustion engine a timing-gear E is provided and 
adapted to control the admission of the explosive charge into the 


| the press-head 16 is su 
The present invention is distinct from either of these methods in | of support. After the 





tube, in which the Nernst pencil is firmly fixed and placed verti- | 


cally or horizontally, and so disposed t' 
can short-circuit nor the gases escape. The Nernst pencil is, as 
usual, provided with a platinum coil F. It is preferred to main- 
tain the pencil only at such a temperature as will satisfactorily 
and sharply effect ignition. Also it is preferred to use the system 
in duplicate by using two se’ te tubes, with a switching device 
that will permit either or both of them to be heated to incan- 
descence. (Accepted August 19, 1905.) 


4301. J.E. M. Briest, Levallois-Perret, France. 
Carburettors. (8 Figs.) March 1, 1905.—This invention 
relates to those carburettors in which the mixture of fuel and 
air is regulated simultaneously by the movement of the governor 
of the engine. The mixing-chamber @ is constituted by a oy b, 
capable of moving up and down in the casing c, and which sur- 
rounds a longitudinal part provided with a holed. In the hole 
d, which communicates with the fuel inlet e, moves simultaneously 
with b a rod /, cylindrical at the bottom and more and more 
flattened towardsthe top. Under the action of the vacuum produced 
by the engine which communicates with the mixing-chamber by 
g and the holes 4, i made in the part 0, the fuel from the conduit 
é is injected into the chamber a, entering through a passage left 
between the wall of the hole d and the flattened portion of the 
rod f. Air is admitted into the apparatus at the bottom, whence 
it passes into the mixing-chamber through the annular space 
existing in the position shown between the cone of the longi- 
tudinal part k, and the truncated conical portion of the part b. 
The carburetted mixture passes from the chamber a to the engine 
through the holes A, i, and the outlet g. Under these condi- 
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tions, it will be readily understood that if the part ) is mecha- 
nically connected to the governor—say, by means of a small rod 
m, connecting the part b to the small arm of a bell-crank lever n; 
the long-arm of which is controlled by the governor—the move- 
ment of the b and of the rod f wil ~~ the quantities of 
fueland air introduced into the mixing-chamber. Owing to the 
special shape of the rod f and that of the parts k and /, these 
quantities decrease as the part UL rises, and both fuel and air 
inlets are closed after it has reached the top of its stroke. The 
part b being at the top of its stroke, the carburettor offers the 
advantage of preventing the suction of the engine from produc- 
ing a vacuum in the apparatus, which would have the drawback 
of injuring the parts. It must be —- out that the com- 
munication of the engine with the mixing-chamber is, in fact, cut 
off before the admission of air and fuel are completely stopped. 
Owing to the arrangement of lateral holes o made in the casing c, 
and by establishing communication between the engine and the 
atmospheric air by means of a circul duit, it is possible to 
avoid the above-mentioned drawback, the engine drawing in and 
forcing out cold air, which at the same time cools its walls. 
(Accepted August 2, 1905.) 


HYDRAULIC MACHINERY. 
961. H. . Leeds, and W. Smethurst, Man- 
P- —I FH. Bn {2 Figs.] September 29, 1904.— 


Presses for baling cotton, wool, jute, and other materials have 
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for effecting ignition may be divided into two categories—one 
consisting in the employment of a nickel tube with a closed end, 
and into which the er mixture is forced, this tube being | 
externally heated by a Bunsen flame to such a condition of incan- 
descence as to effect the ignition of the explosive charge ; and the | 








heretofore been made with the baling-box carried on arms that 
swivel or turn on a centrally arran; stud secured to the press- 
table, the baling-box being held or locked in position over the 
filling boxes by means of swivel bolts or by locking mechanism. 
The object of the present invention is to dispense with the swivel- 
ling holding-down bolts or locking mechanism, and thus save the 
time that has been taken up in securing the baling-box to and 
releasing it from the table before and after each pressing. Accord- 
ing to this invention, an hydraulic baling-press is constructed with 
a 1 that carries the requisite number of pressure cylinders. 


| The cylinders 5 are arranged in a circle, in the centre of which is 


placed a pillar 6 that is secured to the bed-plate 1, and extends 
upward therefrom. The arms 8 and 9 carrying the bale-box 10 
are mounted on the upwardly-extending pillar 6, 80 as to be easily 
turned thereon. Carried on and secured to the upper end 11 of 
this pillar 6, and on the upper ends 12 of two upwardly-extend- 
ing bolts 14, is a press-head 16, that may extend above all the 
pressure cylinders 5 or above some of them only. The bolts 14 
are so placed in relation to the ag ogy cylinder by which the 
final pressing of the material within the bale-box is effected that 





.- above this cylinder on three 
rs' 


points 
t charge of material to be has 
been placed in the baling-box 10, pressure is applied thereto from 
one cylinder, the weight of the bale-box being sufficient to with- 
stand the pressure applied ; but when more materia! is added and 





pressure applied for a second or third time by the second and 
third cylinders, and also when the final pressure is applied by the 
last cylinder, the baling-box may he slightly lifted on the central 
pillar 6 from off the table 17 until its upper end bears against the 


| underside of the press-head 16, which then takes the pressure 





applied. (Accepted August 2, 1905 ) 


PUMPS. 

20,612. R. Waggecd and Co., Limited, and R. 
Carey, London. ving-Gear. (2 Figs.) September 24, 
1904.—This invention relates to improvements in the driving-gear 
of pumps, one of the objects being to enable the latter to be run, 

articularly when driven at high speeds, with a minimum of noise. 

t has therefore been pro’ to use right and left-hand worms 
carried on a single shaft driven direct from the electric or other 
moter, said worms en ng right and left-hand worm-wheels 
respectively, and in order that each worm and worm-wheel may 
perform its due amount of work, to key on to each worm-wheel 
shaft a spur-wheel, said spur-wheels engaging each other; but 
such an arrangement has been found to be objectionable on 
account of the noise due to backlash inseparable from tooth- 
gearing, and, further, on account of the increased loss of power 
ue to excessive friction. According to this invention, the pump 
plungers are ope! y means of a system of cranks and con- 
necting-rods driven by worm-wheels, which engage with worms 
carried on the worm-shaft, which is driven direct by the motive 
power of the pump; but such wheels are not geared together, the 
necessary connection between the two worm-wheel shafts being 
established by mounting thereon cranks and connecting-rods, the 








latter being pivoted to cross-heads either, preferably, directly 
connected to the pump plungers by means of gudgeons or like 
means, the latter forming pivots when desired, or the cross- 
heads may be rigidly fixed to the plungers or to an extension 
thereof. 1 is one of the pump plungers. These plungers carry 
cross-heads 4 pivotally mounted thereon, if desired. by gudgeons, 
whereby the plungers 1 are a nos | connected to connecting-rods 
3, which arrangement is preferred, or the cross-heads 4 of the 
said connecting-rods ma; rigidly fixed to the plungers 1 or to 
an extension thereof. e lower ends of the connecting-rods 3 
are eccentrically mounted upon discs 5 keyed to worm-wheel 
shafts 6, upon which are keyed worm-wheels engagi worms 
having respectively right and left-hand threads, an pom A on a 
worm-shaft 10 coupled to the shaft of an electric motor 12, which, 
as shown, forms the present motive power of the pump. It will 
be seen that the necessity hitherto experienced for gearing the 
two worm-wheels is overcome, and the use of spur-wheels for that 
purpose obviated, the necessary connection being established by 
the discs 5 and connecting-rods 3, and the gu ns 2 and cross- 
heads 4, or like means. With such a construction the above- 
described objections are eliminated, and a more silent, efficient, 
and ical gear is obtained. (Accepted August 2, 1905.) 
19,777. W. Anderson and R. MacG , Glasgow. 
Air-Compressors and Pumps. (2 Fuge September 14, 
1904.—This invention relates to ens and pumps com- 
of an inner and an outer drum linked together and arranged 
eccentrically the one in relation to the other, so as to form a 
crescent chamber divided by radial vanes in a manner analogous 
to that described in the specification of Letters Patent No. 16,513, 
of 1901; and the present improvements have for their object to 
simplify such apparatus and lessen the cost, while inc ng its 
efficiency, by so varying the construction that the outer drum is 
held stationary while the inner drum is also non-rotating, but 
has imparted to it a rolling motion, which brings successive point 
of its periphery into contact with the inner circumference of the 
outer drum or stationary casing. The general urrangement of 
the compressor pump may be similar to that described in the said 
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pecifi , but ding to the present invention the inner 
drum A is actuated by means of a rotating shaft B extending 
concentrically through the outer drum or casing A}, and havin; 

keyed or formed on it an eccentric or cranked portion B! whic 

extends through a concentric orifice or bearing in the inner drum 
A, 80 that by the rotation of such eccentric, portion of the shaft 
B an ever-advancing point in the periphery of the inner drum A 
is maintained in contact with the inner surface of the outer 
easing Al, while the diametrically opposite point is that of 
greatest depth of the crescent chamber ©. To maintain the re- 
lative positions of the inner and outer drums A, A', they are 








linked together at one or more points preferably by crank-pins 
D on discs D! sunk either into theends of the inner drum A or 
into the covers A? of the outer casing Al, The radial vanes F 
which divide the crescent chamber C, and separate each inlet 
from the correspondin discharge passages, may be fitted to pro- 
ject from the inner drum as described in the hg renee of 
Letters Patent before mentioned ; or, as is preferred, they may be 
fitted in sockets G in the stationary casing A!, and project in- 
wards through rockers H, fitted in the inner dram in a fashion 
similar to that described in the specification of Letters Patent 
No. 4517, of 1903. (Accepted July 26, 1905.) 


RAILWAYS AND TRAMWAYS. 


20,4¢4. Edgar Allen and Co., Limited, Sheffield. | 


(P. A. Hyde, Pretoria, Transvaal.) Coupling - Buffers. 
(3 Figs.) September 22, 1904.—This invention relates to a ty pe of 
buffer which consists of a draw-bar, buffer, and coupling com- 
bined, the buffers being formed with bell-mouthed hollow heads 
provided with draw-pins, by means of which a single coupling- 
link can be employed with each pair of buffers for coupling two 
vehicles together. The object of the invention is effected by 
»wroviding lugs d, d! inside the bell mouth of the buffer-head a, 
means of which the distance between the bearings of the drop- 
pin ¢ may be materially decreased. These lugs may be formed 
with semi-circular abutments in line with the holes through which 
the drop-pin is passed, — an extension of such holes on a 

rtion of one side, thus affording valuable support to the drop 
or coupling-pins, and thereby materially reducing the bending 
moment at the centre of the pin, without impairing the readiness 


with which the coupling or uncoupling operations are performed, 
and without adding to the weight of any parts requiring to be 
handled. Theee lugs may be made of a width at their inner ends, 
against which the pin abuts, a little less than the diameter of the 
said pin, and can also be so curved from its abutting face to the 
outer mouth of the buffer that when the end of the link } enters 
the bell mouth of the buffer it will readily rise over the back of 
this lug until it is sufficiently advanced for the lug and the drop- 
pin to enter between the loop of the link. The upper lug d! 
would be similarly formed £o as not to impede the raising of the 
link inside the mouth of the buffer. These lugs are also reduced 
in width outwardly, so that they do not interfere with the lateral 
play of the link ) about the coupling-pin when the train is round- 
ing acurve. Sometimes lugs as described are employed on the 
bottom bearing only, and sometimes on the top bearing only, as 
circumstances may require. (Accepted July 26, 1905.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c, 


25,622. W. Schmidt, Wilhelmshohe, Germany. 
Superheaters. [3 Fig.) November 24, 1904.—This invention 
relates to smoke-tube boilers in which the superheater is formed by 
a part of the smoke-tubes, some or all of the tubes being provided 
on a portion of their length with a jacketing-tube, so that the 
annular space between the smoke-tube and jacketing-tube forms 
asuperheater. This annular space—and the essence of the inven- 
tion in general consists in this--is provided interiorly or exteriorly 
with a second pipe, which serves as an insulator for protecting 
the steam to superheated against the cooling action of the 
boiler water. The steam flows through the upper row of pipes r! 


25022) 


between the jacketing-pipes m and the smoke. tubes r!. The jacket- 
ing-pipe m is vi upon the inside or the outside with a 
co-axial pipe for insulating, which pipe is situated at a slight 
distance from the jacketing-tube ; the latter is thereby protected 
against the cooling action of the boiler water, so that the passing 
steam which flows counter to the flow of the fire-gases is very 
highly superheated thereby. steam, which is then highly 
superheated, enters the chamber b, in which the external jacketing- 
pipes m are tightly fixed, and then flows through the lower rows 
of pipes r*, which are equi similarly to the upper ones, the 
steam is again exposed to the action of the fire-gases, and enters 
the casing d), 


| Jeave between i and ma more or less closed-in space, which, by 
means ot the contained stagnant layer, acts as an insulating body. 
(Accepted July 26, 1904.) 


9246. S. M. Cockburn, J. R. Temperley, and J. 
Temperley, London. Tube-Scrapers. (7 Figs.) April 22, 
1904.—This invention relates to a contrivance for breaking and 
| removing the incrustation which adheres to the interior surface 
| of tubes, particularly the tubes of water-tube boilers. a,a@ are 

two scaling tools oppositely pivoted on a socket c, which is secured 

to a tubular arm d which contains the hanism of a p tic 
| hammer and serves as a medium for the conveyance of energy by 
| fluid under pressure and as means for manipulating the tool and 
| causing it to effect the desired result at every part of the internal 
surface of the tube. The pivoted tool a is provided with a round- 
shaped chisel edge and a semi-cylindrical heel a?, which is seated 
in a corresponding recess formed in the heel e! of a drift, the 
shank e? of which is adapted to receive a rapid succession of blows 
delivered by a pneumatic hammer or other suitable agent. Be- 
tween the shank of the drift and the internal surface of the 
socket ¢ a helical spring under compression is inserted under the 
head of the drift, which spring will serve to press the edge of the 
tool into contact with the incrustation, so that when the blow is 
struck on the drift, only a small movement of the portion of the 
tool which receives the blow will be requisite to effect penetration 
and cause the separation of the incrustation. The heel of the tool 
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which receives the blow, and the drift which serves as the agent | 
for delivering the blow, both move in the direction of the 
momentum of the hammer ; and the distance they are permitted | 
to move being so little, and the time interval occupied in the | 
movement being so short, the percussive effect of the blow is) 
corresponding)y enhanced, and also a minimum amount of energy | 
of the blow is expended in giving velocity to the moving parts. 
In the arrangement shown in Fig. 2, as in the arrangement shown 
in Fig. 1, the success of the operation depends on the maintcnance 
of a pressure contact of the edges of the tools with the incrusta- | 
tion to be separated, and on the blow being received by a portion | 
of the tool which moves in the same direction as the agent which 
delivers the blow. - In the construction shown in Fig. 2 the| 
chisels g are pivoted in cylindrical recesses formed in the drift- | 
head e!, and are forced into contact with the metal of the tube | 
by means of the helical spring h, which is interposed between the | 
head c! of the socket ¢ and the foot of a presser i, which is guided | 
in a bush j which is screwed into the head c! of the socket. By | 
means of the tubular arm d the chisel edges are kept up to their 
work in contact with the incrustation, and each blow delivered 
on the shank of the drift causes the breaking away of an addi- 
tional small portion of the scale. (Accepted August 2, 1905.) 


19,006. D. Crowther, and Glover’s Water-Tube 
Botier Company, Leeds. Steam-Genera- 
tors. [4 Figs.) September 3, 1904.—-This invention has for its 
object to combine the advantages of the Scotch or marine boiler 
with those of the water-tube and locomotive boilers, and thereby 
to obtain great efficiency combined with great and rapid steam- 
ing capacity compared with the size and weight of the boiler. 
The boiler consists of a cylindrical shell a, between the tube-plates 
of which extend the flame-tubes d serving as the return-tubes 
from 4he combustion chamber V R to the uptake. The upper 
part of the boiler shell a extends to the rear, so that the under- 
side of this rear extension g is above the level of the topmost of 
the return flame-tubes d at this end and below the lowest water 
level of the boiler, and forms the roof of the combustion chamber 
VR. The sides of the fire-box F Bare formedof single rows of 








A pipe i is provided, which is so arranged as to 


water-tubes h, preferably double-flow water-tubes, The upper 
ends of these tubes are secured in the cylindrical shell of the | 
boiler, and so that the currents produced in the double-flow | 
water-tubes extend more or less into the space around the | 
return flame-tubes, thereby greatly facilitating the disengage- | 
ment of the steam generated on the upper sides of the tubes d, | 
and increasing the efficiency of the same. The sides and end of | 
the combustion-chamber V R are similarly formed of water- 
tubes, preferably double-flow water-tubes j, having their upper 
ends fitted in and through the underside of the rear extension g, 
and always below the lowest water level of the boiler. The. 
space left on each side between the last of the fire-box water- | 
tubes j and the first of the combustion-chamber water-tubes / is 
filled in by a transverse wall & of firebrick, having a large open- 
ing through it. This opening connects the fire-box with the | 


combustion-chamber. The lower [side of this opening forms the 
top of the fire-bridge, and the upper side protects the rear edge 
of the underside of the shell a from the eating away action of the 
flames. The water-tubes / are bent at their upper ends so as to enter 
the shell a radially, and the space thus left open between the upper 
ends of these tu are blocked by firebrick slabs; or they may 
have their upper ends sufficiently reduced in diameter to enable 
them to be carried up quite straight without dangerously re- 
ducing the strength of the boiler shell along the line of insertion. 
The whole is suitably enclosed in a sheet-iron casing, and a fire- 
brick lining protects the firing-door end plate of the fire-box. 
(Accepted August 2, 1905.) 


19,355. J. Whysall, Nottingham. Heating, Purify- 
ing, and Circulating Water. [5 Figs.) September 8, 
1901.—This invention relates to improvements in the means for 
and the method of heating, purifying, and circulating water in 
steam-generators. A se ting-chamber 1 is placed between 
the flues, and is provided with an inlet opening, an outlet and 
baffies 8 by which the flow of the water through the chamber is 
impeded and directed, while from the bottom of the chamber a 
blow-off pipe is carried through the front of the boiler, and is 
provided with a suitable tap. The outlet end of the chamber is 
fitted with a pipe 11 by which the water from the chamber is 
conveyed tomate the front and bottom of the boiler and dis- 
charged through branches 12. The inlet end of the chamber is 
fitted with a box which forms a chamber in which currents of 
water from various parts of the boiler and the feed-water are 
mixed together before entering the separating-chamber1. The 
box is divided by partitions into three channels. The centre 
channel receives the feed-water ; the two outer channels are 
connected to bell-shaped mouthpieces or scummers, which are so 
fixed that the centre of the opening is at or about the same 
height as the working level of the water in the boiler. The three 
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channels meet near the inlet in the separating-chamber, and at 
or about the same point the water from the Galloway tubes 19 is 
delivered by pipes 20, such water being drawn from near the 
bottom of the boiler through pipes 21. In an apparatus of 
the kind described the heat in the flues causes a current of 
water to flow through the tubes 19 to the separating-chamber, 
and such current induces other currents of water through the 
scummers ; and since these currents are drawn from near the top 
of the water in the boiler, the scum and other matter floating on 
the top of the water is drawn into the separating-chamber and 
falls to the bottom thereof. When the pump or other feeding 
appliance is at work, the feed-water is mixed with the water 
from the tubes 19 and that flowing through the scummers before 
it reaches the separating-chamber 1, and is thereby raised to a 
high temperature, which temperature is increased as the water 
passes through the separator owing to the position of the sepa- 
rator relatively to the boiler flues. The high temperature to 
which the feed-water is thus raised causes it to deposit the 
greater part of the impurities held by it in solution, and these 
impurities and other matters carried in with the water fall to the 
bottom of the separating-chamber, and are blown out through 
the blow-off pipe. (Accepted August 2, 1905.) 


6008. J.J. Tinker,Hyde. Steam Junction-Valves. 
{1 Fig.] March 22, 1905.—This invention relates to improvements 
in and connected with that type of steam junction and the like 
valves wherein the body or pressure part of such valve is made of 
wrought-steel plates, and the object is to so form and fit together 
such valve body as to facilitate the manufacture and render such 
valves more reliable and durable than hitherto has been the case. 
a is the valve body, having at the side a branch adapted to receive 
the outlet or side flange c. d is the valve seating, which also 
forms the base or inlet of the valve body a. The flange e on the 
top of the valve body is made of mild wrought-steel forging, 
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whilst the cover f is turned out of a mild-steel boiler-plate. The 
valve body a is screwed on to the valve seating d, and in order to 
secure an absolute tight joint it is screwed on hot, and as an 
extra precaution against shear in some cases the one may b2 
secured to the other by means of a number of steel set-screws. 


| In this case the top flange is screwed on hot, the valve body being 


cold, and the set-screws are screwed into the a flanges ¢ from 
the inside. The outlet or side flange ¢ is screwed on to the side 
branch, and in this operation the valve body a is screwed on hot 
whilst the outlet or side flange c is cold. In large size valves the 
valve body a is welded solid, the weld being on the side opposite 
to the outlet or side flange c. (Accepted August 2, 1905.) 











Oct. 13, 1905. ] 





ENGINEERING. 469 








THE ACCESSIBILITY OF PORTS. 
By Brysson CunnincHam, B.E., 
Assoc. M. Inst. C.E. 

ANNIHILATION of distance may be said to be the 
leading characteristic of modern engineering enter- 
prise. Whether the immediate object be the deve- 
lopment of an eligible suburb or the opening up of 
a virgin continent, in both cases there is the same 
incentive and the same endeavour—viz., the attain- 
ment of the greatest possible measure of accessi- 
bility. Seizing the gist of the matter, as they 
usually do, our American cousins have pithily 
phrased it as ‘‘ the importance of getting there.” 

Perhaps the most obvious and convincing evidence 
of the prevalence of such a policy is to be found in 
the amazing network of railroads and tramways 
which intersect town and country alike, and extend 
in numberless ramifications to the utmost bounds of 
civilised influence. Yet while the modern deve- 
lopment of overland transit is undoubtedly a feature 
of great and absorbing interest, it is by no means 


the only, nor, indeed, the principal indication of : 


have a speed of 23} knots, and two others are | and when further complicated by fogs and darkness, 
planned to have a speed of 25 knots. | to say nothing of shoals and a crowded track, the 

But while from this point of view the subject hazard of the undertaking is evident. A contrast 
may seem to concern chiefly the naval architect and | between the ports of Marseilles and Havre on the 
the marine engineer, it cannot be claimed that the | one hand, and Antwerp and Bremen on the other, 
solution of the problem lies entirely in their hands. | must indabitably throw into strong prominence the 
Much of the advantage accruing to an expeditious | superior convenience of access possessed by ports on 
voyage may easily be, and in the past often has | the littoral. Possibly, under the old order of things, 
been, dissipated and neutralised by various vexa-| when time was not the supreme consideration 
tious delays experienced in its closing stages— | which it has of late years become, river ports have 





such delays, for instance, as are caused by tidal 
and meteorological phenomena and by inadequate 
facilities for entering a port. These matters apper- 
tain mainly to the province of the dock and harbour 
engineer, and it is in this respect that they form 
the basis of the present article. 


In order to proceed with some attempt at system | 
| considerable, and the outlay will prove a serious 


and order, it will perhaps be desirable to enumerate 


scarcely experienced the full effect of their dis- 
advantageous situations; but, in the future, the 
keenness of commercial competition will inevitably 
emphasise the disparity daily more and more, and 
though it is possible that certain natural defects 
may be mitigated to some extent by the resources 
of science, yet the expense thereby entailed will be 


at the outset the considerations which exercise | handicap to expansion and progress in other direc- 


most influence in determining and limiting the | tions. 


accessibility of a port. They are somewhat 
variable in nature, 


four heads— viz..:— 


but may be summed up eed 


No more striking exemplification of the 
fact could be cited than the projected rectification 
of the navigable channel of the Scheldt, a scheme 
which the Belgian Government now finds it 
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the trend of current enterprise. Not less important, 
nor less essential, is that aspect of the matter which 
is concerned with the vast and daily increasing 
traffic conducted along the great ocean routes and 
across the high seas. In many cases of the world’s 
most valuable products, thousands of miles inter- 
vene between the purveyor and the purchaser, 
between the manufacturer and his market. 
Attempts to minimise the separation have been | 
beth numerous and strenuous, and the past half- 
century has witnessed a striking series of changes 
in the methods of ocean navigation, attended by | 
results no less remarkable. Thus steamships have | 
superseded sailing vessels, the propeller has dis- | 
placed the paddle, the twin and triple. screw the | 
single shaft, and now comes the turbine to open | 
oul a new era in marine locomotion, and to establish 
a still higher standard of speed than has hitherto | 
been attainable. In 1850 the fastest passage from | 
this country to the United States took ten or | 
eleven days; the present record is just one-half | 
of this period. In 1850 the standard speed was | 
11} knots; to-day two of the most modern vessels | 




















(a) Location. 

(b) Environment. 

(c) The approach channel. 

(d) Climatic conditions. 

It is evident that they do not all or wholly lie 
within the bounds of human control, neither are 
those which conform to this restriction altogether 
amenable to treatment by the principles of physical 
and mechanical science. 

Dealing with the points in order, it may be ex- 
plained, in the first instance, that by the factor of 
locality is meant the geographical situation of a 
port whether (1) on the sea coast, or (2) inland 
upon the banks of a navigable waterway. 

Now it is manifest that, apart from considera- 
tions of exposure (which do not fall under this head), 


|a position on the seaboard is one which offers con- 


siderable advantages in the way of accessibility 
over an inland situation approached by river or 
canal. The navigation of a narrow and tortuous 
course, such as is characteristic of the majority of 
these waterways, is, for large ocean-going steamers 
of the present day, a slow and tedious process, 
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imperative to undertake at an estimated cost of 
‘ as “= Fe niillion francs, in order to maintain the accessi- 
i NEW YORK. bility of the national port. This disability will be 
most felt in the case of those ports which do 
not in themselves constitute the énal destination 
of the greater portion of the cargoes consigned 
to them. Ports of destination have possibly a 
set-off to their inferior accessibility in the saving 
of a dual handling of goods, which would be the 
necessary corollary of discharging on the coast 
and forwarding by rail. This consideration is of 
great and undoubted importance, for the time 
lost and the expense incurred in transference 
from water to land carriage is considerable. Yet 
= such cases are comparatively very few. The majority 
SS of inland ports are essentially ports of transit. 
\\ (KOR > Antwerp, for instance, is the principal feeder of 
SSA Sep Belgium, as Rotterdam is of Holland. Cargoes 
po SN 2S borne along the Scheldt and the Meuse penetrate 
Re YK = = to the furthest confines of the countries drained by 
= ; = , PS Ms those rivers, and the same rule holds good in the 
eae ae / k = cases of the Elbe and the Weser, the Thames and 
‘3 \ B t the Avon, the Garonne and the Seine. 

“as Nes The drawback of a seaboard position—and here 
ATLANTIC \ i) we enter upon our second consideration—is its ex- 
OCEAN \ N fe ¢ posure to tempestuous weather. This evil fre- 
\ Gr ONG ISLAND quently entails costly protective works, in order to 
\ ensure the safety and shelter of shipping. In many 
sone 6 - — cases massive breakwaters are necessary to afford 


enclosed areas of tranquil anchorage. Yet it is 
quite possible that such adverse conditions may_be 
materially modified by a favourable environment. 
Harbours naturally safe are byno means uncommon ; 
harbours in which lofty promontories and jutting 
headlands supply adequate protection from dan- 
gerous winds—Queenstown, Sydney, San Francisco, 
and Rio de Janeiro at once occur to the mind. 
So, too, an estuarine situation, or one within the 
recesses of a sheltered bay, is a valuable site from 
this point of view; though, as regards accessi- 
bility, the question of tides and current, with their 
attendant bars and shallows, must not be over- 
looked ; and though river ports may be deemed 
to be free from troubles arising from direct ex- 
posure, they have to contend with the evils of 
silting and the growth of vegetation. The relative 
importance of these drawbacks is difficult to decide. 
On the one hand there is capital expenditure ; on 
the other there are current charges. Any strict 
comparison would therefore be liable to miscon- 
ception ; and, in any case, it would be ineffective. 
e come now to the third point. The most 


potent of all the factors governing accessibility is 





the nature and profile of the entrance or approach 
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channel. Trade will accrue and cling to a par- 
ticular route, no matter how lacking it may be in 
natural conveniences, provided it be equipped with 
a navigable waterway. In fact, whatever other 
advantages and disadyantages may attend a port, 
the approach channel is, de facto, the ceftsor and 
measure of its potentialities. It governs the size 
and class of vessels entering or leaving, and it 
regulates their speed and the time of their move- 
ments. It acts with relentless precision, and its 
fiat is irrevocable. 

At the same time it has certain redeeming quali- 
ties. It is generally capable of treatment and 
amelioration. Its bed may be improved—widened, 
deepened, straightened—and so made more service. 
able and less obstructive. That this is the case is 
indeed fortunate, for there are few ports where 
works for the regulation and improvement of the 
entrance channel have not been, or have not 
become, an urgent necessity. In fact, it may be 
said that some of the most thriving and _ suc- 
cessful seaports of the present day exist and 
flourish in spite of obstacles to navigation which 
would have baffled and daunted any but the most 
determined and persistent attempts to remove them. 

Glasgow is acase in point. For a long time in 
its early history, the Clyde (Fig. 1), afflicted with the 
dual evils of shallowness and tortuousness, was an 
insignificant stream, little better than a ditch ; in- 
deed, at.one time—in the reign of Charles II.—the 
inhabitants despaired of ever rendering the river 
navigable in any practicable sense of the word, and 
a secession to the site now occupied by Port Glasgow 
was contemplated. It was even, in part, com- 
menced. Yet, in the long run, sturdier counsels 
prevailed, and by dint of unflagging perseverance 
and persistent effort the older trading centre was 
saved. It has not only survived, but has flourished 
to such adegree as to justify in the fullest manner 
the optimistic views of its patriotic burgesses. The 
navigable depth of the Clyde at low-water level of 
spring tides has been steadily increased from 2 ft. 
in the middle of the eighteenth century to 224 ft. 
at the commencement of the twentieth century. 

Instancés might be multiplied indefinitely. The 
marly shoals of the Scheldt, the sandy bar of the 
Mersey, and the rocky reefs of Hell Gate (Fig. 2) are 
but afew of the more striking examples of the varied 
obstacles to navigation which have succumbed to 
artificial agencies brought to bear upon them. By 
persistent dredging and blasting, depths and 
widths have been attained far exceeding the 
capabilities of the natural channel, and even far 
beyond the expectation of those who promoted the 
operations. ‘Thus the navigable depth of the 
Scheldt as far as Antwerp has been increased by 
64 ft., the bar of the Mersey (Fig. 3) has been lowered 
by 16 ft., and the passes of the East River are no 
longer strewn with the wreckage of hapless ships. 

This is eminently satisfactory. Yet much re- 
mains to be done. The development of naval 
architecture has kept pace with, and even out- 
stripped, the progress of these undertakings. At 
the present day it must be confessed that in nine 
cases out of ten there is barely sufticient scope for 
the larger class of vessels frequenting a port, and 
an entire absence of margin to meet shipbuilding 
developments looming in the near future, develop- 
ments, in fact, which would have been achieved 
ere this had the auspices been less unfavourable to 
their realisation. One has only to recall the un- 
timely fate of the Great Hastern. 

Take, however, the case of an average modern 
vessel—one with a load-line draught of, say, 30 ft. 
The dimension is neither abnormal nor extreme. 
There are, at least, some 25 or 30 vessels now in 
existence with draughts exceeding that limit—the 
Baltic, indeed, has a maximum draught of 37} fi., 
and the average load-line draught of 50 modern 
steamships touches 31 ft. Such,vessels do not all 
belong to one firm or one port, neither do they all 
fly the same national flag. They are not even 
monopolised by one special trade, nor do they 
favour one ocean route to the exclusion of the rest. 
They are, in fact, typical representatives of modern 
shipbuilding enterprise. 

Take, then, the case of a vessel of this class, 
loade 1 to a draught of 30 ft., as she was presumably 
intended to he, and consider the extent to which 
the principal European and American ports are open 
to receive her. 

There are only two, or at the most three, of these 
ports apparently which can be considered invariably 
accessible to her: these are Marseilles, Genoa, and 
Tacoma—ports all favoured with a seaboard situa- 


tion and a negligible fluctuation of tidal level. It 
is true, no doubt, that the vessel could reach New 
York, Quebec, San Francisco, and Southampton 
fairly constantly, and that she could penetrate 
the Mersey and the Thames as far as Liverpool 
and London respectively under but slight restric- 
tions, which will be noted later. But in all other 
cases the period of access is stringently limited, if 
not absolutely non-existent. The vessel could only 
reach the docks at Barry at high water generally, 
and those at Havre, Hull, Cardiff, and Avonmouth 
at high water of spring tides and of a few neaps. 
Glasgow, Emden, Antwerp, and Boston (U.S.A.) 
would also be temporarily accessible, but at low 
water of certain tides the vessel would lie stranded 
alongside the quays, with results which would cer- 
tainly be serious, and might easily prove disastrous. 
She might just—though it is doubtful—-achieve a 
passage to Amsterdam. On the other hand, she 
could never hope to arrive at either Hamburg, 
Bremen, Dunkirk, or Rotterdam. 

The case of Hamburg is deplorable in the ex- 
treme. The Elbe does not afford a draught greater | 
than 27 ft. on an ordinary tide. Accordingly, this | 
constitutes the limiting draught for the Deutschland 
when it visits its home port ; this vessel is one of | 
the famous quartette (the others belong to Bremen), 
which have brought renown to German shipping as ' 





Havre does not exceed 30 ft. except at high water 
of spring tides, and the average for ordinary neap 
tides is as low as 25 ft.9 in. At Dunkirk high 
water of ordinary spring tides only reaches 
29 ft. 6 in. above the bed of the channel from the 
roadstead to the outer harbour. 

Although the depth in the new Maashaven attains 
31 ft. at high water, only vessels drawing 27 ft. or 
less can reach the town of Rotterdam with un- 
broken cargoes. Bremen is inaccessible to vessels 
drawing more than 20 ft. 

The difticulties attending the accommodation of 
a 30-ft. draught vessel] at modern ports are thus 
sufficiently striking. Uninterrupted arrival and 
departure can only be achieved in some two or 
three cases out of a score cited, and in the ma- 
jority of instances the opportunities for entrance 
and exit are limited to short periods ranging from 
a few hours toa few minutes. From a commercial 
point of view this is anything but a satisfactory 
state of affairs. In fact, delay being one of the 
most reprehensible of evils, it has been found 
necessary to fall back upon the only expedient 
available for avoiding it—viz., to restrict the draught 
of the vessel to the depth of water afforded ; and 
from this it follows that the full carrying capacity 
has rarely been utilised. 

Now a load-line draught of 30 ft. will, in all 
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the fleetest ships in existence, and the compeers of | probability, be deemed a very mediocre standard 
Britain’s mightiest leviathans. Large vessels fre-| at no distant date. The figure has already been 
quenting Hamburg have, in fact, to lighten their | considerably exceeded, as was pointed out, and it 
cargoes at the mouth of the Elbe, while yet a} is quite within the limits of reasonable anticipation 
considerable distance short of their destination. |to expect that the next few years will see the 
Scarcely a couple of years have elapsed since a| establishment of a standard higher even than that 
combination of circumstances lowered the draught | of the Baltic, if, indeed, it is not already realised. 
of water in the Lower Elbe to such an extent that | This will be attended by a relative augmentation 
ships drawing more than 18 ft. were unable to effect | of the average draught of large vessels generally, 
a passage, and many large steamers lay stranded on | provided, of course, that port accommodation be 
the river bed, unable to move. | forthcoming to a commensurate degree. Obviously 
Across the bar of the Mersey (Fig. 3) there is a| everything depends upon the facilities and accom- 
draught of at least 27 ft. at lowest water of spring; modation which can be accorded to such vessels, 
tides, with a succeediny rise to 57 ft. at high water, | and both Sir William White and Dr. Corthell have 
so that, with the exception of an hour or so on one! recently directed public attention to the fact that 
or two occasions fortnightly, the channel is always| the deepening of port approaches is vitally essen- 
navigable to vessels drawing 30 ft. of water. The | tial to the further development of the mercantile 
sills of the docks afford such vessels an entrance at | marine. 
high water of lowest neaps, corresponding to a! It is significant that the harbour authorities at 
depth of 47 ft. at the bar. New York (Fig. 2) have embarked upon a vigorous 
n the case of the Thames there is a minimum | forward policy. The present depth of their principal 
depth of 244 ft. at low water of spring tides in the | navigable channel is not less than 30 ft. below low 
channel off Southend, succeeded at high water by a| water, but dredging operations are continuously in 
maximum of 43 ft. up to Tilbury Docks, and 37 ft. | progress with the object of providing eventually a 
up to the Albert Dock. The entrance sills of the | depth of 40 ft. in the Ambrose channel (Fig. 2). 
former are laid at 44 ft. below Trinity high water,; We come now to the final item on our list. 
and of the latter at 36 ft. below the same datum, | Climatic conditions and natural phenomena may 
giving depths of 41 ft. and 33 ft. respectively below | be favourable to the accessibility of a port or they 
ordinary spring tides. ‘may not. In the latter event they will be found 
In the Rcheldt the navigable depth ranges from | to embrace a variety of impediments to navigation, 
26} ft. at mean low water to 50 ft. at mean high | most of which, at present, at any rate, are largely 
water. The docks only afford a draught of 22} ft.| outside the sphere of human influence. Fog, 
to 25 ft. over their entrance sills. Consequently, | storm, and frost constitute a formidably maleficent 
a 30-ft. vessel would have to berth alongside the | combination, dispensing danger to the navigator, 
river quay, and at the utmost she might possibly | inconvenience to the shipowner, and loss to the 
remain there without grounding during a few neap merchant. Vessels have arrived within the imme- 
tides, diate vicinity of their destination only to be fog- 
The depth in the central approach channel at | bound, or tidebound, or icebound, for periods to 
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be measured in some cases by hours and in some 
cases by days. Quite recently the Baltic reached 
the mouth of the Mersey in the early evening, 
having made the trip of 3000 miles across the 
Atlantic at the rate of something like 17 knots, or 
450 miles a day. Owing to a dense fog, com- 
plicated by low water, the remaining 18 or 20 
miles to the Liverpool landing-stage consumed a 
full 12 hours—a delay as costly as it was vexatious, 
in that the mail train could not leave for London 
until noon of the following day. Much valuable 
time was thereby irrecoverably lost, and the incon- 
venience caused to business men must have been 
incalculably serious. 

_An incident of this kind, however, assumes an 
air of trifling importance when compared with the 
ordinary experience of certain ports in northern 
latitudes during the winter months. The harbour 
of Montreal, for instance, is closed by ice, as a rule, 
from the last week in November till late in the 
following April. The Baltic ports are almost 
equally unfortunate ; even Boston and New York 
are not exempt from the inconveniences of frost ; 
and though shores laved by the Gulf Stream are 
generally free from obstruction, it is little more 
than ten years ago that the River Mersey was 
packed with dense masses of ice drift. 

So far as fogs are concerned, nothing apparently 
can be done at present. The matter is receiving 
attention at the hands of scientists, and at least | 
one remedy has been suggested ; but its range of 
application is too restricted for it to be capable of | 
anything like universal benefit. Conceivably, in | 
tame, some means will be discovered for dispersing 
wholesale the intangible folds of November's deadly | 
shroud, but the day seems distant as yet. 
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Tue STeEAM-TurRBINE Works or Messrs. RicHarRDsONs, WeEsSTGARTH, AND Co., HARTLEPOOL. 


Ice, on the other hand, yields to mechanical | brough. We have on previous occasions illustrated 
agency. The late Admiral Makharoffand others have | and described some of the productions of this firm ; 
done much to develop and perfect the ice-breaker, | notably, the large and powerful engines for using 
especially in Russian waters, where its need is most | blast-furnace gas which have been constructed at 
felt. Yet it is strange that the appliance has not| the Middlesbrough Works, which are under the 
gained greater popularity. There are still a number | direction of Mr. Tom Westgarth. At the Hartle- 
of ports which submit to the iron grip of winter| pool Engine Works, of which Mr. D. B. Morison is 
without an effort to maintain their communication | the managing director, an entirely new department 
with the open water. Such ought not to be the| for the manufacture of steam-turbines has been 
case at the commencement of the twentieth century, | laid down, the firm having concluded that, as 
and it cannot long be permitted to continue. | this form of engine needed the greatest amount 

Reviewing the subject as a whole, it will be seen | of care in its construction, special shops would be 
that there is undoubted necessity and ample scope | necessary, so that the latest methods and most suit- 
for the progressive treatment of all ports, especi-| able madern machinery would be introduced. This 
ally in regard to their entrances and approach | departn:ent, therefore, is worked independently of 
channels. Developments take place nowadays at this firm’s extensive marine engine works, where 
so rapid a rate that any lethargic or fatalistic indif-| 80 many fine examples of marine machinery have 
ference to the trend of modern ideas and require-| been constructed in the past. With the completion 
ments must inevitably be attended by speedy retri-| of the new department, which is now in full work- 
bution. As is the case with all industrial commu- | ing order, the firm is able to fulfil the conditions 
nities, it is only by keeping abreast of the times | imposed in the construction of steam-turbines, and 
that ports can maintain their vitality, or hope to/| is in a position to deal adequately with the rapidly- 
increase their prestige and importance. Vigorous increasing demand for this type of steam-engine. 
measures, therefore, and a judicious outlay (com-| We give, on our two-page plate this week, and 
mensurate, that is, with the resources and prospects on the present page, four views of the new depart- 
of the place) must be held to constitute the essen- ment, which has been completed within the last few 
tial features of a sound policy in maritime affairs, months. We also give, in Fig. 3 on the two-page 
plate, illustrations of a 750-kilowatt steam-turbine 


. set. On page 474 there is an elevation and a plan 
MESSRS RICHARDSONS, WESTGARTH, in section of the testing plant (Figs. 6 te | 


AND CO.’S8 STEAM-TURBINE WORKS, | while on page 475 we give a perspective view of the 
HARTLEPOOL. ‘* Contraflo’ condenser, and also .three sectional 
One of the most important engineering establish- | views. 
ments that have taken up the manufacture of the; The main building, which is of steel, is a light 
steam-turbine is the firm of Messrs. Richardsons, | structure, pleasing from its true proportions, and 
Westgarth, and Co., of Hartlepool and Middles-| well designed to withstand the heavy gales which 
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foreground of Fig. 5, which happened to be com- | 
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are frequent in winter on this exposed coast. 








The remaining turbine shown in the centre fore- 
| ground of Fig. 5 is another motor designed to 


Fig. 1 on the two-page plate is from a photo. 
graph taken at an early period of the work, 
and gives an excellent idea of the framework of 
the structure. There are two bays, 360 ft. long 
and 80 ft. wide. As will be seen by Figs. 2, 
4, and 5, the runway for the travelling cranes 
is carried by lattice girders, which support the 
pillars and afford stiffness to the structure. The 
ends of the bays have also been carefully braced to 
withstand the heavy wind pressure to which they 
will be subjected. The lighting of the building is 
excellent, as will be gathered from our illustrations, 
which are taken from photographs. The general 
arrangement of the machine-tools will also be 
gathered from the illustrations; but it may be 
added that since the photographs were taken 
several additions have been made to the plant. 

There are the usual departments in connection 
with the main part of the works. The stores are 
well arranged on modern principles, and the gauge 
and tovul department is exceptionally well fitted, 
and contains special machinery for the preparation 
of jigs and templates ; interchange of parts and 
the duplication of work being features that form a 
special part of the system followed at these works. 

he formation of turbine-blades is carried out in an 
independent shop, where a special plant with suit- 
able machine-tools has been erected. The fixing of 
blades in the casings and rotors is carried on in 
another department. _ Strict accuracy is an espe- 
cially essential feature in this work, and a system 
of supervision to secure this end has been devised. 

The steam-turbines which Messrs. Richardsons, 
Westgarth, and Co. are manufacturing are of the 
Parsons type, and embody all the latest improve- 
ments introduced by Mr. Parsons, as well as the 
modifications which have been suggested by the 
Coutinental builders of the Parsons steam-turbine, 
Messrs. Brown, Boveri, and Co., who have been 
so successful with this work. 

In Fig. 3 we give an illustration of a representa- 
tive steam-turbine constructed at these works, with 
electric generators attached. This is a 750-kilowatt 
set, the dynamos being of the tandem compensated 
type, and constructed by Messrs. Brown, Boveri, 
and Co., of Baden, Switzerland. 

The distinctive feature of the turbine arrange- 
ment is the placing all the steam and exhaust con- 
nections on the underside, instead of fixing them 
on the cylinder cover. This makes the machine 
more easy to handle; and, at the same time, the 
general neatness and finish of the whole plant are 
much improved. The whole of the steam-admis- 
sion controlling gear is carried at the right-hand 
side of the cylinder, and is supported by the bed- 
plate by means of a spring cushion. For heating 
the whole of the cylinder uniformly there is a 
small valve, which acmits steam before the main 
valve is opened. The main screw-down valve is 
connected with the emergency governor ; before the 
valve is opened a nut attached to a lever is 
dropped into position, and allows the valve to open 
against the pressure of a spring. In case of the 
speed of running becoming too high, the nut is 
tripped out of gear, and the spring instantly closes 
the main starting-valve. Directly over the admis- 
sion-valve there is fitted the double-beat throttle 
that controls the steam admission. This is 
operated by a steam relay, which is constant in its 
action so long as the load remains steady. As 
soon, however, as the load changes, the governor, 
which is connected by a link, moves a small piston 
up or down, in accordance with the change of speed, 
and in doing so admits more or less steam under 
the controlling piston to the throttle valve. The 
governor is very sensitive to either large or small 
variations, the action being instantaneous, but of a 
uniform and steady order.. The steam supply is 
intermittent for all loads, and, is so proportioned 
that it gives a constant turning moment to the shaft 
throughout its length, the vclume of steam gradu- 
ally increasing from the admission to the exhaust. 

The external appearance of the various turbines 
is somewhat similar, but with the larger sizes some 
details are added. All are fitted with a lubricating 
device, by means of which oil is circulated before 
the machine is started. A steam-pump is gene- 
rally fitted to the larger types of machines; but 
where a number of units are grouped, as in a central 
station, a main oil supply can be readily introduced. 

The electrical part of the machines must neces- 
sarily be made to conform to the required condi- 
tions of working, and therefore varies with dif- 
férent positions. 





The three sets shown in the’ 


pleted about the same time, may, however, be 
taken as fairly representative. he large gene- 
rating set on the right of the picture has been 
constructed for the Borough of Hammersmith, under 
the supervision of the borough electrical engineer, 
Mr. G. G. Bell, and is for use in the Fulham 
Palace-road generating station. The following are 
the conditions of working :—The steam pressure is 
170 1b., with 130 deg. Fahr. superheat ; the vacuum, 
28 in. with a 30-in. barometer; and the speed 
1500 revolutions per minute. The generator is 
designed so that it may be used to supply either 
single-phase or two-phase current, the output at 
single-phase being 1500 kilowatts at a power factor 
of 75 per cent., and at two-phase 2000 kilowatts at 
the same power factor. The guaranteed overload is 
to be 20 per cent. for two hours, the tension between 
phases 2200 to 2400 volts, and the frequency 50 
cycles. As a two-phase machine the guaranteed 
steam consumption under the above conditions was 
as follows :—At 1800 kilowatts, 17} lb. per kilowatt- 
hour ; at 1200 kilowatts, 18? lb. ; at 800 kilowatts, 
21 lb. ; and at 400 kilowatts, 29 lb. per kilowatt- 
hour. At the time of our visit to the Hartlepool 
works this fine set was about to be despatched for 
erection at Fulham. 

On the left-hand side of Fig. 5 two turbo-alter- 
nators, smaller than that above described, may be 
seen. These form part of an order for three sets 
placed with Messrs. Richardsons, Westgarth, and 
Co., by the Waihi Grand Junction Gold Company, 
The following are the chief particulars relating to 
these machines:—The steam pressure is to be 
180 lb. to the square inch, with 120 deg. Fahr. 
superheat ; the vacuum 28 in. with the barometer 
at 30 in. ; the speed 3000 revolutions per minute. 
The output is 400 kilowatts, and the overload 
450 kilowatts for one hour ; the tension of current 
550 volts, and the frequency 50 cycles. It was 
especially gratifying to the firm to secure this 
order, as it was only given after the consulting 
engineer to the purchasing company, Mr. Percy R. 
Allen, had made a careful investigation of the 
various types of steam turbines and alternators 
built by different British and foreign makers. 

All the alternators shown in Fig. 5 have been 
supplied by Messis. Brown, Boveri, and Co., the 
excellence of whose machines is recognised every- 
where. The general features of their alternating- 
current generators are fairly well known, but may 
be briefly repeated here for convenience of refer- 
ence. The machines have all fixed armatures 
and rotating magnet-fields. The armature core 
is of the usual laminated iron construction, carry- 
ing the coils in open slots, the openings being 
subsequently closed by wood wedges, which retain 
the coils in position. The laminated core is 
vety finely subdivided, and a particularly large 
number of ventilating spaces are provided to allow 
efficient cooling when the machine is working under 
load. The magnet field takes the form of a solid 
steel casting machined all over, and slotted to its 
periphery to take the former wound coils com- 
posing the magnet winding. The coils being sub- 
jected to very great stresses caused by the centri- 
fugal force generated, owing to the high speed at 
Which these machines run, special means have to 
be taken for keeping them in place, and for pre- 
venting any movement which would be likely to 
alter the balance of the fields. The slots in which 
the coils are fixed are closed by means of special 
metallic wedges, and. the overhanging ends of the 
coils are embraced by bronze caps of special con- 
struction. The whole magnet field therefore forms 
a solid body having a very high factor of safety, 
and not liable to any subsequent deformation 
owing to the centrifugal forces acting on its different 
component parts. 

In order to reduce the noise due to the high 
rotary speeds, and at the same time to provide 
efficient ventilation, it has been found advisable to 
close in the ends of the generators, and to provide 
special ventilators cast in one piece with bronze 
capson the magnet-fields. These ventilators draw 
in the air axially from a point below the generator, 
and pass it into intimate contact with both the 
rotating and the fixed parts of the generator, dis- 
charging the air through an opening at the top of 
the alternator. The latter feature in the design is 
shown in the machines illustrated in both Figs. 3 
and 5. The high efficiency of the machines of this 
firm, together with the cool and quiet way in which 
they run, are ascribed to the special features we 
have briefly mentioned, 





actuate a 400-kilowatt continuous-current machine, 
by Messrs. Brown, Boveri, and Co., of which the 
following are the particulars :—Steam pressure, 
156 lb., with 50 deg. Fahr. superheat, vacuum, 
27 in. with a 30-in. barometer; speed, 2500 re- 
volutions per minute; tension, 550 volts and 72 
amperes. ‘The dynamo is of the Deri compensated 
type; a form which is considered to embody the 
most satisfactory solution of commutation ditticul- 
ties experienced when designing continuous-current 
dynamos for coupling to high-speed turbines. The 
generator has a laminated magnet-field similar in 
design to an alternator armature, without project- 
ing poles, and is provided with slots to take the 
field-windings. 

In addition to the shunt-field_winding, a commu- 
tation winding is provided with its axis at right 
angles to that of the field-winding, and there is 
also a compensating winding placed in slots dist1i- 
buted evenly around the magnet-field. By means 
of these two auxiliary magnet-fields, sparkless com- 
mutation with fixed brush position up to 50 per 
cent. overload is obtained. Beyond this, by alter- 
ing the position of the brushes, the dynamo can be 
worked as either a shunt, a compound, or an over- 
compounded machine. Direct-coupled exciters are 
supplied with all these continuous-current turbo- 
dynamos for separate excitation of the shunt-tields. 
We understand that Messrs. Brown, Boveri, and 
Co. have up to the present supplied over eighty 
continuous - current dynamos of this type for 
coupling to steam-turbines, the outputs ranging 
from 100 to 1500 kilowatts. Their experience leads 
them to conclude that this form of dynamo is the 
most satisfactory type of continuous-current tu1bo- 
alternator for high speeds at present commercially 
produced. 

The testing plant of the steam-turbine depart- 
ment at the Hartlepool works is shown in 
Figs. 6 and 7 on page 474, the former being a 
sectional elevation and the latter a plan. The 
general arrangement is well shown by these two 
illustrations. There is a water-tube boiler of what 
is known as the ‘‘Nesdrum” type, working to a 
pressure of 250 lb. to the square inch. Provision 
has been made for the installation of a second 
boiler, and when this is erected there will be steam- 
generating capacity for 1500 indicated horse- power. 
A Hornsby separately-fired superheater is fixed in 
the line of steam-piping, as shown, this being 
provided in order to make tests with any specified 
degree of superheat up to 700 deg. Fahr. The 
main steam-pipe, with a by-pass through the super- 
heater, is carried beneath the test-beds, and is 
efficiently drained and connected to the testing 
plant by suitable screw-down valves. The exhaust- 
pipe is also below the floor-level, and is led to the 
condenser. The latter, which is of special design, 
is well below the ground-level, to ensure the cool- 
ing water circulating by gravity. A three-throw 
air-pump, with ram force-pump, for lifting the 
condensed water, is erected by the side of the con- 
denser. 

The condenser is a very interesting part of the 
plant, and has been given the name of ‘‘Contraflo.” 
This condenser is illustrated in Figs. 8 to 1], 
on page 475. Fig. 11 is a perspective view, 
taken from a photograph, the steam-driven air- 
pumps being shown. The particular condenser 
here i'lustrated was constructed for the Hammer- 
smith Corporation Electricity Works before men- 
tioned, and is for a 1500-kilowatt steam-turbine. 
The exceptional power of the steam-turbine to take 
advantage of high vacua has led Messrs. Richard- 
sons, Westgarth, and Co. to consider how best to 
attain that end, with the result that they have 
adopted this type of condenser in their turbine 
department. The results, they report, are cer- 
tainly remarkable; but as the efficiency of the 
apparatus is being exhaustively tested by Professor 
Weighton at the Durham College, Newcastle-on- 
Tyne, and as the results will be communicated in 
a paper to be read by the Professor before one of 
the engineering institutions, it will suffice at present 
if we give only an outline description of the appa- 
ratus. It may be added that Messrs. Richardsens, 
Westgarth, and Co. have presented a ‘‘ Contraflo 
condenser, with the necessary plant for its working. 
to the College, where it will be available for research 
purposes. ; ; 

It will be seen by the diagrammatic sectional views, 
Figs. 8, 9, and 10, that the condenser is divided 
into communicating compartments of decreasing 
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capacity ; and steam and water are drawn off simul- 
taneously from each compartment. Fig. 8 is a 
cross-section through the hot-well end, and Fig. 10 
is a cross-section through the air-discharge passage. 
Fig. 9 is a front elevation, half in section. The 
exhaust steam passes in at the top, flowing through 
the nests of tubes to the vapour - distribution 
chamber—shown on the left of Fig. 8—common to 
the two top compartments. The vapour uncon- 
densed passes through the orifice shown in the top 
diaphragm, dividing the upper two compartments. 
The water resulting from the condensation that 


takes place in the upper compartment flows down | 


to the right of the top compartment, owing to the in- 
clination of the dividing diaphragm, and from thence 
passes through the pipe shown, to the hot-well at 
the bottom of the apparatus. The hot-well is of 
limited capacity, and the communicating pipes are 
of sufficiently small dimensions. The vapour un- 
condensed in the top compartment flows from the 
lower part of the left-hand vapour-distributing 
chamber (Fig. 8) amongst the tubes in the middle 
compartment ; and a further quantity is there con- 
densed. The water thus produced flows through 
the pipe on the left of the compartment to the 
hot-well, any vapour still remaining passing to 
the upper part of the lower vapour-distributing 
chamber, on the right in Fig. 8, and from thence 
through the orifice shown, to the lower part of the 
latter chamber, and finally to amongst the third 
or lowest nest of tubes, where the condensation is 
completed, the resultant water flowing directly to 
the hot-well. 

By the gradual elimination of the vapour in the 
earlier compartments, the air, when it reaches the 
bottom of the condenser, is comparatively dry, and 
being drawn by the air-pump through a port ex- 
tending throughout the length of the tubes (see 
Figs. 9 and 10), uniformity of flow is maintained 
over the entire surface ; a temperature resulting 
which is considerably below that of the water in 
the hot-well. The combined effect’ of the rapid 
trapping and removal of the condensed steam (or 
steam-water), and of the low temperature to which 
the air is reduced, results in the temperature of 
the steam-water being often well above the tem- 
perature corresponding to the vacuum produced. 
This might be anticipated from the fact that a 
large part of the water of condensation is drawn 
immediately to the hot-well from the are and 
hotter zones of the condenser, instead of all being 
carried through to the region of lowest tempera- 
ture. The important effect obtained is an abnor- 
mally high temperature of feed-water, and conse- 
quently a distinct gain in thermal efficiency. Other 
practical results are a diminution in the amount of 
circulating water, and a considerable reduction in 
the size and weight of the apparatus. The design 
represents an important advance in surface con- 
densers, and will be of special interest in relation to 
the high vacuum requirements of steam-turbines ; 
whilst decreased weight and space occupied will 
strongly appeal to the designers of warship machi- 
nery. The tests being carried out by Professor 
Weighton are of a very exhaustive character, and 
will be of great technical interest. We hope to 
publish the results in due course. 

The remaining feature that we may notice in 
connection with the testing department is the 
instrument-room. This is situated directly over 
the condenser pit, and between the boiler-house 
and the workshops. From the central position all 
the electrical measuring instruments are readily 
controlled, and the weight of steam passing through 
a machine under test is accurately measured by 
means of the tanks. The resistance tanks for 
absorbing the load are placed in the open near this 
building. They are of ample capacity for dealing 
with loads up to 1500 indicated horse-power. All 
the adjustments for load variation are made from 
the instrument-room. 

It will be gathered from what has been said that 
there has been established at the Hartlepool Engine 
Works of this firm a thoroughly well-equipped fac- 
tory for the production of steam-turbines, with the 
needed appliances for turning out electric-generator 
sets of large capacity. We have not had space to 
refer in detail to the many excellent machine-tools 
contained in the new building ; and it must suffice 
to say that they form a fine collection of the best 
modern examples, well fitted for the work to be 
performed. he turbine department was con- 
structed under the supervision of Mr. J. B. Willis, 
who was for many years with Messrs. Parsons at 
their works on the Tyne. The principal members of 








Messrs. Richardsons, Westgarth, and Co.’s elec- 
trical staff were all formerly with Messrs. Brown, 
Boveri, and Co., the chief of the department being 
Mr. Charles W. Higgins. 

Already a number of turbines made at these 


-works, some of large size, are at work in this and 


in foreign countries, and the reports we have heard 
of them indicate that they are giving good results. 
No doubt, with the extensive shipping connection 
of the firm, we shall shortly hear of a number of 
steam-turbines being constructed at Hartlepool for 
marine propulsion. 








EFFECT OF THE OXIDES OF CARBON 
UPON IRON AND ITS OXIDES. 
(Concluded from page 337.) 

Tue influence of ferrous oxide in promoting fusion 
at high temperatures, as explained by Ludwig, is 
analogous to its effect in promoting carbon deposi- 
tion, which we have already mentioned as having 
been found by Bell at 417 deg. Cent., when both 
liberation of carbon and reduction of Fe,O, to FeO 
are at a maximum. The following summary of 
the recent investigations made since those of Sir 
L. Bell, to extend our knowledge of the various 
reactions of the blast-furnace, must necessarily be 
brief, and limited by the main purpose of this 
article—viz., the composition of the gases, rather 

than that of the production of the metal. 


SumMARY oF REACTIONS BETWEEN CARBON AND 
IRON AND THEIR OXIDES. 

O. Boudouard carried out a series of experiments 
to determine the relative quantities of CO, and CO 
in the gaseous products of the reaction when ferric 
oxide was submitted to the action of CO at a tem- 
perature of 445 deg. Cent. until it was completely 
reduced, and a deposit of carbon formed. The 
results show that this reaction depends on the 
duration of contact between the CO and the oxide 
of iron, and also on the amount of oxide of iron 
present. 


Ratio of oxide of iron . | 3) | 10 1 
Amount of oxide of {| 0.0673 0.0224 0.022 
iron oe “s gramme gramme gramme 


Time of Heating to | 
445 deg. Cent. in a | COzn OO. | COz. CO. | CO2. CO. 
Closed Tube. 
minutes 

8 30.2 69.8 16.1) 83.9! 29 97.1 

40 57.4 42.6 _— _ — 
64 - os 62.9 37.1 36.6 63.4 

80 87.0 130 — _ _ _ 

180 94.8 4.2 — — _— 
360 100.0 0.0 ne aA 52.3 47.7 

420 oe ‘i 10.0 — _ - 


The influence of mass is shown by the fact that 
with the smallest ratio of oxide of iron, the conver- 
sion from CO to CO, was only half complete after 
seven hours, whilst with the greatest ratio of oxide 
of iron it was complete in six hours. 

When purified charcoal containing finely-divided 
oxide of iron was heated to 445 deg. Cent. in CO, 
the latter was completely converted into CO,, but 
the decomposition was slower than it was when 
pumice-stone replaced the charcoal. 

When CO was sealed up with varying quantities 
of oxide of iron, and heated to 650 deg. Cent. for 
periods varying from 8 minutes to 9 hours, the 
figures show that the conversion into CO, tends to 
a limit which is reached when the gas in the tube 
contains 61 per cent. of CO,. The rate at which 
the action proceeds seems to depend not only on 
the quantity of the metallic oxide, but also on its 
nature. Continuing the series, and using a porce- 
lain tube instead of glass, at a temperature of 800 
deg. Cent. the CO is converted into CO, in amount 
increasing with the time, and: reaching a limit of 
about 7 per cent. The rapidity of reaction is 
greater at this temperature than at 650 deg. Cent. 
In a similar series of experiments, in which carbon, 
instead of oxide of iron, was sealed up ina tube 
with CO, in place of CO, heat to 650 deg. Cent. 
was applied for periods varying from 8 minutes to 
12 hours. Two sets of experiments were made 
with ignited wood charcoal, and with carbon ob- 
tained from the decomposition of CO respectively. 
In both cases, though the rapidity of reaction dif- 
fered (probably because there was twenty times as 
great a mass of carbon present in the first as in the 
second series), the action tended to a limit reached 





when the unreduced carbonic acid (CO,) formed 
61 per cent. of the gas in the tube. On heating 
CO, with wood charcoal, retort carbon, coke or 
carbon reduced from the monoxide to 800 deg. Cent., 
a limit to the reduction was reached, much more 
slowly in the case of retort carbon than with any of 
the other varieties. This limit, corresponding 
to about 7 per cent. of CO, and 93 per cent. of 
CO, is the same as that reached when the monoxide 
is heated with ferric oxide, and, similarly, the limits 
for a temperature of 650 deg. Cent., as given above, 
correspond in the two series. Explaining the 
application of these phenomena to the blast-furnace, 
Boudouard says :—‘* Here, where the reduction of 
oxide of iron is effected by CO, and part of the CO, 
formed is again reduced to CO by the fuel, any of 
this gas escaping from the furnace represents so 
much fuel wasted.” Temperature, porosity, and 
draught are the important factors. Peculiar de- 
posits of carbon (containing a small percentage of 
iron) found in the furnace are attributed to the 
decomposition of CO into CO, and carbon by long 
and quiet contact with oxide of iron at compara- 
tively low temperatures (300 deg. to 400 deg. Cent.). 
Such deposits, forming in fissures, joints, and pores 
of the furnace wall wherever there are particles of 
iron oxide, eventually destroy the structure. 

R. Schenck and F. Zimmermann refer to Bou- 
douard’s work, wherein he describes the conditions 
under which the reversible action 2 COz=——2 C + 
CO, takes place most rapidly, and states that the 
oxides of iron, nickel, and cobalt accelerate the 
reaction. CO in contact with these oxides at 
445 deg. Cent. is certainly transformed for the most 
part into CO, without any change of volume (the 
slight alteration in the case of iron oxide can be 
explained in another manner), whereas the above 
reaction requires halving the volume of the gas. 
No free carbon is produced, and the CO, is formed 
by the reduction of the oxides above mentioned. In 
the presence of the finely-divided metals, however, 
carbon is set free, and the volume of the gas dimi- 
nished to half what it originally was, or nearly so. 
This progressive decrease affords a means of study- 
ing whether the order of the reaction is bi-mole- 
cular, as is indicated by the above equation, or 
uni-molecular, and the authors’ results lead them 
to believe that at 445 deg. Cent. the reaction is 
bi-molecular—that is to say, that the reaction is 
represented by the equation 2CO = C + CO,, while 
at lower temperatures the reaction is uni-molecular. 
In order to explain the uni-molecular nature of the 
reaction at lower temperatures, they assume that 
it takes place in two stages, represented by the 
equations CO = C + Oand CO + O=CO,. This 
applies to the action in the presence of nickel and 
cobalt. In the case of iron, the reaction is uni- 
molecular at 445 deg. Cent., but becomes bi-mole- 
cular at 508 deg. Cent., the chief peculiarity being 
that the initial pressure of the enclosed gas sinks 
to less than half, and may even approach zero value. 
In other words, the whole of the CO gas may ulti- 
mately be transformed into solid carbon. 

Earlier investigators of this subject were Guntz 
(Comptes Rendu, 114), Gruner, and Schutzenberger, 
and their efforts have been continued by the workers 
now to be mentioned. 

The great activity of hydrogen in reducing oxides 
has been investigated by F. Glaser to ascertain the 
temperatures corresponding to the action for each 
of the several oxides of iron. He has found that 
from ferric oxide (Fe,O,) there are formed Fe,O,, the 
magnetic oxide at 298 deg. Cent.; ferrous oxide 
(FeO) at 305 deg. Cent.; and metallic iron at 495 to 
500 deg. Cent. 

Similarly, MM. Sabatier and Senderens, of 
Toulouse, have ascertained the temperatures of 
reaction between metallic iron and the oxides 
of carbon. Passing CO over finely-divided iron, 
below 100 deg. Cent. iron carbonyl is formed 
[Fe (CO),]; and from that temperature to above 
200 deg. Cent. there is no reaction. Towards 
330 deg. Cent. the reaction Fe + CO = FeO + C 
begins, and above 400 deg. Cent. carbonic acid 
appears from the reaction FeO x CO = Fe + CO,,. 
(in this last way the production of metallic iron 
without the intervention of iron carbonyl may 
take place.) Up to 450 deg. Cent. both of there 
reactions increase in rapidity ; but the first is always 
the chief. As, however, at this temperature iron 
has no action on CO,, iron heated in a closed vessel 
with a limited amount of CO ultimately converts 
the whole into C and CO,.: Spongy platinum, 
platinum black, copper, and silver are all without 
action on CO at or below 450 deg. Cent. Thcse 
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a hora we may — with nickel and cobalt, _ For the purpose of ascertaining the ‘‘ cementa- 
the oxides, however, being decomposed in the | tion effect they tested the effect of various sub- 
yg Pete A seve y-comg ‘ soy pitt | stances for yielding carbon to iron or steel under 
Pha. nc wg toes 8 — oa — car ny is te temperatures and periods of heating. The 
P = 1e8. ent. into its original com- | table given on the next page shows the powerful 
ponents, CO, gas, and iron, thrown down ina mirror- | effect of cyanogen and cyanide of potassium respec- 
like form. boy = —" carbon deposition as compared 
, ; : with charcoal. 
gies ~~~ pea IN | In Comptes Rendu, vols. exxxvi. and cxxxvii., 
é — . | and in the Iron and Steel Magazine, 1904, 
The practical yo pracy = the effect of carbon | Georges Charpy writes :—‘‘ We ascertained that 
monoxide on iron and s as received the close | through a sufficiently long treatment it was - 
attention of MM. Georges Charpy and L. Grenet, | sible to convert some iron wholly into a casthle 


iron. This result can only be obtained at a re- 
latively low temperature, for it is necessary to 
prevent the decomposition of the iron carbide re- 
sulting in the reduction of graphite. On the other 
hand, at a low temperature the diffusion of carbon 
|in iron is very slow; it is therefore necessary to 
|use some very small pieces of iron, widely dif- 
| ferent results being obtained according to the size 
| of the fragments of iron used.” 

The following experiment will illustrate the 
results obtained :—‘‘ Some fine filings of soft steel 
containing 0.09 per cent. carbon were heated toa 
| temperature of about 650 deg. Cent. in melted 
cyanide of potassium. After various lengths of 
time a small portion of the filings was tested for 
carbon, with the following results :—After 48 hours, 
4.50 per cent.; after 85 hours, 6.72 per cent.; and 
after 110 hours, 6.72 per cent. After 86 hours the 
iron was wholly converted into cementite, and a 
longer treatment did not cause any further absorp- 
tion of carbon which corresponded to iron carbide 
(Fe,C). It was ‘cementite,’ for it dissolved com- 


M.| pletely in acids, and did not contain a trace of 


graphitic carbon. 
‘* In examining under the microscope a section of 
a steel bar subjected to a prolonged cementation at 
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The ‘‘ Cementution Effect” of Vurivus Substances on 


Iron. 


Soft Steel Wire Con- 
Effect of Charcoal [ron Wire Containing| taining 0.09 per Cent. 
on Steel Wire Con-| 0.04 per Cent. of) of Carbon (a) Heated 
taining 0.04 per Carbon Heated in| in Cyanogen Gas, the 
Cent. of Carbon. Illuminating Gas. | Remainder in Potas- 
| sium Oyanide. 








Fic. 11. 


carbon is clearly seen. 
conducted at higher temperatures, the carbide of | carbon; a third sample heated to 1000 deg for | 


iron, which is nota stable compound, is decomposed | 14 hours contained 2.66 per cent. carbon ;.finally, | obtained. 


with the production of graphite. We have shown |a sample heated to 1000 deg. for 36 hours contained | 
that this decomposition begins in an irregular | 9.27 per cent. total carbon and 8.27 per cent. 
nanner ; but, once started, it proceeds with vary- | graphitic carbon. 
ing speed, even at low temperatures. | ** In practical operations it will be important to 
‘ As soon asa little graphite has been formed, the | remember that where cementation is not automati- 
carbon which is dissolved at one point js separated cally limited, it will be necessary, in order to 
‘s graphite at another ; and as the separated pro-| secure uniform results, to conduct the operation 
‘uct contains no iron, the reactions may continue | always under exactly the same conditions. When 
ndefinitely. The following experiments will illus-| using carburising material whose decomposition | 
trate this reasoning :—A piece of soft steel contain- | products tend to decarburise the metal, the cemen- 
ng 0.09 per cent. carbon, and measuring 3 milli-| tation is automatically limited, and this happens 
inetres in diameter, was maintained during 64 hours | when using gaseous substances, such asCO, cyanogen | 
- 1000 deg. Cent. in illuminating gas. It contained (CN), and hydrocarbons. 
0 per cent. of total carbon and 7.66 per cent. of| ‘* We found CO to carburise iron in a marked 
sraphitic carbon. Some steel filings containing| manner. The tests consisted in heating some steel | 
To distinguish be- | 





| 
| 


~ per cent. carbon were heated in pure CO. One| in a slow current of pure CO. 


























eo ~ : oe ~ ° oe = : 
& oe < s ov se - ov a 
s0| §£18 £5 | §€8 | 85 | 8e 8 
felch! ec fe iséie.| Se los s- 
BS hex Se 2S len] 34 bez £2 
Be Ghs/88 | Be |€he) 88 Ee Ses a8 
len js""|5*) am [SH4/ 55) a= "= 6 
p.c. | p.c. | p.c. 
770 | 7 0.11 925 5 | 0.15 | 850 (a) § 0.55 
925 2 0.54 935 6 | 3.50 | 880(a); 2 1.79 
950 33 | 0.45 985 | 6 | 1.76 | 0(a)| 2 | 4.32 
960 24 | 1.42 935 8 | 1.99 | 510 14 0.68 
|} 1000 2 0.79 75 | 8 | 0.67 |600—700| 32 | 3.77 
1000 2 0.47 | 1000 8 | 1.64 | 660 130.81 
1920 2 1.02 | 1025 2 | 0.24 | 660 7 | 182 
1050 2 1.41 | 1025 6 | 392 | 745 7 2.60 
825 2 | 1.25 
| 1050 8 1.79 | 1040 6 | 2.53 | 825 181.69 
825 14 | 8.78 
1070 2 1.45 | 1050 | 6 | 253 | 837 | 2% / 1.08 
1080 2 0.47 | 1075 6 | 2.87 | 875 | 2 | 110 
875 7 | 19 
1125 3 3.12 | 1075 8 106 900 | 18 847 
1175 Wire melted : - 945 ; 2 1.19 
: he a 965 4 | 112 
1085 | 4 | 1.56 
1070 «=| «2 =| 2.00 
1100 2 | 2.36 


|tween the absorbed carbon and the total carbon, 
'the metal used was in the shape of wires, which 
It was found 
| that above 750 deg. Cent. there was no deposition 
of powdered carbon due to the dissociation of CO ; 
the metal remained perfectly clear, but was de- 
« low temperature, under this layer of cewentite a) sample heated for two hours to 900 deg. contained | cidedly carburised. At low temperatures both a 
‘ayer of metal containing a decreasing quantity of |3.27 per cent. carbon ; another sample heated to deposit of finely-divided carbon and cementation 


could be cleared from all deposits. 


When the experiment is | 900 deg. for four hours contained 4.90 per cent. | took place, the latter occurring at 560 deg. Cent.” 


The following table contains some of the results 





From In- 


Carbon Absorbed by the Metal. 





Temper . 
ture = eer crease in Ban, t From the Weight 
Centi- | Heated. | Wsight of lotthe Metal. Of CO» Formed. 
Per Cent. Per Cent. 
560 8 010 0.09 Deposit of carbon 
600 8 0.22 0.17 Ditto 
715 8 0.26 0.28 Ditto 
825 3 0.56 0.57 0.60 per cent. 
925 2 0.69 0.72 Tube broken 
935 2 0.41 0.41 0.49 per cent. 
1025 2h 0.60 0.58 - 
1050 2 0.44 0.47 Ses 
2 0.63 0.53 0.58 - 
1125 2 0.46 0.50 0.47 °° 
1175 2 0.47 0.47 0.51 99 
1185 2 0.53 0.53 0.47 - 
1190 2 0.80 0.36 0.33 99 
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‘* Tt is seen that the speed of cementation does not 
notably increase at temperatures exceeding 900 
deg. Cent. ; saturation is, however, not reached, 
since, by increasing the time of contact between 
the iron and the CO,, the separation of graphitic 
carbon takes place, as mentioned above. CO car- 
burises the steel, and CO, is formed ; this gas may 
now deczarburise the steel which has just been car- 
burised. It follows from this thatif steel be heated 
in contact with a limited amount of CO, carburisa- 
tion will cease after a certain amount of CO, has 
been formed. This will also occur with cyanogen, 
which, in carburising iron, gives rise to carbon and 
nitrogen, and also with hydrocarbons whose decom- 
position give carbon and hydrogen, since both 
nitrogen and hydrogen have a powerfully decar- 
burising influence, as mentioned by Forquignon, 
and ascertained again by us. Some steel filings 
containing 3 per cent. of carbon, when heated to 
1000 deg. Cent. either in nitrogen or in hydrogen, 
were completely decarburised after four hours. It 
follows from these considerations that cementation 
could be carried out automatically by using as 
cewenting substance a continuous current of a 
gaseous mixture containing definite proportions of 
CO and CO,, of CN and nitrogen, or of hydrocar- 
bons and hydrogen. We must also mention a 
peculiarity of the cementation byCO. This cemen- 
tition, which takes place very readily with iron, 
does not occur with manganese and chromium. 
The last-named metal especially, when subjected 
to CU, absorbs the oxygen of that gis, and is con- 
verted into a mixture of sesquioxide of chromium 
andcarbon. Chromium retains this property when 
alloyed with ather metals ; and this is of import- 
ance, since chromium steels are being used. The 
result may also be produced in cementing with solid 
substances, because many of them give rise to the 
formation of carbonic oxida ; and it has seemed to 
us important to mention it, to avoid wrong conclu- 
sions in dealing with chromium steels.” 


GENERAL Resutts. 


The conclusions to be drawn from these observa- 
tions — European and American—are numerous, 
but those that appear most obvious and important 
in this connection are as follows :—Metallic iron is 
converted into carbonyl at 100 deg. Cent., and 
decomposed at 180 deg. Cent. without carbon 
deposition. The gases from the blast-furnace 
usually passing away at a higher temperature than 
this, the sphere of the action of iron carbonyl is 
strictly limited to the head of the blast-furnace. 
Carbonic oxide at 330 deg. Cent. is capable of 
oxidising iron into ferrous oxide with deposition of 
carbon. In a zone of higher temperature, 400 deg. 
Cent. and upwards, this ferrous oxide undergoes 
deoxidation by the same gas (CO) with the forma- 
tion of carbonic acid (CO,). 

This reduction of ferric oxide to ferrous oxide, 
and subsequently to metallic iron by CO, according 
to the temperature prevailing, will take place in 
its last stage with deposition of carbon, which 
will in bricks tend to their disintegration, not by 
fusion, but by chemical and physical action at low 
temperatures. 

Bricks, therefore, that are intended to be used in 
an atmosphere containing carbon monoxide should 
be as free from iron as possible ; and they should 
not be subjected to deposits of carbon and oxides 
of iron from other sources. 


LITERATURE. 


Gas-Engine Design. By Cuartes Epwarp Luckg, Ph.D., 
Mechanical Engineering Department, Columbia Uni- 
versity, New York City. New York: D. Van Nostrand 
Company; London: Archibald Constable and Co., 
Limited. [Price 12s. 6d. net.] 

Tue title of this book is somewhat misleading, as the 

work only deals with a portion of the design of gas- 

engines—namely, the determination by calculation 
of the sizes of cylinders for a given duty, and with 

the scantlings of crank-shafts, connecting-rods, {c., 

and of the weights of fly-wheels needed to obtain 

a desired uniformity of rotation. There are 145 

figures in the text, consisting principally of in- 

dicator diagrams, inertia diagrams, and turning- 
efort diagrams, but there is not a single repre- 
sentation of an actual gas-engine. This limitation 











is clearly stated in the preface, where it is said, 
‘*The work is divided into three parts: The first, 
treating of power, efficiency, and economy... . 
The second part contains the data and method for 


for balance or turning effort. . . . The last part is 
entirely concerned with the dimensions of the 
parts to resist the stresses both by theoretic analysis 
and by empirical formule.” 

In the first few pages definitions of indicated 
horse-power and brake horse-power arc given, and 
is is stated that the brake horse-power is ob- 
tained from the indicated horse-power by deducting 
the mechanical friction and the fluid losses and 
leakage. According to this definition the indicated 
horse-power would include, for instance, the nega- 
tive portion of the diagram due to the suction 
stroke ; but obviousiy Professor Lucke cannot 
mean this, because on page 8 he gives the usual 
formula for calculating the indicated hvrse-power, 
and he defines the pressure as ‘‘ the mean effective 
pressure.” In our opinion the matter requires re- 
vision. Two useful tables are given, by means of 
which the indicated horse power can be readily 
calculated ; but we must strongly protest against the 
arithmetical minuteness with which these tables are 
worked out. Four places of decimals are given, 
and in a numerical example illustrative of these 
tables the horse-power is worked out to 391.533166. 
Such a calculation is not merely a waste of printer’s 
ink, but is wrong in principle, as it implies an 
absolutely impossible degree’ of accuracy, and 
conveys an utterly wrong impression to a student ; 
it is the contrary impression that should constantly 
be placed before him—namely, that all calculations 
relating to engineering are in their very essence 
approximate. 

In order to predetermine the mean effective 
pressure and the economy under given conditions, 
the author uses a method of comparison depending 
on a ‘‘ standard reference indicator card,’’ and he 
calls the proportion between the actual indicator 
card and the standard ‘‘ the diagram factor.” He 
believes the method to be new, but in reality the 
diagram factor is merely another name for the 
‘* etticiency ratio,” as defined by the Thermal 
Efficiency Committee of the Institution of Civil 
Engineers, and the standard reference diagram is 
the air standard proposed years ago by Dugald 
Clerk. The author has, however, wrongly defined 
the standard ; he makes it depend on ‘‘ the heat 
available in 1 lb. gas mixture to 1 1b. air.” As can 
easily be shown, the thermal efficiency of the air 
standard depends only on the ratio of compression 
in the cylinder. The truth is that the question can 
only be rationally dealt with by considering the 
heat due to the explosion and the losses of heat to 
the jacket, exhaust, &c., and in this connection we 
note with surprise that temperatures in the cylinder 
are not referred to. A most interesting collection 
of actual indicator cards.are given ; one of these 
shows the very high mean pressure of 115 lb. per 
square inch obtained froin a gasolene engine. 

The question of the inertia forces of the recipro- 
cating parts is dealt with at considerable length, 
and the Fourier series giving the amount of these 
forces is developed, and the effect of the angle of 
the connecting-rod on the balancing of the engine 
is fully considered. A series of characteristic 
inertia curves are given, which will help materially 
to facilitate the work of the designer. Several 
arrangements of cylinders are described to show 
the effect on the balancing of the reciprocating 
parts, amongst which we notice the Gocedlmaeet 
engine (Fig. 92) and the Lanchester engine (Fig. 
94), although these names are not mentioned. The 
method of determining the turning effort is con- 
sidered at great length, and numerous examples are 
given of various kinds of gas-engines working under 
different conditions. The matter is put very clearly 
by means of turning - effort diagrams, and the 
results obtained are used at the end of the book in 
determining the dimensions of the fly-wheel, a 
matter which is also well treated. These turning- 
effort diagrams show ata glance how greatly the 
effect of the inertia forces is increased by speed. 

The last part of the book deals with the dimen- 
sions of the engine parts. A somewhat elaborate 
formula for the thickness of the cylinder walls is 
developed from first principles, after which sixteen 
empirical formule are given. This is rather bewil- 
dering, especially as there is no expression of 
opinion as to the reliability of each. In dis- 
cussing the methods to adopt to adjust the cylinder 
clearance, the danger of attaching any mass to the 
interior of the cylinder to increase the compression 
is pointed out, as it would ‘‘ undoubtedly result in 
pre-ignitions from over-heating, unless it is possible 





determining the stresses in the parts and the 


to get such thermal contact as to carry off heat as 





number and arrangement of cylinders necessary | 


fast as absorbed.” In connection with water-cooling 
it is stated that pistons, when large, must be water- 
jacketed ; but nothing is said as to the difficulties 
of doing this—difficulties which are so great that 
several eminent designers in this country are seek- 
ing other methods to prevent over-heating. 

The next thirty pages deal with the subject of 
valves, and the cams for actuating them, and the 
matter is gone into with an unusual amount of 
detail, giving very full practical particulars and 
data. We specially notice the calculations given in 
connection with the time closure of the valve, and, 
further, a most interesting method of determining 
the proper shape of a cam is developed ; the letter- 
ing of the diagrams, however, is so small as to be 
in some cases practically illegible. The calculations 
of the dimensions of crank-shafts are elaborate, 
and a formula giving ‘‘ the shaft diameter to resist 
bend and twist due to live loads at crank-pins and 
received from the connecting-rods”’ is arrived at as 
follows (page 225) :— 


= IL PanKn wT P’nt 
d = a? r/? | + ( mO 
' 3 16 SrPz9Kh. * 


TP'nb \ 
V(o PraRn) * 
It need hardly be pomted out that somewhat 
simpler empirical formul:e are also given, which, we 
believe, will be used in preference. 





Steam-Boilers ; Their History and Development. By H. 
Il. P. Pow.xs, Assoc. M. Inst. C.E., M.I. Mech. E. 
London: Archibald Constable and Co., Limited. 
[Price 243. net ] 

THE object of this book is to give an account of the 
earliest known examples of stcam-generators, down 
to the most modern steam-boilers, with descriptions 
and illustrations of all forms of boilers, and it shows 
how, in the course of development, certain types 
have become persistent. The author is to be con- 
gratulated in having succeeded in producing a work 
of exceptional value, and the book will not only 
be of interest as a historical record, embracing 
probably every boiler of note that has been in- 
vented, but has a further value in that, as stated in 
the preface, ‘‘the study of the failures and suc- 
cesses of the past will often prevent the seeker 
after novelty wasting time and energy on things 
that have been tried before without success.” 

Some of the salient points that appear on a perusal 
of this book are :—High pressure was advocated as 
far back as 1801, but a long time elapsed before 
such high pressures could be brought into practical 
use, owing to defective materials and methods of 
manufacture. The water-tube boiler, although 
patented as early as 1805 by Stevens, and at in- 
tervals by others—for instance, by Mr. Golds- 
worthy Gurney in 1826—did not begin its present 
enormous development until within quite recent 
years. On the other hand, the locomotive boiler, 
which made its appearance in 1812 in a somewhat 
embryonic form, was developed in the boiler of 
Stephenson’s ‘‘ Rocket,” almost in the form in 
which it is at roa made ; and for the last forty 
years the chief differences are in constructive de- 
tail and size ; the type has remained very constant. 

As regards marine boilers, it is curious to note 
how for many years only very low pressures were 
used—namely, not more than 14 lb. per square inch 
—owing to the weak rectangular form adopted ; and 
it was not until 1862 that comparatively high pres- 
sures began to be used—a change due to the intro- 
duction of the cylindrical form, known as the Scotch 
boiler. Yet at the present moment it is in marine 
boilers that the highest pressures are employed. 

The flash boiler, of which a good deal has been 
heard of late in connection with motor-cars, was 
invented in 1740 by John Payne. The description 
given of this boiler is interesting, and it is stated 
that Payne tried experiments to determine the 
density of steam, and up to a certain point the 
results he arrived at were singularly close to the 
present values. 

The book begins with a description of Hero's 
combined steam-engine and boiler (.c. 150), 
which, as is well known, is the prototype of the 
present steam-turbine. There follows some photo- 
graphic reproductions of small boilers found at 
Pompeii, which are of extreme interest as having 
internal fire-boxes and tubular fire-bars connecting 
the water space around the fire-box; the date of 





these boilers is given as a.p. 78. A long period 
then elapsed before any progress was made in the 


}use of steam, and it is stated that the first vague 
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record is that, in 1543, Blasco de Gary, a sea! disadvantages of alternative systems. The second |like an approximation to perfection of insulation 
chapter, on the development of the modern steam-| would have been arrived at; but this is very far 


captain of Spain, caused a boat to be built, and pro- 
pelled it by steam in Barcelona Harbour. Descrip- 
tions of numerous boilers then follow, and it is 
interesting to note how at first, in the large majo- 
rity of cases, the object was to make steam at low 
pressure, 80 as to enable a vacuum to be produced 
in the cylinder of the engine. A section is given 
of a self-contained boiler by Smeaton (1765), which 
is an extremely neat piece of designing, and shows 
the master-hand. 

As might be expected, Trevithick, and the nume- 
rous and interesting boilers he devised, occupy a 
large share of the book. The author says ‘‘ he was 
certainly a bold or reckless man, or probably that 
happy combination of both qualities often found in 
great inventors and in pioneers into new fields of 
research.” Amongst these numerous boilers of 
Trevithick there is one that deserves special men- 
tion, as he made an attempt to heat the air bya 
kind of regenerative process. 

The first eleven chapters of the book under 
notice deal historically with the subject up to 
1853, and represent a large amount of research. 
Chapter XII. considers plain cylindrical Cornish 
and Lancashire boilers more closely, continuing 
the history up to recent times, and concluding 
with a description of the latest departure—Thomp- 
son’s dish-ended Lancashire boiler. In a similar 
manner the next chapter deals with locomotive 
boilers, after which follows a chapter on marine 
boilers. Vertical boilers, sectional boilers, and 
fire-engine boilers are then considered. As re- 
gards the latter, it is interesting to note that 
between 1830 and 1835 John Braithwaite spent 
20,0001. in his effurts to bring steam fire-engines 
into regular use ; but the London fire-engine estab- 
lishment rejected Braithwaite’s steam fire-engine, 
and it was not until 1852 that they again took up 
the matter by getting Messrs. Shand and Mason 
to convert a large manual floating fire-engine into 
a steam one. 

In Chapters XVIII. to XX. we have a very 
full historical review of the water-tube boiler, 
and all the important types are described. Yar- 
row’s important experiments on circulation are 
extracted verbatim from the pages of ENGINEERING, 
and photographic reproductions of the apparatus 
are given. Chapter XXI. deals with the boilers 
for motor-cars and vehicles, and the author states 
that he is indebted to Mr. W. Worby Beaumont 
for the use of the figures given in the text. 

The book concludes with a chapter on the sequence 
of the development of steam boilers, being a reswmé 
and a commentary of all the previous historical 
chapters, and there are some interesting generali- 
sations. There is a complete list of books dealing 
with the steam-boiler. e volume is accompanied 
by a series of fifteen full-page plates, giving in 
sectional outline all the most important types of 
boilers that have ever been invented, arranged in 
groups and in chronological order. We think these 
plates will prove to be one of the most useful and 
interesting points of the book, as they enable the 
reader to see at a glance the growth of the ideas 
which have led to the development of the steam- 
boiler in general and of each type in particular ; the 
last five plates dealing with water-tube boilers are 
particularly interesting in this connection. We have 
every confidence in recommending Mr. Powles’s 
treatise to anyone interested in the subject. 





The Shipbuilding Industry ; Its History, Practice, Science, 
and Finance. By Davip Pottock. London: Methuen 
and Co. [Price 2s. 6d. net.] 

Tus is one of a series of books on business in- 

tended to give the layman some insight into the 

extent of, and procedure in, various departments of 
industrial activity ; and it may be said at once that 
the author has eminently succeeded in this respect. 

We are not so sure that the historical part, occupy- 

ing nearly a quarter of the book, will be so much 

uppreciated, because, as the author himself in- 
cidentally remarks, ‘‘these are matters which have 
been told almost to weariness by numberless pens.” 

But we admit that the chapter on ancient ships and 

early steamers does focus attention on the salient 

features, and we are glad Mr. Pollock makes it 
clear that steam navigation ‘‘ was not a discovery 
nor the inspired idea of one ingenious mind, of one 
country, or of one period of time,” but was the result 
of the operation of many minds working in common 
in different countries. The business man, however, 

18 not so much concerned with the past as with 

present-day methods, and with the advantages and 





ship, is therefore much more to the point, and 
after reading the third chapter, which describes 


the whole process of shipbuilding in up-to-date | 


yards, the beginner in the shipowner’s office, or the 
student of naval architecture, will, on a visit to a 
works or a ship, be able to take an intelligent 
interest in what he sees around him. The fourth 
chapter deals with evolution in structure and type 
of ships; and here, naturally, the steam-turbine 
comes in for attention, progress up to the present 
time being carefully narrated. There is, however, 
an absence of concise comparative data, except 
only in the case of the now historical test of the 
Amethyst, fully reviewed in ENGINEERING, and 
here quoted. But it is probable that the author has 
not felt sufficient confidence in the results of mer- 
chant ship trials, owing to the variations in impor- 
tant factors. 

The last chapter of Mr, Pollock’s book deals with 
tonnage-producing districts and countries, based on 
the annual returns made in ENGINEERING and by 
Lloyd’s Registry. Since ‘‘finance”’ is included in 
the title, one notices the absence of information 
as to comparative costs ; but it is not always easy to 
get such data. There are one or two obvious slips 
which may be pointed out, so that they may be 
amended in subsequent issues. On page 41 the 
author remarks that ‘‘in not a few of even the 
latest naval ships the combined wood and copper 
sheathing has he perpetuated”; no warships 
are now so built. On page 84 surface friction 
is said to represent about ‘‘8) deg.” of the total 
resistance ; this obviously should be 80 per cent., 
and to the lay reader might cause confusion. It 
would have been interesting to have had popular 
definitions on the ‘‘ coefficient of fineness,” and 
such terms, which are of frequent occurrence in 
ship-owning circles without being quite understood. 
On page 118 the nautical mile is given as 6280 ft. ; 
this should be 6080 ft. On page 119 Professor Biles’s 
initials are wrongly given. But, altogether, the 
book is a very interesting exposition of the business, 
and to those who wish their sons to develop an 
interest in the industry, or who themselves, finan- 
cially interested but without technical knowledge, 
desire some information, it should prove both 
useful and instructive. 


The Insulation of Electric Machines. By Harry WIn- 
THROP TuRNER, Assoc. Amer. I.E.E., and Henry Mer- 
cALF Hopart, M.I.E.E:, M. Amer, I.E.E. 1905. 
London: Whittaker and Co. [Price 10s. 6d. net: ] 

In all classes of electric machines efficient working 

without breakdowns depends upon the satisfactory 

solution by the designer and manufacturer of 
various difficult problems, of which, perhaps, the 
most important and the most difficult is the problem 
of insulation. It is curious, therefore, that among 
the great multitude of works in the English lan- 
guage upon practical electricity, none should have 
appeared until now dealing specially and compre- 
hensively with this important branch of the subject. 
There is, of course, a good deal of literature on the 
subject, but that is mainly in the form of contribu- 
tions to the proceedings of electrical engineering so- 
cieties or to the technical and trade journals. Much 
of this literature is valuable ; but everyone who has 
tried to find information in this form knows that 
it is often difficult, and sometimes even impossible 
in the time at one’s disposal, to hunt out the 
necessary references and then to obtain access to 
the original papers. For this reason a writer who 
does nothing more than compile in one volume 
the substance of all the existing valuable literature 
on any subject performs a useful work, and many 
electrical text-books constructed on these lines 
have attained popularity. Until now no such com- 
pilation had been made in the case of the literature 
on insulation; and had the authors given us in this 
volume no more than that, their work would still 
have deserved a welcome. But they have done 
more. They have dealt with their subject scien- 
tifically, and have based their discussion on their 
own experience gained in practical work with insula- 
ting materials over a long period of years. They do 
make free use of the existing literature in various lan- 
guages, but are scrupulously careful in every case 
to quote their authority ; and at times they criticise 
the opinions of the writers quoted. The work, as 

a whole, therefore, gives a comprehensive exposi- 

tion of the principles of insulation of electric 

machines and of modern practice. 
It might be thought that by this time something 








from being the case, and in the opening paragraph 
of their preface the authors impress upon the 
reader the necessity of disabusing his mind of the 
idea that a high degree of accuracy is at the present 
time attainable. This is surprising ; but when the 
reader has studied the contents of the volume he 
will appreciate the truth of the statement. An 
excellent purpose will have been served by this 
volume if it draws the attention of investigators to 
the great amount of work that has yet to be done 
before the properties of insulating materials are 
definitely and completely ascertained. What has 
been already accomplished is fully described by the 
authors, who discuss the properties of the different 
insulating materials, varnishes, and paints in 
common use, and point out their weaknesses under 
particular conditions. The subject of insulation- 
testing is also fully considered. A large amount 
of valuable information is given in the form of 
tables of statistics under different heads of the 
main subject, while in the discussion of the results 
of scientific investigations curves are freely used. 

To manufacturers of electric machines we believe 
this volume will be especially useful; but it 
deserves the attention of all who are actively 
engaged in the practical electrical industry. 1t 
should be added that the insulation of cables is 
expressly omitted from this volumo. 
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Russian Steet Ratts.—Russian metallurgical industry 
has had a rough experience during the past ten years. It 
appears, however, to make progress upon the whole. 

e annual output of steel rails in Russia during the ten 
years ending with 1904 inclusive was as annexed :— 


Year. Tons. Year. Tons. 
1895 302,428 1900 496,475 
1896 398,848 1901 481,918 
1897 444,062 1902 382,152 
1898 468,789 1908 832,367 
1899 .. .. 464,877 1904... 401,541 
It will be seen that 1900 was the record year, and that 
1903 was a period of considerable depression. Last year, 


however, there was some recovery. 





AGRICULTURAL Enoines.—The demand for agricultural 
oe aeee as hitherto, upon European ac- 
count—appears to have been pretty well sustained this 
ear. The value of the engines exported from the United 

ingdom in August was 101,531/., as compared with 
79,4127. in August, 1904, and 71,0767. in August, 1903. 
The August totals were considerably helped up by larger 
deliveries to South America, the value of the engines 
shipped to that quarter having been 34,702/., as com- 
pared with 2129/, in August, 1904. The aggregate value 
of our exports of agricultural engines for the eight months 
ending August 31, this year, was 661,413/., as compared 
with 694,5792. in the corresponding period of 1904, and 
614,978/. in the corresponding period of 1903. In these 
totals the exports to European countries figured for 
481,8602., 503,1627., and 466,895/. respectively. South 
America took agricultural engines to August 31, this 
year, to the value of 86,541/., as compared with 19,5707. 
and 31,046/. respectively. The colonial demand has moved 
on as follows during the first eight months of the last 





three years :— 
Colonial Group. 1905. 1964, 1903. 
£ & £ 
British South Africa 4,228 12,418 24,762 
British India oe 7,407 10,307 6,214 
Australasia .. oe 26,753 53,334 30,478 


It will be observed that the colonial demand for ovr 
agricultural engines is still small—so small, indeed, as to 
be almost irsignificant, 
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SELF - DISCHARGING 


SINGLE-HOPPER WAGON; PRUSSIAN STATE RAILWAYS. 


CONSTRUCTED ON THE SHEFFIELD-TWINBERROW SYSTEM BY THE ARTHUR KOPPEL AKTIENGESELLSCHAFT, BERLIN. 
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Tuer wagon illustrated above is one of a trial train 
supplied by the Arthur Koppel Aktiengesellschaft, 
of Berlin and Bockum, to the order of the Prussian 
State Railways, for working on the Saarbriicken sec- 
tion, and it was built to the designs and under the 
patents of the Sheffield-Twinberrow Steel-Car Com- 
pany, of Newcastle-upon-Tyne. 

The wagon is known as a single-hopper four-wheel 
type, and is of 20,000 kilogrammes capacity, with a 
tare weight of about 84 tons. The pom: pose 4 Baoan 
is well shown in Fig. 1, annexed, whilst Figs. 2 to 5, 
page 479, give some of the leading dimensions of the 
car. The hopper-opening is closed by a pair of doors 
which move transversely upon rollers, and are con- 
trolled by means of @ worm-gearing and chain connec- 
tions. _ This gear is sufficiently powerful to enable one 
man to close the doors from either side of the wagon 
against the load, and discharge the same at any de- 
sired rate without shock to the coal. The question of 
breakage in the export coal traffic is reciving the close 
attention of the Prussian State Railways, and it is 
hoped that the type of wagon illustrated will contri- 
bute towards the solution of the difficulty. It will be 
noticed that the wagon is supplied with a screw-brake, 
actuating, through compensating levers, brake-blocks 


upon both sides’ of the four wheels; this brake is | 


worked from a platform at one end of the wagon. The 
type of wagon illustrated has been used for some time 
by the Dortmund Unior Steel Works, and has proved 
very satisfactory in the carriage and discharge of coal, 
coke, iron ore, and ballast. 

The Arthur Koppel Aktiengesellschaft control the 

tents for the Sheffield. Twinberrow steel cars on the 

ntinent, and are at present delivering some double- 
hopper bogie wagons of 30-tons capacity to Tunisia, 
and are building, for private owners in Germany, 
single-hopper bogie wagons of 40-tons capacity. 








Tue Unitep States anp Mexico.—An agreement has 
been concluded between the New York and Cuba Mail 
Shipping Company and the Mexican Government for the 
establishment of a weekly service of steamers between 
New York, Havant, Progreso, Vera Cruz, and Tampico. 


SuBMARINE SIGNALLING.—An*‘official trial of submarine 
signalling apparatus by the German Admiralty has taken 
place in Kiel harbour. A bell weighing 140 1b. was 
suspended at a depth of 20 ft. from the Gabelflach light- 
ship. The sound of the bell was heard with such dis- 
tinctness at a distance of 34 miles that its position could 
be assigned with precision. At a distance of 54 miles the 
sound was heard in sufficient volume, but was disturbed 
by other sounds in the harbour. The result of the trial 
was considered thoroughly satisfactory, and an order for 
the adoption of the apparatus was given. 


| TRADE OF YOKOHAMA IN 1904. 


|cent. higher than the European quotations. 


In his latest report, Mr. Consul-General Hall states 
| that the trade for 1904 of Japan generally, and of its 
leading port, Yokohama, in particular, derives an ex- 
| ceptional inverest from the fact that during eleven 
| out of the twelve months the country was engaged in 
| carrying on one of the greatest wars of modern times. 
| It would not have been surprising if, in view of this 
| fact, the volume of the country’s foreign trade had 

shown a considerable decrease as compared with the 
| previous year or the average of several years pre- 
(ceding. But instead of a decrease, there was a 
marked increase, as the following figures show :— 
Value. 
£ 


31,926,000 
37,136,000 


69,062,000 


Exports 
Imports 


Total 


as compared with 1903 :— 
Value. 


£ 
Exports ... 28, 950,000 


Imports ... 31,713,000 

Total 60,663,000 | 
When it is remembered that 1903 was itself a record | 
| year, the large increase in 1904 of exports and the | 
larger increase of imports lose nothing of the initial | 
aspect of paradox presented by the figures, as taken | 
from the annual volume of Customs returns. That 
| Yokohama has fully shared in the increase is shown | 
| by the following figures, which give the trade values 
| for the two years 1903 and 1904 : 





| Value. 
Year. 


Exports. 


Imports. Total. 


£ & £ 
17,355,829 13,886,063 31,241,892 
14,963,420 | 11,318,894 26,282,314 
2,392,409 2,567,169 4,959,578 


1904 
1908 .. ie 
Increase, 1904 .. 


By far the most important exports are those of silk 
|and silk products, representing as they do for 1904 
| fully four-fitths of the total exports ; but in this de- | 
| partment few of our readers are specially interested. | 
After silk, none of the other exports seem worth | 
special notice. Tea and metals, which stand at the 
head of the minor group, both show a falling-off last 

ear, while drugs and chemicals continue to expand. | 

he reason for the diminshed export of copper was 
the increased demand of the home market, where, for | 





| the most part of the year, the prices were about 10 per 
Three- 
| fourths of the quantity exported went no further than 
| to China, whose principal metallic currency continues 
to be bronze. It is a very significant fact that the whole 
production of the mines for 1905 has been bespoken 
in advance, mostly by the Government. Some 
Australian and American copper was even imported 
at the end of 1904. 
A general view of the imports shows how the total 
increase of over 2,800,000/. was distributed :— 
Increase in 
1904 as compared 
with 1903. 
£ 


660,000 
454,000 
261,000 
180,000 
104,000 

94,000 
ot 72,000 
Miscellaneous . 1,020,000 


Total 2,845,000 


fares which increase must be set a decrease in 
following :— 


Articles. 


Rice ... a £ mo 7 

Wool and woollen manufactures 

Kerosene ... HA 

Machinery, engines, &c. ; 

Metals and metal manufactures 

a and chemicals = 
our 





the 


Articles Decrease. 
124,000 
107,000 

50,000 


Sugar a ; 
Dyes, colours, &c. 
Cotton and cotton manufactures 


Total 281,000 


For some years past the uupurt of cotton yarn and 
fabrics has been dwindling towards vanishing point, 
as the Japanese are now able not only to supply their 
own wants for the most part, but also to export con- 
siderable quantities to China and Korea. Whilst the 
quantity of the raw cotton imported into the whole of 
Japan in 1904 was less than that of 1903 by over 8 per 
cent., the value of the latter year was greater by ove! 
5 per cent. This was due to the speculative opera- 
tions in the American market. The attempted corner 
in cotton there failed, and the markets in India and 
China rose and fell in sympathy with the higher priced 
American fibre. Apart from these vicissitudes, cotton 
has ruled at abnormally high values in both the last 
two years. ; 

The import of metals and rough manufactures thereof, 
though not expanding with the general prosperity oi 
the country, showed no falling off, but rather a trifling 
increase, thanks to the demand for certain lines en- 
hanced by the war. Tin plates for canning provisions 
were in great requisition, and there was a great 
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increase in the import of telegraph wire. Owing to 
the fall in prices in plate and sheet iron, over 14,000 
tons were imported in 1904, as against 11,850 tons 
in 1993. In all the scarcer metals—mercury, nickel, 
tin, zinc, and aluminium—a considerable rise took 
placa, nickel rising from 75 to 327 tons, and aluminium 
from’ 26 to 206 tons—value, over 30,000/. In the 
import of sugar, both refined and raw, thero was a 
falling . off, owing to developments taking place 
within the Japanese Empire. There was a great 
increase in the import of wcol and of woollen goods, 
owing to the demand for army use. The output of 
the native mills was quite insufficient to meet the 
emergency, and large contracts for army cloths, 
blankets, and woollen yarns were placed with several 
foreign firms. Kerosene continues to be imported in 
lurge quantities... In dyes, colours, and paints there 
was a falling off to the extent of over 30 per cent. 
The import of Rangoon and Saigon _rice into Japan 
sows a steady increase every year owing to the rapid 
yeowth of population, which is far from being accom- 
panied by a proportionate augmentation of the Japan 
rice crop. 

The steady movement which ia transforming Japin 
from an agricultural into an industrial State ia discern- 
ile in the fact that in a year when several hundreds 
of thousands of men were withdrawn from peaceful 
pursuits, the import of machinery increased from 
505,0002. in 1903 to 685,000/. in 1904. This increase 
was distributed over nearly every item in the list—from 
electric motors to sewing machines. The only items 
that show a decrease are beer-brewing machinery, fire- 
engines, lifting-machines, aud mining-tools. 

The following table gives a recapitulation of the 
principal articles of import at the Port of Yokohama 
durivg the years 1904 and 1903, and the averages for 
the five years 1899-1903 :-- 


1904. 


Articles. Value. 


| Value. 


a 


Ctton and cotton manufactures 1,146,734 1 
Metals and metal 1,435,831 
Sugar .. es ed os .. 997,341 
Wool and woollen manufacturer 1,312,518 
Ric: .. oe > ..| 2,682,511 
Kerosene oil.. a ed a 519,237 
Machinery, engines and parts 

thereof - - ° 635,409 
Dyes, colours, and paints 258,873 
Drugs, chemicals, &c. 7 366,686 
Fiour .. xy <u ; 667,757 
Miscellaneous 3,871,685 | 
Re-imports .. 11,481 


® 


£ 
,567 | 1,824,429 
31,324 | 1,229,086 
583 | 1,150,562 


630,482 
517,829 


” ” 


rats = 


i— 
Sarma 
“ 

Ss 

ew 


J 
3 


443,012 

339,882 

313,626 

240,889 

2,819,433 | 2,610,666 
10,970 14,174 


As was to be expected, the influence of the war 
made itself felt much more in the marine carrying 
business of the country than in the trade in commo- 





dities. British shipping has always held firmly the 
leading place, the Renvtiy subsidised native shipping | 
being, especially of late years, its only formidable! 
competitor. The following table shows the number of | 
vessels and tonnage entered at the port of Yokohama! 
during the years 1903 and 1904 :— 


STEAM. 


NATIONA ATY. 


Number of 
Vessels. 


Number of 
Vessels, 


Tons. 





1,789,756 
159,057 43 
424,581 
131,278 


British .. 
Japanese 

German .. ‘ 
Norwegian oy 
American (U.S.) 
French Jal 
Dateh .. 
Austro-Hung rian 
Swedish . . : 
Dinish .. 
Chinese .. ‘ ° a 
Kussian .. oe ; we Je 1 


Saline. 


ARGENTINE RAILWAY AFFAIRS. 


Tue la‘est information available with respect to 
three of the leading Argentine railway systems—the 
Buenos Ayres Great Southern Railway, the Buenos 
Ayres and Rosario Railway, and the Buenos Ayres 
Western Railway—-is decidedly encouraging. Revenue 
is well maintained, good profits are realised, remunera- 
tive dividends are declared, and large reserves are 
being formed. In the year ending June 30, 1905, the 
Buenos Ayres Great Southern Railway had a free 
balance of 758,704/., after providing fur interest on 
debenture stock, and dividends on preference stocks. 
Out of this free balance of 758,704/ , it is proposed to 
transfer 150,000/. to the permanent-way and rolling- 
stock renewal fund, 10,000/. to the pension fund, and 
5000/. to the staff benevolent fund. After this has 
been done, it is possible to declare a dividend at the 
rate of 7 per cent. per anuum, free of income tax, on the 
ordinary stock, and to carry a final balance of 113,704/. 
to the credit of 1905-6. The average number of miles 
of line open upon the system during the past year 
was 2481, as compared with 2478. The rativ of the 
working expenses to the traffic receipts stood in 1904-5 
at 49.87 per cent , as compared with 46.07 per cent. in 
1903-4. During the past twelve months there was a 


substantial iacrease in practically every branch of the} Th, 


company’s business, this being especially noticeable as 
regards grain, which produced an additional revenue 
of 217,641/. The increase in the ratio of the working 
expenses to the traffic receipts is a result of the higher 
wages and reduced hours of labour now ruling through- 
out the Argentine Republic, and of sppelet expenses 
incurred in dealing with the congestion of traffic, 
occasioned by the strike and military revolt of January 
and February, 1905. A remarkable development of 
business has been witnessed at Bahia Blanca; and asa 
result of this, the Buenos Ayres Great Southern Rail- 
way has applied for and obtained from the Argentine 
Government permission to carry out important addi- 
tions and improvements in the compavy’s existing moles 


| and wharves, including an installation of elevators and 


other facilities for handling grain in bulk. By way of 
further augmenting shipping facilities at Bahia Blanca 
the Board has placed orders for six 800-ton barges, three 
590-ton barges, and three 300-ton barges, together 
with two pontoon elevators, with a loading capacity 
of 75 tons per hour each, and two powerful steam-tugs; 
all these vessels will be used in connection with a new 
grain-loading dock now in course of construction. In 
anticipation of continued traffic development upon the 
system the directors of the Buenos Ayres Creat 
Southern Railway have placed orders for 138 locomo- 
tives, three steam motor coaches, 56 passenger saloons, 
2200 40-ton bogie trucks, 50 goods brake-vans, and 15 
passenger brake-vans. A proportion of the cost of this 
equipment will be charged against the rolling-stock 
renewal fund as representing a replacement of obsolete 
stock. About ten miles of the Bahia Blanca line 
between Saavedra and Bahia Blanca are being doubled. 
The earthworks of the Tres Arroyos and Loberia 
extension are well in hand and have been com- 
pleted to the extent of about one-third, while a 


TOTAL. ToTAL, 1903. 


Number of 
Vessels. 


Number of | 
Tons. Messaie, Tons. Tons. 





383 
342 
83 
20 
£9 
29 
6 
14 


1,795,565 
165,392 


1,098,431 
681,907 
287,697 

22,433 
310,230 
£9,658 
13,220 
44,118 


5,800 
6,335 
8,053 


f,850 
6,919 


2 2,540 
377 4 





8,464 


a7 








_ Tote .. 1174 3,033,754 53 


33,373 1232 3,067,127 972 2,526,698 


Nors.-—Thirtcen vessels (British), with a tonnage cf 27,01; tons, have been sold at this port during the year under review. 


It will be noticed that Germany last year dis- ' 
laced America fur the third, place in the shipping | 
list, and the increase was due not so much to ex-| 
pansion of trade with Germany as to the foresight and 
enterprise of the German merchants, who, perceiving 
carly that war was inevitable, had telegraphic codes 
prepared, and were able to offer to the Japanese at 
short notice German bottoms in great variety, and at 
such figures in chartering as were not to be obtained 
from British shipbrokers. The effect of the war was 
disastrous both on the over-sea and the coasting trade. | 
The requirements of the Government necessitated the | 
transference of the sea-borne merchandise of the | 
country to foreign bottoms, and of this windfall | 
British shipping naturally obtained the largest share. | 
Two-thirds of the coasting tonnage was in chartered | 
British steamers, the Norwegian, German, and Danish 
flags also participating, 


commencement has ben made with laying th» 
rails. Plans of the Calaveras extension have been 
approved by the Argentine Government, and arrange- 
ments are being made for a commencement of con- 
structive operations. The capital expended by the 
Buenos Ayres Great Southern Railway to the close of 
June, 1905, was 27,895,522/. The number of locomo- 
tives upon the system at the close of June, 1905, was 
291, as compared with a similar number at the close 
of June, 1904. The total of 291 was made up as 
follows :—Tank passenger engines, 17; express pas- 
senger engines, 5; six-wheel compound engines, 28 ; 
simple four-wheel coupled enginer, 44 ; comy oand four- 
wheel coupled engines, 49; tank goods engines, 18 ; 
eight-wheel coupled compound engines, 15; simple six- 
wheel coupled goods engines, 30 ; compound six-wheel 
coupled goods engines, 47 ; and shunting engines, 38. 
During the first’ half of this year the Buenos Ayres 





and Rosario Railway acquired 1,979,412. on revenue 
account, as compared with 1,941,224/, in the first hal; 
of 1903-4, showing an increase of 38,188/. The in 
crease in the working expenses was 12,309/., anc 
the net revenue expanded from 960,569/. in the first 
six months of 1904 to 986,718/. in the first six months 
of 1905. The ratio of the working expenses to the 
traffic receipts stood in the first half of this year at 
50.15 per cent., as compared with 50.52 per cent. 
No additional mileage was brought into operation 
in the first half of this year, the length of line worked 
remaining at 2347 miles. The receipts per train-mile 
run averaged 14s, 63d. in the first half of this year, as 
compared with 14s. 5jd. ; the working expenses per train- 
mile run averaged 7s. 3} , as compared with 7s. 33d. ; 
and the net profit per train-mile run was, accordingly, 
7s. 23d., as compared with 7s. 21. .The net profit 
realised for the first half of this year, after payment 
of debenture stock, interest, and annuity charges, was 
787,320/. After provision had been made out of this 
balance for dividends on preference stock and shares, 
and a dividend at the rate of 5 per cent. per annum 
upon ordinary stock and shares, 222,100/.. remained 
to be carried forward. 

The Buenos Ayres Western Railway is a smaller 
undertaking, but it is an extremely prosperous one, 
e gross revenue acquired in the year ending June 30, 
1905, was 1,541,106/., as compared with 1,385,265/. in 
1903-4. The working expenses were 731,693/., as 
compared with 667,089/., leaving the net revenue at 
782,413/., as compared with 718,176/. After full pro- 
vision had. been made for debenture interest-and other 
fixed charges, a disposable balance of. 533,487/. . re- 
mained available for dividend upon the ordinary stock. 
Out of this balance the directors transferred 100,000/. 
to the general reserve fund, 50,000/. to the permanent- 
way renewal fund, 50,000/. to the rolling-stock renewal 
fund, 20,000/. to the fire-insurance fund, 10,000/. to 
the staff pension fund, and 5000/. to the benevolent 
fund. From the balance still remaining a dividend at 
the rate of 7 per cent. per dnnum, free of' income 
tax, is proposed to be paid upon the ordinary stock, 
while 50,987/. is to be carried forward to the credit 
of 1905-6. The length of line open for traffic in 
1904-5 was 966 miles, as compared with 816 miles 
in 1903-4. The ratio of the working expenses to 
the traffic receipts stood in 1904-5 at 48 33 per cent., as 
compared with 48.16 per cent. in 1903 4. The receipts 
averaged 12s, O?d. per train mile run in 1904-5, as 
compared with 13s. ld. per train-mile run in 1903-4, 
while the cost of working was 53. 10d. per train-mile 
run in 1904 5, as compared with 6s. 34d. per train-mile 
runin 1903-4. To meet the requirements of a steadily- 
increasing traffic, orders have been placed for 47 loco- 
motives, 30 passenger saloons, 500 40-ton wagons, 160 
30-ton wagons, 100 cattle wagons, and 60 permanent- 
way wagons. A considerable expenditure has been 
incurred in rebuilding and improving stations, and 
providing additional intermediate stations, as well as 
in constructing new sidings and lengthening existing 
ones. The directors have applied for a concession of 
a line from Suipacha to Bayauca, and an extension of 
the Meridiano Quinto line to Victorica. The first-named 
concession has been granted, and the latter is under 
the consideration of the Argentine Congress. It is 
proposed to increase the capital of the company by 
2,000,000/. The number of locomotives upon the system 
at the close of June, 1905, was 153, as compared with 
141 at the close of June, 1904. The 151 locomotives 
owned at the close of June, 1905, may be classified as 
follows :—Local tank, 18; four-wheel coupled, with 
tenders, 56; mixed six-wheel coupled, 6; six-wheel 
coupled goods engines, 59 ; shunting engines, 14. 








Lake Titicaca.—Lake Titicaca, the largest lake in 
Peru and the highest navigable lake in the world, is to 
be tapped for the purpose of developing electric power. 


A 1000-Toy Barcze Canat.—The State Canal Board of 
New York has completed plans for work on a 1000-ton 
barge canal during the coming season. Mr. Van Alstyne, 
State engineer, says that work is well under weigh on con- 
tracts 1, 2, 3, and 6, and that plants for work on contracts 
4 and 5 have been setup. For the systematic supervision 
of the canal works the State has established corps of 
engineers at fifteen places along the canal, from Albany 
to Buffalo, with spurs for the Champlain and Oswego 
canals, reaching to Lake Champlain at Whitehall, and 
Lake Ontario at Oswego. At each of these points the 
State employs a force of from ten to forty engineers, 
surveyors, and levellers. At present there is a scarcity of 
engineers, and a civil service examination has been held 
to establish a fresh eligible list. Altogether the State 
now employs 350 men on the canal. This does not incluce 
the army of labourers and superintendents at work for the 
contractors. Work will be started soon on the first lock 
for the enlarged canal at Waterford, on the Champlain 
route. The Canal Board recently decided to make all locks 
45 ft. wide, instead of 28 ft. wide, as contemplated by the 
original p The work now under way calls for an 
expenditure of between 5,000,000 dols. and 6,000,000 dols. 
Within the next two or three months the ———- 
of public works will let contracts which will use up the 
balance of a 10,000,000 dols. appropriation now at the 
disposal of the canal authorities. 














Oct. 13, 1995.] 


ENGINEERING. 





481 








INFLUENCE OF ‘“ WAKE” UPON THE 
SPEED OF WARSHIPS STEAMING IN 
“SINGLE COLUMN LINE AHEAD.” 

To THE Epitor oF ENGINEERING. 

Sir,—I shall be glad if any of your readers can give 
me some information upon the following question :—Six 
cruisers of identical type are steaming in ‘single column 
line ahead ”—i.¢., following one another at equal distances 
apart. What influence will the ‘‘ wake” of the leading 
ship have upon the second ship, the ‘‘ wake” of the 
second upon the third ship, and so forth ? 

As all the ships have to maintain their respective posi- 
tions, it is the horse-power that must be affected ; and 
the question therefore resolves itself into finding the 
relation of the horse-power of the several ships to that 
of the leading ship. 

A very usual steaming distance is two cables—i.e., 
400 yards—from the foremast of one ship to that of the 
other, the speed being 13 knots. It would be interesting 
to know, however, what the ‘* wake ” influence is at other 
distances, and at other speeds, from 10 to 23 knots; and, 
further, whether-there is any general expression for the 
relation mentioned above. 

I remain, 


your obedient servant, 
September 28, 1905. W. 


¥. P. 








THE REDISTRIBUTION OF FACTORIES. 
To THE Eprror oF ENGINEERING. 

Sir,—I am very glad to see your article on the “ Re- 
distribution of Factories,” in your issue of the 22nd ult. 

There is no doubt that London is an utterly unsuitable 
place for manufacturing, from every point of view, and 
that it is of immense national importance that as little 
should be done there as possible. That the tendency 
of engineering is to leave London is evident; and it is 
long since it was the centre of shipbuilding or marine en- 
gineering. In fact, many of the more go-ahead firms that 
were located there have left for the North, and those who 
choose to remain have only themselves to thank if they 
find it impossible to pay dividends. 

I quite agree with you as to its being undesirable for 
orders to be given by Government to London manufac- 
turers at greater prices than can be got in the provinces ; 
but I would go a good deal further, and say that even at 
the same prices preference should be given to the pro- 
vinces. One cannot expect manufacturers to have suffi- 
cient patriotism to shift their works for the good of their 
country or workmen, but one ought to be able to expect 
the Government to consider these things. 

It is also well for private purchasers to consider your 
article, and to consider whether they get as good value 
a mage money in purchasing goods that are London 
made. 

Yours truly, 
F. SrrRickianp. 

2, Southfield-gardens, Strawberry Hill, Twickenham, 

October 6, 1905. 








STEAM-ENGINE ECONOMY. 

; To THE Eprtor OF ENGINEERING. 

Sir,—We hear so much nowadays of the great saving 
of steam in engines using superheat, and of tests made 
by some of our leading engineers (quoted in your paper 
from time to time), of engines, consuming less than 8 lb. 
per indicated horse-power, these engines in some cases 
using steam superheated beyond 700 deg. Fahr. ; and, 
further, that the greater the superheat, the greater the 
economy. Now most engineers agree that economy does 
accrue from superheating steam sufficiently to prevent 
condensation in the cylinder or cylinders, but economy 
beyond this point is questioned by many when considering 
the coal consumption. Would really better results not be 
obtained by using higher pressure steam than using 
superheat beyond what is really necessary to keep the 
steam dry in the cylinder, taking into consideration the 
economy of the whole plant—viz., wear and tear of 
engines, boilers, and fuel consumption ? 

It would be interesting to hear the opinions of our 
— and boiler insurance companies’ engineers on this 

joint. 

Yours faithfully, 


October 5, 1905. Economy. 








SEGREGATION IN STEEL INGOTS. 

' _To THe Eprror or ENGINEERING. 

Sir,—You publish in your issue of October 6 a very 
Suggestive paper, read by Mr. Talbot at the Iron and 
Steel Institute meeting at Sheffield, on the subject of 
Segregation of elements in steel ingots. 
_ There is no doubt that the prevention of segregation 
is of the utmost importance to all users of steel, as homo- 
geneity is the great desideratum to construction of engi- 
— works, whether in material for bridges, rails, or 

Iconsider the most rational way of preventin segre 
gation 1s to cast ingots according to the method aoahs 

fore the Iron and Steel Institute at the Diiszeldorf 
mesting in eo ws Harmet. 

© ingot after being cast in a pyramidal mould wit 

a movable bottom, is } apr upweede from the oan 
so that the taper sides of the mould are continually 
—e & pressure upon the hot and pliable walls of 
the ingot, to an extent exactly sufficient to keep the fluid 
contents always up to the top of the ingot until the whole 
ingot becomes solid. The pipe and all signs of unsound- 


ness are absolutely prevented, and at the same time 


soprecation of impurities and carbon does not 
© place to any appreciable extent. reek; 4h 
The two chief c 


auses of the resulting homogeneity are, 


no were t the continual agitation caused by the move- 
ment of the ingot in the mould and the flow caused in the 
still liquid portion of the ingot, both tending to prevent 
the formation of 1 crystals and to the equalisation of 
the temperature of the ingot. 

_ Analyses taken from the top and bottom ends of such 
ingots, also from the outside and centre and intermediate 
points, all show remarkable uniformity in chemical com- 
position, 

This, being a mechanical method of preventing segre- 
gation, I consider much to be 0 Soll » to the introduc- 
tion of another extraneous element into the steel. 

Yours truly, 
Leeds. Raureu G. Scorr. 








RACKS FOR TOOL-ROOMS. 
To THE EpitoR OF ENGINEERING. 

Sir,—With reference to your correspondent’s inquiry 
the following may be of interest :— 

While of opinion that for tools with cutting edges 2nd 
gauges requiring careful storage wooden shelves are hard 
to beat, yet there are instances where wood can be dis- 
pensed with, and replaced with iron or steel entirely ; 
or, at any rate, a composite construction may be adopted, 
with wood or other material where necessary for the 
protection of the edge of the tool. 

In the works of the British Electric Plant Company, 
Alloa, we use extensively shelves of sheet-steel suspended 
upon rods hung from the crane girders, designed many 
years ago by the managing director, Mr. Spence. 

The construction of the shelves is shown in the accom- 
panyingsketch. They have the advantage of being easily 
accessible to the hand and eye, and also may be divided up 
and compartmented with facility. 

The shelves are of 11 B.W.G. steel plate drilled for 
the 4-in. supporting rods and located in place by means 


Fig. 2. 
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of cast-iron ferrules and grat screws. ‘The }-in. rods are 
flattened where necessary with the file for the grut 
screw points to bear. It may be thought that this is a 
flimsy form of support; but it succeeds admirably in 
practice, and in no instance have we known it fail, even 
with heavy loads. 

Our method of attachment to the girder is also shown, 
but should there be no convenient girder such as we have, 
some other way of supporting the shelves can easily be 
devised. If from a wall, as an instance, cast-iron brackets 
may be fixed to carry a light channel section, from which 
the rods may be hung. 

To prevent the shelves ontnging, provision should be 
made for securing them to the wall, or otherwise, just as 
circumstances permit. In the sketch some of the rods 
are shown anchored in the floor, like foundation bolts, and 
run up with cement or lead. A slight tension is given to 
the rod by screwing up, making the whole quite stable. 

Trusting that the above may be of service to your 
correspondent, 

I am, yours truly, 
Joun E. Grant, Assistant Works Manager. 

The British Electric Plant Company, Limited, Alloa, 

October 10, 1905. 








THE REGISTRATION OF ENGINEERS. 
To Tue Eprror or ENGINEERING. 

Str,—One person was killed and another injured by the 
boiler explosion near Truro, dealt with on page 466 of 
your last issue—a very modest result, taking into account 
the facts of the case. This result was attributed by the 
Court of Inquiry to the neglect of a particular person, who 
called himself an engineer. to give proper ad vice—probably 
a ‘‘ practical engineer,” a term dear to the hearts of many 
whose training has been very one-sided and imperfect, 
This case is but one of many which ought to be far more 
widely known, as then there would be more chance of the 
Government, or properly-qualitied engineers themselves, 
— action, and making it illegal for any person to 
style himself an engineer, and practice as such, unless his 
name were ‘‘on the rolls” in the same way as medical 
men’s and solicitors’ names are. 

Architects and teachers of music have been making a 
move towards getting registration for their femrey 
though, even without this precedent, engineers should be 
ame to do the pioneer work that their profession 





requently requires. Surely engineering is important 





enough. Isit not the framework and motive power of 
all modern civilisation? Imagine the world without any 
bridges, railways, steamships, docks, electric light and 
power, gs, telegraphs, engines, or manufactories of 
any kind. Then why endanger life and hinder progress 
and manufactures by permitting incompetent ple to 
practice? Such persons have no reputations to lose, nor 
any heavy professional training expenses to cover, hence 
they offer—often in utterdisregard for any etiquette—to 
do work at ridiculous fees, such as it is impossible to do 
the work well and safely for. In the case in point the fee 
was ls. 6d. for inspecting and reporting on a portable 
engine and boiler ! 

he public cannot judge, and, of course, are tempted 
to employ the cheapest men. 

I shall be glad to hear from any engineers who sym- 
pathise with registration (and who are anxious to improve 
the status of the profession) with a view to taking some 
action. 

Yours very truly, 
A. 8. E. AcKERMANN, 

25, Victoria-street, Westminster, S.W., Oct. 9, 1905. 








DeatH or Mr. Cuartes Brown.—The many English 
friends of Mr. Charles Brown, the distinguished Anglo- 
Swiss engineer, will learn with the deepest regret of his 
sudden death, on Friday last, at his residence in Basel. 
Mr. Brown has been called the *‘ Father of Mechanical 
Engineering” in Switzerland, and unquestionably had a 
preponderating influence in the industrial development 
of that country during the past forty years. We may 
add, the adoption and manufacture of the Parsons steam 


‘turbine on the Continent was also directly due to his 


initiative. In a future issue we hope to give a more 
extended account of his career, the experiences of which 
were singularly varied and interesting. 





PrrsonaL.—Mr. Sidney Straker desires to give notice 
that he has no connection with any other firms in the 
motor-omnibus and commercial vehicle trade other than 
Straker and Squire, and the Straker Steam Vehicle Com- 
pany, Limited, 9, Bush-lane, E.C.— Messrs. W. F. Dennis 
and Co., Albert Buildings, 49, Queen Victoria-street, 
E.C., inform us that they have been appointed sole agents 
for Great Britain and the Colonies by Les Ateliers du 
Roeulx, le Roeulx, Belgium, manufacturers of railway 
material.—A unique gathering took place at the Hotel 
de Bale, Hatton Garden, on Saturday evening, October 7, 
when a score of the old boys who were at Scott’s Engi- 
neering Works in 1888 and 1889 dined together, mostly for 
the first time after an interval of 16 years. 


Conrracts.—Messrs. Thomas Piggott and Co., makers 
of pipes, tanks, and steel structures, have obtained an 
order for a transporter bridge at Warrington, — The 
Kennicott Water-Softener Company, 29, Great St. Helen’s, 
E.C., announce that they have received an order from the 
Thames Paper Company, Purfleet, Essex, for one of their 
type ‘‘A” Kennicott water-softeners, of a capacity of 
10,000 gallons per hour.—Messrs. J. E, H. Andrew and 
Co., Limited, Reddish, have recently received the follow- 
ing orders for their gas-engines:—Messrs. Brooks and 
Doxey, Limited, West Gorton, Manchester: six engines, 
each of 120 brake horse-power, together with a Mond gas- 
producing plant. The Coalbrookdale Company, Limited : 
two double-cylinder-type engines, each of 210 brake 
horse-power, for driving alternators. Messrs. J. Mowlem 
and Co.. London, for the Thames Ditton and Esher 
Urban District Council pumping-station: three engines 
and suction gas plants, each of 50 brake horse-power. 
The Manchester Corporation, for their sewerage works at 
Withington : one engine and suction gas plant of 90 brake 
horse-power. Messrs. Ogston and Tennany, Limited, 
Loch-street, Aberdeen: two engines, and one suction gas 
plant of 140 brake horse-power. Messrs. A. Muirhead 
and Sons, 14, Brunswick-lane, Glasgow : two engines and 
suction gas plants of 120 brake horse-power. Messrs. Cox 
and Co., engineers and shipbuilders, Falmouth: one 
engine and suction gas plant of 120 brake horse-power. 
Messrs. Hosken, Trevithick, Polkinhorn and Co., Limited, 
Hayle, Cornwall: one engine and suction gas plant of 
60 brake horse-power. 





WesTeRN AUSTRALIAN Rattways.—The amount of 
capital expended upon the Western Australian Govern- 
ment railways stood in 1903-4 at 8,955,929/., as compared 
with 8,141,782/. in 1902-3. The length of line in working 
in 1903.4 was 1535 miles, as compared with 1434 miles in 
1902-3. The average cost per mile in operation stood in 
1903-4 at 5834/., as compared with 5678/. The net 
revenue acquired in 1903-4 was 408,460/.. as compared 
with 305,612/. The amount which bad to be provided for 
interest in 1903-4 was 296,676/., as compared with 274,724/. 
It follows that the excess of the net revenue over the 
fixed charges in 1903-4 was 111,784/., as compared 
with 30,8771. The ratio of the working expenses to 
the traffic receipts in 1903-4 was very high, coming 
out at 74.28 per cent., but it was still higher in 
1902-3, when it stood at 80.33 per cent. The average 
return realised upon the capital expended was 4.56 per 
cent. in 1903.4, as compared with 3.75 per cent. in 1902.3. 
The aggregate distance run by trains was 4,594,234 miles 
in 1903-4, as compared with 4,611,315 miles in 1902.3. 
The net return per train-mile run was 21.34d. in 1903-4, 
as compared with 15.90d. in 1902-3. The revenue derived 
from coaching in 1903-4 was 462,455/., as compared with 
437,232/.; and from goods and live stock, 1,026,734/., as 
compared with 983,877/. The number of locomotives in 
use at the close of June; 1904, was 329, as compared with 
316 at the close of June, 1903. The number of pergons 
employed at the close of June, 1904, was 6747, as com- 





pared with 6241 at the close of June, 19€3, 
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LOCOMOTIVES AT THE LIEGE EXHIBITION. 
By H. W. Hansory, A.M. Inst. C.E. 
Tue Locomotive Exutsits or THE Societe ANONYME 
Joun CocKERILL, 

‘Tue two locomotives which we illustrate in Figs 1 | 
and 2 on page 486 are shown by the Société} 
Anonyme John Cockerill, of Seraing, in conjunction | 
with their other exhibits in the Machinery Hall at | 
the Liége Exhibition. The first to which we shall | 
refer (Fig. 1) is **‘ No. 3293,” a four - cylinder | 
compound, fitted with a superheater on the Cockerill 
system, and intended for express service on the | 
Belgian State Railways. It is of 4.6.0 type, and | 
Class 19bis of the Belgian railways. The locomo- | 
tives under Class 19 are very similar, but have larger | 
driving-wheels, somewhat smaller fire-boxes, and | 
superheating at the entrance to the low-pressure cy- | 
linders only ; and while in Class 19 all four cylinders | 
drive the leading axle, in Class 19bis the low-pressure | 
cylinders drive the intermediate, | 

The cylinders are provided with piston-valves, and | 
are placed side by side in a transverse line across the | 
engine, the low-pressure cylinders being outside. The | 
cylinder ratio is 1 to 2.91. Each pair of valves is | 
operated by a single set of Walschaert motion, the high 
and low-pressure spindles being connected by means of 
a transverse rocking-lever (see Fig. 4). The bron 
was able to see very little of this arrangement, a close | 
inspection being rendered impossible owing to the in- 
tervention of the frames. It could be seen, however, | 
that two very short intermediate rods were provided to | 
allow for the angularity of the rocking-lever, these 
being flexibly jointed to it and to the valve-spindles, 
and that the ends of the latter were swpported by and 
moved in flat slide-guides, all the details being of un- 
usually strong design. 

The valve-gear is so designed as to admit live steam 
to the high-pressure cylinders as late as 90 per cent. 
of the stroke if necessary, this late cut-off being not 
only an advantage when starting, but enabling inter- 
cepting valves to be ey amen with. Starting is 
facilitated by introducing live steam at a pressure cor- 
responding to six atmospheres into the low-pressure 
cylinders by means of a small automatic differential 
piston-valve situated in the smoke-box. This valve 
is closed by hand when the engine has started. 

In our issue of August 18 last, in a general article 
on the locomotive exhibits at Liége, we briefly referred 
to this engine, and mentioned that it was more or less | 
experimental. We also described the arrangements 
made for superheating at the entrance to both the 
high and the low-pressure cylinders or at that of the 
low-pressure cylinders only, and at the same time) 
indicated the path of the steam foreach process. With | 
the aid of the engravings, Figs. 3 to 5, which we give 
on the present page, and of the key to the various 


parts, which we subjoin, we think that the action of 
this superheater will be readily understood. 


R. The regulator. 
A. Left-hand steam chamber (right-hand chamber A! 
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a 7 ae The other locomotive, ‘‘ No. 3312” (Fig. 2, page 486), 
eres eg | Dea oa) 09 is a four-cylinder compound of ‘* Atlantic” type 
S Peo, 2) OOO. | (4.4.2), also intended for service on the Belgian State 
IS) IX) | Railways. It is very similar to those now in general 


@@e@ | @e@ 





use on most of the French railways, having many 
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+t Peso eater eer eee aha. | characteristics in common with the latest types of the 
e: rt Ltrs Pate Soe ee Paris and Orleans and the Northern of France Rail- 
"Oe %s*. Coe rere id ways. The bogie, whose wheels are 900 millimetres 





9 





(35.4 in.) in diameter, is of the type now applied to 
most of the latest Belgian engines. The centre is 
spherical, and rests in a cupbearing slung from the 
bogie frame, and allowing lateral displacement of 55 
| millimetres (2.17 in.) in each direction. A pin passing 
| through the top of the bogie centre and through 
holes in the cup-bearing prevents the bogie parting 
from the engine in case of sudden shock or jar, but 
|is, at the same time, sufficiently free in the bogie 
centre to admit of radial displacement. 

| The coupled wheels are 1980 millimetres (77.9 in.) 
|in diameter; the trailing wheels, 1420 millimetres 
| (55.8 in.). The springs are laminated and placed below 
the axle-boxes, and are connected by means of com- 
pensating-levers. The springs of the bogie, four in 
number, are also laminated, but placed above the axle- 
| boxes. The weight on each axle when the engine is 
| in full working order is here given :— 


C. Left-hand steam-collector (right-hand collector C! 
not seen). 

V. Valve. 

V'. Valve automatically repeating movement of V. 

L. Pipe leading to low-pressure cylinders. 

P, Q. Pipes leading to high-pressure cylinders. 

N. Pipe through which the exhaust from the high- 
pressure cylinder passes on its way to C. 

M. Pipe through which the exhaust from the high- 
pressure cylinder passes on its way to C!, 

E. Final exhaust. 


In Fig. 5 the division of the flues into two groups 
right and left of the engine can be seen, and also that 


ay three oe ae placed in each flue, instead of Leading bogie-axle 10,380 kg. (22,885 Ib.) 
our, as is more usua Trailin 10150. (22 
We conclude the brief notice of this engine with a : sd ‘ff ‘2 van” tan onn”” 
“sai : - First coupled _ 17,400 ,, (38,360 ,, ) 
few of the principal dimensions :— axle a Hy 
- weight, - 7" ‘ 
Classes 19bis and 19. ~~ ge Js6,040k%. | 18,640 ,, (40,094 ,, ) 


Diameters of cylinders : 
High pressure 
Low pressure 
Stroke ue = es 
Diameter of driving-wheels 


Trailing axle a i 16,580 ,, (36,558 ,, ) 

Total weight of locomo- 

tive in working order ... 

Total weight of locomo- 
tive when empty - 67,420 ,, (148,634 ,, ) 

The high-pressure cylinders are 360 millimetres 

| (14.17 in.) in F seenena are situated outside the frames, 


0.360 m. (14.17 in.) 
0.620 ,, (24.41 ,, ) 
0.680 ,, (26.77 ,, ) 
Class 19bis, 1.800 m. ; 
(70.8 in.) ; Class 19, 
1.980 m. (77.9 in.) 
0.900 m. (35.4 ,, ) 


} 

| 

Second 
73,150 ,, (161,267 ,, ) 
| 

| 

| 


bogie-wheels ... 


Boiler pressure cl 154 atmospheres jand drive the second pair of coupled wheels. The 
»» greatest inside dia- low-pressure cylinders are 620 millimetres (24.4 in.) 
meter... =... ~—.. 1.650 m. (5 ft. 4.9 in.) |in diameter, are placed between the frames, and 

Boiler: distance between : Z |drive the first pair of coupled wheels. The stroke is 
tube-plates mae xe » (18 " 1.5 ,, ) | 640 millimetres (25.2 in.). The intercepting-valve is 

Tubes: bare ope . sini 5 ae ee ») | operated by compressed air, starting being facilitated 


by introducing live steam into the receiver by means 
of asmall cock. Two sets of Walschaert motion are 
— for each pair of cylinders, and each set can 
| 
| 


diameter of 0.050 m. (1.97 in.) 
thickness of 2.5 mm. (0.098 ,, ) 
number of ... ‘ 30 
diameter of... 0.107 m. (4.21 ,, ) 
am thickness of : 3.5 mm. (0.138 ,, ) 
Heating surface : fire-box . Class 19bis, 18.35 sq. m. | 
(197.5 sq. ft.); Class 19, | 


Flues : 


” 


reversed independently or conjointly. The reversing 
| links are of the built form. The reversing gear 1s ol 
new design—the system being the Flamme-Rongy—and 
therefore of some interest. We give on page 483 an 
__, 16.91 sq. m. (181.9 sq. ft.) | elevation, Fig. 6, a sectional elevation, Fig. 7, and a 

tubes (interior ” an A | sectional plan, Fig. 8, and also diagrammatic view 
ia == ~~ gg A 97° m, | Figs. 9 and 10, of this gear. It will be seen on reference 
“(1804.1 sq. ft) ; ‘Class 19, | to these figures that the small three-way valve "te 
174.53.sq. m. (1878.5sq. ft.) supplies steam to the cylinder or servo-motor W )) 
means of the pipes Y and Z, and that the piston o! 


Exterior surface of the super- . I 3 - 
heater ae ro " 41.500 sq. m. (446.7 )| this cylinder is connected to the reversing-rod of the 


surface) ; 
Heating surface, total ... 


” 

















Oct. 13, 1905. ] 


ENGINEERING. 





483 








REVERSING-GEAR ; FLAMME-RONGY SYSTEM. 


SOCIETE 


CONSTRUCTED BY THE 


Fig.6 : 


260----+4 





























JOHN COCKERILL, ENGINEERS, SERAING. 




















2G 





4 
». 





















oe 


ae . 
a -3 OF 



























































CO TE 





F 
Fig. -: | 

=) 

© 
| N 
% { 
R | 
‘hi oc. a 
1} 
|| 221----4 
? i 
i 
1} a 
4 i 
‘5 ' 
ft H 
4 | 
t 
if i 
i | t 
7 
1 | 
' 

F] 
°° ly 
Re 
~ ° li 

, C+ ' 
ii ©} 
! 
| 5 | 
ti i 
0 ¥ | 
1} 4. f-4 
if = 
1 | Ls 

= bs 7 a —e a 
iS Ay Alte 
ie | 
1} 
2s. — 
i 

















low-pressure cylinders R, which in turn is connected | 
to C. An exactly similar arrangement operates R', 
the reversing-rod of the high-pressure cylinders, The 
valves V and V! are worked by the auxiliary levers A 
and A! through short rods D and D! pivoted to them. 
The shafts F, F' are carried by a plate (Figs. 7 and 10) | 
attached to the frame. In order to operate the two | 
wuxiliary levers A and A! at the same time, A is | 
doubled, A” being connected to A! by the rods P and Q, | 
rig. 9. The screw and hand-wheel are used for changing 
the position of the levers C and C!, so as to give the 
required expansion. The split-nuts on the screw are | 
provided with an arrangement for disengaging. The 
levers C and C! move against the faces of notched | 
sectors K and K', and may be retained in any position | 
by spring - catches designed so that they may be 
both disengaged at the same time (Figs. 6and 8). The 
notched wheel N and the catch O are used when | 
it is desired to have'C and C! in positions between two | 
consecutive notches of their corresponding sectors. } 

In spite of its somewhat complicated nature, we | 
understand that this form of reversing gear works | 
very freely and easily, and that in practice no difficulty | 
as been experienced with it. 

lhe boiler, with a working pressure of 154 atmo- 
spheres, has an interior diameter of 1.488 metres 








(58.6 in.), the tubes—139 in number—being of the Serve | 
‘ype, 70 millimetres (2.76 in.) in exterior diameter and | 


1.400 metres (14 ft. 5.3in.) in length. The area of the 
grate is 3.08 square metres (33.15 square feet). The 


heating surface of the tubes is 223.23 square metres | 


(2403 square feet), and of the fire-box, which it should 
be observed is of the Belpaire type, 16.17 square 
metres (174 square feet), the total heating surface 














therefore being 239.40 square metres (2577 square 
feet). 

This locomotive is painted black and lined in red. 
It is particularly well finished, and is one of the finest 
locomotives exhibited in the Exhibition. 

The third and last locomotive is a small manufac- 
turers’ locomotive of the Cockerill standard type, with 
a vertical boiler. It is hardly necessary to describe 
this locomotive, so we merely append the following 
particulars :— 


Boiler pressure... = ... 10 atmo. 
Diameter of cylinder 285mm. (11.22 in.) 
Stroke Pd a as 320 ,, (12.6 ,, ) 
Diameter of wheels 700 ,, (27.6 ,, ) 
Fixed wheel-base ... 1800 ,, (5 ft. 10.8 in.) 


Heating surface *..25.50 aq. m. (274.5 sq. ft.) 


Grate area ... ive Ee ag”, Ge ae 9 
Water space . 3,200 cub. m. (705 galls.), 
Fuel s ab ~~ ... 0.650 (23 cu. ft.) 
Extreme length over 


buffers... an 
Extreme breadth ... 


Weight in working order. 


4.600 m. (15 ft. 1.1 in.) 
2.470 ,, (8,, 1.2,, 
17,700 kg. (39,021 1b.) 

Besides the above, there are two more of Messrs. 
Cockerill’s locomotives in the Exhibition. These are 
exhibited in the locomotive section by the adminis- 
tration of the Belgian State Railways. The one 
(** No. 362”) is a four-cylinder compound of the usual 
type, the other (‘‘ No. 3304”) is of the type referred 
to at the beginning of this article—viz., Class 19. 

In conclusion, we have to thank Messrs. Cockerill 
for the photographs we publish with this article, 
;and M. Flamme, of the Belgian State Railways, for 
| particulars and drawings. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, October 3. 

An extraordinary condition exists in the pig-iron 
market throughout the United States. Three large 
producers have already withdrawn from the market, 
being already oversold. A nominal advance has been 
made, ranging from 50 cents to | dol. per ton, which 
in many cases is merely nominal because the producers 
are unable to accept business to be delivered in the 
time required by buyers. Over a quarter million tons 
have been contracted for within a comparatively short 
time, including various grades and analyses. Large 
quantities of Basic and standard Bessemer iron have 
been taken recently, aggregating not less than 
150,000 tons, and there are inquiries in hand for about 
200,000 tons additional, all of which cannot be placed 
at this time. An advance of about 50 cents a 
ton will probably be secured on all contracts placed 
under the inquiries now pending. Much of this 
activity in demand and in inquiry is due to the fact 
that prices have been advanced. The fear is now 
expressed in some quarters that these advances may 
result in intimidating buyers who have taken business 
on a basis 1] dol. less than the present asking price of 
iron for future delivery. The United States Steel 
Corporation has bought 40,000 tons additional of 
Bessemer iron, making the total amount recently 

urchased 80,000 tons ; and it is now in the market 
or an additional 120,000 tons to see it out to the 
close of the year. The Cambria Steel Company 
bought 20,000 tons of Bessemer, and other steel com- 
panies have purchased 80,000 tons. Foundry and 
coke iron are selling freely to the small consumers, 
and it is now clearly demonstrated that a permanent 
advance has been established. 

In finished products great activity prevails among 
railroad - bridge builders and shipyards. A heavy 
tonnage of rails, plates, structural and fabricated 
material, as well as steel freight cars, spikes, frogs, 
&c., have-been placed. Orders are coming in from all 
quarters of the country, and it is estimated that about 
1,200,000 tons of rails have already been ordered for 
next year’s delivery. It is figured out that the require- 
ments in sight will figure up about 1,000,000 tons, 
which will result in contracts for that amount before 
the close of the year. Structural material is selling 
far above official prices, and consumers are bidding 
against each other for the favour of early delivery. 
About 50,000 tons will be contracted for before the 
close of this week. Large banking concerns are 
also putting up new buildings in various cities, 
and the aggregate requirements am this source are by 
no means inconsiderable. A bridge is to be built across 
the Ohio River, at Ironton, Ohio, and it will take 
12,000 tons. There are quite a number of bridge enter- 
prises engaging the attention of makers of structural 
iron, and it is a question how all of these requirements 
will be taken care of. Steel plates have advanced 
2 dols. per ton, and the mills are booking large orders 
at this price. In bars and sheets there is activity and 
confidence, and there is a probability that some of the 
mills will be obliged to withdraw from the market so 
far as early deliveries are concerned. There is also a 
very active demand for all kinds of scrap iron, espe- 
cially for low phosphorus. The demand for coke has 
exceeded present shipping facilities. 








Evectric Power DistTRiBsuTION FOR THE RAND.—In a 
paper on this subject, read at Johannesburg, August 30, 
nefore the Engineering Section of the British Association, 
Mr. Robert Hammond, M. Inst. C.E., after entering in 
detail into the question of the application of electric 
power to the working of mines, stated that in a central 
power station for the Rand a very favourable load-factor 
would be attainable. The load-factor of the plant at many 
of the mines is as high as 0.5 or 0.6. He was inclined to 
think, however, that it would be on the safe side to 
assume that the average of the consumer’s load-factors 
would be 40 per cent., equivalent to an average use of the 
maximum power for 9.6 hours per day. On the basis of 
a consumption of 300,000,000 units per annum and a 40 
per cent. load-factor, the sum of the consumer’s maximum 
demands would be 82,000 kilowatts. The cost of the 
power-house, including boilers, pumps, condensing plant, 
switchboard, and erection, is estimated at 980,000/. 





Tue History or Gunpowbi32.—Mr. Oscar Guttmann, 
of 12, Mark-lane, London, who has assiduously traced 
the documents referring to the early history of gun- 
powder, which are dispersed in libraries all over the 
world, is about to publish a faithful reproduction of all the 
pictures referring to the invention, early manufacture 
and examination and first use of gunpowder, accom- 
panied by a very brief explanation of the illustrations 
and their connection with the history and the process of 
manufacture. This publication will be produced without 
profit to himself, and will be entitled ‘‘ Monumenta Pul- 
veris Pyrii” (Monuments of Gunpowder), and will be a 
work of art. Only about 300 numbered copies will be 

ublished. The twenty pages of text will be in English, 
Geach, and German, side by side on the same page, 
printed in antique-face type. The price of the book to 
subscribers will not exceed 50s., and the list will be kept 
open until October 15, 1905. 
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NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was strong for hematite, but rather easier 
for Cleveland warrants. A moderate business was done 
in the latter at 51s. 114d. to 51s. 104d. cash, and from 
523. 6d. to 523. 2d. one month, with closing sellers at 
5is. 104d. cash, and 52s. 24d. one month, Cumberland 
hematite warrants were put through at 653. 5d. casb, 
653. 64. fourteen days, and 65s. 6d. to 65s. 9d. one 
month. The total turnover was 12,000 tons, and the | 
settling prices were:— Scotch, 553. 6d.; Cleveland, 
5is. 10}d.; Cumberlaud, 653. 44d.; and Standard foundry | 
iron, 503. 6d. In the afternoon the tone was better, and | 
Cleveland warrants advanced from 5ls. 11d. to 523 cash, 
and from 523. 3d. to 52s. 4d. one month. . The deal- 
ings were 8000 tons, and included one lot at 52s. 1d. six 
days. Hematite was steady, and 1000 tons changed hands 
at 65s. cash and 663. 6d. three months. Oa Friday morning 
the market ruled strong, and a good business of 17,000 
tons of Cleveland warrants was put through for odd dates. 
The prices advanced about 64d., owing to the report of 
the rise in American quotations, and the transactions 
were at 523. 5d. to 52s. 64d. cash, from 52s. 74d. to 
523. 94d. one month, and also at 52s, 4}d. five and six 
days, 523. itd. five days, and 52s. 6d. twenty-one days. 
Hematite advanced from 66s. 9d. to 67s. 6d. one month, 
and closed with sellers at 67s. 9d. one month ; the amount 
dealt in was 3000 tons. At the afternoon session a very 
strong tone prevailed, and Cleveland warrants advanced 
to 533. cash and from 52s. 104d. to 53s. 34d. one month. 
The turnover was 13,000 tons, and included lots at} 
523. 8hd. fourteen days and 52s. 104d. five days, the| 
market closing with sellers at 52s. 114d. cash and 53s, 34d. | 
one month. Hematite was again in demand, and 2000 | 
tons were done at 67s. 94J. one month. On Monday 
morning 10,000 tons of Cleveland warrants were put 
through at irregular prices—viz., 52s. 10}d., 52s. 84d., 
523. 10d., and 52s. Ghd. cash, and at 53s. 3d., 53s. 1d., 
53s. 34d., and 52s. 104d. one month. Hematite—4000 tons 

was done at from 67s. 9d. to 683. 44d. one month, with | 
closing sellers at the latter figure. Tne closing sellers of 
Cleveland were at 523. 6d. cash and 52s, 104d. one 
month. In the afternoon Cleveland warrants tended 
downwards, and cash iron was done at 523. 5d., then 
it dropped to 52s. 33., but at the close it recovered to 
2s. 44d. cash sellers. Forward iron changed hands at 
52s. 6d.—44d. down from the close of the morning session | 
—and at 523, 7d., hardening to 52s. 9d. one month 
sellers at the close. Other transactions were at 52s. 6d. 
four days and 53s. three months. The turnover was, 
21,000 tons. Hematite iron was also easier and was dealt | 
in at 67s. 9d. cash, 62s. 25 and 18 days, and at 68s. 14d. 
one month, closing with sellers at 68s. 2d. one month. 
The transactions amounted to 2000 tons. On Tuesday 
morning the tone of the market was easier, and the prices 
of Cleveland warrants showed a decline. The business 
was done at 523. 4d., 52s. 14d., 52s. 2d. cash, 52s. 4d. 
17 days, and from 523. 8d. to 523. 6d. one month, and 
2000 tons at 523. 104d. threa months, closing with sellers | 
at 523. 2d. cash and 52s. 64d. one month. The total 
turnover was 9000 tons. Hematite was untouched, but | 
was quoted firm at 68s. 3d. one month sellers. In the| 
afternoon Cleveland warrants advanced to 523. 3d. cash, | 
and then dropped sharply to 51s. 6d., and after re-| 
covering to 5ls. 8d., closed with sellers at 5ls. 10d. | 
Forward iron, after being dealt in at 523. 6d. and) 
52s. 64d,, dropped to 51s. 114d., and then rose to 52s., and | 
finally closed at 52s. 2d. one month sellers. Three | 
months’ iron—1000 tons—was done at 57s. 104d. The! 
total dealings amounted to 20,000 tons, and there was | 
also 4000 tons of hematite at 68s. 3d. and 68s, 14d. one 
month. A firmer tone was exhibited in the market this 
(Wednesday) morning, and Cleveland warrants advanced 
to 52s. 6d. cash and 52s. 9d. one month. Dealings also 
took place at 523. 3d. twelve days and 53s. three 
months, and sellers’ closing quotations were 52s. 5d. cas! 
and 52s. 94d. one month. Cumberland hematite was 
strong, and advanced to 68s. cash and 68s. 5d. one 
month, and Standard foundry iron was done at 503. 9d. 
cash and 5ls. 74d. three months. The total turnover 
was 19,000 tons, of which 16,500 tons was Cleve- 
land, 1000 tons was hematite, and 1500 tons was 
Standard foundry iron. In the afternoon the market 
was rather excited, and Cleveland warrants rose to 
52s, 94d. cash, and 53s, 2d. one month, but closed below 
the best at 523. 8d. cash, and 533. 0}d. one month sellers. 
Other transactions were 533. twelve days, and from 53s. 6d. 
to 533, 74d. three months, and the business amounted to 
16,500 tons. Hematite “7 from 68s, 14d. to 68s. 6d. 
cash, and from 68s, 9d. to 69s. 44d. one month, closing 
with sellers at 693, 6d. one month. The turnover was 
4000 tons, and the advance was about 1s. 3d. on the 
previous day’s prices. Standard foundry iron was quoted 
at 51s. 6d. cash. The excitement seems to have been, to 
some extent, caused by the advance in the prices by the 
steel-makera, The market quotations for makers’ (No. 1) 











iron are:—Clyde, 633.; Calder, 633. 6d.; Gartsherrie, 
633. 6d. ; Summerlee, 653. 6d. ; Pomenees, 63s. 6d. ; Colt- 
ness, 71s. (all shipped at Glasgow) ; Glengarnock (shipped 
at Ardrossan), 60s. ; Shotts (shipped at Leith), 633. 64. ; 
Carron (shipped at Grangemouth), 643. 6d. 


Su'phate of Ammonia.—The sulphate of ammonia market | jand pig became 523. 


remains very firm and prices are tending upward. ‘I'he 
inquiry is fairly good, and the curfent quotation is about 
12/. 17s. 6d. per ton for prompt business—Glasgow and 
Leith. The shipments from Leith last week were 1754 
tons. 


Scotch Steel Trade—Advance in Prices.—Considerable | 


activity at present prevails in the h steel trade, 
—— for steel material are fairly nume 
ma 


ers are so well employed for the immediate future 


but | 


that delivery cannot be guaranteed for some months 
a At a meeting of the Scotch steel-makers, held 
here yesterday afternoon, it was resolved to again ad- 
vance prices by 10s. per ton all round. Although not 
officially stated, it is understood that the very high price 
to which hematite has gone is largely responsible for this 
second advance within the past fortnight. This week 
hematite has changed hands at 70s. per ton cash and at 
72s. 6d. for the first quarter of next year. The minimum 
prices for steel material are now :—Ship-plates, 6/. 17s. 6d. 
per ton ; boiler-plates, 7/. 7s. 6d. per ton; angles, 6/. 10s. 
per ton; bars, 7/. 10s. per ton—all less 5 per cent. dis- 
count. Within the past few days, one or two very good 
orders have come this way for structural steel, and 
inquiries have been made for more. 


Shipbuilding.—Several pg oe, orders have been 

1 this week, not only on the Clyde, but also with 
Dentes and Aberdeen builders. The Caledon Shipbuild- 
ing and Engineering Company, Limited, Dundee, have 
contracted to build a steamer for the Glasgow and Dublin 
trade of the Duke Line, and one for the Straits Steam- 
ship Company, Singapore, with the following dimen- 
sions :—Length, 240 ft. ; beam, 35 ft.; moulded depth, 
14 ft. 9in.—Messrs. Hall, Russell, and Co., Aberdeen, 
are reported to have contracted to build a large - 
senger steamer for the foreign trade.—Messrs. Robert 
Duncan and Co., Port Glasgow, have received an 
order for an 8000-ton dead-weight steamer for London 
owners.—Messrs. Denny, of Dumbarton, are reported as 
having contracted for a large twin-screw steamer ; and 
it is believed that a similar order has gone to the Fair- 
field Company. Several other orders have been placed 
lately with Clyde builders, but, so far, particulars have 


not been made public. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Ibbotson Brothers.—The directors of this company siate 
that the profit for the year ended June 30 last amounts to 
17,8412. 18s. 11d., to which has to be added 62677. 15s. 10d. 
brought forward from the previous year. The directors 
recommend that a final dividend at the rate of 10 per 
cent. per annum, free of income tax, for the half-year 
ended June 30, making 74 per cent. for the year, be paid 
on November 1 next, and that the balance of 9570/. 15s. 4d. 
be carried forward. 


The South Yorkshire Coa! Trade.—The volume of trade 
done last month by Hull was a large one; both the 
imports and exports showing a fair increase. There has 
been a sonnadieiliin increase in business with Russia since 
peace was proclaimed. The exports to Germany and 
Holland, owing to the Westphalian strike, also increased. 
At the end of July the tonnage sent in the first seveu 
months to Russia showed a decrease of over 52,000 tons, 
but by the end of September it had been brought down 
to 10,351 tons. The total imports to Hull that month 
were 352,480 tons, against 310,448 tons in the correspond- 
ing month of last year. In the nine months the tonnage 
imported reached 2,758,560 tons, against 2,611,024 tons, or 
an increase of 147,536 tons. A very fair business has 
been going on coastwise. In the nine months the weight 
exported was 1,210,434 tons, or an increase of 53,442 
tons as compared with last year. The best customer last 
month was Russia, and Sweden came next. 


The Iron and Steel Trades.—Steady development is 
still going on in the heavy branches of trade, and prices 
are becoming more satisfactory. The great activity that 
prevails in the shipbuilding branches is having a most 
beneficial effect on several local trades, and increasing 
employment is being found. Buying of iron and steel 
for forward delivery is not quite as brisk as at the end of 
the quarter, owing to the advance in prices. Makers are, 
however, booked in most cases well into next year. The 
improvement that has been going on in the file and some 


h | other lighter trades has created u much better demand 


for steel, and found more work for the mills and forges. 
Additional firms have taken up the manufacture of twist- 
drills and other tools from high-speed steels, and are doing 
good business. Orders are coming in from makers of 
agricultural machinery for plough-plates, rake-teeth, and 
other parts required for next season’s supplies. 


Coal and Coke Trades.—The house-coal trade has met 
with a slight check this week owing to advanced prices 
and milder weather. As stocks have been drawn upon of 
late, the pits are being kept steadily at work. The im- 
provement in the heavy branches has favourably affected 
the demand for steam coal, and also for all kinds of engine 
fuel. The coke trade is very brisk, and for some qualities 
prices have gone up another Is. per ton. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIpDLEsBROUGH, Wednesday. 
The Cleveland Iron Trade.—Yesterday there was a 
numerous attendance on ’Change, but there was quite a 
lull in the market so far as the buying of Cleveland pig 
was concerned, and quotations eased a little. To-day, 


| however, the market was characterised by very consider- 


able briskness, and prices advanced. No. 3 g.m.b. Cleve- 
. f.0.b.; and, indeed, that was 
rather a buyer’s than a seller’s } pn Several leading 
makers put No.3 at 52s. 6d., and were not inclined to 
take less. No. 1 was 533. 6d. to 54s.; No. 4 foundry, 
50s. Gd. ; grey forge, 493. ; mottled, 48s. 3d. ; and white, 
47s. 9d. Buyers were keen. East Coast hematite pig 
was very largely inquired for, and, in fact, it was 
impossible to fully satisfy requirements. Buyers were 
anxious to place orders for both early and forward de- 
livery. There was a lot of inquiry on account Of cus- 





tomers in Germany. Mixed numbers rose to 67s. 6d. for 
early delivery, No. 1 to 68s., and No. 4 forge to about 
63s. 6d. ere was a rather good demand for Spanish 
ore, dealers in which were inclined to take a firm stand. 
The market quotation was 18s. 6d. ex-ship Tees, but 
there was not much to be had at that figure. Several 
sellers asked 193., and for forward delivery 20s. was 
generally named. 


Manufactured Iron and Steel.—Really excellent accounts 
are given of the various branches of the manufactured 
iron and steel industries. Firms are quite full of work, 
and new orders continue to come in. Some works have 
sufficient contracts to keep them going well into next 
year. The recent rise in prices is fully maintained, and, 
in fact, further advances are per gen f looked for. The 
petting up of quotations has not checked buying in the 
east. Common iron bars are 6/. 153.; best bars, 7/. 5s.; 
iron ship-plates, 6/. 15s.; iron ship-angles, 7/.; iron 
ship rivets, 7/. 153. ; steel ship-plates, 67. 10s.; steel ship- 
angles, 6/. 2s. 6d. ; steel boiler-plates, 7/. 5s. ; steel sheets 
(singles), 7/7. 7s. 6d. to 7/. 103s.; steel sheets (doubles), 
7l. 17s. 6d. to 82. ; and steel joists, 5/. 15s.—all less the 
customary 24 per cent. discount for cash. Heavy sections 
of steel rails stand at 5/. 5s. net cash at works. The 

lacing of a few orders for steamers has naturally had a 

meficial influence on plates and angles. 


Iron Trade Statistics.—Mr. Henry Simpson, secretary 
to the Middlesbrough Chamber of Commerce, has just 
issued his quarterly returns concerning the Northern iron 
trade. The statistics show that at the end of September 
of 81 furnaces in Middlesbrough 61 were in operation, as 
compared with 79 built and 55 in operation a year ago. 
The total make of pig iron for the quarter just ended was 
532,000 tons, of which 360,000 tons were Cleveland pig 
iron and 172,000 tons hematite, spiegel, basic, &c. For 
the previous quarter the total output of pig iron was 
538,000 tons, 363,000 tons being Cleveland pig, and 
175,000 tons hematite, &c. The imports of iron ore 
into Middlesbrough reached 560,065 tons, as compared 
with 479,474 tons Sesion the previous quarter, and 364,037 
tons during the third quarter of 1904. The total for the 
three quarters of this year reached 1,423,251 tons, as com- 
— with 1,054,125 tons in the first nine months of 1904. 

he total value of over-sea exports other than coal and 
coke from Middlesbrough during last quarter was 
1,389,974/., and for the three quarters of this year 
3,539,6747.—an increase as compared with the same 
quarter last year of 416,085/., and as compared with the 
corresponding nine months in 1904 of 490,750/. 


Blast-Furnacemen’s Wages Reduced.—The average net 
selling price of No. 3 g.m.b. Cleveland pig iron for the 
three months ending September 30 last is certified at 463., 
as against 47s. 0.86d. in the previous quarter. This means 
a reduction in blast-furnacemen’s wages of 1.25 per cent. 
The recent rise in price will have its influence on the 
wages at the beginning of the new year. 


Coal and Coke.—Bunker Coal is in good request, and 
unscreened Durhams are 8s. 14d. to 8s. 44d. f.0.b., accord- 
ing to quality. Gas coal is firm, and the consumption is 
increasing. Quotations vary from 8s. to 9s. per ton f.o.b., 
according to class and time of delivery. Ocking coal is 
strong. Coke is very plentitul, and average blast-furnace 
qualities can still be bought at 15s. 6d. for early delivery 
at Teeside works, For forward delivery 1s. more is asked. 








New InpIAN TroopsHip.—The new Indian troopship, 
designed by Sir Edward Reed, K.C.B., Consulting Naval 
Architect for the Indian Government, descri in a 
recent issue (see page 388 ante), has been ordered from 
Messrs. John Brown and Co., Limited, of Clydebank. 
This vessel, which is to be named the Northbrook, is to 
be 360 ft. long, and at 18 ft. draught will displace 5820 
tons. A epeed of 16 knots is to be maintained when the 
twin set of three-crank triple-expansion engines are de- 
veloping 7000 horse-power. 


THE SHIPBUILDING TRADE AND LiLoyp’s REGISTER.— 
The Technical Committee of Lloyd’s Register were busy 
last year (June, 1904, to June, 1905) considering amend- 
ments of the rules to permit of new and modified methods 
of construction in shipbuilding. Among the subjects 
which engaged their attention were :—(a) The height of 
tank sie eedhetes (b) the diameter of rivets for use in 
thin plating of yachts; (c) bulkhead liners ; (d) deck 
stops for rudders; (e) requirements for awning-deck 
vessels and deck erections ; (f) widely-spaced pillars and 
girders at their heads; (g) refrigerating appliances 
and electric lighting. All the propos alterations 
in the rules were slepted by the General Committee. 
They have also approved the use of a new reliable and 
ductile steel with a tensile strength considerably higher 
than that of the ordinary ona This is being used for 
the boilers of several steamers building for classification, 
and also for certain important structural details in the 
vessels. The Committee have also approached the Board 
of Trade to secure alteration in the freeboard tables 
and regulations. They consider that in the light of 
experience and in view of modern improved methods of 
construction the tables should be amended to admit of 
deeper loading for certain types of vessels. It is not 
necessary to insist upon the immense field over which 
the operations of the Committee extend. At the close 
of the year.ended June 30, 1905, theré were on the 
Register 9744 merchant vessels, registering 18,250,013 
tons. During the year 616 new vessels were cl by 
the Committee, of a tonnage of 1,200,827. This 
shows an increase of 121,782 tons over the or gy year, 
and is only slightly below the figures for 1902-3. Durin 
the year the Committes pro 364 miles of chains 
cable, and 7583 anchors. 
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NOTES FROM THE SOUTH-WEST. 


Cardiff.—The demand for large steam coal has shown 
no great activity, but prices are nominally unchanged. 
The same may be said of smalls. The best large 
steam coal has made 123, 6d. to 12s. 9d. per ton, 
while secondary qualities have ranged from lls. 6d. to 


12s. 3d. per ton. House coal has exhibited a firm tone. | P®SS 


The best ordinary qualities have made 13s. to 14s. per 
ton, while secondary descriptions have ranged from 
103. 31. to lls. per ton; No. 3 Rhondda _— has 
mide 133. 6d. to 133. 9d. per ton. Foundry coke has 
ranged from 17s. 6d. to 18s. 6d. per ton, and furnace 
coke has brought 163. to 163. 3d. per ton. As regards 
iron ore, Rubio and Almeria have been quoted nominally 
at 18s, psr ton upon a basis of 50 per cent. of iron, and 
charges, including freight, insurance, &c., to Cardiff or 
Newport. 


Oil-Fuel for Torpedo-Boats.—Excavations have been 
commenced at Portland for the erection of more oil-tanks 
for the supply of liquid fuel to torpedo-boats. Two tanks 
have already been erected behind Castletown, and these 
are now filled, the steamer carrying the oil having dis- 
charged over 7000 tons, Nine more tanks are to be pro- 
vided at various points. 


Dowlais.—The Goat Mill has done another good week’s 
work, having been pag = without interruption — 
87-lb.-per-yard rails for Indian State railways. The ig 
Mill has been idle, having been stopped for repairs an 
alterations; an eg! resumption of operations is, how- 
ever, assured. The Siemens department has been prin- 
cipally employed upon steel for billets. 


Water Supply of Taunton.—Mr. R. H. Bicknell, M. Inst. 
C.E., Local Government Board Inspector, held an inquiry 
at Taunton on Tuesday, into an application by the Tauan- 
ton Town Council for authority to borrow 6500/. in con- 
nection with a recently-completed storage reservoir at 
Puxhay. The town clerk (Mr. G. H. Kite) stated that 
20,0002. had already been borrowed, and that the 6500/. 
now asked for was to meet outlay for extras and other 
work at the reservoir. The total storage capacity of the 
three reservoirs belonging to the town now amounted to 
157,090,000 gallons, and when the new reservoir was 
filled the town would have a constant supply. In the 
autumn of last year the storage only amounted to 
11,000,000 gallons, while at the present time it was 
28,000,000 gallons. The revenue of the water works had 
increased from 5017/. in 1900 to 6104/. at the present time. 
The inspector afterwards visited the new reservoir. 


Western Valleys Sewerage.—On Thursday the first sod 
was cut of a new main trunk sewer for the Monmoutb- 
shire Western Valleys. The sewer will have a length of 
about 33 miles, from Ebbw Vale and Nantyglo, in the 
north of the valleys, to Bassaleg, and thence to the sea 
in the south. It will cost 250,000/., which will be in- 
creased by 60,0002. or 70,000/., if branches are carried 
through the Sirhowy Valley to Tredegar and Bedwellty. 
The scheme has been before the public of Monmouthshire 
for some twelve years; and now the contractor, Mr. T. 
Taylor, of Pontypridd, has begun the work, under the 
direction of a sewerage board formed with statutory 
powers. Mr. Baldwin Latham and Mr. G. Chatterton 
are joint engineers, and Mr. J. F. Jupp is resident engi- 
neer. Next month Mr. Taylor expects to have about 
200 men at work, and next summer about 1000. The 
amount of Mr. Taylor’s contract is 210,190/. He has to 
complete the works by August, 1908. 


South Wales Coal and Iron.—The shipments of coal, 
foreign and coastwise, from the six principal Welsh ports 
—Cardiff, Newport, Swansea, Port Talbot, Neath, and 
Lianelly—in ye) were :—Cardiff, 1,415,916 tons ; 
Newport, 293,631 tons; Swansea, 201,352 tons; Port 
Talbot, 83,570 tons; Neath, 31,902 tons; and Llanelly, 
39,695 tons. The shipments of iron and steel from the 
six ports in September were 11,273 tons; of coke, 8030 
tons; and of patent fuel, 103,441 tons. The te 
shipments of coal—foreign and coastwise—from the six 
ports in the nine months ending September 30 this year 
were: — Cardiff, 22,528,878 tons; a 2,936,911 
tons; Swansea, 1,598,343 tons; Port ‘l'albot, 781,650 
tens; Neath, 238,637 tons; and Llinelly, 246,391 tons. 
The aggregate shipments of iron and steel were :— 
Cardiff, 55,836 tons; Newport, 58.786 tons; Swansea, 
20,314 tons; and Port Talbot, Neath, and Llanelly, nil. 
The aggregate shipments of coke were :—Cardiff, 44,877 
tons ; Newport, 14,781 tons ; Swansea, 8687 tons ; Port 
Talbot, 12,244 tons ; and Neath and Llanelly, nil. The 
‘ggregate shipments of patent fuel were: — Cardiff, 
297,403 tons; Newport, 50,156 tons; Swansea, 406,048 
‘ons; Port Talbot, 87,013 tons ; and Neath and Lianelly, 


nu. 





Water Suprpry or Leicesrer.—A serious state of 
affairs has arisen at Leicester in to water supply ; 
and although the consumption has reduced by over 
~,000,000 gallons per day, the stocks in the reservoirs 
continue to decline. The rainfall up to the present is 
3 in. less than at the corresponding date of last year. 
The service to the whole of the district, which comprises 
* population of 266,000 persons, is completely cut off for 
re hours dime oo The stocks on hand will only meet 
etween fifty and sixty days’ diminished supply ; and, in 
view of the vity of the situation, old deep wells are 
won es up so as oo ete any —— jon to 
bs ies lor manufacturing purposes. @ great 
scheme to bring water a distance of 70 miles from the 

erwent, at a cost of over 7,000,000/., Leicester to take 


— of the total yield, will not be available for six 





MISCELLANEA. 


Tue differential duties levied for some years oath 4 
Russia on American machinery have now been abolished. 


Inland navigation has made some progress since the 
days of Brindley and Telford. The ‘‘record” cargo 
ing through the Sault Saint Marie Canal, Canada, 
is at present 12,338 gross tons. The longest vessel of the 
class used is now 569 ft., but two are building of 570 ft. 


In a paper read before the American Street Railway 
Association, Mr. Arthur West states that one of the 
objections against two-cycle gas-engines is their low 
mechanical efficiency, which often does not exceed 60 per 
cent., while four-cycle engines may have a mechanical 
efficiency of 85 per cent. 


As a consequence of the disastrous derailment at Fifty- 
third Street, on the Manhattan Railway, some little 
time since, the New York State Railroad mmis- 
sioners have recommended that all trains shall be brought 
toa stop immediately before entering the curve at which 
the catastrophe in question took place. We may note 
that a similar procedure has been found necessary in this 
country in equivalent conditions, since it is found that a 
regulation as to passing curves at a low speed is certain, 
sooner or later, to be disregarded. Ever since the acci- 
dent some years since at the bottom of Seaton k, on 
the North-Eastern Railway, the company have required 
that all trains descending the bank shall come to a com- 
plete stop at Ryhope Station. 


The New York, New Haven, and Hartford Railway 
Company has decided to work its electrically-driven trains 
by single-phase alternate-current motors, which are to be 
supplied by the Westinghouse Electric and Manufacturing 
Company. The locomotives will each weigh 78 tons, and 
are to be capable of working the suburban services at a 
commercial speed of 26 miles per hour, there being, on the 
average, a stop every 2.2 miles. The maximum speed 
between stations will be 45 miles per hour. In express 
servics these locomotives will be capable of hauling a 
250-ton train at 60 to 70 miles per hour. There will be 
four motors on each locomotive, each rated at 400 horse- 

wer. The locomotives on coming over the New York 

ntral line will have to use continuous current. 


According to the Ruilroad Gazette, President Roosevelt, 
who has taken so strong a stand against railroad discri- 
mination by rebates in favour of certain shippers, is him- 
self guilty of violating the law in this respect. It is 
asserted that, on asking for the special train in which he 
made his recent Western tour, he was informed that a 
nominal charge of 10/. per day would be made for the 
service rendered : a sum which, in truth, was below the 
actual cost. Nevertheless, the President is stated to 
have protested at once against paying any such sum, and 
to have stated that unless he was carri 
would not go at all. This was ultimately done, by w 
it appears that the officers of the rail which arranged 
the trip made themselves legally liable to a fine of 10U0/. 
and two years imprisonment. 


At the Milan Exhibition of 1906 the King of Italy 
will offer prizes to the extent of 16007. to exhibitors, 
This amount will be divided as follows:—1. A prize of 
2007. for automatic safety couplings for railway rolling- 
stock. 2. A prize of 200/. for the best method of testing 
high-voltage electric currents without danger to the 
operator. 3. A prize of 400/. for the best and most 
original exhibit of machinery or manufacturing process. 
4. A prize of 200/. for the best-established method of 
distributing healthy and pure milk in centres of. popula- 
tion. 5. A prize of 400/. for the best type of popular 
dwelling adapted to the climate of Northern Italy. 6. A 

rize of 200/. for motor- boats. he address of the 

ritish section of the Exhibition is 1 and 2, Oxford-court, 
Cannon-street, London, E.C. 


In order to protect ropes, cords, and cloths made of 
flax and <r. against rot, the — process is recom- 
mended by the Scientific American :—The articles should 
be left for four days in a solution of copper sulphate—20 
grammes to the litre—after which they should be dried, 
and then, in order to prevent the copper sulphate being 
washed out by water, they should be eed in a solution 
of soap—100 grammes to the gallon—an insoluble copper 
soap being formed. In order to secure the same result 
with twine, it must be p for an hour in a solu- 
tion of glue, after which it must be dried and then 
soaked in a solution of tannin. When taken from the 
tannin it is to be again dried and then soaked in oil. The 
treatment with glue and tannin, however, is apt to make 
the twine too stiff, and so impair its usefulness, and the 
first-montioned treatment can be adopted if desired. 


In an interesting letter to the Statist, Mr. Edgar Speyer, 
the well-known banker, affirms that during the t, ten 
years the increase in British investments a io been 
insignificant. Germany, on the other hand, has durin 
the same period investing abroad at the rate o 
40 millions per annum, and it is to this fact that Mr. 
Speyer attributes the large increase in German trade. 
As matters stand, Germany receives as interest on these 
investments and for shipping commissions, &c., about 100 
million sterling per annum, whilst Great Britain receives 
180 millions per annum under the same headin Mr. 
Speyer states further that there are signs that Germany 
is now becoming less thrifty and pet | her savings ; 
whilst in recent months British capital has again com- 


menced to flow abroad on something like the old scale, so 
that we have consequently experienced a great expansion 
in our export trade and some increase of income from 
foreign investments. 


In a recent issue of the Revue Générale des Sciences, 
M. Le Cornu describes a new boiler. furnace devised by 
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Messrs. Marcel Deprez and Verney, with which some 
interesting results have been obtained. Practically the 
apparatus consists of a down-draught gas-producer, the 
gas from which is consumed in a combustion chamber 
communicating direct with the boiler. The producer has 
no fire-grate, and is fed with fuel through a hopper at 
the top, fitted with valves in the usual way, preventing 
leakage of air and when fresh fuel is added. The 
apparatus is worked under pressure, and the valves 
governing the air supply are operated automatically by 
the pressure on the boiler. If this rises above a pre- 
determined amount, the air supply is automatically cut-off. 
It is stated that a very steady pressure can be maintained 
in practice. The plant has been operated with coke, 
anthansite, briquettes, and Charleroi coal; but is un- 
suited for use with caking coals. In a series of trials, an 
evaporation of 7.42 lb. steam at 100 Ib. pressure and 
superheated 440 deg. Fahr. was obtained per pound of 
br ae fuel, the calorific value of which was 14,202 
B.T.U. per pound. The weg f was, therefore, about 
73 per cent. The temperature of the gases leaving the 
boiler was 572 deg. Fahr. 








Torpine STEAMERS.—The Great Central Railway Com- 

ny have, we hear, ordered two steamers for their North 

@ passenger service, one to be built by Messrs. Cam- 
mell, Laird, and Co., Limited, Birkenhead, and the other 
by Messrs. Swan, Hunter, and Wigham-Richardson, 
Limited. These vessels are to be 270 ft. long, and will 
be fitted with Parsons steam-turbines driving three shafts 
and three propellers. The power will be equal to 6500 
indicated horse-power, and a s of 18 knots is guaran- 
teed on a continuous six hours’ run at 16-ft. draught.—It 
is said that the Allan Line contemplate the construction 
of two new steamers larger and speedier than the Victoria 
and Virginia, and also to be driven by Parsons turbines. 
The aim is to have as which will enable the vessela 
to leave Moville on Friday and land their passengers in 
Canada on the following Tuesday. 

REFRIGERATOR TRIALS AT THE DarryY SHow.—The com- 
petition held at the Dairy Show, Agricultural Hall, the 
object of which was to ascertain the best system of refri- 
geration as applied to the dairy business, was brought to 
a close on the 6th inst., when the British Dairy Farmers’ 
Association awarded the first prize—a gold medal—to 
Messrs. William Douglas and Sons, Limited, Putney, 
8.W., for their sulphurous anhydride compression pro- 
cess. Messrs. J. E. Hall, Limited, 23, St. Swithin’s-lane, 
E.C., withdrew from the competition, and addressed the 
following letter to the secretary of the show :—‘‘ As some 
of the competitors in class 86 have been permitted to run 
trials after making alterations and additions to their 
somes a since the epening of the exhibition, we feel 
compelled to withdraw from the competition, and are not 
repared to commence a second trial of our machinery, as 
offered. by the judges, the trial first attempted having 
been abortive, in consequence of the motor not giving our 
specified speed and the supply of water suddenly failing 
while the milk-cooling was in progress.” 





Army Casir-Layinc.—A detachment of the signal 
corps of the United States Army, under Major Glass- 
ford, has completed on the Burnside the laying of a cable 
from Valdez to Seward. The work completes the line 
of land and cable communication, contemplated by the 
signal corps in Alaska. A coast survey had been made 
prior to the arrival of the Burnside, and that facilitated 
matters wonderfully. There had never before been an 
American survey of the coast. The only maps which 
the corps had to go by were some which had been printed 
by the Russian Government. They were accurate enough, 
as far as they went, but they did not show what the 
experts wanted to know, with respect to the bottom of 
the sound across which they were to lay a cable. The 
cable between Seward and Valdez is laid in mud, which 
is just the bottom desired. A remarkable thing about 
the cable, taking into consideration its length, is the fact 
that the deepest portion lies at a depth not exceeding 
240 fathoms, while the shallowest section of it rests under 
the waves at a depth not exceeding 25 fathoms. 





Gas v. Etrcrriciry. — The fifty-seventh half-yearly 
meeting of the North of England Gas Managers’ Asso- 
ciation was held at York on Saturday, Mr. M. Leaf 
occupying the chair. The President said it was just 
twenty-three years since the Association held a similar 
conference in York, and in the intervening years great 
changes had taken place in the position and prospects of 
gee industry. The invention of the incandescent mantles 

y Dr. Welsbach, and the invention of appliances for 
motive power, cooking, and heating, had given gas a 
stronger position in the industrial world than it had ever 
previously held. Labour troubles experienced in many 
of the large towns a few years since had, no doubt, 
helped forward the development of omits machi- 
nery as opposed to manual labour. e did not think 
that the gas interest had much to fear from electricity so 
far as lighting and power were concerned. Street light- 
ing by electricity had already received a severe check, 
and in numerous instances lighting authorities had gone 
back to gas. He was sanguine enough to believe that in 
the North of England, by producing cheaper gas, they 
would not have much difficulty in getting Pack many of 
their old customers. In Jarge manufacturing centres gas 
undertakings seemed to be threatened with more serious 
competition from Mond gas and suciion gas plants than 
from electricity ; but more had to be heard of the prac- 
tical working of the installations. The strong position 
which the gas interest now occupied was largely due to 
the fact that it possessed a valuable asset in the shape of 
its residua a which could hardly be claimed by 
any other industry. 
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NOTICES OF MEETINGS. 


Tue North oF ENGLAND INSTITUTE OF MINING AND MECHANICAL 
Enorneers. - Saturday, October 14, at 2 p.m., a general meeting 
will be held in the Wood Memorial Hall, Newcastle-on-Tyne. The 
following papers will be open for discussion :—‘‘ The Mickley Con- 
veyor,” by Mr. John Wright Batey (Transactions, Inst. M.E., 
vol. xxix., page 268). ‘*The Conveyor System of Filling at the 
Coal-Face as Practised in Great Britain and America,” by Messrs. 
William Cuthbert Blackett and Robert Galen Ware (Transactions, 
Inst. M.E., vol. xxix., page 449). The following paper will be 
read, or taken as read :—‘‘Corundum in Ontario, Canada: Its 
Occurrence, Working, Milling, Concentration, and Preparation 
for the Market as an Abrasive,” by Mr. David Gillespie Kerr. 

Tue ENGINEERING AND SCIENTIFIC ASSOCIATION OF IRELAND.— 
Monday, October 16, at 7.45 p.m., at the Royal College of Science, 
Dublin. A paper on the Workmen’s Compensation Act, 1897, by 
Mr. J. Holliday, Member, M.I. Mech. E., A.M. Inst. C.F. 

Tue InstiruTe or SANITARY ENeingERS.— Wednesday, October 18, 
at 7 p.m. A paper will be read on“ Ventilation of Buildings,” 
by Mr. F. Aldous. 

Tue Junior INstiTUTION oF ENGINEERS.— Wednesday, October 18, 
at 4 p.m., visit to the Electrical Exhibition at Olympia, by in- 
vitation of the Executive Committee. 

THE INsTITUTION OF MECHANICAL ENGINEERS.— Friday, October 20, 
at8 p.m. A paper will be read and discussed on ‘‘ The Manu- 
facture of Cartridge-Cases for Quick-Firing Guns,” by Colonel 
Leandro Cubillo, of Trubia, Spain, and the late Mr. Archibald P. 
Head, Member, of London. 





Reapine - Cases. —Reading - cases which will hold twenty - six 
numbers of ENGINEERING may be had of the Publisher or of any 
newsagent. Price 6s. each. 
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ENGINEERS AND THEIR CRITICS. 

Tue British engineer is a long-suffering animal. 
For some years past he has been bombarded by 
shoals of gratuitous advice on his methods of con- 
ducting his business, which he has accepted patiently 
enough, and even with a certain complacency when 
his critic has been a man of proved capacity, like, 
say, Sir Oliver Lodge or Professor Perry, though 
he may consider himself justified in somewhat dis- 
counting certain of their statements. It is, 
however, a very different matter when similar 
criticism has become a habit with. the ordinary 
journalistic writer in the daily Press or the monthly 
magazine, who in most cases is probably unable to 
distinguish between a surd and a slide-valve. 

It was Mr. Stead, we believe, who first boldly 
announced the principle that it was unnecessary for 
a modern journalist to have any first-hand know- 
ledge of his subject, and certainly most writers in the 
daily Press—where would-be technical or scientific 
articles are now becoming very common—exhibit in 
general a most comprehensive ignorance of both 
physics and engineering. One of the most im- 
portant dailies, some time since, referred in a lead- 
ing article concerning destroyers to ‘‘ tensile steel,” 
the writer being evidently of the opinion that he was 
quoting a technical term. The monthly magazines 
are equally bad. In a recent glowing eulogy of 
Edison and his works in one of the more ambitious 
of the newer magazines, the writer showed his utter 
ignorance of technical matters by announcing as 
something marvellous that Edison with a number of 
different typewriting machines before him, together 
with the patent specifications, was able to master the 
special features uf each in the course of a few hours 
—a feat which would be as easy a matter for any 
other competent mechanic as for Edison. A state- 
ment as to the uselessness of mathematicians in 
practical engineering is also fathered on the able 
American, which is probably apocryphal, in view 


| of the fact that it is to the mathematician, Dr. 


John Hopkinson that the correct design of the 
Edison dynamo was due. The Edison machine, as 


9 | originally designed, wasted nearly 40 per cent. of 


the power applied to it. As re-designed by Dr. 
John Hopkinson the loss was reduced tu but 5 or 
6 per cent. The utter ignorance of their subject 
displayed by professional journalists of the type in 
question does not in any way hinder them from 
publishing articles in which they bewail the deca- 
dence of British engineering, lauding up the 
foreigner, and in particular the German, and echo- 
ing the demand of the professors for more technical 
education. None of our readers will accuse us of 
a tendency to underrate the importance to those 
in control of our industries of athorough grounding 
in scientific principles. We have never met a success- 
ful engineer yet who thought he knew more of these 


503 | than he could find a use for. It is, however, possible 


for the education given at colleges to be conducted 
on wrong lines, so that, instead of being trained 
to reason, the student’s mind is overloaded with 
such a mass of detail, often obsolete, that his 








wer of original thought is cramped. It is well 
nown that if a new engine is to be got out, an 
English firm will often have the engine almost 
complete by the time some of the best-known 
Continental firms have got no further than an 
étude, which many of them consider essential even 
in work of no considerable novelty. The great 
difficulty experienced with students from Con- 
tinental technical schools when they come into 
English drawing - offices is that they will calcu- 
late where calculation is quite unnecessary, and 
often irrational. The saving of a few pounds of 
metal is in ordinary cases of much less importance 
than a saving of time, and almost invariably of less 
importance than attention to the matter of easy 
machining and assembling. 

A striking commentary on the superiority of 
German manufactures so frequently alleged in the 
daily Press is the fact that a high protective tariff 
is found essential to keep our goods from flooding 
the German market. 

The latest example of advice for engineers, un- 
hampered by any knowledge as to the actual condi- 
tion of affairs at present, is to be found in an article in 
the current issue of the Fortnightly Review, where 
Mr. J. L. Bashford, said to be an English journalist 
long resident in Berlin, has an article on ‘‘ Tech- 
nical Education in Germany.” The writer, for 
one thing, asserts that ‘‘if modern German or 
American machine-shops are compared with English 
factories of established reputation, the superiority 
of the former is generally acknowledged in every 
kind of equipment as regards tools, cranes, and 
other facilities.” This shows an utter ignorance of 
existing conditions in modern English engineering 
workshops, the best of which are at the very least 
fully abreast of the best of their foreign competitors. 
It is undoubtedly true that some ten or fifteen years 
ago English engineering was, in certain respects, in 
a somewhat parlous state. Our tool-makers in 
particular had failed to move with the times, and 
attention was directed to the danger in our columns 
at the time. Much water has flowed underneath 
the bridges since that date, however, and there is 
now no necessity to seek abroad for special tools 
even of the most elaborate types, whilst in tools for 
the heaviest class of work the lead at the present 
moment undoubtedly rests with us, no other nation 
having shown greater readiness than we have in 
developing machines to utilise the modern high- 
speed steels. In bridgework, too, where again we 
were somewhat behindhand ten or fifteeu yeurs ago, 
our builders have shown great enterprise in making 
up leeway, and the story of the Uganda bridges is 
not likely to be repeated in the near future. 

In the two matters mentioned our manufacturers 
had undoubtedly mainly themselves to blame for 
their temporary inferiority ; but in other depart- 
ments their falling behind was largely the direct 
consequence of ill-devised legislation. The craze 
for municipalisation, which was responsible for the 
Electric Lighting Act of 1881, and for the earlier 
tramways legislation, robbed us of the lead in 
dynamo and motor building, which had been 
secured for us by Dr. John Hopkinson. It has 
taken many years of strenuous labour to recover 
the ground thus lost.’ That the ground has been 
recovered some firms of importing and assem- 
bling electrical engineers have learnt to their 
cost. It is now no longer possible to equip 
power stations with American machinery, since the 
British-made article is equally good and cheaper. 
The average popular journalist, however, seems 
quite unaware of these facts, and the St. James's 
Gazctte, in a leader dotting the i’sand crossing the 
t’s of Mr. Bashford’s article, instances motor-cars, 
optical work, cutting-tools, ‘‘ steam-lathes,” and 
electrical machinery, as articles in which we are 
being surpassed by vgeee 

Actually the lead which Germany, thanks to 
Government assistance, secured in optical glass, is 
being rapidly reduced by the enterprise of British 
firms. Tn cutting-tools English high-speed steel is 
used toa greater extent than any other ; and as for 
lathes and other machine-tools and electrical machi- 
nery, the present position has already been dealt 
with, and its favourable appearance noted. As con- 
cerns motor-cars, we were hampered at the outset 
by hostile legislation ; but the ground lost has been 
recovered, and it is full time that the daily-paper 
expert (?) recognised that the home-made car is 
the equal of any. 

A favourite instance, with the professors, of loss 
through ‘‘ neglect of science” is the chemical in- 
dustry. It is, however, pretty certain that the 
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loss was due in at least equal degree to bad patent 
laws. At any rate, it cannot be denied that the 
‘*neglect of science ” would never have arisen had 
those laws embodied the wise provision of the 
‘+ statute of monopolies,” that a patent should be 
granted only for the introduction and _ work- 
ing in the kingdom of a new invention. More- 
over, in endeavouring to recover their lost- ground 
our chemical manufacturers find themselves ham- 
pered at every turn by the fact that the patent 
liuws have encouraged the taking out by foreigners 
of speculative patents. Once any new chemical 
compound is discovered, it is possible to predict 
the possibility of numerous derivatives, every con- 
ceivable one of which may, under English law, be 
claimed by the patentee, though he may never 
have prepared a single one of them, and have but 
the haziest idea as to how he should proceed to do 
so. A manufacturer who, after years of laborious 
research, discovers a method of manufacturing, 
and a use for one of these hypothetical compounds, 
may thus find his labour lost owing to the specula- 
tive enterprise of some competing foreiga firm. 
In Germany and America speculative patents of 
this type are barred, since the patentee must sub- 
mit a sample of every product claimed. 

Another error of fact in Mr. Bashford’s article is 
the statement that German engineers no longer 
come to England to obtain experience, but wend 
their way to the United States. So far is this 
from being the case that a week seldom passes 
without an appeal to us from some young German 
‘*techniker” in search of a billet. The most out- 
rageous misstatement in Mr. Bashford’s article is, 
however, in connection with the Parsons turbine, 
which it is asserted ‘‘only became a success after 
its construction had passed into the hands of a 
Swiss firm.” So far is this from being the case, 
that one of the principal members of the firm in 
question has declared that in: all essentials the 
Parsons turbine came to them complete; though 
for workshop reasons they had slightly modified the 
governor arrangements without interfering with the 
principle of its action, and changed for :esthetic 
considerations the lines of the casing. : 

It is, however, quite true that this firm have 
devised a generator of great originality and inge- 
nuity, which is exceptionally well adapted to direct 
connection to a steam-turbine. Not a few engi- 
neers consider it the best yet produced for this pur- 
pose, and in comparison with some others it is cer- 
tainly relatively free from noise and vibration. 

Ignorance of the kind instanced must put the critic 
out of court. Unfortunately, he seems to have relied 
for his statements of fact on ‘‘a very competent 
professor of one of the German technical universi- 
ties,” who, naturally, like our own professors, is 
disposed to magnify his office, and to attribute the 
whole of the great progress of engineering in 
Germany to the influence of the technical school. 
Only very prejudiced observers would deny the ex- 
cellence and magnitude of the operations of the 
leiding German firms, but the very able chiefs of the 
Vulcan yard, for instance, did not learn to build the 
Kaiser Wilhelm IT. in the professorial class-rooms, 
but in the British shipyards. No good can come 
from attributing the remarkable industrial develop- 
ment of Germany to wrong causes. Great as this 
has been, moreover, a very able Swiss engineer 
has assured us that were it not for the excessive 
customs tariff, the Swiss manufacturers, in spite 
of paying higher wages, could undersell the Ger- 
mans in their own markets. The technical depart- 
ments of the Swiss works, he stated further, were 
not directed by past students of the great poly- 
technics, but by gentlemen who have gained their 
scientific knowledge at less ambitious establish- 
ments, and their practical experience in the school 
of the late Charles Brown, the English engineer 
who has played so leading a part in the develop- 
ment of mechanical engineering in Switzerland. 

Professors do not always realise that a gulf, not 
impassable, it is true, but difficult, lies between 
science and engineering. Science is rather a 
question as to what is to be thought, engi- 
neering invariably one as to what is to be done. 
As knowledge is ever incomplete, the science of 
the schools can only serve as a general guide, and 
here it is undoubtedly of the greatest value. Any 
attempt, however, to push it beyond this limited 

rovince merely leads to a loss of time and money. 
This professors do not always recognise, or, at 
any rate, the assistants they recommend to firms 
in want of scientific help are too often singu- 
larly lacking in practical discrimination. 





It is well that engineers should have a wide scien- 
tific knowledge; but it has often seemed to us 
that it would be an excellent thing if the best stu- 
dents of our technical schools should gain their 
first office experience in works where the only 
calculation ever required is the horse-power of a 
steam-engine, or some similar piece of elementary 
arithmetic. Without some restraining influence of 
this kind, their mathematical knowledge is to them 
like a new penknife in the hands of a schoolboy, 
which is tested on everything, and generally to its 
detriment. 








THE ENGINEERING OF LONDON 
TRAFFIC. 


In our issue of July 21 (see page 85 ante) we noticed 
the first volume of the Blue-Book which is the out- 
come of the labours of the Royal Commission on 
London traffic, of which Sir David Barbour was chair- 
man ; and we stated that seven other issues were 
to follow. One of the most important and doubt- 
less the most interesting of these is Vol. VIL., 
issued yesterday evening, constituting the ‘‘ Report 
to the Royal Commission on London Traffic by the 
Advisory Board of Engineers.” The engineers in 
question are Sir John Wolfe-Barry, Sir Benjamin 
Baker, and Mr. William Barclay Parsons; the 
latter being the chief engineer to the Board of 
Rapid Transit Railroad Commissioners of the City 
of New York. These eminent engineers were re- 
quested by the Royal Commission to inquire into 
and advise upon the ‘‘ expert and technical” aspect 
of the problem the Commissioners were deputed 
to consider. The result is a weighty publication of 
over 16() folio pages. Itis full of detailed information 
of both a general and a detailed nature ; the latter 
set forth by means of numerous tables and diagrams, 
which the short time at our disposal since the publi- 
cation prevents us from having adequately studied. 

In our former article dealing with the main 
report we made reference to some of the chief con- 
clusions reached, and many of these were founded 
on the problems which the sub-committee have 
made their especial study. Then reference was 
made in our article to the formation of two main 
avenues, running north to south and east to west 
respectively, the widening of Euston and Maryle- 
bone-roads, the extensions at Constitution Hill, 
Princes - street, Westminster, Wandsworth - road, 
Bayswater, Hammersmith, Fulham, King’s-road, 
Chelsea, and other places. Now that we have an 
opportunity of reading the report of the engineers, 
the need for these extensions and improvements is 
brought home still more forcibly, as, also, is the 
enormous cost they will involve. 

Almost the first sentence in the present report is 
one which will raise a responsive echo in the breasts 
of many ratepayers, who find they get very inade- 
quate return for the local burdens thrust upon 
them. ‘‘The prime cause of London’s backward- 
ness is to be found in the lack of homogeneity in 
its municipal system, and an entire absence of any 
centralised control, and of consequent guiding effort 
which such control ensures.” There is no need to 
impress the truth of this view; the proof of 
fact is too constantly present. We know how large 
a part local jealousies, local greed, and local obsti- 
nacy have played in obstructing advancement in 
many matters, amongst which the traftic question 
occupies a prominent position. It would seem, 
therefore, that the first need towards solving the 
transport problem is a movement towards cen- 
tralisation of authority. The proposal for the 
creation of a ‘‘ Traffic Board,” referred to in our 
former article, is the answer of the Royal Commis- 
sion to thisdemand. It is to be hoped that the 
suggestion may materialise in the shape of legisla- 
tive enactment, so that Bumbledom may have its 
powers of obstruction curtailed. 

We have examples in other cities of what can be 
done in this direction. The examples of Paris, 
Vienna,’ Berlin, Brussels, Budapest, Rome, and 
other European capitals are quoted. These cities 
have, we are told, of late years remodelled their 
streets; ‘‘ while New York and Boston have not only 
laid out new streets and widened old ones, but 
have not hesitated to assist private enterprise by 
placing municipal credit behind extensive railway 
projects. The policy has in every instance proved 
successful, directly or indirectly.” Paris affords 
the most prominent instance of change, and the 
labours of M. Haussmann resulted in a voluntary 
transformation of the French capital such as is 
hardly paralleled in the history of cities. These 


operations were commenced in 1858, and the sum 
expended must have been immense. Unfortunately, 
to what it amounted is unknown, the records having 
been lost when the Hétel de Ville was burnt in 
1871. Since that time, however, the expenditure 
on new streets is on record, and has amounted for 
a period of twenty-eight years to 24,772,0341. 

As a means of comparison the report quotes 
figures as to the approximate sums that have been 
expended by the chief public bodies within the 
limits of Greater London on street improvements, 
new bridges, and widenings during the past fifteen 
years. The London County Council has spent 
6,293,5091.; the Corporation of London, 1,034,270. ; 
the Councils of the City of Westminster and 
other Metropolitan bodies, 779,6791. ; the Middle- 
sex County Council, 339,706l. ; the Surrey County 
Council, 146,2571. ; the Hertfordshire County 
Council, 30001. ; and the Corporation of West 
Ham, 500,0901. There is no information in re- 
gard to the expenditure of the Kent and Essex 
County Councils, but the total of the amounts 
given comes to over 9,096,421/., or an average of 
606,428]. per annum. In addition the Bridge House 
Estates Trust has spent on bridges 1,394,000/. ; 
chiefly made up by the cost of the Tower Bridge— 
1,293,9911. During the forty-eight years 1856-1904, 
18,879,5731. has been spent on new streets and im- 
provements within the administrative County of 
London. This amounted to an average rate over 
the period of 3.55d. in the pound on the mean 
rateable value, or 2.26d. in the pound on the 
present rateable value. It is, as the report points 
out, interesting to compare these figures with those 
already quoted respecting Paris, regard being had 
to the size and commercial importance of the two 
capitals respectively. 

The various tables of the report dealing with 
statistics of London traffic are full of interest ; 
and there are some surprises. The figures as to 
railway, tramway, and omnibus traffic are given, 
and it appears that between the hours of 9 a.m. 
and 10 a.m. the number of passengers arriving by 
railway into what is described as the ‘‘ central area ” 
is nearly equal to 90 per cent. of the inwards tram- 
way traflic for the whole day ; a fact that brings into 
prominence the great central difficulty in dealing 
with the traffic problem. Taking the whole day 
through, we find by the tables that of the pas- 
senger traffic into the ‘‘ central area,” 70.83 per 
cent. is by rail, 14.32 per cent. by tramway, 
and 14.85 per cent. by omnibus. Iu regard to 
going from the ‘‘central area,” the figures are 
somewhat different, the railway percentage being 
69.34, that of the tramway 15.40, and for the 
omnibus 15.26. 

The approximate total local yearly traffic in 
Greater Londonis1,164,000,000 passenger journeys. 
This total does not take into account journeys by 
trunk lines, but only by local lines.* 

On an assumption of the increase of the popula- 
tion of London since the last census, when it was 
6,850,000, this would give the annual number of 
local passenger journeys—by local lines, tramways, 
and omnibuses—at an average of 170 per head ; a 
figure that is taken to indicate the defective accom- 
modation of the Metropolis, as the corresponding 
figures for Paris are 200 journeys per head, Berlin 
270, and New York 300. The figures can, how- 
ever, hardly be taken as final, for in London the cab 
traffic is an important factor, whilst in New York 
it is practically negligible. In excluding the local 
traftic of the main railway lines a somewhat arbi- 
trary line is drawn; it is difficult to assign a 
reason why a passenger from Clapham Junction 
by the South-Western Railway, or from New 
Cross by the South - Eastern, should not count 
equally with one from Chalk Farm by the North 
London Railway or Clapham Junction by the South- 
Western. Doubtless, however, these details have 
not escaped the attention of the committee of engi- 
neers, and the final opinion is that ‘‘ London is 
undoubtedly behind foreign towns in the number 
of journeys per capita per annum, apart from avy 
consideration of the convenience and rapidity of 
the means of locomotion.” 

Observations were made for the Committee on 
the question of speed of travel, both during the 
*‘crush hours” and at other times. Traction- 


* The lines included are the Metropolitan, Metropoli- 


tan District, Whitechapel and Bow, Hammersmith and 
City, West London and West London Extension, Exst 
London, North London, Central London, City and South 
London, Great Northern and City, and the Waterloo and 





City. 
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engines travel at 2 miles an hour; heavy vans, 
24 miles at crush hours, and 3 miles at other 
(imes ; light vans, 4 to 6, and 6 to 8 miles ; horse 
omnibuses, 3$ to 6, and 5} to 8 miles; motor- 
omnibuses, 6} to 8}, and 8} to 114 miles ; horse cabs, 
34 to 6, and 6 to 84 miles ; motor-cabs, 8 and 12 
miles; horse trams, 2 to 5 miles, and 5$ to 8 
miles ; electric trams, 54 to 7 miles, and 8} to 11 

miles per hour. These figures refer to the rate o 

travel in the ‘‘ central area,” and they very forcibly 
illustrate the need for dividing traffic—which means 
wider streets—and further powers of regulation for 
the police, so that slow traffic may be compelled to 
keep to the curb. As a matter of fact, every 
vehicle ought to be obliged to keep to the near 
side, unless overtaking. More obstruction is caused 
by vehicles that are just on the trot keeping down 
the middle part of the road, than by anything 
else. A cart travelling at four miles an hour may 
be obstructing an omnibus travelling at six miles, 
the omnibus may be stopping a cab travelling at 
eight miles an hour, and the cab may be block- 
ing a motor-car travelling at 10 miles an hour ; 
yet each would think, because it was above the 
walking pace, that it had a right to the middle. 
The whole question of regulation of traffic, however, 
needs attention ; and the practical capacity of our 
streets would be greatly increased “had the police 
some additional powers. 

The report states that the average speed of the 
motor-omnibuses appears to compare favourably 
with that of the tramcars, and is, naturally, faster 
than that of the horse-drawn omnibuses. Of the 
latter there can be no doubt, and the only 
question that remains to be solved in regard to the 
rivalry between motor and horse appears to be 
that of current expenses. We think, een that 
the Committee are a little too favourable to the 
tramears in regard to speed, our experience being 
that even the horse-drawn omnibuses beat them. 
No doubt the electric cars go much faster while 
they are going, but the larger number of passengers 
they carry necessitates such frequent stops that 
they get beaten in the long run. This applies 
more especially to the two-deck cars, such as are 
general in thiscountry, but are unknown in America, 
the time taken by passengers in getting down from 
the roof being often considerable, whilst other pas- 
sengers are waiting to get on board. If arrangements 
could be made to divide incoming and outgoing pas- 
sengers, it would do much to get over this defect. 

The amount suggested by the Commission to be 
spent on improving the streets of the Metropolis is, 
as we pointed out in our previous article, enormous; 
how much it would be if all the proposals put for- 
ward by the Committee were put in force, we have 
no means of estimating; but the two principal 
avenues, north to south and east to west, would 
probably cost over thirty millions. The ques- 
tion to decide is whether the result would be worth 
the expense. Thirty millions is a concrete fact 
and appeals powerfully to the imagination, and if 
every man, woman, and child in the Metropolis con- 
tributed 30s. a year, it would take about four years 
to pay it back. Thatisa crude manner of present- 
ing the question, for a considerable proportion of 
the population could not by any possible means con- 
tribute such asum ; on the other hand, the redemp- 
tion would more likely extend over forty years 
than four. The burden, however, would fall more 
directly on those most likely to benefit, and 
it is worth while considering what would be re- 
ceived in exchange. The report tells us that 
“it seems fair to assume that it occupies on the 
average 40 minutes to travel 10 miles from the 
various London termini; and if to this be added 
an allowance for walking of 10 minutes at each end 
of the journey, we arrive at a total expenditure of 
2 hours daily for the double journey.” This is 
actually the time expended by a considerable num- 
ber of people in getting to and from their homes ; 
that is to say, one day a week—equal to the Sunday 
rest. Exactly how much this time would be reduced 
by the formation of new streets, and other facilities 
for travel proposed, it would be difficult to estimate. 
The great advantage of improved traffic facilities 
would be that people would be brought nearer their 
place of work, but with a walk of only ten minutes 
this would not amount to very much. However, 
the getting to and from home is but a part of the 
question, for the possibility of moving about 
quickly in the City is of equal, if not greater, 
importance, We may consider ten minutes a day 
to be saved, and we would like to put it to, say, a 
merchant in the City, whether he would prefer to 





pay rates to cover the 30 or 40 millions expenditure, 
or be shut up, doing nothing, with his whole staff 
every week-day for ten minutes, 

The report gives some interesting particulars in 
regard to the width of streets in London and 
abroad. We were a little surprised to notice that 
the Strand is 117 ft. wide, until we discovered that 
it is of this imposing breadth only for the part that 
has absorbed Holywell-street, between St. Mary's 
and St. Clement Danes Churches. In the neigh- 
bourhood of the offices of this journal its roadway 
dwindles to 32 ft., or 52 ft. 6 in. including pave- 
ments. -Taking some other important thorough- 
fares, Cannon-street is mostly 54 ft. wide ; Chan- 
cery-lane narrows to 28 ft. 6 in.; Cheapside is 
mostly 57 ft.; Cornhill is from 39 ft. to 62 ft. ; 
Fleet-street, 48 ft. to 61 ft. ; Ludgate-hill, 57 ft. to 
60 ft. 5in. ; Moorgate-street, 51 ft. ; Oxford-street, 
58 ft. to 88 ft. ; Piccadilly, 54 ft. to 136 ft., the 
latter for a very short distance ; Queen Victoria- 
street, mostly 70 ft.; Regent-street, 84 ft. to 
87 ft. 6 in. ; and Westminster Bridge-road, 59 ft. 
to 84 ft. 

These figures are compared with those relating to 
some foreign cities. In Berlin, Unter den Linden 
is 196 ft. wide; part of the centre, however, is 
occupied by what in America would be called a 
park. Most of the other streets of Berlin are 
not imposing; although in the newer parts at 
the outskirts (the Prussian capital is growing at a 
speed hardly equalled elsewhere) the roads have 
been laid out in a commodious manner. The 
Leipziger Strasse and the Frederich Strasse are 
each 72 ft. wide. In Brussels the Boulevard Circu- 
laire, which comprises three roadways, is 247 ft. 
wide ; the Avenue Louise is 180 ft. wide; the 
Avenue du Midi is 121 ft. wide ; and the Boulevard 
Anspach is 92 ft. wide. In Paris the Rue de 
Rivoli is 69 ft. to 72 ft. wide; the Rue Mont- 
martre is 45 ft. to 74 ft.; the Avenue de l’Opéra 
is 98 ft. 6 in.; and the Grand Boulevards are 
114 ft. 9in. wide. The Avenue des Champs Elysées 
is 233 ft. wide; the Avenue de Grande Armée is 
229 ft. 6 in. wide ; and the Avenue Bois de Bou- 
logne is 393 ft. 8in. wide. The latter can hardly 
count as roads. If we were to throw down the 
railings at Hyde Park—as the late Mr. Beale once 
did—we should have a road, on the same principle, 
about half-a-mile wide. Vienna has the splendid 
Ring Strasse, 187 ft. wide ; the lower part of Karnt- 
ner Strasse is 121 ft. wide, and the Prater Strasse is 
118 ft. wide. In New York, Broadway is but 
71 ft. wide in the old part down town, but beyond 
Sixtieth-street it is 160 ft. wide for 5$ miles. Fifth- 
avenue is 100 ft. wide. Washington, ‘‘ the city of, 
magnificent distances,” has three avenues of 160 ft. 
that appear disproportionately wide for the traffic 
they have to accommodate. 

In view of some of the foreign streets the pro- 
posals of the Committee do not seem extravagant. 
For main avenues they would give a width of 140 ft. ; 
for first-class arterial streets, 100 ft. ; for second- 
class streets, 80 ft. ; for third-class streets, 60 ft. ; 
and fourth-class streets, 40 ft. to 50 ft. Such a 
system would, however, give noble additions to our 
Metropolitan roadways ; and one can only regret it 
was not carried out when the Fire of London and 
the forethought of Sir Christopher Wren rendered 
the scheme as possible as it would have been profit- 
able, the latter at any rate for future generations. 





CIVIL EMPLOYMENT FOR SOLDIERS 
AND SEAMEN. 

UnpER modern conditions the military service 
of the enlisted soldier is more a passing incident 
in his career than was the case in former years ; 
and although this is less true of the seamen of the 
Royal Navy, many leave the service at an age 
when they may reasonably look forward to a con- 
siderable span of years during which they might 
be employed in useful work. That such men should 
pass their time, more or less, in enforced idleness 
is a loss to the State, and cannot be otherwise than 
detrimental to the men themselves. Under these 
circumstances it is reassuring to see that effurts are 
being made to fit ex-soldiers and sailors for pur- 
suing occupations of a useful nature ; though we 
confess that the difficulties to be overcome in bring- 
ing such a scheme to fruition are of a very serious 
nature. 

The communication from the Secretary of the 
Army Council, recently published, brings this 
matter more prominently forward, and we are 
glad to see a promise that efforts will be made 





to find employment for soldiers and sailors of 
good character, both under Government and in 
other situations. Putting aside Government 
berths, however, it will be evident that for success 
to attend the endeavour the men must be fitted 
to efliciently perform the duties they undertake. 
A short time ago there were instituted in London 
certain workshops for the purpose of teaching 
trades to disabled men discharged from either 
service, the scheme including the selling of 
the articles produced. The attempt has, we 
believe, hitherto only embraced industries of a 
minor character, such as simple wood-work, basket- 
making, and the manufacture of toys or other 
small articles. The profits from such efforts must 
be small, but possibly they may be sufficient to 
supplement the income from pensions to an extent 
that would lead the more industrious to make the 
effort necessary for success. The endeavour of those 
interested in the scheme is worthy of all praise ; 
but the good that may be done can be, at best, of a 
limited nature, as it will affect but a small number 
of those leaving the services. A larger and more 
ambitious programme has been suggested ; and 
some steps have already been taken towards 
putting the men into the way of obtaining work of 
a skilled nature. The chief difficulty hitherto ex- 
pressed by those directing this movement has been 
to know what direction the instruction should 
take, and what trades should be taught. We 
think, however, there are greater obstacles in the 
way of success than this. In spite of all we hear 
about the unemployed, and the difficulty of obtain- 
ing work, happily the normal condition of trade 
in this country is such that a skilled workman of 
steady and industrious habits seldom fails to find 
employment in most branches of productive in- 
dustry. 

The main difficulty, it appears to us, would be the 
teaching of men to become efficient handicrafts- 
men. So far as the industry with which we are 
connected is concerned, it is hopeless to produce a 
competent workman by what may be described as 
academical efforts; and the same applies to most 
of the higher branches of manufacturing industry. 
To make an efficient artisan of almost any kind, it 
is necessary the man should be engaged in a work- 
shop where work is directed to a commercial end. 
To acquire a skilled trade by school methods appears 
to us almost as hopeless as trying to learn how to 
drive a motor-car by sitting in it as a passenger. 
It has been said that if employers’ requirements 
were tabulated, it would be easy to teach men how to 
fulfil them ; but this, as will appear from what we 
have already said, is by no means our opinion. 
Much faith is placed in the sub-division of labour 
making it possible for branches of a trade to be 
taught by instruction rather than by practice, and 
the examples of riveters, drillers, hammermen, 
&c., are given. Now it certainly would be pos- 
sible to teach an average man in a school class to 
close a rivet, to use a drilling-machine, or to act 
as a striker; but whether he would be able to take 
his place beside others with long practical experi- 
ence is quite another matter. Foremen in works 
have a way of selecting the most efficient workers, 
and are not apt to consider to what cause incom- 
petency may be due, whether it is the man’s fault 
or his misfortune. 

The promoters of the scheme suggest that dis- 
Pina soldiers and sailors might go ‘at their 
own expense to firms who undertake to give fixed 
courses for a fixed sum.” So far as the engineering 
industry is concerned we are not aware that there 
have hitherto been firms of good standing who 
would permit their works being used for such a 
purpose. It may be that the spirit of patriotism, 
or perhaps compassion, has led to such steps being 
taken ; but we think this is hardly possible. Even 
if, however, engineering firms are to be found who 
will rise to these altruistic heights, there are the 
trade unions to consider. It is said that the trade- 
union feeling seems to be that if a man possessed 
qualifications sufficient to enable him to earn the 
current rates, there would be no prejudice against 
him. If that be not only the “ feeling,” but the 
deliberate decision of the societies, it would be 
good to see it officially stated. As it is, the unions 
often barely tolerate apprenticeship of the young 
sufficient to supply wastage ; but undoubtedly the 
labour leaders have been acquiring wisdom and 
learning toleration of late years, so that trouble 
may be overcome. Still, there isa vast difference 
betweena ‘‘ feeling” of toleration for a new-comer 
earning—and therefore competent to earn—stan- 
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dard wages, and able-bodied men paying for the 
privilege of working, and therefore, as a logical con- 
sequence, accepting a reduced scale of wages in the 
intermediate stages between incompetence and 
finished skill. 

We do not point out these difficulties for the 
purpose of condemning the scheme for affording 
employment to men who have left the services ; 
on the contrary, we should be glad to hear of success 
attending these efforts. It would be a good thing 
to see the ranks of the workmen strengthened, 
and their tone raised, by an admixture of the 
splendid fellows who are trained in the Navy and 
the Army ; that is, by the best of them, for the black 
sheep, or even the whitey-brown sheep, although 
by no means a negligible quantity, are in the 
minority, and such undesirables would not be the 
most active in striving for employment. A man 
acquires in the Army, and perhaps still more in 
the Navy, certain characteristics which make for 
manliness, and these qualities are not always so 
readily fostered in the workshop. A good deal has 
been written in the papers lately about the unpepu- 
larity of soldiers and sailors amongst civilians. We 
consider these statements entirely unwarranted by 
fact; for we hold that there are no men more 

ypular amongst their own class than those who 
oo served the Crown in a military capacity, and 
this applies equally in the case of officers and 
men. A good soldier or a good sailor has every 
right to be proud of what his training has made 
him ; and that right is generally conceded by his 
civilian fellows. 

We hope to hear more of this effort to find 
honourable work for discharged soldiers and sailors, 
and we trust it may be crowned with success. It 
would go a long way towards putting off the threat 
of conscription which is hanging over us, and 
for this reason alone it is desirable that employers 
and trade unions should extend a helping hand. 
We have referred to some of the difficulties in the 
way to success in the engineering trade, but we do 
not imply that these difficulties may not be over- 
come. It is the special I pay of the Navy and 
Army that they are created to beat down obstacles. 
In other trades than engineering there may be less 
difficulty ; but these are out of our province. 








LONDON COUNTY COUNCIL TRADING. 

Tue traffic returns for the last three mouths of 
the steamboat service of the London County 
Council are now available, and are interesting for 
the light they throw upon the probable financial 
results of this latest municipal trading venture. 
The gross receipts for the three months ending on 
September 16 total 21,7181. 9s. 8d., which might 
be satisfactory if such quarterly income could be 
maintained throughout the year; but the details 
show that whereas in August the average weekly 
receipts were about 1850/., with a maximum of 
23931., the takings have since steadily diminished, 
and only amounted to 540/. in the last week in 
September. This latter figure equals only about 
60001. per quarter, and as we shall soon have with 
us the bleak, short, unsettled days of the winter 
season, there is every prospect of a further con- 
siderable diminution in traffic. But even were 
last week’s receipts to be maintained throughout 
the inclement weather, lasting for six months, the 
probable total for the year, judging from the re- 
sults of the past three months, would be only 
between 50,0001. and 60,0001. This, it will be 
admitted, is not an unfavourable estimate. There 
falls to be deducted the a and capital 
charges, totalling at least 20,000/. per annum, so 
that there seems already justification for prognosti- 
cations of financial failure, as only some 30,0001. or 
40,0001. remain to meet all working expenses and 
repairs. This 20,000/., too, allows for the repay- 
ment of capital to be spread over twenty years, 
and there are few experts who have seen the re- 
sult of the wear and tear of the new boats during 
the past three months who will not agree that the 
vessels and their machinery may not last without 
extensive renewals for the full twenty years. 

The County Council, while continuing their policy 
of tramway extension, are now much more guarded, 

rhaps because of the strictures of the Finance 
Cosstaiiten, so admirably presided over by Lord 
Welby. In the next session of Parliament they 
will seek powers for laying tramways—for the most 
part double lines—through 7 miles 7 furlongs of 
roadways. The longest of these lines, that from 
the Marble Arch, vid Edgware-road, Maida Vale 





and High-road, Kilburn, to Cricklewood, is in 
direct opposition to a scheme, now under considera- 
tion of the Light Railway Commissioners, for an 
extension of the Middlesex County Council’s line 
into London. We have in this case two municipal 
corporations competing with each other. The one, 
however, seeks to provide a line to be operated 
under most economical conditions by a company ; 
while the other, abiding by the expensive system 
of conduit construction, desires to continue muni- 
cipal management. In one or two instances, 
notably in the extension of the Streatham line to 
the county boundary, the Council have at last 
accepted the inevitable and have departed from 
their proposal to make the borough councils pay 
one-third of the cost of street-widening, primarily 
necessitated by the construction of the tramway ; 
but no doubt secondarily for the ultimate advan- 
tage of the community. These borough councils, 
however, regard the County Council in the same 
light as tramway companies, and have firmly held 
to their ground that where street-widening is not 
urgently called for by the ordinary exigencies of 
traffic, the County Council must he held respon- 
sible for the financial outlay necessary for works 
immediately essential to the construction of 
tramways. At Streatham the difficulty of narrow 
thoroughfares will be partly overcome by street- 
widening and partly by the diversion of the line 
into adjacent side and parallel roadways. 

The total of 7 miles 7 furlongs of road-mileage 
will involve an expenditure of 419,0001., including 
widening, but excluding any portion of the cost of 
the electrical generating plant. The cost of con- 
struction only, including the cables and ducts, 
works out to 37,0001. to 38,0001. per street-mile in 
most cases, and in one instance to 59,000/. per 
mile, owing to a large amount of special work. In 
attempting an estimate of the financial result the 
Highways Committee take the receipts at 1s. per 
car-mile, and the working expenses at 7d., exclud- 
ing, however, capital charges and depreciation 
allowance. When these are met the Finance Com- 
mittee anticipate a small annual deficiency. The 
Finance Committee remark that ‘‘ the provision for 
renewals might be somewhat reduced in the first 
two or three years, while the debt charges are at 
their highest, and before the normal traffic is esta- 
blished ; the debt charges would decrease as the 
debt is paid off.” But as the renewal allowance is 
already inadequate, such policy is, to say the least, 
more pleasant than sound. Experience in Glasgow 
and elsewhere shows that the receipts per car-mile 
diminish with the distance from the centre of the 
city, and as several of the proposed London lines 
are extensions to the county boundaries, it is 
possible that gross receipts of one shilling per 
mile will not be realised. In any case, it becomes 
a matter of serious import whether the expensive 
conduit system of construction should be con- 
tinued. In the case of the Streatham, Tooting, 
Clapham-road, Cricklewood, and other lines now 
involved, connections with tramways beyond the 
county are anticipated, and there seems therefore 
to be no reason why the conduit system should be 
continued to the county boundary instead of 
terminating at the point where ssthetic considera- 
tions or extensive street traffic no longer necessi- 
tate the adoption of the more expensive construction. 
In the case of the Lea Bridge-road extension, now 
proposed, the overhead system is recommended. 
The time is coming when running powers will have 
to be arranged between the Council and those com- 
panies operating lines beyond the London county 
area ; it is possible to save some part of possible 
financial deficit now by agreeing to the less expen- 
sive system of construction on the fringes of the 
London area. 

Another point in connection with this subject is 
the acceptance of the tenders for the construction 
of 150 double-bogie, double-decked, roof-covered 
electric cars. For the supply of the car bodies 
there were six tenders, the lowest, by a Hungarian 
firm, working out at 388/. per car, and the highest, 
by an American Company, at 505/. The Hun- 
garian company, however, did not comply with the 
Council’s specification, and were not prepared to 
accept the Council’s conditions of labour, so that 
the second lowest tender—that by Messrs. Hurst, 
Nelson, and Co., Limited, of Motherwell—was 


accepted at a price about 9 per cent. higher— 

namely, 4231. 10s. The Council had practically 

no alternative, in view of the labour clause in the 

specification, which may or may not have accounted 

for the difference in price. The new cars will have 
¢ 





steel underframes, which involves an increase in 
price of 1l. per car-body. The other tenders, it 
may be said, ranged from 494/. 10s. upwards. For 
the trucks there were tenders by nine firms, the 
Hungarian Company being lowest with a quotation 
of 92/1. per pair of trucks. In this case, however, 
the question of design was considered of primary 
importance, owing especially to the considerably 
increased weight of the roof-covered cars. Expe- 
rience has shown that those cars to which tops 
have been provided without alteration to the truck 
have involved a considerable increase in the repairs 
bill. The tender accepted was practically the 
highest, and was by Messrs. Mountain and Gibson, 
Limited, Bury, who asked 1201. per pair of trucks. 
In this case the company have power to sub-con- 
tract for the wheels with the Hadfield Steel 
Foundry Company, Limited, and for the axle 
forgings with Messrs. Cammell, Laird, and Co., 
and the Glasgow Engineering Company. The 
electrical equipment and assembling of the cars 
involved a third contract; and here the British 
Westinghouse Electric and Manufacturing Com- 
pany, Limited, of London, have been successful, 
their price being 288]. 13s. 4d. Thus the price for 
each car, including body, trucks, electrical equip- 
ment, &c., is 8321. 3s. 4d., or a total for 150 cars 
of 124,825/. It may be added that the contract 
for the laying of cable ducts, and the supply of 
high and low-tension cables for lines now being 
constructed in South London, has been let to 
Messrs. Reid Brothers, of London, at 31,1321. 
Other tenders by London firms ranged up to 
42,8121. ; a provincial firm asked 69,7121. 








SIR EDWARD HAMER CARBUTT, 
BART. 

By the somewhat sudden death, on Sunday, the 
8th inst., of Sir Edward Hamer Carbutt, Bart., 
following upon an operation for an internal com- 
plaint, engineering has lost one of its most enthu- 
siastic workers—a loss which will probably be 
most severely felt in connection with the work 
of our various technical institutions. Having 
retired from business twenty-seven years ago, Sir 
Edward had leisure, as well as zeal and business 
aptitude, to devote to the advancement of what 
might be termed organised engineering, and his 
services were as willingly given as they were 
cordially accepted by the officials and others re- 
sponsible for the progress of engineering societies. 
His wide acquaintance with engineers and his 
intimate knowledge of many of the branches of 
mechanical science added to the value of his ser- 
vice, so that he was in considerable request as a 
representative on committees concerned with ad- 
ministrative and experimental questions. 

Born on July 22, 1838, the descendant of an old 
Yorkshire family, which dates back to the middle 
of the 18th century, and the younger son of the 
late Mr. Francis Carbutt, J.P., of Chapel Allerton, 
near Leeds, he was early apprenticed to the en- 
gineering profession. He served a four years’ 
pupilage, beginning at the age of sixteen, in the 
locomotive department at Derby, of the Midland 
Railway, under Mr. Matthew Kirtley—the first 
locomotive superintendent of the railway from the 
opening of the Birmingham and Derby line in 
1839. At the end of 1858, Carbutt proceeded to 
Messrs. Palmer’s works at Jarrow-on-Tyne, where 
he continued for nearly two years, returning then, 
as outdoor foreman in the locomotive department, 
to the works where he had previously served his 
apprenticeship. After being nearly two years in this 
latter appointment, he, when twenty-four years of 
age, entered into partnership with Mr. Robinson 
Thwaites in the Vulcan Iron Works at Bradford. 
The firm undertook the construction of steam- 
hammers and general machinery for iron and steel 
works. One of the more noticeable departures 
from ordinary practice introduced in the construc- 
tion of hammers was the substitution of wrought- 
iron frames for the heavy castings previously 
used. These had not infrequently proved un- 
satisfactory, and when made in a hurry turned 
out wasters. The first hammer of the kind made b) 
the firm, about 1863, was for Messrs. John Brown 
and Co.’s Sheffield works.* Some of the heavier 
hammers built were for the manufacture of guns, 
not only in Britain, but in Russia and other foreign 
countries, and this early association with ordnance 
no doubt awakened that interest in this depar' 


* See ENGINEERING, vol. i., page 162. 
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ment of mechanics which continued throughout | 


Sir Edward Carbutt’s life. At the Paris Exhibi- 
tion of 1867 he was greatly impressed with the 


design and efficiency of the Root blower, then 


exhibited in the American department, and as a 
consequence of his investigations regarding its 
efficiency, he entered upon its manufacture with 
characteristic zest. He was largely instrumental 
in its extensive application in this country. His 
first paper to the Institution of Mechanical Engi- 
neers, that of 1877, was 
on ‘* Root’s Mine-Ven- 
tilator and other Ap- 
plications of Root’s 
Blowers.” 

While thus develop- 
ing works which have 
since, under the title 
of Thwaites Brothers, 
Limited, continued to 
occupy @& prominent 
position, the subject of 
our memoir found time 
to devote to the muni- 
cipal work of his native 
town, and practically 
began, in 1877 as a 
member of the Corpo- 
ration, and in 1878 as 
Mayor of Leeds, a 
course of public life 
which has been specially 
useful to engineering in 
several important re- 
spects. In this connec- 
tion it may be said here 
that in 1874 he mar- 
ried the only daughter 
of John Rhodes, J.P., 
stockbroker, Potter- 
newton, Leeds, who 
admirably assisted him 
in many of his beneficial 
schemes. In 1878 he 
retired from practical 
engineering work, and 
two years later entered 
Parliament as a Liberal 
for the Monmouth 
boroughs. By this time, 
also, he had been elected 
Member of Council, not 
only of the Institution 
of Mechanical LEngi- 
neers, which he joined 
in 1860, but also of the 
Iron and Steel Insti- 
tute, of which he was 
an original member, so 


that London became 
the centre of his in- 
terests. 


His record in Parlia- 
ment once more estab- 
lishes the advantage of 
engineering industries 
being represented by a 
courageous and upright 
non-party man. Per- 
haps the most important 
work he did in Parlia- 
ment was his agitation 
in favour of adding to 
the ordnance-producing 
facilities of thiscountry. 
Although at an earlier 
period the Government 
had been willing to 
utilise to a certain ex- 
tent the services of 
Messrs. Armstrong and 
others, there had by 
this time developed a 
tendency to regard the Government arsenal as 
pactically the main establishment for the produc- 
tion of heavy ordnance ; but, in consequence of Sir 
Kdward’s action in the House of Commons, Lord 
Morley’s committee was appointed, with the result 
that there was not only a reorganisation of the Wool- 
wich works,* but a considerable development of 
the facilities in existing private ordnance works, 
while one or two firms — notably the Vickers 


_” See Proceedings of the Institution of Mechanical 
Engineers, 1888, page 27. 


Company — were induced to lay down extensive | 
plant de novo for the manufacture of the heaviest 
ordnance, on the understanding that such plant 
would be utilised by the Government. As a} 
consequence our private works have now a much | 
greater producing capacity than the Woolwich | 
Arsenal. There can be no doubt also that the in- 
troduction of private enterprise and the quickened 
spirit of emulation created has resulted in important 
inventions being originated in these works. At the 








same time Sir Edward succeeded in inducing the 
Government to appoint a civilian as Director-General 
of Ordnance Factories in the person of the late Sir 
William Anderson, with the result that greater 
efticiency and economy have been realised. In this 
and in other ordnance work—for instance, in urging 
on Mr. Gladstone the adoption of the Maxim gun 
—-Sir Edward did useful service; and there was 
therefore a peculiar a moma ws in the choice 
of the subject—*‘ Fifty Years’ Progress in Gun- | 
Making ”—for his presidential address before the 


_ Institution of Mechanical Engineers in 1887. | 





From a Photograph by Messrs. Elliott and Pry. 


Another question to which he succeeded in 
directing Government attention was the position of 
the Indian railways, and it was largely through his 
action that the Government were induced to ap- 
point a Committee, under the presidency of Lord 
George Hamilton. The need for considerable 
extensions to the State Railways was clearly estab- 
lished, and from this point a more liberal policy 
was adopted in connection with the development 
of our Indian dependency. The engineers asso- 
ciated with the Public 
Works Department of 
India also found in him 
a zealous champion, and 
his successful efforts to 
improve their emolu- 
ments, both in respect 
of salary and pension, 
and also to ensure fuller 
recognition of their ser- 
vices in the distribution 
of imperial honours, will 
long be remembered by 
this large body of hard 
working civil servants. 

In 1886, when his 
party experienced such 
a heavy defeat owing to 
their Home Rule pro- 
a. Sir Edward 
ailed to retain his seat, 
but he still found an 
outlet for his energy 
and enthusiasm in con- 
nection with the affairs 
of the technical institu- 
tions. Elected a mem- 
ber of the Institution of 
Mechanical Engineers 
in 1860, he first entered 
the Council in 1875, 
first became a vice-pre- 
sident in 1877, and 
occupied the presiden- 
tial chair in 1887 and 
1888. Here he found 
most congenial work, 
and the summer meet- 
ings of 1887, held in 
Edinburgh, and 1888, 
in Dublin, were parti- 
cularly successful. In 
opening the proceedings 
on this latter occasion, 
Sir Edward reviewed 
the possibilities of in- 
dustries in Ireland. In 
1891, in conjunction 
with Mr. Henry Davey, 
he contributed a most 
informing paper on the 
subject of the trials of 
rock-drills which had 
been made during the 
summer exhibition of 
mining and metallurgy 
at the Crystal Palace in 
the previous year. ‘These 
tests created standard 
results in connection 
with this particular 
work. The Institution 
of Mechanical Engi- 
neers elected him their 
representative on the 
General Council of the 
National Physical La- 
boratory, and here also 
he proved a most useful 
member. A vice-pre- 
sident of the Iron and 
Steel Institute, he also 
represented that body 
on the Committee of the Institution of Civil 
Engineers on the training of engineers, as well 
as on the Departmental Committee inquiring into 
the organisation and working of the Royal School 
of Science and School of Mines. He was also a 
member of the Carnegie Research Scholarship Com- 
mittee. 

Sir Edward first became associated with the In- 
stitution of Civil Engineers in 1863, and became 4 
full member in 1888. The honour of a baronetcy was 
conferred upon him in 1892, and he was also 4 
justice of the peace and deputy-lieutenant for the 
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County of Surrey, discharging in 1896-7 the func- 
tions of High Sheriff. e continued in active 
work up to within the last few days, and one of 
his last notable functions was a dinner given at 
the Royal Institute of Painters in Water-Colours 
to about two hundred prominent engineers and 
men of science, with a view of promoting the 
interests of the National Physical Laboratory. 
For some time, however, he had not been in good 
health, and he recently underwent an operation at 
his London residence, Hyde Park Gardens. From 
his operation he had sufticiently recovered to be re- 
moved to his country residence, Nunhurst, Cranley, 
Surrey, but a relapse took place and he suddenly 
expired on Sunday night last, to the great regret 
of a very wide circle of friends. 








ELEMENTS IN COLONIAL DEVELOP- 
MENT. 

A report on the Lagos Government Railway by 
the general manager, Mr. F. Bedford Glasier, is 
interesting to the general reader largely for the 
light it throws upon some elements in colonial 
development. In the first place, there is an ambi- 
tion to train native youths as artisans, so that 
they may replace a number of European skilled 
workers in the railway shops and in the locomo- 
tive department. With this end in view, arrange- 
ments are now being completed in order to 
send to the Mother Country some natives who are 
to be placed in engineering workshops as bonded 
ppcmaereg for a suitable period, after which they 
will return to Lagos to join the staff of the railway. 
Some preliminary training will be oe during 
a period of probation in the Lagos shops. The 
idea seems a most commendable one, from the 
standpoint of the Mother Country, and might very 
well be adopted in almost every one of the native 
colonies ; because, although the tendency would be 
to create in time an engineering industry within 
these native states, an advantage would always be 
derivable here, as natives trained by British 
methods would more readily appreciate British 
design and construction. This lesson has been 
enforced in the case of Japan; many of the young 
Japanese were trained in America, and, as a con- 
sequence, the manufacturers in the States have 
secured a preponderating share of the orders placed 
for new machinery, not only for electric generation, 
but in other departments of engineering. 

The railway management at Lagos have appointed 
from England a traffic enquiry officer, who is ac- 
quainted with the trade conditions of the country, 
and has reported upon nearly all the outlying 
markets, on populations of towns, the estimated 
trade, &c., with a view to the organisation of native 
traftic canvassers, whose business it will be to work 
continuously among the important markets, even 
although these are not in direct communication 
with the railway. This is bound to be beneficial, 
and it is important here also that the British 
element should predominate, since traftic developers 
could be of assistance to the natives, not only in 
forwarding their goods, but in encouraging them to 
take in exchange British produce. Another feature, 
which is referred to in the report, and is equally 
commendable, is the organisation by the British 
Cotton-Growing Association of a model plantation 
on railway land in Lagos. Here it will be possible 
to demonstrate by experiment the practicability of 
growing cotton in West Africa at a cost that will 
compete, in the English market, with cotton from 
other countries. But the propagandist value of such 
a station will be still more important. Every native 
engaged will acquire a complete knowledge of the 
principles of cotton cultivation, and, on returning 
to his own district, will encourage the adoption of 
better methods. At present only 800 tons of cotton 
goods are dealt with by the railway per annum, and 
there is no reason why this should not be increased 
many fold. The railways are affording special 
through rates for agricultural produce, a truck-load 
being carried at the rate of 10s. 6d. per ton from 
any station to the coast ; and, as the railway line 
to Ibadan is 124 miles in length, this is an advan- 
tage. But, unfortunately, as the general manager 
of the railway points out, the steamship charges 
to this country are maintained at a relatively high 
figure ; we hope here also that the imperial spirit 
will manifest itself. 

The principal product of the colony is palm 
kernels, and in the year ending March, 1905, the 
amount dealt with by the railway showed an in. 
crease of 50 per cent., as compared with the total 





of the previous year, mounting up to 16,701 tons, 
notwithstanding that it was found necessary to 
increase the freight rate to the extent of 5s., 
making it 35s. 6d. per ton for the 124 miles. The 
exports of palm kernels were 69,585 tons, so that 
the railway dealt with only 24 per cent. of the 
total. There wasan increase in every item of traffic, 
excepting timber, and thus the goods receipts 
aggregate 41,412/., an addition of 9348/. This total 
is equal to 113.83d. per train-mile; as the cost 
per train-mile was 92.40d., the profit is 21.43d., 
which works out at 4d. per ton-mile. The pas- 
senger traffic, unfortunately, shows a decrease of 
999/., although the number of passengers has in- 
creased 16 percent. ‘The first class, it is pointed 
out, is run at a loss, although the fare was increased 
to 3.4d. per mile. This, however, is still less than 
in the other native railways on the West Coast of 
Africa: on the Gold Cuast Railway it is 5d.; in 
French Guinea, 4.8d.; and on the Kayes Niger 
Railway, 4.2d. per mile. The general manager 
remarks that had each first-class compartment been 
filled with goods freight, the receipts would have 
been six times those obtainable from first-class pas- 
sengers ; he therefure advocates that there should 
not in the future be three distinct classes. The 
average receipts per passenger-mile are 101.94d., 
but the cost is 107.2U., so that there is an actual loss 
of 5}d. per train-mile. Fortunately, however, the 
passenger-mileage is not so great as the goods-train 
mileage. The coaching receipts make up only 29 
per cent. of the total. The total receipts work out 
at 60,336/., equal to an average of 9s. 6d. per train- 
mile. But the working expenses have considerably 
increased, being about 8s. 5d. per train-mile, so 
that the net earnings of 1s. 1d. per train-mile 
make a total of 69411. 17s. 8d. During the year 
very considerable ballasting and other maintenance 
work was carried out, so that the results are not 
unsatisfactory, especially in view of the direct 
advantage in the development of the colony. 








BARON INVERCLYDE. 

In the prime of life and in the full physical and 
intellectual vigour of manhood, Baron Inverclyde has 
been stricken down, as a consequence of complica- 
tions supervening upon pleuro- pneumonia resulting 
from a chill ; his death took place at Castle Wemyss 
on Sunday, the 8th inst. He had but passed his 
forty-fourth birthday a fortnight ago, having been 
born on September 18, 1861, and had only been 
four years at the head of the famous Cunard Com- 
pany. He had, nevertheless, established himself as 
a sound commercial representative man, displaying 
at all times a patriotism, as well as courage, which 
is too rare in the strife of industrial competition. 
His determination to maintain the Cunard Com- 
pany as a British fleet at a time when there was a 
strong attempt to absorb it in a foreign combination, 
first by great temptations, and subsequently by a 
war of rates, will long remain as a bright example 
of British pluck, patriotism, and probity. 

In Lord Inverclyde one recognises full evidence 
of the striking influence of heredity. His great- 
grandfather, the Rev. George Burns, D.D., was a 
tower of strength in the Church of Scotland early 
in the last century; his grandfather, Sir George 
Burns, Bart., entered with zest, along with Robert 
Napier, Samuel Cunard, and David McIver, into 
the formation of the Cunard line ; and to his father, 
the first Baron, was largely due the great credit 
of developing this pioneer steamship line into 
a primary position amongst the fleets of the 
world. After a sound education, followed by 
extensive travels in India, China, Australasia, 
and other countries, Baron Inverclyde succeeded 
his father in 1901, undertaking a specially difficult 
task because of the peculiar conditions then prevail- 
ing in the Atlantic shipping trade. In the first 
place, the refusal to join the International Mer- 
cantile Marine Association, which included Ameri- 
can, British, and German lines, brought with it a 
keen Atlantic rate-war, in which the Cunard line 
engaged in single combat against the combination. 
The Cunard Company, largely through the deter- 
mination of their chairman, stood firm, and not 
only gained their point, but advanced enormously 
in public esteem. 

As an outcome of the conflict, negotiations were 
entered into between the Government and Lord 
Inverclyde, and an agreement was ratified whereby 
the Admiralty, for certain financial considerations, 
secured the right of service of the whole of the 
fleet in the event of war, while the company under- 





took to construct two vessels of exceptionally high 
speed under subvention from the Government.* 
Anxious that these vessels should represent the 
highest attainment in marine propulsion, Lord 
Inverclyde, with characteristic originality, decided 
to appoint a Commission of Engineers to carry out 
experiments, and to determine the question 
whether steam-turbines should be adopted in 
preference to reciprocating engines.t Acting on 
the report of the Commission, Lord Inverclyde 
and his board decided to adopt turbines, and 
two leviathan ships are now in course of con- 
struction, one at the works of Messrs. John Brown 
and Co., Limited, of Clydebank, and the other at 
the Newcastle works of Messrs. Swan, Hunter, and 
Wigham-Richardson, Limited. About the same time 
his lordship decided to fit steam-turbines to a vessel 
of 19 or 20 knots speed already ordered from the 
first-named firm, who had, as a preliminary, con- 
ducted very extensive experiments, and were in a 
position to solve some of the difficulties associated 
with the design of turbines of exceptional size and 
power. The late Lord Inverclyde is, therefore, 
entitled to a high degree of credit for the develop- 
ment of the steam-turbine, and it is consequently 
a subject for keen regret that he has not lived to 
see the fruition of his hopes in connection with 
these two great liners. 

In the life of the City of Glasgow, Lord Inver- 
clyde had already taken a very large part, and there 
was every promise of still more valuable service 
being rendered in the future. For two years he 
acted as Lord Dean of Guild, an office which carries 
great responsibilities in connection especially with 
building operations in the city. It carries with it 
ex officio a seat on the Town Council, and as he 
had a “‘ strong feeling that it was the duty of every 
citizen to do what he could to promote the pro- 
sperity of his native city,” many looked forward 
to the time when he might be induced to take 
the office of Lord Provost, notwithstanding his 
great commercial work. He was connected 
with many of the ecclesiastical and charitable in- 
stitutions in Glasgow, and was liberal in his 
benefactions. Like his father, he was fond of 
yachting, and owned the Capercailzie. He was 
also commodore of the Royal Northern Yacht Club, 
and a member of the Royal Yacht Squadron. In 
1886 he married the younger daughter of Mr. 
Hickson Fergusson, of ‘‘ The Knowe,” Ayrshire, 
but had no issue, so that the title descends to his 
brother, the Hon. Charles Cleland Burns, who 
has for twenty years been largely responsible 
for the coasting business of the family under the 
title of G. and J. Burns, Limited, and is also 
a director of the Cunard Company. He is already 
one of our most prominent ship-owning authorities, 
having occupied many representative positions, 
including the presidency of the Chamber of Ship- 
ping of the United Kingdom, so that there is every 
prospect that the traditions of the family will be 
well sustained. 








THE COMPULSORY SETTLEMENT OF 
TRADE DISPUTES. 

As our readers are probably aware, there has 
been for some years in force in New Zealand an Act 
which provides for the compulsory settlement of 
trade disputes. Agitation has been often set on foot 
to secure the passage of a similar measure through 
the British Parliament ; but we hope that, taught 
by the experiences of those who suffer from the 
New Zealand measure, our legislators will be slow 
to follow their example. 

The New Zealand Act provides for the compulsory 
reference to a special court of disputes between 
employers and employed. The Court of Arbitrators 
apparently has power to fix the rate of wages which 
shall be paid in a particular industry ; and amongst 
their other powers they are at liberty to settle 
the number of apprentices which shall be employed 
by any particular manufacturer. A letter which 
was published in the Times of August 4 illustrates 
the extraordinary pass to which things are reduced 
as a result of this more than extraordinary piece of 
legislation. It ap that the Kaiapoi Woollen 
Company, Limited, was fined by an Arbitration 
Court for employing an excess of apprentices, and 
was, in consequence, compelled to discharge 
twenty-eight girls. The manager sent to the Christ- 





* See ENGINEERING, vol. lxxiv., pages 451 and 479; vol. 
Ixxvi., 187. 
+ See ENGrngerine, vol. lxxvii., page 469. 
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church Press the following letter, which he had sent 
to the parents of the girls he was compelled to dis- 
miss Ain? 

Dear Sir,—We regret to inform you that we are 
compelled to dispense with your daughter’s services in 
our factory, and we_have oes | greg her a week’s 
notice of dismissal. We have no fault to find with your 
daughter individually, and we are exceedingly sorry that 
she has to leave with her apprenticeship incomplete. 
We have at present abundance of work for her and the 
other young people affected, and in order to fulfil our 
numerous contracts and obligations her services are 
urgently required by th’s company. We were, how- 
ever, fined by the Arbitration Court, at the instance of 
the Tailoresses’ Union, for employing an excess of appren- 
tices over the number allowed by the award of the 
Court, and we have no option but to discharge the 
apprentices in question—twenty-eight in all. We find 
skilled labour in this trade exceedingly difficult to 
obtain ; and the proportion of apprentices allowed in 
our award is quite insufficient to supply the needed 
experienced workers. Some months , by the con- 
sent of the union, in order to avoid ‘the necessity of 
importing labour, we engaged a number of apprentices 
in excess of the award. This consent was withdrawn 
a short time ago by the union, and an information was 
laid against us by the officials of the union, and proceed- 
ings taken before the Arbitration Court, with the result 
as stated above. We asked the Court to stay its hand for 
a few weeks, as an application of a new award will shortly 
come before the Court in Dunedin, when the apprentice- 
ship question could be reconsidered. This would have 
prevented the necessity of dealing at present with the 
matter, and in the meantime the term of apprenticeship 
of several of the girls would have expired ; but the Court 
decided it could not adopt any temporising method such 
as this. With great regret, therefore, we find there is no 
alternative but to dismiss all the apprentices affected by 
the judgment of the Court. 

Of all the protests which have been sounded 
against the New Zealand Conciliation Act this is, 
perhaps, the most remarkable. 

Labour legislation appears to have taken firm 
hold in the colony; but the legislation already 
upon the New Zealand statute-book is as nought 
compared to what the Labour Party would place 
there if they had their way. At the annual con- 
ference of the Trades and Labour Councils of New 
Zealand, which was held at Wellington at the end 
of April, 1905, a resolution was passed urging the 
Government to establish State iron works, woollen 
and flour mills, and clothing and boot factories. 
They also asked for municipal coal dépéts, the 
early closing of shops, the stoppage of imported 
contract labour, increase of wages to Government 
casual labourers, land nationalisation, State legal 
bureaux, the abolition of the Legislative Council, 
an elective executive, the bringing of State em- 
ployés under the Compulsory Arbitration Act, in- 
crease in the land and income tax, a progressive 
income and absentee tax, prohibition of the manu- 
facture of white lead, compulsory preference to 
unionists, issue of State notes for the comple- 
tion of railways, and the cessation of Govern- 
ment borrowing! Nor are they satisfied with the 
labour legislation which is already in operation ; 
they would apparently ask for the hands of the 
unions to be still further strengthened. Thus, at 
a recent deputation to the Premier, the repre- 
sentatives of labour requested that the labour 
unions should have a right to be heard when the 
chairmen of conciliation boards are issuing permits 
to ‘‘under-rate” workers. The Premier replied, 
in effect, that he saw no great objection at present, 
provided that no delay occurred in the chairmen of 
the boards notifying the unions when such appli- 
cations are made. 

3efore passing a general criticism on the legisla- 
lation which would effect these objects, one more 
illustration may-be referred to. It appears that 
where the Court of Conciliation had decreed pay- 
ment of a minimum wage by the masters, the firm 
found that since the award was made they had had 
to dispense with six hands, who were unable to earn 
aminimum wage of 21. 8s. per week. Before the 
award the men received 35s. to 36s. a week, which 
the employers considered sufficient for the class of 
work performed. The employers were willing to 
retain four or five of these hands, provided they 
obtained a permit tu work for a lower wage than 
that prescribed by the Court. The secretary of the 
union was applied tv, but he refused to grant 
perm‘ts to enable the men to work at the wages 
named. In another industry it was found that the 
wages of boys, as fixed by an award, resulted in 
loss to the employer. The minimum wage for lads 
up to sixteen years of age was fixed at 10s. per 
week, with an increase of 5s. per week for each 
year above that age. The trade being a skilled 


one, the employers considered that 10s. a week 








was too much for a beginner, who during his first 
year was really not worth more than 5s. or 6s. a 
week. One firm in this industry had in their em- 
ploy a very small lad, who had been with them 
nine months, and was earning 6s. a week. When 
this award was made, owing to his age, his wages 
had to be increased to 11. a week ; and as the firm 
could not continue to pay him the increase, he was, 
after a few weeks, discharged. 

Where there is so much to criticise, it is difficult 
to know where to begin. 

Perhaps the best example of the disastrous 
results which follow upon this type of legislation 
is supplied by the letter of the employer to the 

rents of the girls whom he had to discharge. 

hat of the girls? Are they to be prevented 
obtaining employment in a free country ’? Imagine 
the English Court of Appeal having power to make 
an order that an English employer should dis- 
charge a hundred workmen. What would be the 
result? An outcry to the effect that there were 
sufficient people unemployed at the present time 
without their number being added to. It is true 
that in England the Legislature has made at- 
tempts to enterfere with the laws of supply and 
demand as between master and servant, Any for- 
tunately, these attempts have fallen far short of the 
the New Zealand legislation. Mild as these at- 
tempts have been, they, too, are fraught with un- 
expected results. Instance the Workmen’s Com- 
pensation Act. That Act says (in effect) to an 
employer .—‘‘ You must insure your workmen.” 
What does the employer do? Does he continue 
to employ the same class of workmen that he did 
before the Act came into operation? No; he is 
strongly tempted to direct his manager to exclude 
all but the healthy and strong ; for it is obvious 
that a young and active workmen is less likely to 
suffer serious injury from accident than one who 
is old and infirm. If the mild form of Socialist 
legislation in which the British Parliament has 
indulged produces untoward results, what shall be 
said of that now in force in New Zealand? The 
legislation is based upon an erroneous principle. 
It appears to assume thatan employer can be com- 
pelled to employ a workman, and that a workman 
can be compelled to work at a definite wage. By 
what authority can the employer or workman be 
compelled? May not the employer shut down his 
mill? Is the workman not at fiberty to loaf all day 
with his hands in his pockets ? 

It is impossible to imagine that the more thought- 
ful members of the New Zealand Legislature are 
blind to the force of these considerations ; but it is 
feared that their wiser counsels have proved to be 
of little weight as against the Labour Party, who 
fondly hope that in a properly-governed community 
there can be great reward without great labour, and 
that work of some kind can and ought to be provided 
for everybody. It is only to be hoped that a few 
more examples of the result of this kind of legis- 
lation may soon be published in order to effect a 
disillusionment. - 








NOTES. 
Ve.ocity-CompouNDED TURBINES FOR SHIP 
PROPULSION. 

WE understand that velocity-compounded tur- 
bines are to be tried in the German Navy as well as 
in the American. Though thermodynamically less 
efficient than the Parsons type, or even than the 
Rateau type of pressure-compounded turbines, 
they have the advantage that a moderate speed of 
rotation is obtainable with a turbine of relatively 
small bulk, and hence it is a simpler matter to adopt 
an efficient propeller than with the pressure-com- 
pounded type. It is, therefore, quite possible that 
the saving in weight for a given propeller efficiency 
may fully compensate for the increased internal 
losses in the turbine proper. The results of the 
German and American experiments will therefore 
be awaited with much interest. It may be added 
that in all essentials the system of velocity com- 
pounding is extremely old, so that if the trials 
prove a success it will be impossible to establish 
a monopoly in it. The method was re-patented by 
Mr. Ferranti in 1895, and by Curtis a year later. 
In Germany it is being developed by the Allgemeine 
Company. 

Tue Biowine vr or tHe 8.8. *' CoaTHam.” 


On September 5 last, the s.s. Chatham, with 
some 100 tons of dynamite on board, as well as 
detonators, took fire in the Suez Canal and was 
promptly scuttled, making it necessary to blow up 





the vessel in order to re-establish the safe work- 
ing of the canal. This was accordingly effected 
on the 28th ult., and we find in the Egyptian 
Gazette for the following day a somewhat detailed 
description of the results of the explosion and 
of the precautions adopted in effecting it. Large 
mines, containing each 300 lb. of explosive, fitted 
with electric fuses, were prepared, one of which was 
lowered by divers into the hold containing the 
cases of dynamite, and the other into that con- 
taining the detonators. Cables connected these 
mines with the shore, where the wires were finally 
coupled up with two of the existing telephone 
wires. The firing station was about three miles 
distant from the vessel, and as electric resistance 
fuses were used, it was possible to make sure that 
the circuits were in proper working order by send- 
ing a minute current through these fuses. The mines 
were fired at 9.50 a.m., and an immense column of 
water and débris instantly arose, and continued to 
ascend for 5 seconds, the height attained being, it is 
stated, 550 yards. The report was not remarkably 
loud at the firing-point, which it reached 16 seconds 
after the firing of the mine. It is stated, how- 
ever, that the earth tromor was felt almost instan- 
taneously, whilst the firing-key was still de- 
pressed. Thirty-five seconds after the explosion 
the greater part of the débris had fallen; but 
for fully two minutes the air was still full of 
mist. The telegraph wires were torn off their 
posts in the neighbourhood of the explosion, but 
the posts themselves remained standing. The 
surrounding country was inundated by water for 
1000 yards in every direction, whilst fragments of 
the ship were distributed over a radius of 600 
yards. Soundings taken subsequently at the point 
where the fore end of the ship lay revealed a hole 
73 ft. deep, whilst in the middle of the canal, where 
the depth before the explosion was 9 metres, the 
depth was in places less than 6 metres. The de- 
struction of fish was enormous, 


Woop Srave Pire-Line. 


In connection with the electric light and power 
plant of Brigham City, Utah, it has been necessary 
during the last few years to construct a power- 
station wherein may be utilised the water of a 
stream which flows through a narrow cafion, the 
mouth of which is situated about 1} miles from the 
centre of the city. The stream has a rapid fall 
through the cafion, amounting to about 250 ft. per 
mile. The minimum flow of the stream is about 
20 cubic feet per second, and the water is diverted 
from the creek by means of a dam and intake. 
This structure is of wood, with gates of the same 
material. Part, or the whole, of the stream can be 
diverted into a wood stave-pipe 30} in. in diameter, 
which carries the water along the caion side down 
to the top of the riveted-steel drop-pipe which 
descends to the power-house. The total length of 
the wooden pipe is 5750 ft., or rather more than 
one mile. The alignment of the pipe is unusually 
direct compared with most pipe-lines of a similar 
nature built in cajfions. There are only seven 
curves on the line, the sharpest of which is 20 deg., 
and much of the pipe is considerably below the 
hydraulic grade-line. All changes of grade were 
made with vertical curves of long radius. The pipe 
was constructed of Oregon fir, the staves being 
made from 6 in, by 2 in. stock, and the butt-joints 
between them were made tight by means of tongues 
inserted in saw-cuts. The tongues were made of 
No. 12 gauge galvanised iron, 14 in. wide, and } in. 
longer than the thickness of the staves. When 
in place, the staves were encircled by iron bands $ in. 
in thickness. The bands were spaced from 12 in. 
(for all heads of watef not exceeding 25 ft.) to 3}} for 
a head of 106 ft. For air connections at the two sum- 
mits on the line, the action of valves, being uncer- 
tain, was not relied on; and instead of them there 
was placed at each summit an 8-in. vent-pipe which 
leads up the hillside from the main pipe to a point 
above the surface of the water in the intake. The 
pipes for the vents were made of No. 16 galvanised 
iron with joints both riveted and soldeicd, and 
each pipe was connected with the wood pipe by 
means of a cast-iron saddle. We learn from the 
Engineering News that the contract for the wooden 
pipe was let for the lump sum of 11,694 dols., 
which included building the pipe into place. The 
excavation of the trench, including grading for a 
change in the wagon road, cost 3900 dols. 


INTEGRAPHS, 


The planimeter and integrator have long been 
well known to engineers as ingenious labour-saving 
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instruments, by the use of which it is possible to 
substantially reduce a large amount of tedious 
arithmetic, otherwise unavoidable. Integraphs, 
however, are less well known. The instruments, 
the practical development of which has been 
largely due to the labours of Mr. Abdank-Abak- 
anowicz, differ from the integrator in that the 
desired integral is read from a curve drawn by the 
machine, instead of from a series of graduated dials 
andavernier. A pointer fixed to the instrument is 
made to describe any curve the area of which is re- 
quired, and a tracer connected by suitable link- 
work to this point, at the same time draws a 
second curve, the ordinates of which at any point 
represent the area of the first curve up to the 
corresponding point. This integral curve can, 
in its turn, be treated in the same way, the in- 
tegral curve for this second curve having ordinates 
proportional to the moment of the area of the 
original curve about its axis of reference. If, again, 
this moment curve is integraphed in its turn, the 
ordinates of the integral curve then obtained show 
the moments of inertia of the original area about 
the axis of reference. It will be seen that each 
curve is derived in succession from a predecessor, 
and it might readily be imagined that the errors 
made would be cumulative, in which case those of 
the moment of inertia curve might be large. It is, 
however, a well-known axiom in mathematics that 
small errors, if, as is usual, positive and negative 
values are equally likely, tend to disappear in 
integration, so that the machine is free from 
the drawback suggested. A great advantage it 
possesses as compared with the integrator is 
that it gives a permanent record of the results 
obtained, which can thus be checked at any time ; 
and that whilst the integrator gives at one opera- 
tion but the one value of the integral sought, the 
integraph gives the general value, or, expressed 
in mathematical language, whilst the integrator 


gives fi ydz, the integraph gives fo ydx. This 


property makes it exceedingly useful for certain 
calculations connected with the displacement, 
stability, and strength of ships. A highly in- 
teresting paper describing its advantages in such 
work was recently read before the Institution of 
Engineers and Shipbuilders in Scotland by Mr. J. 
G. Johnstone, B.Sc., who had occasion to use it 
extensively in executing some special calculation 
work for the Admiralty Committee on Torpedo- 
Boat Destroyers. 


YOKOHAMA AND TOKIO. 


The harbour of Nagasaki is one of the best 
natural harbours in the world; that of Osaka is 
being extended. The bay of Tokio covers a great 
expanse, and on the map, or even looked at from 
the shore, it almost seems an ideal harbour ; but, 
unfortunately, it is very shallow. This shallow- 
ness, indeed, accounts for the existence of Yoko- 
hama, which is situated at its entrance, at a dis- 
tance of about 18 miles from Tokio. Before the 
advent of foreigners, Yokohama was only a fishing 
village, and it was selected by the merchants as a 
suitable landing-place for foreign goods, for distri- 
bution in Tokio and the neighbouring country. 
They would have preferred to have gone direct to 
Tokio (or Yedo, as it was then called), but there 
were not only political but also physical difti- 
culties in the way. In 1872 the first railway in 
Japan was opened between Yokohama and Tokio ; 
but the Japanese have never lost sight of the 
desirability of deepening the bay, so that vessels 
of considerable size might be able to land their 
goods at Tokio. Many schemes have, from time 
to time, been proposed, but circumstances have 
always prevented them being carried out. 
again, they are being revived ; and a few weeks 
ago the Sper of Yokohama, Mr. Ichihara, sum- 
moned a meeting in the Chamber of the Pre- 
fectural Assembly, consisting of members of 
that assembly, of the Town Council, and of 
the Chamber of Commerce, for the purpose 
of discussing the subject. He pointed out that 
the Officials of the Government, as well as Count 
Okuma, fully recognised the necessity of improving 
the harbour. Count Okuma, indeed, had said that 
a time of war was particularly favourable for 
inaugurating such enterprises, as men’s minds 
were in an expansive and daring condition. 
The Mayor therefore urged that the citizens 
of Yokohama should lose no time in com- 
pleting their investigations. The result was 
the election of a special committee to con- 


Now, |' 


sider the whole subject, and to report to a 
future meeting. Referring to this matter, the 
Nichi Nichi Shimbun has an editorial article in 
which is noted the extraordinary development of 
the Japanese mercantile marine in recent years. 
1895 the number of vessels borne on the Japanese 
register was 528 steamers of 331,000 tons and 173 
sailing ships of 29,000 tons; or a total of 701 
ships and 360,000 tons. But the latest statistics 
show that the steamers have increased to 1309, 
representing 882,000 tons, and the sailing ships to 
3564, representing 323,000 tons ; or a total of 4873 
vessels and 1,205,000 tons. In ten years there 
has been more than a threefold increase. At the 
same time, the country’s foreign trade having 
developed largely, there has been a corresponding 
growth of foreign vessels entering Japanese ports. 
In 1895 the number of such vessels was 1142 and 
their tonnage 2,210,000 tons, but in 1904 the corre- 
sponding figures were 4504 ships and 10,270,000 
tons. 








LAUNCHES AND TRIAL TRIPS. 

On Monday, the 2nd inst., the new steamer Harley ran 
a satisfactory official trial trip in Hartlepool Bay, averag- 
ing 11 knots in bad weather. The vessel is over 375 ft. 
in length. She was built by Messrs. Furness, Withy, 
and Co., Limited, Hartlepool, for London owners, and 
has machinery y Messrs. Richardsons, Westgarth, and 
Co., Limited, Hartlepool. The cylinders are 24 in., 
39 in., and 66 in. in diameter, with a 45-in. stroke, steam 
being supplied by two boilers 16 ft. by 10 ft. 9 in. long, 
180 lb. working pressure, and built to pass German law. 





Messrs. Ramage and Ferguson, Limited, Leith, on 
Wednesday, the 4th inst., launched a powerful steel 
screw salvage and cargo steamer, built to the order of the 
Perim Coal Company, Limited (Messrs. Hinton, Spalding, 
and Co., managers), Liverpool. The dimensions of the 
vessel are:—Length between perpendiculars, 150 ft.; 
breadth, moulded, 30 ft.; and depth, moulded, 13 ft. 6 in. 
The vessel has been specially designed for salvage and 
trading at Perim. The machinery consists of a set of 
triple-expansion engines, with cylinders 17 in., 27 in., 
and 45 in. in diameter, with a stroke of 33 in., supplied 
with steam from one large single-ended boiler, working 
at 180 lb. pressure, and capable of driving the vessel at 
a high speed. The vessel was named Meyun. 





The trial trip of the s.s. Jane Rowland took place on 
Thursday, the 5th inst. from Ayr. The vessel was built 
recently at the Ayr yard of the Ailsa se gp Com- 

any, Limited, of Troon and Ayr, to the order of Messrs. 
William Rowland, Liverpool. The new steamer is 150 ft. 
in length, 24 ft. 3in. breadth, and 11 ft. 8 in. depth, 
moulded, and at her trial was loaded with 385 tons dead- 
weight. Machinery of the compound surface-condensing 
type has been supplied by Messrs. and Duncan, 
Govan. The mean speed attained over the measured 
mile was 114 knots, which was considered highly satis- 
factory. 





There was launched on Thursday, the 5th inst., from 
the yard of Messrs. Murdoch and Murray, Port Glasgow, 
a steel twin-screw steamer the Indio do Brazil, built to the 
order of the Amazon Steam Navigation Company, 
Limited, London. The dimensions are :—Length, 150 ft.; 
breadth, 33 ft.; depth to promenade deck, 17 ft. 6 in. ; 
and the vessel can accommodate upwards of forty first- 
class passengers. Twosets of triple-expansion engines of 
— power will be supplied by Messrs. David Rowan 
and Co., Glasgow. 

On Saturday, the 7th inst., the steamer Florenz, built 
by the Flensburg Shipbuilding Company to the order of 
Mr. Rob M. Sloman, Jun., Hamburg, left the Flensbu 
harbour for her official trials. The vessel’s —- 
dimensions are as follow:—Length over all, 280 ft. ; 
length between perpendiculars, 269 ft. 7 in.; breadth, 
extreme, 37 ft. 6 in.; depth, moulded up to spar-deck, 
23 ft.; and she has a a carrying wants of about 2700 
tons. The steamer is built to German Lloyd’s 100 A 4 L 
class, and is fitted with triple-expansion engines of 1000 
indicated horse-power, which are capable of giving the 
steamer a speed of about 10 knots when loaded. 


3 


There was launched from the yard of Messrs. Earle’s 
Shipbuilding and Engineering Company, Limited, Hull, 
on Wednesday, the llth inst., the Dauntless, a steam 
trawler, built to the order of Mr. John Hollingsworth, 
Hull. Her dimensions are 130 ft. by 22 ft. 5 in. by 
12 ft. 10 in. depth of hold. She has been built under 
Lloyd’s survey, and is intended for the Iceland trade. 
She is fitted with a,whale-back, and specially constructed 
to encounter heavy. weather and to provide a shelter for 
the deck hands forward, The machinery will consist of 
a set of triple-expansion engines, with an extra large 
boiler capable of developing 500 horse-power at sea. 








The turbine-driven steamer Maheno has just been com- 
leted by Messrs. William Denny and Brothers, Dum- 

mn, for the Union Steamship Company, of New 
Zealand, and is the second turbine-driven steamer pos- 


sessed by them. Her dimensions are :—Length, 400 ft.; 








breadth, 50 ft.; depth, 33 ft. 6in. moulded to —e 
deck ; and she has almost a complete shade deck, with a 





boat deck over a large portion thereof. She is elaborately 
fitted out for passengers, of whom she will carry 223 
first-class, 116 second, and 60 third-class. The trial had 
to be carried out with not less than 300 tons of déad-weight 
on board, but there is capacity for more cargo. At her 


In | first official trial, at full power, with all boilers in use, 


the Maheno easily attained a mean speed of 17.5 knots, 
and at the second trial, which had to be done with a third 
of the boilers shut down, the speed maintained for six 
hours was 16.4 knots—considerably over the guarantee. 
The vessel is pro by a set of Parsons patent tur- 
bines, construc’ by Messrs. Denny and ., Dum- 
barton. There are three turbines, one high and two low- 
pressure, working three shafts, with three propellers in 
all. The go-astern turbines are contained within the low- 
pressure, and work on the wing-shafts. The reversing. 
gear is rticularly well arranged, the whole of the 
engines being easily controlled by one engineer. Steam 
is supplied by four cylindrical tubular boilers, two double- 
ended and two single, at a working pressure of 150 lb. 
"mad square inch, and fitted with Howden’s system of 
orced draught. The auxiliary machinery is very com- 
plete, and consists of air and circulating-pumps to each 
main condenser, each set consisting of two Edwards air 
pumps and one centrifugal-pump, driven by simple two- 
cylinder engines; two of Weir’s feed-pumps, auxiliary con- 
denser with necessary pumps, two — duplex pumps 
for bilge and ballast purposes, a Caird and Raynor dis- 
tiller, and a vertical duplex wash-deck and fire-engine, 
suitable for working See’s ash-ejector, sanitary pump, 
steward’s pump, water-service pump, oil-pumps, &c. 








DutoH Fietp ARTILLERY.—The Dutch Government 
has adopted for its new field artillery armament the 
Krupp gun, with hydraulic brake, spring recuperator, 
and shields. The gun selected is similar to the one 
already ordered by the Swiss Government, but it has a 
slightly higher initial velocity. On the other hand, the 
weight of the projectile is less.. The material ordered 
consists of 204 guns and 408 wagons. Further, 200 ammu- 
nition wagons for ee will be obtained by transforming 
existing serviceable wagons; the latter, as well as the 
manufacture of a portion of the ammunition, will be dealt 
with by home workshops. The total expenditure will 
amount to 560,000/., about one-fifth of which will be ex- 
pended among national industries. 





Mersty Docks.—The total revenue of the Mersey 
Docks and Harbour Board for the year ending July 1, 
1905, amounted to 1,694,435/., and the expenditure to 
1,536,737/., leaving a surplus of 157,698/., of which 100,000/. 
has been carried to the sinking fund. The total indebted- 
ness of the board, represented by bonds, debenture stock, 
&c., amounts to nearly 24,500,000/., being an increase of 
about 2,000,000/. during the past year. This increase was 
due to additional dock works. The sinking fund stands 
at over 3,500,000/. The total tonnage of vessels using the 
port during the past twelve months was 15,996,387, being 
an increase of 370,146 tons over the previous year. The 
rates and dues received on goods and ships were 1,344,560/., 
an increase of 24,435/. 





UNGINEERING TRAINING.—Mr. Bonaparte, Secretary of 
the United States Navy, is impressed with the necessity 
of re-establishing a system of engineering training. This is 
the direct result of a report made by a court of inquiry into 
a recent disaster on the Bennington, which showed that 
something must be done, sooner or later, in the way of 
specialised training of the commissioned personnel if the 
service is to maintain efficiency afloat. Some time since 
it was proposed to use the United States ship of war 
Cincinnati, for training men for duty in mechanics, and 
about 300 men were selected for this sort of instruction. 
Nearly all of them were trained with a special view to 
their service as firemen, coal-passers, and machinists ; 
and if the ship had not been diverted from this valuable 
function by being — to the West Indies, directly 
profitable results would have been attained. 





Tue ‘‘ AuLp Bric” or Ayr.—In a previous issue (page 
388 ante) we narrated the circumstances connected with 
the proposal to preserve this structure, spanning the River 
Ayr at the county town of Ayr, owing to its archwo- 
logical and literary interests. We then stated that the 
reports made by engineering experts had been submitted 
to Sir William Arrol, and at a meeting this week of the 
Ayr Town Council a report by Sir William was sub- 
mitted. In this he indicated that there were no doubt 
merits in the proposal for preservation ; but that, on the 
whole, he thought they were impracticable in the present 
condition of the old bridge, and he therefore advocated 
that, in ment with the suggestion of Mr. Hall 
Blyth, of Hiinbargb, the bridge should be reconstructed, 
the stones at present forming the face, &c., being carefully 

reserved and used in re-erection. As, however, there have 
— representations by influential authorities in favour of 
the preservation of the bridge, if such be possible, the 
Town Council have passed the following resolution: — 
“That in view of the snenahy cxpoesed opinion of emi- 
nent engineers and many influential members of the public 
that the “ Auld Brig” can; Without danger, be restored 
and preserved without being taken down, and also that 
the said members of the public have pp their 
willingness to find the money required for this work, the 
council resolve to delay carrying out operations on the 
bridge for a period of four months from this date, to 
allow the ond | persons an opportunity of providing the 
means for the restoration and preservation, and also of 
satisfying the council that the methods they propose for 
such restoration and preservation will be such as to 





ensure permanency.” 
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PELTON WHEEL WITH ADJUSTABLE NOZZLE FOR THE GLYN SLATE COMPANY. 


CONSTRUCTED BY MR. PERCY PITMAN, ENGINEER, BOS 











Fic, 


WE illustrate on this page a Pelton wheel fitted with 
a new pattern of variable-discharge nozzle recently 
introduced by Mr. Percy Pitman, of Bosbury, Led- 
bury, Herefordshire. The wheel shown is 5 ft. in| 
diameter, and ‘has been built for the Glyn Slate | 
Company, Limited, of Glyn, North Wales. 

Generally Pelton wheels are used with considerable | 
heads, but in this case it was desired to make use of a} 
relatively low and variable fall, which sometimes does 
not exceed 50 ft., and it was also important to secure | 
a high efficiency under all conditions of working, com- 
bined with close regulation as to speed. The wheel | 
shown is stated to have given 84 per cent. efficiency | 
at all nozzle-openings, and the speed variation under | 
changes of load did not exceed 2 per cent. when the | 
regulating-screw was connected with the governor. 
The latter began to operate when the speed rose by 
one-third of 1 per cent. above the normal. This very 
close regulation was partially due to the fact that a 
heavy fly-wheel, 5 ft. in diameter, is mounted on the 
main shaft, as shown in Fig. 1. At full load the wheel | 
develops 25 brake horse-power, but with a higher head | 
similar wheels are now developing 500 brake horse- | 
power. The general appearance of the wheel is well 
shown in Fig. 1, whilst a section through the wheel and 
casing is represented in Fig. 2, a portion of which has 
been reproduced to a larger scale in Fig. 3, soas to make | 
clearer the details of the regulating-nozzle. The nozzle 
is made in two parts—a fixed portion N and a — 
snout F, The latter is carried by a frame pivote 








1. 


P 
allow access to the nozzle and wheel, if desired. The | 

wheel makes 108 revolutions at normal speed. The 
diameter of the supply-pipe is 12 in., and the nozzle 
at full opening measures 3} in. by 5in. In addition to 


the regulating-nozzle, a sluice-valve is fitted, as shown, 


|as well as a spring-loaded relief-valve, to prevent | 
danger from water-hammer im case the es 
€ , 


nozzle was suddenly closed. A pressure-gauge is fitte 
as represented, which shows the height of water in the 
reservoir. Centrifugal splasher-rings are mounted on 
the shaft to prevent water finding its way through the 
casing at the shaft journals. 

The wheel illustrated is fitted with one nozzle only, 
but where large quantities of water are available a 
number of jets can be arranged to act on the same 
wheel, and these can be closed in succession by the 
governor. 








NatTuRaAL A.toys or Iron AND Nicket.—In the 
American Journal of Science, George S. Jamieson com- 
pares newly-found sources of these alloyed metals with 
the other known sources throughout the world, and sug- 
gests the name ‘‘ Awarnite,” given to the prototype, 
should be retained for the several varieties. The per- 
centage composition is given in the subjoined table. No. 1 
represents thin sections of water-worn pebbles of *‘ Jose- 
phinite ” from Josephine County, Oregon, which con- 


sisted of the alloy in a spongy form, binding together | 
and enclosing particles of serpentine. The analysis is | 


upon the basis of 24.15 per cent. of‘ insoluble silicate de- 
ducted. No.2 is of a similar alloy from Smith River, 


at P, and can be moved in front of the fixed portion | Del Norte County, California, and is upon the basis of 
of the nozzle by means of the screw gear shown. The| 9.45 per cent. of magnetite and a very little chromite 
opposing surfaces at the joint between the moving and | deducted. It is a metallic sand, with the grains of very 
fixed portions of the nozzle are accurately machined | uniform size, 0.15 millimetre in diameter, obtained from 
to a fit, so as to avoid leakage at “partial” opening. | gold washings. It has a specific gravity of 7.85. No, 3 
To the lower portion of the fixed part of the nozzle | 18 of “* Awarnite, New Zealand, given upon the authority 
is bolted a tongue or guide E, of phosphor bronze, | of W. Skey. No. 4 isof a ee ee ee 
which fits accurately between the arms, on which the | Piedmont, _ her ur bs pee ority of A. i h wd 
moving piece F is mounted. It will be seen that the| of ** Josephinite, | from sagen, Eevee, epee © o aut » 

ste. |. ~ * “ye “ rity of W. H. Melville. No. 6 is of ‘‘ Louesite,” from 
inlet edge of the moving piece F is rounded off, with | British Columbia, given upon the authority of G. C. 
& view to giving an easy entrance to the water at al Hoffmann. They Ps a certain uniformity in composi- 
openings. The stream which flows out is found to be | tion, though they do not exactly correspond to a detinite 
clear and transparent at all stages of opening, the! compound of iron and nickel. Fe Ni; and Fe Ni: corres- 
eiliciency observed being 98 per cent. | pond to 76 and 67.8 per cent. of nickel respectively. 

ne ae are each secured to the wheel by two| 
turned-steel bolts. They are all brought to the same! number , ss : Phos- |. 
weight before fixing in order to ensure that the wheel | of Alloy. '"°”- Nickel. Cobalt. Copper. horus, |St!phur. 
shall run in balance. The dividing-wedge in each har Nae 




















: : 
bucket is ground to a knife-edge. The wheel-centre) , (25, HS: bi PL Bos | (Goo 
1s a pressed-steel plate turned all over and carefully 2 |2145 76.60 | 1.19 0.66 | 0.04 0.06 
b lenaee The shaft is of Siemens-Martin steel, 5 in. 3 | 31.02 67.63 | 0.70 nil 0.04 0.06 
in diameter, with collared journals turned out of the ot 
ent; ; < 2 . .60 75.20 » | 0.06 0.06 
solid. Ring-lubricated bearings are fitted. The casing : 999 71.35 0.65 0.59 nil nil 
is of steel plate riveted to angle-irons, and caulked so| 6 22.30 76.48 nil 1.22 ” | » 


as to be water-tight. The upper half is removable to | 


BURY, LEDBURY. 
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| Ten Years’ Coat Exrorts.—The gradual growth of 
| our export coal trade is reflected in the increase of the 
apnual value of the shipments, which has been very 
appreciable during the Jast ten years. This is indicated 
| by the following table :— 


Year. Vali e. Year. Value. 
£ 
1895 14,600,326 1900 36,409,614 
| 1896 14,379,712 1901 28,744,084 
1897 16,584,542 1902 26,307,351 
1898 17,155,823 1903 26,036,303 
1899 21,690,394 1904 25,491,414 


| It will be observed that 1900 was the record year, but this 
was largely due to the fact that prices were then at an 
unusually high level. The export duty of 1s. per ton 
imposed in 1901 appears to have had little or no effect 
upon the progress of the exports. 





METALS AND CaRBIDES OF MrtTALs.—The production 
|of calcium carbide, when a mixture of fused calcium 
| fluoride and calcium chloride is electrolysed, using a 
carbon cathode, has been observed by H. Moissan, who 
has established the fact that lime is not attacked hy 
carbon at the temperature of the oxy-hydrogen flame ; 
but as crystals of calcium silicate are formed on the lime, 
Moissan concludes that silica has a distinct vapour pres- 
sure at this temperature. He has obtained a new molyb- 
denum carbide (MoC) by heating in the electric furnace 
|a@ mixture of molybdenum, carbon, and aluminium. 
| Moissan and O’Farrelley have shown that binary alloys 
| of metals which do not form carbides may be fenablondlly 
distilled in the electric furnace, and that copper, zinc, 
cadmium, lead, and tin may be completely or partially 
| separated in this way. Zinc and cadmium may be sepa- 
| rated from their alloys with copper, the alloys of copper 
and lead behaving like ether and water; tin and lead 
comport themselves like mixtures of alcohol and water, 
all leave a residue of pure tin; whilst copper and tin 





alloys behave like formic acid and water, yielding an 
|arey. of constant boiling-point, containing 60 per cent, 
of tin. 
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INDUSTRIAL NOTES. 


Tue Times of India has been calling attention to the 
treatment of the cotton operatives in the Bombay 
spinning mills and in the weaving factories. The 
indictment is a strong one; the present system and 
conditions of labour are described as ‘‘a degrading 
and disgraceful spectacle of cold-blooded inhumanity.” 
All the mill-owners are not equally condemned, but 
it would appear that the managers and jobbers are to 
be blamed in even the better class of mills and fac- 
tories for conditions so insanitary as to include ‘an 
atmosphere that is literally gaseous sewage.” This is 
altogether deplorable. The conditions have become 
worse since the introduction of the electric light in 
the mills and factories. Previously the operatives 
only worked during daylight, but now they are con- 
demned to work longer hours by artificial light. 
Out of 79 mills in Bombay, 39 are equipped with 
electric light. Of these, 16 work from 5 a.m. till 
8 p.m., with only the statutory half-an-hour in the 
middle of the day; 11 others work over 13 hours, 
and in some cases up to 14 hours; the other 12 
work from 12 to 13 hours, but not beyond 13 hours. 
Attention is called to the fact that the alertness of 
mind and eye cannot be maintained for 144 hours per 
day, especially under the conditions named. Th 
matter was brought under the notice of the mill- 
owners themselves in an outspoken speech by Mr. 
Petit on August 11 last. It is said by some that the 
hands are fairly healthy, but the investigator declares 
that their lives are shortened, and when they fall ill 
they go home to die. They are mostly drawn from 
the Konkan district, and one mill-manager said he 
‘*was surprised at the number of letters which he got 
reporting that the men who had gone to their homes 
through sickness had died.” n such cases the 
statistics of death would not credit the Bombay mills 
or the district with such deaths. The investigator 
‘* was struck by the better physical condition of the 
men in certain mills, and inquired the reason.” He 
was told that ‘‘ they were short-hour mills, and that 
such mills attracted the pick of the labour market.” 
The excuse given by some mill-owners for the long 
hours is, that as others work 14 or 144 hours, they can- 
not compete unless they do the same. That excuse 
does not and cannot cover everything, even in the 
labour market of India. 

The operatives, it appears, object to the long hours, 
even with the extra pay. It is alleged that the law as 
regards the employment of child labour is shamefully 
ignored or evaded. Some of the better class of mill- 
owners adhere to it; but many, it is said, ‘‘ appear to 
violate both the prescriptions of the law and the dic- 
tates of humanity by employing considerable numbers 
of helpless children for an excessive number of hours.” 
By law a child fourteen years of age becomes a man for 
all purposes in the mill. He is then liable to work the 
same hours as adults, so that the children alluded to 
above must have been under fourteen years of age. A 
case is mentioned of a small puny boy who was certified 
as being over fourteen years of age, but the inspector 
could not believe he was over nine. If of full age 
according to the law, he was physically fit to work 
fourteen hours in mills of the kind, with all their 
insanitary conditions. It is urged that the age at 
which children shall b2 allowed to work adult hours 
shall be raised to sixteen, between which and fourteen 
years of age they should be examined as to physical 
fitness. Better inspection is also urged, and extended 
powers are asked for the inspector. ‘Will not some 
Governor-General of India see to it that the condi- 
tions of labour in India are not so bad as to be de- 
scribed as ‘‘ cold-blooded inhumanity ?” 





The recent German Socialist Congress attracted less 
attention in this country than some previous ones 
by reason, perhaps, of there being fewer scenes, and 
those not of a very exciting character. There were 
some hard hits in various speeches, but generally the 
congress was quiet and businesslike. On that very 
ground it is probable that its influence will be wider and 
of more importance. The one thing that was conducive 
to order in the proceedings was the decision that the 
differences between the leaders and the several sections 
should be referred to a committee with the view of 
securing a common basis of action, a compact union of 
forces, political, social, and industrial. This will 
make the German Socialists more powerful, and, in 
the eyes of the Government and of the bureaucracy, 
more formidable and dangerous. But it is altogether 
questionable as to whether German Socialism is of the 
sime type as that in our own country, which demands 
that all the means of production, distribution, and 
exchange shall be in the hands of the Government. 
The Socialists may clamour for more law, but the 
Anarchists clamour for less law. Neither section is 
right from a national or from an industrial point 
of view, and the two forces help to neutralise each 
other. The most important and far-reaching declara- 
tion in the congress was Herr Bebel’s pronouncement 
in favour of the principle of a general strike. He 


wa; careful to guard himself to this extent—that he 





only favoured ‘‘the principle.” Its application must 
be left to time and circumstances. But the declara- 
tion will lead many of the rank-and-file to believe that 
a general strike is the one thing needful for the pur- 

oses aimed at, whatever these may be. The policy 
in itself is wrong. It is like destroying the commis- 
sariat of an army. Those in work support those who 
are out; if all are out, where is the support to come 
from? It means starving altogether—not starving by 
sections or group3. But the declaration may not 
so harmful as it looks, for in each case of dispute the 
workers will have to decide if a general strike is 
advisable under the circumstances. 

The great labour conflict in Germany is not without 
significance to workers and employers alike in this 
country. The dispute in itself is a sign of the times, 
inasmuch as the labour question is gaining a predomin- 
ance in the public eye, and seems destined to grow. 
This does not prove that the strike is necessarily right, 
but it is the trend of opinion, translated into action. 
The four great electrical companies engaged in the 
conflict form a combine, the whole constituting in effect 
a monopoly in the great city of Berlin. The com- 
panies pay to the Municipal Council of Berlin 10 per 
cent. of their gross income, and yet they are bound 
to supply electricity at fixed rates. The profits last 


€| year worked out as follows :—The shareholders re- 


ceived 2,394,000 marks, while the City Council re- 
ceived 2,846,295 marks. Thus the city, without risk 
or trouble, got more in amount than the share- 
holders of the four great companies, and the thirteen 
establishments connected therewith. At the end of 
last week the reports indicated that there was likely 
to be a collapse of the strike, as the men were 
unprepared for the struggle, and the funds were 
coming in but slowly for the support of the 
strikers. It is said that non-union men were re- 
turning to work, and some of the leaders were favour- 
able to surrender. The total number on strike and 
locked out was estimated at 65,000 men; if those who 
threatened to strike in sympathy came out, the aggre- 
gate would reach something like 80,000 or 100,000. 
Up tothe time of writing, reports state that the men 
generally have behaved in the best possible way, 
with no indication of disorder, except in one quarter. 





The Amalgamated Engineers’ Monthly Journal states 
that the total membership at date was 97,361. The 
proportion of unemployed members decreased consider- 
ably from the end of 1904 till the end of June. In 
July and August there was little difference, but the 
total had fallen from 6500 in January to 4000 at the 
end of June. In September there was no further di- 
minution, but August and September are more or less 
holiday months, when all who can take a holiday. 
The most important note in the Journal is that which 
deals with the recent Trade Union Congress. It speaks 
of it as ‘‘ an interesting survival of times and methods 
which are passing away.” It deplores the fact that 
there are three bodies in existence to which the unions 
have to pay but it does not favour amalgamation, as 
the incongruous character of the bodies named would 
rather tend to confusion that to unity. It is best, the 
Journal says, to let each body go its own way, and let 
adjustment come by the logic of events. it admits 
that ‘‘ the cause of labour is weakened by the over- 
lapping of three authorities covering the same ground, 
and the rivalries and jealousies inseparable therefrom, 
but looks to the next General Election to clear the 
ground. In this number are appreciations of William 
Morris, an article on the Land Question, some notes 
on Belgium, and a continuation of the articles on the 
origin and progress of the steam-engine. It is curious 
that Morris, like Ruskin, deprecated the extension of 
railways into such places as the Lake District ; and that 
the engineers should support a theory which would 
lessen their scope of wok. 





Tho Ironworkers’ Journal states that over 6000 more 
men are employed in the iron and steel trades than was 
the case a year ago. The figures are worked out in the 
several departments or sections, showing where more 
are employed, or more shifts worked, than a month 
ago ora yearago. The Journal gives valuable infor- 
mation, statistical and otherwise, as to the state of 
trade in foreign countries as well as in our own, and 
upon the profits of production, both in Germany and 
in the United Kingdom. The articles are pertinent 
to the interests of the iron and steel workers; the 
Journal is the firm and constant friend of conciliation 
in labour disputes, and has been since its establish- 
ment. 

The Wages Board for the Midland districts has not 
yet finally agreed upon all points as regards the basis 
of wages, but it has again followed the Northern scale, 
leaving the rates of the wages for puddlers and others 
unchanged for the present. There are anticipations of 
an advance at the next ascertainment, either on the 
basis of the new scale as settled, or on the lines of 
the North of England Board. 

Representatives of the Engineerin 
Federation and of the Pattern-Makers he 


Employers’ 
ld a private 


be} as iron-moulders, smiths, and other sections. 


‘conference in Glasgow last week for the purpose, if 
| possible, of closing the strike, which had lasted twenty- 
ive weeks. After a prolonged sitting the two parties 
mutually agreed upon terms which permitted an im- 
mediate resumption of work. It is understood that 
both sides made concessions with a view to a settle- 
ment of the dispute. It is satisfactory to find that 
this is so, for the suspension of work by the Pattern- 
makers has affected other branches of engineering, such 
It is 
fortunate that arrangements have been made, for 
work on the Clyde is becoming more and more active 
in all branches. 

The report of the Associated Iron-Moulders of 
Scotland records improvement in the state of trade 
and an increase in membership. ‘The total number of 
members was, at date, 7584. There were fewer on 
idle benefit by 64, which, as the report says, shows thu 
trend of trade. There would have been a further 
decrease in non-employment but for the pattern. 
makers’ strike, which had lasted nearly six months, 
with the usual result that members suffered indirectly 
from the stoppage of men whose duty it is to prepare 
for moulders and others. Financially there was also 
a gain on the month’s working. The total income was 
1963/. 15s. 2d.; the outlay, 1944/. 14s. 6d.; thus 
giving a gain of 19/. 0s. 7d. The increase in funds 
was not much; but it has reversed the record of a 
decrease, which was becoming almost normal. There 
was an increase in contributions, which is always a 
healthy sign. The decrease in idle benefit was com- 
paratively small; but that may arise from the fact 
that the decrease in the number of unemployed was 
more felt towards the end of the month than earlier. 
The society is not without its disputes; but theso 
seldom attract much notice, because the iron-founders 
and the iron-moulders of Scotland do not, as a rule, 
strike and then picket the shops ; they'simply notify 
to the members that such and such shops are closed to 
the members, and they cease to seek employment in 
them. In eight Scottish towns the shops are closed 
to members, and in England and Ireland there are 
seventeen shops closed to the iron-founders, so that in 
all twenty-five shops in the United Kingdom are closed 
to members of the two societies. There is no fuss 
about it ; the shops are nut picketed, so that there is 
no danger of disturbance ; but members of the two 
unions are barred from obtaining employment there. If 
this were obviated, by concessions or otherwise, the 
number out of employment would be less than it 
now is. 

The National Union of Boot and Shoe Operatives 
has again had to report that trade is quiet—slightly 
worse than in the previous month, but better than a 
year ago. There was a decrease of nearly 1 per cent. 
in the wages paid in the firms reporting, but an increase 
of 3.2 per cent. compared with a year ago. The 
quietude in this branch of trade is due to two causes : 
(1) to the increased productiveness of machinery, and 
(2) to the dire necessity of the wage-earning classes to 
curtail the foot-gear of their families ; for when the 
breadwinners are out of work they think of food first, 
clothes and foot-gear afterwards. The report points 
out that the crying need of the times, in this and other 
countries, is shorter hours of labour and higher rates 
of wages, so as to ensure ‘‘a more ratioual system of 
living.” Hope is expressed that the result of the 

eneral unrest will be ‘‘ the attainment of better con- 

itions for all who labour for a livelihood.” Labour 
disputes were more frequent in the month, but they 
were not of a very serious character. 





The iron market continues to show signs of improve- 
ment with accelerated speed, indicating that there is 
an increased demand_by the users of iron and steel. 
Some say that the increased activity is due to demands 
for export purposes, but home consumption also needs 
further supplies. In the Wolverhampton district there 
was a brisk demand all round ; marked bars were very 
firm at full rates, while common merchant bars ad- 
vanced 5s. per ton, as also did black sheets. Steel was 
also in active demand. In Birmingham the market 
was very strong; common bars advanced 5s. per ton. 
Strip iron also was advanced in common with the 
advance in Scotch strip. Generally, it is reported 
that makers are fully booked to the end of the year, 
and do not care to be engaged further. For all kinds 
of sectional iron the demand is unusually active at the 
present time. J 7 { 

In consequence of the heavy buyings in the iron 
market during the previous two or three weeks the 
business put through on the Manchester ‘Change last 
week was not large. The advance in Cleveland war- 
rants caused some stir, and a further advance took 

lace in Scotch iron. Finished iron showed no chan ge- 
eel and steel products were variable, but prices in 
the end were normal. Generally throughout Lanca- 
shire the prospects have improved. 


A great scheme of conciliation is before the repre- 
sentatives of the cotton employers and cotton opera- 
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tives of Lancashire, which, it is hoped, will eventuate 
in a board of conciliation which will be able to avert 
strikes and lock-outs. A joint conference was first 
held in August last, when there was a prospect of a 
dispute ending in the stoppage of the mills and 
factories. The meeting on Friday last was the first 
outcome of that conference. The joint committee, 
which has been so long in existence, has done great 
good in the cause of peaceful negotiation ; but it is 
felt that a conciliation board will have greater 
authority, and will be able to deal with difficult 
questions better than the joint committee has been 
able to do. 

The wages of the iron and steel workers in South 
Wales and Monmouthshire have been advanced 24 per 
cent. from October 1, as a result of the report to the 
joint committee under the sliding-scale arrangement. 

Arrangements have been made for a special meeting 
of the Coal Conciliation Board, under the presidency 
of Lord James of Hereford, to consider and decide as 
to the reduction of 5 per cent. in miners’ wages 
claimed by the mine-owners. The date fixed for the 
meeting is to-day, October 13. 

Although the strike of the Glasgow pattern-makers 
has been settled, as previously stated, the strike of 
plumbers, unfortunately, continues ; it has lasted now 
over twenty-three weeks, and it appears that the 
Amalgamated Society of llumbers expect it to last 
much longer, as a national levy in —— of the men is 
proposed, All plumbers are to be asked to contribute, 








Goops TrarFic ON Russian Waterways. —The official 
statistics for the year 1904 give the following particulars 
as to goods transport on the interior waterways of Russia, 
exclusive of those of Poland, Finland, and the Caucasus. 
The figures comprise, for comparison, the years :— 


On Vessels. On Rafts, &c. Total. 
Poods P 


Poods. , 8. 
1904 —.....: 1,545,000,000 857,000,000  2,402,000,000 
1903 __—... 1,458,000,900 772,000,000  2,230,000,000 
1894 ... 867,000,000 578,000,000 1,445,000,000 


Average of ten years, 1894-1903 :— 
1,118,000,000 694,000,000 1,812,000,000 


With the exception of the year 1902, the traffic in ques- 
tion steadily inc In the Volga district the traffic 
during the year 1904 amounted to 1,317,000,000 poods of 
goods, or 54.8 per cent. of the total traffic on the water- 
ways, showing an increase as compared with the previous 
year of 125,000,000 poods. The Neva district, together 
with Lake Ladoga, Lake Onega, and Lake Ilmen, 
account for 296,000,000 poods, against 291,000,000 poods 
the previous year. The Dwina, with tributaries, is re- 
sponsible for 92,000,000 poods, against 96,000,000 poods in 
1903. The Dnieper district accounts for 301,000,000 poods, 
against 280,000,000 poods in 1903; and the Diina, with 
its tributaries, for 153,000,000 poods, against 128,000,000 
poods the previous year. The increase here, as well as 
on the Dnieper, is principally due to the rafts. The 
figures for the Niemen were 100,090,000 poods ; for the 
Don, 62,000,000 poods ; for the Bug, 24,000,000 poods ; for 
the Dniester, 10,000,000 poods ; for the Narowa, 39,000,000 
poods, &c. (One pood equals 36 lb.; 62 poods equal 1 ton.) 





NeEwcasTtLe TRAMWAYS.—The length of tramway per- 
manent way worked by the Town Council of Newcastle- 
on-Tyne at the close of March, 1905, was:—City of 
Newcastle, 49}? miles, owned by the Council; borough 
of Wallsend, 1} miles; and urban district of Gosforth, 
34 miles, owned by the Tyneside Tramways and Tram- 
roads Company. The total revenue for the year ending 
March 31, 1905, was 197,493/., while the working ex- 
penses of the twelve months was 126,338/., showing a 
gross profit of 71,1552. The number of passengers carried 
during the year was 43,069,934, and the number of car- 
miles run was 4,326,152. The ratio of the working expenses 
to the traffic receipts was 64 per cent. The average 
speed at which cars were run was seven miles per hour. 
The number of miles per car run per day was 100, and 
the average total revenue per car-mile was 10.96d. The 
week-day traffic was pretty uniform last year, but the 
Saturday average was 8397. The highest number of 
passengers carried in any one week was 989,925, 
conveyed between June 18 and June 25; the receipts 
for that week were 49977. The lowest receipts in any 
one week were those from January 14 to January 21, 
when the total arrived at was only 33612. The number of 
passenger cars owned by the Newcastle Town Council at 
the close of March, 1905, was 185 ; 20 single-truck double- 
deck cars had been built in the corporation workshops, 
and two single-truck double-deck cars were in course of 
construction at the close of the tramway year. The wages 
paid to motor-men and conductors in the year ending 
March 31, 1905, amounted to 42,553/.; the wages of super- 
intendents to 14791.; those of other traffic employé3; to 
53882; those of peseee engaged in cleaning and oilin 
cars to 79782. ; and those of persons engaged in salting an 
§ wnding thetrack to 22052. The wages paid to inspectors and 
clerks amounted to 4640/., and uniforms and ges cost 
18187. The amount paid for accidents, insurance, and 
compensations for the year was 4067/. The cost of re- 
pairing and maintaining electrical equipment was 2066/. 
Salaries and wages at the power-house amounted to 4312/., 
and fuel and cartage of ashes cost 54612. The amount 
expended on capital account at the close of March, 1905, 
was 1,120,8677. 





STEEL USED FOR MOTOR-CAR 
CONSTRUCTION IN FRANCE.* 
By Leon Guittet, D.Sc. (Paris). 


No one can 1 pn the fact that the industry which, 
during the last few years, has had most influence on the 
metallurgy of the special steels is that of motor-car con- 
struction. This is not, however, surprising; the wide 
scope of this industry, for one thing, the marked differ- 
ence between the cost price and the selling price of its 
products, the heavy responsibilities which surround it, 
the abnormal working to which it subjects metals, and the 
lightness, which is one of their essential qualities, all are 
circumstances which have contributed to render it most 
exacting as to the quality and the properties of the metals 
of which it makes use. 

Neither should it be at all surprising that the leading 
firms should have decided to surround themselves by 
all the most modern scientific precautions, as to the 
acceptance of materials, to study the products most 
recently launched on the market, and even to inspire the 
creation of new ones that may be adequate to its require- 
ments. 

I therefore propose to indicate here the chief special 
steels actually employed in the motor-car industry. They 
can be divided into two principal groups :— 

I. Ternary Steels (alloys of iron, eaten, and of a third 
substance), and 

II. Quaternary Steels (alloys of iron, carbon, and two 
other substances). 

The chief ternary steels used are :— 

1. Nickel steels. 

2. Chrome steels. 

3. Silicon steels (often sold under the name of silico- 
manganese steel). 

The chief quaternary steels are:— . 

1. Chrome-nickel steels. 

2. Certain other steels, the composition of which has 
not been made public. 

I shall only deal, be it understood, with steel used in 
the actual construction of motor-cara, and not with the 
tool steel employed in motor-car poe I shall 
therefore entirely omit the subject of tool-steels, and 
meee of the rapid tool-steels which have of late 

een universally introduced into even the smallest shops. 


I. Ternary Specrat STeEzs, 


1. Nickel Steels.—The nickel steels utilised in the con- 
struction of motor-cars have generally been divided into 
three distinct categories :— 

(a) Steels with low nickel (1 to 6 per cent. ). 

(6) Steels with medium nickel (10 to 18 per cent.). 

(c) Steels with high nickel (25 to 36 per cent.). 

An observation should be made here. I have estab- 
lished, in an exceedingly detailed manner,} the fact that, 
like the constitution, the mechanical properties of nickel 
steels depend essentially on the sum C+ Ni. Now it 
should be fully recognised that the industry in general 
distinguishes a nickel steel by its percentage of nickel ; 
one constantly hears such expressions as a ‘‘ 2 per cent.” 
nickel steel, or a ‘‘25 per cent.” steel, &c. This ex- 
pression possesses no signification. 

It is therefore necessary to add to the subdivision 
adopted above the amount of carbon. High carbon steels 
(above 0.6 per cent. of carbon) are, however, only u 
when they contain a high percentage of nickel. The 
classification to be adopted will therefore be as follows :— 

A. Steel with low nickel (1 to 6 per cent.) and very low 
carbon (0.10 to 0.25 per cent. ). 

B. Steels with low nickel (1 to 6 per cent.) and medium 
carbon (0.25 per cent. to 0.40 per cent.). 

C. Steels with medium nickel (10 to 18 per cent.) and 
with medium carbon (0.20 to 0.25 per cent.). 

D. High nickel steels (30 to 36 per cent.) with low 
carbon (0.12 to 0.20 per cent.). 

E. High nickel steels (20 to 30 per cent.) and high 
carbon (0.600 to 0.800 per cent. ). 

We will examine seriatim the properties and applica- 
tion of these different steels. 


A. Streets with Low Nickeu (1 To 6 Per Cent.) AND 
Very Low Caxkson (0.10 To 0.25 Per Cenr.). 


These steels are used in place of ordinary case-hardened 
steels. As is well known, the operation of case-hardening 
consists essentially of placing a steel in some medium 
capable of imparting carbon to it, at a suitable tempera- 
ture ; after a sufficient interval, a steel is obtained the 
interior of which the same percentage of carbon 
as before case-hardening, but the exterior of which is 
much higher (0.80 to 1 per cent.). On quenching such a 
steel an extremely high degree of mineralogical hardness 
is obtained on the surface, while the centre of the piece is 
non-brittle, if, that is, the operation has been properly 
carried out. One generally uses steels containing 0.10 to 
0.25 per cent. of carbon for case-hardening. I have con- 
sidered the operation of case-hardening in detail in a 
memoir which was presented in July, 1903, to the Société 
des Ingénieurs Civils de France. I have shown how the 
different factors which take part in the operation act— 
e.g., the nature of the steel, that of the carburising 
substance, and the length of heating, and will not here 
recapitulate these points. I have, however, carried out a 
number of experiments on this subject since, and I = | 
here indicate the fresh conclusions to which 1 have arrived. 
In order to avoid all brittleness in the interior and ex- 
terior of the piece, and, at the same time, to obtain a high 


* Paper read before the Iron and Steel Institute at 
Sheffield, September 27, 1905. 

+ Bulletin de la Société @ Encouragement pour C Industrie 
Nationale, May and August, 1903. Aciers Spéciauzx, 
vol. i. (Dunod). 





degree of superficial hardness, and a very regular degree 
of carburisation,* it is necessary— 

1. To use a steel containing less than 0.12 per cent. of 
carbon, and with a low percentage of manganese (less than 
0.30 per cent.), and 

2. To case-harden (with a chemically definite material, 
such as a mixture of 60 parts of charcoal and 40 parts of 
barium carbonate) at a temperature between 850 deg. 
Cent. and 1050 deg. Cent.—the higher the temperature 
the more rapid the case-hardening—and allow it, after 
the operation, to cool down just below the transformation 
point (about 600 deg. Cent, ). 

3. To re-heat the piece and quench it at 900 deg. (just 
above the transformation point of the centre), this opera- 
tion having the effect of rendering the centre fibrous, 
After the heating, it is coarse grained ; but after quench- 
ing, the surface is brittle. 

4. To quench for a second time at 800 deg. Cent. (above 
the transformation point of the exterior), to render the 
skin non-brittle. Mr. Le Chatelier had advocated the 
following treatment after case-hardening—viz., re-heating 
to 900 deg. Cent., and ms at 800 deg. Cent. ; it 
will be found that the double quenching, under the con- 
ditions outlined above, will lead to a much more notice- 
able improvement. 

In any case, the methods by which it is possible to 
obtain with low carbon steel case-hardened pieces which 
shall not be brittle are exceedingly delicate. I sought, in 
1902, to remedy this state of affairs by employing special 
steels. With this object, a series of very low carbon 
steels, containing ascending proportions of different 
elements, such as nickel, chromium, and manganese, were 
submitted to case-hardening under identical circumstances. 
After the operation the ordinary steels were divided into 
three lots. One lot were simply quenched, on being 
drawn from the cementation-box, at 800 deg. Cent., this 
being the method most generally practised. The second 
lot were cooled after carburisation, re-heated to 800 deg. 
Cent., and quenched. The third lot underwent the doe 
quenching spoken of above. The special steels were 
subjected to one quenching only, at a temperature of 
800 deg. Cent. It was sought, in fact, to simplify the 
operation as practised on ordinary carbon steels, and it 
was unnecessary to determine the effect of the double 
quenching. The table on the next page gives the results 
obtained ; after case-hardening and quenching, the whole 
of the hardened layer was taken off by grinding, and test- 
pieces were cut from the centre, for Frémont impact tests 
on notched bars. 

This table shows, therefore, the considerable advantages 
which nickel steels possess. Manganese and chromium 
steels present no interest from the point of view of case- 
hardening. For the nickel steels it will be seen, first, 
that the proportion of nickel must amount to 2 per cent. 
to obtain the maximum non-brittleness ; and, secondly, 
by quenching once at 800 deg. Cent., results can be 4 
tained equal at least to those obtained on twice quench- 
ing ordinary carbon steel. From an industrial point of 
view this advantage is considerable, not only because of 
the saving of time, but particularly from the fact that 
this double quenching has obviously a much greater 
warping effect on the _— than the single quenching. 

The use of steel with but little carbon and a low per- 
centage of nickel has become general in the motor-car 
industry. As a rule, these steels contain from 0.10 to 
0.15 per cent. of carbon and 1.5 to 2 per cent. of nickel. 
Nevertheless, several steel works have adopted a steel 
somewhat higher in nickel, containing from 5 to 6 per 
cent. Such a steel will obviously possess a higher tensile 
strength and elastic limit, but it will also be more ex- 
pensive to produce. The mechanical strength of such 
material is as follows :— 

Tensile Elonga- Elastic 

Strength. _ tion. Limit. 

Tons. Per Cent. Tons. 

Steel of the first type 25-28 30-34 164-19 
os secondtype 28-32 28-32 20-254 

We must, however, note certain disadvantages pre- 
sented by these steels, which have led to the abandon- 
ment of their employment in some works. They are 
often unsound—a defect of all very low carbon steels, and 
one which becomes accentuated on the addition of nickel. 
Furthermore, at the outset of the manufacture of these 
steels numerous samples were encountered which displayed 
heterogeneity ; but this latter defect was easily overcome. 

It now remains for me to describe nickel steels which, 
by simple case-hardening, acquire the same properties as 
by case-hardening followed by quenching. To do this it 
will be necessary for me to revert briefly to the investi- 

ations which I have made on nickel steels, and which 

ave been from time to time published elsewhere.+ I 
have shown that, from the point of view of their micro- 
structure, nickel steels can be divided into three well- 
defined classes—pearlitic steels, martensitic steels, and 
steels ; and there is an intimate relation between the 
constitution and the mechanical properties of a steel, and 
that, finally, the determination of the transformation of 
one group into another depends essentially on the sum 
of C+Ni. Combining all niy results, I have been able 
to form an exceedingly simple diagram. (See next page.) 
The percen of carbon being indicated on the axis z, 
and that of nickel on the axis y, three zones can be dis- 
tinguished, corresponding to the three constituents, and, 
further, to the zones of transformation. 

It may be recalled that martensite is characteristic of a 
steel having been quenched at a suitable temperature. 
If we take a steel with 0.12 per cent. of carbon and 7 per 

* The above applies only to carbon steel, and not to 
nickel steel. 

+ Bulletin de la Société a@’Encouragement pour IIn- 
dustrie Nationale and Les Aciers Spéciaux. Paris: Vve, 
Dunod. 
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Impact Tests (IN Foot-Pounps) on NotcHep Bars TAKEN FROM THE CENTRES OF CASE-HARDENED 


Bars or Various STEELs. 
Sree.s with 0.10 rer Cent. CARBON. 


Case-H sRDENED. Ni 
Annealed 

at 900 Deg. | 

and Slowly Quenched 
Cooled. at 800 Deg. 


| 


Quenched | Having Under- 
at 800 Deg. | gone the Double 
after Quenching, 900 


on 
Drawing. Cooling. Deg. to 800 Deg. 


| Case- | 
Annealed. | a | Annealed. | 


(MEAN OF FirTeeNn TESTS.) 


NICKEL STEEL (CARBON = 0.12). 


= 1 per Cent. Ni = 2 per Cent. Ni = 5 per Cent. 


Case- Case- 
Hardened a Hardened 
and Annealed. and 


| Quenched. Quenched. Quenched. 








180.850 0 to 28.932 21.699 to 36.165) 


188.058 


MANGANESE STEELS (Carson = 0.12). 


Mn = 05 per Cent. Mn = 1.2 per Cent. Mn = 2 per Cent. 


Case- Case- 


| Case- ras Hardened 
Harden ardene 
d all Annealed. ond 


Annealed. om 
|Quenched. 
— 


260.388 


Anneale 
Quenched. 


209.757 0 


72.330 231.456 36.165 


| 


cent. of nickel, it will be found to be pearlitic. Let it | 
undergo cementation, so that the exterior may contain 
0.90 to} 1 per cent ; we shall then have the exterior con- ' 
sisting of martensite, and, consequently, having the same 
structure as a quenched case-hardened steel. To sum- 
marise: starting with a steel containing 7 per cent. of 
nickel and 0.12 per cent. of carbon, it is possible, by 
simple case-hardening alone, to obtain the same results as 
by case-hardening followed by quenching. I will not 
dwell on the importance of this process, which, both in 
France and elsewhere, is carried out under the licence of 
the Dion-Bouton Company. } 

By observing the necessary precautions, and, in par- 
ticulur, by annealing the steel on its arrival from the mill 
to destroy hammer-hardening, and by taking care to 
allow the cemented pieces to cool as slowly as possible, it 
becomes possible to avoid all the worries which accompany | 

uenching, and, consequently, all the operations which | 
should follow it —i.e., straightening and readjusting. 

It must further be noted that this steel (carbon, 0.12 per | 
cent.; nickel, 7 per cent.) possesses certain very interesting | 
mechanical properties in the annealed state, and that 
these properties are not changed on case-hardening. Its 
mechanical properties are : 


Elongation. 


Tensile Strength. Elastic Limit. 
30-25 per cent. 


35.38 tons. 254-284 tons. 


The motor-car parts which are most usually case-har- 
dened are the axles, particularly for single-cylinder cars, 
and crank-shafts, in regard to which the serious deforma- 
tions which occur render it desirable to avoid the opera- 
tions of case-hardening and quenching; the gearing, or 
at least such of it as is subjected to much work, and, 
generally speaking, all parts that have to undergo friction, | 
and are not liable to any risk of shock. 


B.—Sreevs with Low NIckkt (1 To 6 PER CENT.) AND 
Mepium Carson (0.25 To 0.4 PER CENT.). 

These steele are employed chiefly for shafts, forgings, 
axle-journals, and axles, bearings, and various sections. 
The principal types are :— 

1, Carbon, 0.3 to 0.4 per cent.; nickel, 1 to 2 per cent. 
This is practically the ordinary type of ordnance material 
as used in France. It gives:— 

Tensile strength 
Elastic limit ... 
Elongation ae at 

Quenched at 800 deg. Cent. and 
Cent. it gives :— 

Tensile strength 
Elastic limit 35 to 47 tons 
Elongation 4, 16 to 12 per cent. 

2. Carbon, 0.20 to 0.25 per cent.; nickel 3.25 to 3.50 
per cent. This steel is used specially for journals. It 
gives :— 

Tensile strength 
Elastic limit ... 
Elongation ... ; 

Quenched at 800 deg. 

Cent. it gives :— 
Tensile strength 
Elastic limit ... 42 to 544 tons 

ngation ... 11 to 14 per cent. 

3, Carbon, 0.20 per cent.; nickel, 5 to 6 per cent. This 
steel is used more particularly for axles and axle-boxes, 
and, after annealing at 900 deg. Cent. and slow cooling, 
gives :— 


31.75 to 38 tons 
20 to 24 tons 
27 to 20 per cent. 


annealed at 500 deg. 


44.5 to 57 tons 


35 to 41 tons 
214 to 254 tons 
‘ 25 to 20 per cent. 
Cent. and annealed at 500 deg. 


54 to 66 tons 


245.922 


Quenched. 





Tensile strength 38 to 444 tons 
Elastic limit ... 23 to tons 


Elongation 25 to 20 per cent. 


The properties of this steel undergo considerable modi- | 
fication on quenching. Quenched in water from a tempe- 
rature of 850 deg. Cent., it gives :— 

Tensile strength 
Elastic limit ... 
Elongation 


70 to 85 tons 
60 to 70 tons 
6 to 10 per cent. i 


| centage they would 


| resistance to shock. 
| tarnishable. 


86.796 260.383 202.524 209.757 166.359 





Curomtum STrELs (CARBON = 0.12). 


Cr. = 0.5 per Cent. Cr. = 1.3 per Cent. | Cr. = 2.3 per Cent. 
Case- 
Hardened 
Annealed. seal 
Quenched. 


57.864 to 
72.330 


Case- | Case- 

Annealed. — Annealed. a ~ tas 
Quenched. Quenched. 

180.825 14.466 to 
43.393 


144.660 0 to 36.165 


231.456 


All the nickel steels of which mention has been made 
are pearlitic steels; that is to say, they have the same 
structure as ordinary carbon steels—and, according to all 
the investigations made, it would seem that the iron was 
in a state of solution in the nickel. The advantages 
which these steels present over ordinary nickel steels are 
as follow:—Homogeneity; higher tensile strength and 
elastic limit, which is higher than that of an ordinary 
carbon steel, the higher the percentage of nickel present ; 
an elongation which is uniformly high; very high resist- 


DIAGRAM OF NICKEL STEELS. 
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ance to shock (144 to 325 foot-pounds on annealed notched 
rs), and a considerable increase in tensile strength on 


quenching in water. 


C.—Sreets with A Mepium PERCENTAGE OF NICKEL 
(10 ro 18 pER CENT.). 

These steels have a meditim percentage of carbon 
(0.20 to 0.50 per cent. ). 

I have shown that all these steels are martensitic; that 
is to say, that they are very hard to work, very difficult 
to forge, &c. There are, therefore, strong objections to 
their employment, and they have consequently been 
almost entirely superseded. 

It may, however, be stated that an important French 
works still continues the manufacture of a nickel steel 
containing 16 to 18 per cent. of nickel. This steel 
gives :— 

Tensile strength 
Elastic limit ... 584 to 60 tons 
Elongation ... te 6 to 8 per cent. 


Nickel steels containing over 15 per of nickel and over 
0.26 per cent. of carbon soften slightly on prolonged 
annealing in the vicinity of 600 deg. Cent., and can have 
their hardness restored on quenching in air in the vicinity 
of 800 deg. Cent. 

To sum up: these steels are all sub-martensitic, and 
present such difficulties to utilisation and working that, 
practically, their use has been abandoned. 


D.—STEELS WITH A Hich PrrcentaGE or Nicket (32 
TO 36 PER Cent.) AND A Low PERCENTAGE OF CARBON 
(0.12 To 0.20 PER CENT.). 

These products have found, in the motor-car industry, an 

important application in the making of valves. They 

contain at least 32 per cent. of nickel ; with a lower per- 
> of undergoing the most 
which I shall have occasion 


63 to 64} tons 


injurious tranformations, o' 
to refer later. 

These high nickel steels are steels containing ¥ iron ; 
their characteristics are the possession of a low elastic 
limit, high elongation, and a highly remarkable degree of 
In addition to this they are un- 


These steels give :— 





38 to 444 tons 


Tensile strength 
19 to 254 tons 


Elastic limit ... 
Elongation ... sais 40 to 30 per cent. 
Shock testson notched bars gave 325 to 361 foot-pounds. 

Quenching perceptibly softens them, as it also does, by 
the way, all steels containing y iron. On quenching they 
give :— 

Tensile strength 

Elastic limit ... 14 to 19 tons 

Elongation 50 to 40 per cent. 


It may not be inopportune to recall the fact that these 
steels were made the subject of a highly important study 
by Guillaume. This scientist showed, in particular, that 
the steel containing 36 per cent. of nickel an 
exceedingly small coefficient of dilatation between the 
temperatures of 0 deg. and 350 deg. Cent. 


33 to 38 tons 


E.—Sreets witH HicH Percentaces or NIckEL (25 10 
30 PER CENT.) AND High PERCENTAGES OF CaRBON 
(0.60 To 0.80 PER CENT.). 

These steels have, for some time past, been used for 
crank-rhafts, valves, &c. They possess, however, certain 
serious disadvantages, which I will here indicate. It may 
be stated, to begin with, that they are_y steels, and 
accordingly possess low elastic limits. Further, these 
steels undergo, in the processes of working (hammer- 
hardening), annealing, quenching, &c.—couditions some 
of which very frequently occur in practice, particularly 
in making valves which require to be subjected to certain 
temperatures — well-marked intermolecular transforma- 
tions ; the y iron is transformed into martensite. 

I will instance some examples from the point of view of 
the alterations they undergo in their mechanical pro- 
perties. 

Steel with 0.80 per Cent. of Carbon and 25 per Cent. 

of Nickel. 


Shock 
Tests. 


Elastic Elongation. 
Limit. | Per Cent. 


Tensile 
Strength. 





tons tons kgm. 

Annealed for 10 minutes 
at 900 deg. Cent. .. 

Annealed 1 hour at 900 
deg. Cent. .. is 

Annealed 4 hours at 900 
deg. Cent... ee 

Hammered & annealed 
for 10 minutes at 900 
deg. Cent. 

Cooled to 
and reheated to 
deg. Cent. 


453 
54 


58} 


- 180 deg. 
29 


I have studied these changes in detail micrographically. 
I will not refer to the results here, but will content 
myself by giving afew photomicrographs bearing upon the 
subject. Most steel works have almost abandoned the use 
of these steels, which are, besides, expensive to produce. 

The transformations which have been briefly indicated 
above occur in the first y steels of each series, the series 
being distinguished by the percentage of carbon. The 
percentages of nickel between which these transforma- 
tions can occur concurrently are, however, farther apart 
the lower the percentage of carbon. Thus, for steels 
with 0.12 per cent. of carbon, those susceptible of being 
transformed contain from 27 to 30 per cent.; whilst for 
steels with 0.80 per cent. of carbon, the steels which can 
undergo analogous transformations are ‘those containing 
15 to 27 per cent. of nickel. It will be seen that in the 
latter case the range is much more extended. 

2. Chrome Steels.—The only chrome steels used in the 
motor-car industry are those employed for bearings. 
These steels usually contain 1 to 1.2 per cent. of carbon, 
with 1 to 2.5 per cent. of chromium. ; 

They undergo, before use, the operation of quenching, 
but it is og noted that if they are quenched for a 
lengthy period in water, these steels display water crack- 
ing. On the other hand, quenching in oi! does not harden 
them sufficiently. This disadvantage can be remedied by 
making them undergo a double quenching, at temperatures 
of 800 deg. and 850 deg. Cent. respectively—the first in oil, 
and the second in water. Under these conditions water 
cracking is avoided. The theoretical explanation of this 
Pp which in practice gives excellent results, is not 
clearly understood. The process is, I believe, employed 
in the treatment of armour-piercing projectiles. 

3. Silicon Steels.—Silicon steels are often sold under the 
name of silico-manganese steel, even when they only con- 
tain small quantities of manganese. They are very largely 
employed in the motor-car industry, and if, at the outset, 
they were only used for springs, they are, at the present 
time, also used for gearing, particularly in cases where 
the gearing is indirect. This application will be described 
later. 

Silicon steels usually possess a composition confined 
within the following lemits :—Carbon, 0.30 to 0.70 per 
cent. ; silicon, 2.5 to 0.80 per cent. 

The manganese varies from 0.35 to 0.70 percent. 

It will be seen that the range of composition is fairly 
large, and it is particularly interesting to notice that the 
proportions of carbon and of silicon vary inversely. __ 
The two types most frequently used in French practice 
are :—1. Carbon, 0.45 to 0.55 per cent. ; silicon, 1.5 to 
1.1 per cent. 2. Carbon, 0.65 to 0.70 per cent. ; silicon, 
0.90 to 0.80 per cent. The first of these two types, which 
is that most frequently employed, gives :— 

Annealed at Quenched at 
900 deg. Cent. 900deg. Cent. 
474 to54tons 9 
29 ,, 32 ,, 

14 to 18 

per cent. 


Tensile strength 
Elastic limit 
Elongation 
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_Quenched in water, and reheated to 500 deg. Cent., it 


gives :— 


95 to 85 tons 
63 ” 67 ” 
12 to 5 per cent, 


Tensile strength 
Elastic limit ... 
Elongation me 


Shock tests upon notched bars gave, in the direction of 
the rolling, 36 to 50 foot-pounds, and, crosswise, 0.0 to 144 


foot-pounds. 


This is obviously the weak point in silicon steels ; 
they display extreme brittleness in a direction at right 


an 


higi 


25 
im 


th 
ge 
8u 
hig 
oti 
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ste] 








Fic. 1.—First type, pearlitic nickel steel. Carbon, 0. 
per cent. ; nickel, 5 per cent. Etched by picric acid. 
Magnification of original photograph, 200 diameters ; 


engraving, 160 diameters. 


delicate heat treatment, which will explain the trouble 
which has been experienced with it at certain works 
which have been insufficiently furnished with hardening 
and annealing appliances. 

4. Tungsten Steels.—Attempts have been made, par- 
ticularly in France, to substitute tungsten for silicon in 
spring steel. It does not seem to me that the resulting 
improvemement is very marked ; obviously, the brittle- 
ness across the grain has been diminished, but this is not 
very important in the case of springs. At the same time 
the cost of production has been sensibly increased, while 


0.20 per cent. ; nickel, 12 per cent. Etched by picric 


of acid. Magnification of original photograph, 200 dia- 


meters ; of engraving, 160 diameters. 


Tensile strength 90 tons 
Elastic limit 634 ,, 
Elongation 0.0 to 7 per cent. 

Other Ternary Steels.—No other ternary steels are 
employed in the motor-car industry; but it may be 
questioned whether some of them might not find applica- 
tion therein.* 

Manganese steels with low manganese and carbon per- 
centages, although not brittle, could hardly be substituted 
for nickel steels ; they are, as a matter of fact, extra- 





20 Fig, 2.—Second type, martensitic nickel steel. Carbon, Fic. 3.—Third type, poly hedric high nicke steel. Cat 
bon, 0.12 per cent. ; nickel, 30 per cent. Etched by 
picric acid. Magnification of original photograph, 200 
diameters ; of engraving, 160 diameters. 





Fie. 4.—High carbon and nickel steel. Carbon, 0.8 per 
cent. ; nickel, 1.5 per cent. This steel can undergo trans- 
formation. Etched by picric acid. Magnification of 
original photograph, 200 diameters; of engraving, 160 


diameters. 


NS 





* ~ Quenched hot. The transformation undergone may be 
seen on comparing with the previous photomicrograph. 
Etched by picric acid. Magnification of original photo- 
graph, 200 diameters ; of engraving, 160 diameters. 


Fie. 5.—Nickel steel, with high nickel and carbon. Fie. 6.—Same as Fig. 5—another portion. Etched by 
picric acid. Magnification of original photograph, 200 
diameters ; of engraving, 160 diameters. 





Fie. 7.—Transformation on cooling. Nickel steel. Carbon, Fie. 8.—Transformation on cooling. Nickel steel. Carbon, Fie. 9.—Steel with high carbon and high nickel. Carbon, 


0.8 per cent.; nickel, 15 per cent. Taken to — 40 deg. 
Polished, but not etched. The production of martensite 
occurs on increasing. the volume. Magnification of 
original photograph, 200 diameters ; of engraving, 160 


diameters. 


es to the plane of rolling. They are, furthermore, 


ly sensitive to heat treatment; a variation of only 
eg. Cent. in the temperature of annealing induces 
rtant variations in their mechanical properties. 

ssessing such disadvantages, one may surprised 
these steels should find such general employment for 


rs; they have, nevertheless, given good results. Their 


ce hardness is, after suitable treatment, sufficiently 
to prevent the metal from spreading, and, on the 
_ hand, the brittleness may not be very great, 
ially when starting from hammered samples. The 
is, nevertheless, one which requires exceedingly 


0.8 per cent.; nickel, 15 percent. Taken to -40 deg. 
Etched by picric acid. Magnification of original photo- 
graph, 200 diameters ; of engraving, 160 diameters. 


0.8 per cent. ; nickel, 20 per cent. Cooled to — 80 deg. 
and reheated to + 20 deg. The variation in the shape 
of the black needles can be distinguished. Etched by 
picric acid. Magnification of original photograph, 200 


diameters ; of engraving, 160 diameters. 


the brittleness in the direction of rolling may also have | ordinarily susceptible to the influence of heat treatment. 
nm somewhat accentuated. The average composition | Aluminium steels present no peculiarities which might 
of the steel employed is :—Carbon, 0.47 per cent.; man- | attract the attention of motor-car builders. 


ganese, 0.22 per cent.; tungsten, 0.60 per cent. 


Chromium and tungsten steels do not appear likely to 


Annealed at 900 deg., and slowly cooled, this steel | find any further application than they do at present. 


gives :— 
Tensile strength 51 tons 
Elastic limit ... 38 ,, 
Elongation 14 per cent. 


_Quenched at 850 deg., and reheated at 850 deg., it | 


| gives :— 





here remains vanadium steel, which appears to me, on 


the contrary, full of promise, as I have endeavoured to 
demonstrate in another paper. 


* Reference may be made to other publications by the 


author, particularly to his paper read before the Congress 
of Metallurgy held at Liége 5. June, this year. 
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IL. QuaTERNARY STEELS. 

A. Chromium Nickel Steels.—These and the nickel 
steels are decidedly the most generally employed, as 
may be easily understood ; the advantages derived from 
nickel steels oem been already set forth, and these advan- 
tages are again found in chromium nickel steels. The 
characteristics of chromium are imparted to these alloys, 

articularly the mineralogical hardness on quenching. 

n many instances this hardness is of great importance, 
notably in the case of parts subjected to friction, such as 
axles, gears, &c. 

The most common types of nickel-chromium steel used 


in the motor-car industry, and their characteristic pro- | 


perties, are as follow :— 
A. Steels Low in Nickel.—(1) Carbon, 0.25 to 0.45 per 
cent. ; nickel, 25 to 2.75 per cent. ; chromium, 0.275 to 


0.60 per cent, 
On annealing at 900 deg. Cent., and elow cooling, this 
gives :— 
Tensile strength 35 to 474 tons 
Elastic limit ... sy me 


5 to 25 per cent. 


Elongation a 
, and reheated to 350 deg. Cent., 


Quenched at 850 deg. 
it gives :— 

Tensile strength 
Elastic limit ... ws m 
Elongation... a AF 8 to 12 per cent. 

The characteristic of this steel, after this treatment, is 
to possess a certain degree of hardness, unaccompanied 
by brittleness, and a very high elastic limit. It allows of 
its being used without case-hardening in a certain number 
of cases. Nevertheless it often happens that the surface 
hardness is not sufficient without this treatment. 

(2) Carbon, 0.25 to 0.45 per cent.; nickel, 5 to 6 per 
cent.; chromium, 0.5 to 1 per cent. 

After annealing at 900 deg. Cent., and slow cooling, it 
gives :— 

Tensile strength 
Elastic limit ... 
Elongation... ae ; 

Quenched in water, and without reheatin 


50? to 70 tons 


41? to 55} tons 
35 ,, 474 ,, 
25 to 20 per cent. 
g, it gives :— 


Tensile strength = to 79} tons 
Elastic limit ... 413,, 70 ,, 
Elongation 18 to 11 per cent. 

It is specially used for shafts and journals. It is to be 


noted that the mechanical properties of this steel are vastly 
ameliorated by quenching in air from 850 deg. Cent. 

B. Steels with Medium Contents of Nickel.—Steels have 
been made containing about 10 to 12 per cent. of nickel 
and a little chromium, but they have been almost entirely 
abandoned. The reasons for this have been similar to 
those assigned in the case of medium nickel steels. 

The type corresponds closely with—carbon, 0.30 to 0.35 
per cent. ; nickel, 10 to 12 per cent. ; chromium, 0.80 to 
1 per cent. 

After quenching it gives :— 
Tenalle strength , 
Elastic limit ... 
Elongation “ee 0 to 1 per cent. 

C. Steels with a High Percentage of Nickel.—The type 
most generally made corresponds to the following— 
carbon, 0.55 to 0.75 per cent. ; nickel, 21 to 23 per cent. ; 
chromium, 1.5 to 2.5 per cent. 

This is, be it understood, a y steel, and hence pos- 
sesses disadvantages. It is rather difficult to work, and 
it has a low elastic limit ; but it also possesses the qualities 
of great resistance to shock and to wear. 

Such a steel gives :— 
Tensile strength 
Elastic limit ... 
Elongation 

It softens on quensting. 

This steel has been largely employed for axles of motor- 
cars, for valves, &c. It is not so much used now, as it is 
high in price, and is susceptible of undergoing, under 
certain circumstances, such as heating and shock, trans- 
formations similar to those already described above. 

B. Other Quaternary Steels.—A_ steel quite recently 
discovered by the Commentry-Fourchambault m- 

ny, at the Imphy Works, may be noticed here. It is 

nown as ‘“‘Mark N Y ” the composition of which has 
not been made public, and possesses the following charac- 


76} to 824 tons 
54 


” ” 


414 to 50? tons 
1 ” ” 
50 to 70 per cent. 


teristics :— 
Anealed at Quenched at 
Cherry Heat, 900deg. Cent. and 
900 deg. Cent. not Annealed. 
Tensile strength... 317 to35tons 824 to 89 tons 
Elastic limit ... 254 ,,28 ,, 73 ,,79 ,, 


.-- 80to025 percent. 10 to8 per cent. 
resents before 


Elongation 

It will thus be seen that this steel 
hardening a)l the properties of a semi-hard steel; it works 
similarly. After quenching at 850 deg. Cent. without 
re-heating—that is to say, after an exceedingly simple 
treatment—it possesses all she properties, so highly 
valued, of quenched and re-heated silicon steels. It 
possesses, as compared with the latter, the great ad- 
vantage of not requiring to be reheated, and, above all, 
of not possessing the uliarity of brittleness perpen- 
dicularly to the plane of rolling, which is so characteristic 
of silicon steels. Although this steel was invented but 
yesterday, the motor-car industry already uses it in 
mechanical construction, and it is now being employed for 
crank-shafts and gearing, 

ConcLusions. 

It may be seen that the special steels actually in use 
in France for the construction of motor-cars can be 
classified as follows :— 

1. Steels with low percen 
‘pearlitic steels) which are use 


of carbon and nickel 
for parts which require 





|cementing and quenching—i.e., shafts, gears which 
| engage directly, &c. 

| 2. Steels with medium percentages of carbon and low 
| percentages of nickel, ch after quenching and reheat- 
ing. for a large number of parts, shafts, gearing, pinions, 


C. 
3. Steels low in carbon and with high percentages of 
nickel, used for valves. 








Carbon, 0.25 per cent. ; 
Cooled to — 80 deg. The forma- 
tion of the black needles can still be distinguished. 


Fie. 1¢.—High nickel steel. 


nickel, 30 per cent. 
Etched by picric acid. Magnification of original photo- 
graph, 200 diameters ; of engraving, 160 diameters. 


4. Chromium steels, with high carbon and low chromium 
percentages, used for bearings. 

5. Silicon steels, used for springs and for gearing. 

6. Nickel-chromium steels, with low percentages of 
nickel and of chromium, employed for numerous parts 
requiring resistance to shock, and a certain degree of 
hardness. 

7. A new steel known as ‘‘N Y,” the composition of 
which has not been published. 

Many other steels have been investigated, and I have 
shown why their use has been, in part at least, abandoned. | 








NOTE ON THE OCCURRENCE OF COPPER, 
COBALT, AND NICKEL IN AMERICAN 
PIG IRONS.* 

By Epwarp Demitte CampsE.t, Michigan University. 
ALTHOUGH copper, cobalt, and nickel probably occur 

in small amounts in most pig irons, they are not usually 

















| US 


Taste IT. 
So tf Fuel 3 a : 
rs Source o ue = 7} 
No.| Kind of Ore. Ose. Used. & F “ 
oO o 7 
pc. | pc. | p 
1 |Mixed limonite, Nova Scotia Coke 0.011 0.012 0.015 
carbonate, and 
hematite... 
2 Local hematite: Mexico Charcoal | 0.012 0.009 0.0¢6 
U.S.A :— 
3 } Mesabi, } Ver- 
| milion range..| Minnesota Coke Nil Nil Nil 
4 |Gogebic hema 
tite .-_ Wisconsin Charcoal _,, a 
5 |Magnetic con- 
centrates .| New York ia 0.039 Trace Trace 
6 Salisbury brown 
hematite .. Connecticut on 0.018 0.029 
7 |} local hematite 
4 magnetite... Virginia Coke | 0.169 Trace 0.(\9 
brown 
| | hematite Alabama Charcoal | 0.038 0.048 0.072 
| 9 |Native hematite 
| and magnetite, Colorado Coke 0.039 Nil Nil 


| A search through the literature containing analyses of 
| pig iron reveals but forty-two analyses in which any of 
| the above elements are given, and in nine cases only are 
| cobalt and nickel together reported. 
| These analyses, all of which are on European iron, give 
| the percentage of copper in ordinary pig irons as ranging 
from 0.0 to 0.140, while in one spiegeleisen the copper is 
| given as being as high as 0.310, and 0.390 per cent. is 
reported in a sample of ferro-silicon. In six cases men- 
| tioned in which cobalt and nickel together are reported, 
| the amount varies from 0.030 to 0.110 per cent. In all 
| six cases the pig iron is reported as smelted from ore 
| from Cornwall or from Wales. The amount of copper, 
| cobalt, and nickel occurring in European irons, so far as 
|is shown by analyses already published, is given in 
| Table I. 
| Some time ago samples of pig iron were procured from 
| charcoal or coke blast-furnaces situated in various parts 
| of North America, especially in the United States. The 
samples were procured from those furnaces only which 
ore from a limited region, as the object of the work 
was to determine the extent to which copper, cobalt, and 
nickel occurs in pig iron made from ore found in the 
different districts. 

The analyses of the samples were made, under the 
direction of the author, by Messrs. H. P. Ralston and 
George P. Sweet, to whom he would here acknowledge 
his indebtedness for the care with which this work was 
carried out. All analyses were made from two to four 
times over, and the results quoted in Table II. are the 
averages of closely agreeing figures. The method of 
analysis employed was not new, being a slight modifica- 











” | 





determined, and it is owing to this fact that so few | 
analyses are found in which these elements are reported. | 





* eupet read before the Tron and Steel Institute, at 
Sheffield. 














TABLE I. 
} 
No. Kind of Iron. Source. Copper. |oo and Ni. | AUTHORITY. 
? ; | per cent. per cent. 
1 Hematite pig English } O11 | ae Turner’s “ Metallurgy of Iron,” page 212. 
a ” “ ” 0.10 ” ” ” ” 212. 
3 | ” ” | 0.10 ” ” ” » «212, 
4 | Forge 9 |} O11 a 99 ” 9° » 212. 
5 | Mottled a | 0.10 ree 2 - » $212, 
6 | Spiegeleisen Durham, England | 0.014 | Percy’s “‘ Metallurgy,” page 534. 
7 | Hematite pig Cinderford, Forest of trace és ” »» 539. 
Dean, England 
8 | Hematite pig Cinderford, Forest of | 0.015 | ” »” » 539. 
| Dean, England | | ‘ 
9 | Mottled pig English | 0.014 Jour. U.S. Assoc. Charcoal Iron Washers, 
vol. vi., page 332 (1885). 
10 | Manganiferous Cornish | 0.060 | €.060 Percy’s “‘ Metallurgy,” page 552. 
1 ” ‘ 0.01 | O10 |. 4 ‘. 5» 552. 
12 9% ae abt ial ee oem {; 4. -| ” "” r» 552. 
13 | Best mine pig, cold blast, from South Wales oe | 0.05 ie * »» 547. 
| clay iron ore } 
14 | Mottled pig, cold blast, from ma 0.04 = | « ” » 547, 
clay iron ore 
15 | White pig, cold blast, from clay ra 0,03 | FE * » 547, 
iron ore | 
16 | Best mine pig, hot and cold “ 0.07 | > » 547. 
blast, from clay iron ore 
17 | White forge ‘3 Germany |} OM | Jour. Iron and Steel Inst., 1890, No. IL., p. 
18 | Grey ,, 2 a if | @08 | A i ‘ a ” 
19 | Spiegeleisen ie es ; oo | ae - a # nid * »  1894,No.1, ,, 5 
20 ” ee : ” 0.12 es ” ” ” 894 ” ” 
21 se Bil Mined a 0.19 “i a4 i ee 
22 - = ve 2 ~ 0.18 of i “ee « oy OY. 
23 ee oe ie m 0.310 | Percy’s ** Metallurgy,” p. 534. 7 - 
24  Coarse-grained white pig Eiseneiz, Austria trace | Jour. Iron and Steel Inst., 1891, No. I., p. 364. 
25 | Fine ” ” ” trace °° ” ” ” 1891 2°? ” bes. 
26 | Unspecified pig Austria ss trace | be , 1896, No. I.,,, 419. 
27 | Grey pig .. Friedland, Austria C.013 2 | ‘a 3 »» 1898, No.IL,,, 474. 
28 | White pig .. ra 0.011 aa é: oo «=: 180B we 404. 
29 | Grey pig ra trace a ioe o » «2808 474. 
380 | Pea oe zs & ve sy urace, Ni | se ee » 18088 » » 44 
oe ee as *: 2 0.060 Ni ra a »» «= «1893 yy BUA 
32 | Low phosphorus Hungary 0.04 i , ” ee eee 
33 | White pig .. Alsd Sajo, Hungary 0.0035 . ”» » 1891, No. [., p. 364 
24 | Spiegeleisen cs Marseilles, France 0.019 3 i » we » » OS 
35 | Ferro-manganese .. - = 0.024 ‘a ; os 
35 | ” ” ” ” 0.060 ” ’ ’ 1891 -” sia oy 
87 | Ferro-silicon ss bs trace ° 0 0 ay 
38 | Grey pig . . Russia 0.11 a » 1901, No. IL, p. 451. 
39 | Ferro-mangane;e ; * | 0,08 os .  —— elon HU 
40 | Ferro-silicon : a 0.36 i w Se 2 yy 492. 
41 | Charcoal pig Ural District, Russia | trace to ot ° » 1901, No.1, p. 4 
| 0.08 
42 | Ferro-silicon ms } OL ” , nie nw. vw oO 


tion of that given in Mr. A. A. Blair’s ‘‘ Chemical An- 
ysis of Iron.” A large sample was usually worked upo", 
and after conversion into chloride, most of the iron \ 
separated with ether. After this separation of most 
the ferric chloride with ether, the smal] amount of tru 
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and manganese remaining in the aqueous solution was 
precipitated by the addition of an excess of ammonia 
and bromine. This precipitation was in all cases re- 
peated in order to ensure complete recovery of the 
copper, cobalt, and nickel in the filtrate from the hy- 
drated manganese dioxide and the ferric hydroxide. 
In the united ammoniacal filtrates the copper, cobalt, 
and nickel were precipitated together as sulphides, 
which were collected and converted to oxides by care- 
ful ignition in a porcelain crucible. The combined 
oxides were then dissolved and converted into sul- 
phates, the copper being then electrolytically precipi- 
tated in an acid solution, and weighed as metal. The 
cobalt and nickel were weighed together as metal after 
being deposited electrolytically from an ammoniacal solu- 
tion. When the cobalt and nickel had been weighed 
together, they were dissolved and separated by the well- 
known potassium nitrite method, and re-weighed sepa- 
rately, either as electrolytically re-deposited metal or as 
the oxide. 

The results of the analyses are summarised in Table II. 

Two points of interest are brought out by a study of 
these results. First, the fact that the two samples, Nos. 
3 and 4, made from ores from the Lake Superior district, 
contain no copper, cobalt, or nickel, although the Gogebic 
tange is comparatively near the great copper-producing 
district of Lake Superior. The second point relates to 
samples Nos. 6 and 8. These two irons, it will be noted, 
are the only ones containing any considerable amount 
of cobalt or nickel, and both of these irons have gained 
a reputation for their valuable properties for car-wheel 
castings. We have no information in regard to the in- 
fluence of small amounts of cobalt or nickel on the pro- 
perties of cast iron, and the occurrence of these elements 
in these two irons mentioned may be a mere coincidence, 
but it is at least suggestive. 








THE EDUCATION OF MINING 
ENGINEERS.* 

- Mrntvc has been one of the world’s great interests from 
very early days; but until recent years it has nm sO 
uncertain that its development has been greatly retarded. 
The discovery of the mineral was in nearly all cases a 
matter of chance; mining, owing to difficulties of pump- 
ing, —— and ventilating, was usualJly on a small 
scale, and often most hazardous and costly. Asa result, 
profitable operations were confined to rich or favourably 
situated ores and coals, and quite too frequently enter- 
prises failed when apparently well under way, owing to 
some unforeseen mischance, or to the loss or dec 

value of the ore body. Chance still plays a great part 
in mining, but it is no longer the ruling influence. The 
first discovery in a new region is still usually fortuitous, 
but it is promptly followed by good scientific work. 
Government surveys map out the district, and its geology, 
in a broad way, and private mining geologists direct the 
detailed prospecting. odern appliances, of which the 
diamond drill is by far the most important, make it pos- 
sible to explore to any necessary depth with celerity and 
economy, and thus the size and approximate value of the 
ore bodies can be approximately determined before ex- 
tensive mining operations are begun. 

Mining proper, deferred until these preliminary ex- 
plorations give it justification, can now p with 
almost as great certainty of success as any other branch 
of engineering ; and, thanks to high explosives, rock- 
drills, and all the modern appliances for hoisting, pump- 
ing, ventilating, &c., the operations can were 2 with 
such rapidity and certainty, and with so little danger, 
that large outputs can be produced at a cost per ton that 
is usually a small fraction of what it was a generation 
ago. 

The men in charge of our mineral industry have been 
alert, and have not failed to keep pace with engineers in 
other lines of work. 

Before going further I should explain that mining, in 
the sense that I use it, includes the dressing of the mined 
mineral and its concentration, when necessary, into a 
sufficiently pure product for shipment to its consumers. 
Very few mines produce a sufficiently pure mineral for 
immediate use. Even coal and iron ore usually require 
sorting and cleaning, and a large part of all the coal and 
Iron ore produced are crushed and carefully washed. 
Other materials require still further concentration—for 
example, lead ores probably do not in the average contain 
above 10 or 15 per cent., copper ores have less metal, and 
in the ores of gold and silver we do not reckon by per- 
centage, but by ounces and fractions of an ounce of metal 
per ton. The average gold cre of the world contains less 
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lowest gold ores mined contain something like 
of metal. 


{nu California and New Zealand, &c., gold gravels have 
been mined, or, rather, washed, at a small profit when 
they have contained but 2.600.000" 224 it is recorded that 
in «ne or two cases work has been done on material with 
bu: 5,000,yc0" 224 this may be taken as the extreme achieve- 
ment in concentration, except in this diamond field. 

{tere in Kimberley we are told that the mines—I will 
no give the average—are worked, or can be worked, at 
as !ow a proportion as half a carat per load, and some are 
Sai. to average considerably under that. Some of the 
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local diamond-mines have been worked, and are worked, 
at a profit at as low a proportion as one-tenth of a carat 

rload. One carat weighs a little over 3.1 grains, and a 
ao of blue ground weighs 1600 lb.; and you will find, 
if you go into the figures, that only about one-fifty- 
millionth of the stuff which comes out of the mines at 
Kimberley is diamonds, and some mines are even worked 
at a profit when the proportion is less than one-hundred- 
millionth. The diamond is so valuable that diamond- 
miners can afford to spend money in their operations on 
« large scale, but as an engineering proposition there is 
scarcely anything in mining concentration which equals 
this, and what the mines here are able to show us, not 
only in that, but in many other ways. Thirty years ago 
the work here was of the crudest description; but com- 
petent engineers were put in charge, the small works 
were consolidated, and remarkable progress was made. 
Now, and for several years, the Kimberley mines have 
given mining engineers the maximum achievements 
in rapid hoisting; the mines here have hoisted more 
through the shafts than has been hoisted through 
any other shaft in the world, and in a good — a 
there is a great deal to admire and a great deal to 
learnt from the mines of Kimberley. 

Engineers, or, specifically, mining engineers, have 
played a great part in the development of the world’s 
resources ; but the work is onl un. Our mines have 
barely scratched the surface of the earth ; our engineers 
have developed the merest fraction of its total resources. 
If the signs of the times are true, we may safely say that 
the engineering age has just fairly begun, and that the 
developments of the future, especially in the beneficent use 
of natural resources, will inconceivably surpass anything 
we now know. 

In view of this, it is our plain duty to see that the 
young men who are to be the engineers of the next 
generation shall be as fit as possible for their great task. 
In technical education mining and metallurgy have always 
been considered something apart, and often were the first 
subjects to receive special consideration. In other cases, 
schools originally instituted as schools of mines crystallised 
out successively departments of civil, mechanical, elec- 
trical ae, &e. 

This process of differentiation has gone further in the 
United States than elsewhere, and no less than twelve 
separate engineering courses are offered, with more pro- 
mised for the immediate future. Even in Canada, where 
we are accused of being conservative, my own university 
offers its bewildered matriculants six or seven formal 
engineering courses, and some of these are again branched 
in the final year. These special courses are no doubt 
necessary, and their number will probably increase ; but 
great harm will be done to caginesring in a broad sense 
if this tendency to speciali teaching cannot be kept 
within strict bounds, 

The same fundamental sciences underlie all branches ; 
the same training in physics, mathematics, and mechanics 
is essential to a true understanding of each profession, 
and the man who learns these and other fundamental 
subjects thoroughly, even at the expense of technical 
training, is far more likely to succeed ultimately in any 
special work than the man who has received elaborate 
training in one line, but whose first principles are ‘‘ weak.” 
Furthermore, not one student in a dozen knows, when he 
comes up to the university, which branch of x gg 
he really prefers ; still less does he know which one he 
will ultimately practise. Young engineers are no less 
subject to chance and circumstances than other men ; and 
for this reason, even if there were ro better one, we 
should strive first to make our men engineers, and then 
only to give them special training. 

The fact that no man can tell in advance what his life’s 
work will be is sometimes used as an argument in favour 
of a general engineering course, with a smattering of 
everything. It is true that an intelligent boy who keeps 
his eyes open will learn not a little of many practical 
things in connection with his theoretical studies, and an 
effective method of teaching is to point theory with 

ractical illustration whenever this can be done without 
osing sight of the main issue. It is, however, a most 
serious mistake to make a course general rather than 
thorough, and even a speciality really well taught is 
better than broad but shallow instruction. 

The courses in mining engineering offered by the best 
schools, especially in the United States and Canada, are 
frequently criticised as having the fault I have just 
named. Mining engineers, in all but a few favoured 
localities, are usually alone so far as trained engineers 
go, and the problems they have to face are more varied 
than those coming to any other engineers. General 
engineering work and wb pine 4 are their daily task ; 
simple problems in electrical and mechanical engineering 
must be disposed of without the assistance of specialists, 
and a good knowledge of geology with some mineralogy 
and chemistry is absolutely essential. No other engineer 
must know so many things; and, therefore, in eral, 
we teach our mining students more subjects than are 
ordinarily given in other engineering courses. It is a fair 
question, however, whether even electrical and mechanical 
engineers would not be the better for a fair knowledge 
of geology, and such simple chemistry and mineralogy as 
we give our candidates for mining degrees. 

Our courses are objected to by another class of critics 
—the so-called practical men—as being too theoretical, 
and by a third as being too technical and material at the 
expense of theory. These criticisms neutralise one 
another to a large extent, but I fear that the last has 
justification, and shall deal with it later. 

Thus far I have not touched upon a matter that is just 
now receiving a great deal of attention—viz., the extent 
to which practical and technical training should enter 
into an engineering education. This subject bas recently 
been discussed by so many different individuals and 


learned bodies that I approach it with hesitation. It is, 
however, of vital importance to engineering education, 
and must be carefully considered. 

An engineering student, whatever his branch, should 
| undoubtedly do some shop work on the ordinary materials 
| of construction at a very early period in his course. He 
| will not be able to spare time enough to become a skilled 
| workman, or even a half-skilled apprentice, and he must 
| be made to fully understand this; but he can and should 
| work long enough to know something of the use of tools, 
|} and to understand the qualities of the materials of con- 

struction which he is about to study theoretically. This 

|elementary shop work is often attempted in wo:kshops 
| connected with the technical schools themselves, and fre- 
quently the work can be done in the afternoons while 
regular studiesare going on. This methcd is economical 
of time, and there are many advantages in having the 
teaching and shop work under the same direction ; but 
in many cases it 1s better for the boys to get their ex- 
perience in ordinary shops, where they should be required 
to work full time under ordinary shop discipline. In no 
other way can they be made to realise what work really 
is; intimate acquaintance with workmen is also very 
useful. 

This shop work can usually be arranged for the long 
vacation, which should be long enough to give time for 
it, and for a reasonable holiday. Two periods of two or 
three months each should suffice for an ordinary boy, 
especially as practical technical training is also required 
at a later period in his course. 

This technical work is even more important, in my 
opinion, than the shop experience. It should, if possible, 
follow the general science teaching, and precede the 
specialisation. Whenever practicable the student should 
obtain bond-fide employment in some works in his chosen 
speciality, but the exact nature of the work is of no very 
great moment, so long as it is good engineering work, 
done by good workmen intelligently directed. The im- 
portant thing is, again, to get the student in touch with 
real work and real wage-earners, and to give him an idea 
of scale. The elementary shop-work may be done, if 
necessary, at convenient times in a school workshop ; but 
this technical work must be real in every respect. The 
student should, for the time being, become a plain work- 
man on wages, responsible to his foreman for certain 
duties, and liable to penalty or discharge for cause. 

The time to be given to the work must depend on cir- 
cumstances. Three months, under the right sort of fore- 
man, in a small but interesting mine or works will teach 
as much as a year of ill-directed drudgery. Further- 
more, students differ greatly in the readiness with which 
they take to practical work. I have had men who were 
the better students for having had many years of hard 
apprenticeship; but very frequently the man who has 
spent a year or more in practice finds it difficult to return 
to his classes. He is earning money at work, and can 
often ill-afford to give it up, and again become dependent 
on his people. Study also often proves irksome, and 
sometimes very difficult, after a man has been actively 
employed in work. Asa result, many men fail to return 
to their final studies, and thus lose what should be the 
most useful part of their education. 

Ifa definite time for practical experience must be set in 
advance, I should say that two periods of about four 
months each in different works, or one period of a year, 
would be about right ; but in this, as in all other matters 
of technical education, it is far better to make the regula- 
tions somewhat elastic in respect of field work and ad- 
vanced study. Much time can be saved the students, 
and their work made more effective, if each case is sepa- 
rately considered by the responsible head of their depart- 
ment. ° 

The final studies may now be considered. The student 
fresh from the field, but not yet forgetful of school methods, 
usually begins this advanced work withenthusiasm. The 
teaching may now be distinctly specialised and quite 
technical, but care must be taken to keep fundamental 
principlesin sight, and the detailed technical work should 
be carefully laid out to cover only certain important 
typical operations. This academic work can be made 
much more interesting and effective by the free use of 
technical laboratories, in which engineering machinery 
(and in our case ore-dressing and metallurgical apparatus) 
can be used; but here, as in the lecture-room, care must 
be taken to teach principles, not processes, Certain pro- 
cesses must of course, be used, and a good deal of careful 
detailed work done; but the primary purpose must 
always be to teach general neeape sony and mere technology 
must kept in a secondary place. The best function 
of laboratories, aside from the limited use necessary to 
illustrate fundamental principles, is to develop the indivi- 
duality of the students. Each man should be given 
certain carefully selected pieces of independent work, 
and he should be encouraged to attack the task in his own 
way. One ortwo comparatively heavy investigations are 
far better than many short experiments, and the in- 
structor in charge can often do his men far more good by 
showing interest, and yet letting them work out their 
own salvation wherever possible, than by being too ready 
to set up apparatus and smooth over difficulties. This 
advanced individual work can utilise to the full the 
resources of even the most magnificently equipped labo- 
ratories ; but care should always be taken, especially in 
schools which, like my own, are 7 rich in practical 
apparatus, that the students should do a few things 
thoughtfully, and with a clear apprehension of their 
bearing, rather than that they should get shallower 
experience of many machines and processes, 

In the end the men should be taught to write up their 
work, and to apply the knowledge gained in works, labo 
ratonies, and lecture-rooms to some practical problems 
in engineering. In this, questions of estimates and costs 
should be considered, for our men are about to go out 
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into the world, where costs form an essential element in 
every enterprise. Estimates made even by advanced 
students are likely to be far from right; but their 
preparation gives the men extremely valuable perio, 
and a competent instructor can do excellent work by dis- 
cussing these economical matters with his men in this 
stage of their work. : : ; 

This should end the school course in engineering, for 
no amount of mere teaching will turn a a | into an engi- 
neer, still less into a mining engineer. If, however, we 
give him a good grounding in science and the principles 
of engineering, then put him in touch with practical 
inquiry work, and finally teach him the elements of the 
technology of his subject, we shall have prepared him 
as well as any school can prepare a man to go out into 
the world, and learn to become o— engineer. 

The course that I have outlined is, I think, decidedly 
better than anything that is now offered by the schools at 
home or abroad, because it makes a certain amount of 
practical work obligatory, and yet connects, and even 
combines, this work with at least as much theoretical and 
pure science work as is now required. It has, however, the 
disadvantage of taking five years, instead of three or four, 
and it presupposes the most cordial support of the works 
and mine managers. ® 

I make no claim to have first used this means of sup- 
plementing a mining-school education. Individual stu- 
dents have done holiday or interim work in mines ever 
since mining schools began; but it does give me great 
satisfaction to be able to say that my friends the mine 
and smelter managers have come forward so cordially 
that for several years I have been able each summer to 
secure work at at least living wages for every boy in my 
classes who has been willing to work. Over 80 per cent. 
of them do actually work in this way each summer, 
although our. regulations do not as yet require them to 
do so. 

Professor Porter, in closing, described his personal 
methods of work, and gave a number of slides showing 
the railway-carriages in which McGill ry! students 
travel while on their summer schools, and the laboratory 
in which their technical work is done in the last year of 
the course. 











ARGENTINE CaNALs.—The Government of the Argen- 
tine Republic is pushing on the extension of the Argentine 
canal system. A canal is now in course of construction 
from the Mar Chiquita to Baradero, near San Pedro, 
while plans for the La Plata canal to Buenos Ayres are 
being prepared. Harbour improvements are also being 
undertaken at Concepcion del Uruguay, Colon, Ruiz, 
Concordia, San Nicholas, Rosario, Parana, Santa Fé, La 
Paz, and Quequen. 


WoLverHAmpPtTon.—The receipts of the Wolverhampton 
Corporation Tramways for the year ending March, 1905, 
were 10,3787. A profit of 186/. was made on a scheme for 
housing the working classes; but a loss of 52/. was sus- 
tained after provision for interest and sinking fund. 
The sewage farm yielded a profit of 480/.; the electric 
light works a net profit of 3454/.; and the water works, a 
gross profit of 11,249/.; but owing to exceptional pay- 
ments there was a loss on the year of 153/. The total 
expenditure made by the Town Council on reproductive 
undertakings stood at the close of March, 1905, at 
818,0932., while the expenditure on non-productive under- 
takings was 755,005. 





WarerRPROOFING Damp Coip Surracrs.—The diffi- 
culty, in engineering and building construction, of making 
walls, floors, &c., waterproof in cold damp situations is 
well known, and thére are not wanting instances of 
expensive efforts having been made to overcome the 
difficulty, which efforts have been poner futile. 
The discovery, therefore, of a really reliable method of 
waterproofing under the conditions named is likely to 
prove a boon. According to the Engineering Record 
this discovery has been made by Mr. Herbert Paschke, 
who has for several years made the subject one for special 
study, and has finally perfected a material which he calls 
‘*carboron,” which may be used for cold waterproofing. 
Two materials are employed in this system—one, a bitu- 
minised fabric, and the other a kind of paint. These 
are applied in successive layers to the surface treated. 
Muslin is preferably used for the fabric, although em 
canvas, or other material can be employed. Which- 
ever of these is chosen, it is saturated and slightly 
coated with an asphaltum compound before leaving the 
factory. This compound is called an amalgamating 
solution, and is made of asphaltum and a highly volatile 
mineral oil. The surface treated is covered with a single 
thickness of the prepared fabric, which is then painted 
with the solution ; another course of fabric is then put in 
place, and the process continued until the required 
thickness of wat rproofing material is obtained. The 
solution does not act as a cement, but becomes a part of 
the waterproofing material of the fabric, by the evapora- 
tion of the volatile oil. No heating of the surfaces to 
which the material isapplied is necessary, and it is stated 
that wet concrete may be placed directly against car- 
boron, with which it will form a very tenacious bond. 
Skilled labour is not required in the laying of this mate- 
rial. The system has been used in an ejector pit on the 
New York Subway, the bottom of the pit being 12 ft. 
below the grourid water surface, and some 7 ft. below 
mean low tide. The excavation was made in what was 
practically a quicksand, and was surrounded by steel 
sheet piling lined with concrete, the bottom of the pit 
being covered with reinforced concrete. Although there 
was a very considerable leakage, the waterproofing was 
applied expeditiously and successfully. process has 
recently been taken up by the Sicilian Asphalt Paving 
Company, of New York. 





CATALOGUES. 


WE have received from Messrs. Robert Warner and 
Co., of 97, Queen Victoria-street, London, copies of 
two catalogues, of which one is devoted to pumping 
machinery and boring tools, and the other mainly to wind- 
mills, water-wheels, and turbines, though some special 
forms of pumping machinery, such as hydraulic rams 
and chain pumps are also illustrated and described in this. 
The turbines are supplied in a number of different 
— suitable for all local conditions as to supply and 


The Dodge Manufacturing Company, of Mishawaka, 
Indiana, have issued a handy-sized and capitally-illus- 
trated volume devoted entirely to the requirements of 
the millwright. Couplings, hangers, pedestals, iron and 
wood pulleys are represented in great variety, and 
special attention is directed to methods of transmitting 
power by ropes and grooved pulleys. The standard 
patterns of rope sheave tested range up to 124 in. in 
diameter by 24 grooves. A selection of useful hints and 
tables is incorporated at the end of the volume. 

Messrs. Bergtheil and Young, Limited, of 12, Camo- 
mile-street, E.C., have sent us a copy of their new price- 
list of Zodel-Voith flexible leather: balt couplers for which 
they are sole British agents. These are madein a large 
number of standard sizes, of which the largest is capable 
of transmitting 2000 horse-power at 200 revolutions per 
minute. 

We have received from Messrs. Siemens Brothers and 
Co., Limited, a copy of their new price-list of switchboard 
instruments and accessories. The list is divided into five 
sections, dealing respectively with electro-magnetic instru- 
ments, moving-coil instruments, Ferrari’s instruments, 
and instrument transformers. We note that the current 
and voltage transformers are listed in a variety of pat- 
terns, some of which are designed to stand a working pres- 
sure of 50,000 volts. Amongst the special items listed is 
a universal station instrument with a dial 21 in. in dia- 
meter, showing simultaneously station volts, amperes, 
and kilowatts. The same firm have issued their price- 
sheet No. 15, describing their tantalum electric glow- 
lamp, which they state takes half the current of an 
ordinary lamp of similar voltage and candle-power. 

We have received from the Electric Power Storage 
Company, Limited, of 4, Great Winchester-street, E.C., 
a small klet giving illustrations of a large number of 
battery installations erected by them. ‘The firm claim to 
have supplied to British power-stations batteries with a 
total capacity of 100,000,000 watt-hours. 

We have received from Messrs. Richardsons, West- 
garth, and Co., Limited, of Middlesbrough, «a catalogue 
of their Cockerill type gas-engines, which they are pre- 
pared to supply in sizes ranging from 250 to 5000 horse- 

wer. Messrs. Richardsons, Westgarth, and Co., 

jimited, hold the sole license for these engines for the 
United Kingdom, and have already erected engines aggre- 
gating more than 10,000 horse-power. The engines in 
course of construction by them include two rolling-mill 
engines, each rated at 1600 horse-power. 

he Bell’s Asbestos Company, Limited, Southwark- 
street, S.E., have sent us their illustrated circular giving 
particulars of the new compound stop-valve they have 
recently introduced. This contains several improvements 
over their renewable seated stop-valves, which make it 
more adaptable to increased steam pressures. 

We have received from Messrs. Veritys, Limited, 
Deansgate, Manchester, their pamphlet No. 514, contain- 
ing illustrations and prices of their new designs in 
“* Aston” arc lamps, attachments, and fittings. 

Messrs. Alfred Herbert, Limited, of Coventry, have 
issued their new milling-machine catalogue which illus- 
trates and describes in detail a number of their machines, 
milling tools, and cutters. It gives also a good deal of 
general information with reference to these machines, 
the construction of which Messrs. Herbert have made 
a speciality. The book is nicely got up and will be 
found useful as a general reference-book on milling, 

The Simplex Steel Conduit Company, Limited, Garri- 
son-lane, Birmingham, have published a_price-sheet 
which gives in a condensed form the cost of their con- 
duits, fittings, and accessories, for sizes varying from 
4 in, to 2 in. 

Messrs. Baird and Tatlock, of Glasgow, have sent us 
their catalogue of pyrometers. The firm state that, after 
carefully investigating the optical resistance, expansion, 
and other methods, they have come to the conclusion 
that the thermo-@lectric element, as used by Le Chatelier 
and Austen, gives the most reliable and constant indica- 
tions. Their instruments may be divided into two sets— 
those which indicate the temperature on a dial, and those 
which both indicate and record it ; both types work in 
conjunction with platinum rhodium thermo-couples, and 
on the dead-beat galvanometer principle. 

Messrs. H. Pels and Co., Dane’s Inn House, 265, 
Strand, W.C., have just published a circular to show 
their various types of punching and shearing machines. 

The Mann’s Patent Steam Cart and Wagon Company, 
Limited, Hunslet, Leeds, publish a new catalogue illus- 
trating and describing their specialities. These cover a 
large number of steam-wagons of various types and sizes, 
tipping-wagons, and trailers for different industries. 

Messrs. Ffank Jordan and Co., engineers, 15, George- 
street, Mansion House, E.C., have sent us their pam- 
phlet describing their new patent Longsdorf furnace, the 
object of which is to improve the evaporation of boilers 
and prevent the emission of smoke. The device consists 
of a superheater and gas-head. The former, a cast-iron 
f-shaped chamber, is fitted inside the furnace over the 
dead-plate, and mee | surrounds the fire-door opening. 
The gas-head, pla above the superheater, is a tri- 
angular-shaped casting, made with a number of perfora- 
tions, through which jets of steam are directed on the 





fire. The steam supply is drawn from the boiler, and 


becomes superheated on its way to the gas-head through 
the superheater. : 

We have received from Mr. G. A. Becks, ot 11, Kings- 
mead-road, Tulse-hill Park, S.W., a circular describing a 
new curve for draughtsmen which he has recently intro- 
duced. This differs from a French curve in that it is 
built up of circular curves of different radii, the radius 
of each portion being engraved near it. Another instru- 
ment described in the same circular is a centre-finder. 
This consists of an ordinary 60 deg. set-square of trans- 
parent celluloid, having a slot cut in centrally, and two 
small circles engraved on the lower face of the set-square 
at opposite sides of this slot. By bringing these smal! 
circles into tangency with any circle, the centre of which 
is required, one edge of the slot mentioned will pass 
through this centre, 

A capital catalogue of engineers’ tools and sundries has 
been sent us bv Messrs. Selig, Sonnenthal, and Co., 
Limited, of 85, Queen Victoria-street, E.C. In addition 
to gear-cutting machines, milling-machines, lathes, and 
similar heavy machines, a number of highly ingenious 
small tools and attachments are also illustrated and 
described. Amongst them we notice a magnetic work- 
holder for use with the disc-grinder. This is built of 
aluminium, so as to be light and easily handled, and is 
fitted with four powerful permanent magnets, which will 
hold in place without cementing any thin pieces of iron 
or steel which it is desired to grind, A handy tool for 
die and gauge makers is a bench filing-machine. Mention 
we d also be made of a gear-cutting attachment for a 
athe. 

The Brown Hoisting Machinery Company, of Cleve- 
land, Ohio, have issued a strongly-bound and capitally- 
illustrated volume describing ore and fuel-handling plants 
erected by them at numerous Jarge and important docks 
and works. With the electrically-driven ‘‘ fast” plants 
some remarkable figures in the matter of ore-handling 
have been accomplished. A round trip of « bucket hold- 
ing 80 cubic feet is made in 40 seconds. The volume also 
includes descriptions and illustrations of cantilever ship- 
building cranes erected at different important shipbuild- 
ing yards, 

In connection with their exhibit at Olympia the Edison 
and Swan United Electric Lighting Company, Limited, 
have issued a handsomely illustrated pamphlet giving a 
history of the invention of the electric incandescent glow- 
lamp, the first of which was made by Sir J. W. Swan in 
1880. 


The Fairbanks Company, 78-80, City-road, E.C., who 
have made a speciality of the manufacture of complete 
appliances for power transmission, have sent us their 
catalogue, No. 181, illustrating their devices and fittings. 
It includes, among other descriptions and tables, par- 
ticulars relating to their Shaw couplings, Urwick patent 
helt-striking gear, and their steel-centre wood-rim split 
pulleys. 








ALLoYs OF ANTIMONY AND BismutH. — The curve. of 
cooling of mixtures of antimony and bismuth has been 
studied by K. Hiittner and Gustav Tammann. From 
molten masses rich in antimony crystals rich in antimony 
first separate; the main amount of this molten mass 
solidifies about 50 deg. below the temperature at which 
crystallisation begins. Molten masses which contain 
less than 70 per cent. of antimony do not crystallise 
until the melting-point of bismuth is reached, and finally 
bismuth itself separates in almost a pure state. When 
alloys of antimony and bismuth are allowed to cool very 
slowly, the structure of the solid which separates is homo- 
geneous; it is very probable that the two metals are 
miscible in all proportions. In molten masses containing 
antimony be 60 per cent. the temperature at the be- 

inning of the crystallisation remains constant for a time. 

he relationship between the temperatures at which 
crystallisation begins, and the percentage of antimony, is 
exp by the tabulated results given in the Zeitschrift 
Anorganische Chemie, 1905, vol. xliv. 





Manuatran Briper.— Manhattan Bridge will probably 
be the most efficient of any of the large bridges now 
authorised to be thrown over the East River. It is pro- 
vided with a middle roadway 35 ft. wide, and with eight 
railroad tracks, four for trolley cars, and four for elevated 
railroad trains. The bridge, with the Flatbush-avenue 
(Brooklyn) extension, will form a wide avenue, virtually 
from Prospect Park (Brooklyn) to the junction of Canal- 
street and the Bowery (New York), which may be con- 
tinued through the wide avenue of Canal-street to the 
North River. The bridge will form an important link, 
therefore, in a wide highway from the ocean to the North 
River through the central portion of New York. Mr. G. 
E. Best, bridge commissioner, observes :—‘‘ The prepara- 
tion of the plans for Manhattan Bridge was first authorised 
on November 30, 1898. Early in 1902 the plans for the 
superstructure of a wire cable suspension bridge had been 
developed ; and had these plans been adhered to, con 
tracts might have been let for this type of bridge before 
the close of 1902. It was, however, determined to change 
these plans, and to ae plans for an eye-bar cable 
bridge, using nickel steel for the eye-bars. Calculations 
show that there would be 10,000 tons more steel in the 
eye-bar type of bridge than will be required for the wire 
cable construction; and, notwithstanding the fact that 
statements diametrically opposed to this are made, I am 
convinced that a wire cable suspension bridge can be built 
in half the time, and at very much less cost, than an eye 
bar bridge. Manhattan Bridge, as designed, will, | 
believe, be one of the handsomest my which has ever 
been built in the world ; and I further believe that it wil! 


_ be built at less cost than and in less time than any oth 
structure of corresponding magnitude.” 
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Comprtep sy W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS OF 1888—1902. 

The number of views given in the Specification Drawings is stated 
in each case ; where none are tioned, the Specification is not 
ilustri 

Where tnventions are communicated from abroad, the Names, 
ée., of the Communicators are given tn italics. 

Copies Specifications may be obtained at the Patent O, Sale 

ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform ee of 

The date of the advertisement of the ance of a Complete 

ification is, in each case, given after the abstract, unless the 
atent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 











the advertisement of the rt of a Complete Specification, 
give notice at the Patent Optce of opposition to the grant of a 
Patent on any of the grounds mentioned in tle Acts. 


AGRICULTURAL APPLIANCES. 


3074. Clayton and Shuttleworth, Limited, and R. 
Gamble, Lincoln. Thr: and Winnowing Ma- 
chines. [1 Fig.} February 14, 1905 —This invention reiates to , 
improvements in thrashing and winnowing-machines, and more | 

jally to an improved construction of apparatus for more | 
effectually distributing the blast to the various riddles comprised 
either in the winnowing portion of a thrashing-machine or in an | 
independent winnowing-machine, both of which are hereinafter 
designated winnowing apparatus. The distribution of the blast | 
to the air-passages leading to the various riddles of a winnowing 
apparatus has heretofore commonly been controlled by means of | 
one or more flap-valves, by which the entrayces to the said | 
passages could be either entirely closed or opened to any desired 
extent, and it has frequently occurred that the force of the blast 
in an air- e, after being intensified by the contraction of 
the ye - at the valve, has again been dissipated in cx 1 e 
of the enlargement of the passage beyond the valve. Now! 
according to this invention the above-mentioned diminution iu | 
the force of the blast is obviated by making the cross-sectional 
area of an air-passage variable in suchwise that the said area 
throughout will be substantially uniform and equal to, or, at all 
events, not exceeding the aperture of the valve. 1 is the top 
riddle, 2 an inclined board arranged below the same, 3 an inter- 
mediate riddle arranged below the inclined board, 4 a bottom 

















riddle, and 5 a blower, the case 6 of which is formed with an 
outlet in communication with passages 7 and 8 for conducting the | 
air delivered by the blower respectively to the space 9 between 
the top riddle 1 and the inclined board 2 below it, and to the | 
space 10 between the intermediate riddle 3 and the bottom riddlé 
4. 11 is a flap-valve hinged or pivoted at 12, so as to control 
both the passage 7 and the passage 8. For the purpose of obviat- | 
ing the diminution of the blast in consequence of the enlargement 
beyond the valve 11 of the air-passage 8 there is pivotally con- 
nected to the lower portion of the valve, which is hinged at its | 
upper part and inclined therefrom towards the fan, one end of a | 
9 13 of sheet iron, whose other end, which may extend | 
slightly beyond the passage 4, is supported and connected to the | 
extremity of a radial link 14, whose other extremity is pivotally 
mounted on the lower portion of the inner wall of the air-passage 
8, as shown. The arrangement is such that whatever be the | 
extent to which the valve 11 is opened, the hinged plate 13 is 
parallel to the opposite wall of the air-passage, or nearly so, | 
whilst the radial fok is pe. or nearly parallel, to the valve 
1l, the cross-section of the air-passage 3 being thus kept practi- | 
cally uniform beyond the valve, the pressure of the blast being | 
maintained constant. Apparatus in accordance with this in- | 
vention is obviously applicable to more than one air-passage, | 
and, it may be, more than one controlling-valve. (Accepted 
August 10, 1905.) 


ELECTRICAL APPARATUS. 


17,442. W.H.Scott, Norwich. Controllers. [6 Figs.) | 
August 10, 1904.—This invention relates to controllers of the | 
drum type, which, according to this invention, are provided with | 
an automatic circuit-breaker, that is replaced when the controller 
is brought to the “‘ off” position, and which is provided with a | 
separate switch, pressed home by a cam on the controller shaft, | 
60 that it makes contact before the main drum contacts complete | 
the circuit. In the case of shunt-wound motors the cam A is | 























(n1942) 


loose, and has a limited motion on the shaft B of the controller, 
$0 ' at it can hold the circuit-breaking switch C on until the first 
of ‘he main contacts is made by the controller drum contacts 
dine -cated at D) and until the shunt is built up, when the switch 
C « held on by means of a magnet E in the shunt circuit, and 
then the cam A is no longer needed to hold the switch on ; and as 
_ ontroller handle is turned round, the cam A is arranged to 


r the switch C, so that the switch can operate in the event of 


| 1905.—This invention is a development of that described in the 


an overload or failure of voltage. Should this happen while the 
controller is ‘‘ on,” the controller-handle must be brought back to | 
the ‘‘off” position to replace the circuit-breaking switch C ; and 
owing to the cam A, which puts on the switch, having a limited 
motion round the shaft, the cut-out switch will, in the coming off 
direction, act a little later than in the going-on direction, so that | 
the switch will not be replaced until the controller-drum contacts 
D have broken the circuit. F is a spring which presses off the | 
switch C. Fig. 1 shows the “‘ off” position of the drum contacts 
D; Fig. 2 shows the first step when the controller shaft is begin- 
ning to drive the cam; and Fig. 3 shows the second step, the | 
shaft still driving the cam, which has now left the switch free to be 
pressed out by the spring. In the case of series-wound motors a 
fixed cam is used for putting on the circuit-breaking switch, and a 
magnet E in a separate circuit of high resistance for holding the | 
switch on, and an additional cam is arranged on the controller 
shaft B and a supplementary switch to break this high-resist. | 
ance circuit after the drum contacts are broken. (Accepted | 
August 10, 1905.) 
LIFTING AND HAULING APPLIANCES. | 
. | 
11,086. J. Chambers, A. Scott, and W. T. Chambers, | 
Motherwell. Rope-Guiding Device. [2 Figs.) May 27, | 
1905.—In machines which are moved along or over the work they | 
are operating upon by a horizontal winding-drum carried upon | 
the machine and hauling upon a rope which is anchored, or which 
passes Over an anchored pulley, returns and is fixed to the ma- 
chine, and in which the hauling-rope passes beneath the framing 
of the machine, it has hitherto been necessary, when the direction 
of travel of the machine was reversed, to reverse the direction in 
which the winding-drum was rotated and in which the hauling- | 
rope was wound, a matter causing a considerable loss of time, | 
being difficult to carry into effect, more particularly in the case of | 
coal-cutting machines operating in a confined space and involving 
some complication in the winding-drum operating mechanism. | 
This invention has for its object to so guide the hauling-rope, as | 
it leaves the hauling-drum, by the interposition of a pre. | 
pulley or drum, that the winding-drum may be rotated in one | 
direction for both directions of haulage movement, and that the 
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reversal of direction of haulage is accomplished by a mere change 
in position oft he rope, not involving the reversal of coil upon the 
drum nor reversal of the direction of rotation of the latter. In 
the diagram, the rope A is shown as passing from the upper 
periphery of the winding-drum B, beneath a guide-pulley C, and 
from thence to the anchor device or round an anchored pulley 
and back to the machine, the rope being in the position just de- 
scribed when haulage to the right is taking place. If the direction 
of haulage is to be reversed—that is, made towards the left—the 
rope A is transferred to the position by dotted lines, whilst the 
drum B is in each case rotated in the direction indicated by the 
arrow. As has already been explained, it is 'y in machines 
of the type to which the invention is applicable that the haulage- 
rope should pass freely beneath the machine, and it will be seen 
that the placing of the guide-pulley C in approximately the i- 
tion shown in the diagram relatively to the winding m 
renders this possible without alteration of the direction in which 
the rore is coiled upon the drum or the direction of rotation of 
the latter. (Accepted August 2, 1905.) 


6012. H. Burrell, Glasgow. Cranes. (2 Figs.) March 22, 





Specification of Letters Patent No. 12,271, of 1900, as regards the 
construction of devices for supporting the posts of derrick or 
like cranes in cargo steamers, so as to provide for stability under 
abnormal outreach of jib. According to the present invention, the 
crane-post, which extends down through the decks to a bulkhead 
below, is suspended by a ball-track step-bearing in the first deck, 
just under the pivot of the jib, as in the patent above referred to, 
and also by a foot-step on the bulkhead, to ensure stability, while 
the winding and driving gear are carried by the post below the 
second deck, so as to provide suitable counterweight for the load 
on the jib. The crane-post A has secured upon it an annular 
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casting B, which constitutes the inner and upper ball track for a 


| series of balls fitted in a ball-track ring C secured upon the first 


deck D. The post A, instead of being similarly further supported, 
as heretofore, in the second deck E, passes down through an 
opening E! therein, and terminates at its lower end in a step- 
bearing pin F fitted in a foot step G carried on the bulkhead 

or the floors of the ship. The winding gear I, which may be 
driven by an electric motor, is carried by the post A ata lower level 
than the main deck E, and the slewing gear J is secured around 
the base of the crane-post, so that the weight of the operating 
gear of the crane is at the lowest available level to increase the 
stability of the structure and thus balance the load. The ball- 


bearing support of the crane-post at the first deck level, in con- 
junction with the foot-step bearing G, ensures freedom of turning | 





| Safety Devices. 


movement of the post and maximum resistance to tilting of the 
crane-post under heavy load and extreme outreach of jib. 
(Accepted August 10, 1905.) 


7997. J. Shutt and W. M. Shutt, Penkridge. Lift 
(5 Figs.) April 14, 1905.—This invention 
relates to safety devices for. shaft cages of mines, and consists in 
the provision of means oe the cage is instantly brought to 
rest on the force being removed from the hauling chain or cable, 
owing to the breaking of the cable or to the giving out of the 
engine, or to similar causes. Although devices have been pre- 


| viously employed for this purpose, having a false bottom throwing 


out pawls to grip the guides of the cage, by the present improve- 
ments the additional bottom plate below the floor of the cage is 
made so as to leave the latter undisturbed, and thus render the 
cage more convenient in use, and this bottom plate is carried in a 
very simple and effective manner, and the means for throwing out 
this plate with the pawls are also arranged in a more simple and 
compact way, so that the device is sendeoed simpler in construc- 
tion and more effective and convenient in use. The - consists 
of atop plate and a bottom plate B, forming the roof and floor 
of the cage | mag A These are secured by nuts or collars to, 
and supported by, the tubes T. Below the floor B is arranged an 
additional bottom plate B', carried by rods passing through 
the tubes T, and to the upper ends of these rods are attached 
chains or cables, forming the necessary means for connecting to 
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the hauling cable. On the lower part of each of the rods D is 
arranged a coiled steel spring 8, which is in compression while a 
pull is exerted on the hauling cable. To the bottom B of the cage 
two pairs of pawls or cranked engaging pieces P are pivoted, the 
inner ends of which are continued oan passed through eyes or 
slots in vertical bars or posts E secured to the additional bottom 
plate B!, one pair through each post. The racks R are arranged 
down the sides of the shaft in a position cor nding to the 
position of the pawls P on the cage. These racks R are preferably 
in the form of facings applied to trough or other section girders, 
so as to be readily renewable in case of wear. In action the 
safety device is kept out of action so long as the pull on the 
hauling chain or cable is maintained ; but immediately this force 
is removed, the springs 8 force the additional bottom plate Bi 
away from the floor B of the cage, which, taking with it the 
posts E, draws down the inner ends of the pawls or cranked pieces 
P, throwing out the outer ends of the pawls, so that they engage 
the teeth of the racks R, thus instantly bringing the cage to rest 
and avoiding the serious accidents which now frequently occur 
through the cage falling to the bottom of the shaft owing to the 
breaking of the hauling cable or other cause. (Accepted August 10, 
1905. 


RAILWAYS AND TRAMWAYS. 


357. ar Allen and Co., Limited, Sheffield. 
(W. McI, Robinson and E. E. Letchford, Pretoria, Transvaal.) 
Automatic Coupling-Buffers. (2 Figs.) January 7, 1905.— 
In the mechanical am at present in use the coupling-gear 
consists of a pin and link. The object of this invention is to 
obviate the danger to which an onens is exposed in either 
coupling or releasing such gear, and the delay often caused by the 
pin becoming bent or jammed. For this purpose there is employed 
a device in which the link is retained as an essential part, and 
there is substituted for the pin a paw! or controllable lockin; 
device. In buffers at present in use a hole is provided in both 
the top and bottom of the bell @ to receive the coupling-pin, and 
this appliance is designed so that it can be adapted to the buffers 
at present in use, or that buffers can be —< ly constructed for 
jad pay my When adapted to existing buffers there is fitted or 
fixed in the lower pin-hole a stud or cone d, m, of a width and 








tenacity not less than that of the pin now in use, and so shaped 
that its front surface presents an easy incline to allow of the 
coupling-link e to slide over. In the upper portion of the buffer 
is suspended froin a pin a pawl b, the lower part of which overlaps 
the back of the cone d, so that when two vehicles are bi ht 
together for the purpese of coupling, the portion of the coupling- 
link e which protrudes from one buffer will enter the other, strike 
the front surface of the cone, and, sliding upwards over it, will 
displace the pawl b, and fall behind the cone, upon which the 
displaced paw! will immediately return to its position, thereby 
automatically locking the link. The coupling-link ¢ is caused to 
stand out from the buffer more or less horizontally by means of a 
retaining-lug f projecting from a stop-plate g. This stop-plate 
also serves to restrain the link from being thrust too far back 
when coupling is effected. Attached to the pawl and ing 
upwards through the top of the buffer is a lever i for actuating 
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and controlling the pawl. This lever is connected with other 
suitable appliances, so that it may be actuated from either or 
both sides of the vehicle, and thus obviate the necessity for an 
employé going between two vehicles for the purpose of coupling or 

pling or releasing the same. When buffers are specially 
constructed for the improved appliances, the cone, as well as the 
stop /, g, are formed and cast solid with the bell of the buffer. 
(Accepted August 2, 1905.) 


912. A. G, London. Buffers and End- 
stone (16 Figs t October 11, 1904.—For readily gaining 
access to the top of a railway carriage for removing or as 
lamps and for other pu , it is usual for a railway employé to 
step upon one of the buffer-cases and mount steps fixed at dif- 
ferent levels to the perge pee | end of the carriage. As the 
buffer-cases and steps are of metal, there is liability, ; y 
wet and frosty weather, of the employé slipping an es 
himself, and this invention has for object to prevent or mitigate 
liability to slipping by providing the upper surfaces of buffer-cases 
and end steps of the kind referred to with means that will afford a 
better foothold than has heretofore been usual. For this purpose, 
the top of a buffer-case or the upper side of an end-step of the 
kind referred to is provided with a tread comprising material, 
such as india-rubber, that will — a good foothold and resist 
slipping, and holding means therefor, the india-rubber and hold- 
ing means being either separate before fixing in place on the 








buffer-case or step, or made up as a — article adapted to be 
readily séeured in place. The application of the invention to 
buffers is Mlustrated inthe twofigures. According to the arrange- 
ment shown in Fig. 1, the head comprises a rectangular or other- 
wise suitably shaped thick sheet or slab 1 of india-rubber, having 
preferably a checkered, ribbed, or otherwise roughened upper 
surface and recessed sides, and correspondingly recessed holding- 
down strips 2 of metal, whereby the sheet or slab 1 is secured, 
as by screws, to the flattened or recessed upper side 4 of the 
buffer-case 5. According to another arrangement, illustrated in 
Fig. 2, the head comprises a sheet or slab 6 of india-rubber, secured, 
it may be, by vulcanisation, to the upper side ofa plate-like holder 
7 which is formed with holes for receiving extensions of the india- 
rubber sheet or slab 6, and is adapted, by being formed with bevelled 
sides, to be attached to the top of the buffer-case 5 by slidin; 
it endwise, from the inner end of the buffer-case 5, into a dove 
groove formed in the flattened top of the buffer-case. (Accepted 
Auguat 2, 1905.) 


20,976. R. G. Clouston, London. Electric Rail- 
(2 Figs.] September 29, 1904.—This invention relates to 

electric traction for railways, tramways, and the like, one of the 
objects being to prevent the danger so often occurring with a 
permanently live rail; another object being the provision of 
simple and efficient means to prevent any length of live rail from 
being cut out of circuit until the next succeeding length is ener- 
gised. The rail A is the ordinary track rail, supported on sleepers 
in the usual way. The live rail is carried on insulating supports, 
and is divided inte sections by insulating-blocks. The current is 
carried by any suitable conductor that can be securely protected, 
so as to avoid danger to animals passing along or over the track. 
The conductor is connected with one terminal E! of a switch, and 
a section of the live rail is connected with the other switch ter- 
minal E*. The descent or deflection of the track-rail A as the 
wheel passes makes the connection necessary to energise the 
—— live-rail section. For this _— the switch is 
attached to a block F, supported and fixed on the sleepers. The 
lever G is secured to one track-rail A, preferably at a point 
near a fish-plate, and the lever G is arranged to close the switch 
when the rail is depressed. By this arrangement only those 
sections of the live rail in immediate proximity to the train or 
vehicle are live sections, the other sections being harmless. Any 
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suitable arrangements may be employed for preventing any sec- 
tion of the live rail from being out of circuit until the next suc- 
ceeding length is energised. e lever G terminates in a sleeve 
surrounding a rod H having at the end of it a nut, so that the 
downward movement of the lever G pulls down the rod H. 
upper end of the rod H is attached to the short arm of alever J 

ivoted in the switch and connected with the terminal E*. The 
ong arm of the lever J is raised to come into contact with the 
terminal E! when the rod H is puled down by the depression of 
the rail A. The lever J carries on one side a projection, which in 
its upper position engages a detent K on the armature of an 
electromagnet K2. When the electromagnet is energised by the 
passage of current,.the armature is attracted and releases the 

rojection from the detent, so that the lever J may fall back into 
ts previous position and break the connection to the terminal E!. 
This arrangement is such that after the rail A has been depressed 
so as to close the switch, the detent keeps the switch closed and 
maintains the corresponding section of the live rail energised 
until the train or vehicle has reached the next section, when the 
movement of the train in any well-known way automatically 
closes the circuit to the elect: et K2, whereupon the electro- 
magnet K2 releases the switch and de-energises the rail section. 

- (Accepted August 10, 1905.) 


SHIPS AND NAUTICAL APPLIANCES. 


625. Palmer’s building and Iron 
Limited, an J. ebster, Jarrow. Ca’ 
Figs.) September 24, 1904.—This invention has for 


Tools. [8 


The | 


object to facilitate caulking—for example, that of the wooden 
decks of ships. The caulking tool comprises a holder adapted to 
fit a suitable percussive device, as a pneumatic hammer, a disc 
| mounted in the holder so as to be capable of rotation, and a 
| guide secured to the holder and adapted to receive the oakum or 
| Other caulking material and lead it into contact with the edge of 
| the disc at a point diametrically, or nearly diametrically, oppo- 
site to the percussive device. 1 is the holder, which has a part 
| adapted to fit a pneumatic hammer, and having an extension | 
| intended to receive the blows thereof; 2 is the caulking disc 
which is mounted in the forked lower portion of the holder on a | 
bolt or pin, and 4 is the guide for the oakum. The guide 4 has a | 
flat surface adapted to rest on the planks 5 between the caulking 
to be effected, and it forms a adapted to receive the | 
oakum 6, and preferably comprising a straight portion leading | 
| from its inlet end, and a somewhat curved portion leading from 
the straight portion, and terminating tangentially, or nearly tan- 
gentially, to the disc 2 at a point which, when the tool is in use, 














is diametrically bape to the percussive device, and conse- 
quently diametrically opposite to the holder 1. To facilitate the 
| removal and insertion of the discs, of which two or more differing 
| in cross-section would be employed successively in the caulking 





of a groove or seam, the axle of the guide 4, which is forked, is 
formed by a bolt 3 provided with nuts, by means of which the 
guide is secured to the holder 1. In the example shown the 
guide 4 is made of two similar pieces, which are secured together 
at the inlet ends by bolts extending through lugs in the upper | 
part of the guide, which is so formed internally as to conform | 
closely to the edge of the disc 2, the passage of the guide being | 
contracted horizontally towards its outlet, so as to gather the | 
oakum together to the width, or approximately to the width, of 
the edge of the disc, and thus ensure that the disc will not cut 
through the oakum, but will force it wholly down into the) 
groove or seam. The arrangement is such that if the bearing | 
surface of the guide rests on the planks 5, and the disc 2 projects | 
into the groove or seam to be caulked, the holder 1 will, as shown, 
incline backwards from the guide. (Accepted August 2, 1905.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. | 


21 T. Cooper, King’s Lynn. Steam-Boilers. 
{2 8.) October 7, 1904.—The present invention has reference 
principally to the arrangement of steam-boilers and furnaces 
suitable for road motor-wagon and agricultural locomotive engines 
which are required to be light and as inexpensive as possible, 
and which are sometimes required, particularly when shipped 
abroad, to give satisfactory results when only wood or some such 
bulky fuel Is available. In carrying out this invention a boiler is 
constructed of saddle form, straddling the furnace, which extends 
| the full length of the boiler from back to front. The heat from 

the fire acts directly upon the crown of the flue or fire-box of 
| the boiler, and upon the depending side portions, and the pro- 
| ducts of combustion pass up at the back into a chamber or box 
lined with asbestos or the like, and thence through longitudinally- 

















extending tubes to the uptake or chimney situated in front. a is 
the boiler straddling the furnace b, which extends the full length 
of the former; c are tubes extending longitudinally through the | 
body of the boiler, and d is a chamber or box at the back of the | 
furnace, through which chamber the products of combustion pass 
from the furnace to the tubes c. After leaving the tubes ¢ the 

roducts of combustion pass away by the uptake e¢ situated at the 
ront end of the boiler. This arrangement gives a very large 
furnace capacity, suitable for burning wood if necessary, and the 
construction, moreover, is inexpensive and light. The side por- 
tions of the boiler, if extended, may be made available for the 
attachment of the other parts of the engine. Man-holes may be 
fitted to the boiler at or near the depending side portions, which 
render the interior easily accessible for cleaning and repairs. 
(Accepted August 2, 1905.) 


3472. E. C. Villiers and W. H. Smith, Windsor. 
Steam-Generators. [1 Fij.)] February 20, 1905.—This in- 
vention relates to that class of steam-generators in which several 
superim cylindrical shells are ted horizontally or 
slightly inclined therefrom over furnaces, and are joined together 
by arn or headers, and whose lower shells are traversed longi- 
| tudinally from end to end by numerous fire-tubes. The boiler 
| sections are mounted over arched or roofed furnaces of refrac- | 





| of fibre and 


tory material extending from the front of the boiler to the com- 
bustion-chamber in such a manner that the hot gases do not 
impinge upon the lower cylindrical shells until after they have 
passed through the fire-tubes. By this means the greatest heat 
of the boiler is conveyed upon the inner ends of the cylindrical 
shells containing fire-tubes, adding to the rapidity of circulation 
up through the headers on the combustion-chamber side. It is 
not claimed that this arch is new of itself, but only in combina. 
tion with the external furnace of a boiler in which superimposed 
shells are traversed horizontally by fire-tubes. The lining of the 
furnaces and combustion-chamber is perforated by numerous 
apertures to admit air to the furnaces at a high temperature for 





the purpose of obtaining economical and smokeless combustion 
of the fuel. The superimposed inclined shells C and horizontal 
steam-drum S, connected by pipes or headers H, and supported 
on frames, are mounted over the furnaces A, which are roofed or 
arched over with refractory material E within a casing. Air is 
admitted to the furnaces A and combustion-chamber B through 
the apertures in the sides of the arches of the furnaces, and in 
the sides and floor of the combustion-chamber. The metal 
casing of the furnaces, as well as the sides of the combustion- 
chamber, is corrugated ; the air spaces between the corrugations 
serve the double purpose of cooling the casing and heating the 
air supply. (Accepted August 10, 1905.) 


MISCELLANEOUS. 


10,216. W. Tattersall, Bradford, Yorks. Pneu- 
matic Dust-Collectors. (3 Figs.) May 4, 1904.—This in- 
vention relates to improvements in or appertaining to pneumatic 
dust-collectors, and its primary object is to more thoroughly sepa- 
rate the dust from the air. The apparatus consists of a dust- 
separator 2, which may be of the usual inverted cone type fitted 
with deflectors 4 to precipitate the dust to the narrow end of the 
cone. At or near the bottom of the cone a worm or helical con- 
veyor 6 is provided to discharge the dust when such worm is 
rotated. This worm is preferably inclined at a suitable angle, so 
that the shaft 7 of the driving mechanism 8 is outside the separator, 
but it may be vertical. The worm may be taper or reduced in 
diameter towards the discharge end, so that the dust delivered 
is more or less solidified, and will not immediately become dis- 
integrated under ordinary conditions. Provision is made for 








throwing the discharge worm in and out of action, as required. 
An auxiliary opening may be provided, so that the dust can be 
discharged independently of the worm. In connection with the 
air-outlet 3 a filtering medium 10 is introduced, formed of layers 
cotton-wool or other suitable medium, through which 
the air is forced before escaping ; and in order to increase the 


| efficiency of this filter the air-outlet is enlarged in size at this 


point, so as to obtain a filtering area 12 and proportionately 
reduced velocity of the air. For the purpose of dealing with 
certain kinds of dust, such as those liable to cling to the sides of 
the se tor, a rotary scraper 15 is used, as shown in Fig. 2, 
which is a view of the lower portion of a dust-separator similar 
to Fig. 1, but-with the shaft 7 of the driving mechanism vertical, 
to scrape the sides of the separator. This scraper may be of 
such a form that it also acts as adeflector. (Accepted August 10, 
1905.) 
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Ordinary Foundations, including the Coffer-Dam Process 
for Piers. By Cuarites Evan Fow er, M. Amer. 
Soc. C.E., President of the Pacific North-West Society of 
Engineers, &c. Second Edition, revised and enlarged. | 
1905. New York: John Wiley and Sons. London: | 
Chapman and Hall, Limited. [Price 3.50 dols.] 

Tuis work does not profess to be strikingly 
original, but it appears to us to be very useful. It 
deals systematically with the engineering problems 
encountered in the construction of foundations for 
different kinds of structure, and especially for piers 
of bridges. Theory is hardly touched upon, as the 
author confines himself entirely to the practical 
methods of construction employed to-day. His 
method of treatment is to illustrate each step in 
the process of preparing for the laying of founda- 
tions and their subsequent construction, by referring 
to actual examples of such engineering work, 
making free use for this purpose of descriptions 
which have appeared in current engineering litera- 
ture. The book is therefore largely a compilation, 
but one which will be appreciated by many 
engineers. Indeed, the fact that this is a second 
edition is in itself evidence that the work has met 
with favour. 

The earlier chapters of the volume deal mainly 
with the construction of coffer-dams by pile-driving 
and by metal shells, and a new chapter is added on 
the construction of piers by the use of metal 
cylinders, of timber caissons by open dredging, and 
of pneumatic caissons. There is also a chapter on 
pumping and dredging. This brings us to Chap- 
ter X., where begins the discussion of the actual 
foundation, for which the work described in the 
earlier chapters has been but a preparation. In 
this chapter and the next descriptions of the foun- 
dations of a large number of actual bridges serve 
as illustrations of modern practice, attention being 
drawn to the character of the bottom on which the 
foundation is built, the bearing capacity of the 
soil, and the foundation loads. Other chapters 
deal with the location and design of piers, the use 
of cement and concrete, and the final chapter is 
devoted to the discussion of timber piers and tim- 
ber preservation. There are several interesting 
appendices giving American specifications for dams, 
masonry, cement, &c.; and numerous instructive 
tables of data on different parts of the main 
subject appear throughout the volume. 








Neuere Turbinenanlagen. By WILHELM WAGENBACH, 
Konstruktions-ingenieur an der Rgl. Techn. Hoch- 
schule, Berlin. Berlin: J. Springer. 127 pages, large 
8vo, with 48 text figures and 54 plates. [Price 15 marks. | 

THe volume before us forms a continuation and 
extension of Professor E. Reichel’s Turbinenbau 
auf der Weltausstellung in Paris, 1900, compiled by 
the author on the suggestion of Professor Reichel. 
Although there has been a notable increase in the 
number of turbine plants, the author considers that 
only a fraction of the available water power is, so far, 
being utilised. Of the German public electricity 
works, 339, aggregating 105,155 horse-power, were 
in April, 1904, relying on water power and re- 
serves, while 793 electricity works, aggregating 
556,500 horse-power, depended upon steam and 
other power. The only other statistics of this kind 
which the author gives refer to the United States, 
and up to June, 1902. At that time 1378 public 
electric power-stations, with 381,000 horse-power, 
were driven by water, while 5921 electric power- 
stations, totalling 1,377,000 horse-power, depended 
upon steam. The general introduction, which pre- 
sumes familiarity with the subject, covers eight 
pages, and the three main sections are headed :— 
‘‘Francis Turbines,” ‘‘ High-Pressure Turbines,” 
and ‘*Governing of Turbines.” The four sections 
altogether run into 127 pages, but they must make 
up more than a third of the bulk of the volume, the 
plates of the chief features of the turbine plants 
described occupying most of the space. 

The author groups Francis turbines as vertical, 
horizontal, or open shaft, and horizontal encased. 
The criterion of the further arrangement is the 
head utilised. Lest the regulation of the turbines 
should not harmonise with the adopted classifica- 
tion, the governing is specially dealt with in the 
last section. Substantielly , the volume consists of 
able, brief technical descriptions of the main turbine 
plants of recent years, com rising, for instance, 
those at Chevrés, Niagara, ee and Rhein- 


felden. With the aid of what the author styles 
constructive coefficients—i.e., maximum water bulk, 


relative water bulk, head, circumferential speed, | 
rate of flow, efficiency, &c.—the author manages to 
crowd a good deal of information into the four | 
tables which replace a detailed table of contents | 
and the altogether absent index. At the first 
glance, this absence of anything of the kind of an | 
index appears an annoying defect. But the tables | 
contain all the necessary references to descriptions 
and plates, and although the plates do not refer 
back to the pages of the subject matter, the same 
order is observed in both parts, and there is nothing 
to complain about. 

The descriptions may occasionally appear too 
short ; but literature references are given in foot- 
notes, and the names of the constructors are always 
stated. The language, we should add, is fluent, 
and nowhere enigmatically condensed, nor do 
brackets or symbols obtrude themselves in any 
way ; there is, in fact, no outward suggestion that 
briefness was aimed at. While, of course, appre- 
ciating all that has been done for the scientific and 
technical development of turbines in Germany and 
Switzerland, the author shows no partiality for the 
constructions of these countries. The volume can 
safely be recommended to all interested in turbine 
plants. 





American Tool-Making and Interchangeable Manufac- 
turing. By Joseph V. WoopwortH. 600 engravings. 
London: E. and F. N. Spon, Limited. 

Tus book may be concisely designated ‘‘shoppy.”’ 
There is no theorising in its pages, no problematical 
or experimental devices, there are no badly pro- 
portioned and impossible diagrams, no catalogue 
blocks, but a valuable collection of drawings and | 
descriptions of devices, the rich fruits of the| 
author’s own experience ; and as its 500 odd! 
pages deal with one subject only—tool-making, | 
and whatever relates thereto—we have a work 
that stands without a rival on the subject of| 
which it treats. The drawings are uniformly clear 
and largely self-explanatory ; but the author's, 
descriptions leave nothing doubtful. We have no 
criticisms to offer on the work, but the interest of 
our readers will be better served by giving a concise 
account of its contents. 

The first chapter begins with Eli Whitney, and 
an account of the system of interchangeable manu- 
facture which he introduced, and did so much to 
develop. In his shops at Newhaven, Conn., the 
**jig” and the “fixture” had their birth, and so 
these works became the Mecca of government 
officials and manufacturers. In the next chapter | 
the elementary forms of templets, of gauges, and | 
of various jigs sin genesis are discussed and illus- 
trated. The distinction between small and heavy 
work, between cheap and accurate jigs, is shown, 
and the equipment of a typical tool-room described. 
Chapter III. takes up the fundamental principles 
involved in the system, and six important factors 
are made subjects for exposition. 1. The course 
the work is to follow during manufacture. 2. The 
locating and securing of the work in the fixtures. 
3. Keeping the locating points for the work free 
from chips and dirt. 4. Self-contained tools. 5. 
The class of help that will use the tools. 6. Con- 
venience and ease in handling the tools during their 
operation. These receive illustration in the 
chapters following. 

Chapters IV. to VII. deal only with drilling jigs 
for numbers of different jobs, some being decidedly 
ingenious, as one for drilling holes in a spiral direc- 
tion round a cylinder (page 106), and jigs with in- 
dexing plates. 

Chapter VIII. deals with the utility of the mill- 
ing-machine in the tool-room, and Mr. Woodworth 
says with truth that notwithstanding the fact that 
nearly all shops have such machines, their use and 
manipulation are not generally understood, and 
that the large range of work it is possible to 
machine on them is not appreciated by mechanics 
in general for the special work of jigs, tools, dies, 
and fixtures. A jig-body set up in a universal may 
be rotated, swung, twisted round, raised, lowered, 
moved laterally or crosswise, set to any angle, 
drilled, bored, reamed, faced, slotied, profiled, 
indexed, and, in some cases, completely machined 
without changing the original setting. Chapters IX. 
to XI. finish the commentary to this text, passing 
from the simpler to the more complex and highly 
accurate forms ; and in describing these the methods 
of their construction as well as utilities are given. 
Chapter XII. deals with fixtures for the turret 
lathe, some in the cross-slide, some in the turret- 














head, others in the spindle. Some box-tools for 





the screw-machine are treated in Chapter XTII., 
and also a number of form-tools for irregular out- 
lines. Chapter XIV. deals with boring fixtures 
and allied designs, and all to the glorification of 
the special tools, to the displacement of the old 
— forms. 

ere the continuity of the treatment of jigs and 
fixtures is broken, and succeeding chapters deal 
with actual tools and cutters and their manufac- 
ture, beginning with milling-cutters, which the 
author enthusiastically terms the ‘‘king of all 
modern cutting tools,” for which the milling- 
machine was created ; and that all the genius and 
excellent workmanship put into these wonderful 
machines are for no other purpose than to rigidly 
hold and revolve the cutter or cutters at the proper 
speed, and to feed the work to it. The author has 
drawn mainly on Mr. Brayshaw’s paper in this 
and the next chapter, which deals wih hesdoniog 
and tempering. In the chapters following drills 
and allied tools are discussed. The chapter on 
brooches is good. Micrometer calipers follow. 
Then comes a chapter on the making of metal 
moulds for rubber and composition goods and 
others, which moulds are the work of the tool- 


maker. The details of tooling them are given 
minutely. In Chapters XXI. and XXII. a miscel- 


laneous selection of special tools is given for use 
in various machines, until it seems as though nearly 
every conceivable kind of job must be covered, at 
least in principle, within these pages. Machines 
for die-cutting are treated briefly in Chapter X XIII. 

Chapters XXV. to XXVIII. are devoted to 
sheet-metal working, with a detailed account of 
the construction of the sub-press. The making, as 
well as the method of use of punches and dies, is 
amply dealt with and illustrated with excellent 
sectional drawings. The work of drawing deep 
shells is shown in detail. Seaming and wiring 
processes are illustrated. Engraving, sinking, and 
constructing dies for medals is treated in Chapter 
XXIX., cold swaging in rotary machines in the 
next. Chapter XXXI. deals with work in alu- 
minum, and the last two with various useful notes 
and recipes. 





The Principal Professional Papers of Dr. J. A. L. Waddell, 
Civil Engineer, Edited by Jonn LyLk HARRINGTON. 
New York City: Virgil H. Hewes. 

UsuaLty the professional papers of a successful 

engineer are given to the world only after his death, 

but the present volume forms an exception to the 
general rule, for Dr. Waddell is still, fortunately, an 
active member of the engineering profession in the 

United States, and the senior partner of Messrs. 

Waddell and Hedrick, of Chicago and elsewhere, 

with a large connection, especially in bridge con- 

struction. 

The captious may be inclined to regard this work 
somewhat in the light of an advertisement, but this 
we think would be by no means just, and we must 
credit Mr. Harrington, Dr. Waddell’s admiring 
editor, with a single-minded desire to add an in- 
teresting and bulky volume to the technical litera- 
ture of the world. It contains nearly 1000 pages of 
very heavy paper, and is a collection chiefly of 
papers read and addresses delivered before different 
technical societies in the United States, with a 
valedictory address to the students of civil engineer- 
ing in the Imperial University of Japan, where 
Dr. Waddell filled a chair for about four years. 
This address, we may say in passing, was given 
some twenty years ago, since when Japanese en- 
gineers have, to say the least, profited by the 
suggestions, and surpassed even the imagination of 
the Professor. 

Apart from this contribution, the book is made 
up of twenty-two sections, chiefly reprinted from 
the Transactions of one or other of the technical 
societies, though some notes and letters are also 
added ; in fact, it may be concluded that every 
piece of fugitive literary work by Dr. Waddell since 
1878 has been carefully collected and placed on 


record. 

Prominent in this collection are several papers 
on the education of engineers, a subject on which 
the writer is well qualified to speak. The more 
numerous and interesting, however, are those re- 
lating to actual engineering — in America, 
including lectures on specifications, and, more 
especially, contributions on railway work and bridge 
construction. These collectively form a very small 

rtion of an ambitious scheme that Dr. Waddell 

as evidently at heart—the compilation of a history 
of the engineering profession—a subject on which 
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he addressed the Society for the Promotion of 
Engineering Education in 1903. Of great interest 
is a description of the emergency reconstruction of 
a bridge that carried the water mains supplying 
Kansas City across the Kaw River. In the spring 
of 1903 one span of this bridge was carried away by 
flood, and the mains had to be replaced in the 
shortest possible time under very difficult conditions. 
The story of how this was accomplished is well told 
in a communication by Dr. Waddell, who, with his 
partner, Mr. Hedrick, replaced the lost span by a 
temporary suspension bridge, and restored the 
water supply of the menaced city in about seven 


ays. 

The editor of this book has done his work well ; 
each communication is preceded by an introductory 
note, and, wherever possible, it is followed by a 
verbatim report of the discussion that followed the 
reading of the paper. This plan, while adding 
greatly to the bulk of the book, has doubtless 
pleased all those who took part in the various dis- 
cussions. It must be satisfactory to an engineer in 
active and successful practice to see his more or less 
fugitive writings collected and placed permanently 
on record. Dr. Waddell and Mr. Harrington (the 
editor) are to be congratulated, therefore, on having 
carried out an original idea, which we trust, however, 
will not be widely imitated, for obvious reasons. 


Valves and Valve-Gearing: A Practical Text-Book for the 
Use of Engineers, Draughtsmen, and Students. By 
Cuartes Hurst. Fourth Edition, revised and en- 
larged. London: Charles Griffin and Co., Limited. 
[Price 103. 6d.] 

We confess to a feeling of disappointment after a 
perusal of this book, although it deals very fully 
with its subject. It professes to be for the use of 
students, but we think that a student would, in 
some parts, have great difficulty in following the 
reasoning, as few definitions are given, and too 
much knowledge is taken for granted. 

The Zeuner valve diagram is the one used 
throughout the book (although others are explained), 
and after applying it fully to the case of a simple 
valve, it is used for divided and Trick valves, 
expansion-valves of various kinds, and for valves 
worked by expansion governors, such as Hartnell’s, 
Westinghouse, and Robinson’s. The diagram is 
then applied to Stevenson’s reversing-gear, also to 
Allen’s straight-link motion, and finally to radial 
gears, such as Joy’s, Hackworth’s, and the well- 
known Walschaert gear. The ellipse diagram is 
also described, as well as Reynolds’s valve diagram. 
We would suggest that in a future edition this 
latter diagram be placed at the beginning of the 
book, as it is undoubtedly far the easiest for a 
student to grasp. 

On page 28 the author says that ‘* fixed expansion 
gears are now little used, and are only suitable for 
engines having a definite and unvarying load.” This 
is a somewhat remarkable statement in view of the 
fact that in this country there must be consider- 
ably overa million horse-power of engines having 
fixed expansion, and driving dynamos with an ex- 
tremely variable load. The author must also be 
unacquainted with Mr. Willans’s classical trials on 
the steam consumption of engines, and with Cap- 
tain Sankey’s paper on ‘‘ Governing,” read before 
the Institution of Mechanical Engineers, both of 
which traverse this statement. 

In Chapter V. we have an excellent description 
of Corliss valves and clear descriptions of the more 
important and typical trip gears, such as Rey- 
nolds’s, Musgrave’s, &c. The reason given for the 
popularity of the Corliss gear in America is worth 
quoting :—‘‘ The one eccentric (used by Mr. Cor- 
liss) precludes the possibility of cutting off after 
about four-tenths stroke, which was a little later 
than the most economical point for pressures then 
common. Whenever a Corliss engine was put 
down, it was imperative thut it should perform its 
work within this range of expansion, so that the 
owner was unable to run his engine except under 
economical conditions. The advantage over those 
engines which were too small for their work was at 
once apparent, and gave rise to the common notion 
that the economy was solely due to the valve gear.”’ 
It is pointed out’ that Corliss gear has not been 
used for marine engines, and the author evidently 
thinks that this gear would be a means of obtaining 
further economy in such engines, but realises the 
difficulty of arranging the gear in a sufliciently 
compact manner. Drop-valves and the gears for 
working them are described in a satisfactory 
manner, and all the well-known gears are dealt 





with. Drop-valves have not received the same 
attention in this country as they have abroad, and 
this fact is reflected in the book under review by 
the small amount of space devoted to them. But 
we are surprised to find that the piston drop-valve 
now used on the Van den Kerchove engines is not 
described, although such an engine was exhibited 
and received much attention at the Paris Exhibi- 
tion of 1901. 

The second part of the book deals with gas- 
engine valves and gears, and is confined to the 
hit-and-miss principle of governing ; the numer- 
ous gears developed of late years, especially on 
the Continent, for large gas-engines are not con- 
sidered at all. Some hints are given as to the 
design of cams, but only the barest mention is 
made of the water-cooling of valves ; in fact, this 
chapter will require much enlarging before it can 
be considered up to date. 

The remainder of the book deals in a satisfactory 
manner with air-compressor valves and gearing, 
and the various valves in common practice are 
carefully described and well illustrated. 
Giold-Dredging. By Cartain C. C. Loncriner, M. Inst. 

Mech. E., &c. London: The Mining Journal, 1905. 
In Mr. Longridge’s recently-published book on 
‘* Gold - Dredging,” the first thing a reviewer 
notices is that it is illustrated, chiefly on art paper, 
with something like fifty full-page blocks, or rather 
more than one to four pages of letter-press. - It is 
attractive, not only to the engineer, but to the un- 
professional man who is financially interested in 
gold-dredging and desires to gain information as to 
the nature of the machinery and the process by 
which his money is made or lost. The book affords 
him a pictorial means of attaining hisobject. The 
general subject is divided clearly and distinctly into 
thirty sections, and a very good index makes refer- 
ence easy. 

The author’s method has been less historical than 
practical ; he has contented himself for the most 

rt with illuminating those questions and pro- 

lems which are directly connected with the appli- 
cation of dredging in the gold-bearing rivers of the 
world so far as it is known. He has made no 
attempt to follow the evolutionary changes of the 
dredger from the time of the primitive ‘‘ dipper,” 
when a gargantuan spoon, carried by a barge, was 
lowered and raised by a hand-winch, and brought 
up not more than 2 or 3 tons of gravel per hour. 
The history of the dredger is not entirely that of 
one type thrusting all others aside and surviving as 
the fittest, but rather the record of a plurality of 
types evolving themselves independently in dif- 
ferent parts of the world. For instance, the report 
of the Minister of Mines in British Columbia for 
1897 mentions two instances of descendants of the 
early ‘‘dipper” still working successfully on the 
Fraser River, though more than ten years earlier 
ancestors of the modern powerful bucket-dredgers, 
which raise hundreds of cubic yards per day, were 
at work in New Zealand. 

The chapters dealing with the progress and the 
future of the dredging industry are not speculative. 
Authentic information, it is stated, as to progress 
is difficult to obtain, and the data procurable have 
rather an individual than a general value. The 
author, therefore, has wisely preferred to quote 
opinions of the Press than to give his own. The 
chapter on ‘ Fields for Gold-Dredging ” consists 
almost entirely of excerpts taken from that illimit- 
able, if somewhat irresponsible, source. 

Mr. Longridge has dealt in considerable detail 
with the constructional part of his theme, and 
supplemented lucid descriptions with capital illus- 
trations. The very important question of how to 
separate and retain the gold after it has been raised 
by spoon, or pump, or bucket, is discussed sys- 
tematically a in detail in the chapters ‘‘ Separa- 
tion of the Material Dredged” and ‘‘ Gold Recovery 
Appliances,” references being made to the most 
modern means and contrivances. Other noticeable 
chapters are those treating of the disposal of the 
tailings ; the working of the dredgers ; the diffi- 
culties of dredging ; selecting, prospecting, and 
valuing ground ; and centrifugal hydraulic dredg 
ing. Several excellent half-tone plates assist to 


make plain the means taken to put the tailings out 
of the way. 

In his ‘‘ Conclusion” the author expresses an 
opinion, which is almost a conviction, that the reader 
who has progressed to that point in his book can- 
not help but consider that money invested in gold- 
dredging propositions ‘‘under competent advice” 





will be comparatively safe. There is certainly 
something attractive in this mild optimism, though 
it cannot be received without qualification ; for in 
these days one has a difficulty in finding an industry 
in which he can feel confident of burying his 
‘*talent” even safely. The Fraser River—we 
mention this river in speaking of our own know- 
ledge—has demanded and secured many victims 
who searched its gold-laden bed not rashly, trusting 
to ‘‘competentadvice.” If, so to speak, you think 
you know your dredger, your ground, your manager, 
and your board of directors, you may have dreams 
of comparative security ; but you may also have an 
awakening to discover that what you took for fact 
was little better than fiction. Mr. Longridge’s 
conclusion merits only, we think, a modified assent - 
the form in which we should be inclined to mould 
the fluid fact within it would be that gold-dredging 
may not be so much of a gamble as horse-racing 
and that it is a trifle less risky than gold-mining, 
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Our Locomotive Exports.—The course taken by our 
locomotive exports was, upon the whole, rather more 
favourable in September, the value of the engines shipped 
for the month having been 159,637/., as com red with 
146,4962. in September, 1904, and 147,058/. in September, 
1903. The South African demand for British locomotives 
continued extremely languid in September, but the value 
of the shipments to South America increased to 69,187/., 
as compared with 49,0297. and 8249/. in the cor responding 
months of 1904 and 1903 respectively. The value of the 
locomotives exported from the United Kingdom in the 
nine months ending September 30 this year was 1,770,573/., 
as compared with 1,384,806/. in the corresponding period 
of 1904, and 1,765,358/. in the corresponding period of 
1903. This year’s figures were helped up very materially 
by the highly encouraging demand for British locomotives 
in South America, which took engines to September 30, 
this year, to the value of 452,515/., as compared with 
260, 448/. in the omeepentne period of 1904 and 163,613/. 
in the corresponding period of 1903. As regards the 
colonial demand, the shipments to British South Africa 
and Australasia have been distinctly disappointing this 
year, but the Indian demand has been . 





























Oct. 20, 1905. ] 


ENGINEERING. 





597 








THE BIRMINGHAM UNIVERSITY. 
By C. Atrrep Smrru, B.Sc., A.M.I. Mech. E. 
(Continued from page 399.) 

THe Power-Station—continued. 


Tue interior of the engine-room, the equipment 
of which has been fully described in our previous 
article, is shown in Fig. 13 on our two-page plate. 
Close to the power-house, and separate from the 


main buildings, are the steel-melting laboratory, | 


the blast-furnace, the foundry, and the smith’s shop. 
The interiors of these latter are shown in Figs. 14 
and 15 on our two-page plate, and in Figs. 16 and 17, 
page 522. The equipment of the steel-melting 
laboratory will be described in detail when we deal 
with the Metallurgical Department. 

Foundry and Smithy Equipment.—In a one- 
storey building, standing in close proximity to the 
power-station and metallurgical laboratory, are the 
foundry and the smith’s shop. This section of the 
equipment is somewhat similar to that for training 


| plied by Messrs. Vaughan and Son, Limited. The 

same firm have supplied a 3-ton overhead self- 
| sustaining crane for the fitting-shop. For these 
cranes all the motions are actuated by hand-power 
|from the floor beneath by means of chains. It 
|may be mentioned that the hoisting motion is 
transmitted from the hand-chain sprocket-wheel 
| through a pinion and spur-wheel to the hoisting- 
chain sprocket. The load is held up by a brake, 
| which automatically applies friction directly in pro- 
portion to the weight which is being lifted. By 
means of a hand-chain from below this brake pres- 
| sure can be relieved, and the load allowed to run 
| down under perfect control. AJl the component 
| parts of the crane are of simple design and of sub- 
| stantial proportions. The headroom and clearance 
required are very small, thus giving the crane a 
maximum range of lift and cross-traverse. 





Tue Equipment or Brock A. 


The remainder of the engineering workshops, 
| laboratories, and lecture-rooms are situated in the 








Fic. 23. 


engineering students in practical work at Keyham 
College. The general ‘*furnishing” of the two 
shops is most complete, and if there is any fault 
to be found with the general arrangements, it is 
that the smith’s shop is somewhat cramped, as will 
be gathered from the illustration, Fig. 16, on page 
522. The length and width of the complete build- 
inv are respectively 100 ft. and 25 ft., and the height 
is 25 ft. It is rectangular in shape, and is divided 
hy a wall across the middle. Thus each shop is 
0 ft. by 25 ft. In the smithy is a large electrically- 
driven power hammer. It was supplied by Messrs. 
B. and S. Massey, of Manchester, and is one of 
their 3-cewt. patent pneumatic type, driven by a 
British Thomson-Houston motor, which is geared to 
it direct. There are twelve fires, at each of which 
works astudent smith and a student striker. Two 
skilled smiths are always in this shop to instruct 
the students. 

In the foundry is a 2-ton cupola and brass- 
melting furnace supplied by Messrs. Thwaites. 
Core stoves are provided. An interior view of 
the foundry is shown in Fig. 17, page 522. There 
is a 3-ton overhead self-sustaining hand-power 
travelling-crane for the foundry, which was sup: | 











Avery’s Torsion-TestinG MAcHINeE. 


| will be placed there. 





main buildings, and occupy the whole of Blocks A 
and B. Of these, Block A has been already in use 
some few weeks, and it contains the fitting, machine 
and pattern shops; as well as the drawing-office 
and the Hall of Machines. In the last-mentioned 
there will be a permanent exhibition of the latest 
and most modern types of machine-tools, loaned by 
manufacturers. This should perform the dual pur- 
pose of acquainting the students with the latest 
mechanisms and of advertising to visitors and 
students the latest products of these various ex- 
hibitors. At present there are no machines in 
place, because the space has not yet been fully 
apportioned. The fitting-shop is at present only in 
a temporary condition. So far it only contains a 
few vices, surface-plates, and other appliances, but 
it is hoped that it will shortly be fully equipped, 
and probably a large number of Parkinson vices 
When completed it will 
accommodate about 100 students and instructors. 
The drawing-oftice, illustrated in Fig. 18, page 
522, is a fine spacious room, and covers the whole 


racks, &c., supplied by Mr. Harris, of Birmingham. 
The lighting arrangements have been described 
earlier. Messrs. B. J. Hall and Co. have supplied, 
in addition to the ordinary drawing-boards, instru- 
ments, beam compasses, planimeter, &c., an out- 
fit of modern ‘‘ Perfect” drawing-tables. These 
are complete and self-contained ; they can be ad- 
justed for the student to work at any height or 
any angle ; the straight edges are kept parallel by 
means of fine wire rope running over oailes at the 
corners of the boards ; the attachment to the wires 
is by means of a clamp at each end, which admits 
of a very considerable adjustment, so that the 
work can be secured to the rd and the straight- 
edge brought to coincide with any lines already 
there. Each straight-edge is fitted with an instru- 
ment ledge } in. deep, running nearly the full length, 
which will hold pencils, rubbers, compasses, &c. 
Messrs. Hall have also supplied an electric blue 
ae apparatus, with which two double-elephant 

lue prints can be obtained in two minutes’ expo- 
sure. The bath is of wood, slate lined, and sup- 
plied with a rubber squeegee for removing the 
moisture for the prints, thus promoting rapid dry- 
ing and preventing a sloppy mess being made 
about the floor of the room. For rapid drying a 
porous plaster slab is used. This is fitted in a 
frame supported on wheels similar to the old flat 
frames. It has two smooth faces, either of which 
can be brought horizontal—one serving for blue- 
prints and the other for black-line work. The 
damp print is laid on the flat surface and rubbed 
over with a squeegee or roller, and is soon dry 
enough to be folded up. When not in use the frame 
can be turned vertically before a fire and thus kept 
perfectly dry and ready. 

In the photograph-printing room the principal 
feature is a Hall’s pillar electric copier appa- 
ratus, with a two-part vertical plate-glass cylinder 
supported on a hollow rotatory iron base and 
turned iron pivot, through which the arc lamp, 
illuminating the interior of the cylinder, can pass. 
The tracings and photograph paper are secured to 
the outer surface of the cylinder by linen covers 
stretched tight by a lever. Perfect contact is 
obtained, and by means of a light band at the 
upper portion of. the cylinder it is easy to secure a 
large number of small tracings and printing paper 
for one exposure, the adjustment being accurate 
and rapid. The machine stands rigid without being 
screwed to the floor, and can be moved about the 
room when required, the current being supplied to 
it by flexible mains. 

The drawing-oftice equipment also includes a 
very complete set of about forty full-sized wooden 
models of engine and machine parts, built-up in 
such manner that various sections can be readily 
shown ; these are most instructive to the students 
in machine-drawing, and were supplied by Messrs. 
G. Cussons, of Manchester. 

The pattern-shop is also in Block A. A view 
of the interior of this shop is given in Fig, 19, page 
522. At present it contains thirteen double benches 
fitted with Parkinson’s patent wood-worker’s vice 
and adjustable bench-stops. The machines in 
this shop are :—One 30-in. band-saw, by Messrs. 
Robinson and Sons, Rochdale ; one Handyside tool- 
grinder, by Messrs. Thomson, Sterne, and Co., 
Glasgow ; one Colburn universal saw-table supplied 
by Messrs. Ludw. Loewe and Co., Farringdon-street, 
London ; one 32-in. circular saw-bench with rising 
and falling table, by Messrs. J. Sagar and Co., 
Halifax, a one 20-in. ‘* Premier” wood-plan- 
ing and thicknessing machine fitted with planing 
attachments, also supplied by Messrs. Sagar and Co. 
This machine is a most modern tool, and deserves 
special inspection by visitors to the pattern-shop. 
The shafting is driven by a 15 horse-power three- 
phase motor supplied by the G. E. C., Witton, Bir- 
mingham. In this shop are the four wood-turning 
lathes built by engineering students of the Uni- 
versity. 

In the machine-shop is a very representative col- 
lection of the latest tools, including planing, shap- 
ing, and milling machines ; lathes, grinders, radial 
drills, and screwing machines; in short, every 
tool one would expect to meet in a modern engi- 
neering works. Two photographs of the machine- 
shop are reproduced in Figs. 20 and 21 on our 
two-page plate Possibly tools will be built for this 
shop by the students, for the pattern-shop already 
contains four home-made wood-turning lathes. 





of the top floor of this block. It affords accom- 


| modation for ahout 120 students at one time, and 


is fitted throughout with tables, lockers, boards, 


Although quite incomplete, the present collection 
in the machine-shop includes fourteen lathes. 
Some of these tools are American, but most are 


508 


ENGINEERING. 





[Ocr. 20, 1905. 








English. There are two 6-in. sliding, surfacing, 
and screw-cutting lathes by Messrs. Ward, of 
Birmingham ; two 6-in. plain lathes have been sup- 
plied by Messrs. Lloyd, of Steelhouse-lane, Bir- 
mingham ; Messrs. Archdale, Birmingham, have a 
6-in. sliding and screw-cutting lathe in this shop ; 
Messrs. Alfred Herbert, Limited, of Coventry, 
have one No. 2 turret lathe there. There are three 
6-in. American lathes—viz., a Hendy, a Prentice, 
and Reed, and also a 7-in.‘‘ Bradford” lathe. There 
are also an 8-in. Hendy sliding, surfacing, and 
screw-cutting lathe, with taper and backing-off 
attachments and all up-to-date improvements ; and 
three lathes supplied by Messrs. Lang, John- 
stone, of Glasgow—namely, one 12-in. sliding, sur- 
facing, and screw-cutting lathe, one 10-in. chucking 
lathe, and one 7-in. plain lathe. There has just 
been delivered an 8}-in. high-speed sliding, sur- 
facing, and screw-cutting lathe, which has been 
especially designed for use with high-speed steel ; 
the headstock is of the single-pulley all-gear type. 

There are two milling-machines—a No. 1 vertical 
milling-machine with circular table, an by 
Messrs. Alfred Herbert, Limited, and a No. 2 ‘‘Cin- 
cinnati” horizontal milling-machine, by Messrs. 
C. Churchill and Co. There are two shaping-ma- 
chines—one is a 6-in. stroke shaper by Messrs, Arch- 
dale, and the other is a 15-in. shaping-machine by 
Messrs. Petter and Johnson. There is a planing- 
machine 8 ft. by 3 ft. by 3 ft., _ lied by Messrs. 
Gray, Cincinnati; a 4-ft. radial dril by Messrs. Arch- 
dale ; a 2-in. pipe and bolt screwer by the Tangye 
Tool and Electric Company ; and a Miller’s Falls 
power hack-saw is in this shop. The equipment 
is completed by three grinding- machines. One 
universal cutter-grinder was supplied by Messrs. 
J. J. Guest, Birmingham ; one Steelhouse tool- 
grinder by Messrs. Lloyd, Birmingham ; and one 
Worcester twist-drill grinder. 

In the machine-shop there are three electric 
motors. One is a 15-horse-power three-phase motor 
by the G. E. C., Witton; Birmingham. A 10- 
horse-power three-phase motor has been supplied 
by the Phoenix Dynamo Company, Bradford, and 
a 5-horse-power three-phase motor by the Brush 
Electric Company, Loughborough. 

This completes the present equipment of the 
machine-shop. There is still ample space for future 
additions, and it is probable that each year there 
will be an increase in the number of such tools, 
though the present collection confirms the idea 
that the practical portion of the student’s training 
is being carefully looked after. 


EquipMeEnT oF Brock B. 


Hydraulics, Strength of Materials, and Electricity. 
—This block is occupied by the laboratories for ex- 
perimental and research work. It contains the 
whole of the hydraulic and strength-of-materials 
equipment, and also that for electrical engineering 
testing. The hydraulic and strength-of-materials 
laboratory occupies both floors of the cross-arm of 
the block. On the ground floor the space is devoted 
to the heavy testing-machines and the hydraulic 
tanks. On the upper floor are smaller apparatus 
for the investigation of mechanical laws and the 
properties of materials. 

In the hydraulic laboratory there is a tank 4 ft. 
square and 30 ft. high. It is supplied by centrifugal 
pumps, which draw from a sump at the lowest level 
of the system. The fittings of the tank are such 
that it can discharge through orifices and mouth- 

ieces of various kinds, or through valves, pipes, 
Sheds, diaphragms, and all forms of hydraulic re- 
sistances, with arrangements for measuring the loss 
of head in each case. A specially-designed duplex 
differential pump, with an adjustable stroke, is used 
to supply water to a series of experimental turbines, 
and to apparatus for measuring hydraulic resist- 
ances under high pressures and velocities. The ex- 
pevimental turbines are of three important types :— 
A reaction turbine, using €00 gallons per minute at 
heads up to 30 ft.; a Girard impulse turbine, using 
400 gallons per minute at 75 ft. head; and a Pelton 
wheel, arranged to vary the number and form of 
the cups, taking 400 gallons per minute under a 
head of 250 ft. For these tests an hydraulic brake 
and an eddy current brake are provided. The 
water used in any experiment discharges into a 
channel, and over weirs into measuring tanks, from 
which it drains to the sump. 

The laboratory will also contain a two-stage air- 
compressor capable of delivering either 250 cubic 
feet of free air per minute at 40 lb. per square inch, 


or 120 cubic feet at 120 lb. per square inch. The! 





compressed air will be used for experiments on the 
laws of flow of air in pipes, and the measurement 
of resistance. 

The Electrical Laboratories. —The electrical labora- 
tories occupy both floors of the radiating arm of 
this block. On the lower floor is the main electrical 
laboratory, measuring 125 ft. by 47 ft. The supply 
from the University power-station charges a battery 
in the basement capable of discharging at the rate 
of 40 kilowatts at 220 volts for four hours. This 
battery supplies power to the mair laboratory 
switchboard above. A number of groups of ma- 
chines range from the board down each side of one 
section of the laboratory. The motors take elec- 
trical energy either from the power-station or, when 
special runs are required, from the battery. 

The machinery will include a motor-generator set 
for charging the battery from the direct-current 
supply of the power-station and a motor-driven 
booster for maintaining a perfectly constant supply 
in all parts of the laboratory, in spite of variations 
which necessarily occur in the voltage of the battery 
during its discharge. An interesting set will be 
one for obtaining a direct-current supply from the 
alternating power-mains, and for investigating 
many of the conditions connected with the trans- 
formation of alternating currents into direct cur- 
rents, and vice verséd. By means of auto-trans- 
formers and an alternate-current booster, variable 
pressure can be applied to the alternate-current 
side of a rotary converter of about 30 kilowatts 
output, so that the direct-current output will be in 
this way capable of regulation over a sufficiently 
wide range to enable the battery to be charged by 
this means, when occasion arises, from the power- 
station supply of alternating current. The battery- 
charging sets will be controlled from a well-equipped 
switchboard. Many of the tests required for com- 
mercial purposes can very well be carried out 
without the conditions of perfectly constant supply 
here provided for, but these conditions are never- 
theless essential for those tests which are directed 
towards the improvement of design—that is, the 
reduction of the various sources of loss—a matter 
which can only be properly studied when each loss 
can be separately estimated. 

Other important sets of electrical machinery for 
testing are being arranged for. For example, two 
30-kilowatt 220-volt machines, which can be direct- 
coupled or not, as required, so that the tests for 
efficiency can be carried out by the Hopkinson or 
the Kapp method. This set also serves for the 
supply of current at 500 volts. There will be a 
traction motor of the standard 500-volt type with 
gear and brake; a 25-kilowatt alternator, and also 
a compounded alternator, so arranged that either 
can be motor-driven by a direct-coupled 220-volt 
motor ; two three-phase 30-kilowatt 30-period 220- 
volt induction motors for mutual testing by the 
Sumpner method, &c. There will also be provided 
a set for the supply of current at 50 periods per 
second, so that the three-phase motors of this 
frequency can be tested when necessary. The 
rest of the machinery will consist of a suitable 
collection of motors ranging up to 8 or 10 brake 
horse-power of various types, including the most 
recent kinds of single-phase motors of the commu- 
tator type. For all this miscellaneous motor. testing 
a number of properly fitted testing-beds are being 
laid down. Here most of the third-year or junior 
electrical engineering testing will also be carried 
out. 
A feature of the laboratory will be a standardis- 
ing-room provided with every convenience for the 
rapid standardising work of any electrical instru- 
ment in use for tests; the checking of instru- 
ments being, where necessary, carried out with 
the instruments in position as used in the test. 
The remaining portions of the main laboratory 
are for general and high-tension transformer work, 
insulation and capacity tests of cables, &c., mag- 
netic testing, meter and instrument testing, low 
resistance and conductivity measurements, the 
testing of motor-starters and controlling gear, and, 
finally, an open and closed workshop. In connec- 
tion with this department may be mentioned the 
physics laboratory, illustrated in Fig. 22 on our 
two-page plate. Two cranes run the entire length 
of the main laboratory, one on either side. The 
upper floor is mainly devoted to the junior 
laboratory, where the students will learn the 
—— testing methods connected with their later 
work. On this floor are also two photometric 
galleries—one for elementary and the other for 
more advanced work—a drawing: office for advanced 





electrical design, and a writing-room with accom- 
modation for students doing post-graduate work, 
A mezzanine floor above one portion is provided, 
and is equipped with a photographic-room for use 
in connection with all the advanced engineering 
work. 

Strength of Materials.—The aim in the strength- 
of-materials laboratory is to provide a complete 
equipment for tests of all kinds. The principal 
machine will be the 50-ton horizontal machine at 
— at Edmund - street, the pressure water 

ing aes by pump and accumulator working 
to 1000 lb. per square inch. In addition there 
will be a large torsion-testing machine by Messrs. 
W. and T. Avery, Limited, capable of taking full 
lengths of shafting, a smaller testing-machine, illus- 
trated in Fig. 23, e 507, a wire-tester, and a 
machine for testing tubes and plates by hydraulic 
pressure. A separate room on the upper ground 
floor is set apart for cement-testing. The laboratory 
will also contain machines for research on the 
behaviour of materials under impact, compound 
stress, and repeated loads. A number of smaller 
machines, illustrating various laws of stress and 
strain for the use of junior students, will be installed 
on the upper ground floor. Mr. F. H. Hummel, the 
lecturer on civil engineering, has carried out the 
design of these laboratories. 

This completes the description of the equip- 
ment of the laboratories in the Engineering Depart- 
ment. The scheme of instruction given to the 
students will not be without interest to those who 
are themselves at engineering colleges, and to the 
many engineers in actual practice who take a lively 
interest in the educational affairs which affect their 
profession. 


THE INSTRUCTION IN ENGINEERING. 


‘*The purpose of the Engineering Department 
is the teaching of, and the application of, science 
to industry, with such technical instruction in 
handicrafts as will enable the students to complete 
their course in the University itself.” The same 
idea prevails through all sections of the depart- 
ment—lectures and design, as well as workshops— 
‘the aim being to so train the student that at the 
end of his course he may be equipped with a 
thoroughly sound scientific basis, upon which he 
can subsequently build in any direction in which 
his work may take him, and in addition with an 
amount of practical knowledge sufficient to make 
him at once serviceable in an engineering works.” 

The course for the degree in engineering extends 
over four years after matriculation. For the first 
year all the students do the same work, but after 
this year they specialise in either civil, mechanical, 
or electrical engineering. The course for electrical 
engineering students is the same as that for 
mechanical engineers for the first two years, and 
in the third and fourth years increased time is 
spent in electrical engineering or electrical design. 
Civil engineers specialise in a similar manner. The 
distribution of the students’ time is as follows :— 
In the first year all students take engineering 
(drawing, three hours a week, and workshop, nine 
hours a week); mathematics (seven hours a week) ; 
physics (three hours’ lectures, and two hours’ labora- 
tory); and chemistry (four hours’ lectures, and two 
and a half hours’ laboratory). This gives a total of 
about thirty hours a week at the college, leaving 
ample time for home-work. 

In the second year there are engineering lectures 
(average, five hours a week), six hours a week in the 
drawing-oftice, and six hours a week in the workshop. 
Six hours a week are devoted to mathematics. The 
would-be civil engineers spend four hours a week 
at geology, whilst the mechanical and electrical 
engineering students do the same at metallurgy. 

In the third year there are three hours a week 
devoted to mathematics for all students. Various 
lectures in engineering subjects (the lectures are 
specialised for the students in all three branches of 
engineering) occupy eight hours a week. For six 
hours a week the civil engineers take geology, and 
they have three hours a week in the strength-of- 
materials laboratory, and three hours a week in the 
electrical laboratory. Drawing takes up three 
hours a week for all students of this year. The 
mechanical engineers take three hours a week at 

hysics, and are in the metallurgical laboratory 
or three hours a week. The electrical students of 
this year take physics, but not metallurgy. 

In the fourth year the studies are confined abso- 
lutely to engineering subjects. The civil engi- 


neering students draw for six hours a week, 
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the others take four hours a week for drawing and 
three hours a week in the workshops. Lectures in 
engineering subjects take up six hours a week for 
all students. The civil engineers attend the me- 
chanical laboratory three hours a week and the 
heat laboratory three hoursa week, ani in addition 
to these hours the electrical and mechanical engi- 
neering students are in the electrical laboratory 
three hours a week. 

It must be clearly understood that the above 
{ime-table was schemed with the idea of utilising 
the cramped space at Edmund-street to the fullest 
advantage. It is certain that in the future there 
will be much more laboratory accommodation, 
and probably this portion of the instruction in 
engineering will be greatly increased. It is worth 
noticing that for instruction in the subjects sub- 
sidiary to engineering—viz., physics, chemistry, and 
geology—lectures are given by four Fellows of the 
ae Society—viz., Professors Poynting, Frank- 
land, Lapworth, and Watts. The scheme of arrange- 
ment is, as will be noticed by studying the Univer- 
sity Calendar, quite flexible, and while it is obvious 
that the University has laid it out especially for the 
benefit of the undergraduates, every advantage is 
given to non-matriculated students who may wish 
to take up engineering and the allied sciences. 
Professor Burstall and Messrs. Hummel, Morris, 
Porter, and Hazell, all of whom are oh the engi- 
neering staff, have helped in working out this great 
scheme of education for engineers. The rest of the 
site is occupied by the Departments of Metallurgy 
and Mining, which will be described fully. It will 
be noticed that in these branches of applied science 
ample provision has been made for educating special- 
ists as well as engineers who wish for a general 
knowledge of the work. 


(To be continued.) 





THE CONTINENTAL FIRE SERVICE. 
By Epwiy O. Sacus, F.R.S. Ed., Architect. 
(Continued from page 372.) 
Germany—Tue Berwin Fire Bricane. 

Ir may have appeared somewhat curious that 
when selecting my first example of a German 
professional fire brigade I should have given pre- 
eedence to the Hanover service, rather than that 
of the capital city—namely, the Berlin Royal 
Police Fire Brigade. ‘This is due to the fact that 
these articles are primarily for those interested in 
the technical aspect of the subject ; ‘and from a 
purely engineering point of view the Hanover 
brigade certainly is at present the most interesting 
one in the German Empire. The Berlin force is a 
marvel of systematic organisation, but in equip- 
ment there are quite a number of brigades in 
Germany that stand higher in my estimation. I 
say this with considerable regret, as my first 
practical experience of the fire service was gained 
with the Berlin force, when I was attached to that 
brigade for a year—1889-1890—prior to being asso- 
ciated with the Vienna force. The Berlin Brigade 
already in those days was behind the other German 
forces in the matter of equipment; but already 
in those days it was a model of brilliant and 
systematic organisation, with which was coupled an 
excellent policy of drill, of technical training, of 
tactics, and a very broad-minded policy of giving 
encouragement in all matters relating to fire-pre- 

vention. 

That the Berlin Royal Police Fire Brigade in 
1890 should have stood behind several other 
German forces in matters of equipment, and that 
this should also be the case to-day, is not a matter 
for which any individual is responsible, but rather 
circumstances ; for the Berlin Fire Brigade is in 
the somewhat anomalous position of forming part 
of the Royal Berlin Police, responsible only to the 
police prefect of that city—i.e., toa high Govern- 
ment official ; whilst its budget has to & voted by 
the municipality, who are scarcely in touch with 
the force, and have little or no knowledge of its 
requirements. For this reason the brigade has 
always been somewhat starved in the matter of 
appliances, and in means generally ; and had it. not 
becn for its excellent organisation and skilful 
tactics, I am afraid this lack of suitable equip- 
ment would have been very seriously felt on many 
occasions, 

As a matter of fact, it is a somewhat awkward 
moment to write about the Berlin brigade at all ; 
for, as I have already indicated in a previous 
article, Herr Reichel, of Hanover, has only just been 








entrusted with the command of the Berlin force in 
succession to the late Chief Giersberg, and it will 
yet be quite a time—say, at least, four or five years 
—before this eminent officer will have been able to 
set his mark in the brigade—to have re-equipped 
it on the lines he is known to favour, oa to 
have overcome the financial difficulties to which 
I have referred as hampering the development 
of the service. 

The Berlin Fire Brigade was organised in 1851; 
and the International Fire Exhibition and Con- 
gress, which was held at Berlin in 1901, was 
primarily intended to mark the celebration of the 
brigade’s jubilee. The brigade’s organisation on 
modern lines dates from 1875, when the system of 
fire-fighting units—so frequently referred to in 
these articles—was first brought into operation, 
each unit comprising :—(a) a trap; (b) a manual 
fire-engine ; (c) a water tank ; each two-horse, and 
forming the fire-fighting unit employed throughout 
the brigade. The brigade was divided into divi- 
sions or companies, and each such division or com- 
pany had a certain number of such units. Steam- 
fire-engines were introduced into the brigade in 
1876 ; but one of the most remarkable improve- 
ments, from the technical point of view, in the 
brigade was the introduction, as far back as 1884, of 
bayonet either-end couplings throughout the force 
—uamely, the Grethe-Witte coupling of that date. 
This coupling was superseded throughout the force 
(in 1893) by the Stortz either-end bayonet coup- 
ling, and this coupling has since been changed for 
the Giersberg coupling, the general introduction of 
which has been in hand during the last few years. 
In other words, there have been three changes of 
couplings throughout the brigade, which is a some- 
what remarkable experience for any force, show- 
ing, however, the importance attached to the 
question of good either-end couplings in some ser- 
vices. 

The original principle on which the brigade was 
organised and distributed was, that it should be 
possible at any point throughout the city to get the 
assistance of a unit of the fire brigade—i.e., the 
two-horsed appliances—within ten minutes of a fire 
being observed, including the time to be occupied 
by the messenger reaching the fire-call point, giving 
the call, the unit turning out, and reaching the 
fire. Although this principle had been adhered 
to from the outset in laying out the fire-service 
organisation, the scheme has practically only come 
into full execution during the last ten years. As 
the brigade stands to-day, it comprises a head- 
quarters and five divisions, each division (or com- 
pany) having. a divisional station, at which two 
units are housed, and three ordinary stations with 
one unit each. The force thus organised has to 
protect, according to the statistics of 1904, an area 
of 156,136 acres, with 25,800 buildings and a 
population of 2,000,000. The distribution of the 
force is radial. Although not yet quite complete, 
each station will apparently eventually have as a 
working unit a chemical engine, an 80-ft. long 
ladder, and a steam fire-engine—i.e., three appli- 
ances ; and the second unit at the divisional sta- 
tions, cumgening at present a heavy steam fire- 
engine with a tender—i.e., two appliances—will 
apparently also comprise three appliances each. 

he intention of the late fire chief, as indicated, 
was to give every station a unit of three appli- 
ances, comprising a chemical engine, a steam 
fire-engine, and an 80-ft. long ladder, similar 
in idea to the old units, comprising trap, manual 
engine, and water-barrel (see page 596, vol. Ixxix., 
May 12, 1905) ; but at the moment of writing there 
is still a kind of interregnum as to the introduction 
of uniform units, and there are also some stations 
missing in the general divisional scheme. At the 
end of last year, two or three of the stations to com- 
plete the system of one divisional head-quarters 
and three stations for every one of the five com- 
panies had not yet been quite completed. I believe 
two stations had not yet been opened. Similarly, 
there were quite a number of the more modern appli- 
ances still missing to complete the units. A number 
of chemical engines are, for instance, not yet at 
hand ; but the brigade had already 18 steamers— 
i.e., one for each station opened (most of them, by- 
the-by, of considerable power), and 13 of the 80-ft. 
mechanical long ladders were already manned, three 
more being on order; so that the acquisition of 
modern appliances may be said to have already 
been well started. 

Apart from this divisional organisation there is 
a separate head-quarters staff, which, however, 








must be only considered in the way of an army head- 
quarters, solely occupied with the command and 
administration. of the force, and not as a head- 
quarters station for turning out a central force or 
reserves. Thus, for instance, the headquarters has 
only four horses—i.e., two 2-horsed tiaps to take 
the headquarters staff toa fire. It has no equip- 
ment, and the men attached to it only comprise 
orderlies, signallers, &c. 

The Berlin brigade has a remarkable number of 
superior oflicers—i.e., besides a chief officer, it has 
five divisional officers in charge of companies, and 
two officers, ranking as divisional officers, known 
as senior adjutants, on the headquarters staff ; and 
it further has thirteen assistant divisional officers in 
charge of units, and two such assistant divisional 
officers on the staff known as junior adjutants. 
The idea of managing a large fire-fighting foree— 
on whom safety of life constantly depends, not to 
speak of an enormous amount of property —with 
men who have risen from the ranks is wrong, no 
matter how much practical experience they may 
have obtained, and no matter what splendid excep- 
tions one occasionally meets with. It is almost as 
wrong to put large fire-fighting forces of this kind 
under the control of one—or at the most two— 
superior officers, and to leave divisions or com- 
panies in charge of warrant officers. Whilst the 
ideal has no doubt been obtained in Berlin, where 
a brigade 896 strong is handled by twenty-two 
superior officers (supplemented by the chief of the 
secretarial staff and a chief of the electrical staff, 
both civilians with professional officers’ rank), I do 
not consider this ratio essential. The Vionna prin- 
ciple of one chief officer, one second officer, and five 
divisional officers to a brigade of 468, all ranks, is 
a more practicable proportion; but I certainly 
consider that there should be at least one superior 
officer to every hundred, all ranks, in any brigade 
of importance ; whilst cities having a population of 
100,000, no matter how small the brigade, require 
at least two superior officers. It is not only the 
superior officer’s management of the brigade that 
one has to bear in mind, and his — brain- 
power for actually handling a fire with tactical and 
economic understanding, but his general influence 
on the fire-preventive policy, his skilled assistanco 
in the supervision and inspection of buildings, and 
his general influence in giving fire protection that 
standing which it merits as a highly important 
economic feature in municipal and national life. 

Besides the twenty-two superior officers, the 
Berlin brigade has seven warrant officers (two of 
whom belong to headquarters), five deputy warrant 
officers, 110 foremen and engineers, and 774 fire- 
men ; the fire-fighting personnel thus totalling 918. 
The brigade, further, has a clerical and telegraph 
staff. 

The brigade has at its disposal two staff carriages, 
four traps, seven manuals, five hose-traps (for 
bringing additionai hose to large fires), nine horsed 
water-barrels, thirteen 80-ft. long ladders, six 
chemical (compressed air) engines, two breakdown 
—i.e., dangerous structure—traps, eighteen steam 
fire - engines, twenty-one tender traps for the 
steamers, five additional carts, and twenty-one tri- 
cycles for orderlies, hydrant inspections, &c. The 
retention of the horsed water-barrel is, of course, 
something of a curiosity nowadays ; but has certain 
advantages in case aid has to be rendered outside 
the municipal area, or in case of some extraordinary 
breakdown in the water-supply. The retention of 
the manual is also primarily for the purposes of 
unexpected emergencies and work outside the 
municipal area. Illustrations of both manual engine 
and water-barrel were presented on page 596, vol. 
lxxix., Figs. 47 and 48. As tothe characteristics of 
the appliances used, I shall be speaking further on. 

I have referred above to the extraordinary amount 
of attention accorded to questions of fire-preven- 
tion by the Berlin brigade. This is, however, no 
new matter, for I might almost say this attention 
has been accorded since the brigade’s early days ; 
but it has certainly been accorded most systemati- 
cally ever since the fire that took place in the 
‘eighties, at what was known as the Kaiserstrasse 
Factory. I think I am not going too far in saying 
that this fire made such an impression on the 
brigade’s officers as to the necessity of energetically 
encouraging fire-prevention, that the propaganda in 
that direction may be said to date from the fire in 
question. 

Though somewhat outside the scope of these 
articles, I think it would not be unwise to present 
some engravings from photographs of the ruins of 
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SOME EFFECTS OF THE GREAT KAISER-STRASSE FIRE AT BERLIN. 


Fie, 90, 


Fig. § 


that disastrous outbreak. It will be seen what kind 
of ** risks” the brigade has to deal with, and that 
everything that can be of a disadvantage from a fire 
point of view in a large factory was forthcoming on 
that occasion. There were (see Figs. 89, 90, and 
91) cast-iron columns unprotected ; wrought-iron 
girders also unprotected ; ordinary brick arching 
which cracked and collapsed owing to the girder- 


work by which it was supported moving with the 
increase of temperature. Fig. 91 clearly demon- 
strates the effect this fire had on cast iron and 
wrought iron, and should serve as an object-lesson 
to many of those who, even nowadays—twenty 
years after a fire of this description — continue, 
either from ignorance or purposely, for reasons of 
economy, to use metal work in building works with- 
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FIRE PLANS OF DANGEROUS AREAS IN BERLIN. 
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out due protection. I might, perhaps, whilst de- 
scribing the Vienna Fire Brigade, on similarly 
resented some illustrations of the great Ring 
‘heatre fire in that city, which took place in 1881, 
and practically pasate { in the modernisation of the 
brigade and its propaganda in the direction of fire- 
prevention ; but, having omitted to do so, I take 
this opportunity of indicating that practically in 
every larger brigade it has been some specific fire 
that influenced its modernisation, or its taking 
special interest in matters of fire-prevention. For 
Some extraordinary reason, an example in a neigh- 
bouring city rarely leads to reformation ; it re- 
(uires, as @ rule, an actual disaster on the spot to 
secure the introduction of modern ideas. 


Frre-Bricape ToroeraPHy. 


I have indicated that whilst I do not place Berlin 
among the first brigades of the world, its manage- 





y STATION. 


ment and its tactics are on a quite extraordinarily 
high level. It would lead too far in these articles 
to detail all the points that have from time to time 
struck me as being worth adoption universally, or 
even to mention all the points that I consider 
materially influence the effective work of the 
brigade, regardless of the fact of its very moderate 
equipment. 

In one direction, however, I think I should like 
to go to some detail. It is in respect to a very 
small matter, but one of far-reaching effect. It is 
one of the remarkable features of the Berlin 
Brigade that on every appliance a fire brigade 
pocket-book is carried, 8vo. size in shape, and very 
clearly printed, so as to be legible in a bad light. In 
this pocket-book there is a tabular list of every 
thoroughfare and every hydrant or source of water 
supply in the municipal area. The tabular list 
gives exaetly the position of the hydrant in relation 
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to the numbering of the houses, and in relation to 


the roads across the thoroughfare in question. In 
Fig. 92 on e 612 an extract will seen from 
this list. e extract deals with the Franzésische- 


strasse, and one sees indicated with cross lines the 
relative location of the hydrants or wells, as com- 
pared with the house numbers, as also their dis- 
tances. To those accustomed to these tables the 
exact location of a hydrant is found with the greatest 
rapidity; and, as a matter of fact, in the case of calls 
to any special address, the officer already easily 
turns up the relative location of the hydrant whilst 
he is on the way to the fire, reading the book with 
the aid of the portable electric lamp he carries, so 
that the word car be ed to the men where the 
nearest hydrants are situated, and no time is lost 
in finding them. I need hardly say that the hy- 
drants are also distinctly marked on the walls of the 
houses ; but one knows by experience how difficult 
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it is to find the most conspicuous of marks on a! 
building on a dark night if one has nothing whatever 
to go by. 

This list of hydrants is supplemented by a 
splendid collection of plans drawn to scale, indicat- 
ing the general location of various portions of the 
city and their dangerous areas ; and also by a series 
of plans oe the general lay-out, with the 
positions of the hydrants, &c., of public buildings, 
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theatres, and special classes of Fg nd such as 
large factories, gas works, &c. Thus, for instance, 
Fig. 93, page 511, shows the gas works. It indicates 
the position of the power-house, the engine-room, 
the retort-house and the gasometers, also the loca- 
‘tion of the hydrants and wells. What refers to the 
yas works refers to the Central slaughter-house 
and live-stock market (Fig. 94), and to the railway 
station (Fig. 95). The general plan of a possible 
conflagration area is indicated in Fig. 96. This 
plan indicates the relative location of a number 
of narrow thoroughfares in relation to the metro- 
politan railway, a public market, and some pano- 
rama buildings. If the call be to the ‘‘ public 
market,” or to the ‘‘ panorama buildings,” the 
officers in charge can, either on the road or im- 
mediately upon arriving, inform themselves as to 
the general topography of the district they will be 
working in; and, as will be seen, the map not 
only indicates the actual blocks of buildings, «c., 
streets, and approximate street widths, but also 
shows the position of the hydrants. 

Given these plans, and given an intimate know- 
ledge obtained by superior officers by constant 
inspection in their respective districts, it will be 
easily understood that the topographical know- 
ledge is very great in the force, and this knowledge 
stands the brigade in very good stead in many an 
emergency. 

The pocket-book, however, also goes one step 
further in respect to particularly dangerous risks. 
The plans of these special risks show where indivi- 
dual units of the brigade are to draw up; and 
should an individual unit not be attending as con- 
templated, owing to its being at work elsewhere, 
the unit that takes its place in turning out also 
tikes up the former’s allotted position. I give in 
Fig. 97, page 511, such a plan relating to the Royal 
Opera House. The position of the units is given, 
seen in relation to the opera house named, and the 
hydrants and wells are clearly marked. 

I have, perhaps, dealt somewhat lengthily with 
this matter of the pocket-book, but I must again 
emphasise the great value of its existence. The 
latest development is the provision in the book of 
some plans of the internal arrangement of notable 
buildings, from which the positions of the party- 
walls, the number of staircases, &c., will be seen 
at a glance ; not dissimilar to what is done in in- 
surance maps, as far as Great Britain is concerned, 
by Mr. Charles E. Goad. I reproduce in Fig. 98, 
annexed, a plan of this kind, showing party-walls 
and iron doors at the Imperial Post-Office; the 
hydrants, both in the streets and in the courtyards, 
are again clearly marked on this plan. 


Fire Inspection. 


I have already indicated the great attention which 
is being accorded to questions of fire-prevention 
by the inode officers, and would add that pre- 
ventive measures are accompanied by very syste- 
matic inspections. Sometimes these inspections are 
made by the brigade independently, and sometimes 
in conjunction with the Building Act department, 
Factories department, or other section of the police 
administration. The amount of inspection work 





done by superior officers and officers of departments 





in respect to districts has become quite enormous, 
but its effect during the last few years has also been 
very considerable in reducing the causes of fires. 
These inspections relate, in the first instance, to 
theatres and public buildings, next to petroleum 
storage, to factories, to warehouses and large re- 
tail establishments, to hospitals and lunatic asy- 
lums ; and further, to quite a number of buildings 
having special risks, such as electrical power- 
houses and the like. If anything, the amount of 
inspection is becoming somewhat excessive, and 
at times, perhaps, tends to undue interference with 
the requirements of trade ; but strictly from the 
fire point of view the effect is highly beneficial; and 
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there is also no doubt that the percentage on the 
fire loss in relation to the number of buildings and 
values of contents is being gradually reduced. 
Take, for instance, the value lost on buildings 
insured in the Municipal Insurance Fund. The 
value of such buildings insured in 1904 was 4440 
million marks, equal to about 222,000,000/. ; the 
ratio of the loss paid was 0.0018. The average for 
the last ten years has been 0.0025, commencing in 
1894 with 0.0032. This is, of course, a very great 
improvement, considering the increasing hazards 
accompanying the rapid development of business 
in Berlin, and the necessarily increasing number of 
fires due to annually larger number of buildings in 
the municipal area. 


(To be continued.) 








THE BAKU OIL-FIELDS IN 1904. 
By A. Bresy THompson. 


Tue statistics for the Baku oil-fields covering 
the year 1904 have recently been published. The 
delay in their issue has been due to the serious 
disturbances which have occurred in the Caucasus, 
especially in the district of Baku. Last year there 
were in the Baku oil-fields, comprising the districts 
of Balakhany, Saboontchy, Romany, Zabrat, Bibi- 
Eibat and Binagadi, 162 firms holding properties 
for petroleum exploitation. In 1904 the above- 
named fields collectively yielded 614,972,000 poods 
(9,870,000 tons) of oil. The Balakhany-Saboontchy- 
Romany - Zabrat district has an area of about 
4 square miles, and is situated on a plateau 175 ft. 
above sea-level, 10 miles north-east of Baku. The 
Bibi-Eibat field has an area of 1.6 square miles, and 
lies about three miles to the south of Baku. To the 
Bibi-Eibat field should also be added some 800 
acres, which will shortly be reclaimed from the sea. 
Binagadi is a new region, situated near Baladjari 
station, where the junction of the Vladikavkas and 
Trans-Caucasian Railways takes place eight miles 
north-west of Baku. 

In the district of Balakhany, 732 wells, bailed in 
1902, yielded a total of 82,014,410 poods (1,317,000 








tons) of oil, an average of about 112,000 poods(1800 
tons) per well.* This district is the oldest worked 
in the Baku oil-fields, and the process of exhaustion 
is clearly exhibited by statistics covering a period 
of years. The average annual production per well 
has shown a steady and uninterrupted decline from 
337,897 poods (5430 tons) in 1894 to 111,426 poods 
(1790 tons) in 1904, slightly over 66 per cent. 
There have been no flowing wells in the district of 
Balakhany since 1899, and the total quantity of 
fountain oil in the eleven years under review, 1894 to 
1904 inclusive, only amounts to 1,600,000 poods 
(25,600 tons). Since 1894 the Balakhany district 
has furnished 1,004,900,316 poods (16,060,000 tons) 
of petroleum. 

Saboontchy was exploited next in point of time 
to Balakhany, and has yielded prodigious quanti- 
ties of oil. The maximum production was reached 
in 1901, when 295,254,315 poods (4,740,000 tons) 
of oil were raised from 780 wells ; but the average 
annual production per well has shown a steady 
diminution from 531,086 poods (8530 tons) in 1894 
to 275,000 poods (4420 tons)in 1904, or approxi- 
mately 40 per cent. During the last eleven years, 
Saboontchy has produced a total of 2,153,647,805 
poods (34,500,000 tons) of oil, and no less than 
171,507,700 poods (2,750,000 tons) of fountain 
production. 

Romany produced 133,442,406 poods (2,121,000 
tons) of oil in 1904, and has yielded a total of 
1,117,199,884 poods (17,900,000 tons) of oil since 
1894. Production reached its maximum in 1902, 
when 139,943,833 poods (2,250,000 tons) were 
recovered from 219 wells. The average annual 
production per well has decreased since 1895 from 
1,796,000 poods (28,850 tons) to 527,000 poods 
(8470 tons) in 1904, or slightly over 66 per cent. 
The Romany field has given 286,829,300 poods 
(4,600,000 tons) of fountain oil since 1894, and the 
district holds the world’s fountain record for a 
single year, having produced in one year (1895) 
——" poods (1,100,000 tons) from this source 
alone. é 

About 450 acres of land exploited in the Bibi- 
Eibat field yielded, in 1904, 181,140,766 poods 
(2,910,000 tons) from 222 wells—an average of 
815,724 poods (13,100 tons) per well. The maxi- 
mum output of this field has not yet been reached, 
and will probably not be reached for another few 
years, considering that large new areas are shortly 
to be thrown open to exploitation by the Govern- 
ment. From the Bibi-Eibat field has been ex- 
tracted, since 1894, 1,065,549,075 poods (17,100,0L0 
tons) of oil, of which quantity 372,354,300 poods 
(5,970,000 tons) were of fountain origin. A single 
well on this field has been known to yield 1,000,000 
poods (16,070 tons) of petroleum daily for a whole 
month without cessation. At the prices quoted 
before the recent troubles (20 copecks per pood, 
or 26.4s. per ton) this output would represent a 
daily revenue of 20,0001. to the fortunate pro- 
prietors. 

Binagadi has yielded only 2,586,144 poods (41,600 
tons) of oil altogether, of which 100,000 poods 
(1600 tons) were from a fountain. 

The tabulated statement on the opposite page 
will give a correct idea of the progress in the Baku 
oil-fields during the last ten years. 

During the last ten years 543,698 sagenes 
(3,806,000 ft.) have been drilled in the Baku oil- 
fields—an average of 54,369 sagenes per annum— 
the exact figures for each year being as follows :— 


Sagenes, Feet. 
1895 20,864 (146,048) 
1896 28,026 (196,182) 
1897 39,841 (278,887) 
1898 58,121 (406,707) 
1899 85,823 (600,761) 
1900 83,141 (581,987) 
1901 75,783 (530,481) 
1902 40,390 (282,730) 
1903 49,355 (343,485) 
1904 62,354 (436,478) 


It will be observed that the greatest amount of 
drilling was performed in 1899 and 1900, this 
period synchronising with a time when high prices 
prevailed for crude oil; 1904 exhibited a notable 
advance in the quantity of drilling completed, this 
being due to the stimulating effect of the better 
prices realised. 

During 1904 62,354 sagenes (436,000 ft.) were 
drilled in the Baku oil-fields, this quantity being 
divided amongst the various districts as follows :— 


*A pood=36.114lb, Asagene=7ft. A dessiatine=2.699 
acres. A rouble=2s, 14d., roughly. 
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1400 ft.) deep. The finished diameters of the 261| the recovery of 3000 poods (48.25 1899 58 200.0 | 80,840,807 | 1,803,807 | 21,081,000 
relis completed in 1904 were :— tons) per well being allowed for 1900 112 171.3 | 109,207,063 | 975,000 26,614,300 
sett ‘ and the well credited with 50 002 | M43 | 1788 | 185,618,181 | 904368 | 95,0088 
: : ches i : per cent. of the cost of such re- 2 35 198.0 | 127,433, 3,950 | 46,085,700 
a Dan Dis “Dis | moved casing; manufacture of 1904 | 322 | a507 | isictao70s | sisv7e4 | 297368000 
0to10 10to15 15to20 20andover.| casing calculated at 5 roubles a 4 ; ve «ielalig api yey 
Balakhany ... — 9 23 21 sagene (1s. 6d. per foot), and iron Apsheron Peninsula. 
Saboontchy... 8 33 34 32 at 1.50 roubles a pood (9. 18s. 4d. 1895 | 604 | 122.0 | 877,426,620. 624,878 | 112,797,000 
ae 2 rf 12 39 per ton)—15,000roubles(1593.7/.) 1896 | 734 127.9 388,264,782 626,246 86,987,000 
Bibi-Eibat ... 2 10 26 8 per well... ae ae ... 93,915,000 (415,968) aed Bd ae pyee4 _— osaeae 
— — — — ) | 1899.| 1357 138.9 | 625,247,415 887,065 80,488,000 
Total 12 61 95 93 a sia bi mw gg a 1900 1710 189.3 | 600,763,812 851,828 67,882,800 
It will thus be seen that 72 per cent. of the wells nthe above estimate tne price 0 roubles | 1901 1924 = 145.8 | 671,276,268 848,896 98,118,000 
are above 15 in. in diameter. The average finished | Pet sagene (42s. 6d. per foot) is a low charge of a 1903 18501607 B08,9e11422 $28,020 83815, 000 
qualified contractor for boring at an average depth 2012 164.5 | 614,971,989 803,000 36,224,900 


diameter of all wells completed on the Apsheron 
Peninsula in 1904 was 17 in., being 1.35 in. greater 
than those completed in 1903. 

One feature is particularly apparent from the 
statistics relating to the depths of new wells cover- 
ing the last few years—namely, an important dimi- 
nution of the average depth in 1904. In some 
instances, in former years, a temporary diminished 
rate in the increase of depth was brought about by 
the leasing of a number of new plots where wells 
penetrated prolific oil strata at a much less depth 
than on old exploited properties. This explanation 
will not account for the greatly reduced average 
depth of wells completed in 1904, for no new plots 
of any importance were leased. It is explained by 
the facts that (1) the average price of oil has been 
82 per cent. higher than in 1903—15.15 copecks 
per pood (20s. per ton), against 8.93 copecks per 
pood (11.8s. per ton) in 1903, consequently per- 
mitting a much smaller yield to be remuneratively 
exploited ; and (2) the disinclination of many firms 
to continue the rather reckless and speculative con- 
duct of drilling deep and passing numerous prolific 
= — in expectation of fountains at a great 

epth, 

During the last ten years the average depth of 
new wells drilled annually on the Apsheron Penin- 
Sula has increased from 128.35 sagenes (898 ft.) to 
181.80 sagenes (1273 ft.), the increase being only 
checked in one year—viz., 1897—until last year 
(1904). In 1903 the average depth was 190.64 sagenes 
(1334 ft.). In 1904 it was reduced to 181.80 sagenes 
(1273 ft.). The decrease is not confined to one 
district, each region exhibiting the same reduced 
depth of new wells, thus :— 


1903. 1904, 
Balakhany 129.6 121.3 
Saboontchy ... 188.9 186.8 
Romany 213.6 190.8 
Bibi-Eibat 238.8 229.3 
For Apsheron 190.6 181.8 


lt has generally been recognised by Baku oil-pro- 
ducers that many prolific oil strata were formerly 
passed in searching for highly-productive beds, 
especially at periods when, owing to low prices, 
small outputs scarcely paid any return on invested 


of 170 to 180 sagenes (1190 ft. to 1260 ft.). This 
price includes repairs, depreciation on instruments 
and boring machinery which belong to the con- 
tractor, and all other charges, and the sum closely 
approximates the cost per sagene of wells bored 
privately by firms after allowing for repairs, de- 
preciation, supervision, &c. The sum allowed for 
water exclusion is probably far below the real 
figure. In some wells no precautions are taken, in 
others the expense reaches many times the above 
amount ; 3000 roubles (318.7/.) worth of cement (500 
barrels) alone being occasionally used in a single well. 
The casing stipulated allows for about three complete 
columns of ordinary }-in. casingin each well. This 
quantity is rarely less in a 180-sagene (1260-ft.) 
well, whilst it often far exceeds this estimate, espe- 
cially when preservation columns are employed. 
The total sum of 12,019,000 roubles divided by 261 
(the number of wells) gives each well an average value 
of about 46,000 roubles (say, 48001.), which would 
generally be admitted to be a very moderate price 
for a Baku well 182 sagenes (1274 ft.) deep. Many 
wells of that depth, where difticulties have been 
encountered, have cost double the figure stated. 
In the absence of statistics, itis difficult to estimate 
the expenditure incurred on the remaining drilling 
work executed in 1904, as it includes incompleted 
new wells and deepening old ones, but it would 
certainly not run short of 3,000,000 roubles 
(318,7501.), with casing, &c. 

The new wells completed in 1904, as a result of 
the above-named enormous expenditure of over 
1} million sterling, yielded in that year 20.7 per 
cent. of the total production of the Baku oil-fields, 
or exactly 125,796,631 8 (about 2,020,000 tons). 
The new wells of Balakhany furnished 5,019,138 
poods (about 80,700 tons), or about 6.2 per cent. of 
the 1904 production from that field. Saboontchy new 
wells gave 36,267,000 poods (about 582,000 tons), 
or 17 per cent. ; those of Romany gave 45,599,031 
poods (733,000 tons), or 35.1 per cent., and the 
new wells of Bibi-Eibat supplied 37,911,490 poods 
(610,000 tons), equal to 21 per cent. of the total 
output of that field for 1904. 


1904 

The above tables are taken from the Russian official statistics, 
but they contain errors which cannot be rectified. For all prac- 
tical purposes, however, they are sufficiently accurate. 


years the numberof producing wells on the Apsheron 
Peninsula has increased from 604 to 2011, or 222 per 
cent. Whilst the total production has increased 
from 377 million poods to 615 millions (6 to 9.8 
million tons) (the maximum output was 671 million 
poods in 1901), or 61 per cent., and the average 
depth of producing wells has increased from about 
120 sagenes (840 ft.) to 164 sagenes (1148 ft.), or 
37 per cent., the average production per well has 
decreased from 625,000 ‘to 303,000 (10,000 to 4800 
tons), or 52 per cent., and the amount of fountain 
oil has diminished from 112,000,000 to 36,000,000 
(1,800,000 to 577,000 tons), or 69 per cent. 

It will thus be seen that the process of exhaus- 
tion is rapidly proceeding in the Baku oil-fields, 
and will continue as exploitation goes on. The 
average depth of the wells has increased at an 
average rate of 3.7 per cent. per annum ; the cost, 
however, has increased at a far higher rate than 
the depth, partly on account of the greater diffi- 
culties and much slower progress in boring, but 
also on account of the expensive methods of water 
exclusion producers are compelled to adopt to 
ensure the exclusion of water from their wells. 

Considering, however, that reliable official 
statistics show that 6,000,000,000 poods of oil 
(96,500,000 tons) have been removed from an area 
of less than 6 square miles during the last 14 years, 
and that less reliable figures show that 1,500,000,000 
poods (24,100,000 tons) were recovered prior to 
that date, whilst fires have consumed many millions 
of poods, it is not to be surprised at that the effects 
are being exhibited in the returns: 5,000,000,000 
cubic feet of petroleum (over 120,600,000 tons) taken 
from a maximum area of 6 square miles represents 
a lake of oil equal in area to the known limits 
of the fields 20 ft. deep. 

Taking the average output of the last five years 
as a basis, a calculation will show that a pipe-line 
2 ft. 4in. in diameter, flowing day and night the 
whole year at a rate of 3 ft. per second, would 








Summarising, we find that during the last ten 
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barely convey away the product of the Baku oil- 
fields. 


Those intimately acquainted with the Baku oil- 
fields are aware of the concern with which pro- 
ducers view the increased cost of the Baku wells 
coupled with the diminished output. Unless prices 
are maintained at a higher figure than those pre- 
vailing in many previous years, the producers’ 
profits will dwindle to zero. The average prices 
of crude oil on the oil-fields during the last few 
years have been as follows :— 


Copecks per Shillings per 

Year. eel, Ton. 
1896 7.8 10.3 
1897 7.7 10.2 
1898 9.8 12.9 
1899 13.7 18.1 
1900 15.7 20.8 
1901 8.13 10.7 
1902 6.66 8.7 
1903 8.93 11.8 
1904 15.15 20.0 


And under wore mudern conditions it can be 
assumed that profitable returns can only be shown 
by many companies when the price does not fall 
below 15 copecks per pood (1l. perton). More than 
20 copecks per hood (268. 5d. per ton) was paid 
for oil this year, and since the recent devastation 
the price has risen to 40 copecks per pood (52s. 8d. 
per ton) for immediate sales. 

There are few opportunities of reducing the cost 
of drilling the es and extracting the oil. The 
air-lift can only be used in a limited number of 
wells where the level of the liquid stands high, 
and in all other cases bailing must be resorted to 
on account of the great quantities of sand in sus- 
pension in the oil. The fuel consumption amounts 
to about 10 per cent. of the oil extracted, whether 
the power be steam or electric; and the cost of 
drilling will not be lessened for the following 
reasons :— 

1. It becomes yearly necessary to bore deeper, 
thus considerably augmenting the time and risks of 


drilling. 

2. Water exclusion becomes more necessary as 
the exploitation of the field progresses. 

3. The removal of so much oil and sand from the 
earth loosens the strata and causes landslips, and 
consequently collapsed or damaged wells, to be 
frequent. 

owhere in the world is drilling reduced to such 
an art as in the Baku oil-fields ; an art which is 
necessary to meet the peculiar and exceptionally 
difficult circumstances which exist in the Baku 
district. Whilst American wells rarely cost 10001. 
each, and often cost but a few hundred pounds, and 
occupy but a few weeks to drill, Baku wells of 
average depth necessitate an expenditure of from 
40001. to 10,0001., and take from 9 to 18 months to 
a ; and even then they often sustain damage 
in the course of a few months that necessitates 
their abandonment. There is only one means of 
any great importance besides economical manage- 
ment that can effect considerable saving in the 
Baku oil-fields, and that is by using natural gas. 
More than sufficient gas to supply all the require- 
ments of the Baku oil-fields daily escapes into the 
air without any attempt to use it. If only this 
were converted to sm ae the producers would 
save at least 60,000,000 poods (962,000 tons) of oil 
annually, Besides this gas, there are the rich gas- 
fields of Surakhany, a few miles from Romany 
village, where recent trial wells have daily yielded 
millions of cubic feet of gas, with a calorific value 
of over 1000 British thermal units per cubic foot. 
In this direction, and this alone, apart from manage- 
ment, can any important economy be instituted in 
the working of the existing Baku oil-fields. 








Pretorta.—The Pretoria Town Council has been occupied 
with a scheme for the sewage and surface drai of the 
town. The council has decided to expend 107,000/. upon 
surface drainage, and 152,200/. upon sewage drainage. 

AMERICAN PaTENntTs.—According to the annual report of 
the United States Commissioner of Patents, the receipts 
of the American Patent Office for the fi year ending 
June 30 were 1,737,344 dols., while the expenditure was 
1,472, 467 dols., the surplus being handed to the Treasury. 
The business of last year is said to have been the 
largest ever known. There were 52,323 applications for 
mechanical patents, 749 applications for designs, 174 ap- 
plications for trade-marks, 1236 applications for labels, 
and 448 applications for prints. There were 30,266 patents 
granted, including reissues and designs, while 1426 trade- 
marks, 1028 labels, and 345 prints were registered. The 
number of patents which expired during the year was 
19,567. The number of allowed applications which were 
forfeited for non-payment of the final fees was 5154. 





OIL-SEPARATORS FOR EXHAUST STEAM. 




















































































































































































































CONSTRUCTED BY THE BAKER PATENT APPLIANCES COMPANY, LIMITED. 
(For Description, see opposite Page.) 
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O1L-“SEPARATORS AT SHEPHERD’S BUSH POWER-STATION; C. L. RAILWAY. 


CONSTRUCTED BY THE BAKER 
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PATENT APPLIANCES COMPANY, LIMITED, ENGINEERS, SCARBOROUGH. 
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power - station at/up of greasy spray, which might otherwise be carried 
Chiswick, and the | through the angle-iron bafflers. 
separator designed| For the purpose of drawing off the grease from 
for this station is | the separators, which in most cases are working under 
shown in Figs. 1/a vacuum, it is necessary to use a small pump. It is 
and 2, page 514. In| convenient in many cases to drive this pump by a belt, 
this case the steam | eccentric or lever; but when no running machiner 
entered at the bot-| is available in the neighbourhood, a pump of the self. 
tom of the sepa-| contained type has to be installed. The Baker 
rator, and passed | Patent Appliances Company, Limited, of Melrose- 
through two sets of | street Works, Scarborough, who manufacture the 
angle-iron bafflers, | types of separators above described, also supply special 
placed to the right | motor-driven or steam-driven grease-pumps, which 
and left of the inlet-| may be fixed in any convenient position near the 
pipe, and out at the | separator. These are entirely self-contained, and 
top by means of a| occupy very little room. 
U pipe to the con- | 
denser. 

It was found, how- 
ever, that in some 
cases the steam, | 
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ImmMincHAM Deep-WatTeR Dockx.—The directors of the 
Humber Commercial Dock and Railway Company have 
had under consideration some eighteen tenders for the 
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rushing into the} construction of the proposed deep-water dock on the 
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Tue Baker oil-separator in its original form, as in- 
vented in 1895, consisted simply of a cylindrical shell, 
with inlet and outlet branches and rows of angle-irons | 
placed vertically, the hollow sides of the angle-irons 
being turned towards the inlet. These angles were 
arranged upon the hit-and-miss principle, so that the 
steam was divided into many channels, and was 
obliged to come in contact with the baftlers, which 
collected the oil contained in the steam, and conducted 
it to the bottom of the separator, from whence it was 
drained off. 

Previously to this time separators had been made 
of a comparatively small size, and generally consisted 
of some form of cast-iron trap, with a roughened 
interior, which was supposed to retain the oil con- 
tained in the steam which passed through. These, 
however, soon became thoroughly coated with oil, and 
allowed the steam to carry forward most of the oil 
which it contained on entering. 

_In the Baker oil-separator the principle is recog- 
nised that a large space must be provided for the 
steam to expand, so that it travels very slowly as it 
passes through the angle-iron bafflers, the space being 
proportioned to the amount of steam passing through, 
and the grease-collecting area of the angle-iron bafflers 
also being a ey to the amount of steam to be 
dealt with. The first improvement was made in these 
separators shortly after their introduction, when, 
instead of allowing the steam to impinge directly upon 
the vertical rows of angle-iron bafflers, a deflector was 
added, which turned the current of steam downwards 
towards the bottom of the separator. Upon this 
bottom a depth of a few inches of water is main- 
tained, upon which the steam is allowed to strike, and 
\c is found that this contact with water attracts and 
retains the greater part of the spray of grease which 
's passed over with the steam, oe | in fact, does a 
large proportion of the separation. The steam after 
contact with the water passes through the angle-iron 
bafflers, as before. 

Further improvements were made in 1902, when it 
was found necessary to adapt separators to some posi- 
“ons where only a very narrow or limited was 
available ; for instance, where they had to fixed 
between the condenser and a wall. These conditions 
were met with at the London United Tramways 








Humber at Immingham, near Grimsby. It is understood 
b= a Soe —— to oe eee to Messrs. 
| Price, Willows, an ves, of London, whose terms are 
pests arg on | about 1,000,000/. Messrs. Price, Willows, and. Reeves 
| were the constructors of the Barry Docks, the Midland 
Railway Company’s Heysham Docks, and Portsmouth 


form, caused the 
water at the bottom to be occasionally splashed | Harbour Works. Work on the Immingham Dock is to 
| be commenced in February, 1906. 


up in the form of spray, which, with a strong draught 
from the air-pump and condenser, was sometimes 
carried forward into the latter. To obviate this a 
new form of deflector was devised, which consisted} Tue InsTiTuTION or NavaL ARcHITECTS.—The forty- 
of a flat plate running from top to bottom of the} seventh volume of the Transactions of the Institution 
separator, the top part being left plain, but the| of Naval Architects, just issued in two parts, contains 
bottom part perforated. The steam was thus still | the full record of the two interesting meetings beld in 
conducted downwards, but the splashing was pre- | a — = poe — pew A Be sayy = 
ee by the ae yee part. a re torated | should say, the two books which form the combined 
peernen. Ware & om SRO AOpRCeers Ser ve arge | volume—are excellently got up, and have been edited by 
engines of 3000 horse-power at the Leeds Corporation the secretary, Mr. R . Dana, in a scholarly manner ; 
electric power-house. Tests of these particular sepa- | for, as everyone knows, oral, and even, at times, written 
rators have shown that only a quarter of a grain of | contributions are not invariably presented with that 
grease per gallon is found in the hot-well water, that | literary finish that now distinguishes the published re- 
the resistance offered by the separators only amounts 


cords of our leading technical societies. A portrait of 
to 4 in. loss of vacuum, and the condensation amounts | William Froude forms the frontispiece of the double 
to 3.6 per cent. 


volume. It is excellent as a likeness, and brings et 
At this time it was found that a horizontal form of 


to ~_— ame the great mane .. 456%. omens 
separator was demanded which could be conveniently and lucid explanation. Dr. Froude has been over 
aot over a condenser and carried upon pillars, as eye ty ~ ee SS aD ow belated 
in Figs. 3 and 4, page 514. This necessitated an | cogsadattion wes eet on advanced an is fo new “The illus- 
entirely different arrangement of angle-iron bafflers, | trations in the volume leave something to be desired ; at 
which in this case are placed in longitudinal rows, as | aj) events, they are not equal in quality to the excel- 
shown in Figs. 5 and 6, whereby a much larger surface | lent clear type with which the Transactions are pro- 
for collecting grease is offered to the in-coming steam | duced. It is pleasant, however, to see again some masts, 
than when the rows were arranged across the sepa-|.yards, and a sail plan, together with the once familiar 
rator. The steam is admitted through perforations | details of wood construction, in connection with Mr. E. 
the whole length of the deflector, and is thus evenly | W. Smith’s interesting paper on the ce meage pH and 
distributed over the whole surface of the angle-iron | pe Sir —— 1 Watts’s vent gh +. of t esa 
bafflers, and this is found to be a highly efficient form | °° >T**#:8ar actually carry us Turther back, whey are y 


: - | less reminiscent of early days to a ing generation of 
of separator, the steam being admitted at the’ top, and | naval architects. As a eee pale my = ave Colonel 
me direct out at the bottom into the condenser. | Soliani’s drawings of the armoured cruiser Kasuga ; 
Separators of this kind are in use at the Metropolitan | Mr. Harold Yarrow’s and Mr. Marriner’s instructive 
Electric Supply Company’s works at Willesden Junc-| papers on destroyer trials, and the effect of draught of 
tion, where the amount of grease left in the condenser | — on moe = oo one more a Sar to 

amounts to 0.014 grain per gallon. | the present hour, Captain Bacon’s paper on submarines ; 
pene | eee aden | the latter a contribution that might perhaps have been a 


separator with great 
velocity, especially | 
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A pair of the largest separators made in this country | © ‘ ‘ 
are those installed at the Central London (Tube) Rai fee Re reed ee Le Page ~ ee: ‘oe 
wey. Compenyis power'atetton 0 Uhegherd's Bush. | the Transactions fully maintains the high standard of 


These se tors, which are 14 ft. in height, and have pent tomer = 
steam inlets and outlets 42 in. in diameter, are illus- | Gouncil will follow up the precedent they have set of 
trated in Figs. 7 and 8, annexed. The perforated | publishing the portraits of past worthies, and thus render 
deflector is shown in Fig. 7 ; it is placed in an in-| more complete the series of likenesses of leading men that 
clined position to break the force of the steam rushing have adorned the profession of naval architecture in the 
down upon the water, and to prevent the splashing | past. 


former volumes. It is to be hoped the 
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NEW GRAVING DOCK AT SOUTHAMPTON. 
THE Marquess of Winchester, Lord-Lieutenant of 


Hampshire, will, to-morrow (Saturday), inaugurate a | 


new graving dock at Southampton, which has been in 
course of construction for four years, on behalf of the 
London and South-Western Railway Company. It is 
only nine years since the company opened the Prince 
of Wales Dock, and it is at once an indication of the 
development of the port since the harbour works were 
acquired by the railway company, and of the increas- 
ingly onerous demands of the naval architect, that a 
new graving dock is necessary. This is the sixth dock 
built at Southampton. The earlier docks ranged up to 
520 ft. in length, with a width of 80ft.; but the depth 
of water on the sill, while satisfactory twenty years 
ago, is totally inadequate now for the large mercantile 
ships frequenting the port, the depth on the sill being 
only 21 ft. at high water of neap tides, with an addi- 
tional 3 ft. Gin. at spring tides. The advent of the 
American and German liners to Southampton, and the 
recent great advance in the dimensions of these ships, 
made it imperative to provide a graving dock for them, 
and consequently the railway company met the new 
conditions by building the Prince of Wales Dock, 
which has a length of 750 ft., a width, at entrance, of 
91 ft. 1 in., and a depth on the sill of 32 ft. 6 in. at 
high-water of spring tides (see ENGINEERING, vol. lx., 
pages 169 and 270). This dock has been largely utilised, 
but as its entrance is within the Empress tidal dock, 
it has been sometimes thought that the entrance 
and exit, especially of exceptionally large ships, into 
the dock tended to interfere with the arrival and de- 
parture of ships from the tidal dock; and now that 
traffic has so greatly developed, the company have, 
very properly, built the new and larger dock with 
direct entrance from the River Test, so that vessels 
steaming up Southampton Water will enter with the 
minimum of trouble. 
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The new dock is to the south-west of the Prince of 
Wales Graving Dock, and excels it in size. Indeed, 
taking all three dimensions into consideration, the 
Southampton Dock may be reckoned as the greatest in 
the United Kingdom. It is true that it is somewhat 
shorter than the graving docks in Liverpool and 
Glasgow, and that the breadth is less than the one on 
the Mersey, which, however, is eutered from a tidal 
dock ; but the Southampton basin permits of the 
entrance at high-water of ordinary spring tides of 
vessels drawing 33 ft. Experience has shown to naval 
architects that this depth would have to be realised 
if the demand for speed was to be met. We give the 
main dimensions of the most important of the British 
docks :— 

Large British Graving Docks. 





Depth on Sill 

Gd donee. Breadth  .¢ High Water 
Entrance. “S “3 
ft. in ft. in. ft. -in. 
Canada Dock, Liverpool .. 925 0 94 0 3L 10 
Glasgow No. III. wt .. 8&0 0 83 0 26 «6 
New Southampton Dock 876 3 90 0 33 (0 
Belfast .. - 56 - 82 oO 80 0 % 8 
Birkenhead No. III. .. --, oo @ 85 0 2 7 

Prince of Wales, South- 

ampton : ee . 750 0 91 1 32. («6 


It is true that there are others of greater length 
than the Southampton Dock. At Liverpool there is 
the Herculaneum, of 930 ft.; in London there are two 
at Tilbury of 846 ft. 6 in.; but these and other long 
docks cannot be considered of a width suited to the 
modern ocean liner, and in respect of depth the 
deficiency is still more marked. 

Confining ourselves now to the work at Southampton, 
= may give first the principal dimensions of the new 

ock :— 

Feet. 
Length from point of sill to dock-head 875} 
+» occupied by keel-blocks __... 839 


Feet. 

Width of entrance... di 90 

»» Of dock at floor-level ... 90 

»» . Of dock at cope-level ... 125 
Depth of dock*from cope to floor... coat ae 
Depth of water over sill at high water of 

ordinary spring tides mo ed = te 
Depth of water over sill at high water of 

neap tides... saa ae ae ! 
Depth of water over keel-blocks ... 6in. more 


than over sill. 

Accompanying this article is a cross-section through 
the dock, and the pump-house in connection with it. 
The dock has been constructed on made-up land, as 
was the case with the Empress Dock (see ENGINEER- 
ING, vol. 1., page 308), and also the Prince of Wales 
Dock. The area had been enclosed with a chalk 
dam, and chalk was utilised in foundation work. 
The excavation for the dock involved the removal 
of 226,200 cubic yards of stuff. The floor, altars, 
and walls are built entirely of Portland cement con- 
crete, as much as 133,000 cubic yards being used. 
The dimensions are indicated in the section repro- 
duced, from which a general idea of the structure 
will be obtained. It will be seen that the bottom is 
|curved, the maximum thickness being, of course, 
|at the centre, where the upward thrust will be 
| greatest; here it is 16 ft. thick. The side walls 
are 224 ft. at the base, diminishing to 3 ft. at the 
coping. There are ceven altars, 24 ft. wide and 
2% ft. high. Access to the bottom of the dock is 
afforded by eight flights of steps, while there are four 
timber slides, one of which is shown on the right half 
of the cross-section. The keel-blocks are all of Eng- 
lish oak withelm caps. The sill is formed of granite 
from Shap, and the gates have been constructed entirely 
of steel, greenheart being used for the meeting faces. 
These gates are the work of Messrs. Head, Wrightson, 
and Co., of Thornaby-on-Tees, and are opened and 
closed by direct-acting hydraulic rams, operating 
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through a suitable crosshead and a built-up lever 
attached to the rear of the gate. This hydraulic 
machinery, along with the sluice hydraulic rams, has 
been supplied by Messsrs. Sir W. G. Armstrong, Whit- 
worth, and Co., Limited, of Newcastle-on-Tyne, and 
is of a type which we have previously illustrated in 
connection with earlier dock work. The gates, when 
opened, lie ina recess formed in the entrance walls, 
with timber fenders. 

The power-house for the docks is located to the 
south-west, and is a very capacious building, includ- 
ing, in the centre, the steam-generating plant, at 
the upper end the electric machinery for running the 
motors and lamps throughout the whole dock estate, 
and at the lower end the pumping plant for this 
new dock. There are two 48-in. pumps of Messrs. 
Gwynne’s well-known “ Invincible” type, driven by 
powerful two-cylinder engines. There is a large con- 
denser for these and the electric generating engines. 
Separate auxiliary machinery is installed, consisting 
of Edwards’ air-pumps and Gwynne’s —— 
a 0 It is anticipated that the main pumps wil 

ischarge the water from the docks (85,000 tons) 
|in about 2$ hours. There is also a 12-in. centrifugal 
| Pump for dealing with any water that may leak into 
| the dock from time to time. The steam plant consists 
|of seven locomotive boilers. These are sufficient to 
run the electric-lighting plant as well as the main 
|pumps. There are six sets of compound, enclosed, 
| high-speed engines, which have been constructed at 
| the Nine Elms Works of the company, driving 75-kilo- 
| watt generators supplied by the British Westinghouse 
|Company. The distribution is on the three-wire 
system. Included in the equipment of the dock is a 

very powerful electric crane, constructed by Messrs. 
| Stothert and Pitt, Limited, of Bath. This crane, which 
| travels the whole length of one side of the dock, has 
a capacity of 50 tons at a radius of 87 ft., or at the 
| centre line of any ship in the dock. It was illustrated 





|in Exctnerrixe, vol. lxxviii., page 210. 


| The dock was designed by Mr. W. R. Galbraith, 





Vice-President of the Institution of Civil Engineers, 
and consulting engineer to the London and South- 
Western Railway Company, the resident engineer in 
charge being Mr. F. E. Wentworth-Sheilds, M. Inst. 
C.E. The mechanical work has been carried out to the 
design and under the direction of Mr. D. Drummond, 
the company’s chief mechanical engineer. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, October 11. 

Aw extraordinary demand has set in for coke during 
the past few days, the contracts placed during that 
time amounting to 266,000 tons. Most of this coke is 
to be delivered during the coming year. The Cambria 
Steel Company has just contracted for 50,000 tons at 
2.80 dols. at the oven; 7500 tons to be delivered 
monthly. Large supplies of coke have bcen sold to 
West Virginia furnaces. The bulk of the coke recently 
sold has brought an advance of 20 cents per ton 
for deliveries during the first half of next year. The 
International Harvester Company has just purchased 
30,000 tons of foundry iron. Eastern blast-furnaces 
have placed contracts for 80,000 tons of standard 
Connellsville foundry coke, to be delivered next year. 
Meetings of the big steel companies are soon to be 
held, to take action upon the advisability of an advance 
in prices in bars and plates. An option of 5000 tons 
of open-hearth billets at 26.75 dols. at mill was with- 
drawn, and the steel re-sold at 27.50 dols. to 28 dols. 
delivered. All kinds of steelare scarce, Thereisaheavy 
inquiry for standard steel rails, which may result in the 
near future in the placing of orders. The New England 
roads are coming into the market, and the railroads of 
the Middle West have inquiries out for large quanti- 
ties. There are inquiries for railroad material and 
bridge material amounting to 225,000 tons, which will 
probably be placed at an early date. There are strong 
probabilities to-day that an advance will be made in 
most kinds of iron and steel, a course which very many 
regret. The Northern Pacific Company has contracted 
for 30,000 tons of rails, and the New York Central has 
increased its recent order to the extent of 60,000 tons. 
The cause of the great activity in steel is largely due 
to the demand for material for steel freight cars and 
for vessels to ply on the lakes. There are inquiries in 
the market at the present time for about 32,000 tons 
of material for steel cars, which may be placed before 
this letter is half way across the Atlantic. Steel con- 
cerns are also in the market for about 100,000 tons of 
basic iron. Among the buyers are the United States 
Steel Corporation, the Cambria Steel Company, the 
Pennsylvania Steel Company, the Jones and Laughlin 
Steel Company, the Elineeene Steel Company, and 
some others. NewJersey furnaces will be favoured with 
as much business as they can safely handle. Eastern 
basic iron now commands 16 dols. at furnace. There 
are also numerous inquiries for foundry and mill irons, 
and activity in this direction will continue. The 
Schloss-Shettield Steel and Iron Company has booked 
orders, since July 10, for 280,000 tons, and the 
directors of that company themselves bought 50,000 
tons for speculative purposes. The activity is un- 
precedented, and it is impossible to see how an 
advance all along the line can be avoided. 








Water Suprty or Liverroo..—A second pipe-line 
from Lake Vyrnwy, by which the water supply of Liver- 
pool will be considerably augmented, was officially opencd 
at Prescot on Monday by Alderman Burgess, Chairman 
of the Water Committee of the Liverpool Council. The 
new pipe is 67 miles long, and has cost 730,000/. The 
first pipe-line was opened on July 14, 1892, by the Duke 
of Connaught. 

Seit’s Directory oF TELEGRAPHIC ADDRESSES.—AS 
is well known, Mr. Henry Sell, of 166, Fleet-street, 
London, E.C., issues by authority of the Postmaster- 
General a directory giving the telegraphic addresses 
registered by the large commercial houses throughout the 
a and each quarter issues a supplement giving 
the latest additions. We have just received the third and 
last supplement to the annual volume of 1905, and evidence 
is afforded in this of the steadily increasing popularity of 
the system. There were 1440 new registrations, 1260 
cancellations, and 1539 alterations during the quarter. 

PersonaL.—We regret to hear that from reasons of 
health Mr. Thomas Gil!ott has thought it necessary to 
resign his position under the Butterley Company, Limited, 
Denby, with whom he has been for 21 years as engineer 
and manager of their Butterley Works.—Messrs. Clarke, 
Chapman, and Co., Limited, Victoria Works, Gateshead- 
on-Tyne, have opened an office at 21, Mountstuart-square, 
Cardiff, to deal with the whole of the South Wales dis- 
trict. They have come to this decision on account of the 
extension of their electrical business in that district, and 
the t success of their Woodeson water-tube boiler 
and Wentaen pumps. Mr. George Winn, who has been 
at their Gateshead Works for about twelve years, will 
take charge of the Cardiff office on and from Nov- 
ember 1.—Mr. J. A. M‘Gilvray, 11, West Regent-street, 
Glasgow, who has been engaged for many years as 
lecturer in mechanical engineering under the auspices 
of the Linlithgow and Stirling County Councils, has 
started business as a consulting mechanical engineer. 
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THE passenger receipts of the Great Central Railway 
in the first half of this year showed an apparent in- 
crease of 10,6947. If, however, the directors had 
excluded from the comparison the recently-acquired 
Wrexham and North Wales lines, practically no in- 
crease would have been shown; and this, of course, is 
not satisfactory, having regard to the fact that the 
company has run a more extended passenger service. 
The weather at the two holiday periods covered by 
the last half-year’s accounts was not propitious, and 
the comparatively bad trade of the past six months 
has apparently influenced the spending power of 
the general public. The company carried in the 
first half of this year 8,476,293 passengers, as com- 
pared with 8,257,830 in the corresponding period of 
1904, and the average receipts per passenger was rather 
higher this year—viz., 8 99d., as compared with 8.93d. 
Merchandise and live stock showed the substantial 
improvement of 42,8927; but the greatest increase 
reported was in the mineral traflic, which was better 
by 46,072/., of which only 15,673. was attributable to 
the new Welsh lines, the company’s older system being 
responsible for 30,420/. The gross receipts of the 
company from all sources last halt-year were 1 ,835,362/., 
as against 1,732,483/. in the first half of 1904, showing 
an increase of 102,879/., or, if we exclude the Wrex- 
ham, Mold, and Connah’s Quay, and the North Wales 
and Liverpool receipts, an increase of 55,215/. 

Maintenance of way showed an increased expendi- 
ture in the first half of this year of 17,778/.; 11,771. 
of this amount was attributable to thie old lines, and 
represented a large amount of relaying during the 
past half-year, and the substitution of 96-lb. rails for 
86-lb. rails upon the sections relaid. More money was 
also expended upon ballasting and maintenance of 
signals and stations. Locomotive power showed an 
increased charge of 8791/., due, to some extent, to the 
working of a eer mileage. The company effected 
savings in the matter of coal and coke to the amount of 
about 4000/., but wages increased by 7511/. The aggre- 
gate distance run was 7,507,751 miles, against 7,167,266 
miles in the corresponding period of 1904, showing an 
increase of 340,485 miles. Of this increase, 227,550 miles 
were run on the recently acquired Welsh lines ; 94,247 
miles represented the company’s improved passenger 
service ; and 18,688 more miles were run with goods 
and mineral trains. Rail motur-cars figured in the 
increased mileage of the past half-year for 21,929 
miles. Carriage and wagon repairs showed an in- 
crease in the half-year of 7830/.; there was an in- 
crease of 633 vehicles in the company’s wagon stock 
in the first half of 1905. Compensation payments 
were less in the first six months of 1905 than in some 
previous half-years. Ferry-boat expenses showed an 
increase of 655/. ; this represented some heavy repairs 
to the company’s ferry boat Doncaster. Maintenance 
of Grimsby Docks involved an increased charge of 
925/. Steamship expenses showed a reduction of 1558/.; 
there was a saving of 556/. under the of head of coal, 
and repairs were also somewhat less onerous. The 
ratio of the working expenses to the traffic receipts in 
the first half of 1905 was 66.11 per cent., as compared 
with 66.88 per cent. in the corresponding peritd of 
1904. The still high ratio of the working charges ig 
attributed to the fact that it will take many years to 
develop the new London line, until it can be worked 
at the same rate as older lines, 

The Cheshire lines yielded the Great Central 
Railway 2164/. more profit in the first half of 1905, 
in consequence of new goods and mineral traffic 
on the opening of a connection with the British 
Westinghouse Works at Trafford Park, a general 
improvement in the cotton trade, and increased coal 
shipments at Partington, on the Manchester Ship 
Canal. On the other hand, the Manchester South 
Junction and Altrincham line yielded the Great Cen- 
tral Railway 428/. less profit last half-year, mainly in 
consequence of tramway competition. The West 
hiding Joint line also showed a decrease of 2714/. in 
consequence of declining traffic from Yorkshire 
stations to connecting systems. It is proposed to 
jorm a concentration yard near Wath for dealing 

with mineral and goods traffic at that point ; blocks 
which now take place at some of the collieries during 
the winter and in foggy weather have rendered it im- 
jerative that this work should no longer be post- 
poned. It is believed that there will be a great saving 
11 engine power when traffic is worked in the rough by 
pilot engines from the 45 collieries in the immediate 
\cighbourhood. Wagons in the yard will be sorted 
y gravitation, and the company’s heavy engines 
vill then be able to work them away in long trains. 
‘nother concentration yard is to oe developed at 
Worksop, but upon a much smaller scale. 

During the past half-year the Lancashire and York- 
sire Railway expended 414,787/. upon new lines and 
works, Of this sum about half was for the Goole fleet 
) steamers, and 68,000/. for contributions to other com- 
penes, The company has completed and opened the 
Dearne Valley Junction Railway (Crofton to Shafton) 
‘or traffic ; it is laying permanent way in the widen- 











tween Kirkby and Rainford Junction, and between 
Orrell and Pemberton are completed, as are also other 
widenings between Hebden Bridge and Luddendenfoot. 
A contract has been let for a connecting line at Miles 
Platting, which is expected to be of great advantage 
in dealing with traffic there. The company has also 
let a contract for widening between Holme and Ports- 
mouth, which had become a necessity. The company’s 
steamship earnings in the past half-year showed a 
decrease of 5679/. ; this related to the Belfast and 
Londonderry services, which have suffered consider- 
ably in consequence of a striking falling-off in Irish 
traffic generally. The receipts per train-mile for pas- 
senger traffic were 37.5d.—a decrease of 0.6ld. The 
receipts per train-mile for goods traffic were, 
however, 123.48d.—showing some increase, The total 
number of passengers carried in the first half of 1905 
was 27,789,695—an increase of 843,771, or 3.13 per 
cent. There was an increase of 64,333 in first-class 
passengers, a decrease of 207,436 in second-class, and 
an increase of 986,874 in third-class. The company 
has started a rail motor-car between Holcombe Broo 

and Bury, a distance of four miles. The car has 
carried a considerable number of additional passengers, 
but it has run too short a time to enable a definite 
opinion to be formed as to the financial results. The 
electric service upon the Liverpool, Southport, and 
Crossens line has worked satisfactorily during the 
past six months, and 600,000 additional passengers 
were carried. A large amount of building is also 
going on along the line. The weight.of goods and 
minerals carried in the past half-year was 11,525,398 
tons, showing an increase of 448,948 tons, or 4.05 per 
cent. In merchandise there was an increase of 190,530 
tons, and in coal and coke an increase of 269,825 tons ; 
minerals showed, however, a slight decrease. Main- 
tenance of way involved in the past half-year an 
increased outlay of 9495/., principally in consequence 
of a larger amount of re-sleepering and chairing having 
been carried out. In the locomotive department a 
saving of 5624/. was effected in coal and coke, but the 
general outlay for the half-year showed an increase of 
15,053/. ; this is not considered out of proportion, in 
view of the increased traffic which had to be dealt with. 








AmericaAN Exvsectric Locomotives.—The New York: 
New Haven, and Hartford Railroad Company has placed 
a contract with the Westinghouse Electric and leceelocter- 
ing Company, of Pittsburg, for twenty-five electric locomo- 
tives for high-speed passenger service. Each engine will 
weigh approximately 78 tons, and will be capable of 
maintaining a schedule speed of 26 miles per hour in local 
service with a 200-ton train, making stops every 2} miles, 
and reaching a maximum speed of 45 miles per hour 
between stations. In express service a speed of from 60 
to 70 miles per hour can be maintained with a train 
weighing 250 tons. To handle heavier trains two or 
more locomotives will be coupled together and con- 
trolled from the forward cab. The multiple-control 
system will make it possible for one engineer to work 
several locomotives coupled together, in a manner 
similar to that on electrically worked elevated rail- 
roads, on which trains made up of many motor-driven 
cars are controlled entirely from the forward car. Each 
locomotive will be equipped with four Westinghouse 
single-phase railway motors of the straight-series gearless 
type, and with the unit switch system of multiple control. 
The motors will be permanently connected, two in series. 
On direct current the pairs of motors will be worked in 
series parallel, and on alternating current by voltage 
control. The motors will be spring-supported, and con- 
nected by flexible drive in such a way that all dead-weight 
will be taken off the axles. On direct-current each motor 
will be capable of developing a rated output of 400 horse- 


power. 


THE ‘‘ PeNNSYLVANIA.”—The United States armoured 
cruiser Pennsylvania, recently completed by the William 
Cramp and Sons Ship and Engine-Building Company, 
claims to be the fastest ship of her class in the American 
Navy. She is 502 ft. long over all, 69 ft. 6 in. beam, and 
24 ft. 1 in. mean draught, with a normal displacement of 
13,680 tons. The vessel is fitted with twin-screw vertical 
triple-expansion engines, steam being supplied by water- 
tube boilers of the Niclausse type. The engines work up 
to 23,000 horse-power indicated. The normal coal supply 
is 900 tons, but the maximum bunker capacity is 1800 
tons. The steaming radius at economical speed is 12,000 
miles. The Pennsylvania carries sixty-six guns. The 
armour consists of a water-line belt 7 ft. 6 in. in width, 
extending the entire hoy of the vessel. This belt, 
for the space occupied by the boilers and engines, is 
6 in. in cibeae. rom these points to the extremities 
the armour is tapered to 34 in. Above the main belt the 
side is protected by armour 5 in. in thickness for a length 
of about 232 ft., extending vertically through the main 
deck. Transverse armour bulkheads 4 in. in thickness 
are worked at the ends of the 5-in. armour. The 6-in. 
guns will be protected throughout by armour 5 in. in 
thickness. The armour for the 8-in. turrets is 6 in. thick, 
except the port plates, which are 64 in. thick. The 
barbettes have a uniform thickness of 6 in., with 3-in. 
ammunition tubes extending to the protective deck. The 
conning-tower is 9 in. in thickness, with a tube of 5 in., 
and a protective deck of nickel steel extends throughout 
the veesel. 








|(2.16 in.) in a lateral direction. 


EXHIBITION. 
By H. W. Hansury, A.M. Inst. C.E. 


Tue Locomotive Exarsits or THE Sociétk ANUNYME 
DES ATELIERS DE CONSTRUCTION DE LA MEUSE AT 
THE Likce EXxursirion. 


THERE have recently been conducted, on the Belgian 
State Railways, a series of trials with a new type 
of locomotive, having four equal cylinders. Of this 
type, only two, ‘‘ No. 3302” and ‘* No. 3303,” have at 
present been constructed, the latter working with 
superheated steam, with which exception and a slight 
difference in the diameter of the cylinders, the two 
engines are identical, The engravings which we 
publish in this issue refer to ‘‘ No. 3303,” which 
is exhibited at the Liége Exhibition by the builders, 
the Société Anonyme des Ateliers de Construction 
de la Meuse, in conjunction with two other locomo- 
tives also of their construction. No photograph of 
this particular engine was available, but we reproduce 
on page 518 that of ‘‘ No. 3302,” which was also con- 
structed by the same firm, and which differs from it 
only as regards the points nientioned, not in external 
appearance. It is our intention to describe the salient 
features of this locomotive, and also give particulars of 
the two others comprising the firm’s exhibit, it being 
unnecessary to refer again to engine ‘‘ No. 3302,” 
except, perhaps, to mention that the cylinders of this 
engine are 420 millimetres (16.53 in.) in diameter, as 
compared with 435 millimetres (17.12 in.) in the case 
of ** No. 3303.” 

The locomotive of which we are speaking is six- 
coupled, with a leading four-wheeled bogie, the coupled 
wheels being 1980 millimetres (75.59 in.) in diameter, 
and the bogie wheels 900 millimetres (35.43 in.). 
The axle-boxes are of cast steel, and are fitted with 
bronze bearings having bearing surfaces of white metal. 
The leading axle is of unusual construction, there 
being only two crank-webs, and these of circular form, 
while the centre portion of the axle is inclined obliquely 
to the ends. 

The laminated springs of the coupled wheels are 
placed below the axle-boxes, and are connected by 
compensating beams according to the usual practice. 
Those of the bogie—four in number—are independent 
of each other, and are situated above the axle-boxes. 
The bogie is of new design, and has a spherical bogie 
centre resting on a cup-bearing slung from the bogie- 
frame, and free to move a distance of 55 millimetres 
Two buffers, each 
containing a helical spring resting in a circular box | 
casting free to move in a horizontal plane on the 
transverse frame of the bogie, are placed between the 
bogie and the bottom of the saddle. These buffers 
take up the oscillation of the locomotivé about its 
vertical axis. A pin attaches the bogie centre to the 
bogie, and prevents it being lifted out of the bearing 
in case of sudden jar or dk, The engine-frames are 
26 millimetres (1.02 in.) in thickness, 

The boiler, whose centre is 2.8 metres (9 ft. 2,*, in.) 
from the rail, has a working pressure of 14 atmo- 
spheres. The barrel is in three sections, arranged tele- 
scopically, the plates of which it is composed being 
18 millimetres (0.7 in.) thick, and the greatest inside 
diameter 1.65 metres (5 ft. 5in.). The crown of the 
fire-box is flat, and stayed to the shell by means of ver- 
tical iron stays screwed and riveted through the top 
of the shell, which is semi-circular, the fire-box ends 
being also screwed and provided with nuts and washers. 
The tubes, of which there are 180, are of brass, and 
are 4 metres (13 ft. 14 in.) in length and 50 millimetres 
(1.96 in.) in external diameter. The heating surface is 
138.87 square metres (1495 square feet), and as that of 
the fire-box is 16.88 square metres (181 square feet), 
the total for the boiler is 155.75 square metres (1676 
square feet). 

The grate, which has an area of 3.01 square metres 
(32 30 equare feet) is of somewhat unusual construc- 
tion, as will be seen from the detail views, Figs. 4 
to 10, page 519, but is of a type now generally 
adopted, as it has been found very suitable fo: 
burning the low-grade fuels obtainable. The centre 
portion can be lowered so as to admit of the 
ready removal of the fire whenever necessary, an 
arrangement very commonly met with in American 
and Colonial practice, where somewhat similar fuels 
are in use. The position of the driver is on the left- 
hand side—a more convenient one when the boiler is 
of large size. This position is customary on the Bel- 
gian railways, and has been for some years. A dia- 
phragm is used in the dome in order to obtain steam 
as free from water and as dry as possible. The regu- 
lator is of the double-beat type, but of somewhat 
stronger proportions than generally used. Four safety- 
valves and two gauge-giasses are provided, the latter 
being fitted with strong protectors of plate-glass bound 
with brass. The boiler is lagged according to the 
usual Belgian practice. 

The superheater is of the well-known Schmidt type, 
similar to that illustrated in Figs. 2 and 3, on page 
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SIX-WHEEL COUPLED LOCOMOTIVE AT THE LIEGE EXHIBITION. 
CONSTRUCTED BY THE SOCIETE ANONYME DES ATELIERS DE CONSTRUCTION DE LA MEUSE, LIDGE, 
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contains two tubes bent into (J form. These flues are through the flues can be arrested when there is no The cylinders, as we have already mentioned, are 435 
of iron, and are 127 millimetres (5 in.) in diameter. steam in the superheater tubes, and a mercury pyro- millimetres (17.12 in.) in diameter. They are situated 
The collector is, as usual, in the smoke-box. A flap- meter giving the temperature of the steam in the pipe in a transverse line side by side across the engine, their 
door, by means of which the flow of the hot gases leading to the cylinders, are also provided. centre lengthwise coinciding with that of the bogie, 
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of high-flash point. Safety-valves are attached to 
each end of the cylinders to relieve excessive com- 
pression, and snifting or air-valves on the steam pipes. 
It has been necessary, owing to the disposition of the 
cylinders, to bifurcate the steam-pipes. 

The motion is of the Walschaert type, modified 
somewhat 89 as to admit of a single set operating each 
pair of cylinders. The manner in which this has been 
accomplished will be readily understood from the 
engravings, Figs. 2 and 3, in which the motion is shown. 
A transverse lever, pivoted at its centre and carried 
by a steel casting bolted to the outside of the frame at 
the front end of the engine, serves to connect each 
pair of valve-rods. Short links, flexibly jointed to the 
lever and to the rods, allow for the angularity of the 
former. The inside valve-rod is prolonged through 
the back cover of the steam-chest and attached to 
one arm of a rocking shaft, the other arm of the shaft 
being connected through the intermediary of rods to 
the die of the reversing-link, and also to the piston 
cross-head.. The reversing shaft is operated by com- 
pressed air. 

The tender of this locomotive is not exhibited, but 
we are informed that it is six-wheeled, and of the type 
usually accompanying express engines on the Belgian 
railways. Accommodation for 20,000 litres of water 
and 6 tons of coal is provided. 

The diagrams seen in Fig. 11 give some idea of the 
capabilities of this locomotive. They were plotted 
from results obtained during a trial run from Brussels 
to Ans on May 31 of this year, the locomotive at the 
time drawing a load of 327.5 tonnes (322.3 tons), the 
train consisting of two six-wheeled luggage vans, 
eleven six-wheeled carriages, and a two-bogie carriage 
de luxe. The diagram shows the gradient, the speed, 
and the corresponding temperature of the superheated 
steam. The distance of 93 kilometres (57.8 miles) be- 
tween Brussels and Ans was performed in 1 hour and 
17 minutes, including one stop and several partial 
stoppages for signals, &c., giving an average speed of 
about 724 kilometres (45 miles) per hour. 

The weight of the locomotive empty is 76 tonnes 
(74.8 tons). 

Of the other locomotives exhibited by the Société de 
la Meuse, the one is a six-coupled contractor's locomo- 
tive, and the other a four-coupled narrow-gauge loco- 
motive for mining or agricultural work. The principal 
dimensions of the former are as follow :— 

ve in full working 
orde eee eee 


r bee 37 tonnes (36.4 tons) 
Weight empty ec | ae a 
Total heating surface o 

the boiler ...  808q. m. eh sq. ft.) 
Grate area ... ee <6 es 


Boiler pressure... oe 
Diameter of the wheels ... 
Diameter of the cylinders 
Stroke aes 


12 atmospheres 

1 m. (39.37 in.) 
400 mm. (15.74 in.) 
ra ode 500 (19.68 ,, ) 
Fixed wheel-base... 2750 ,, (9 ft.) 

Capacity of the tanks 4800 litres (1057 gals.) 

The motion is of the Walschaert type, the reversing 
links of the built-up form, and the ends of the valve- 
rods are carried in brackets attached to the top of 
the upper slide-bar. Ordinary slide-valves are used, 
the valve-faces being inclined slightly outwards to 
allow of access in case of need. ‘This locomotive has 
been sold to La Compagnie des Chemins de Fer de Gué 
a Méraucourt St. Dizier, Haute Marne, France. 

The little mining engine also is provided with Wals- 
chaert gearand ordinary slide-valves. Thecow-catchers, 
it may. be noted, are merely bars of circular section 
suspended from brackets attached to the frame. The 
principal dimensions are as follow :— 

ee in full working 

order... ae te 
Weight empty ... UE 
Total heating surfacs of 

the boiler ‘ 
Grate area ... 
Boiler pressure. 
Diameter of the wheels ... 

cylinders 


7 tonnes (6.92 tons) 
5} (5.43 ,, ) 


94 sq. m. (102 sq. ft.) 

... 0,30 sq. m. (3.23 sq. ft.) 

...10 atmos..(147 1b. persq. i 
600 mm. (23.62 ia 

65 ( 6.49 ,, ) 
si 13 300 ,, (LLS81,, ) 

Fixed wheel-base .. 1 m. (39.37 in.) 
Capacity of the tanks 600 litres (132 gals.) 

In conclusion, we should remark that the general 
finish of these locomotives is unusually good, ‘‘ No. 
3303” being perhaps the bes‘ finished and most im- 
posing locomotive to be seen wn the Exhibition. 

We have once again to express our indebtedness to 
M. Flamme, of the Belgian State Railways, for par- 
ticulars, and the drawings published with this de- 
scription. For the photograph and trial results we 
are indebted to M. F. Timmermans, the managing 
directors of the Société de la Meuse. 


” ” 


Stroke 





New Sovutn Yorxsurre Raitway.—A contract for 
the construction of a new South Yorkshire joint railway 
has secured by Messrs. Witaker Brothers, of Hors- 
forth, Leeds. The new line, which will be 17 miles long, 
will ran from Kirk Sandal, on the Great Central Rail- 
way, to Laughton. Some heavy work is involved, the 
ce ntract including sixty bridges, over 1,000,000 cubic yards 
of excavation, 3000 tons of steel girders, &c, 


NOTES FROM THE NORTH. 
Giascow, Wednesday. 


Glasgow Pig-Iron Market.—A good business continues 
to be done almost daily in the Glasgow pig-iron market, 
and last Thursday. prices were again up, and showed 
signs of advancing still further. Cleveland warrants were 
done at from 52s. 104d. to 53s. cash, and closed with 
sellers at the latter figure ; while forward iron was done 
at 533. 2d. and up to 53s. 44d. one month, closing at 
53s. 5d. sellers. Cumberland hematite was very brisk, and 
opening at 693. 3d. cash, and 693. 8d. one month, jumped 
to 703. 6d. one month, with buyers over at that quota- 
tion at the close, but no sellers. Standard foundry iron 
was quoted 51s. 6d. one month. The turnover amounted 
to nearly 25,000 tons, all in. At the afternoon session 
hematite was the strong feature, Cleveland warrants 
being quieter, and closing the turn easier. The latter 
changed hands at 53s. cash, and at 53s. 5d., 53s. 54d., 
to 53s. 5d. one month, closing with sellers at 52s. 11d. 
cash and 53s. 3d. one month, the transactions being 
5000 tons. Hematite—1500 tons—was done at 703. 6d. 
twenty-nine days, 71s. 3d. fifteen days, and then up 
to 71s. 6d. twenty-eight days, and the market closed 
with sellers at 71s. 9d. one month. On Friday morn- 
ing Cleveland warrants remained fairly steady, and 
11,000 tons were put through for different dates. The 
dealings were 53s. to 523. 114d. cash, 53s, 14d. twelve days, 
52s. 114d. seven days, 533. 44d. to 53s. 3d. one month, 
and 54s. three months, closing with sellers at 523. 114d, 
cash and 533. 3d. onemonth. Hematite was again on the 
‘*boom,” and after changing hands at 71s. 9d. one month 
it jumped to 733., and at the close buyers offered 73s. 44d., 
but without finding a seller. The business done 
amounted to 6000 tons. The settlement prices were :— 
Scotch, 563.; Cleveland, 52s. 104d.; hematite, 73s. ; 
and Standard foundry iron, 502. 9d. In the after- 
noon the market reacted smartly, and bLoth hema- 
tite and Cleveland warrants were considerably cheaper. 
Cleveland opened at 53s. cash, and, after falling to 
523. 3d., recovered to 52s. 6d., closing with sellers at 
523. 7d. cash. Forward iron opened at 533. 44d. one 
month, and then dropped to 52s. 8d., closing at 52. 11d. 
one month sellers, while three months’ iron fell from 
533. 74d. to 53s. 3d. Hematite was done at 703. 6d. 
twenty-one and fourteen days, and at 71s. one month, 
with closing sellers at this figure. On Monday morning 
the market was very active, and Cleveland warrants 
recovered the ground lost on Friday, and changed hands 
at from 53s. to 533. 64d. cash, and from 53s. 9d. to 543. one 
month. Dealings also took place at 533. 8d. four days, 
and 543. 74d. three months, and sellers’ closing quotations 
were 533. 7d. cash and 53s. 11d. one month, buyers being 
at 1d. less in each case. The turnover was 18,500 tons. 
Hematite also recovered a bit, and was done at 72s. and 
71s, 104d. one month, closing with sellers at 71s. 5d. cash 
and 71s. 10d. one month. The business amounted to 
| 1500 tons. In the afternoon the market was steady, 
|and Cleveland warrants changed hands at 53s. ak 
533. 10d. and 53s. 9d. one month, and at 54s. 3d. two 
|months, and also at 53s. 44d. seven days, 533. 7d. 





and 53s. 8d. twenty-one days, closing with sellers at 
| 533. 5d. cash and 53s. 10d. one month. The turn- 
over was 15,000 tons. Hematite—1500 tons—was done 


at 71s. 9d. and 7ls. 6d. twenty-five days, and 
at 7ls. 9d. twenty-one days, closing with sellers at 
71s. 104d. one weet. On Tuesday morning a large busi- 
ness, amounting to 25,000 tons of Cleveland warrants, 
was put through at steady prices. Cash irn rose from 
53s, 54d. to 53s. 8}d., and forward iron rose from 53s. 104d. 
to 54s. one month, while dealings also took place at 
533. 6d. twenty days, 53s. 114d. sixteen days, and 54s. 6d. 
three months. he closing quotations were 533. 9d. 
cash and 54s. 1d. one month sellers. Hematite was done 
at 7ls. 6d. twenty-three and twenty-two days, and 
was quoted 7ls. 9d. one month sellers at the close. 
The business totalled 1000 tons. In the afternoon 
Cleveland warrants advanced to 54s. 04d. cash and 54s. 6d. 
one month and 55s. three months, with buyers over at 
the latter price. The closing quotations were 54s. 14d. 
cash sellers, and 54s. 6d. one ob sellers, and the turnover 
was about 26,000 tons, of which 5000 tons were three 
months’ iron. Hematite was in demand, and was done 
at 71s. 6d. cash and seventeen days, 71s. 11d. one month, 
72s. twenty days, and 72s. 9d. three months. At the 
close sellers quoted 72s. 14d. one month. The business 
amounted to 4000 tons, of which 1000 tons were for three 
months. Standard foundry iron was quoted 53s. one month 
sellers, and 52s. 9d. buyers. When the market opened 
to-day (Wednesday) the tone was good, and Cleveland 
warrants advanced to 54s. 5d. cash and 54s. 9d. one month, 
and dealing also took place at 543, 34d. nine days. The 
closing quotations were 54s. 44d. cash and 54s. 9d. one 
month sellers, and the turnover was 20,000 tons. 
Hematite was strong, and was done at 723. 6d. cash 
and twenty-six.and twenty-two days; the closing quo- 
tations were 72s. 6d. cash and 733. one month sellers, 
and 72s. 5d. cash and 72s. 10d. one month buyer. 
The business amounted to 2000 tons. In the after. 
noon the tone of the market was rather easier, and 
Cleveland warrants were done down to 543. 34d. cash and 
54s. 3d. nine days, closing with sellers at 543, 4d. For- 
ward iron was done at 54s. 6d., 543. 9d., and 54s. 8d. one 
month and 55s. 44d. three months, closing at 54s. 84d. 
one month sellers. A moderate business of 15,000 tons 
was put through. Hematite was also down slightly, and 
was dealt in at 72s, 14d. cash. The turnover was 1000 
tons, and the closing quotations were 72s. 3d. cash and 
723. 8d. one month sellers, —— being at 2d. less in 
each case. The following are the market quotations for 
makers’ ie 2 iron :—Clyde, 66s. ; Calder, 65s.; Gart- 
sherrie, 66s. 6d. ; Summerlee, 703.; Langloan, 633. 6d. ; 








Coltness, 71s. (all shipped at Glasgow); Glengarnock 


(shipped at Ardrossan), 65s.; Shotts (shipped at Leith), 
64s. 6d.; Carron (shipped at Grangemouth), 66s. 


Sulphate of Ammonia.—The demand for sulphate of 
ammonia has lately been very good, and makers seem 
inclined to hold on to their stocks, expecting a further 
advance in price. The current quotation is firm at 
12/. 17s. 6d. per ton, prompt, Glasgow and Leith. Last 
week the amount exported from Leith was 1310 tons. 


Scotch Steel Trade.—The improvement which commenced 
in the local steel industry some time ago still continues, 
and makers are all very well employed in all departments. 
Prices still tend upwards, and if Scotch hematite advances 
much higher there is almost certain to be another rise in the 
price of steel. Scotch hematite has lately been held for 
75s. per ton. The Scotch steel-makers are at present 
almost full up with orders, and consumers who are in 
want of steel for immediate requirements have to pay 
considerably over the present official price-list ; and even 
at that some makers are unwilling sellers. Shipbuilders 
have again become anxious inquirers, as they have, within 
the last few days, secured quite a number of new orders. 


Shipbuilding.—It is a well-known fact that when the 
various shipbuilding yards on the Clyde are busy there 
is a general hum in the other local industries. Glasgow 
trade has recently shown signs of improvement, and 
now we have satisfaction in again recording a number 
of fresh shipbuilding orders. A number of yards are 
full up until the end of 1906, and some until well 
nigh the close of 1907. This state of affairs is very 
satisfactory, and it is also gratifying to be able to 
state that the local strike of pattern-makers has ended, 
and that most of the men commenced work this 
week. The following are some of the orders reported 
as having been just placed:—Messrs A. Stephen and 
Son, Linthouse, a twin-screw passenger steamer for 
Messrs. Alexander A. Laird and Co., for the Ardrozsan 
to Portrush service; Messrs. Barclay, Curle, and Co., 
Limited, Whiteinch, two large cargo-steamers for English 
owners ; Messrs. Russell and Co,, Port Glasgow, two 
steamers, with a carrying capacity of 7300 tons, for 
Messrs. Hugh Evans, and Co., Liverpool; the London 
and Glasgow Shipbuilding and Engineering Company, 
Limited, a twin-screw steamer for Messrs. H. E. Moss 
and Co.; the Ailsa Shipbuilding Company, Troon, 
five small passenger steamers—two paddle and three 
twin-screws —for the South American coasting trade, 
for clients in South America; Messra. J. M. Campbell 
and Son, Glasgow; Messrs. Ritchie, Graham, and 
Milne, Whiteinch, a 120-ft. stern-wheel steamer for 
Persian owners; Messrs. William Simons and Co., 
Limited, Renfrew, a powerful suction-pump dredger of 
large dimensions, for the Presidency of Bengal ; Messrs. 
Lobnitz and Co., Limited, Renfrew, five twin-screw 
hopper barges, each 180 ft. in length, and to take the 
highest class in the Bureau Veritas Register, for the Suez 
Canal Company. The John Duthie Shipbuilding Com- 
pany, Torry, Aberdeen, have secured an order for a large 
steam trawler for English owners. 


The Mining Institute of Scotland.—On Saturday. the 
14th inst., the members of the Mining Institute of Scot- 
land visited the engineering works of Messrs. Anirew 
Barclay, Sons, and o., Limited, Kilmarnock. Two of 
the Oddie-Barclay pumps were shown pumping water. 
One of these is for the Lochgelly Iron and Coal Com- 

any, Lochgelly, and has rams 4} in. and 6in. in diameter 

y 5 in. stroke, and is capable of delivering 100 gallons of 
water per minute against a head of 1000 ft., when run- 
ning at as of 200 revolutions per minute. It was 
driven by a36 brake horse-power motor. Amongst others 
shown partly erected in the shops was an 84-in. diameter 
by 12-in. stroke single-acting belt-driven Oddie-Barclay 
pump —twintype—forthe Tarbrax Oil Company, Glasgow. 








Licut Ratmways Act, 1896.—The Board of Trade 
have recently confirmed the following orders made by the 
Light Railway Commissioners:—Bere Alston and Cal- 
stock Light agian | pane agg Order, 1905, amending 
the Bere Alston and Calstock Light Railway Order, 1900. 
Padstow, Bedruthan, and Mawgan Light Railway (Ex- 
tension of Time) Order, 1905, amending the Padstow, 
Bedruthan, and Mawgan Light Railway Order, 1903. 





AGRICULTURAL Enotngs.—The exports of British agri- 
cultural engines were well maintained in September, the 
shipments of the month being valued at 97,105/., as com- 

ared with 90,361/. in September, 1904, and 76,773/. in 
iotember, 1903. The largest exports were made to 
South America, which took engines to the value of 
44,539/., as compared with 26,146/. and 10,672/. in the 
corresponding months of 1904 and 1903 respectively. The 
aggregate value of the agricultural engines exported from 
the United Kingdom to September 30, this year, was 
801,789/., as compared with 806,641/. in the corresponding 
period of 1904, and 739,583/. in the corresponding period 
of 7903. In these totals the South American demand 
figured for 138,389/., 95,847/ , and 55,192/. respectively. 
The exports to the three. principal colonial groups were 
represented by the following values :— 








Colonial Group. 1905. 1904, 1903. 

£ £ £ 
British South Africa 20,381 27,095 59,881 
British India <e 10,411 15,162 7,472 
Australasia .. 76,563 66,835 33,369 


The decline in the exports to British South Africa is 
extremely disappointing ; but it is only, however, another 








roof of the profound depression existing in British 
Routh African interests, 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Tron and Steel Institute.—One result of the visit of the 
above Institute to Sheffield is a large accession of mem- 
bers. Already Sheffield was well represented on the 
membership roll, and some forty local names have been 
added to it. 


Tron and Steel Trades.—The development of business 
is being slightly checked by the increasing cost of almost 
all descriptions of raw material. There is, however, a 
still wing demand for Bessemer and Siemens steels, 
and firms engaged in their manufacture are well booked 
ahead. It is estimated that if they were buying to-day 
the iron and other ingredients they required, the addi- 
tional cost would be from 12. to 303. per ton as compared 
with a few months ago. They advanced their quotations 
recently 10s. per ton, but now they have practically with- 
drawn them and are making special terms. There is no 
doubt, it is stated, that a further formal advance will 
take place shortly. Similar improvements have been 
going on in almost all descriptions of Swedish material. 
Ordinary Swedish pig irons are making 7s. 6d. to 123, per 
ton more money. In the best brands of Swedish irons 
there is not much change. The output is limited; the 
demand is steady, and prices do not vary very much. 
Swedish acid Bessemer billets have gone up 1/. per ton, 
and basic from 10s. to 15s. per ton. Stocks of Swedish 
steels and irons are not very large, and the probability 
is that quotations will further improve. There is more 
activity in some of the lighter branches of trade, and 
employment generally is more plentiful than was the case 
some months ago. 


The South Yorkshire Coal Trade.—There is a well- 
sustained demand for steam coal, and a large tonnage is 
still being sent to the Russian ports, which will shortly 
be closed. From 3d. to 6d. per ton advance is being 
obtained over the contracts now running with railways 
and other principal consumers. The steam fishing fleets 
are also taking very freely just now. The house-coal 
trade is improving, and 1s. per ton advance on October 1 
is being generally obtained. As the pits are workin 
fuller time, there is a more plentiful supply of slacks an 
other small coal, but prices are well maintained. An 
excellent business continues to be done in all kinds of 
coke, and makers are busy. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Yesterday’s weekly market 
here was very numerously attended, the tone was most 
cheerful, business was brisk, and prices for all kinds of 
pig iron moved upwards. Traders gave excellent ac- 
counts of all branches, and some makers were very in- 
different about booking further orders, believing that 
quotations will still be substantially further advanced. 

0-day prices of some classes were again higher. No. 3 
g.m.b. Cleveland ig cannot now be bought under 54s. 
f.o.b. ; and, in fact, buyers are ef offering that price. 
One or two makers will not quote below 54s. 3d., and for 
a named brand up to 54s. 6d. has been realised. No. 1 
is 55s.; No. 4 foundry, 52s. 6d. ; grey forge, 51s. 3d.; 
mottled, 50s.; and white, 49s. 6d. Perhaps the most 
satisfactory feature in the market is the good demand for, 
and firmness of, the lower qualities of Cleveland pig. The 
improvement is undoubtedly the result of legitimate 
demand, there being little or no outside speculative 
business doing just now. East Coast hematite pig has 
gone up another half-crown, and the output is by no 
means large enough to satisfy the demand. The pro- 
duction is not increased, owing to the fact that supplies 
of Spanish ore are not too easily obtained. Sheffield con- 
sumers of hematite have been buying pretty freely of late. 
Mixed numbers are firm at 703. for early delivery, whilst 
No. 1 has risen to 71s., and No. 4 forge to 64s. Rubio ore 
(50 per cent. quality) is firm at 193. ex-ship Tees. That 
is for early hem Forward quotations vary very con- 
siderably, but they are not under 203. Some firms ask 
very considerably above that price, but, as a matter of 
foes, = do not believe that business has been done at 
wdbove 19s, 


An Americaniscd Furnace Put Out.—A new furnace at 
Messrs. Bolckow, Vaughan, and Co.’s Cleveland works 
has been put out of blast for repairs after running only 
a little over six months, The furnace was erected under 
special supervision of Americans, and fitted with all the 
latest improvements, including a self-charger. Furnaces 
running on Cleveland iron are generally expected to last 
about twenty years. 


Manufactured Iron and Steel.—All branches of the 
manufactured iron and steel industries are kept ver 
vusily employed, and firms generally are booked at 
ahe Inquiries are still numerous, and new orders con- 
tinue to be placed. Quotations still tend upwards, and 
further advances may made atany time. The only 
actual rise since our last report is one of 5s. in steel joists. 
The continued upward movement does not appear to have 
checked buying at all. Common iron bars are 6. 153.; 
best bars, 7/, 5s.; iron a. 7l.; iron ship-angles, 
/, 58.; iron ship-rivets, 72, 153. ; steel ship-plates, 6/. 15e.; 
‘teel ship-angles, 6/. 7s. 6d. ; steel boiler-plates, 77. 10s. ; 
teel sheets (singles), 7/. 7s. 6d. to 7/. 10s. ; steel sheets 
doubles), 72. 17s. 6d. to 8. ; steel joists, 6/.; and heavy 
~ections of steel rails 5/. 53.—all less the customary 24 per 
— bg for cash, except rails which are net cash 
at works, 


Coal and Coke.—There is not much alteration in fuel. 


i of gas-coal is increasing as the season 
ac 


vances, and quotations are firm, especially for best 


qualities, which are not too plentiful. Bunker coal is in 
good request, but there is a lot offering, and unscreened 
Durhams are 8s. to 8s. 6d. f.o.b. Manufacturing coal is 
selling fairly well over next og There is rather more 
doing in household coal. The local consumption of coke 
is very heavy, but the abundant supply prevents the price 
rising above 15s. 6d. for early delivery of blast-furnace 
qualities at Tees-side works, but the forward quotation is 
1s, to 1s. 6d. higher. 








NOTES FROM THE SOUTH-WEST. 

Cardiff.—The steam-coal trade has presented no special 
feature except the conclusion of contracts for the French 
General Trans-Atlantic Company. There has been a 
moderate demand for small steam coal. The best large 
has made 12s, 6d. to 12s. 9d. per ton, while secondary 
qualities have brought 11s. 6d. to 12s. 3d. per ton. As 
regards household coal, the best ordinary qualities have 
been making 13s. to 14s. per ton, while secondary descrip- 
tions have ee from 10s. 6d. to 11s. ton. No. 3 
Rhondda large as been quoted at 13s. 6d. to 13s. 9d. rer 
ton. Coke has shown scarcely any change; foundry 
yg have made 18s, to 18s. 6d. per ton, and furnace 

itto 16s. 3d. to 16s. 6d. per ton. As regards iron ore, 
Rubio and Almeria have been quoted nominally at 18s. 
per ton upon a basis of 50 per cent. of iron, and oa, 
including freight, insurance, &c., to Cardiff or New- 
port. 

More Business for Plymouth.—Arrangements are in 
progress by which the steamers at present running in the 
service maintained by the ae Company 
between Jamaica and Bristol will make Plymouth their 
port of call almost immediately for the purpose of embark- 
ing and loading mails and ngers, in addition to 
delivering large quantities of bananas. 


Pending Coal Contracts.—The recent stronger tone of 
the coal trade at Cardiff, and the prospect of further 
improvement, have brought into the market earlier than 
usual the customary autumn inquiries for coal to 
delivered in the coming year. Contracts now pending 
include the Peninsular and Oriental Steam Navigation 
Company, which usually takes from 250,000 to 300,000 
tons annually; the Buenos Ayres and Rosario Railway 
perp , about 100,000 to 120,000 tons ; the Paris, Lyons, 
and iterranean Railway Company, 75,000 tons ; and 
the Royal Mail Steam Packet Company, 100,000 tons. 
In addition to these there are a number of smaller orders, 
ranging from 15,000 to 40,000 tons. 


Dowlais.—The output of steel rails at the Goat Mill 
has been maintained at the level which has been reached 
of late—viz., between 4000 and 4500 tons per week. The 
Big Mill has also been tnrning out a large quantity of 
fish-plates, colliery rails, and sleepers. The output of the 
collieries has been about an average. 


Welsh Coal for France.—It was reported at Cardiff on 
Saturday that the French Compagnie Générale Trans- 
atlantique had placed orders for about 200,000 tons of 
Admiralty coal with local firms at 13s. per ton, less 24 
per cent., and 12s. to 12s. 6d., less 24 per cent., for quali- 
ties slightly inferior. The following firms are reported 
to have received a share of the orders:—Ocean Steam 
Coal “+ | about 100,000 tons; Naval Collieries, 
30,000 tons; Powell-Duffryn Coal Company, 15,000 to 
20,000 tons ; and the Great Western Colliery Company, a 
similar quantity. 








BRITISH _FIRE-PREVENTION COMMITTEE.—With a view 
of arriving at the relative fire resistance of various con- 
crete aggregates, the committee will undertake, in the 
course of next week, an important test. The floor experi- 
mented upon will be divided into seven equal bays of 
slag, broken brick, granite, burnt ballast, coke breeze, 
clinker, and Thames ballast concrete. The fire will last 
for 24 hours, the temperature is to reach 1800 deg. Fahr. 
(982.2 deg. Cent.), but not to exceed 2200 deg. Fahr. 
(1204.4 deg. Cent.), followed by the application of water 
for two minutes. 


PROTECTION OF Woop acarnst Wuitr AntTs.—The 
Powell Wood-Process Syndicate, Limited, Temple Bar 
House, 28, Fleet-street, EC. state that they have intro- 
duced an effective method for protecting wood against the 
damage caused by white ants in tropical countries. They 
boil the wood in a solution of saccharine; this expels 
the air, and in the subsequent cooling the solution, 
together with ‘certain substances” which have been 
added to it, is absorbed by the tissues. Samples thus 
treated were sent out to India, and satisfactory reports 
regarding these have recently been received by the syn- 
dicate. 

Tue Grimspy INSTITUTION OF ENGINEERS AND SHIP- 
BUILDERS.—A number of members of this Institution, 
headed by Mr. J. Inches, President, Mr. B. G. Oxford, 
Lloyd’s chief surveyor at Grimsby, and Hon. Secretary 
of the Institution and other engineers, visited on the 
13th inst. the works of Messrs. Ruston, Proctor, and 
Co., Limited, Lincoln. They were received by Mr. A. 
Bornemann, managing director, and by Mr. F. H. 
Livens, director, who gave them a hearty welcome and 
conducted the party through their Sheaf Iron Works, 
Wood Works, and new Boiler Works. These works 
give employment at the present time to 2928 em pace ; 
their annual output amounts to 1400 engines, 1050 boilers, 
and 1200 machines of various types and sizes. A number 
of these, including portable and traction-engines, sta- 
tionary steam-engines, steam-navvies, &c , were seen in 
various stages of progress. It was stated in the course 
of the visit that the firm had constructed, so far, a total 


MISCELLANEA. 


AccorDinG to Tissandier, metallic iron heated at 900 
deg. Cent. in a stream of carbon dioxide is converted into 
ferrous oxide, whilst Donau finds that with the dry gas 
at 1200 deg. Cent. magnetite is formed, and when so pro- 
duced is magnetic and crystalline. 


A manganese bronze composed of 53 per cent. copper, 
42 per cent. zinc, 3.75 per cent. manganese, and 1.26 per 
cent. of aluminium, is, it is said, very suitable for wheels, 
gears, &c., as well as for mining screens, &c., as it is not 
attacked by acid mine water. 


_ Alarm is being created among boatmen plying on the 
Ouse between Hull and York on account of the great 
deposits of warp in the river in the neighbourhood of 
Selby. Unless something is done to remove the obstruc- 
tion thus caused, river traffic between the two towns will 
suffer materially, and, indeed, may be entirely cut off. 
A day or two since, a boat, only half laden, and drawing 
but 4 ft. of water, ran aground, and two tugs failed to 
move her. 


A commission formed with a view to consider the ques- 
tion of constructing an approach to the Simplon Tunnel 
vid the Litschberg or the Wildstrubel, either of which 
would involve heavy tunnelling work through the Bernese 
Oberland, will be in a position to report very shortly on 
both schemes, when it is pro to take the preliminary 
measures for carrying one of them into effect. On the 
French side the French Government, we understand, has 
— in favour of the Faucille line of approach vid 

neva, 


Ralph C. Snowdon (Journal of Physical Chemistry, 
1905) states that when nickelled work has to be replated, 
it must be entirely freed from the previous deposit of 
nickel, as otherwise the deposit does not adhere, but 
readily peels off. He finds by hisexperiments that if the 
nickel be made the cathode in an acid solution, and a fairly 


be | large current be passed for a short time, it will, if quickly 


washed and transferred to the plating solution, take a 
smooth adherent deposit capable of burnishing. He con- 
siders this behaviour to be due to the presence in the 
nickel of a thin film of oxide, which cannot be removed 
except by vigorous reduction. 


One of the great difficulties in supplying a cheap gas 
for domestic purposes lies in the fact that all such gases 
contain a large percentage of carbon monoxide, which, 
although odourless, is extremely poisonous, An ingenious 
suggestion for meeting this difficulty has recently been 
brought forward by Messrs. Elworthy and Williamson, 
who propose to pass the gas over metallic nickel heated 
to a temperature of 250 deg. Cent. Under these condi- 
tions the hydrogen and carbon monoxide combine to form 
methane (CH,) and water, thus robbing the gas of its dan- 
gerous constituent. Should the process prove industrially 
practicable, a long step will have been made towards the 
general use of gas for all domestic heating purposes. 


The Société d’Electricité de Paris, a new company 
which has been formed for the supply of current in bulk, 
is pushing forward the generating station it has put down 
at St. Denis. This will cover an area of about 25 acres. 
The company has signed contracts for current supply 
with the Paris Metropolitan Railway, the Edison Com- 

ny, the Lighting and Power Company, the North Paris 
Raneugs; other contracts are being negotiated. The 
station contains already four Brown-Boveri-Parsons units 
of 8500 horse-power each; a further set of four turbine 
units, developing a total of 18,000 horse-power, is being 
added. At the end of 1906, when the concessions of the 
various Secteurs in Paris will terminate, the generating 
station will have a total of 75,000 horse-power. 


In a paper read before the American Electrochemical 
Society at Bethlehem, Dr. E. F. Roeber stated that the 
colour of the light given by an electric glow-lamp was an 
index of the efficiency at which it was being worked. 
He quoted from Dr. Louis Bell the following figures 
connecting the colour of the light with the watts taken 
per candle-power :— 


Watts per Candle- 


Sones. Colour. 


1.5 as Clear white 

2 to 2.5 White, very faintly tinged 
with yellow 

3 Yellowish white 

3.5 pe Yellowish 

4 ... Yellowish, tinged with orange 

4.5 a Orange yellow 


5 Distinctly orange-red 
According to the Giornale dei Lavori Pubblici, diffi- 
culties are anticipated in the near future in the matter of 
railway construction and maintenance in Italy. It is 
proposed to largely increase within a short time the 
rolling stock, and to renovate and strengthen the tracks 
erally. Italian laws provide that, except in a very 
le cases, the whole of the material required for the 
railways is to of home manufacture. As they now 
stand, the Italian works would take several years to 
carry out the contracts, and if they increase their plant 
and their staff with a view to manufacture rapidly, they 
run the risk of future slack time and low selling prices to 


és ;| meet competition. It would be advisable, therefore, to 


order from abroad part of the material required. The 
same authority states that the material of home manu- 
facture costs the pace aoe r cent. more than would 
the same material if pure abroad. The higher price 
pid for fuel and vo rag being fully compensated for by 
the lower cost of labour, the 30 per cent. in question only 





of 15,500 threshing-machines for use a]l over the world, 








benefited about a dozen Italian works. 
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PRIME MOVERS AND THEIR 
ACCESSORIES IN 1904. 

THF most noteworthy feature of Mr. Longridge’s 
report for 1904 to the British Engine, Boiler, and 
Electrical Insurance Company, Limited, lately 
issued, is perhaps the very high percentage of 
failures to electric dynamos and motors due to old 
age or deterioration during the period to which the 
report relates. One out of every twelve dynamos 
insured broke down during the year, and one out 
of every 9.3 motors. In the nature of things none 
of these machines can be very old, yet, as will be 
seen from the annexed table, 38 per cent. of the 
dynamos and 25 per cent. of the motors which failed 
were worn out, though probably capable of repair, 
whereas in the same report is recorded the failure of 
a steam-engine which had given faithful service for 
about seventy~years. If he adopts a system of elec- 


rial | tric driving, the factory proprietor can hardly anti- 


cipate a life for the motors of the three score and 
ten years which has often been exceeded by the 
engines erected in the days of his grand-parents. 
Fortunately, the first cost of an electro-motor is 
but a small fraction of that of an equivalent steam- 
engine, and there is no doubt that in certain aspects 
the durability of some of the engines turned out by 
a past gencration has had its drawbacks, and users 
have been content to rub along with a ‘‘steam-eater” 
wasting in fuel in a few years a sum sufticient to pay 
several times over for a modern economical plant. 
Some very striking illustrations of obsolete engines 
still in use in the Black Country have appeared in 
our columns. In Lancashire, we believe, the respect 
for antiquity has never been carried as far as exhi- 
bited in the instances just referred to; but constant 
trouble is arising from the practice of patching up 
old engines in trying to fit them for competition 
with more modern plant. For some years now Mr. 
Longridge has had to record failure after failure 
arising from excessive pressure on flat surfaces, 
which, perfectly capable, no doubt, of withstanding 
the 50 lb. or 60 lb. pressure for which they were 
originally intended, have given way, with disas- 
trous results, when steam at a pressure of 130 lb. 
or more has been passed into them. The question 
arises as to how owners get builders to execute 
these dangerous alterations. The latter, being ex- 
perienced men, must know the danger that is being 
incurred, but perhaps reason that if they do not do 
the work, some other firm will, and they at least risk 
nothing by compliance with the owner’s wishes. The 
point in question is perhaps of more importance in 
connection with boilers than with steam-engines. 
Some extraordinary cases of attempted boiler repairs 
are instanced in this issue of Mr. Longridge’s report. 
In one case noted the bottom of a Lancashire boiler 
was found simply covered with patches put on with 


30| bolts and rendered tight with cement, whilst the 


actual shell was grooved and honeycombed in all 
directions. The firm that consents to try and 
patch up a worn-out boiler is now, fortunately, liable 
to a heavy penalty if an explosion results ; so 


581 | presumably there will, in the future, be a diminu- 


tion in the number of these dangerous repairs. 


The ing of the Factory Act of 1901 seems 
sbiciily 08 have had markedly good results. The 


539} explosions of factory boilers for three years past 


average three a year, as against 4.9, which was the 
average of the previous ten years. The average 





for all boilers was 17 explosions per annum for the 


three years ending 1904, and 27.7 explosions per 
annum for the ten years ending with 1901. 

From one of his experiences during the year, 
Mr. Longridge concludes that all the doors from 
the headers of a Babcock and Wilcox boiler should 
be removed annually, so as to allow every tube to 
be examined. When, the boiler in question was 
examined in 1902, it was considered sufficient to 
remove a few doors only at selected points ; but 
in 1903 a complete examination was made, which 
disclosed in many cases serious corrosion at the 
places where the outside dogs or caps were bedded ; 
and in 1904 this corrosion had increased so much 
that the metal was only } in. thick in places. No 
signs of the wasting away were discoverable with 
the outside caps in place. 

Whilst many proprietors have in the past en- 
trusted the repairs of their boilers to the ‘‘ prac- 
tical boiler-maker or blacksmith,” with the con- 
sequences already referred to, others seem equally 
ready to accept advice from any quarter but a 
pope = one, on the management of their 

ilers. In one case noted by Mr. Longridge, lime 
had been added to the feed-water of a boiler at the 
rate of 160 grains per gallon, because somebody 
not defined had stated that it would prevent cor- 
rosion. The result was a bulged furnace-plate. 

As in previous years, most of the failures have 
arisen with slow-speed engines, and the way in 
which modern high-speed engines avoid making 
an appearance in these reports must be highly 
gratifying to the builders. No doubt the number 
in use in the district, which is mainly covered 
by the operations of the company, is much 
less than that of the slow-speed type, and it is 
also probable that the greater prominence of the 
latter in the casualty list is due to their capability 
of standing abuse. Thus, in one case mentioned, 
an inspector found that the engine was being run . 
with a broken crosshead on the air-pump, and he 
could only obtain the consent of the owner to 
stop the engine for repair by informing him that 
the insurance company would refuse to accept 
liability if he persisted. A large number of other 
breakages have undoubtedly arisen from the ham- 
mering of loose parts due to nuts slackening, or to 
wear. In high-speed engines nuts are not allowed 
to slacken, and the hammering, if parts are loose, is 
too serious to be neglected. Indeed, it is a common 
saying that a high-speed plant requires a mechanic 
in charge, whilst an unskilled man may serve with 
the low-speed engine, and, on the whole, does it 
very well, though cases of neglect—no doubt largely 
due to ignorance—are by no means infrequent. Two 
failures of high-speed engines are, it is true, men- 
tioned in the report, but both arose from causes 
unconnected in any way with the speed. In the 
one case water was allowed to flow from the con- 
denser into the cylinder, and in the other the cy- 
linder had a serious defect in the shape of a groove 
in the wall, in which the piston-rings could catch. 

Some curious cases of connecting-rod bolt failures 
are recorded. In one case the two bolts for a 
new engine had to be replaced three times in 
eighteen months, though the calculated stress on 
them was only 4700 lb. per square inch. There 
was, however, a sharp angle under the bolt-heads 
where the fracture occurred, and this was not 
altered in replacing the bolts, so that the second 
and third sets failed in exactly the same way as the 
first. In gas-engines it is too frequently assumed 
that the connecting-rod bolts have little todo. They 
have, however, to take the inertia stresses when 
the piston is being accelerated ; and if the piston 
sticks a little, as may readily happen through un- 
equal expansion, these stresses may be increased 
to a very notable extent. Whatever the reason, 
the fact remains that failures of such bolts are 
fairly frequent. Apparently they are commonly 
proportioned so that the stresses in them due to 


the inertia forces do not exceed 7000 lb. per square 
inch ; but, in view of his experience, Mr. Longridge 
suggests that this is considerably too high a wok. 


ing stress. 
e defects noted in electrical machinery during 
the twelve months covered by the report are clas- 
sified as follows :— 


Dynamos. Motors. 





Per Cent. Per Cent. 
Armatures and rotors ... : 55 47 
Magnets and stators ~... ‘~ 7 11 
Commutators and brush gear 28 18 
Miscellaneous a ed 10 8 
Switches and resistances 16 
100 100 
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And the causes of the damage may be classed as 
under :— 


Dynamos. Motors. 
Per Cent. Per Cent. 
Accidents ... ia bes RP 9 9 
Dirt and neglect - 13 19 
Age and deterioration ... fh 38 25 
Bad workmanship and design 20 16 
Overloading se be cd 3 3 
Causes not ascertained 17 28 
100 100 


As usual, Mr. Longridge gives in tabular form 
some very interesting cases of failures, which he 
classifies as below :— 








Percentage of 
Description of Parts which are ye 
believed to have given f Fail 
way first. ager Ss age 
of Each 
Part. 
Steam- Engines. 

Valves and valve-gear 28.2 
Air-pump motions ... 14.8 
Spur-gearing... aie va ve 12.8 
Cylinders, valve-chests, and covers __... 6.4 
Columns, entablatures, and bed-plates 4.9 
Air-pump valves and buckets a 4.4 
Parallel motions, links, and slides 3.9 
Main shafts .. a ‘a rs Bi 3.9 
Pistons, piston-bolts, and rings... 2.9 
Piston-rod crossheads__... =e ? 2.9 

Connecting-rods, their straps, bolts, and : 
fastenings ... de Hts vat ow 2.9 
Piston-rods ... 2.5 
Cranks Be ay 1.5 
Crank-pins ... rr od 1.5 
Air-pumps and condensers 1.5 
Fly-wheels ... ie * 1.0 
Governors and governor-gear 1.0 
Working beams ? 1.0 
Gudgeons in beams... 0.5 
Holding-down bolts 0.5 
Main-driving belts ... 0.5 
Second-motion shafts 0.5 
100.0 

Gas and Oil-Engines. 

Valve and valve gear __... 31.3 
Cylinders and cylinder ends 14.8 
Main shafts ... ae aad 10.9 
Connecting-rods, caps, and bolts 102 
Governors and governor gear 10.2 
F ly-wheels and their keys ies 8.6 
Silencing-boxes and exhaust-pipes 6.3 
Bed-plates and pedestals .. Bs 3.1 
Pistons oF ee es 3H sad 3.1 
Crosshead centres in pistons... edi 15 
100.0 


The cause of these breakdowns may be roughly 
classified as follows :— 





Steam. Gig.end 
Engines. Engines. 
Per Cent. Per Cent. 
Due to accidents or causes un- 
ascertained oh ee 31 
Due to negligence of owners or 
attendants... it a 16 22 
Due to old defects and wear ... 26 22 
Due to weakness, faulty design, 
or bad workmanship... ee 22 25 
100 109 


A couple of highly interesting engine trials are 
also described in the report. In the one case the 
engine tested was a marine type compound engine, 
with cylinders 21 in. and 36 in. in diameter, with a 
3-ft. stroke, and designed to run at 100 revolutions 

er minute. The engine was constructed by 
Messrs. Cole, Marchent, and Morley, of Bradford, 
and was operated with highly superheated steam. 
It was tested at full load, half load, and light load, 
with the following results ;— 


Horse-power ... . 471 S341 238 145 
Pounds of steam pe 

horse-power hour... 9.187 8.735 8.682 8.742 
B.T.U. per _ horse- 

power hour... . 199.7 194.9 194.0 194.0 


It is to be remarked that the efficiency of the 
engine is remarkably well maintained over a very 
wide range of power. The steam pressure was 
114 lb. to 117 lb. per square inch, and the super- 
heat on the boiler side of the engine stop-valve 
varied between 378 deg. and 401 deg. Fahr.; and 
on entering the cylinder, from 202 deg. up to 
253 deg. Fahr. The clearances of the cylinders 
were rather large—viz., 8.7 per cent. and 9.4 per 
cent, of the cylinder volumes respectively ; but, as 
will be seen, a large clearance with superheated 
steam does not have the same detrimental effects 
as with saturated steam. The length of steam-pipe 








was 121 ft., and, though it was well covered, the 
steam lost 70 deg. to 100 deg. of superheat in this 
length, and there is, of course, an additional loss of 
heat at the superheater ; so that, for correct com- 
parison with the results obtained with an engine 
using saturated steam, Mr. Longridge suggests that 
the figures of steam consumption above given should 
be increased by 10 per cent. Some engineers, in- 
deed, go further than Mr. Longridge, and declare 
that they have never seen conclusive evidence as 
to any marked fuel economy due to the use of 
superheated steam, though they admit the saving 
in the weight of steam used per indicated horse- 
power. At the time of the test the engine had 
been running for about a year, and proved on 
examination to be free from all signs of wear, even 
in the parts directly exposed to high temperature 
steam. 

The other trial of which a description is given 
was that of a three-cylinder Diesel engine indicating 
634 horse-power. This was tested at three dif- 
ferent loads, and on the lightest load, when it in- 
dicated 163.3 horse-power, it used but 0.28 1b. of 
oil per horse-power hour, so that it turned into 
mechanical work 45 per cent. of the heat value of 
the fuel. At full load it consumed 0.3264 lb. of 
oil per indicated horse-power. The mechanical 
efficiency was, however, low, being given as 72 per 
cent. at full load when due allowance was made 
for the work of compressing the air-blast ; whilst 
at low load it was under 20 per cent. 








RECENT STUDY OF RADIUM. 

In a number of papers recently contributed to 
the Philosophical Magazine, Professor Rutherford 
and others have made further contributions to our 
knowledge of the properties and life-history of 
radium, which are of great interest, not only to 
men of science, but to laymen in general, for they 
carry us forward to such a point that we may be 
said to have obtained a first glimpse into the very 
mechanism of creation. 

The parent stock from which radium is derived 
has now been proved, almost conclusively, by the 
researches of iene. Soddy and Whetham, to be 
uranium, the element whose atomic weight is the 
highest known to us at present. 

Probably on account of their great mass, the 
atoms of this element are in an unstable condition, 
the forces which hold together the ultimate par- 
ticles of which they are composed being almost 
overpowered by those which tend towards disinte- 
gration, and, in process of time, a small proportion 
of them break up, and form other collocations of 
matter, one of which has received the name of 
uranium X. But the molecule of this substance, 
if substance it can be called, is also unstable, and 
in course of time is, in its turn, replaced by radium. 
It was at first thought that the change from uranium 
X to radium was direct. But it has recently been 
pointed out that, in order to explain certain ex- 
periments of Mr. Soddy and Mr. Whetham, it is 
necessary to suppose that some intermediate pro- 
duct is formed which has not yet been isolated. 
Radium is thus the lineal descendant of uranium, 
though the details of the genealogy are still some- 
what obscure. But from this point onwards the 
changes undergone by the element have been traced 
with extraordinary skill and completeness, and no 
less than seven different transformations of the 
original atom have been distinguished. 

The radium atom, and, indeed, every other atom, 
probably consists of a whirling mass of particles, 
some of which are comparatively large, and are 
charged with positive electricity (a particles), while 
others are smaller, and carry a negative charge 
(8 particles) ; and, owing to some cause with which 
we are not acquainted, but which may be surmised 
to be centrifugal force, one or more of these 
particles sometimes escapes from the central mass, 
and is projected into space with prodigious velocity. 
It is an astonishing fact that the loss of a single 
a particle, though its mass is but a small fraction of 
the total mass of the atom, produces a radical altera- 
tion in the properties of the aggregate, changing it 
from a divalent element, probably solid at the 
temperature of the atmosphere, into an inert gas, 
boiling at — 150 deg. Cent. This gas is known as 
the radium emanation. But the new form of 
matter is still more unstable than that from which 
it was derived ; and, after a brief struggle against 
the forces of disintegration, another a particle con- 
trives to escape, and the residue takes the form 
which is known as radium A. This, in its turn, 





almost instantly expels a third particle, and assumes 
the conformation known as radium B. 

The next change is accomplished with almost 
equal rapidity, but, so far as has hitherto been 
observed, no loss of matter occurs at this stage. 
It is possible, indeed, that some such change does 
take place, but that the energy of the particle 
expelled is so small that it is unable to produce 
those effects by which, in other cases, its presence 
is detected. Or, it may be, that the change con- 
sists merely in an internal redistribution of the 
matter and energy which make up the molecule. 
However this may be, the new arrangement, radium 
C, is no more stable than the old ; for, with a great 
convulsion, the matter now assumes a new form, 
which is known as radium D, losing, during the 
process, another a particle, and also, for the first 
time, a negatively-charged mass. 

This completes what is called the period of 
rapid transformation, and the next three changes 
are more deliberate. By a second ‘‘ rayless ” change, 
which proceeds so slowly that one-half the molecules 
of radium D are affected in a period of 40 years, it 
passes into a new form—radium E—which, again, by 
the loss of a 8 particle, finally becomes radium F. 
Beyond this point no further action has yet been 
traced; but, in his most recent paper, Professor 
Rutherford suggests that the ultimate product 
of these successive changes may be identical with 
the element lead, which is usually found in 
uranium ores in conjunction with radium, and in 
quantities such as might be expected on this hypo- 
thesis. These extraordinary results might well 
have appeared to mark the climax of human in- 
genuity and endeavour in an investigation so difli- 
cult and refined. Yet, in reality, they form only 
the starting-point for a new series of researches, 
leading to results of a still more recondite nature. 
It has been stated above that the a particle, when 
it leaves the parent atom, is travelling with a 
prodigious velocity, estimated to be of the order 
of 1000 kilometres a second; and, in the case 
of radium in radioactive equilibrium, the knowledge 
we possessed till recently seemed to point to the 
belief that the initial velocity of these particles 
varied within certain limits. 

But, by an investigation of extraordinary delicacy 
and charm, it has now been shown by Professor 
W. H. Bragg, of the University of Adelaide, and 
Mr. R. Kleeman that the apparent variability in the 
velocity of the projectiles is due to the confusion of 
a number of different, though similar, phenomena. 
Radium, when in radioactive equilibrium, contains, 
in addition to the original form of matter, the various 
products of its disintegration, which are known as the 
emanation, and radium A, B, and C. Each of these 
forms of matter is continually discharging projec- 
tiles, and it is now found that each set of particles 
is projected with a different velocity, which is ap- 
proximately constant for the same set. Those 
which proceed from radium itself are found to move 
most slowly, and the velocity of projection increases 
as the disintegration proceeds, til], in the form 
radium C, the a particle is discharged with a 
velocity which exceeds that of the u particle from 
radium by as much as 18 per cent. 

It was to be expected that particles of matter, 
moving with so high a velocity, would impinge with 
tremendous effect on anything with which they 
came in contact, and this is found to be the case. 
In passing through a gas the a particle comes into 
collision with such of the molecules of which it is 
composed as come in the line of its flight, and, by 
the force of its impact, literally dashes them to 
pieces. So enormous is the initial energy of the 
projectile that it is capable of destroying about 
100,000 molecules before its velocity is reduced by 
40 per cent. by the resistance it encounters. At 
this point its power to break up (or ionize) the 
molecules of the gas falls off with great rapidity, 
and it is inferred that below this velocity the 
energy of the particle is not sufficient to break up 
a molecule of a gas. From these considerations 
Professor Rutherford has calculated that the energy 
required to produce an ion is 2.7 x 10~ ergs, 
which is equivalent to the energy acquired by an ion 
moving freely between two points whose potential! 
difference is 24 volts. 4 

The range of the a particles must vary with their 
initial velocity, and can be measured by observing 
the distance from the point of origin at which 
gas ceases to be ionised by their bombardment. 
Now Professor Rutherford has recently shown 
that, as a first approximation, the phosphorescent 
and photographic actions of the a particles cease at 
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about the same range as the ionising power, and he 
concludes that these three properties of the a ray 
must be ascribed to a common cause. It follows 
that the photographic action is caused by the ionisa- 
tion of the salts on the plate, and that, in the case 
of phosphorescence, such as the scintillations well 
known in the spinthariscope of Sir W. Crookes, 
the light is produced by the recombination of ions 
which are formed by the impact of the a rays on 
the crystalline mass, and not to the fracture of the 
crystals. It cannot be said, however, that this 
point is definitely settled, since so high an autho- 
rity as M. Becquerel does not accept this interpre- 
tation of the experiments. 

Among the many points of interest which these 
experiments touch, it will be sufficient to mention 
one of the most important. Hitherto we have not 
been in possession of much evidence to show whether 
the laws of dynamics which apply tomolecular masses 
could also be applied to the movements of atoms 
and molecules. When Newton extended the laws 
which govern the movement of masses at the 
earth’s surface to the mutual attractions of the sun 
and planets, a great generalisation was reached. 
When the observation of the movements of the 
double stars had proved that the sway of gravita- 
tion extended to the uttermost confines of space, 
afurther step had been taken in our knowledge of 
the uniformity of natural law. But these laws 
concerned only comparatively large masses, and it 
still remained to be shown that in the sphere of 
the infinitely small, as well as in that of the in- 
finitely large, the same laws hold good. 

It would be going too far to assert that this ques- 
tion has now been completely resolved. But a 
flood of light has certainly been thrown upon it by 
the behaviour of radium and its congeners ; and 
the general effect is to increase our conviction that 
in the small, as in the great, the same order pre- 
vails. The a particles, whose mass is as small, com- 
pared with the atom, as the atom is in comparison 
with objects which are within the sphere of our 
senses, are found to behave almost exactly as if 
they were tangible masses. Projected with an 
initial velocity, they move in straight lines, in 
accordance with the first law of motion, unless de- 
flected by impressed forces ; and, under this con- 
dition, they are constrained to move in orbits whose 
radius of curvature can be calculated by the same 
formulze as can be applied to the motions of the 
heavenly bodies. They lose energy on penetrat- 
ing an atomn at a rate which is proportional to the 
square root of the atomic weight ; and, when finally 
stopped, their energy is transformed into heat, 
exactly as a hammer is heated by striking an anvil. 

It is impossible to praise too highly the series of 
researches which have led to these results. Scarcely 
nine years have elapsed since the first clue was 
obtained which has led to the discovery of radium, 
and during the early years of the investigation pro- 
gress was, of course, extremely slow. The be- 
haviour of the new body was so extraordinary 
that the adjustment of its place in Nature could 
only be attained at the cost of a reconsideration 
and partial reconstruction of some of the most 
fundamental conceptions which had hitherto been 
accepted in chemistry and physics. Add to this 
that the quantity of radium available for research 
purposes is so small that few indeed are the for- 
tunate possessors of a hundred milligrammes, a 
quantity about equal to one five-thousandth of a 
pound. Yet, in spite of these difficulties, the 
accumulation of knowledge has proceeded with a 
rapidity and certainty which command the highest 
admiration among those who are qualified to judge, 
and constitutes one of the most brilliant achieve- 
‘nents in the history of scientific research. 








NEW SOUTH WALES RAILWAYS. 

Tue satisfactory weather conditions experienced 
curing the past season in Australasia are reflected 
not only in increased exports, but also in the 
‘esults of the working of the State railways during 
‘he year. Cablegrams have already communicated 
the extent of the improvement, which, in the case 
vf Victoria, is particularly satisfactory, and now 
‘rom the full reports which have come to hand it 
|. possible to completely appraise the results. In 
toe report of the Commissioners for the New South 
“Vales Railways for the year ending with June 
‘1st it is shown that there has been an increase in 
| tactically every department of traffic ; the addi- 
‘ion to gross receipts, as compared with a year ago, 
«jualling about 7} per cent., while the working 








expenses have also been reduced, so that the net 
revenue is 26 per cent. greater ; but the amount 
is still less than in some of the years when boun- 
tiful harvests were reaped. Indeed, this year’s net 
earnings are 35,0791. short of the sum required 
for paying the interest, averaging 3.582 per cent. 
on the capital involved in the State railways. But 
there is every prospect that with a continuance of 
satisfactory rains the balance will again be trans- 
ferred to the credit side of the account. 

Considering the situation from the point of view 
of the investor—and we fear that the Government 
are not at all times solicitous of his interests— 
attention must first be directed to the fact that, 
notwithstanding the improvement in the general 
trade conditions of the colony, there are 1881 miles 
of railway, involving a capital expenditure of over 
17,000,000/., which still incur a very considerable 
loss. In 1903 this loss—the deficiency in gross 
earnings to meet expenses and interest on the 
loan — amounted to 435,000. This year there 
there is only a very slight decrease, the loss 
being 396,000/. Most of these lines, it is true, 
are extensions into the interior of the colony. 
At one point the railway is carried 508 miles from 
the coast, at another 468 miles, and at a third point 
460 miles. Such lines may be of incalculable 
benefit in the development of the agricultural 
resources, and although they may not be dividend- 
earning, they may indirectly influence enormously 
the prosperity of the country. Again, the question 
arises as to whether these interior lines always get 
full credit for the traffic they bring to the older 
sections nearer the ports of exportation. At 
the terminal stations much expensive work is done 
in the collection of traffic. But, withal, no 
opportunity should be lost of directing attention 
to these losing lines, if only to counteract or check 
a tendency on the part of the politician to seek for 
his own district railway extensions in anticipation 
of traffic prospects. We fear that in the past the 
Railway Commissioners have frequently been over- 
ruled in this matter, and in this way the list of un- 
profitable railways has been swelled, to no good 
purpose so far as the whole colony is concerned. 
It has certainly tended to depreciate Colonial secu- 
rities. 

At the present time, however, there are only 170 
miles of railway under construction, all of them 
extensions of existing lines westward into the 
interior. The latter lines are of lighter construc- 
tion, involving less capital expenditure. This is 
commendable. There is no evidence in the report 
that the Commissioners have considered the suit- 
ability of road tractors for ‘‘ feeding” the lines in 
the interior. We should fancy that efficient me- 
chanically-propelled lorries, with one or two trailers, 
using the various interior stations as their base, 
might prove beneficial. They could convey over 
the coach roads grain and wool and other products 
at much lower cost than is possible with horse 
haulage, and would pave the way for railway com- 
munication when the volume of traffic justified it. 

Another question which forces itself upon our 
notice is the absence in the report of any reference 
to the recent controversy between the Commis- 
sioners and the Government regarding the building 
of locomotives for the railway, and similar matters. 
Those who have readily found the money for the 
development of our Colonies are entitled to as 
much consideration as the voters in the Colonies, 
alike as regards publication of details and the 
administration of the railways. There was always 
the presumption that the railway undertaking for 
which they have advanced money should be con- 
ducted on sound commercial lines. It cannot be 
held that this expectation has been fulfilled if the 
Government insist on ordering locomotives from 
colonial firms at a cost of 25 percent. to 30 per cent. 
more than that for which they can be imported. It ir, 
no doubt, desirable that colonial industry should 
be developed, but this development should be at 
the expense of the people, and not at that of the 
financial soundness of an undertaking for which 
capital has keen found abroad. For the same 
reason the railway bond-holder must look with 
suspicion on all proposals towards the organisation 
of State iron and steel factories; for while these 
might develop trade to some extent, there is always 
a prospect at least that the railways may be called 
upon to pay more for their steel constructional 
work for station buildings and bridges, as well as 
for rails, in order that the labour conditions pre- 
vailing may be thoroughly satisfactory to the almost 
omnipotent voter. 


So far as the Railway Commissioners have been 
able to exercise control, the results of the railway 
year are quite commendable. It is gratifying in 
the first place to note that an agreement has been 
come to between the Railway Commissioners of 
New South Wales, South Australia, and Victoria, pro- 
viding for the adjustment of the rates for all traffic 
to aud from districts in respect of which competi- 
tion has existed for many years past. This agree- 
ment, which will continue for a year (subject 
thereafter to three months’ notice from any of the 
parties) provides that the rates of traffic will be 
made public, and that no special rebates or con- 
cessions shall be given to secure traffic. It was the 
payment of such rebates for traffic from the border- 
land between the colonies that involved material 
loss, and it is anticipated that the State railways 
will profit by the agreement, although the farmers 
and wool merchants in the affected area may not 
rejoice at the change. 

As regards traffic, the tonnage of wool dealt 
with is fully 33 per cent. more than in the two 
previous years, and the average length of haul 
(295 miles) has been very considerably augmented, 
suggesting that prosperity has been widely dis- 
tributed. As a consequence, the earnings per 
ton per mile are slightly less, being 1.79d., as 
against an average of 1.93d. in the two previous 
years. The increase of grain and flour is equally 
marked, and represents the highest tonnage for many 
years. ‘Two years ago the tonnage had dropped to 
83,000 tons, by reason of the drought; last year 
it had improved to 425,786 tons, while this year 
it is 522,755 tons. Again, there has been an 
increase in the average length of haul, the influence 
of the extension of the railways to the interior 
being here also most pronounced. Fourteen years 
ago the average haul for grain and flour was only 
111 miles ; last year it was 251 miles. There has 
at the same time been a considerable decrease in 
the average rate of freight, which for the year 
under review was 0.43d. per ton-mile. Of live 
stock an increase in traftic of practically 20,000 tons, 
or 13 per cent., is recorded for the year ; but in 
the previous twelve months many sheep, &c., were 
conveyed at nominal cost from the parched uplands 
to the more adequately watered lowlands, the 
freight rate, two years ago, having for this reason 
averaged only 1.23d. per ton-mile as compared with 
1.60d. per ton-mile for the year ending with June 
last. In the case of hay there was an increase of 
about 20 per cent. in the tonnage, but as regards 
minerals and general merchandise there was a 
falling-off in tonnage, although this did not affect 
the earnings, owing to the increase in the ton- 
miles and to the slightly better average rates 
prevailing. Thus the tonnage of all traflic shows 
a net increase of 67,456 tons, while the earnings 
for all traffic, including coaching, show an in- 
crease of 247,6031. Of this latter, 12,9411. was 
contributed by passengers, and in this connection 
it is worth noting that the proportion of first- 
class to other passengers is, in respect of numbers, 
1:6 as compared to 1:33 in this country; the 
earnings bear a proportion of 1:2}, as against 
1: 7.3 here. The payments by season-ticket holders 
equal 114 per cent. of the total revenue from pas- 
sengers ; in this country it is just under 10 per 
cent. There was a slight decrease in the train- 
mileage. Owing to the better freight rates obtain- 
able, as the result of greater prosperity and of 
economies in other directions, it has been possible 
to reduce the proportion of working expenses to 
gross earnings ; but it is still considerably higher 
than it was antecedent to the period of great 
drought, being for the past year 59.50 per cent. 
The gross earnings per train-mile were 84.46d., the 
coach traffic having yielded 58.6d., and the goods 
traffic 97.78d. The latter is 77d. more than in the 
previous year. The expenses per train-mile were 
50.26d., leaving a net earning per train-mile of 
34.2d., as compared with 27.17d. in the previous 
year. 

The Commissioners bave continued the work of 
improving gradients and alignment and the rolling- 
stock, and a considerable part of the cost has been 
charged to revenue, although the capital account 
on this score has been increased during the year to 
the extent of 163,000/. Thus 161 miles of permanent 
way have been renewed, and 249 miles have been 
lifted and re-ballasted. Re-laying and special 


renewals, &c., have involved the exceptional expen- 
diture of 114,7981. Twenty-six passenger tender- 
engines were rebuilt, 18 passenger tank-engines, 
| having an average tractive power of 13,145 lb., 
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were replaced, out of working expenses, by ten 
new goods tender- engines, having an aggregate 
tractive power of 287,770 lb. There was also much 
reconstructive work done to other rolling-stock, the 
total charged to working expenses under this head 
being 98,6271. A coal-elevator, with crusher, has 
been provided for locomotive purposes at Penrith, 
and this is capable of storing 1000 tons of coal in 
bins, and discharging it into the locomotive tenders 
by gravitation. 

It may be added that the Commissioners, Messrs. 
Charles Oliver, David Kircaldie, and W. M. Fehon, 
are also responsible for the tramways, of which 
there are 123} miles. There has been a slight in- 
crease in the revenue, which amounts to 64701. per 
mile of track open ; but this has been earned at an 
increased cost, so that the net receipts per tram- 
mile is only 2d. out of 1s. of gross earnings. The 
profit, however, is equal to 3} per cent. on the 
capital involved ; but as this has been raised at a 
higher rate, there is a deficit of 16191. 








THE BREWERS’ EXHIBITION. 
THe twenty-seventh annual exhibition of ma- 
chinery and apparatus used by brewers and manu- 
facturers of aerated waters was opened at the Royal 
Agricultural Hall, Islington, on the 14th inst., and, 
as usual, the space available for exhibits was fully 
occupied. Apparently the brewery trade is now 
much interested in methods for rapidly condition- 
ing beers, plants for this purpose being exhibited 
by Messrs. H. J. West and Uo., Limited, of 114 
and 118, Southwark Bridge-road, S.E. ; Messrs. 
Farrow and Jackson, Limited, of 16, Great Tower- 
street, E.C.; and Messrs. H. Pontifex and Sons, 
of Shoe-lane, E.C. The object aimed at is to obtain 
rapidly the same result as was formerly arrived at 
by letting beer mature in bottles for a long period, 
and also to avoid the sediment which with the old 
process of maturing so often detracted from the 
appearance of the last of the bottle. The beer on 
this system is rapidly cooled by passing it through 
a refrigerator, it is then sent through a carbonator, 
where it becomes charged with CO,, and thence 
passes through a filter, after which it can be im- 
mediately bottled. The plant required for this 
process is relatively cheap and simple. 

There are, however, several variants which are 
claimed to give superior results, though less rapid 
in their operation. A common plan is to rack the 
beer direct from the fermenting vessel into a closed 
tank placed in a room kept at a temperature of 
60 to 68 deg. Fahr. Here the beer rapidly comes 
into condition, a large amount of CO, being 
generated in the process. After staying here for 
some five to seven days, the beer is passed into 
similar tanks placed in a room maintained at 29 to 
30 deg. Fahr., where it remains another five to 
seven days, and during its stay a considerable 
quantity of sediment settles out. From the cold 
tank the beer is then through a filter to the 
bottling-machine. The tanks in which the beer is 
stored during the operations in question are exposed 
to considerable pressure, and on the Continent are 

enerally made of steel and lined with glass. 

essrs. Pontifex and Co., Limited, are, however, 
supplying similar tanks made of solid copper, tin- 
coated in the interior, and having all the joints 
burnt and floated in the inside with pure tin. A 
large specimen of these tanks was on view at their 
stand, and constituted a fine illustration of the 
coppersmith’s art. 

A very interesting display of steam - pumps is 
shown at the stand of Messrs. F. A. Pullen and 
Co., of 110, Cannon-street, E.C. Amongst them 
is a very neat feed-pump, which, we learn, is 
being supplied in large quantities to several builders 
of heavy motor-cars. These pumps have no visible 
valve-gear, the fact being that the steam cylinder 
has a double piston, between the two parts of which 
is placed the valve, which slides on the rod con- 
necting the two pistons. The steam-pipe com- 
municates with the space between the two pistons, 
whilst the exhaust takes place through a hollow 
piston-rod. The valve is steam operated in a 
manner which would be unintelligible without 
drawings. 

In another single-cylinder pump exhibited at 
this stand, the main piston- shifts, by suitable 
levers and rods, a common D valve which controls 
the supply of steam to a relay working the main 
valve. The latter is made with a very large lap, 
so that the main steam ports leading to the cylin- 
der are never uncovered by the valve, the steam 


supply to which passes through a series of holes 
drilled in the valve. The number and size of these 
is adjusted so that whilst giving an ample supply 
of steam when the pump is working at its normal 
speed, the supply is insufficient to permit the pump 
to race. The main steam ports, moreover, enter 
the cylinder a considerable distance from the end, 
thus trapping a considerable volume of steam, which 
forms a cushion and gently brings the piston to 
rest. On the main valve being moved over by the 
relay, steam is admitted through a small auxiliary 
port, which starts the piston forward till it uncovers 
the main port, through which it then takes 
the full supply of steam required. As _ the 
auxiliary valve has a positive movement, the 
piston cannot short-stroke. A similar main steam 
valve, with the same arrangement of steam ports, 
is also utilised in a duplex pump shown at this 
stand. Here, however, the “relay” is not re- 
quired, as each piston moves the main valve of its 
fellow. Short-stroking being impossible, the pump 
is built with very small clearances, the steam- 
cushion effectively preventing any danger of injury 
to the covers. The arrangement is well shown on 
the annexed diagram, where A represents the 
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auxiliary port through which steam is taken to 
start the piston, as already explained, the main 
supply being afterwards taken through the holes B 
shown in the valve. 

Gas-engines are shown by Messrs. J. E. H. 
Andrew and Co., Limited, Reddish, the National 
Gas-Engine Company, Limited, of 75a, Queen Vic- 
toria-street, E.C., and Messrs. Crossley Brothers, 
of Openshaw. The engines on view are, however, 
all small, and of well-known types. A suction-gas 
producer plant is at work at the stand of Messrs. 
Crossley ; and the National Gas-Engine Company 
exhibit a photograph of a 250.brake-horse-power 
gas-engine working with Mr. Dugald Clerk’s 
system of super-compression. A small and neatly- 
designed portable petrol engine is exhibited by 
Messrs. William Glover and Sons, Limited, of 
Warwick. 

A heavy steam motor-wagon is exhibited by 
Messrs. Jesse Ellis and Co., Limited, of the Invicta 
Works, Maidstone, Kent. The makers state that 
one of these wagons since its delivery in May 1, 
1900, has travelled 30,000 miles, and is still in first- 
class condition, travelling 200 miles per week of 
five days. A similar exhibit is made by Messrs. 
Fodens, Limited, of Sandbach, and by Messrs. 
Savage Brothers, Limited, of King’s Lynn. Messrs. 
Buxton and Thornley, Limited, of Burton-on- 
Trent, exhibit at their stand a small horizontal 
engine fitted with Corliss exhaust-valves and drop 
steam-valves, the point of cut-off being variable 
by the governor in a very simple fashion. The 
steam-valves are lifted by a which is recipro- 
cated by an eccentric. This rod has formed on it 
two cones, one for each valve. As the cone is 
moved forward underneath a pawl connected to 
the valve, the latter is raised and kept full open 
by a cylindrical extension of the cone. This ex- 
tension, however, terminates in an abrupt step, 








forming a portion of a spiral, and as soon as the 


pawl passes over this the valve closes. By turn- 
ing the rod the length of cylindrical portion under 
the pawl can be made longer or shorter, since it 
terminates in a spiral, as stated, and in this way the 
cut-off can be varied. 

A very fine display of incandescent gas lights is 
exhibited by Messrs. Sugg and Co., of the Vincent 
Works, Westminster, S.W. A number of those 
shown were being worked with gas at a pressure of 
12 in. of water, the system being the same as 
installed on the Tower Bridge. For raising the 
pressure of the gas from the 1 in. to 3 in. of water, 
at which it is supplied by the gas companies, small 
compressors are used, driven, as the case may be, 
by hydraulic, gas, or steam motors. Burnt under 
pressure in the manner described, 1 cubic foot of 
gas per hour will yield about 30 candle-power, and 
it is claimed that the life of the mantles is not 
shortened by the use of the high pressure. The 
power needed is small, an engine of ? brake horse- 
power being sufficient to furnish the supply to 
burners aggregating several thousand candle-power. 

An interesting exhibit at the stand of Messrs. 
Poppe and Co., Bassishaw House, E.C., is a wheel 
and its tyre removed from one of the ‘‘ Vanguard” 
*buses, where it has had a useful life of 23,000 miles. 
At this rate the cost of a complete set of tyres 
works out at less than 1}d. per mile. At the same 
stand a new pipe-jointing material suitable for use 
with superheated steam, and capable of resisting 
the action of oil, acids, and alkalies, is also shown. 

Amongst minor exhibits we may note a new bottle 
for aerated waters. This is a variant of the type 
in which a glass marble, resting against a rubber 
ring, is used to seal the bottle. It appears that 
these marbles have an attraction for children which 
is often irresistible, to the consequent loss of the 
owner. In the new bottle, shown by the Haynes 
Bottle Company, Wolverhampton, this glass marble 
is replaced by a short cylinder of glass with hemi- 
spherical ends, which is useless from the small boy’s 
standpoint. The top of the bottle above the rubber 
ring is slotted so that it cannot be sealed with an 
ordinary cork, thus rendering the bottle useless for 
storing in it anything but aerated waters. 

Steam-traps of various patterns are shown by 
Messrs. Lancaster and Tonge, Limited, of Pendle- 
ton. Amongst them is one capable of delivering 
against a considerable head of water, and hence 
very suitable for use on shipboard. Samples of the 
firm’s well-known piston and rod packings were 
also on view. 








NOTES. 
DEVELOPMENT IN Municrpat TRaMwayYs. 

Tue extension of the Bournemouth Corporation 
Tramways to Christchurch, formally opened on 
Tuesday last, has been described as creating a con- 
dition which is unique, in respect that here, for the 
first time, a Corporation owns lines within three 
distinct municipalities: the system belonging to 
the Corporation of Bournemouth now extends on 
the one side to Poole, and on the other to Christ- 
church. But this surprising example of neigh- 
bourly amity on the part of municipal authorities 
is due to extraordinary circumstances. Moreover, 
Bournemouth is in the position of a trading com 
pany, as far as the two adjacent boroughs are con- 
cerned. The Poole line was originally owned by a 
company, which was bought up as a going concern, 
owing to certain legal proceedings, which need not 
be entered into here, as they were dealt with in 
ENGINEERING at the time. The Bournemouth Cor- 
poration leased the line at a rent equivalent to the 
amount required for the interest on and redemption 
of capital, and the lease will terminate in the same 
way as that of a company working under a 
corporation. In the case of the Christchurch 
line, the Bournemouth Corporation found the 
money ; but here also the lease will lapse, at 
the expiration of something like thirty years, 
to the Christchurch Corporation. The two neigh- 
bouring boroughs therefore stand in the rela- 
tionship of lessors to the Corporation, who take 
the place occupied in many other parts of the 
country of a trading company. The total length of 
the line is over 10 miles, and is interesting, be- 
cause it combines the conduit and overhead systems. 
Bournemouth, it may be remembered, was the first 
to adopt the conduit system, and was fortunate in 
securing the co-o tion of Messrs. J. G. White 
and Co., Limited, and of their engineering director, 
Mr. A. N. Connett, who is probably the leading 





authority on conduit railways, and did so much for 
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the successful construction of the London County 
Council’s system. At Bournemouth the slot is in- 
corporated with one of the rails, and the absence 
of the opening in the centre of the track is not 
only a pleasing feature, but its construction is less 
costly. Experience at Bournemouth has shown 
that the system has worked very satisfactorily, and 
as regards the time taken to change from the 
conduit to the overhead system of haulage, we 
found, at the inaugural ceremony on Tuesday, that 
twenty seconds sufficed in most cases. Only within 
the central part of Bournemouth is the slot-rail 
adopted, the greater part of the 10 miles being on 
the overhead system. The whole of the track has 
been laid by Messrs. J. G. White and Co., and at 
the opening ceremony high encomiums were 

on the conscientious way in which they had carried 
out their work. 


THe OPENING oF Ktncsway AND ALDWYCH. 


On Wednesday last His Majesty the King, 
accompanied. by the Queen, opened the new 
thoroughfare of Kingsway and Aldwych. No im- 
provement of’ the kind so important and so ex- 
tensive as the construction of this road has been 
carried out since the making of Regent-street in 
1820. As is very generally known, the thorough- 
fare commences where Theobald’s-road and South- 
ampton-row join, and passes down what was at one 
time a narrow part of Southampton-row. Crossing 
Holborn, it continues in a southerly direction, over 
what was formerly Little Queen-street, towards 
where the old Olympic Theatre once stood, at the 
head of Wych-street. There it divides and forms a 
crescent, the eastern arm of which runs into 
the Strand at St. Clement Dane’s Church, the 
western arm entering the Strand at Wellington- 
street, at a point nearly opposite Waterloo Bridge. 
The part of the new street which runs from 
Holborn to the crescent is named Kingsway, while 
the crescent part has been called Aldwych. The 
length of the new street together with side streets 
is about 4200 ft., and the width is 100 ft. through- 
out ; with the exception of a short length at the 
northern end, where it is 80 ft. The magnitude of 
this great undertaking, which the London County 
Council has carried out, will perhaps be better 
understood if the rateable value of the property 
which had to be removed in order to make the 
improvement is considered. This may, in round 
figures, be put at 100,000/. ; a sum little short of 
the rateable value of many fair-sized provincial 
towns. The street was originally planned as far 
back as 1898, but its construction has, naturally, 
been slow. In order to add to the usefulness 
of the new route, the Council obtained from Par- 
liament powers to construct a subway down the 
the middle of the street, to accommodate a tram- 
way in connection with their northern system at 
Theobald’s-road. This subway runs under Holborn, 
through Kingsway and Aldwych, across the Strand, 
under Wellington - street, to the level of the 
Victoria Embankment, and will be worked by 
electricity. Historically the district through which 
the new thoroughfare passes is full of interest ; 
and, although it was necessary to demolish many 
buildings closely associated with London’s past, 
great care was exercised to damage as little as 
possible anything worth preserving, and photo- 
graphs were taken and drawings made of special 
features. Many of these photographs and draw- 
ings are reproduced in a beautifully-got-up book, 
which was brought out by the London County 
Council for the occasion of the opening cere- 
mony. In this a very complete account may be 
found, not only of the construction of the new 
thoroughfares, but also of their history and the 
history of the district through which they pass. 
The responsibility of advising the Council on the 
plans and designs submitted for the erection of 
new buildings to accommodate persons who were 
displaced on account of the improvements, has 
fallen upon Mr. W. E. Riley, F.R.1.B.A., the 
superintending architect of the Council. The 
controlling gates in use at the opening cere- 
mony were operated electrically, by means of 
ropes attached to two winches, one on each side of 
the road, each winch being driven by a 24 brake- 
horse-power motor. The insertion by His Majesty 
of a gold key into the pedestal on the diiis closed 
the electric circuit which put the motors into 
operation. The whole of this apparatus, in which 
the King showed great interest, was supplied by 
Messrs. Electromotors, Limited, of Openshaw, 
Manchester, to the instructions of Mr. Maurice 








Fitzmaurice, C.M.G., Chief Engineer of the London 
County Council, who designed and carried out the 
works in Aldwych and Kingsway, including the 
tramway subway. 


THe TEMPERATURE OF THE ELECTRODES DURING 
ELECTROLYSIS. 


Though it is generally understood that the tem- 
perature exercises a considerable influence on all 
electrolytic processes, inasmuch as it affects the 
solubility of the materials, as well as the conduc- 
tivity, viscosity, and other properties of the solu- 
tion, it seems often to be overlooked that the 
temperature of the electrolyte need not be the tem- 
perature of the electrodes, on and near which the 
reactions really take place. But certain products 
are formed or are stable only within a limited range 
of temperature, and in this respect the tempera- 
ture of the electrodes is the deciding factor. Molden- 
hauer has studied the temperature differences be- 
tween the electrode and the electrolyte under 
varying conditions of the electrolysis. He made 
use in these researches of tubular platinum elec- 
trodes, filled with mercury, into which a mercury 
thermometer was dipped. As potential, current 
density, temperature, ionisation, &c., are all inter- 
related, the results cannot be summed up in a 
few lines ; much depends, of course, on the con- 
dition of the surface of the electrodes. But con- 
siderable differences of temperature were observed, 
and the study of sulphuric acid, phosphoric acid, 
hydrochloric acid, caustic potash, potassium car- 
bonate, potassium chloride, and other electrolytes 
gave, on the whole, regular curves. In the case of 
potassium chloride the temperature differences 
between anode and electrolyte are, when the 
current and the temperature of the electrolyte 
are kept constant, at first small, but they be- 
come larger, and show, in the presence of some 
caustic potash, a rhythmical fluctuation of more 
than 1 deg. Cent. Moldenhauer finally tried the 
effect of cooling the electrodes, especially the anodes. 
The electrodes were cooled by water circulation. 
When the anode was cooled to 11 deg. Cent. ina 
diluted sulphuric acid, kept at 12 deg. Cent., the 
yield of persulphuric acid was as high as could other- 
wise be obtained by cooling the whole cell down to 
—4 deg. Cent. In a more concentrated sulphuric 
acid, the effect of cooling the anode was less marked, 
however. For the preparation of percarbonic acid, 
anode cooling proved decidedly advantageous. 
When potassium chloride was electrolysed, the best 
current speed was secured by keeping the anode at 
15 deg. Cent., and by varying the temperature of 
the anode, the ratio of hypochlorite to chlorate 
formed could be altered. Moldenhauer’s experi- 
ments, though only published recently, were made 
a few years ago, and it is to be hoped that they 
will be continued. We know from the researches 
of Hutton and others that the electrodes of elec- 
tric furnaces can be preserved to a remarkable 
degree by cooling the electrodes in comparatively 
simple ways ; and as most of the potassium chlorate 
is now made electrolytically, the suggestion appears 
to deserve attention. 








THE DAMAGED RUSSIAN WARSHIPS 
AT PORT ARTHUR. 

WE append a report of the damage which was 
found to have been done to the Russian warships 
at Port Arthur after the Japanese took possession 
of the town, harbour, and ships. These notes were 
made by a naval architect, and throw considerable 
light on the effect of the actions fought in the Gulf 
of Pechili when the Russians attempted sorties, 
and also show the results of the bombardment of 
the town and ships by the Japanese from the heights 
surrounding the town. The 28-centimetre shells, 
which did most damage, were fired from 203- 
Metre Hill, at a distance of some four miles. The 
angle at which they fell on the ships--some 30 deg. 
with the vertical —made the conditions for accurate 
shooting by no means favourable. Although the 
number of wasted shots is unknown, it is note- 
worthy that those that took effect were numerous. 
Little use can be made of the experience gained 
in this particular case for future guidance, as the 
conditions were so unusual and outside the range 
of any probable repetition of circumstances, 

As to the damage done, it will be seen by a study 
of details that the explosive effect of the shells was 
less noticeable than might have been expected. 
Some shells were picked up unexploded by those 
engaged on the salvage work, and the general 








appearance of the positions at which it was appa- 
rent the shells had spent their force, raised some 
doubt whether an explosion had actually taken 
place in every case; the destruction of parts of 
the structure in the immediate neighbourhood 
was not at all remarkable. In the case of some 
of the shells which struck the Peresviet, their 
force was evidently spent on reaching the protec- 
tive deck, and they failed to penetrate it ; some 
small damage was done to the deck by them, to the 
extent of very obvious bulging of the deck down- 
wards where they struck or exploded ; but a general 
destruction of surrounding portions of structure 
did not appear. As will be seen, four or five shells 
——- the protective deck, but even these 
ecame spent without serious tearing up of the 
parts below. One remark made to our special 
correspondent in this respect was that the Japanese 
Army did not, like the ery: use Shimose powder. 
Had Shimose powder been used from 203-Metre 
Hill the damage to the ships would have been 
much more serious than it was. 

The two classes of damage done must be con- 
sidered in estimating the chances of effective and 
economical repair—viz., that done by Japanese 
fire and that done by the Russians in their en- 
deavours to make the ships useless for the future. 
From what has already been stated it may be 
gathered that little work will be needed to repair 
the injury caused by the 28-centimetre shells fired 
by the Japanese. Possibly more detailed damage 
was done by smaller shells during the general 
attack of Port Arthur, or in the earlier engage- 
ments of the ships; but this damage is in the 
superstructures, casings, funnels, and other light 
portions of the ships’ structure; and considerable 
as it is, the repairs needed will bear but a small 
ratio to the total value involved. Of the damage 
done by the Russians, omitting that on the Bayan, 
there was apparently only one hole through armour, 
the holes for the most part being below armour. 
It is true the holes are large, but the trouble and 
expense involved in their repair need not neces- 
sarily be great. The repairs to the armour of the 
Bayan present more serious difficulties, but not so 
serious as to be insurmountable. No doubt, in 
every case, much will depend upon the appearance 
of the ship when seen in dry dock ; it is possible— 
though it scarcely appears likely—that severe 
straining has in some instances been undergone, 
making effective repair impossible. 

As regards the value of ships when repaired, it 
may be recalled that the aed of the ships under 
discussion is the battleship Poltava, launched in 
1894. The age of the others varies from seven to 
five years ; so that in no case can the ship be con- 
sidered obsolete, the Poltava alone raising questions 
of effeteness on the score of age. The Retvisan, 
Pobieda, and Bayan, all launched in 1900, are 
furnished with Krupp armour, the others (older) 
having armour of the Harvey make. In this 
respeet, as in others, the ships are of distinctly 
a modern type, holding out strong inducements to 
their new owners to make them as eflicient units 
of their fighting fleet of the future as the circum- 
stances of the case will allow. 

We reproduce the detailed report : 


DaMaAGED Russian Warsuips aT Port ARTHUR, 


On June 30 the battleships Peresviet, Poltava, Ret- 
visan, Pobieda and the protected cruiser Pallada were 
all lying roughly where shown in the various illustrated 
periodicals—viz., in West Basin, between the railway 
station and the harbour entrance. 

From the Peresviet the bearings of Quail Hill were 
about N.; of 203-Metre Hill, E. by N. (angle of the 
two about 75deg.), Peresviet heading roughly N. , line of 
keel a little to the W. of Quail Hill. anette operations 
had just brought her off the ground ; slight list (2 deg. 
or 3 deg.) to starboard ; sponsons at bottom of lower 
6-in. gun casemates just about awash (draught there- 
fore some 10 ft. deeper than normal). 

Poltava, aground, with 2 deg. list to starboard, 
heading roughly E. by S.; line of keel astern directed 
slightly 8. of 203-Metre Hill (angle with Quail Hill, 
75 deg. to 80 deg.). Water within 3 ft. or 4 ft. of 
upper deck. 

Retvisan, aground, with about 5 deg. list to star- 
board, a little ahead of the Poltava; heading the same. 
The upper deck aft was immersed (capstan about half 
out of water); stem-head about 4 ft. above water. 

Pobieda, aground, with about 10 deg. list to star- 
board, heading roughly N. by W., almost in line with 
Quail Hill, 65 deg. N. of 203-Metre Hill, stem-head 
9 ft. or 10 ft. above water. 

Pallada, aground, with about 5 deg. list tu port, head- 
ing roughly 8. by E. (reverse of Pobieda) ; stem-head, 
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10 ft. to 12 ft. above water ; level of main- deck aft, 
starboard side, just awash. 

As these four ships were all aground, the height of 
water, of course, varied with the tide. 

Armoured cruiser. Bayan was in E. basin, 8. side, 
heading roughly E.N.E. Pumping operations had 
brought her nearly clear of the water, her draught 
being reported 22 ft. 8 in., against 22 ft. normal 
draught. Torpedo transport Amur lying at the head 
of bid dock, on her port beam ends (list, 60 deg. to 
70 deg.). 

. SALVAGE OPERATIONS. 

** Peresviet.”—Work in charge of Admira] Miura and 
Captain Fukuda. Two salvage steamers—Sars, o' 
Genoa, and Herakles, of Sweden—engaged ; also a 
(Gwynne centrifugal pump and three pulsometers on 
board. Captain Fukuda considered the total cme 
capacity to bs 13,000 tons per hour. The divers (o 
whom there were twelve squads working) closed all the 
holes they could discover, before the pumping com- 
menced. Then as the ship lifted from the mud (she 
was immersed therein 6 ft. to 8 ft.) they went care- 
fully round and round examining all openings; on July 1 
they discovered one large Kingston valve open (near 
forward submerged torpedo-room) and the pipe broken 
inside ; they closed the opening temporarily with a 
collision - mat until the valve . could ot at and 
closed properly from within. From June 30 to 
July 2 the ship rose 3 ft. to 4 ft., and next day 
another 3 ft.; on July 3 she was at a draught only 
some 3 ft. deeper than normal, and this with water 
ballast in. Guns and all top hamper had been 
removed as far as possible, and no difficulty was 
experienced either with fore-and-aft trim or with list- 
ing; on July 3 the list did not exceed 4 deg. Some 
water communication (by open valves or otherwise) 
did exist between the various compartments fore and 
aft, but the bulkheads under the armoured bulkheads 
were said to be intact, thus dividing the ship into three 
large separate compartments. 

** Bayan.” —Work in charge of Captain Sakamoto 
and Engineer-Captain Takakura. One of the dynamos 
installed in the electric power station at Dalny was 
transported to Port Arthur, also a boiler ; these were 
placed in a temporary house alongside the Bayan. 
A Ganz motor and centrifugal pumps (some 30-in. dis- 
charge or more) were also found lying at Dalny, in- 
tended for the large new dry dock in process of con- 
struction there ; these were also taken to Port Arthur 
and installed on board the Bayan. A smaller Ganz motor 
with centrifugal pump was found on one of the hills 
around ; this, too, was brought into service, along with 
the ship’s own pumps; these did all the work required. 
The s.s. Oura Maru (from Nagasaki) was alongside, 
and may have given some assistance. Apparently no 
Kingston valve had been opened ; and what damage had 
been done to the ship’s side was chiefly above water, 
so that little difficulty was experienced ; the compart- 
ments fore and aft were also well isolated, the valves of 
the drainage system having yg aed all been left 
closed. On the other ships the divers were making 
examinations, and the draughtsmen various drawings, 
but no salvage operations had commenced. Guns and 
other topweight were being removed. 


DAMAGE TO * PERESVIET.” 


Damage to Armoured Deck.—Twelve holes appeared 
through the upper deck (reduced to 11 through main 
deck), made apparently by 28-centimetre shells. Of 
these, four continued down through the armoured 
deck. All fell at an angle of some 30 deg. from ver- 
tical, direction forward to aft, and slightly port to 
starboard. The armoured deck was pierced by shells : 
—(1l) Just before foremast ; deck about 14 in. thick ; 
and plate under mast step torn, thickness apparently 
lin. (2) A little more forward and towards starboard 
side of ship. (3) In passage on starboard side of boiler 
casing abreast of aftermost funnel. Shell had come 
through funnel and casing. Thickness of deck 4 in. 
+ 1} in. = 1} in. (4) little more forward and 
towards starboard side, slope of armoured deck pierced 
just above a coal-scuttle; thickness not more than 
in. + l}in. = nearly 2 in. 

Below the rete. deck it was not possible at the 
time to penetrate ; it is reported that none of the four 
shells above detailed made their way out through the 
ship’s side. (5) Another skell struck the hurricane 
deck about 30 ft. from the bow; went down through 
hurricane, upper, and main decks, and then met side 
of ship at level of lower deck. Hers it either passed 
out or was deflected back into the ship; at any rate, 
it made the hole D found by the divers (see below). 
(6) Still another shell went through the hurricane and 
upper decks until it came into contact with the plating 
(1} in.) at rear of lower after casemate, port side. 
There it exploded and tore a large hole, some 3 ft. by 
3 ft., in the plating mentioned, and did not pierce the 
main deck. Three shells are reported to have been 
picked up unexploded. This accounts for six out of 
eleven shells that penetrated the main deck. The 
others were less easy to trace. 

Effects of Bursting Shells.—In the case of shell (6) 
just mentioned, the damage done by the explosion is 


f | with kerosene, and set fire thereto. 


easily seen. In other cases the wreckage done to the 
structure by the bursting of large shells seemed not 
very serious. The same remark does not apply to 
smaller shells ; in the Peresviet, and perhaps more in 
some of the other ships, the upper structures, funnels, 
casings, deck-houses, &c., are riddled with holes and 
tears of all shapes and sizes. 

Effects of Fire (Conflagration).—-The hurricane deck 
of the Peresviet (steel sheathed with wood) has the 
wood destroyed by fire for some 60 ft. below the fore- 
mast and forward barbette, and 40ft. near the after 
bridge ; in both cases the full breadth of ship. It is 
suggested that the Russians had smeared the decks 
This vessel is by 
far the worst damaged in this respect ; Pobieda, which 
comes next, having only some 30 ft. length of deck de- 
stroye1. 

Holes Reported by Divers.--Damage to side armour 
cannot at present be examined ; if it exists, it is en- 
tirely below water. The holes reported by divers lie 
below the armour shelf, (D) indeed excepted. (A) 
Hole, 3.5 metres deep by 2 metres long, port side, top 
about level with armour shelf, centre slightly abaft the 
afterend of the forward casemate. The diver reports this 
as formed from without. (B) Smaller hole, port side, 
a little farther forward, beneath forward barbette. (C) 
Hole, 2.5 metres long by 0.5 metre deep, about 3 5 metres 
below normal draught of water, starboard side, nearly 
abreast of aftermost funnel. (D) The hole caused by 
shell (5) mentioned above. The 10-in. gun-turrets, 
both the forward and the after, were damaged by ex- 
plosives placed inside; the heavy plates displaced 
somewhat, and joints open from this cause. 


DaMaceE To ‘ Bayan.” 

Damage to Protective Deck.—So far as could be 
found, three 28-centimetre shells had penetrated the 

rotective deck :—(1) In theafter-cabin, just abaft the 
break in protective deck (it drops to some 3 ft. below 
lower deck) ; angle of plunge, about 30 deg. off vertical ; 
direction forward to haben 3ft. off centre line of ship, 
starboard side. Thickness of deck, about 3 in. + 1 in. 

= 1lgin. (2) Abreast of No. 4 boiler casing (number- 
ing from forward. Angle about 15 deg. from vertical, 
direction forward to aft, and slightly port to star- 
board. Shell entered side of ship just below upper 
deck, penetrated main deck, and then protective deck 
about 3 ft. in from side of ship. Thickness of deck 
apparently 1 in. (probably 1 in. + gin. = Igin.). (3) 
Just above intermediate cylinder of starboard engines. 
The shell entered upper deck at or near centre line ; 
angle 20 deg. or 30 deg. to vertical; direction forward 
to aft, port tostarboard ; hole in protective deck about 
6 ft. off centre line. Thickness of deck, 2 in. + 1 in. 
= 1in. Shell smashed the top and side of cylinder ; 
exploded shell said to have been found in crank-pit. 

Damage to Armoured Side (above Water).—(A) The 
upper strake of the 3-in. plating (? in. + 2} in.) for- 
ward, port side, was struck at the bottom edge, some 
25 ft. from the bow ; the 2}-in. plates are fastened to 
the j-in. from inside by tapped screws, about 1} in. 
in diameter under thread, 4-in. pitch. The bolts have 
no head, but are screwed up by a screw-driver 
notch on the end. The 2}-in. plate struck by the 
shell was shattered. The hole was 3 ft. wide. 
The concussion has caused the 2}-in. plate below 
(second plate on port bow, in second strake from 
the top; the bottom of this strake about 3 ft. above 
normal water-line) to draw its fastenings, strip- 
ping the threads of the screws in the }-in. plate; 
some obstruction holds the plate from falling, and it 
lies at present in place at the lower edge, 18 in. from 
the side at the upper edge, with an outward inclination. 

(B) Upper and lower strakes of 3-in. plating (? in. 
+ 2} in.) in way of engines, starboard side, driven in. 
The damaged portion is fully 20 ft. long ; the depth 
extends from the protective to the main deck (and 
rather more, main-deck stringer being curved upwards). 

(C) Other Damage.--Communication-tube to conning- 
tower (2 ft. inside diameter, 3 in. thick), shattered from 
upper deck to main deck, apparently from starboard 
side. Possibly the shell entered the starboard case- 
mate. (D) Unarmoured side (starboard) in way of after 
cabin (just abreast of hole I), blown in for a length of 
20 ft., and depth from protective deck to above main 
deck. Bulwark on starboard side shattered in two 
or more places. (E) Just abaft after gun-house, for 
a length of 30 ft., and full breadth of ship, the upper 
deck is torn up, apparently by explosive placed in 
’tween decks by the Henieas 


DAMAGE TO ‘ PouTAva.” 

Three holes visible in upper deck, apparently made 
by 28-centimetre shells. The divers report only one 
large hole below water (under armour), 6.2 metres long 
by 2.8 metres deep, on starboard side between funnels, 
but nearer after funnel ; top of hole at armour shelf. 
Hole made from outside. 


DAMAGE TO ‘* RETVISAN.” 


No large holes at present exposed on the decks that 
are to seen. Plenty of smaller holes by perhaps 





6-in. shells or fragments. The divers report the fol- 


‘lowing holes, below armour, port side, made from 
outside :—3 metres by 3 metres, 2.4 metres by 3 metres, 
3 metres by 3 metres, 2 metres by 1 metre. 


DAMAGE TO ‘‘ PoBIEDA.” 


Three or four holes in upper deck, on both port and 
starboard sides. In this ship there seems less regu- 
larity in the direction from which the large shells 
came than in the other ships. The direction of two 
was roughly from E. by N. to W. by 8., as ship now 
lies ; one shot passed nearly horizontally through a 
casing ; some of these could have struck the ship in 
her present position; swinging with the tide might 
account for the two, but the horizontal shot must be 
traced to a date earlier than December. Foremast 
was struck just at level of top of conning-tower ; it 
lies now, roughly at right angles, across starboard 
side of the ship. Fire has destroyed some 30 ft. in 
length of wood (over steel) of yard deck—full breadth 
of ship—just abaft forward barbette. The divers 
report one large hole, 8.5 metres by 4.5 metres, in port 
side below armour in way of engine-room ; also smaller 
holes. One of these smaller holes, however, appears 
to be through the 4-in. armour on the starboard side 
forward ; all made from outside. 


DAMAGE TO ‘‘ PALLADA.” 


On upper deck there were found six large shot holes, 
starboard side ; one large shot hole, port side ; direc- 
tion, about aft to forward. 

Other Damage.—(a) Upper deck aft under capstan 
blown up, full breadth of ship, for 50 ft. or so from 
stern ; worse on starboard side, where a slit of about 
10 ft. in length exists, the edge of plates and planks at 
the slit being thrown up some 4 ft. from normal. Look- 
ing below, it appears that the main deck plating was 
turned up to the level of upper deck; main-deck 
beams twisted and bent in all directions, tearing frames 
from the shell on the starboard side of the ship. The 
source of the explosion was evidently somewhere below 
the main deck (which at the time of observation was 
awash on starboard side, and some 4 ft. below water 
on port side). (A) Below A on starboard side, and 
starting from water-level at main deck, a triangular- 
shaped hole could be seen, widening as it got deeper. 
(B) Dynamo-room on upper deck between funnels 
2 and 3 (counting from forward), and just in front 
of funnel 3, wrecked by explosion from within. 

The divers report the Sioolies holes, all on the 
starboard side, and made from without :—8 metres by 
5 metres—the rent A above; 3 metres by 3 metres, 
just abaft boiler ; 8 metres by 4 metres, forward. 

Damage done by the Russians to the above Ships.— 
Those who have the salvage work in hand attribute 
the following to the agency of the Russians in their 
attempts to render the ships unserviceable in the 
future :—(1) All the holes below water (for some 
reason the holes below water in the Peresviet, or some 
of them, are not attributed to the Russians, but ‘to 
Japanese fire; the distinction thus made is not 
sufficiently explained). In some cases torpedo-heads 
were found attached to the sides of the ships, evi- 
dently with the intention of causing damage. It is 
not understood that any damage is attributed to this 
cause, the attempt to employ this means having appa- 
rently proved futile. Gun-cotton is supposed to be 
the explosive that was used effectively (by the Russians) 
to cause the damage actually found below water. 
(2) The damage to turrets of the Peresviet. (3) Damage 
Ein Bayan ; possibly also damage Band D. (4) Damage 
A Aand Bin Pallada (5) Fire on deck of the Peres- 
viet. In the Peresviet some dynamite cartridges were 
found in the after magazine, and wires led thereto, 
evidently with the intention of exploding it. In no 
case, however, was a magazine successfully exploded. 

Stranded Ships, &c.—At the entrance to the harbour 
were five ships on the beach, and about twelve besides ; 
in the latter cases sometimes masts only, sometimes 
funnels, or funnels and davits ; sometimes the side of 
the ship (lying on her beam ends) was visible. Some 
thirty-five in all are said to be there. In the West 
Harbour lay about sixteen large steamers stranded or 
grounded in shallow water. There are four dredgers 
(two of these, indeed, afloat). of the ordinary bucket 
arrangement. 








THE LATE MR. ALFRED MORCOM. 

Ir is with great regret we announce the death 
of Mr. Alfred Fag the chairman of the well-known 
engineering firm of Belliss and Morcom, Limited ; h« 
passed away on Monday last at his residence, ‘'re- 
lawne, Edgbaston, being in his fifty-eighth year. 

Mr. Morcom was a mechanical engineer of the best 
type, possessing high scientific attainments, in com- 
bination with what has been well described as me- 
chanical instinct, to an unusual degree. His father 
was an engineer of some note in his day, having been 
connected with the historic firm of Harvey, of Hayle. 
Among other works, he erected the big pumping- 
engines supplied by this firm for draining Haarlem 
Meer, in Holland** Alfred Morcom was born at 


* A description of these engines was given in Enxcl- 
NEERING, on page 299 of vol. lix. 
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Laxey, in the Isle of Man, but was of pure Cornish 
descent, a fact of which he was not alittle proud. He 
was educated at Tavistock Grammar School, and, 
choosing an engineer's career, in 1863 he was entered 
as a student at what was known as the Steam Factory 
of H.M. Dockyard at Keyham. At that time nomina- 
tions for engineer studentships were made by the 
Admiral-Superintendent of the yard; but as there 
were always more candidates than there were vacancies, 
competitive examination was had recourse to for sift- 
ing out the applicants. In this examination young 
Morcom was successful ; and he thus entered upon his 
engineering career. 

The course at Keyham was of an eminently prac- 
tical character, the students going in with the men at 
the early morning, and working in the shops or on the 
ships in the ordinary way. By the regulations two 
afterncons and two evenings a week were devoted to 
technical or scientific instruction ; but those who deter- 
mined to profit to the full by the possibilities of ad- 
vancement the position offered had to devote a good 
deal more time than this to the task of acquiring the 
scientific principles of their profession. There were 
positions to be obtained by the passing of examinations, 


| position he filled in the public service. 





and competition was so strenuous that it was only by | 
devoting to study all the time that could be snatched | 
from eating or sleeping—and sometimes from working, | 
shaft tunnels especially being great helps--that a) 
youth could hope to win the coveted positions which | 
were the stepping-stones to a higher career. Here, | 
again, Morcom was successful, for in 1867 he won a) 
scholarship which gave him a free course at the Royal | 
School of Naval Architecture and Marine Engineering, | 
at South Kensington ; and, incidentally, a guinea a| 
week towards the cost of living. The examination | 
for this scholarship was stiff, and as there were only | 
four vacancies to about fifty or sixty applicants all 
of whom had been preparing strenuously for the com- 
petition from the first—the successful candidates had 
to be good men. The subjects took a wide range, | 
including mathematics, languages, history, geography, 
applied mechanics, physics, steam, and engineering. | 
Mr. Morcom remained as a student at South Ken- 
sington until the session of 1870-71, when he passed | 
out first of his year with a first-class fellowship, and | 
honours in mathematics and several other subjects. 

After leaving South Kensington, Mr. Morcom served 
as assistant engineer on the ecien, of the Channel | 
Fleet, and the troopship Jumna. He was, on account 
of his high scientific attainments, appointed by the 
Admiralty to join the Challenger on the, since famous, 
voyage of scientific exploration. Professor Wyville 
Thomson, who was the chief of the scientific staff, 
objected to a nominee of the Admiralty, so Mr. 
Morcom did not accompany the expedition. It is 
doubtful, however, if he would have gone in any case, 
as friends he consulted advised him that, however | 
interesting the voyage might be, the time spent | 
would not be profitable in regard to advancement | 
in his own profession. After serving some time at | 
sea he was appointed to the Admiralty as an assistant | 
to Mr., afterwards Sir James, Wright, the Engineer- 
in Chief to the Royal Navy. His duties fell more | 
especially to instructional work at the Royal Naval | 
College, Greenwich, where he became lecturer on} 
marine-engine design. This post he occupied for | 
three years, until, in 1877, he was appointed as second 
assistant to Mr. Newman, chief engineer at Portsmouth | 
Dockyard ; the present Engineer-in-Chief to the Royal 
Navy, Sir John Durston, being first assistant. 

it was at this period that Mr. Morcom did some 
of the best, if not the most immediately profit- 
able work, of his useful life. The renee Af sore 
which had shortly before been introduced through 
the genius of Mr., now Sir John, Thornycroft— 
was rapidly being developed into a serious factor in 
naval warfare. The numerous trials and experiments 
made with these still wonderful little craft fell 
chiefly to the lot of the second assistant at Ports- 
mouth ; and no one better fitted for the work could 
have been selected. Mr. Morcom’s enthusiasm and 
delight in his work were unbounded. No weather 
was bad enough to damp his ardour, no hours were 
to» long for his patience in striving for success. 
Those who remember the terrible winters of the 
late ’seventies will appreciate the courage and en- 
durance that were needed to run the little 60-ft. 
‘ond - class boats of the period in the Arctic 
cather that marked the winter of 1878-9. Ex- 
‘pting to those who took part in these operations, 
lis is probably an unknown incident of an important 
cuapter.in the evolution of the marine engine ; but | 
ss who worked with Mr. Morcom will, we are sure, | 
‘udly bear testimony to the generous help they re- | 
ceived from the bright and energetic young naval 
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engineer, and will acknowledge the fruitfulness of 
his many suggestions. It is often the lot of public 
Servants, naval officers more especially, to do much | 
goul work for the country without public recognition; | 
which, to do them justice, the cunt seek, 


On the lamented death of Mr. Newman, Mr. Morcom 
ecame acting chief engineer at Portsmouth, and was | 
alterwards transferred as chief to Sheerness ; the last 


—_ 


In the course 
of his duties at Portsmouth he had under his charge the 
trials of the steam-pinnaces and cutters that were mostly 
built by Mr. John Samuel White, at East Cowes, and 
were engined by Mr. G. E. Belliss, of Birmingham. * 
The ability and resourcefulness of the young dockyard 
engineer so impressed Mr, Belliss that he made Mr. 
Morcom a most advantageous offer of partnership. At 
this time Mr. Morcom was in the front rank of the ser- 
vice, his brilliant scholarship and great success in the 
service surely marking him for the highest positions. 
There was, however, one man in front of him—Richard 
Sennett, who became Engineer-in-Chief to the Nav 
on the retirement of Sir James Wright. Mr. Sennett’s 
record was about equal to that of Mr. Morcom, but he 
was a year senior to the latter, and thus barred the 
way to the highest position in the service. Whether 
this affected Mr. Morcom’s decision we are not aware, 
but he accepted Mr. Belliss’s offer ; quitting the 
service to take up the burden of management of 
the Birmingham works. The retirement of Mr. 
Sennett from the Admiralty to join the now extinct firm 
of Maudslay, and his untimely death, were subsequent 
to this. ow far they would have influenced Mr. 
Morcom’s action, had he been able to foresee them, 
it is impossible to say ; probably he never knew himself. 
It was in 1884 that he became a partner in the firm 
of G. E. Belliss and Co., and his engineering career 
during the 21 years that have elapsed is written large 
in the history of the works; and it is a history with 
which the majority of our readers must be acquainted. 
The technical ability and energy of the new partner 
soon made themselves felt, and it may be said at once 
that the record of the firm has been one of continuous 
increase both in the magnitude of operations and 
prosperity. At first an effort was made towards an 


| extension of the marine branch of the business to 


larger work. Contracts were taken for machinery for 
destroyers and torpedo gunboats. The position of a 
sub-contractor for machinery is, however, not always 
a happy one, and a more lucrative branch of engi- 
neering arising about this time, the marine work, so 
far as propulsive machinery was concerned, was allowed 
to fall into abeyance. 

It is not within the scope of this notice to give 
an account of the firm now known as Belliss and 
Morcom, Limited. Ina previous issuet we gavea long 
illustrated article describing the works, and on other 
occasions, from time to time, we have made reference to 
the products of the firm. The high-speed engine, 
largely for electrical work, with forced lubrication on 
a system invented by Mr. Morcom, has been a lead- 
ing feature. The economy of these engines, their ad- 
mirable workmanship, and the trustworthy manner 
in which they run, are well known, and are the natural 
results of the influence exerted by the man whose 
loss we now deplore. It is, however, but right to add 
that these characteristics only bear out the traditions 
of the firm from its earliest days, for no better work 
ever went into the Royal Navy than that supplied by 
Mr. Belliss for the little vessels he engined. 

It was in 1893 that the firm was turned into a 
limited company, under the title of Messrs. G. E. 
Belliss and Co., Limited, Mr. Belliss being chairman, 
and Mr. Morcom managing director ; Mr. A. E. Seaton, 
an old fellow student of Mr. Morcom’s, also joining 
the directorate. In 1899 the company was reformed, 
under the style of Belliss and Morcom, Limited, 
and last year, owing to ill-health, Mr. Belliss 
resigned, and Mr. Morcom became chairman, Mr. 
Seaton deputy chairman, and Mr. T. H. Parrott 
managing director ; whilst Mr. Reginald K. Morcom, 
the eldest son of the late Mr. Morcom, joined the 
board, becoming assistant managing director. 

We should have been glad, had space permitted, to 
have said something more on the influence of a system 
of technical education, such as that which gave such 
happy results in the case of the subject of our memoir. 
It must, however, suffice to mention some of those 
educated in the same school who have made their mark 
in the engineering world. Amongst others, we call to 
mind first the late Mr. Richard Sennett and Sir John 
Durston, to whom we have already made reference ; 
Mr. W. J. Pratten, so long connected with the firm of 
Messrs. Harland and Wolff; Mr. J. T. Milton, chief 
engineer-surveyor of Lloyd’s ; Professor T. A. Hear: 
son; Anis Pasha, chief of the Public Works De- 
partment, Egypt; Engineer- Admiral Smith, whose 
work in connection with the Admiralty Boiler Com- 
mittee has recently been prominently before the public ; 
besides so many others who have remained in the 
service and have done much good work of which the 
public has never heard. 

Mr. Morcom was a member of the Institution of 
Civil Engineers, of the Institution of Mechanical 
Engineers, and of the Institution of Naval Architects. 
In 1898 he was appointed a Member of Council of the 
second-named institution; and at the 1897 jubilee 

* Some articles describing theze vessels appeared in our 
a of December 5 and 26, 1884, and January 16 and 23, 
+ See ENGingeErine, vol. Ixxiv,, page 371. 





meeting, held at Birmingham, he contributed an 
admirable paper on ‘‘High-Speed Self - Lubricating 
Steam-Engines.” The illustrations of this contribu- 
tion form a notable feature in the volume of the Pro- 
ceedings. Mr. Morcom was married shortly after he 
went to the Admiralty. His widow survives him, 
with three sons and two daughters. 








EXHAUST-SILENCER FOR MARINE 
MOTORS. 

Sutencers for internal-combustion engines, which 
depend for their action on bafiling the exhaust in a 
special chamber, only attain their object at the expense 
of an increased nom pressure, and consequent loss of 
power in the cylinder. Where the utmost possible 
power that the engines can ame i is required, it is 
usual to run without a silencer at all, and put up with 
the noise of the exhaust, rather than sacrifice speed. 
Exhausting directly into the atmosphere, however, still 
requires the atmospheric pressure to be overcome, and 
to eliminate this as far as possible Mr. Rankin Kennedy 
has devised a silencer working somewhat on the prin- 
ciples of an ejector condenser. This silencer is shown 
in section in the engraving below. _It is evident that 
if the exhaust gases, instantly on release from the cylin- 
der, could be expanded to, say, twice their original 
volume, and then instantly cooled, a partial vacuum 
would be formed. In ordinary silencers the expansion 
is effected, but the cooling omitted. In the present case 
they are expanded to about twice the cylinder volume 
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in the ejector, and simultaneously cooled by being 
mixed with a jet of water. The ejector at the 
entrance of the exhaust may be at a dull-red heat, 
but the hand can be laid without discomfort on the 
wide part. The ejector consists of a cast-iron bottle B, 
on the neck of which is a nozzle N for the exhaust 
entrance, and on the side of the neck a water entrance 
W. This may be supplied directly from the sea, or, 
as shown in the figure, from the cylinder jacket. The 
water will be driven through by the action of the 
exhaust if the inlet is connected to the sea ; but when 
the water is taken from the cylinder jackets, it is 
advisable to use a circulating-pump to overcome the 
combined resistances. The nozzle is surrounded by 
an annular space C for the cooling water, and the 
exhaust gas and the water meet in the throat, mix 
and expand in the diverging nozzle, and finally flow 
away together. 

A regulating-tap controls the water supply when 
drawn direct from the sea, otherwise the circulating- 
pump effects the regulation. The discharge-pipe ter- 
minates a few inches below water-level, though the 
ejector itself is kept above water-level to prevent 
flooding. This form of silencer is not necessarily con- 
fined to marine motors, as, of course, it may be 
applied in any case where a plentiful water supply is 
available. 

The silencer is made by Messrs. Rankin Kennedy 
and Sons, of Balmoral-street, Scotstoun, Glasgow. 








Contracts. — Messra. William Simons and Co., 
Limited, Renfrew, have received an order to construct 
a powerful suction-pump dredger of large dimensions for 
the presidency of Bengal.—The London Road Car Com- 
pany have placed an order for five more steam-omnibuses 
with Messrs. Clarkson, Limited, of Chelmsford, the first 
of which commenced running last month on the Hammer- 
smith-road and Oxford Circus route. Twvu other London 
omnibus ay. an ne have also placed orders with the 
same firm for similar steam-omnibuses.— Messrs. Mellowes 
and Co., Limited, Sheffield, have booked the order for 
glazing, with their x ~4 imperishable system, the 
roofs of College goods sheds, North British Railway 
Company; Wigan markets and car-sheds; Swadlincote 
car-sheds ; extensions of the works of Messrs. Cammell, 
Laird, and Co., Limited, Sheffield ; the works of Messrs. 
Ransome and Rapier, Limited, Ipswich ; Milner’s safe 
works, Liverpool; the works of the National Gas- 
Engine Company, Limited, Ashton-under-Lyne; Had- 
field’s Steel Foundry Company, Limited, Sheffield ; 
the Metropolitan Amalgamated Railway Carriage and 
Wagon Company, Limited, Saltley ; Buckley’s bleachery 
Whitefield ; &c. 
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THE LATE SIR EDWARD H. CARBUTT. 
To THE EpitorR OF ENGINEERING. | 

S1r,—On reading your memoir on the life of Sir Edward 
Carbutt, in which you mention his connection with 
these works, it occurred to me that it might be interesting 
to your readers to know of the large amount of attention 
he paid to manufacturing meh os of and the great im- 
portance he attached to them. 

This is most apparent to all of us at these works, and 
especially so in the plant he installed, and the system he 
evolved he the manufacturing of Root’s blowers, which 
at the date of its inception must, I think, have been one 
of the verv earliest examples in the engineering trade 
of such a plant and system for dealing with repetition 
work, 

There have, of course, been many alterations and addi- 
tions made from time to time, but on recently revising 
the details of the whole system of the manufacture of 
these blowers, we have all been very much impressed by 
the great amount of foresight in the installation, some 
thirty-five years ago, of a very complete range of well- 
designed machine-tools of a special character, backed up 
by a carefully-thought-out system of jigs and gauges. 
Ic was, indeed, only upon the same day that we h of 
his death, but previously to doing so, that we were 
commenting upon the fact that he was much in advance 
of his times in the excellence and thoroughness of his 
practice in this direction, 

ad other British engineers in charge of manufactur- 
ing establishments at that date given their workshop 
methods the same amount of attention, we should hardly, 
I think, have heard so much of their having been left 
behind, as we have during the last few years. 

Yours obediently, 
. H. C. HomersHam. 

Vulcan Iron Works, Thornton-road, Bradford, 

Yorkshire, October 17, 1905. 








THE COMPULSORY SETTLEMENT OF 
TRADE DISPUTES. 
To THE Epitor or ENGINEERING. 

Srr,—As an engineer who has made a study of eco- 
nomics, I heartily agree with your remarks on the law in 
force in New Zealand which provides for the compulsory 
settlement of trade disputes. I remember some years 
ago, on first reading about the Act—which, I believe, had 
then just been —wondering at the absurdity of a 
measure which attempted to control things which are not 
controllable. 

In your article, however, you enumerate several other 
measures which the Labour Party in New Zealand would 
place on the statute-book if they had their way, and 
which you designate more absurd than the compulsory 
settlement of trade disputes. Some of these measures 
are undoubtedly most absurd ; but I venture to point out 
that the establishment of State iron works, woollen and 
flour mills, clothing and boot factories, and municipal 
coal dépéts, and the nationalisation of land, are measures 
which are in perfect accordance with all established eco- 
nomic laws; and up to the present time I have never 
heard a single logical argument which would in any way 
demonstrate that such measures would not be beneficial 
to New Zealand or this country. 

Yours faithfully, © 


Egremont, Cheshire, October 16, 1905, 8. C. 








REFRIGERATING-MACHINE TRIALS AT 
THE DAIRY SHOW. 
To tHe Eprror or ENGINEERING. 

Sir,—In your issue of October 13 we observe, in con- 
nection with the report of the refrigerating-machine 
trials at the Dairy Show, a circular from Messrs. J. and 
E. Hall, Limited, which calls for some notice :— 

1. The alterations to plant complained of consisted of 
the addition of primary water-coolers by one or two of 
the competitors. The point as to whether water-coolers 
would be allowed was not dealt with in the official defini- 
tion of the competition, and was left over for the judges 
to decide. If Messrs. Hall objected to the decision of 
the judges, why did they not withdraw before the trials 
were made ? 

2. Everyone complained of short supply of water. 

3. Our motor did not give us the speed we had specified, 
but our machine did first-class work notwithstan ing. 

Messrs. Hall waited until the last day of the Show 
before withdrawing ; they saw all the other trials first. 

Yours faithfully, 
WituiamM Dovetas and Sons, Limtrep, 
Winners of the Gold Medal. 
Putney, London, 8.W., October 18, 1905. 








VALVES FOR ACID PUMPS. 
To THe Eprror or ENGINEERING. 
Srr,—Would some of your readers be good enough to 
inform me of the address of manufacturers of valves 
capable of withstanding the action of sulphuric or nitric 
(or other) acids up to or at a temperature of 212 deg. 


Fahr., the fluid to be controlled containing a granular | rp 


sediment equal to sand passed through a sieve of 80 mesh 
to the square inch ? 


I am, yours reseaey 
October 17, 1905. RANULUS. 








University Coiiecr, Lonpon.—The course on Water- 
ways and Harbours at the Engineering School of Univer- 
sity College, which was oj on the 3rd inst., is given 
by Mr. A. T. Walmisley, M. Inst. C.E.; and Mr. W. N. 
Blair, M. Inst. C.E., gives a course on Street 
Paving, and Tramways. 





LAUNCHES AND TRIAL TRIPS. 


On Tuesday, the 10th inst., the steel screw cargo 
steamer City of Mexico, built by the Laxev Engi- 
neering an per org J Company, Bergen, Norway, 
went for her trial trip, and after com been 
adjusted, proceeded to the measured mile, where a series 
of trials were run, and a mean speed of 11} knots attained. 
The vessel is of the following dimensions :—Length, 
extreme, 266 ft.; breadth, 36 ft. 6in.; depth, 19 ft. ; 
dead-weight carrying capacity, about 2300 tons. The 
engines, which have also been constructed by the Laxe- 
vaags Company, are of the triple-expansion type, with 
cylinders 19 in. by 31 in. by 51 in. in diameter, with a 
33-in. stroke ; working pressure, 175 Ib. 


Messrs. Swan, Hunter, and Wigham - Richardson, 
Limited, launched on Thursday, the 12th inst., the s.s. 
Serula, which they are building to the order of the 
Cork Steamship Company, Limited, for trade between 
Liverpool and Dutch and Belgian ports. The Serula 
is 260 ft. in length by 344 ft. beam, to the highest class 
in Lloyd’s Register. She will have accommodation for a 
limited number of passengers. The engines and boilers, 
the former of the a cmenees type, are being con- 
structed by the builders at their Neptune Works. 


On Thursday, the 12th inst., the s.s. Lord Derby was 
launched b essrs. A. McMillan and Son, of Dum- 
barton, to the order of Messrs. Herron and Co., of Liver- 

1. The vessel is designed to carry a large cargo on a 
ight draught, and her principal dimensions are :— 
Length between perpendiculars, 375 ft. ; breadth, 48 ft. 
3 in.; depth, moulded, 27 ft. She is built to Lloyd’s 
100 A 1 class, spar-deck rule. The engines are by Messrs. 
Dunsmuir and Jackson, of Glasgow, and have cylinders 
26 in., 42 in., and 70 in. in diameter, with a stroke of 
48 in. he s is expected to be about 11 knots. 
Steam is supplied by three large boilers working at a 
pressure of about 180 Ib. 


The steel screw-steamer Clan Macintosh was launched 
on Friday, the 13th inst., by Messrs. Furness, Withy. 
and Co., Limited, Hartlepool, to the order of the ‘‘ Clan ” 
Line (Messrs. Cayzer, Irvine, and Co., Glasgow). The 
vessel is over 400 ft. in length, of the tbree-deck type, 
with two steel decks laid all fore and aft, and takes 
Lloyd’s highest class. She has a total y meee A of 431,718 
cubic feet, cellular double bottom all fore and aft for 
water ballast, and a specially strengthened deep tank 
immediately forward of the engine-room, the after-peak 
also being available asatank. The vessel is divided into 
eight water-tight compartments. ‘Triple-expansion en- 
gines will be supplied hy Messrs. Richardsons, West- 
garth, and Co., Limited, Hartlepool, with cylinders 26 in., 
43 in., and 71 in. in diameter, with a 48-in. stroke, steam 
a supplied at 200 lb. werking pee by two boilers 
fitted with Howden’s forced draught. 

On Friday, the 13th inst., there was launched from the 
shipbuilding yard of Messrs. David and William Hen. 
derson and Co., Limited, Partick, the steel screw cargo 
steamer Mombassa, which has been constructed to the 
order of Messrs. Maclay and McIntyre, of Glasgow. 
This steamer is 400 ft. in length; 50 ft. in breadth; and 
28 ft. 8 in. in depth, having a gross tonnage of about 
4500 tons, and will be classed in Lloyd’s 100 Al three- 
deck rule. A set of triple-expansion engines will be sup- 
plied and fitted by the builders ; the cylinders will be 25 in., 
41 in., and 67 in. in diameter, with a 4-ft. stroke; there 
will also be two large single-ended boilers working at a 
pressure of 175 lb. 


On Saturday, the 14th inst., the steel screw steamer 
Norfolk Range, recently launched by Irvine’s Shipbuildin 
and Dry Docks Company, Limited, West Hartlepool, an 
built to the order of the Neptune Steam Navigation Com- 

y, Limited, Newcastle-on-Tyne, proceeded to sea for 
er trial trip. She is of the following dimensions :— 
336 ft. by 47 ft. by 24 ft. 10 in.; built to Lloyd’s highest class 
under special poke 5 Engines of the triple-expansion 
type have been fitted by Messrs. Richardsons, Westgarth, 
and Co., Limited, and have cylinders 24 in., 38 in., and 
64 in. in diameter, with a 42-in. stroke, steam being 
er by two single-ended boilers at 160 lb. pressure. 
After adjusting the com the vessel was run at full 
speed, the engines working smoothly and well, and the 
vessel displaying good sea qualities. 


There was launched from the shipyard of Messrs. 
Cochrane and Sons, shipbuilders, Selby, on Saturday, 
the 14th inst., a steel screw trawler, the Concord, her 
apne oy dimensions being 120 ft. 74 in. by 21 ft. 9 in. 

y 11 ft. 9 in. depth of hold. The vessel has been built 
to the order of Messrs. White and Willows, of Grimsby, 
and will be fitted with powerful triple-expansion engines 
by Messrs. C. D. Holmes and Co., of Hull. 


On Saturday, the 14th inst., there was successfull 
launched from the a, as of Messrs. Wood, 
Skinner, and Co., Limited, at Bill Quay, Newcastle-on- 
yne, a 8 screw steamer, the Taarnholm, which has 
been built by them to the order of the Dampskibssel- 
skabet, controlled by Messrs. Johnsen and Jespersen, 
of a ny The vessel is a sister-ship to the s.s. 
Hjortholm and s.s. Svanholm, recently constructed b 
the builders for the same owners. The machinery, whic 
is of the improved triple-expansion type, supplied with 
steam from two large steel thaltitubuler boilers, will be 
fitted by the North-Eastern Marine Engineering Com- 
pany, of Wallsend. 


The second vessel, the Svanholm, built by Messrs. 





Wood, Skinner, and Co., Limited, of Bill Quay, New. 
castle-on-Tyne, to the order of the Dampskibsselskabet, 
of Copenhagen, controlled by Messrs. Johnsen ani 
Jespersen, left the Tyne for her official trial trip on 
Saturday, the 14th inst. The propelling machinery, 
which has been constructed and fitted at the North)- 
umberland Engine Works of the North-Eastern. Marine 
Engineering Company, Limited, consists of a set of 
their latest type of triple-expansion engines, having 
cylinders 19 in., 31 in., and 51 in. in diameter, with « 
33-in. stroke, steam being supplied by two large stev! 
multitubular boilers working at a pressure of 160 1b. 

r square inch. Both the hull and machinery have 
ool constructed to the requirements and under special 
survey of Lloyd’s to take their highest classification. On 
the trial run the machinery worked without the slightest 
hitch, and despite the heavy sea and wind maintained a 


speed of 11} knots. 


On Monday, the 16th inst., the.launch took place from 
the yard of the Northumberland Shipbuilding Com- 
pany, Limited, Howden-on-Tyne, of the Northumbria, « 
steamer built to the order of Mr. H. W. Dillon, London, 
this heing the second vessel built for the same owner, and 
chartered by Sir John Jackson to convey material to 
Durban in connection with the breakwater in course of 
construction there. The steamer is 372 ft. long by 48 ft. 
beam by 30 ft. 10 in. deep, built under special survey to 
the highest class at Lloyd’s, spar-deck rule. The machi- 
nery will be supplied by Messrs. Richardsons, West- 
garth, and Co., Licaited, Sunderland, and will consist of 
engines with cylinders 25in., 41 in., and 69 in. in dia- 
meter, with a stroke of 48 in., steam being supplied by 
three large steel boilers, 14 ft. by 10 ft. 9in., working at 
180 lb. pressure. The steamer will carry about 7150 tons 
loaded, and will steam at about 10 knots. 

On Monday, the 16th inst., there was launched from 
the yard of the Tyne Iron Shipbuilding Company, of 
Willington Quay-on-Tyne, a steel screw steamer, the 
Kelvinhead, built to the order of Messrs. John Black and 
Co., of Glasgow. Her dimensions are :—Length, 331 ft. ; 
breadth, 47 ft. 6in.; depth, moulded, 24 ft. 44 in.; to 
class 100 A 1 at Lloyd’s, single-deck rule. The engines, 
which are to be supplied x the North-Eastern Marine 
Engineering Company, of Wallsend-on-Tyne, are of the 
triple-expansion type, having cylinders 24 in., 40 in., and 
66 in. in diameter, with a 42-in. stroke, and working at 
a pressure of 180 lb. 


On Tuesday, the 17th inst., Messrs. R. Craggs and 
Sons, Limited, launched from their Tees Dockyard, 
Middlesbrough, the Corinthic, a steel cargo steamer 
359 ft. long, 50 ft. 8 in. beam, 25 ft. 6 in. depth, moulded. 
The vessel is being built to the order of Messrs. W. H. 
Cockerline and Co., Hull, under special survey, to take 
the highest class under Lloyd’s three-deck rule. The 
machinery will be fitted by Messrs. Blair and Co., Limited, 
of Stockton-on-Tees, and will have cylinders, 25 in., 
41 in., and 67 in. in diameter, with a 45-in. stroke ; steam 
being supplied by two large single-ended boilers working 
at a pressure of 180 1b. to the square inch. The vessel 
has been designed to afford a very large cubic capacity, 
and is expected to carry about 6100 tons on 21 ft. 3 in. 
draught. 


There was launched from the yard of Messrs. Earle’s 
pent Mee oy and Engineering Company, Limited, Hull, 
on Tuesday, the 17th inst., a steam trawler, the Deveron, 
which is being built under Lloyd’s special survey to the 
order of the ‘‘ D” Line Steam Fishing Company, Limited, 
Grimsby. Her dimensions are :—Length, 123 ft. 6 in. ; 
breadth, 22 ft. ; depth of hold, 11 ft. 6in. The machi- 
nery will consist of a set of triple-expansion engines 
having cylinders 12 in., 21 in., and 34 in. in diameter, 
with a 24-in. stroke, steam being supplied by a single- 
ended cylindrical boiler working at a pressure of 180 lb. 
per square inch. 








MANCHESTER ASSOCIATION OF ENGINEERS.—On Satur- 
day last, the 14th inst., the fiftieth session of the Man- 
chester Association of Engineers was commemorated by 
the holding of a conversazione at the Manchester Muni- 
cipal School of Technology, Sackville-street. The at‘ond- 
ance of members and lady friends numbered about 600, 
and on their arrival they were received by the President 
of the Association (Mr. Robert Matthews) and Mrs. 
Matthews, assisted by Mr. Alfred Saxon (ex-president), 
Mr. Thomas Ashbury, and their ladies. In order that 
the guests might have ample opportunity of viewing the 
many interesting rooms and the various machinery apper- 
taining thereto, the principal departments throughout 
the school were thrown open for their inspection, and 
especially those containing the machinery and apparatus 
in the mechanical and sanitary engineering rooms. In the 
department of physics and electrical engineering, there 
was a series of interesting lectures and demonstrations by 
members of the staff of the school, where exhibitions were 
"sae in regard to X-rays, crystal growing, and other 

ranches of popular science. The strin nd of the 
Second Volunteer Battalion Manchester heginent ave 
an excellent selection of music in the Examination Hall ; 
while in the Scientic Society’s room a capital programme 
of vocal music was given by special artistes, which 10- 
cluded Mr. E. Thornley Dodge, the society entertainer. 
Every facility for the instruction and entertainment of 
the visitors was given by the Municipal School of Tec!- 
nology Committee, under the superintendance of the 
Principal, Mr. J. H. Reynolds ; and altogether a pleasant 
evening was y present, and one which made 
the opening of the fiftieth session in every way a suitable 
one for the Jubilee session of the Association, 
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40-H.-P. GARDNER-SERPOLLET MOTOR-OMNIBUS. 
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Tue Paris omnibuses are of two types : a lighter 
one drawn by two horses, and a heavier type, for 
which three horses are required. Their speed varies 
from 3.75 to 5.9 miles per hour. In order tocope with 
the traffic, 15 to 18 horses are necessary per vehicle 
per day, equal to a total number of about 10,000 
horses. With a view to improve the service and 
reduce the cost of working, the Paris Omnibus Com- 
pany has recently invited tenders for a type of mecha- 
nically-driven omnibus, having large seating accom- 
modation. The company has made a point of the 
latter condition, seeing that the Municipality levies 
a tax per vehicle, whatever be its size. 

Among the types which will shortly be experimented 
upon in actual service is a steam-driven 40-horse-power 
Gardner-Serpollet omnibus, illustrated in Fig. 1 on the 
present page, which is practically similar to the one 
nuilt by the Serpollet Company forservice between Nice, 
La Turbie, and Mentone. The omnibus we illustrate 
carries thirty passengers—fourteen outside, fourteen 
inside, and two on the rear platform. This number of 
passengers will appear low compared with the power 
of the motor and the weight of the vehicle; seeing 
also that the London Road-Car Company carries thirty- 
four passengers per 24-horse-power motor omnibus. 
The Gardner-Serpollet vehicle, with its full comple- 
ment of passengers and with the driver and conductor, 
weighs 6.4 tons, in which figure the under-frame enters 
for 2.1 tons, the body for 1.8 tons, and the fuel and 
stores from 5 cwt. to 6 cwt. The under-frame is 
5.10 metres (16 ft. 8 in.) in length, and 1.30 metres 
(4 ft. 3in.) in width. It is built up of steel channels 
80 millimetres (3.14 in.) deep, and is suspended on 
the axles by laminated springs in the usual way. The 
wheel-base is 3.50 metres (11 ft. 52 in.), and the dis- 
tance between the wheels at the tread is 1.80 metres 
(5 ft. 11 in.) The frame-plates are 0.68 metre 
(26% in.) above the ground level. The front wheels 
are 0.92 metre (36.22 in.) and the rear ones 1 metre 
(39.38 in.) in diameter; they are fitted with solid 
rubber tyres, 120 and 150 millimetres (4.72 in. and 
5.90 in.) in width. With regard, however, to the rear 
wheels, they have been altered, and are now made 
double width, according to the present London prac- 
‘on The rear platform has an overhang of 1 metre 
(398 in.). 

The steam-boiler is mounted on the driver's plat- 
form, between the driver’s seat and the passenger 
compartment ; the chimney is vertical, and passes in 
front of the panel, the top being level with the outside 
roof. The boiler is built on the general Serpollet 
principle, and contains a series of coils of water-tubes 
forming a kind of grate through which flow the hot 
gases. A number of coils act as superheaters, and 
are thinner and less in diameter than those of other 
boilers of older make. The boiler can be fired with 
ordinary petrol, but it is found more satisfactory to 
use @ mixture prepared by the builder and made of 
gas-tar oil. The burner consists of a number of nozzles, 
the flame of which surrounds directly a double- 
spray pipe, formed of the oil-supply pipe. The oil- 
feed is governed by a small special pump coupled 





to the feed-water pump in such a way that the de- 
livery of both remain constant in the ratio of 1 to 10. 
The normal pressure of the liquid fuel at the burner 
is 2 kilogrammes per cm? (28 lb. per square inch). 
The air supply to the burner has been improved. 
Hitherto a kind of bell-shaped pipe was used, the 
mouth-piece- being turned towards the front of the 
vehicle ; but it drew in together with air a large 
amount of dust, which greatly interfered with the 
satisfactory working of the boiler. Air isnow drawn 
from the top of the latter, a regular furnace draught 
being thus obtained by the action of the exhaust from 
the auxiliary fuel and water-pumps. This exhaust is 
regulated automatically, and the air drawn through 
is always proportioned to the quantity needed for 
evaporation, the action of the pumps on the exhaust and 
draught supply being the more energetic as the water 
and fuel feed has increased. The new device, there- 
fore, besides proportioning the water and fuel feed, 
also regulates a proportional air supply. When the 
maximum pressure in the boiler is reached and the 
feed-pumps are momentarily stopped, a special orifice 
ensures the supply of a small quantity of steam for 
maintaining a draught. The water and fuel feed- 
pumps are supplied with steam from a branch pipe on 
the main steam-pipe ; when the pressure in the latter 
is at its maximum, the piston of the regulating appa- 
ratus counteracts the strength of a spring and descends 
in its cylinder, thus displacing a valve which closes 
the ports to the pumps, leaving free the one which 
supplies steam for draught purposes. The boiler feed 
is thus independent of the speed of the car, and 
is fully ensured, even when the car is at a standstill. 
The driver can actuate an economiser for reducing the 
burner flame when the full power of the motor is not 
required ; he can reduce it to the size of a pilot light 
during lengthened stoppages. 

The water-tank, containing 100 litres (22 gallons), 
is on the left-hand side of the driver’s platform ; 
adjoining this is the fuel-tank, the capacity of which 
is 60 to 80 litres (16.5 gallons). These quantities are 
sufficient for,one day’s service, or a total of 120 kilo- 
metres (75 miles), The motor is directly in the rear 
of the boiler, in the axis of the car. It is a 
four-cylinder, horizontal, single-acting engine, of 40 
horse-power in normal working, as stated above. 
The cylinders, placed in two opposite groups, are 
90 siileamies (3.54 in.) in diameter, and the stroke 
is 125 millimetres (4.92 in.). The crank-shaft is 
connected by a universal joint to the driving-shaft ; 
this is 40 millimetres (1.57 in.) in diameter. It is 
mounted in the axis of the car, and is fitted with the 
brake-drum of the differential gear. The latter is 
driven by a 23-tooth pinion, which gears in another 
with 27 teeth. The shaft of the differential gear is 
parallel with the driving-axle, at a distance of 0.78 
metre (30.7 in.) ; it is fitted with 8-tooth chain pinions. 
The chain pinions on the driving-wheels have 30 teeth. 

The fuel consumption amounts to eight-tenths of a 
litre of heavy oil per kilometre (slightly over a quart 
per mile), and the cost of working is estimated at 
15 francs for a total run per day of 120 kilometres 





(12s, for the 75 miles), the passengers carried having 
amounted to a total of approximately 600. 

In vol. v., page 180, of TRACTION AND TRANSMISSION, 
we gave a detailed illustrated description of the 
Gardner-Serpollet automobiles as they were built three 
years ago. 








INDUSTRIAL NOTES. 

THE recent conference at Blackpool of 88 delegates 
of the National Federation of Miners of Great Britain 
represented 516,600 men. Mr. William Abraham, 
M.P. (Mabon), was well enough to preside, after his 
recent illness, and after an accident which followed 
thereon. He remarked, in his opening address, that 
political parties and sections were touting for the 
support of working men, but those who were ready 
to put workmen and employers on the same level 
before the law would have the first claim to their votes. 
The first resolution was in favour of the Trades 
Disputes Bill, the demand being that trade unions 
should be restored to the position in which they were 
supposed to be under the Trade Union Acts of 1871 
and 1876, before the Taff Vale case imposed upon the 
unions responsibility for the acts of their officials and 
members. The speeches in support of this varied, that 
of the representative of the Lanarkshire miners of 
Scotland being the most violent against all parties 
except those representing labour and those who went 
on certain lines. The debate was lively, but, on the 
whole, good ; the resolution in favour of the Trades Dis- 
putes Bill was carried unanimously. The eviction of the 
miners at the Hemsworth Colliery, Yorkshire, was 
next considered, when, after vigorous denunciations 
of the action of the owners, the sum of 1000/. was 
voted in aid of the evicted. The question of a mini- 
mum wage was discussed, and matters therein referred 
to were relegated to the executive committee. It was 
stated that practically a minimum wage was in force 
throughout the Federation area, but many men were on 
short time, and therefore the wages were small, even 
if the minimum rate was fixed. The fact of being able 
to agree with the mine-owners upon a minimum rate 
did not ensure a full working week, and the committee 
was therefore instructed to inquire into the causes of 
congestion in the coal trade, with the view of suggést- 
ing some remedy. 

he conference again re-affirmed the determination 
of the federated miners to fight for and, if possible, to 
obtain an eight-hours’ day from bank to bank by Act 
of Parliament. It is a long time since that subject 
was brought before the House of Commons, but the 
triumph of the measure seems as far off as ever. 
Meanwhile the Scotch miners, or sections of them, 
have obtained the eight-hours’ day without legislation, 
by the force of trade-unionism alone. The Durham 
and Northumberland miners declare that it might have 
been won in the Federated districts long ago, if the 
men had so determined, without the aid of legisla- 
tion, which is, after all, more risky for the workers 
than for the employers. It was decided to press for- 
ward the Boys’ Employment Bill next session—to take 
precedence over all other labour measures ; and then 
to press for an amendment of the Workmen’s Com- 
pensation Acts on the lines previously endorsed by 
former conferences. A protest was entered against 
the Government for delaying to deal with old-age 
pensions. The conference also decided to-continue to 
press for the repeal of the Coal Tax, and for legisla- 
tion to restrict the employment of unskilled labour in 
coal-mines; which labour, it was declared, was a 
danger to all working under ground. The conference 
further declared in favour of the nationalisation of 
land, mines, minerals, and railways, as well as 
all the other means of industrial production. This 
means the adoption of the Socialist programme in its 
entirety, a thing which few, if any, of the trade unions 
of the country have ventured todo. Many of the so- 
called labour unions and councils, and of the local 
trades councils, have given in their adhesion to the 
principle ; but no great union has hitherto endorsed it 
as part of their constitutional platform. The result of 
such a pronouncement will be watched with interest, 
and especially at the next General Election, when all 
the constituencies will be on the alert to discover 
what are the principles and views of their candidates, 
especially Labour candidates. 





The annual gathering of the Amalgamated Society 
of Railway Servants at Sheffield was an important one 
by reason of both the time and circumstances. The 
delegates were welcomed by the Lord Mayor of Shef- 
field, Sir Joseph Jonas, at an assembly in the Town 
Hall. Mr. J. H. Thomas, who presided over the 
conference, cordially thanked the Lord Mayor for his 
hearty welcome. Mr. R. Bell, M.P., in supporting 
the vote, said that the time had arrived when all the 
railway workers should unite in one body. If the 
railway companies, powerful as they were, required 
combination for their protection, surely the workers 
needed it much more. The president, in his address, 
said that the aggregate balance in hand amounted to 
over 300,000/,, the largest balance ever known in 
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the history of the society, in spite of the fact that 
the judgment of the Taff Vale case cost them 43,000/. 
The president went on to say that the economic 
changes which had or were taking place, by the use 
of larger types of engines and bigger trains, prac- 
tically revolutionised the old railway system. The 
changes increased theresponsibility of railway workers, 
and had the effect of reducing the staff, of retarding 
promotion, and of swelling the ranks of the unem- 
ployed. Reference was also made to the increasing 
tendency to eléctrify the railway systems, which would 
again alter the conditions of railway employés. It 
was ur; that all workers of every © ws should 
organise themselves into one great unified body, as the 
ant means of obtaining such wages, hours of labour 
and conditions of safety as the workers ought to have 
with their grave responsibility. The conference voted 
for an increase of salary for the general secretary, from 
250/. to 275l., by the casting vote of the president 
only. On the following day an effort was made to 
raise it to 300/., but this was defeated. The confer- 
ence voted for a penny levy upon all members for the 
purpose of Parliamentary representation. This vote 
will be binding upon all members when the rule in 
favour of it is certified by the Registrar of Friendly 
Societies. 

There was a lively scene and much outspoken 
language used when it was proposed by the Stand- 
ing Orders Committee to re-insert in the rules the 
condition that no candidate should contest a Parlia- 
mentary constituency unless he had accepted the con- 
ditions of the Labour Representation Committee, and 
had been endorsed by them. Mr. Bell, M.P., the 

eneral secretary, stated that the words were left out 
= order of the Bradford Conference, and that he would 
not stand as a candidate if the words were re-inserted. 
Some of the delegates seized upon his speech as a 
basis of attack, and he was told that he would 
have to ‘‘clear out.” Others said that they could 
«dispense with his services without a murmur.” But 
the motion was negatived by 36 to 24 votes, which 
is a victory by the Anti-Labour Representation Com- 
mittee party. The breach is thus widened, and prob- 
ably it is destined to be widened still more, for 
trade unions will not tamely submit to the interference 
of an outside body, even if that body is subsidised by 
trade-union funds. The proposal to secede from the 
Labour Representation Committee was negatived b 
56 to 3 votes, so that the union will continue to contri- 
bute funds to a body whose conditions they oppose. A 
resolution in favour of an agitation for an eight-hours’ 
day was rejected by 33 to 18 votes ; but the conference 
condemned the long hours as worked at present. The 
conference re-affirmed the resolution in favour of the 
nationalisation of all railways in the United Kingdom. 
They seem to think that under national management 
the railway men will be better off. The affairs in 
Holland and in Victoria do not appear to justify that 
view, for the legislation passed in both cases was 
strongly adverse to the employés. The conference 
voted 300/. towards the Ruskin College Building 
Fund, and resolved to provide for two scholarships of 
52/. each for railway servants. The conference was 
regarded as a good one on the whole, in spite of some 
personalities by some of the delegates. 


The final notice of the National Free Labour Asso- 
ciation for its thirteenth annual congress has been 
issued, together with the resolutions to be ot gown 
The congress will be held in the Memorial Hall, Far- 
ringdon-street, London, on Monday, October 30, and 
following days. In a previous issue of ENGINEERING 
we gave a general outline of the report to be pre- 
sented. We now call attention to the resolutions to 
be proposed. The first resolution deals with picket- 
ing, which it condemns, and asks that the clause in 
the Conspiracy and Protection of Property Act, 1875, 
which gives to picketing a qualified approval, shall 
be repealed, on the ground that the sanction there 
given has been much abused, and is the excuse for 
many illegal acts. The second resolution condemns 
the Labour Department of the Board of Trade for 
‘*the manifest bias and partiality” of its reports in 
the Labour Gazette. It calls for the representation of 
non-union, or free labour, correspondents in that de- 
partment. The third resolution condemns any further 
legislation which shall give trade unions greater 
power, or lessen their responsibility, in cases such as 
the Taff Vale and the Denaby Main. The fourth 
resolution condemns the tactics of trade unionists in 
matters relating to elections, and pledges the congress 
to vote only for those who will ‘‘ pledge themselves to 
legislate and administer the law impartially” on all 
labour questions. The fifth resolution condemns our 
present Free Trade policy, and pledges itself to sup- 
port oe of the Member for West Birmingham 
as regards preferential tariffs. The sixth resolution 
condemns the Trades Disputes Bill as ‘illogical, un- 
just, and inequitable,” as the basis of legislation on 
| act questions. It goes on to praise the Solicitor- 
General and Mr. Galloway, M.P., for their opposition 
in the Grand Committee on Law, which upset the 
measure, which, the resolution declares, gave ‘‘the 





pene. privilege empowering trade unions to 
inflict wrong on others, and to be protected from the 
consequences of so doing.” The foregoing is a brief, 
but fairly accurate, summary of the six resolutions to 
be proposed at the congress. The order of business is 
given, together with instructions to delegates durin 

the congress and their stay in London. The annua 
dinner will take place on the 30th inst. 


The report of the Provincial Association of Cotton- 
Spinners shows a decrease of nine in full membership 
during last month, but an increase in the year of 
430. In the united membership there was a gain in 
the month from 15,021 to 15,412 ; a year ago the total 
was 14,175—an increase on the year of 1237. The 
number of unemployed members on the funds averaged 
317 per week, or 4.61 per cent., as compared with 
3.05 in the previous month and 11.75 per cent. a 
year ago. The report pleads for greater activity in 
organisation with the view of increasing the member- 
ship, on the ground that there are growing difficulties 
in the textile industries of this country, and that the 
workers will feel those difficulties, and ought there- 
fore to be united in order to meet them, and to secure 
fair wages and conditions of employment. The total 
number of dispute cases dealt with by the officials of 
the union was 23 ; previous month, 28 ; same month a 
year ago, 13. There are one or two disputes in othér 
branches not mentioned in this report. ‘There were 37 
accident cases reported from branches during the month, 
32 in the previous month, and 11 in the same month a 
year ago. There were in addition 15 claims under 
the Workmen’s Compensation Act, as compared with 
22 in the previous month, and 14 in the same month 
a year ago. There was a financial gain in the month 
of 449/. 16s. 9d. The first batch of superannuation 
claims have been sent in from all the branches ; the 
payments are to be made in the month, at times agreed 
upon by the council of the association. The aggregate 
balance of the superannuation fund at date was 
10,890/. 16s. 5d. 

In the Durham Miners’ Association’s Monthly Cir- 
cular, Mr. John Wilson, M.P., reviews the proceed- 
ings of the recent Trades Union Congress, generally 
and specially, the latter in matters pertaining to 
miners’ questions in Parliament. He defends the 
action of his association on the Eight - Hours Bill 
and as regards the Bill to amend the Mines’ Regula- 
tion Acts. He recalls the fact that as early as 1886 
he favoured the prohibition of female labour on the 
pit bank, and how he and others were assailed on that 
account. He suggests that this is a point upon which 
all could and should agree ; but some districts are not 
ripe for action yet. 


The Trades and Labour Gazette denounces the 
emigration scheme of General Booth, the Rev. W. 
Carlisle, and others, asa fraud. The writer objects to 
transportation for life of thousands of the flower of the 
working classes, and _ he deplores that tens of thou- 
sands of able and willing hands are out of work, with 
little prospect of employment. Cannot the writer see 
that to relieve the pressure and congestion in the labour 
market would give more chances for those who are 
left? From his own standpoint, the stream of emigra- 
tion would benefit the working classes generally, those 
who go and those who stay at home. When there are 
more hands clamouring for work than can be em- 
ployed, the tendency in wages is to go down; when 
workers are in demand the tendency is upwards. It 
is the old plea—do away with capitalism. This is 
like baying at the moon — useless. The orb will 
still revolve, and capitalists will continue to exist in 
spite of state socialism. The (azette professes to 
disbelieve in both political parties, Liberal and Con- 
servative; but are the advanced guard of Labour 
united on any one important thing, both as to the 
object and as to the means? The Gazette has no very 
clear line on the question of Free Trade v. Protec- 
tion. Both would seem to be bad; all roads lead 
to capitalism. The only way out, it urges, is for the 
Government to find fence | at fair wages for all the un- 
—— of ‘every class and section. Well, how is it 
to one? The mass of the unemployed are of the 
labouring class, a large proportion of whom are un- 
skilled. Hard work on the land, embankment of rivers 
and parts of the sea-shore could be done by them if 
really willing; but the whip cannot be used. The 
Gazette reports the Unemployed Conference, at which 
182 delegates were present from the Trades Council, 
local labour councils, and from various socialistic and 
other bodies. The chairman of the London Trades 
Council was elected chairman of the Conference, and 
Mr. James Macdonald, the secretary, to be secretary 
of the Conference. If ths Committee keep well within 
the lines laid down by the chairman, they may do 
helpful work ; but if they interfere with the local 
authorities or the Central Committee, they will do 
harm. Time will show which course will be followed. 


The Coal Conciliation Board for the Federated dis- 
tricts in England and North Wales is placed in a 





rather curious position by the decision of the indepen- 
dent chairman, Lord James of Hereford. The claim 
of the coal-owners was for a reduction of 5 per cent. 
in wages, on the ground of a general average fall of 6d. 
per ton in selling prices since the last reduction in 
wages, depression in trade, and the accumulation of 
stocks, The miners’ representatives resisted the re- 
duction, and when the question was voted upon the 
numbers were equal. Then Lord James had to be 
called in as the independent chairman. After a full 
discussion of all matters pertinent to the question, the 
chairman referred the matter back for the considera- 
tion of the Conciliation Board. It is understood that 
his lordship suggested that the reduction should be 
deferred to the end of the year. The coal-owners 
retired to consider the matter, and on returning to the 
board-room stated that they could not accede to the 
proposal. Lord James then referred the question back 
to the board for further consideration, and a meeting 
was agreed upon for that purpose. The general 
opinion seems to be that the reduction will be post- 
poned for the present year. If this be so, it will be a 
victory for the men; for the outlook indicates that 
a rise in wages at no distant date will be asked for, 
instead of the reduction proposed by the mine-owners. 
The men alleged that, a few days before the conference, 
the Yorkshire colliery-owners advanced the price of 
coal ls. per ton, or double the amount said to have 
been lost on the average since the last reduction. 


The Bolton and Bury Engineering Employers’ Asso- 
ciations have decided to amalgamate, and to form one 
united ussociation, to be called the Bolton and District 
Engineering Employers’ Association. Such an amalga- 
mation will be better able to deal with matters in 
dispute with the various bodies of the engineering 
operatives; for, after all, there is much in common 
in the districts named. We are getting into a condi- 
tion when the associative principle reduces the claims 
to a common factor ; the tendency is to equalise the 
conditions as to wages, hours of labour, and condi- 
tions of employment. The collective principle is here 
of some use for both the parties to any dispute. 


Reports from the Midlands indicate that a real 
improvement has set in as regards the iron and steel 
trades. The manifold orders steadily coming to hand 
have given an upward tendency in quotations. Black 
sheets have further advanced 2s. 6d., and galvanised 
corrugated sheets are firm at the advanced rate, as 
also are common merchant bars and gas strip. So far 
for Wolverhampton. From Birmingham reports state 
that trade is strong in all departments. nmarked 
bars have advanced 5s. per ton, black sheets are 
dearer, steel is in good demand, more money being 
asked all round. There was a very crowded attend- 
ance at the quarterly meeting, and there was, it is 
said, a good deal of excitement. All classes of iron 
appear to have been advanced except marked bars, 
the producers of which did not wish to advance rates 
until what seems like a boom shall have settled down 
to a fairly level demand. Makers of all kinds of iron 
and steel appear to have their hands full of orders. 


The mild excitement on Manchester Change towards 
the end of last week was a reflex of the Birmingham 
meeting on the day previous. The Manchester Stock 
Association resolved to advance all iron from stock 
10s. per ton. All qualities of finished iron show an 
upward tendency. Steel products are participating in 
the upward movement to the fullest extent ; in fact, 
quotations are difficult to obtain. The danger seems 
to be lest prices should run up so speedily as to check 
the inflow of orders on the part of users of iron and 
steel. 


The Scotch steel-makers resolved last week to 
advance the price of steel 10s. per ton. Only a 
fortnight previously a similar advance was made. A 
rise of £1 per ton in a fortnight is said to be un- 
precedented. The iron and steel makers in Scotland 
are said to be fully booked ahead for months. This 
indicates good trade for the engineering industries. 


The collapse of the Berlin electrical workers’ strike 
was not unexpected, for the unions were short of funds. 
It is said that the surrender of the strikers was due 
to the ultimatum of the hardware manufacturers, 
which stated that some 20,000 more men would be 
locked out unless the electrical workers gave in. 


Both of the Glasgow strikes—of pattern-makers and 
of plumbers—ended last week. The pattern-makers 
came out on strike in April last for an advance of a1 
halfpenny per hour. The employers have conceded a 
farthing, work being resumed on Monday last, the 
9th inst. The plumbers’ strike collapsed after twenty- 
six weeks of struggle; the, men were beaten, and 
agreed to return to work on the employers’ terms. 
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HONG KONG IN 1904. 


Tue great developments which are taking place in 
the Far East have immensely increased the importance 
of Hong Kong, both from a naval and a commercial 
point of view. The Anglo-Japanese Alliance may 
render unnecessary the maintenance of a large naval 
force in the Far Eastern seas; but that will make all 
the more important a naval base at a not very great 
distance, to be ready for all contingencies, and Hong 
Kong will serve that purpose, not only as regards our 
interests in the Far East, but also, to a very con- 
siderable extent, those in Australasia. From a com- 
mercial point of view, it may be true that, in view of 
the development of other ports, and the construction 
of railways in China, the future of — Kong is some- 
what uncertain, but there can be little doubt that it 
will remain a most important centre of distribution, 
not only for China, but also for the islands in the 
Pacific anda considerable part of the area which it 
bounds. 

In his report to the Colonial Secretary, Sir M. 
Nathan, the Governor, Bare detailed information re- 
garding the internal administration of the colony ; 
but we need only note a few of the points likely to 
be of interest to our readers. 

Its importance as a shipping port is increasing, the 
total tonnage entering and clearing during the year 
1904 amounted to 24,754,042 tons, being an increase 
compared with 1903 of 714,180 tons, and the same 
number in excess of any previous year. Of this 
amount :— 

Per Cent. 


British ocean-going tonnage represented 31.2 





British river tonnage represen ae | 
Foreign ocean-going tonnage represente 21.3 
Foreign river tonnage represen a 1.9 

Steam launches in foreign trade repre- 
sented cs oe am ok an 0.5 
Junks in foreign trade represented 12.5 
Junks in local trade represented... 9.5 
Total 100.0 


Britain’s share of the total tonnage was 13,406,094 
tons, in 10,190 ships, showing an increase for the year 
of 2,155,798 tons and 1741 ships—viz., an increase of 352 
ships, of 930,300 tons, to ocean-going, and an increase 
of 1389 ships, of 1,225,498 tons, to river trade. The 
above increase in ocean-going trade is principally due 
toa large influx of colliers and other tramp steamers 
in ballast, attracted to the Far East by the war. The 
increase in river trade is due to ten new vessels having 
started to ply during the year. The report states that : 

‘Under foreign flags, the table shows a decrease of 
1308 ships, of 1,946,897 tons, of which 159 ships are 
river steamers. Theriver steamers’ tonnage, however, 
shows an increase of 36,008 tons, giving a net decrease 
in foreign ocean shipping of 1149 ships, of 1,910,889 
tons. 

‘This decrease is due to : — 

‘1, The disappearance of all Russian and almost all 
Japanese ships from the run since the war began. 

‘2. The transfer of a large number of small German 
and Norwegian vessels to the Japanese coast trade. 

**3. A considerable decrease in numbers (but in- 
crease in tonnage) of vessels under United States of 
America colours. 

‘The decrease in number of foreign river steamers 
is due to the smaller number of individual vessels 
plying, while the increased tonnage is accounted for 

y their larger size.” 

The actual number of ships of European construc- 
tion (exclusive of river steamers and steam launches) 
entering the port during 1904 was 860, of which 498 
were British and 362 foreign. These 860 ships 
entered 3981 times, giving a total tonnage entered of 
6,509,919 tons. Thus, compared with 1903, 119 more 
ships entered 38 times less, and with a total tonnage 
decreased by 499,262 tons. The following are the 
returns for the different nationalities :— 


Number of 








Ships. Times Total Tonnage. 
Flag. Entered. 
1903. 1904. 1903. | 1904. 1903. 1904. 
Steamers. 

British .. 331, 498 | 1982 | 2151 | 3,368,788 | 3,843,35 
A istrian 15 13 42 32 106,944 | 102,34, 
Belgian on ms: 1 om 1 oe } 2,047 
Chinese .. ‘ 14 15 172) 180 222,164 241,085 
Danish .. ef 8 4 27 13 48,676 26,817 
D itch .. ll 9 21; 44 34,575 84,379 
French .. 42 36 «=: 262 | «288 «246,837 234,977 
German ‘6 -- 126 147 987) 861 | 1,345,567 | 1,268,835 
Italian .. . 3 6 12 20 32,7382 38,212 
Japanese 69 30 467 51 = 1,017,263 114,951 
Norwegian 51 60 318) 253 319,685 276,211 
Portuguese... 1 4 30 53 7,110 12,167 
Russian on - 9 5 19 5 30,781 14,578 
Spanish Pe ‘ ai 2 “s 2 de 6,017 
Swedish. . ; 4 4 81 12 26,09: 8,582 
United States... 24 24 61 64 200,706 232,857 
Noflag..  .. 1 1 2 Le 8 1,266 2,500 

Total 709° 859 4383 | 3981 7,(09,181 6,509,919 
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Number of 
Ships. Times Total Tonnage. 
Flag. Entered. 
1903. 1904. 1903. | 1904. 1903. 1904. 
Sailing Vessels. 
British .. 13 ll 14 1l 27,525 19,447 
Dutch = i 1 «.~ . <<. 8t 
French .. es 4 2 | 2 7,194 3,444 
German.. ~ 1 1 1 1 2,045 47 
Italian .. ye ae 2 wef & all 994 
Japanese 1 ob 1 os 120 
Norwegian 1 2 1 2 1,498 3,651 
Sarawak ° 1 1 .) = 2,676 1,338 
Swedish.. ee 5 eae 1,271 
United States .. 9 4 9 | 4 11,177 2,867 
No flag .. ae 1 1 1 1,498 919 
Total 82 25 36 26 55,004 32,791 





During the year 1904, 14,922 vessels of European 
construction, of 19,227,312 tons (net register), re- 

rted having carried 10,572,844 tons of cargo, as 
ollows :— 


Tons. 
Import cargo ... 4,150, 639 
Export ,, 2,605, 861 
yo ae ee 3,151,926 
Bunker coal shipped ... 664,418 
Total ... 10,572,844 


Hong Kong has nowa number of local industries of 
considerable importance, and with the New Territory, 
these are likely to increase both in number and extent. 
For the first ten months of 1904, the cotton-spinning 
industry suffered severely from the abnormally high 
price of raw cotton, and during the whole of that period 
short time was resorted to. Irom November onwards 
a good demand was ay ag ag for yarn, and full time 
was again adopted ; but it was not until the middle 
of December that, as a result of large crops of 
cotton in the chief producing countries, the cost 
of raw material declined to a figure that per- 
mitted of spinning being carried on at a profit. At 
the end of 1904 the outlook for the industry was 
encouraging, and, provided the price of cotton keeps 
at a reasonable level, the result of the working for 
1905 is expected to be highly satisfactory. The sugar 
industry in the colony during 1904 resulted in large 
profits to the two local refineries. Owing to the 
scarcity of supplies in consequence of the large defi- 
ciency in the European beet crop, prices gradually ad- 
vanced throughout the year without checking demand ; 
the quantity of refined sugar consumed in China largely 
exceeding that of any previous year, whilst there was 
also a good demand from other markets. Hong Kong 
is not likely to become of’ great importance as a ship- 
building centre ; but during the year 41 steam-launches 
and other vessels, with an aggregate tonnage of 7290, 
were built. The other large industries in the colony 
connected with repairing and docking ships and the 
manufacture of cement and rope, are in a prosperous 
condition. 

A considerable proportion of the boat population of 
Hong Kong and of the villages in the New Territory 
supports itself by deep-sea fishing, in which pursuit a 
large number of junks are engaged. Attention is 
being paid to forestry and agriculture. Many trees 
are being planted and experiments made in various 
departments of agriculture. 

Juring the year the principal public works in pro- 
gress were:—The Tytam Tuk Water Works (first 
section), commenced in March, and consisting of a 
storage reservoir with a capacity of 194 million gallons, 
two sets of engines and pumps capable of lifting 14 
million gallons a day each with 18-in. pipe-line; the 
construction of a new 20-ft. road to accommodate the 
mains of the Tytam Tuk Water Works, and improve 
the road communications of the island; the Kowloon 
Water Works, previously described, on which ag 

rogress was made; the New Law Courts, Har- 
Sour office, western market, bacteriological insti- 
tute, disinfecting station at Kowloon, gunpowder 
dépét at Green Island; the further extension of the 
cattle dépét, and the foundations for the new post 
office and Government offices. A commencement was 
made with quarters for officers at Taipo, and a public 
school at Yaumati. Another bath-house for both 
sexes in the western part of the town was completed. 
An area in Kau U Fong, Victoria, recommended by 
the sanitary experts for resumption, was purchased by 
the Government at a cost of over 220,000 dols. Good 

rogress was made with the scheme of 100-ft. thorough- 
[oe in Kowloon, the road through the King’s Park 
being completed and portions of several lots resumed 
for the extension of Robinson-road northwards. About 
40,000 dols. was spent on nullah training in the colony 
and 20,000 dols. on the reconstruction of street 
gullies to improve the city drainage system. A begin- 
ping was made towards improving the lighting of the 
harbour approaches by arranging for the transfer of 
the first order light at Cape D Aguilar to a new tower 
on Green Island. 

Improvements were made in the various public in- 





stitutions, administrative, educational, and philan- 
thropic, so that Hong Kong is now well equipped 
with many of the organisations required in modern 
society. 

As we have pointed out on a previous occasion, the 
future commercial position of Hong Kong depends, to 
a large extent, on connection with the railway system 
being developed in China. The construction of a rail- 
way from Canton to the frontier of the territory under 
British jurisdiction, for which the British and China 
Corporation had made a preliminary agreement with 
the Chinese Government on March 28, 1899, formed 
the subject of a discussion in London with the direc- 
tors of the Corporation, with a view to an arrange- 
ment being made for working this railway with one to 
be constructed from the frontier of the New Terri- 
tories to the sea at British Kowloon. The Govern- 
ment and the entire commercial community of the 
colony have expressed themselves strongly as to the 
importance of the complete undertaking to the pro- 
sperity of Hong Kong, and it is to be hoped that it 


will soon be successfully carried out. 








_A New Source or Nickrn.—Souesite is the name 
eo to a native nickel-iron alloy recently found in 

ritish Columbia. It is very similar in composition to 
the awarnite of New Zealand, the josephinite of Oregon, 
and to an iron-nickel alloy of Piedmont. It is a grey 
metallic sand forming the heavy residue from the gold 
washings on the Fraser River, near Lillovet, in British 
Columbia. Of the whole sand 47 per cent. consists of an 
iron-nickel alloy which is in the form of small ver 
irregularly-shaped rounded grains of a faint yellowis 
steel-grey colour, with sub-metallic lustre ; it is strongly 
magnetic and is malleable. Its specific gravity is 8.215, 
and the percentage composition of it was found by Mr. 
F. G. Wait’s analysis to be as follows :— 


Nickel .. 75.50 
Cobalt ... nil 
Tron 22.02 
Copper ... 1.20 
Siliceous matter 1.16 

99.88 


G. Christian Hoffmann states that, found with the alloy, 
are scales of platinum (43 per cent. composition), together 
with flattened grains of iridosmine eal ould, and grains 
of magnetite, ilmenite, quartz, and garnet. 





Go.tp.—The imports of gold into the United Kingdom 
sustained a certain check in September, having onl 
amounted for the month to 2,976,615/., as compared wit 
3,642,534/. in September, 1904, and 3,083,303/. in Sep- 
tember, 1903. he ee colonial gold-producing 
— made the following contributions to these 
totals: 








Colonial Group. Sept., 1905. | Sept., 1904. Sept., 1903, 
£ | £ £ 
British South Africa 1,612,431 1,795,217 1,780,543 
British India oo $19,912 | 736,032 212,946 
A 437,710 546,352 792,308 
Canada nil nil nil 


It will be observed that there was a contraction in the 
deliveries both from South Africa and Australasia; the 
latter contraction occurred entirely in Australian supplies, 
deliveries of gold from New Zealand having somewhat 
increased. In the nine months ending September 30, this 
year, gold was imported to the aggregate extent of 
29,744,792/., as compared with 24,771,950/. in the corre- 
sponding period of 1904, and 20,847,902/. in the corre- 
a period of 1903. It will be observed that the 
imports have made a considerable stride forward during 
the last two years in consequence of the rally in 
South African gold-mining. There has also been some 
increase in the receipts of gold from British India, but 
the imports from Australasia have been scarcely main- 
tained. This will be seen from the annexed statement of 
the imports from the four principal colonial groups in the 
first three quarters of the last three years :— 





Colonial Group. 1905. 1904. 1903. 
£ £ £ 
British South Africa ., 15,758,596 12,017,009 | 10,078,487 
British India ee 5,416,640 4,960,120 2,177,663 
Australasia .. 3,315,907 8,588,905 4,763,517 
Canada os . 28 1,120 nil nil 


As wapete the commercial movement of gold, the receipts 
from Germany amounted in the first nine months of this 
year to 2,110,691/., as compared with 1,829,772/. and 
131,168. in the corresponding periods of 1904 and 1903 
respectively. The imports of gold from West Africa are 
slightly increasing, having risen to 434,480/. in the first 
nine months of this year, as compared with 245,983/. and 
192,3547. The exports of gold from the United Kingdom 
in September were 4, 446,579/., as compared with 1,878, 869/. 
in September, i904, and 4,346,748/. in September, 1903. 
The aggregate exports in the nine months ending Sept- 
ember 30, this year, amounted to 22,552,733/., as compared 
with 14,484,613/. and 16,759,475. in the corresponding 
periods of 1904 and 1903 respectively. Our largest ex- 

rts of gold this year were made to France, which took 
0,597,627/., as compared with 5,322,255/. and 1,907,329/, 
respectively. 
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WEAR OF STEEL RAILS ON BRIDGES.* 


By Tuomas Anprews, F.R.S., M. Inst. C.E., F.C.S. 
(Wortley).t 


Tuer author received from a railway company the frac- 
tured portions of a steel rail which had broken in main- 
line service on a bridge, and he made the following inves- 
tigation to determine, if possible, some of the causes 
leading to the breakage, It was stated that the rail was 
made by the acid Bessemer process, and from hematite 
pig iron. It had been laid on the main up, or the south- 
going, line on the bridge, on longitudinal timbers. The 
ife of the rail was eleven years and five months. 

The length of the rail was 30 ft., the original section of 
the rail was of the ordinary standard bull- headed type, of 
90 lb. per yard (see Fig. 1) ; and the present section was 
82.17 lb. per yard (eve Fig. 1); this shows an average Joss 
of about 0 69 Ib.*per yard per annum, from wear and cor- 
rosive action. It had not been laid on ballast, and the 
track was level. 

The trains taking the rail were under full steam at an 
average speed of from 15 to 20 miles an hour. It had not 
been subject to the skidding action of braked wheels. It 
had fractured in two places; fracture No. 1 being 
2 ft. 1in., and fracture No. 2 being 4 ft. 4 in. from the end 
of the rail first taking the trains. It will be thus seen 
that the two fractures were about the same distance apart 
as the first two chairs at the on-going end of the rail. 

An approximate estimate was made of the total traffic 
weight which had passed over the single line of rails of 
which the broken rail formed part. It was estimated that a 
total of about 296,000,000 tons had passed over the single 
track during the lifetime of the rail ; dividing this by two 
gives a total weight of 148,000,000 tons which had rolled 
over and been actually borne by the fractured rail. 

General Examination.—On making a careful general 
external examination of the rail, it was noticed that the 
centre of the first supporting-chair at point A (see Fig. 2 
was about 10 in. from the on-going end of the rail, an 
the centre of the next chair at point B (see Fig. 2) was 
about 2 ft. 6 in. from the centre of the last-mentioned 
chair. The relative distances of the fractures from the 
rail-end and from the supporting-chairs will thus be seen. 

It appears probable, from the indications afforded, that 
the rail first broke at fracture No. 1 (2 ft. 1 in. from the 
on-going rail end), from the sudden stress of an on-coming 
train. The adjoining on-going portion of the rail, being 
thus released from the support afforded by the first chair 
and end fish-plates, would form the overhanging end of 
a lever, whose’ fulcrum would be the next or second chair, 
and this unsupported overhanging fractured end of the 
rail would have to bear the sudden impact of the engine 
tyres, and thus, probably, fracture No. 2 would be 
produced. 

Fracture No. 2 may, however, have been produced with 
the rail-face in compression. The ex ingly smooth 
and polished sppnenaes of portions of the adjacent faces 
of fractures Nos. 1 and 2, due to internal abrasive and 
grinding action caused by the vibration of passing trains, 
as also the lipping of the rail-face at fracture No. 1, afford 
indications that the rail had apparently been in either a 
wholly or a partially fractured state for some time before 
the discovery of the final fracture. The ends of the frac- 
tured portions of the rail had apparently only been held 
together subsequently to the actual breakage, by the 
support afforded by the adjoining chairs, and by the 
somewhat peculiar hollowed nature manifested on the 
faces of each fracture, which caused the adjacent frac- 
tured faces to somewhat interlock with each other, and 
thus to resist to some extent the vertical pressure of pass- 
ing trains. The author has noticed similar cases of 
broken rails having thus been held together for some 
time after fracture, in course of some examinations he has 
recently made for two of the chief English railways, of 
two rails which had fractured in two different tunnels. 
The rail had reduced in vertical height from wear to the 
average extent of about ,*, in. at fracture No. 1, and to 
the extent of about ,'; in. at fracture No. 2. 

A careful low-power examination of the rail-face showed 
it to be in fair working condition, and it was generally 
free from the fine transverse hair cracks which the author 
lias sometimes found on the faces of rails which have 
endured the stress of heavy traffic for a prolonged period. 
On the rail-face at fracture No. 1 the edge of the fracture 
had lipped and been turned back in a strip by the passage 
of on-going trains, subsequent to the final fracture; this 
shows that trains had passed over the rail for some time 
after the actual fracture had occurred. There were a few 
longitudinal markings in places on the rail face, but they 
were not of any serious moment. The outer edge of the 
rail-face-had lipped outwards to a considerable extent, as 
seen on the section, Fig. 1; but this condition is not 
unusual in rails of this age and extent of wear. The 
Wuicknges of this overlapping fin was about 0.11 in. The 
effects of weathering and corrosive action were very 
marked on the sides of the rail, and also on the under- 
side of the rail bottom. 

Measurements were taken showing the depth of some of 
the typical corrosion cavities, and are recorded in Table I., 

537. Illustrations of the effects of corrosion on the 
rail side and on the bottom flange, near both fractures Nos. 
1 and 2, are given in Figs. 3, 4, 5, and 6, page 535. The 
considerable corrosion noticed on the underside of the rail 
bottom has probably been due to the local galvanic action 
which is excited by contact in moisture between the steel 
rail and the cast-metal chairs. The author has shown 


* Paper read before the Iron and Steel Institute at 
Sheffield, on September 27. 

+ See Encrneerrne, vol. lxiii., 265, 499, and 840; 
vol. Ixiv., pages 99, 249, 298, 455, and 676; vol. Ixv., 
pages 7, 201, 451, and 617; vol. Ixxiii., page 501; vol. lxxiv., 
pages 653, 687, and 724. 





alvanic action of this nature is productive 
of inc corrosion in both iron and steel, and also 
that metals, when under stress, corrode more rapidly 
than when they are in their normal condition. (See 
‘**Gulvanic Action between Metals in Sea-Water,” Pro- 
ceedings of the Institution of Civil Engineers, vol. lxxvii., 
Session 1883-4; ‘Corrosion of Metals in Sea-Water,” 
Proceedings of the Institution of Civil Engineers, vol. 
lxxxii., Session 1884-5; ‘‘ The Action of Tidal Streams 
on Metals,” Proceedings of the Royal Society, No. 232 
and No. 238, 1885 ; ‘* Effects of Stress on the Corrosion | 
of Metals,” Proceedings of the Institution of Civil Engi- | 
neers, 1894, by Thomas Andrews, F.R.S., M. Inst. C.E., | 
F.C.S.) The bottom flange, where it had rested in the | 
chair, had worn down to the extent of about ,*; in., from 
the abrasion caused by the action of passing trains. The 
extent of this is illustrated in Figs. 5 and 7. This | 
illustration (Fig. 5) also shows that the longitudinal wear | 
in the chair had been of a somewhat stepped character, 
instead of consisting of a gradual slope, which is the more 
usual development of this class of rail deterioration. 

This stepping effect may possibly have been due to some 
creeping action of the rails, which has occasionally been 
noticed to occur on some long iron bridges by some Ameri- 
can railway engineers, and the author has knowledge of 
rails having been gradually forced back in the chairs for 
a considerable distance from the pressure of passing en- 
gine tyres on steep gradients. The appearance of frac- 
ture No. 1, as seen vertically on the rail-face, is given in 
Fig. 8, and an illustration, as seen from the rail bottom, 
is given in Fig. 4. The fracture No. 1, as seen from the 
side of the rail, is shown in Fig. 3, and fracture No. 2, as 
seen from the side of the rail, will be seen in Fig. 6. 


that local 


chemical and physical structure of the rail. On the 
vertical face of fracture No. 2, about } in. below the rail- 
face, was a small longitudinal fissure extending axially 
about , in. 

The general contour of the main fractures are illus- 
trated in Figs. 3, 4, 6, 8, 9, 10, and 11, from which it 
will be seen that the breakages had apparently occurred 
some time previous to their being discovered. The adja- 
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THE CENTRE OF THE FIRST SUPPORTING CHAIR ‘A WAS 10 INCHES FROM TH 


é 
ONGOING END OF THE RAIL, & THE CENTRE OF THE NEXT CHAIR “B”"WAS 2FEET 6 INCHES 
FROM THE CENTRE OF THE LAST MENTIONED CHAIR. THE RELATIVE DISTANCES OF THE 
FRACTURE FROM THE RAIL END & CHAIR SUPPORTS WILL BE THUS SEEN. 



































Fie 9.—Fractured steel rail. Time life 11,, 
years. Main-line traffic. Face of fracture 
No. 1, as seen opposite the direction of 
passing trains. Loss in weight, 0.69 Ib. 

r yard per annum. Main-line traffic 
weight carried by this rail, 148,000,000 
tons. 


lly, years. 
passing trains. 
weight carried by 
tons. 


FRACTURED 


Fig./2. 


OF SO INCHES FROM RAIL 


LEVEL LINE OF RAIL FACE 





! (3044 0) 


The appearances of the opposing faces of fracture No. 1 ' 
are given in Figs. 9 and 10. Fig. 9 shows the face of 
fracture No. 1 as seen opposite the direction of passing 
trains ; Fig. 10 is the face of fracture No. 1 as seen in the 
direction of passing trains. : 

Fig. 11 illustrates fracture No. 2. The upper portions 
of the rail-head are seen to have broken with a clean-out 
surface, and the fractures generally showed a brittle 
nature, except in some local places. The main features 
of the fractured faces generally confirmed the results of 
the chemical, physical, and microscopic examinations, 
and afforded visible indications of the locally varied | 


Fie. 10.—Fractured steel rail. 
Main-line traffic. 
fracture No. 1, as seen in the direction of 
Loss in weight, 0.69 lb. ? 
per yard per annum. 


VARIATIONS FROM LEVEL ON RAIL FACE; IN A LENGTH 


Fic. 11.—Fractured steel rail. Time life, 
lly years. Main-line traffic. Face of 
fracture No. 2, asseen opposite the direc- 
tion of passing trains. in weight, 
0.69 Ib. per yard per annum. Main-line 
traffic weight carried by this 
148,000,000 tons. 


Time life, 
Face of 


Main-line traffic 


this. rail, 148,000,000 rail, 


STEEL RAIL 
END FIRST TAKING THE TRAINS. 


°. 


=, 


END OF RAIL FIRST 
TAKING TRAINS 


cent fractured faces were in places smoothly polished 
from the abrasive action of the opposing faces during the 
passage of trains. 

A meferenes to the faces of the fractures Nos. 1 and 2 
(see Figs. 9, 10, and 11) shows that the fractured on-going 
end facing the direction of passing trains was hollowed 'n 
contour and polished by abrasion ; and that the opposite 
off-going fractured end somewhat protruded, and was also 
shed by the rubbing together of the adjacent fractured 
aces. ; 

Variations from Level on Rail-Face.—A careful exam- 
nation of the rail-face showed that, for a length of 50 10, 
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WEAR OF STEEL RAILS ON BRIDGES. 














Fie. 3.—Fractured steel rail. Time life, 11), years. Main-line traffic. Side of rail, Fie. 4.—Fractured steel rail. Time life, 11f, years. Main-line traffic. Rail bottom 
showing Fracture No. 1 and corrosion. Loss in weight, 0.69 lb. per yard per face, showing Fracture No.1 as seen from under side of rail. Loss in weight, 
annum. Main-line traffic weight carried by this rail, 148,000,000 tons. The 0.69 Ib. per yard per annum. Main-line traffic weight carried by this rail, 
arrow indicates direction of passing trains. 148,000,000 tons. The arrow indicates direction of passing trains, 

—_ qn 























Fic. 5.—Fractured steel rail. Time life, 11), years. Main-line tratfic. - Rail bottom Fig.56.—Fractured/steel rail. Time life, 11). years. Main-line traffic. Side of rail, 
face where rail had rested in the chair near Fracture No. 1, showing also rail showing Fracture No. 2 and corrosion. Loss in weight, 0.69 Ib. per yard per 
bottom corrosion. Loss in weight, 0.69lb. per yard per annum. Main-line annum. Main-line traffic weight carried by this rail, 148,000,000 tons. he 
traffic weight carried by this rail, 148,000,000 tons. The arrow indicates direc- arrow indicates direction of passing trains 


tion of passing trains. 























Fic, 7.—Fractured steel rail. Time life, 11, years. Main-line traffic. Side view, Fig. 8,—Fractured steel rail. Time life, 11y, years. Main-line traffic.7 Rai) face, 
bottom flange, showing wear of rail bottom in chair. Loss in weight, 0.69 lb. showing Fracture No.1. Loss in weight, 0.69 Ib. per yard per annum. Main- 
per yard per annum. Main-line traffic weight carried by this rail, 148,000,000 line traffic weight carried by this rail, 148,000,000 tons. 1e arrow indicates 
tons. The arrow indicates direction of ng trains. direction of passing trains. 


from the rail-end first taking the trains, the rail-face had | rolling longitudinal contour. Thisisshown in the magni- | adjacent to the point of fracture. The extent of the greatest 
not worn longitudinally in a ectly even manner ; in | fied diagrammatic illustration in Fig. 12, page 534, the | depression did not exceed about vy in.; the existence of 
two places in the above length of this rail the wearing- | two depressions illustrating the positions of greatest force | the depressions was, however, clearly observable. 

face had become depressed to a modified wave-like or! qnattel on the rail by on-coming trains, both of which are| Chemical Analyses.—Drillings for analysis were taken 
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Fie, 18,—Micro-crystalline structure, fractured steel 
rail, 90-lb. section. Time life, 11), years. Longi- 
tudinal section, rail-face, showing segregated struc- 
ture at Fracture No. 1. Loss in weight, 0.69 Ib. per 
yard per annum. Total traffic weight carried by 
this rail, 148,000,000 tons. The arrow indicates the 
direction of length of rail. Magnification of original 
photograph, 250 diameters ; of engraving, 150 dia- 
meters, 





Fia, 16.—Micro-crystalline structure, fractured 
steel rail, 90-Ib. section. Time life, lis years. 
Transverse section, 0.U2 in. below rail-face at 
Fracture No. 1. Loss in weight, 0.69 Ib. per 
yard per annum. Total traffic weight carried 
by this rail, 148,000,000 tons. Magnification of 
original photograph, 100 diameters ; of engrav- 
ing, 60 diameters. 





Fie. 19.—Micro-crystalline structure, fractured 
steel rail, 90-Ib. section. Time life, 11,4 years. 
Transverse section, inside area, near junction 
of rail-head with web at Fracture No.1. Loss 
in weight, 0.69 lb. per yard per annum. Total 
traffic weight ied by this rail, 148,000,000 
tons, Magnification of original photograph, 250 
diameters ; of engraving, 150 diameters. 
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Fie. 14.—Micro-crystalline structure, fractured steel 
rail, 90-lb. eection. Time life, 11} years, Longi- 
tudinal section, rail-face, showing segregated struc- 
ture at Fracture No.1. Loss in weight, 0.69 Ib. 
per yard per annum, Total traffic weight carried 
by this rail, 148,000,000 tons. The arrow indicates 
the direction of length of rail. Magnification of 
original photograph, 250 diameters ; of engraving, 

150 diameters, 


Fie. 17.—Micro-crystalline structure, fractured 
steel rail, 90.1b. section. Time life, 11,, years. 
Transverse section, (.25 in. below rail-face at 
Fracture No. 1, showing internal micro-flaws. 
Loss in weight, 0.69 1b. per yard per annum. 
Total traffic weight carried by this rail, 
148,000,000 tons. Magnification of original 
photograph, 250 diameters; of engraving, 150 
diameters, 





Fie, 20.—Micro-crystalline structure, fractured 
steel rail, 9U-lb. section. Time life, 11,, years. 
Transverse section, inside area, near junction 
of rail-head with web at Fracture No. 1. Loss 
in weight, 0.69 lb. per yard per annum. Total 
traffic weight carried by this rail, 148,000,000 
tons. Magnification of original photograph, 250 
diameters ; of engraving, 150 diameters. 





Fie. 15.—Micro-crystalline structure, fractured steel 
rail, 9C-!b. section. Time life, 11,°, years. Trans- 
verse section, rail-face, at Fracture No. 1. Loss in 
weight, 0.691Ib. per yard per annum. Total traffic 
weight carried by this rail, 148,000,000 tons. Magni- 
fication of original photograph, 100 diameters ; of 
engraving, 60 diameters. 





Fic. 18.—Micro-crystalline structure, fractured 
steel rail, 90-Ib. section. Time life, 11, years. 
Transverse section, 0.25 in. below rail-face at 
Fracture No. 1, showing internal micro-flaws. 
Loss in weight, 9.69 lb. per yard per annum. 
Total traffic weight carried by this rail, 
148,000,000 tons. Magnification of original 
photograph, 250 diameters; of engraving, 150 
diameters. 





Fig. 21.—Micro - crystalline structure, fractured 
steel rail, 90-lb. section. Time life, 11, years. 
Transverse section, rail-head, and web junction 
at Fracture No. 1, showing internal micro-flaws. 
Loss in weight, 0.69 Ib. per yard per annum. 
Total traffic weight carried by this rail, 
148,000,000 tons. Magnification of original 
photograph, 250 diameters ; of engraving, 150 
d’ameters. 








from several positions in the face of the transverse vertical | bottom flange of the rail. The average results of the| the rail-head, at the junction of the rail-head with the 
section about 6 in. from the end of the rail first taking | analyses from these positions are given in Table II. | web, and from the bottom flange ; the results of this series 
the trains—viz., from the ee of the rail-head, from near | Separate drillings were taken from the face of the trans- | of analyses are given in Table II. uh 

the junction of the rail-head with the web, and from the | verse vertical section near fracture No. 1, at the topof, Another series of analyzes were made of drillings from 
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identical positions in the transverse vertical section close 
to fracture No. 2, 4 ft. 4 in. from the on-going end of the 
rail, with the results given in Table II. The drillings 
for the analyses described as ‘‘ Top of Rail- ” were 
taken from the three respective longitudinal positions 
described in Table II., columas 1, 2, and 3; from just 
below the centre of the rail-face, and from either side of 
the rail-head, in each case, These analyses, therefore, 
practically represented the chemical composition of the 
outer periphery or contour of the rail-head. 

The average analyses of these are given for the respec- 
tive positions in Table IT. in columns 1, 2, and 3. 


TaBLE I.—Depth of Some External Corrosion Cavities. 
Depth of Corrosion Cavities in Inches. 


Rail Side. Rail Bottom. 
T 3 5 ve 
ey ty 
gs as 
ey & 


1 1 
32 


ey 
vy } 

The various analyses of this rail present features of 
considerable interest. It will seen, on reference to 
Table II., that the combined carbon, sulphur, and phos- 
phorus had locally segregated, to a considerable extent, 
around the outer periphery forming the contour of the 
rail-head. 

In this situation, and also in the bottom flange of the 
rail, the percentage of combined carbon was excessive for 
rail steel, and the silicon was more than desirable ; more- 
over, the manganese was present in very great excess ; 
the sulphur and phosphorus were satisfactory. 

On comparing the chemical composition of the wearing 
surface of the rail-head and rail-head sides, both adjacent 
to fractures No. 1 and No. 2, with the composition of the 
rail at the junction of the head with the web, in the same 
vertical sections, it will be seen that considerable local 
segregation of the chemical constituents had occurred, 
some of the elements having apparently, in course of the 
thermal treatment of the rail from the ingot to the 
finished state, migrated outwards, and transversely segre- 
gated near the outer surface of the rail, which has pro- 
duced a rail of very diversified non-homogeneous composi- 
tion throughout the mass. The rail has consequently 
proved to be of an unsatisfactory character. 

The non-uniformity of chemical composition is seen on 
referring to Table 1I. This rail is, in fact, a typical 
sample of a segregated high carbon and high manganese 
rail, which class of rails almost invariably have a tendency 
to suddenly fracture in main-line service. The author 
has recently examined, for several English railway com- 
panies (for whom he acts as consulting metallurgical 
chemist and testing engineer), rails of this type, which 
have shown brittle qualities and have suddenly broken 
after comparatively short main-line service. The rail 
bears internal evidence of having been originally made 
from good pig iron ; but in the manipulation an excessive 
percentage of combined carbon and manganese has been 
allowed, which has been detrimental to the physical 
structure and permanent endurance of the rail. 

The analyses of the various parts of the rail have shown 
that the chemical constituents are disproportionately 
balanced, the result of which has been a rail of unsatis- 
factory brittle nature. Confirmation of this is also afforded 
by the results of the physical tests in Table III., and 
by the results of the microscopical examination given 
later on. 

Physical Tests of the Fractured Rail.—Portions were 
machined for the tensile tests from the top of the rail- 
head, from near the junction of the rail-head with the 
web, and from the bottom flange, these test-pieces being 
taken from near to fracture No. J, 2 ft..1 in. from the end 
of the rail first taking the trains, The results are given 
in Table ITI. 

Other portions were machined from the top of the 
rail-head, near the junction of the rail-head with the 
web, and from the bottom flange of the rail, adjacent to 
fracture No. 2, 4 ft. 4in. from the end of the rail first 
taking the trains, The results are given in Table III. 

The results of the tensile tests show that the rail was 
entirely lacking in uniformity of physical structure. 

The maximum stress near the top of the rail-head, at 
fracture No. 1, was very high, the elongation was extremely 
low, and the physical properties of the rail at this point 
were but little removed from the properties of cast metal. 
Lower down in the vertical section, near the junction 
of the rail-head with the web, the physical properties 
were here, locally, entirely different from those near the 
top of the rail-head. At this point the maximum stress, 
elongation, and the reduction of area were satisfactory, 
and were such as are found in good rail steel. 

{n the bottom flange of the rail the maximum stress 
wis extremely high and far beyond what is desirable in 
good rail steel ; the elongation was very poor, as was also 
the reduction of area per cent. 

‘he maximum stress at the top of the rail-head, adja- 
cent to fracture No. 2, 4 ft. 4 in. from the on-going end 
of the rail, was very much higher than is desirable for 
good rail steel, and the elongation was somewhat low. 
The physical properties at the junction of the rail-head 
with the web, near to fracture No. 2, were of a satis- 
factory ae and representative of the structure of good 
rail steel, 

n the bottom flange of the rail, adjacent to fracture 


No. 2, the maximum stress was very high, and the elon- 
gat 1 was extremely low—not much better than cast 
metal, 


These results show that the ated condition of the 
chemical elements indicated in Table II. had very mate- 








TABLE I1.--Cuemicat ANALYSES OF THE FractuRED Ratt. 





Cotumn 1. 


LoneiTuDINAL Position. 6 IN. FROM 
Enp or Rai. First Takine 
THE TRAINS. 


Position in VERTICAL SECTION. 


LONGITUDINAL Position, 
Fracture No. 1, 
Rai Enp First Takine THE TRalrNs. 


POSITION IN VERTICAL SECTION. 


Cotumn 2. Cotumn 3 


Ar 
2 Fr. 1 In. From 


LONGITUDINAL Position, NEAR 
Fracture No. 2, 4 Fr. 4 In. From 
Rai, Enp First Takine tue Traws. 


Pos!TION IN VERTICAL SECTION. 











| Ss. » = 
. ~ 3 3 ost : - : 3 S ‘ a - S 36 
s 5 | : g +4 3 . 
a 6 |°83 §& #ef3 3 S36| § sess 3 Ss) & | 2eh3 
sy f= §& #BESE Sy |S7F| 3 Bese) cy Ste F | ERE 
Sy Sac £a8t | Sy Faz east! SY Bas | eas 
ef (ide 9 BSEF| c= ESE] 9 BSES oS ESF, g | SEE 
a= (S55 gf qae eae" 146 a < Fr wet. a | gaa 
Combined carbon by | 
coloration test 0.510 | 0.340 0.480 50 0.495 0.350| 0.490 41} 0.520 | 0.820 0.450 62 
Silicon ; 0.086 | 0.076 0.088 12 0.098 0.080| 0.093 16} 0.097 | 0.086 | 0,088 12 
Manganese .. 1.361 | 1.282 1.358 6 1.368 1.318} 1.376 44 1.413 | 1.834 | 1.441 8 
Sulphur 0.077 | 0.010 0.071 92 0.070 0040| 0.070 75 0.079 0.044 | 0,077 79 
Phosphorus... ..| 0.074 | 0.043 0.067 72 0.071 0.048} 0.067 48 =| 0.078 | 0.046 0.075 69 
Iron by difference ..| 97.892 | 98.217 97.936 x 97.903 98.164 | 97.904 “4 97.813 98.170 97.869 
100.000 | 100.000 |LC0.000 100.000 109,000 


| 


100.000 | 100.000 








N.B.—It may be remarked that the percentage of the combined carbon at the top of the rail-head, close to fracture No. 2, 


was 0.52, and that at the side of the rail-head the combined carbon was 0.46 


r cent., whereas at the junction of the rail- 


head with the web the combined carbon will be seen to be present to the extent only of 0.32 percent. See column 8 in the 


above table. 


TasLe IIl.—TZensile Tests of the Fractured Rail. 


e — oe 
Original (3 & g& 83 ° 
Dimensions. ¢ 3 4 se £5 
5 33) £8 = ¥ ah § s Remarks. 
sc 8o|2e Sa sei 3 is 
s aS) 28 $ &s | € 84 
5 § 188/95 (8 Be = 3 $ 
2.8 $ 28' 353 se 2% & 3 
Bia << Ao; m@ \g=2 3° 6 2< 
in. sq. in., in | tons p.c. tons | p.c p.c. 
1T 0.564 0.250; 2 | 2892 599 48.32 4.0 5.2 Very finely 
| granular. 
1J 0.564 0.250; 2 | 22.12) 54.7 40.44 30.0 59.2 Silky fibrous 
1B 0.564 0.250) 2 | 32.68) 56.1 58.24 80 8.4/Very finely 
| granular. 
2T 0.564 0.250, 2 | 27.84) 58.1 52.52 15.0 24.4/Finely gra- 
| | nular witha 
| trace fibrous 
2J 0.564 0.250; 2 | 22.40) 55.1 40.60 | 29.0 59.2 Silky fibrous 
2B 0.564 0.250; 2 | 33.76 70.5 47.88 3.0 5.2 Very finely 


granular. 


Test Index 1 T was taken from the top of the rail-head at frac- 
ture No. 1. 

Test Index 1 J was taken from near the junction of the rail- 
head with the web, about 14 in. below the rail-face, adjacent to 
fracture No. 1. 

Test Index 1 B was taken from the bottom flange of the rail at 
fracture No. 1. 

Test Index 2 T was taken from the top of the rail-head at frac- 
ture No. 2. 

Test Index 2 J was taken from near the junction of the rail- 
head with the web, about 14 in. below the rail-face, adjacent to 
fracture No. 2. 

Test Index 2B was taken from the bottom flange of the rail at 
fracture No. 2. 


rially affected the physical structure of the mass of the 
rail, and had resulted in a rail of a brittle character. 
There was no homogeneity of physical structure through- 
out either the vertical or longitudinal section of the rail, 
and this lack of uniformity the author considers due to 
the very high percentages of combined carbon and man- 


ganese which prevailed in the chemical composition of | 
the rail-head and bottom flange. The results of both | 


the chemical analyses in Table II. and the high-power 
microscopic examinations confirm the results obtained by 
the above physical tests, and indicate the undesirability 
of using rails of a high percentage of combined carbon 
and manganese (even though comparatively free from 
excess of sulphur and phosphorus) on the permanent 
track. 

High-Power Microscopic Examination.—The author 
made a careful high-power microscopic examination of 
the crystalline structure of the rail. A portion was ma- 
chined from the rail-head, close to fracture No.1; the 
section was ney | shaped and polished, and afterwards 
etched in suitably dilute acid to develop the micro-crystal- 
line structure of the rail-face, as seen in longitudinal 
section, close to fracture No. 1. 

The longitudinal micro-crystalline structure of the rail 
face was of an unsatisfactory nature and showed a brittle 

ted formation and one liable to fracture trans- 
versely under stress. Most of the individual crystalline 
grains of the ferrite were of an irregular shape and cha- 
racter ; there were considerable segregated areas of grey 
carbide of iron, and also large and isolated patches of 
ferrite. The general crystalline structure of the wearing 
face of the rail was of an undesirable type, and such as is 
characteristic of brittle high carbon and high manganese 
steel rails. 

The results are illustrated in the photo-micrographs, 
Figs. 13 and 14, e 536, as seen in longitudinal section, 
at magnifications of 250 diameters. A micro-section of the 
top of the rail-head, in transverse section (adjacent to the 
longitudinal micro-section above described), was also pre- 
pared, polished, and etched, to illustrate the micro-crys- 
talline structure, as seen in transverse section, at the edge 
or top of the wearing face and at varied distances in the 
vertical transverse section below that position. 

High-power microscopic examinations of the transverse 
vertical structure were made on the line of the wearing 


face of the rail, at +5 in. beneath the wearing surface, 
at ;4 in. beneath the wearing surface, at } in., and at 
various distances down to a total of 4 in. below the sur- 
face of the rail-face. 

The results giving the pogmiotions employed —viz., 
100 diameters—are respectively shown in Figs. 15 and 16. 

In Figs. 17 and 18 are illustrated, at a magnification of 
250 diameters, internal micro-flaws, as seen in transverse 
section, 0.25 in. below the rail-face at fracture No. 1. 

There was no marked alteration of crystalline structure 
observable in this section, which throughout manifested 
the large-grain crystalline formation usually typical of 
high carbon and high manganese steel rails, A further 
micro-section was machined from the transverse vertical 
section, near the junction of the rail-head with the web, 
at a vertical distance of about 14 in. from the wearing 
face of the rail, and in the same longitudinal axial line 
from whence the chemical and physical tests were taken, 
described in Tables II. and III. as ‘‘ Junction of Rail- 
Head with Web.” In this position the crystalline struc- 
ture was of a different character from that found at the 
top of the rail-head, the crystalline grains being of a 
smaller formation, and characteristic of a somewhat better 
quality of rail-steel. There were, however, in places, indi- 
cations of the lattice-like mesh-work crystalline formation 
characteristic of ingot structure. The results of this exami- 
nation will be seen in Figs. 19, 20, and 21. [In all cases 
the engravings are smaller than the photographs. | 

Figs. 13, 14, 17, and 18 show, at a magnification of 250 
diameters, the general micro-crystalline structure, as seen 
in transverse section, of the outer crystalline formation 
nearer the rail-head, where the segregation of some of 
the chemical elements has occurred at fracture No. 1. 

Figs. 19, 20, and 21 show the crystalline structure in 
transverse section, nearer the centre of the rail-head and 
web junction, as seen at a magnification of 250 diameters 
[reduced to 150 diameters], at fracture No, 1. 

Fig. 21 shows the transverse section of a fine internal 
longitudinal micro-flaw, as seen at a magnification of 250 
diameters, found near the rail-head and web junction at 
fracture No. 1. The gee micro-crystalline structure 
in this position is also illustrated. 
| Acomparison should be made between these figures (19, 
| 20, and 21 inclusive) and Figs. 13, 14, 15, 16, 17, and 18 in- 

clusive, of the structure of the rail-head top. 
Confirmation of these microscopical results will be found 
in Table IT. of chemical analyses, and in the results of the 
physical tests in Table III., the latter test showing that 
| a better quality of steel existed in this position of the rail 
| section, whereas the top of the rail-head manifested very 
inferior physical properties. 

The author thinks there are indications that the ingot 
had been maintained in a heated condition for some time 
before rolling. The micro-sections of the rail-head, both 
longitudinal and transverse, visibly demonstrated that a 
decided segregation of some of the chemical constituents 
had occurred, and that there was an excessive concentra- 
tion of combined carbon and some other elements in the 
top of the rail-head and in the rail bottom. At the 
junction of the rail-head with the web the steel was of 

tter quality, and of more even crystalline texture. 

In the top of the rail-head the carbide of iron areas or 
crystalline grains of pearlite were very large, and most of 
them were isolated from their neighbours by a thin lattice- 
like surrounding mesh-work of ferrite, a structure which 
is indicative of a tendency to weakness and brittleness, 
The or oa he ere structure near the junction of the 
rail-head with the web was of a smaller type. 

The whole of the microscopical examinations made show 
that there was a considerable want of both chemical and 
physical uniformity of micro-crystalline structure through- 
out the mass of the rail as a whole. 

1. General Remarks.—The work done by the rail pre- 
vious to its fracture is represented by the weight in pass- 
ing traffic which has been borne by the single rail—viz., 
148,000,000 tons. The rail had therefore endured a con- 
siderable amount of work previous to its fracture. The 
loss in weight—0.69 lb. per yard per annum—was above 
the normal wear of steel rails, and it was higher 
than the author has observed in the case of numerous old 
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rails which he has recently examined, having a medium 
a of combined carbon and manganese, and which 

endured the main-line traffic of some of the chief 
railways in England for periods varying from eighteen to 
oe years. 

2. The two fractures were mostly of a short brittle 
character, and both of them had apparently occurred 
some time previous to their discovery. The wearing face 
was in fair condition, though there had been considerable 
external corrosive action on the sides of the rail, but 
more especially under the bottom flange where the rail 
had rested in the chairs. 

3. Amongst other contributory causes, the author con- 
siders that one of the chief causes of the fracture has been 
the defective segregated chemical composition of the rail, 
and to the fact. that the tages of combined carbon 
and manganese, found in the top of the rail-head and in 
the bottom flange, were in excess of what should obtain 
in good rail steel. The chemical composition was an un- 
desirable one, and such as is liable to lead to brittleness 
and sudden fracture in rail service. 

4. The condition of local apantee of some of the 
chemical constituents (see Table II.) in the vertical sec- 
tion has caused an inequality of physical mass structure 
(see Table IIT.) which has cneanll y reduced the resistin 
strength of the rail to the vibratory shocks of spalngel 
wear ; this non-uniformity of physical structure is due to 
the unevenly balanced nature of the chemical composition 
of the rail. 

The two fractures, Nos. 1 and 2, have both occurred 
in positions of concentrated segregation of the chemical 
constituents. 

5. The results of the physical tests have demonstrated 
that the upper portion of the rail-head, and also the 
bottom flange, were of a hard and brittle nature, whereas 
near the junction of the rail-head with the web the 
physical properties were of a different nature, there 
being an entire lack of uniformity of physical structure 
throughout the mass of the rail (see Table ITT.). 

6. The high-power microscopic examinations have con- 
firmed the results arrived at by the chemical analyses and 
physical tests, and they have visibly demonstrated the 
non-uniformity of the physical and crystalline structure 
of the rail, and the microscopic observations have also 
further shown the local segregation of the chemical ele- 
ments existing in the various parts of the vertical section 
of the rail. 

The microscopic examinations have also shown the un- 
desirability of employing rails having too high a a 
centage of combined car and manganese, and they 
have also indicated that great care should be exercised 
in the thermal treatment of rails, from the ingot to the 
finished rail, in order to obtain a suitable micro-crystal- 
line structure resulting in a good durable rail. 

7. The author has sometimes detected, in course of his 
examinations and analyees of steel rails, the existence of 
a local external se tion of some of the chemica] com- 
ponents, in addition to internal transverse segregation 
and internal longitudinal segregation of some of the 
chemical constituents of steel rails. 

The phenomenon of external segregation is allied to 
that of the internal transverse and longitudinal - 
tion which he has recently investigated ; but its effect 
on the strength of a rail is somewhat different. (See 
‘* Effect of Segregation on the Strength of Steel Rails,” 
Transactions of the Society of Engineers, 1902, page 209.) 

With regard to the cause of external local tion 
in steel rails, the author has demonstrated that local 
internal segregation mostly exists in those rails which 
represent the top part of an ingot. During the coolin; 
of large steel ingots he thinks that in addition to | 
segregation, near the top of an ingot, there may some- 
times be a further transverse migration of the carbon 
and other elements from the central axial part towards 
the exterior of the ingot. This tendency to external 
migration of the chemical elements he considers is most 
likely to occur near the bottom or wider of the 
ingot. Now, when such an ingot is rolled into a rail, 
say, 90 ft. long (which is finally cut in 30-ft. lengths), 
that rail representing the bottom of the ingot is likely, 
from the above cause, to manifest a condition of local ex- 
ternal segregation, as distinct from interior axial longi- 
tudinal segregation; whereas the rail representing the 
top portion of the pines would probably afford indications 
only of internal | axial segregation. 
he author further thinks that the keeping of steel 
ingots for any lengthened period in ‘‘ soaking-pits” tends 
to promote local segregation of some of the chemical 
constituents. If either internal or external local segrega- 
tion arising from any cause is present to any consider- 
able extent, it becomes a serious source of danger, leading 
to the sudden fracture of rails. (See ‘' Effect of Segre- 
gation on the Strength of Steel Rails,” Transactions of 
the Society of Engineers, 1902, page 209.) 


The fractured rail now under consideration affords a | ages 


practical example of the ris't arising from rails of this 
type, and this fractured rail is, in fact, a very marked 
type of external local segregation, which condition has 
apparently oted the sudden fracture of the rail. The 
author considers that this state of segregation was initially 
derived from the ingot, and that it has simply been con- 
tinued in the rail during the final process of manipulation. 
8. The results of the investigation indicate the import- 
ance of keeping the chemical composition of rails within 
the limits of such a chemical specification as will uce 
the best results in actual wear, and minimise the liability 
to sudden fracture. The author some time ago pre 
a chemical and physical specification for steel rails with 


the above object, and which has yielded satisfactory 
results in main-line service on some of the chief railways 
in England who have adopted it. 

Suggestions.—(1) The author made a careful examina- 
tion of the general section of this rail, and has compared 





it with other rails, and he ventures to suggest that the 
rail-web in the original section is rather too thin in pro- 
portion to the section of the rail (the web being only 
#4 in. thick). 

He thinks that in rails of this type the web should not 
be less than # in. thick, or at least }4 in., and the width 
of the rail-head may, he considers, with advantage be 
increased to not less than 23 in., and the width of the 
bottom flange proportionately increased. 

He has for some years past recommended, with advan- 
tage, to some of his railway clients, a thickening of the 
web and widening of the rail-face and bottom flange, and 


es 





Fig, 22.—Microscopic effectsjof compressive stress, frac- 
tured steel rail, 90-lb. section. Time life, 11; years. 
Rail-face polished and compressed 5 per cent. of 
original size, showing development under stress of 
crystalline slip and fine transverse fissures, starting 
from longitudinal micro-flaws of sulphides or other 
impurities, near Fracture No. 1. Loss in weight 
0.69 Ib. per yard per annum. Total traffic weight 
carried by this rail, 148,000,000 tons. The arrow indi- 
cates direction of compressive stress and length of 
rail. Magnification of original photograph, 875 dia- 
meters ; of engraving, 225 diameters. 





Fie, 23. 
tured steel rail, 90-Ib. section. 


Microscopic effects of compressive stress, frac- 
Time life, 11), years. 
Rail-face polished and compressed 5 ood cent. of 
original size, showing development under stress of 
crystalline slip and fine transverse fissures, starting 
from longitudinal micro-flaws of sulphides or other 


impurities, near Fracture No. 1. Loss in weight, 
0.69 Ib. per yard per annum. Total traffic weight 
carried by this rail, 148,000,000 tons. The arrow indi- 
cates direction of compressive stress and length of 
rail. Magnification of original photograph, 350 dia- 
meters ; of engraving, 210 diameters. 


the result has been satisfactory, and reduced the break- 
in practical main-line service. 

(2) The author thinks it would be desirable to use a 
heavier section of rail for bridge or tunnel traffic than 
the section of the rail now examined, and he prefers for 
bridge work to use a wide, flat-bottomed rail of heavy 
section, as he believes heavy-sectioned, flat-bottomed 
rails on longitudinal sleepers will yield more reliable 
results in main-line traffic for bridge or tunnel service 
than the ordinary bull-headed type of rails resting in 
chairs. If, however, bull-headed rails with transverse 
sleepers are employed, it is very desirable to have in 
tunnels or on bridges a greater number of sleepers placed 
nearer ther, and also to have specially large sleepers 
beneath the fish-plate joints at the ends of the rails. 

Tn case rails of a heavier section are used, it is impor- 
tant that the ingots from which they are rolled should 
have a proportionately increased transverse sectional 
area, to ensure that a proportionately increased amount 
of rolling work is put on them. Merely lengthening the 





ingot to get the increased weight in section does not allow 
of equal work being put on to the finished rail, compara- 
tively with rails of less section. 

(3) The author regards it as important that the 
chemical composition and physical tests of rails should be 
practically kept within such limits as to ensure uniform 
micro-crystalline structure, chemical composition, and 
physical properties, such as are best capable of permanent 
endurance, and which at the same time are calculated to 
minimise liability to sudden fracture under the stress of 
main-line wear. 

(4) In view of the considerable corrosive deterioration 
of rails on bridges, and also in tunnels, it will be found 
advantageous to protect such rails by primarily giving 
them two or three coats of paint. 

Recent experience has shown this to have beneficial 
effects, far exceeding the comparatively small cost and 
trouble involved. 

(5) As a measure of precaution it would be desirable 
for railway companies on their own behalf (and apart 
from the analyses supplied by makers, which are often 
taken from the ingot only), to have regular and frequent 
chemical analyses and physical tests made of samples of 
new rails after they have been received from the makers, 
and the analyses should be made on the finished rail, and 
not on the ingot, prior to the rolling of thé rail. 

The above system has been in work with practically 
beneficial results, in increasing the durability and safety 
of the permanent way for many years past, on some of the 
English railways for whom the author acts as metallur- 
gical chemist and testing engineer. 





APPENDIX. 


Microscopic Effects of Compressive Stress.—A cube 3 in. 
uare was cut from near the rail-face close to fracture 
o. 1, 2 ft. Lin. from the rail-end. One face of the cube 
was the rail-face, which was slightly machined to bring it 
into level, and the face of the cube was finely polished. 
The cube was placed in the testing-machine and com- 
pressed in the direction of the length-of the rail to 5 per 
cent. of its original size. (See Table IV.) After having 
been thus compressed, the polished face was micro- 
scopically examined at high magnification to see the 
effects of stress upon the rail-face. The examination 
showed the manner in which the micro-crystalline struc- 
ture of the rail had been broken up and-disintegrated by 
the strain applied. (See illustrations in Figs. 22 and 23, 
which illustrate the effect as seen respectively at magnifi- 
cations of 375 and 350 diameters [reduced to 225 and 210].) 


TaBLe IV.—Compression Test of the Fractured Steel Rail. 





Section Height. prastic | Compress Sample 
tion 4 astic Compress aple . 
Dimen- Area, — Limit. | 5 per Cent. of its Remarks. 
sions. | . Original Height. 
in. sq. in. in. tons per; tons per sq. in. 

| sq. in. 

| ( Sample 
0.375 \ > J} sound 
0.375 f | 0.141 0.375 36.74 66.17 ier 

t test. 


aye was compressed in the direction of the length of 
he rail. 


It should be remarked that the face of the cube prior 
to the application of stress had a beautifully fine mirror- 
like euleh, which was comparatively free from er 
of any kind, beyond the narrow longitudinal areas of the 
impurities, sulphide of manganese, &c. The markings 
shown in Figs. 22 and 23 are the results solely of the 
stress, and indicate the manner in which a rail-face would 
begin to break up under compressive stress. ; 

The fine lines indicate the direction of the main lines of 
the micro-crystalline slip of the ultimate crystals of the 
steel, pets by the stress, and show that compressive 
stress applied in the direction of the length of a rail tends 
to develop innumerable fine transverse flaws. The latter 
arise from the crystalline slip of the crystalline grains of 
the steel under the influence of the pressure applied. The 
extent of this effect, beyond the elastic limit, 1s, of course, 
a to the amount of the destructive force 
applied. , 

Pit will be also noticed in the high-power micrographs, 
Figs. 22 and 23, that various microscopic transverse flaws 
due to crystalline slip, resulting from the stress, emanated 
transversely across the rail-face from the elongated longi- 
tudinal flaws or blebs of impurities, such as sulphides of 
manganese, phosphides, &c. 

This shows the necessity of keeping the percentage of 
these impurities in steel rails as low as possible. 





SwepisH Mrtatturcy.—The production of iron ore 
in Sweden last year was 4,084,647 tons. The output of 
iron and steel for the year was :—Pig iron, 528,525 tons ; 
blooms from pig iron in charcoal hearths, 189,246 tons ; 
Bessemer ingots and castings, 78,577 tons ; open-hearth 
ingots and castings, 252,832 tons; crucible ingots and 
castings, 1162 tons; blister steel, 951 tons ; bar iron and 
steel, 181,775 tons; nail and wire rods, band iron and 
steel, 102,976 tons; otherwise shaped iron and steel in 

9020 tons ; plates (not including sheets), 16,331 tons ; 
tube blocks, hollow blooms, and billets, 23,594 tons. The 
number of blast-furnaces active in 1904 was 133, and the 
average daily production per furnace was 15 tons. As 
compared with 1903, there was an increase in the pro- 
duction of iron ore of 406,806 tons, in pig iron of 21,700 
tons, and in open-hearth steel ingots and castings of 
19,954 tons. Bessemer steel ingots and castings showed, 
however, a decrease of 5652 tons, 
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SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 


UNDER THE ACTS OF 1883—1902. 

The number of views given in the Specification Drawings is stated 
aeasew: where none are mentioned, the Specification is not 

ustrated. 

Where inventions are communicated from abroad, the Names, 
éc., of the Communicators ae ne in italics. 

Copies of Specifications may be eran Se at Sp 

anch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 8d. 

The date of the advertisement of the ‘ance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given, 

Any person may, at any time within two months from the date of 
the advertisement of the ance of a Complete Specificati: 

ive notice at the Patent Ofice of opposition to the grant of a 
atent on any of the grow mentioned in tie Acts. 


ELECTRICAL APPARATUS. 

21,640. Marconi’s Wireless Telegraph Company, 
Limited, E. Berry, and H. A, E. Ewen, London. 
Wireless Telegraphy. [2 Figs.) October 8, 1901.—This 
invention relates to apparatus in which the same aerial conductor 
is used both for the receiving and transmitting instrument. In 
such apparatus it is usual to connect the receiving instrument to 
the earth and to the aerial (the latter connection being through a 
switch), and also to connect the transmitting instrument to the 
aerial and to earth. The latter earth connection has frequently 
been through a switch by which the connection can be broken 
whilst receiving, for otherwise (unless the apparatus is specially 
tuned to prevent it) the incoming oscillations will pass directly to 
earth through this connection without affecting the receiver. 
According to this invention a small spark-gap is made in the 
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earth connection of the transmitter in place of this switch. It is 
found that this spark-gap in no way affects the operation of the 
transmitter, which works exactly as if it were connected to earth 
by a continuous conductor, whilst the spark-gap effectually 
prevents the received oscillations from passing directly to earth 
without affecting the receiver. a is the aerial, and a! the spark- 
gap in it; generally a gap of 1 millimetre is suitable. a? is the 
secondary of the transformer of the transmitter, and b is the 
primary. c is the primary of the transformer of the receiver 
which is connected to earth, as is usual. The other parts of the 
transmitting and receiving instruments are not shown. The 
invention is «qually applicable whether the connection of the 
coil c to the aerial is below the coil a2, as shown in Fig. 1, cr 
above it, as shown in Fig. 2. (Accepted August 16, 1905.) 


21,641. Marconi’s Wireless Telegraph Compas. 
Limited, E. Berry, and H. A. E. Ewen, London. Safety 
Devices. [1 Fig.] October 8, 1904.—This invention relates to 
safety devices for protecting electrical apparatus from the high 
potentials produced in the transmitting circuits through reson- 
ance and induction between the circuits and the transmitting 
aerial, or otherwise. For this purpose there are employed as shunts 
across the conductors to be protected, and as earth connections 
from them, non-inductive resistances in the form of electric lamps. 
For low-tension apparatus glow-lamps are employed, preferably 
with straight filaments, since coiled filaments cause inductance ; 
and for high-tension apparatus vacuum tubes or lamps without 
filaments are employed. The drawing shows diagrammatically 
part of a transmitting instrument for wireless telegraphy. a is 





| Windings, the winding is either made of comparatively high resist- 


‘ion, | 





embody a simple, reliable, and automatic safety device for pre- 
venting the transmission of current to the windings of the motor, 
after the supply of current has been once cut off, except by the 
return of the controller to the initial or starting position. In the 
single figure, which illustrates diagrammatically a motor and a 
controller constructed and designed in accordance with the 
invention, the windings of the motor 17 are designated by refer- 
ence to their terminals, one of the main windings being designated 
as 18, 19, theother winding being designated as 20, 21, and the auxi- 
| liary winding as 22, 23. In order that the current in the auxiliary 

winding 22 23 may be displaced in phase from that in the main 


| vide a controller for single-phase induction motors, which shall 
| 


| 





| ance, or an external resistance 24 is included in circuit with it, as 
indicated y or rotary member 25 of the motor may 





he | 
be of the ordinary squirrel-cage construction, or it may be of any | 
other suitable construction adapted to the purpose. The controller | 
26, which is utilised in connection with the motor 17, comprises a 


drum, here represented by a set of contact-strips or segments 


which are severally designated as 1, 2, 3, 4, 5, 6, 7, 8and 9, and a 
set of stationary contact fingers, which respectively en with 
the contact strips or segments as the drum is rotated, and are 
severally designated as 10, 11, 12, 13, 14, 15, and 16. In the start- 
ing position of the controller the stationary contact fingers engage 
with the movable contacts of the drum along the line B, and 
current is supplied froma suitable source through the supply 
conductor 28, the finger 10, the drum strips or ents 1 and 2, | 
the finger 11, and the electro-magnet or solenoid 27, to the ter- | 
minals 21 and 23 of the corresponding main and auxiliary motor | 
windings; and since the finger 16 is in contact with the corre- | 
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sponding drum segment 7, the circuit through the auxiliary 
winding to the line-conductor 29 is completed. The magnet or 
solenoid 27 is therefore energised, and attracts its armature or 
core 30, to the lower end of which is attached the moveable 
member 31 of a double switch 32. This serves, in conjunction 


gradually. The collar / is slid along the shaft by a lever engaging 
with the neck #1, or by any other suitable means, (Accept 
August 16, 1906.) 


MINING, METALLURGY, AND METAL- 
WORKING. ’ 





















19,869. 8S. W. Wells, Relies. Cleaning Castings. 
{4 Figs.) September 15, 1904.— invention relates to machines 
or apparatus for cleaning metal castings, and consists in con- 
structing and arranging the parts forming said machines or 
apparatus so that the sand and other matter adhering to castings 
coming from the sand mould on being treated thereby are 
entirely removed therefrom, and received by receptacles, from 
which such sand or refuse can be easily discharged. In carrying 
the invention into effect use is made of the usual and well-known 
kind of revolving tub or barrel a, into which the castings to be 
treated are placed. However, in accordance with the said in- 
vention, the walls of said barrel a are perforated, or have a con- 
siderable number of holes or openings b made through them, 
while said barrel a is mounted on bearings c, upon which it may 
be rotated, as by a driving pulley and gear wheels, these bearings 
¢ being arranged to be of such a formation as to ee a re- 
ceptacle g for water or other liquid, in which the barrel a will 
operate or revolve. This receptacle g is of the desired depth to 
receive and retain sufficient water to enable this latter to enter 
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the barrel a through the openings }, and wash against the cast- 
ings or contents of said barrel a, thus removing the sand there- 
from as desi A door covers an opening in the wall of said 
receptacle g, so that by its removal access to the interior thereof 
may be obtained to a'low the removal of the sand or refuse 
deposited therein from the castings being treated. In such cases 
the door is made to fit tightly in position to form a water-tight 
joint, to retain the liquid contents of the receptacle g when in 
use. As other means for removing the sand or refuse from 
the receptacle g, the floor k is foimed at an angle to the hori- 
zontal plane, and an opening m is made in the wall thereof 
at the lower end of said sloping floor, to lead into another receptacle 
adjoining same, by which means the refuse from the barrel a 
d upon said inclined floor k, and by the flowing of the 





with the controller fingers and drum ments, to t the 
main windings of the motor in series with each other and in 
parallel with the auxiliary winding 22, 23, the circuit being from 
conductor 28, through finger 10, segments 1 and 2, solenoid 27, 
winding 21, 20, the left side of switch 32, finger 18, segments 4 
and 3, finger 12, the right side of switch 832, winding 19, 18, 
finger 15, segments 6 and 5, and finger 14 to conductor £9. When 
the motor has reached approximately synchronous speed, the 
controller is turned to position A, and in this ition the drum 
segment or strip 7 is moved out of contact with finger 16, and 
consequently the auxiliary winding is out of circuit, and the 
other circuits or segments are so connected as to connect the 
main windings in parallel with each other, one circuit being from 
conductor 28, through finger 10, segments 1 and 2, solenoid 27, 
winding 21, 20, the left end of switch 32, finger 13, segments 8 
and 5, and finger 14 to conductor 29; and the other being from 
conductor 28, through finger 10, segments 1 and 9, finger 12, 
right side of switch 32, winding 19, 18, finger 15, segments 6 
and 5, and finger 14 to conductor 29. If the supply of cur- 
rent to the controller is interrupted, the solenoid or magnet 
27 will obviously be de-energised, and will drop its armature 
or core 30, and thus open the switch 32; and since the cir- 
cuits of the main windings are thus opened, the magnet cannot 
be again energised except by means of the circuit through the 
auxiliary winding; and as that circuit is open in position A, 
current cannot be again supplied to the motor except by returning 
the drum to its initial or B position. (Accepted August 10, 1905.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


17,543. W. H. Lindsay and H. R. Couper, Johnstone. 
Friction-Clutch. [6 Figs.} August 12, 1903.—This inven- 
tion consists in a coil friction-clutch in which the coil friction is 
created by the expansion or opening out of asplit or divided 
wheel which is surrounded by the coil. The clutch is specially 
designed for use in driving at high speeds. Keyed on the driving- 
shaft a is a driving plate b, which is a cup-shaped shell recessed 
to take the heads of the coil ¢ which surrounds the wheel d, 
which is split or divided and grooved. The wheel d is mounted 
and keyed on the driven shaft e. The division enables the wheel 
d to be sprung open with little pressure. e ve facilitates 
this, and increases elasticity in the wheel d. Inthe wheel disa 

in on which is pivotally mounted a lever g, having a head or 

which is in the nature of an eccentric. The enlarged part 
of the boss bears — the face d3 of the split or division of the 
wheel d. At the tail of the lever g is a boss, into which is screwed 

















& guard-lamp in a shunt across the magnet coils in the exciting 
Circuit. 6, 6 are guard-lamps connected to earth and to the | 
rotor and stator of the alternator. c, c are guard-lamps in shunts 
across the circuit connecting the rotor and stator. d is a fuse, | 
and d! a condenser in another shunt across the same circuit. ¢ 
is ‘he usual switch in the exciting circuit, and f is the sending- 


ke). gis the primary of the induction coil of the transmitter, 
the secondary coil and the remaining parts of the instrument not 
being shown. It is desirable, but not essential, to introduce 


Corcless inductance coils A in the positions shown. It is not 
€ssevitiai to use lamps in all the positions shown. For example, 


the lamps b, b may often be omitted without detriment. e 
as condenser d? are also not essential. (Accepted August 
’ 90) '. 


Controllers. 


13,084. R. P. Jackson, Pittsburg. 
[1 Fig.) June 24, 1905.—The object of the invention is to pro- | 
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aset-pin A. The coil ¢ has two heads which fit into recesses 
provided for them in the driving-plate b. The turns of the coil 
c between the heads are bored inside toa slightly larger diameter 
than the turns on which the heads c! are formed. Normally— 
that is to say, when the clutch is out of action—the split wheel 
d rotates within the coil ¢ anddriving-plate b. To put the clutch 
into action, the sliding collar i is moved along the driven shaft 
einto contact with the set-pin h. Under the pressure exerted 
on the set-pin A by the collar i, the loves g turns about its pivot, 
and the wheel d is opened out or expanded, and binds against the 
inner face of-the coil¢. The driving shaft a is thus made to 
rotate with the driven shaft ¢, The binding action of the coil ¢ 
is first set up by the outer turns of the coil—that is to say, by the 
turns on which the h are formed. The remaining turns of 
the coil are tightened after the said outer turns. thus 
the binding action between the wheel d and the coil is set up 





the inner periphery of the rim and pass out between the spokes. 
The spokes of the wheel may be forked at their outer ends, so 
that one set of spo 
on which the tyres are mounted, or each rim may be carried by a 
separate set of spokes, as shown. 
— these are conveniently arran 


give additional rigidity to the wheel. The wheel hub D or felloe 
may be made sufficiently long to accommodate both sets of 
spokes, or may be made in two parts joined together in any con- 
venient manner. 
leather, metal, or other construction, the rims being formed in 
accordance with the nature of the tyre. 
all constructions, the space above referred to is retained 
the tendency to cl 
minimised or entire 
one, the chain-wheel, gear-ring, or other part of the driving 
ie} can be applied to it as hitherto. 
16, 1905. 
















































water therein 8 or travels therefrom to the second recep- 
tacle, from which it may be removed either by or through a valve 
or door in the walls thereof, or by dredgers, the buckets of which 
are made to remove the solid matter, which they deposit on a 
shoot, which conducts it to a trough to be conveyed away, while 
the said buckets leave the liquid within the second receptacle to 
flow back thereto. (Accepted August 10, 1905.) 


MOTOR ROAD VEHICLES. 


17,518. A. W. Prentice, Combustane, ona A. Shiels, 
London. Wheels, [1 Fig.) August 11, 1904,—This invention 
relates to vehicle wheels, and refers more ticularly to the 
wheels of motor-cars and similar vehicles. The chief object of 
the invention is to so construct the tyres of the wheels that the 
tendency to slip or skid on a soft or greasy road surface will be 
reduced to a minimum, or entirely eliminated. According to 
this invention, the tyre is constructed of two ee te or inde- 
pendent parts a, a! mounted and running in parallel planer, and 
each forming a complete ring or tyre, with a clearspace between 
them. The space between the two parts of the tyre is continued 
through the wheel rim, which is thus also made in two parts, and 
the space is sufficiently wide to prevent any mud or dirt gathered 
by the tyres from lodging between the two parts of the tyre and 
the rim and thus reducing the efficiency or non-slipp property 
of the tyre. Any mud or dirt entering the space at the part of 
the tyre in contact with the ground will either fall out when 
carried to the upper side of the wheel, or will be forced out from 
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kes may serve for the two tyres or the rims 


When two sets of spokes are 
in different yy 


ma bolted, strapped, or otherwise secured together to 


The tyres may be pneumatic, solid rubber, 
In all cases, and with 
, 80 that 
the tread or bearing surface of the tyre is 
overcome. When the wheel is a driving Ml 


(Accepted August 
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PUMPS. 


17,802. The Hon.C, A. Parsons and A. Q. Carnegie, 
Newcastle - on - Tyne, ‘bine mpressors or 
Pumps, (3 Figs.) August 16, 1904.—This invention relates 
to improvements in mg nage a AE ig oy , blowers, and ex- 
hausters of the turbine type refer: to in the specifications of 
Letters Patent Nos. 3024, of 1895, and 3060, of 1991. In turbine 


gas-exhausters or blowers which consist of two or more rows of | 


plano-convex moving blades arranged alternately with rows of 
fixed guide-blades which are usually fixed to the inner surface 
of the cylindrical casing and project radially towards the shaft on 
which the moving blades are mounted, it is found that sometimes 
an objectionable whistling noise is given out by the machine, espe- 
cially when run at high speeds. The noise is set up by inter- 
action between the fixed radial guide-blades and the moving 
blades, each blade setting up beats or vibrations having a fre- 


| inner coil e! of the rear spring, or the shape of the cap or follower 

| plate g, or both, are so arranged that the inner coil will be com- 

| pressed appreciably when the nut / is screwed up before the outer 
coil is compressed at all, so that should the outer coil acquire a 
permanent set, which so reduces or annuls its initial compression 
that it no longer exercises any useful centering effect, the inner 
coil still remains sufficiently compressed to produce the necessary 
centering action. (Accepted August 10, 1905.) 


11,692. J.O. Timms, Columbus, U.S.A. Car-Coup- 
lings. [3 Figs.) June 3, 1905.—This invention relates to im- 
provements in car-couplings, the object of the invention being 
to provide a coupler of the Janney type, with improved means 
which permits its use with shackle and hook, and enables the 
coupler to be employed on cars, and used to lock with a similar 
| coupler or with a hook, whichever the adjacent car FT ggee 

with. A further object is to provide means for holding and 
securing one end of the shackle vertically within the head of the 








quency corresponding to the speed of the ine and the 
of moving blades. 
guides of spiral, zig-zag, or other i. ular non-radial form, so 
that the air projected from the moving blades shall meet the 
fixed guides at an angle and gradually instead of broadside on and 
abruptly. A number of guide-blades @ are preferably so chosen 
Feq. 1. 
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that they will not form a multiple of the number of moving 
blades b, and they are curved spirally so that any tangent will 
form an angle of approximately 45 deg. with the radii. The 
blades are preferably curved with an inward spiral in the direc- 
tion of rotation of the moving blades, the arrow in Fig. 2 indi- 
cating the direction of rotation, so as to counteract to some 
extent the effect of centrifugal force and throw the air back 
towards the centre. By experiment this has been found to give 
a somewhat higher efficiency than if curved with an outward 
spiral, and to reduce the noise and vibration when the machine 
is running at even very high The sets of spiral guide- 
blades may be secured at their outer ends to the inner surface of 
metal rings c, which lie in grooves machined in the cylindrical 
casing ¢ and secured by a suitable number of set-pins, or are 
carried in any suitable manner with or without provision for ad- 
ge oe age The inner ends of the guides, if suitably stiff, may 
free, or they may be attached to rings / surrounding the shaft 
or surrounding the bosses / of the wheels or discs which carry 
he moving blades, as shown. It is preferred to make the guide- 
blades with a greater wp ome width at the 
at the root or centre. (Accepted August 16, 1905. 


RAILWAYS AND TRAMWAYS. 


24,671. J. Willison, Derby. Draught and Buffing 
Mechanism. [4 “j= November 14, 1904.—This invention 
relates to draught and buffing mechanism for railway carriages, an 
more particularly to springs used therewith, which are also required 
to produce the centering action by which the mechanism is held 
in or restored to its normal central position. The forward spring 
a is mounted within the limbs }, b! of thedraught-gear agalnet between 


riphery than 


follower plates ¢, cl, the former of which abuts nst the rear 
end of the yoke, and the latter against a sliding abutment plate, 
the relation between the Fed and the abutment plate being 
otherwise such that in draught the former is pulled forward, and the 
latter is held fixed by another t of the gear, while in buffing 
the yoke is held nst rearw: displacement, and the casting 
containing the sliding abutment plate compresses the spring 
rearwardly. Thus in draught and in buffing the spring a is com- 
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pressed against the follower plates cl, c respectively. The rear 
spring ¢, which is shown with an inner coil ¢!, of greater length 
than the outer coil, is mounted on a carrier bolt, the front end of 
which is pivotally connected with the rear end of the yoke. The 
spring ¢ is mounted between the follower plates g, g!, the former 
of which is stepped for the accommodation of the a coil 
and abuts against a retaining -nut A, by means of which 
initial com ion is given to the ng, while the latter abuts 
against a sliding abutment plate, which extends between the front 
follower plates c!, g! of the respective springs, and serves to hold 
the follower plate g! against forward displacement in draught, and 
to lace it rea) The compression of the two 
— is thus simultaneous in draught and buffing, and the resist- 
ance is double that of a single for the same translational 
displacement of the draught or buffing gear. The length of the 


he invention consists in making the fixed | 


tic pler, which affords free vertical and lateral swinging 
movement of the shackle without danger of bending or breaking 
the same, and at the same time gives clearance for the hook in 
buffing, so as noi to strike the knuckle or break the hook. 1 re- 
presents a coupler of the well-known Janney type, having the 


| swinging knuckle 2 and provided with an improved locking and 
| unlocking mechanism. 


In the front of the coupler-head and at 
the base of the guard-arm a vertically-elongated recess 4 is pro- 





vided to receive one end of the ordinary shackle 5 used in con- 
nection with the hook-coupling, and a removable pin 6 is located 
in aligned in the pler-head, and extends across the 
recess 4, and is adapted to be passed throngh the shackle end to 
secure the same to the coupler. A crank-arm or hand-hold 7 is 
rovided on the outer end of the pin 6, and the said pin hasa 
ocking-lug 8 on one side adapted to enter through a groove 9 in 
the head, and when turned into a grooved portion of the wall of 
the recess 4 will effectually lock the pin against ibility of 
accidental displacement. The crank-arm or hand-hold 7 is made 
suitably heavy, so that it will be held by gravity in a vertical posi- 
tion, and maintain the locking-lug 8 in its locked position. The 
bottom of the recess 4 is made sloping, so as to discharge dirt 
and water which may enter the same, and also allows for the easy 
insertion of the shackle therein, and gives clearance for the 
shackle or the hook in buffing. With this improved coupler upon 
a car, the car can be coupled either to a car carrying the same 
style of coupler or to an ordinary hook by means of the well- 
known shackle, chain, or link. (Accepted August 10, 1905.) 


STEAM ENGINES, BOILERS, EVAPORATORS, é&c. 
21,068. S. A. Ward, Sheffield. Metallic Packing. 








(2 Figs.) October 1, 1904.—This invention is an improvement 
|upon the invention described in the specification of Patent 
No. 16,671, of 1902, and is for a metallic packing applicable to 
piston and like rods requiring packings, with the object of pre- 
venting the escape of steam through the glands of steam-engines, 
| steam-pumps, steam-hammers, and the like. The invention con- 
sists more particularly in the construction of a divided packing 
ring, such as is shown in Fig. 2, the cross-section being shown in 
| Fig. 1. The outer circular wall A, which is of gun-metal or like 
| metal, is made in one piece, and is provided with a number of 
internal fins C (Fig. 2) of diagonal configuration, which project 
| inwardly at equal distances, and mark the points of subsequent 
partition. The walls of this ring so constructed are filled with 
white metal or other anti-friction metal B, to complete its annular 
configuration ; and in order to secure this metal in position there 
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are made holes D, preferably countersunk on the outside, into 
which the molten metal runs, thus formin: 
| act in conjunction with the angle of the fin in holding the metal 
|B. Before the white metal is applied, the outer face of each fin 
is scraped or otherwise prepared to ) ores the molten metal B 
adhering, and after the ring is turned and otherwise machined to 
dimensions, it is parted at the junction of the white metal and the 
fins, the said partings in the walls of A being of sufficient width to 
allow for the contraction of the parts due to the wearing away 
of the softer metal B. This ring has a flat face F where it bears 
against the face of the gland cover G, and is bevelled or tapered 
towards the cylinder as shown. The separated sections are held 
together by means of an internally coned ring H, and one or 
more coiled ngs I, having the point of resistance on the 
bottom plate J of the stuffing box K, in the manner described in 
the cited patent. (Accepted August 10, 1905.) 
Valves. [3 Figs.) January 
improvements in valves for 


| 442. A.J. , Salford. 
10, 1905.—This invention relates to 


studs or rivets which | 


steam and other fluids, and the object of the improvements is to 
overcome the difficulties arising from wire-drawing and from the 

| unequal expansion and contraction between the valves and their 
| seats. In double-beat or equilibrium valves there is a difficulty in 
| making tight joints owing to the wire-drawing which occurs 
when the valve is only partially open, and a further difficulty aris- 
ing from differences in expansion and contraction between the 
| valves and their seatings and between the seatings and the valve 
body, and in single valves there is the difficulty of making a tight 

| joint owing to wire-drawing. In constructing a double-beat valve 
as illustrated it is preferred to employ the split-ring a substan. 
| tially as described in the specification to Letters Patent No. 18,768, 
of 1901. This ring may be fitted in the groove cut in the body or 
casing cof the valve, or the groove may be cut in the ring a, or the 
may be otherwise suitably arranged. This ring is secured 

in any convenient manner (preferably by screwing) in a casting d 
(in two parts)which forms valve seatings, say two, 1, 2, near the top, 
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and two, 3, 4, near the bottom, and this casting d carries near its 
other end a flexible diaphragm, or, alternatively, the diaphragm 
may be secured to the ly ¢ of the valve to form the lower joint 
between the seat and the body of the valve, and in that case the 
casting d may be made in a single piece. To the end of the valve 
spindle f is secured a valve g, having its seating near the bottom 
of the casting d, and which is hereinafter called a primary valve, 
and to the spindle f is secured another primary valve h, which 
has a seating 1 on the top of the casting, and between these valves 
is fitted loosely upon the spindle / a sleeve i, which has two flanges 
i, @ upon it, which rest upon the other two seatings 2, 3 on the 
casting d, and form two secondary valves, the sleeve i and secon- 
dary valves i!, i2 being preferably held down by a spring j. The 
primary valves g, / are always either closed or sufficiently open 
to prevent wire-drawing, and the two secondary valves i!, i? are 
on ear by the lowest primary valve g coming in contact 
with, and lifting, when fully open, the lower secondary valve 7, to 
which the other secondary .valve i! is connected ; therefore each 
passage is protected by two valves. (Accepted August 10, 1905.) 


MISCELLANEOUS. 


12,681. R. H. Davis and Siebe, Gorman, and Co., 
ted, Lo Diving - paratus. (2 Figs.) 

June 19, 1905.—With valves of the kind described in Specification 
No. 22,980, of 1899, it is sometimes found in practice that the cap 
or knob for operating is not of sufficient size to enable the diver 
to get a proper hold when his hands are numbed by working in 
cold water. To obviate this defect it is now pro to make 
the cap or knob of larger dimensions than heretofore, and with 
its edge deeply corrugated or recessed so as to provide a series of 
rojections sufficient to afford an excellent grip. The use of the 
arger cap or knob makes it impossible to employ the bridge-piece 
having the annular central part for preventing the casing or cover 
of the valve from becoming accidentally unscrewed, since a bridge- 
piece of this description could not be applied. There is therefore 
used in lieu a bridge-piece formed of two bars surmounted by a 
semi-circular connecting-piece, which embraces a boss formed on 
the upper part of the valve-cover and is placed in position laterally. 
Moreover, in cases where the diving-helmets to which the valves 
are attached are fitted with telephonic apparatus the diver fre- 
quently finds that the noise caused by the vibration of the outlet 
valve or by the escape of air through the valve into the water 
prevents his hearing the sounds emitted by the receiver as dis- 
tinctly as is desirable. To obviate this disadvantage a hole is 
provided through the cap or knob of the screwed plug of 
the valve, and the spindle of the valve is extended through 
the hole so that it projects above the top of the cap or 





a knob. With this arrangement, when the diver is receiving 
am transmitted to him through the telephone, he can 
prevent the vibration of the valve and the escape of air by 
ressing upon the projecting end of the valve spindle. a is the 
y of the valve, and bthe cover or casing of the same. ¢ is the 
valve proper, mounted upon, or cast integral with, the spindle c!. 
d is the screwed plug, and ¢ the cap or knob which is formed upon 
the upper end of the said plug d. This cap or knob ¢ is made of 
larger diameter than has heretofore been usual, and its periphery 
is deeply corrugated so as to provide a series of poston’. J. 
9, 9 are the two bars of the bridge-piece and A is the semi-circular 
connecting-piece extending between the upper ends of the two 
bars g,g, the said semi-circular ting-piece g the 
| boss formed on the upper part of the cover b when the bridge- 
| piece is placed in position laterally ; it is secured in place by 
| means of the screws i,i as usual. j is the hole which is made 
through the top of the cap or knobe, and through which hole the 
upper end of the valve spindle c! extends. With this construction, 
when the diver 


wishes to receive messages through the telephone 
as above described he merely presses with his finger u 








in the pro- 
jecting end of the valve-spindle c! so as to close the valve ¢, 
thereby holding the said valve against vibration and also pre- 
venting the of air into the water. Furthermore, a valve 
constructed in this manner will also be found to be useful in 
cases where the diver desires to rise to the surface withou' 
screwing up the valve in the ordinary manner. (Accepted August 
10, 1905.) 
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WILLIAMSBURG BRIDGE, NEW YORK. 
By Frank W. Sxunner, M. Am. Soc. C.E. 


Location and COvnditions.—The Williamsburg 
Bridge has a single 1600-ft. suspended span, carry- 
ing an immense highway and car traftic across the 
creat tidal East River between New York, on 
Manhattan Island, and Brooklyn, on Long Island. 
Strictly speaking, New York is the borough of 
Manhattan, and occupies the whole of Manhattan 
Island, which is about 2 miles in average width 
and 15 miles in extreme length, with a population, 
in 1900, of about 1,850,000. Nearly all of its 
more than 30 miles of water front is filled with 
wharves and docks, a large proportion of them for 
vessels of deep draught and ocean liners. The 
two long sides of the island are bounded by the 
North and East rivers, and these are the branches 
through which the waters of the Hudson River 
enter Upper New York Bay at the southern end of 
the island, about 2 miles below the bridge. They 
give access to the piers and docks on both shores, 
and to the Harlem River and a ship canal. East 
River affords communication between the bay and 
Long Island Sound, where there is a large freight 
and passenger traftic with the New England States. 

The southern part of Manhattan Island. is 
densely covered with commercial and office build- 
ings, many of them of great height ; and a large 
number of the business people employed there live 
in ‘the borough of Brooklyn, which is chiefly resi- 
dential, and had, in 1900, a population of about 
1,166,000. These two boroughs, formerly inde- 
pendent cities, now form the principal part of 
Greater New York, which has a total population 
of about 3,900,000, and an area of 327 square miles, 
thus ranking next to London, with its population, 
in 1901, of about 4,536,000, and an area of 1164 
square miles. 

The necessity for unobstructed communication and 
transportation between Manhattan and Brooklyn is 
very great, and up to 1883 was provided for entirely 
by ferry-boats, of which there are now eleven lines, 
all landing near the southern end of Manhattan 
Island. The ferry-boats are large powerful double- 
enders, but are sometimes considerably delayed by 
great fields of river ice, and are always liable to 
danger and obstruction from heavy fogs, as well as 
from the long tows and large vessels ; the swift tides 
also increase the dangers of passage. 

The river has a minimum width of 1600 ft. be- 
tween bulkhead lines, a depth of from 10 to 50 ft., 
with a bottom of soft mud, sand, and clay, with 
rock and hardpan from 50 to 90 ft. or more below 
the surface, and a tide of from 2% to 6 miles an hour. 
Many large and small boats, ships, yachts, barges, 
tugs and tows are constantly passing up and down, 
and the United States War Department will not 
allow any piers between the bulkhead lines, nor 
any obstruction within about 150 ft. above the 
water in the middle of the channel. 

The construction of a bridge across the East 
River was, therefore, a very important, difticult, 
and expensive matter, and when the Brooklyn 
Bridge was finished in 1883, it was of unprece- 
dented dimensions. It originally provided for two 
lines of cable cars, two roadways, and a single wide 
promenade, and, although it was soon used almost 
up to its capacity, except for foot passengers, it 
failed to give adequate service for the rapidly- 
increasing traffic. First the Williamsburg and 
afterwards two other parallel bridges were, therefore, 
authorised. Work on the Williamsburg Bridge was 
commenced in 1897, and although at the time not 
entirely completed, it was open to partial traffic in 
1904. It was none too soon, although the Brooklyn 
Bridge, about a mile away, had been equipped with 
two lines of trolley tracks, besides its cable cars. 
About 120,000 surface cars now cross the Brooklyn 
Bridge monthly, yet it is entirely inadequate, and 
the congestion at its terminals during the busy 
hours, night and morning, is intense and dan- 
gerous, 

Companion Bridges.—The Williamsburg Bridge, 
or Bridge No. 2, has a main suspended span, with 
stiffening trusses, 1600 ft. between centres of steel 
towers. It is 118 ft. wide over all, with two 
decks carrying two elevated railroad tracks, four 
trolley-car tracks, two carriage-ways, two side- 
walks and two bicycle paths. It is 135 ft. high 
in the clear at the centre above mean high tide, 
and is 7200 ft. long between terminals. The 
towers are each built on two stone piers, with 
pneumatic caisson foundations, which are carried 
down to solid rock, and the anchorages are 





masses of granite and concrete masonry on pile and 
earth foundations. Between the towers and anchor- 
ages on each side of the river there are two shore- 
approach spans about 300 ft. long, and between the 
anchorages and the terminals the inclined ap- 
proaches required to elevate the tracks from street 
grade, in order to give the necessary clearance for 
the masts of large vessels in the river. These are 
late-girder viaducts on steel columns, braced to 
orm alternate towers and open panels. The total 
amount of steel in the bridge anchorages and 
approaches is about 50,000 tons, and its cost is 
estimated at 11,000,000 dols., exclusive of the real 
estate, which has cost nearly as much more. A 
perspective view of the central portion of the bridge 
is shown in Fig. 1, page 550, and a side elevation 
and a plan, from the centre to the anchorage abut- 
ment, in Figs. 2 and 3 on our two-page plate. Trans- 
verse sectional views are shown in Figs. 4 and 5. 

The Brooklyn Bridge, or. Bridge No. 1, has a 
suspended centre span of 1595 ft. centre to centre 
of stone towers, on single pneumatic caissons 78 ft. 
deep. It is built of wrought iron, with stiffening 
trusses having an expansion joint at the centre. It 
is 85 ft. wide and 135 ft. in clear height in the 
centre. The towers are 272 ft. high. Each cable 
has 5296 parallel straight wires, is 15} in. in 
diameter, and has an ultimate strength of 12,200 
tons. There is a 930-ft. suspended land span, 
several stone arches, and an embankment approach 
between retaining walls on each side of the river. 
The construction of the bridge occupied over 
13 years, and the total cost was about 15,553,000 
dols., including about 6,553,000 dols. for land. 

Manhattan Bridge, or Bridge No.3, which will cross 
East River between Brooklyn Bridge and Williams- 
burg Bridge, will have a total length of 9900 ft., 
including approaches. There will be two steel 
towers, 400 ft. high and 1470 ft. apart, carrying a 
suspended centre span and two shore spans. The 
floor platform, 122 ft. wide, will be suspended from 
the stiffening trusses, and will carry a centre 
carriage-way, two double-track street-car lines, and 
two cantilever side-walks, and will have two upper 
decks, each with two elevated railroad tracks. 
Each tower will consist of a single bent of four 
columns in a transverse vertical plane. Much 
interest and delay has been occasioned by the 
change from the original plan of wire cables to eye- 
bar cables, and finally back to the present design 
for wire cables. Pains have been taken to make 
the structure ornamental and artistic in appearance, 
and large public halls have been designed in the 
anchorage piers. The pneumatic caissons and piers 
for the towers have been built, and work is in 
progress for the anchorage piers. The estimated 
capacity is about 200,000,000 passengers per year, 
and the cost about 13,000,000 dols., exclusive of 
the land. . 

Blackwell’s Island Bridge, or Bridge No. 4, has a 
total length of 8338 ft., and crosses the East River 
with five main spans, having a combined length of 
3673.5 ft., and a weight of about 33,000 tons. 
There will be east and west channel spans of 894 ft. 
and 1184 ft., and a 630-ft. centre span over Black- 
well’s Island, all cantilevers ; there will also be 
two connecting spans. The trusses have a minimum 
depth of 75 ft., and a maximum cross-section of 
about 1000 square inches in each cord. The floor 
platform is 120 ft. wide, and carries two roadways, 
two double-track street-car lines, and two cantilever 
sidewalks at the same level, and two double-track 
lines of elevated railways. The granite and con- 
crete substructure was all carried! to solid rock in 
open pits, and is now ready for the superstructure, 
the erection of which will soon be commenced. 
The estimated total cost is 12,500,000 dols., in- 
cluding 3,000,000 dols. for the right of way. 
Although Bridge No. 4 is really located outside 
the limits of the borough of Brooklyn, it is on an 
adjacent part of Long Island, only a few thousand 
feet from the Williamsburg Bridge, and belongs to 
the same group of four great bridges connecting Long 
Island and Manhattan Island. These will have a 
combined capacity, when the contemplated enlarge- 
ments of the Brooklyn Bridge are made, of nearly 
1,000,000,000 passengers yearly, besides teams. 
Tunnels for six lines of rapid-transit and railroad 
cars are also being constructed under the East 
River ; and, as it is felt that all of these means of 
transportation are urgently needed, the importance 
and necessity of the Williamsburg Bridge are 
apparent. 

General Provisions.—The plans for the Williams- 
burg Bridge were made, contracts let, and the 





construction supervised under tho direction of 
Chief Engineer L. L. Buck, M. Am. Soc. C.E., 
M. Inst. C.E., who was appointed by a commis- 
sion of representatives of the cities of New York 
and Brooklyn, and who afterwards continued in 
charge for the Department of Bridges of Greater 
New York. He organised a corps of engineers and 
assistants, which made preliminary and comparative 
studies and estimates, surveys, soundings, and ex- 
plorations, and all calculations, general plans, and 
details, tested all steel, iron, and cement, inspected 
materials at the mills and shops, gave lines and 
levels to the contractors, supervised and inspected 
the construction, made estimates of work finished, 
and payments due, and kept the records. Much 
legal work was also required for the acquisition of 
land and the execution of contracts, leases, and 
agreements for the use of the bridge after construc- 
tion by the railway lines. ; 

Preliminary classified estimates, made in 1896, 
gave a total cost of 7,510,000 dols., and a time limit 
of about three and a quarter years for the construc- 
tion of the bridge ; but both cost and time were 
exceeded, largely on account of labour troubles and 
delays in the receipt of materials. The items and 
corresponding time allowed for different classes of 
work were :—New York and Brooklyn tower foun- 
dations, 1,360,000 dols., twelve months ; New York 
and Brooklyn anchorages, 1,640,000 dols., twelve 
months ; steel work in towers, 372,000 dols., six 
months ; tower erection, 248,000 dols., six months; 
making cables, 750,000 dols., seventeen months ; 
suspended superstructure (steel), 966,000 dols., ten 
months; erection, 644,000 dols., eight months ; 
steel approaches, 520,000 dols., ten months; erection 
of approaches, 780,000 dols., eleven months ; floor- 
ing, painting, &c., 230,000 dols., four months. 
Besides these items some contracts had already 
been awarded at the time this estimate was made, 
and were not included in it. 

The construction of the bridge is notable for its 
able and efficient management; the scrupulous 
honesty and economical administration of the large 
sums of money involved ; the advanced character 
of designs and details, and the excellence of mate- 
rials and workmanship ; the use of improved pro- 
cesses, machinery, and special plant ; and for the 
substitution of pneumatic, electric, and steam 
power for hand work. The accuracy of the plans and 
work (no corrections being required in the field or 
shops), and the absence of any serious accidents 
to the structure or to the employés, except in in- 
dividual cases, were also remarkable. 

The approaches occupy many blocks on each side 
of the river, and the space under and around the 
viaducts is utilised for park and piazza purposes. 
This ground was previously occupied by about 250 
buildings, and by about 15,000 people, and in- 
cluded, besides, dwellings, machine-shops, factories, 
lumber-yards, churches and schools. Preliminary 
examinations on the sites of the towers and anchor- 
ages were made by the aid of diamond-drills and 
by sinking double pipes with hammers and hy- 
draulic jets ; and, from the results indicated, con- 
tracts were prepared on a basis of different unit 
prices for quantities, corresponding to different 
elevations which might be required for the sub- 
structure work. 

The principal contracts embraced one class of 
work and one structure in each, and included tower 
piers and foundations, anchorage piers and chains, 
steel towers, shore spans, main chien and suspen- 
ders, suspended superstructure, approaches, bridge 
floor, electric and track work, &c. The different 
specifications were issued in the order the work 
was required, and the contracts were awarded t 
the lowest responsible bidders, who were heavily 
bonded for their satisfactory execution. Each 
specification contained a printed proposal, bond, 
contract description, estimate of classified quanti- 
ties, specifications for the work involved, and a 
complete set of rage gs general drawings of 
the structure, from which the contractor prepared 
corresponding detail and shop drawings, subject to 
the revision and approval of the chief engineer, 
and in accordance with the standard requirements 
of his shop or plant in minor features. 

Tower Piers.—The tower piers on both sides of 
the river have wooden pneumatic caisson founda- 
tions, and are substantially alike, except for some 
differences in caisson and cofferdam construction, 
and for variations in the dimensions due to the dif- 
ferent depths at which satisfactory bearing strata 
were reached. The caissons and cofferdams are filled 
solid with concrete made two parts of } in. to 2in. 
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broken stone and one part mortar, made with | 
375 lb. of Portland cement to 8} cubic feet of sand. | 
Neat cement briquettes were required to develop a | 
tensile strength of 350 lb. per square inch after one | 
day in air and six days under water. At least 90 per | 
cent. of the cement was required to pass through 
a sieve of 10,000 meshes per square inch. The 
concrete was machine-mixed, with as little water as | 
possible, and thoroughly rammed in 12-in. layers. | 
All face masonry is of rock-faced granite ashlar, | 
in courses from 24 in. to 30 in. high. Every second | 
or third stone is a header with a width of 3 ft. and | 
a length of at least 6 ft. Stretchers are about 3 ft. | 
wide and 4 ft. to8 ft. long. All stones were cleaned, | 
wetted, and laid on their natural beds with $ in. | 
horizontal and vertical joints. Face joints were 
raked out toa depth of 14 in. and pointed with 1:1 
Portland cement mortar driven in with a caulking 
tool. Course plans were provided, showing dimen- 
sions of all face stones, which were numbered. 
Backing was built with large rectangular stones 
of the same thickness as the corresponding courses, 
and laid not morethan 4in. apart in flush beds of | 
mortar made with sand screened through sieves of | 
j-in. mesh. The stones in the first coping course | 
are cramped together with 1-in. by 1-in. cast-steel 
bars 16 in. long, with T-shaped ends. The face 
stones of the upper coping course had vertical holes 
drilled through them before setting; and after 
setting, these holes were extended 6 in. into the | 
course below ; a little mortar was then put in, a 
1}-in. steel dowel was inserted, and the hole was 
filled with mortar well rammed. All piers are 
44 ft. by 60 ft. under the coping, and have for the 
bases of the lower columns four 16-ft. by 16-ft. 
cut-stone pedestals, 3 ft. thick, with their upper 
surfaces 23 ft. above mean high tide. The sides 
are battered about 1: 8, and the off-set footings 
are seated on concrete filled in to the top of the 
permanent caissons ; the masonry above that point | 
being built in cofferdams, which were kept dry by | 
pumping, and were removed after the completion of 
the work. 
Brooklyn Tower Caissons.—Twelve diamond-drill 
borings at the edges of the caissons indicated maxi- 
mum depths of 59 ft. and 105 ft. for water and 
rock, with clay and sand overlying the rock. These 
results were approximately verified by the excava- 
tions. The 63-ft. by 79-ft. caisson for the north 
pier, shown in Figs. 6 to 17 on our two-page 
plate, is the taller, and has a height of 53 ft. It 
contains approximately 98 tons of steel and 74,700 
cubic feet of pine timber, weighing about 1867 tons, 
and it was designed to have the top 47 ft. below 
high water in final position. It contains about 
1200 yards of concrete below the roof and 6040 
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are made with solid courses of 12-in. by 12-in. planed 


timber fastened together by vertical 1-in. drift-bolts 
30 in. long and from 3 ft. to 5 ft. apart, driven in 
g-in. holes. They are sheathed outside with a 
course of vertical and a course of diagonal 3-in. 
tongued and grooved planks. All the outside 
seams of the 12-in. by 12-in. horizontal wall tim- 
bers, and the joints of the chamber lining, were 
caulked with oakum and served with pitch. Inside 
vertical timbers are bolted to the walls, and are of 


the roof and to terminate at different heights 
between it and the top of the caisson. 

The working chamber is 74 ft. high in the clear, 
and is intersected by two transverse bulkheads of 


| solid timber, 30 in. thick, and by two transverse and | ‘ d 
| four longitudinal struts, each of the latter having a| cubic feet of timber and 33 tons of iron and steel. 


apa 2-in. tension rod with sleeve nut adjustment. 
he cutting edge is an oak timber, shod with a 6-in. 


| top and bottom continuous horizontal timbers. The 


roof is made with a bottom course of 12-in. by 
| 12-in. timbers, caulked, and sheathed on the under- 
| side with 3-in. tongued and grooved planks, then 
| two crossed thicknesses of 3-in. by 12-in. tongued 
| and grooved diagonal planks and an upper course of 
12-in. by 12-in. timber. The outer walls and bulk- 
heads are sheathed with 3-in. by 12-in. tongued and 
grooved planks, caulked. Above the roof the caisson 
is braced with longitudinal and transverse 12-in. by 
12-in. through timbers, about 4 ft. to 6 ft. apart, 
in alternate courses. For a height of 25 ft. above 
the roof these timbers are cross-braced in vertical 
planes by three tiers of 3-in. by 12-in. diagonals, 
and the bulkheads and struts in the working 
chamber are tied to the braces above the caisson 
roof by forty-eight 2-in. upset vertical bolts 20 ft. 
long. The corners of the caisson are protected by 
| 40-in. by }-in. bent vertical plates, countersunk 
| screwed on the outside. 
The caisson was surmounted by a cofferdam 50 ft. 
high, made in three nearly equal vertical sections, 


| which permitted the construction of the pier 
|masonry independently of the position of the 
|cutting edge, and always reached above water- 


| level. This cofferdam is shown in Figs. 18 to 28 
|on our two-page plate. The walls were made with 
solid courses of square timber sheathed with two 


|crossed diagonal courses of 1}-in. matchboards, 
|and an outer course of 3-in. tongued and grooved 


vertical planks. The timbers were 12 in. thick in 
the bottom section, and were caulked ; in the middle 
and upper sections they were 10 in. and 8 in. thick, 
and were not caulked. The cofferdam was braced 
| with 12-in. by 12-in. horizontal, longitudinal, and 
transverse struts, dividing it into rectangles about 
12 ft. square. These struts, which are clearly 
| shown in Figs. 18 and 19, were from 4 ft. to 10 ft. 
|apart vertically, and all were cross-braced with 
3-in. by 12-in. planks in the vertical planes. The 
wall timbers were fastened to vertical timbers in 
the corners and in the planes of the horizontal 
struts, and horizontal Z-bars, shown in Fig. 28, 
were bolted to the corner posts to clamp them 
more tightly to both walls. The sections of the 
cofferdam were connected together and to the 


‘different lengths, so as to form a solid tier up to|caisson by vertical rods with jaws and hooks 


‘engaging adjustment wedges which could easily be 
| driven out under water, and release the cofferdam, 
so that it would float up by its own buoyancy. 
These rods are shown in Fig. 25. 

The completed cofferdam contained about 29,000 


|The pier contains about 7755 cubic yards of stone 
/masonry, and required about 4000 cubic yards of 


by 8-in. angle and stiffened by knee-brace timbers sand, 4170 cubic yards of clay, and 940 yards of 
yards above the roof. The outside vertical walls | about 4 ft. apart on centres, abutting against the | rock excavation respectively. The total weight of 
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pier, tower, and load is about 55,000,000 lb., equi- 
valent toa uniform unit pressure of about 11,000 Ib. 
per square foot of the foundation area. The 
caisson was provided with seven steel air-shafts, 3 ft. 
in diameter, with air-locks on the top; six 4 in. 
sand-pipes, one 6-in. air-pressure pipe, three 5-in. 
water - pipes, and two 1}-in. conduit-pipes for 
electric wires. The caissons and cofferdams for 
the New York piers differed from those for the 
Brooklyn piers jg their heights, and in that they 
had steel-plate cutting edges 2 ft. wide, and, in one 
case, combination Howe trusses, and in the other 
steel lattice girder trusses above the roof. Each 
had nine blow-out, one air, one water, and one 
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sivnal pipe. The New York south caisson in course 
o! construction is shown in Fig. 29, page 542, and 
& perspective view of the interior of one of the 
cofferdams is shown in Fig. 30. 

Launching Cuissons.—The Brooklyn north caisson 
was built on the shore at the bridge site, on four 
lines of ways inclined 1:12, and carried on piles 
to water 30 ft. deep about 35 ft. beyond the shore- 
line. Each way had a fixed lower pair of 12-in. by 
12-in. timbers, bolted together side by side, planed 
and greased on the top, and su pporting an upper pair 
of 12-in, by 12-in. sliding timbers, with vertical 
guide-strips engaging the sides of the lower timbers. 








The upper and lower timbers were fastened tem- 
porarily together by 1}-in. vertical bolts, which, 
proving inadequate, were removed, and the caisson 
was held in place by inclined struts, from the roof 
to the ground inside. The caisson was built on the 
ways to a height of about 22 ft., weighed about 
1000 tons, and drew 17 ft. Hydraulic jacks of 
30 and 60 tons capacity respectively were set against 
the shore ends of the upper-way timbers, and at the 
feet of the inclined struts bearing against the shore 
side of the caisson. Horizontal 12-in. by 20-in. 
timbers, 20 ft. long in the planes of the ways, were 
supported on standing rollers at their centres. 

At high tide the inside braces were knocked 
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out, the 20-ft. timbers operated as battering. rams 
— the ends of the sliding-way timbers, and all 
the hydraulic jacks operated simultaneously. Ina 
few seconds the caisson slid successfully into the 
river, forcing a great jet of water through the top 
of the only air-shaft which had not been closed 
at the bottom. After launching, the caisson walls 


Brooklyn caissons. They were built on seven lines 
of ways on the Brooklyn shore, were provided with 
a temporary false bottom, had a launching weight 
of about 1100 tons, a height of about 19 ft., and 
drew about 13 ft. of water. The first attempt to 
launch one of these caissons was unsuccessful, but 
the second one was made with hydraulic jacks and 
three powerful tugs, and succeeded. 

Sinking New York Caissons.—Caisson-sinking was 
commenced first on the New York side of the river, 
where the water was much shallower than on the 
Brooklyn side, and a cofferdam only 10 ft. high was 
required for one caisson, and none for the other, the 
masonry being built faster than the caisson de- 
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scended, so that the top was always out of water. 
A pile dock was built between the piers, and 
extended to the shore, and on it were located the 
contractor’s shops and power-house, the latter con- 
taining a 210-horse-power battery of horizontal 
tubular boilers, two air-compressors, with cylinders 
18} in. by 24 in., for te ing caisson pressure, 
and one compressor, with 12}-in. by 14-in. cylinder, 
for operating rock-drills and the hoisting-engines 
attached to the air-shafts. There were also a 
steam-pump, an electric-light machine, and six 
three-drum hoisting-engines for the derricks, which 
were operated by steam from the main battery of 
boilers. On the end of the dock, and on adjacent 
pile - towers, were located six stiff-leg derricks, 
with 45-ft. 10-ton booms, having power swinging 
attachments, and arranged so as to command the 
whole area of both caissons, the adjacent dock, 
and the boats which delivered materials along- 
side. 

The first 8 ft. of excavation was through soft 
mud, the material being easily loosened by a 
3-in. 50-lb. hydraulic jet, and discharged from 
the caisson by the wet blow-out process in con- 
tinuous streams through 4-in. vertical pipes, pass- 
ing through the caisson roof and terminating with 
return bonds delivering into dump scows along- 
side. The feet of the blow-out pipes terminated 
in 12-ft. lengths of flexible armoured hose, the 
lower ends of which were closed with wooden 
shutters, to keep the air from escaping when not 
in service. When in operation, the end of the 
hose was submerged below the surface of a sump, 





and bracing were completed, and 11 ft. of the lower 
section of the cofferdam was built on the top ; it was 
then towed to position, moored in place, and sunk 
to the bottom in the dredged excavation in 60 ft. of 
water by the addition of about 3100 yards of con- 
crete. Afterwards, about 2300 yards of stone- 
masonry and the remaining concrete were esti- 
mated to be required to sink it to the final position. 
The caissons for the New York piers, being in- | 
tended for much shallower water, where dredging | 





into which the mud, gravel, sand, and small stones 
were raked. 

The air pressure in the caisson was kept as much 
above the outside hydrostatic pressure as possible ; 
but even then was not enough to equal the weight 


of a column of water reaching above the top of the 
caisson or coffer-dam, and in order to produce an 


upward flow through the blow-off pipes, the Pohle 


air-lift principle was utilised by separating by about 


gs in. the flanges in one of the joints of the pipe in 


was necessary to secure a depth of 20 ft., were| the working chamber, so as to admit compressed 
not built as high before launching as were the|air, and reduce the specific gravity of the column, 
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which then readily lifted. At first, air was admitted 
through a small pet cock in one side of the pipe, 
and acted like a sand-blast, cutting a hole through 
the opposite side of the pipe in a few hours. A 
similar cutting action of the sand in the dry blow- 
out tube cut entirely through the chilled cast-iron 
angle-block, 14 in. thick, at the top of the pipe in a 
few days. 

Below the mud was a stratum of hard stony 
clay, excavated with difficulty by pick and shovel, 
and under it solid irregular rock, which was blasted 
by 3-lb. charges of 40 per cent. dynamite, in 2-in. 
holes 2 ft. to 6 ft. deep, and 3 ft. to 5 ft. apart, 
which were bored by rock-drills operated by air 
pressure. The excavation was carried 6 ft. below 
the cutting edge, so that no obstructions were 
occasioned by the interior braces in the working 
chamber. Broken rock was loaded by hand into 
cylindrical steel buckets of 6 cubic feet capacity, 
hoisted through the material shafts and dumped 
through chutes into scows alongside the caisson. 

Each caisson had one 3 ft. man-shaft, having 
three diaphragms at the top, so that either of the 
lower ones could be used for the bottom of the air- 
lock, making it 8 ft. deep for day service, and 24 ft. 
deep at times when the shifts were changed, thus 
expediting the passage of the gangs of men and 
e2onomising the air when only small parties passed 
through. All the shafts had wooden bottom doors 
6 in. thick, to guard against danger from blasts. 
Two special types of air-locks, designed for this 
work, were used for removing the spoil from the 
caisson. Each had a special hoisting engine attached 
outside, with the steel-wire hoist- rope passing 
through a stuffing-box in the top of the lock. 

One type of lock, shown in Fig. 31, page 543, 
was provided with a tubular steel inclined chute 
with a balanced air-tight gate at each end. ‘Two 
men were continually stationed on a platform inside 
the lock and operated the hoisting-engine by a lever, 
the pivot of which passed through the side of the 
.ock. They emptied the contents of the bucket 
into the chute, closed the inner gate of the chute, 
and signalled to the outside man to open the lower 
gate and discharge the spoil into the scow. The 
lower gate was then closed, and the men inside 
could open the inner gate and fill the chute 
again, and so on. A fourth man was required 
to attend the engine, but the lock had a very 
large capacity on account of the rapidity of 
the operations, and the loss of air pressure was 
very small, being only equal to the volume of 
the chute. This lock was provided with top and 
bottom doors, which were normally kept open and 
closed respectively, but enabled the lock to be used 
for direct hoisting and removal of the bucket if 
necessary. 

Another type of material lock used is shown in 
Fig. 32, and had, above the bottom door, a steel 
dome just large enough to contain the bucket. In 
the side of the dome was an inside horizontally 
sliding door, pivoted so as to be forced by the air- 
pressure against a rubber gasket. When the pres- 
sure was exhausted and the dooropened, the contents 
of the bucket were discharged into an inclined 
chute, and the bucket righted itself automatically, 
being suspended below its loaded centre of gravity 
and above its empty centre of gravity. A view, 
reproduced from a photograph, is shown of the 
upper end of this material lock in Fig. 33, page 542. 
The bucket had a capacity of 9 cubic feet, and 
two men could empty as many as forty buckets 
full of spoil in one hour through the lock. 

Cement, sand, and broken stone were delivered 
from scows by derricks to an elevated platform, 
where they were measured and shovelled through 
a hole in the floor into the hopper of an inclined 
tubular concrete-mixer, driven by a 12-horse-power 
steam-engine, and supplied with water through an 
interior horizontal perforated pipe. Twelve men 
were required to serve the mixer, and the concrete 
was continuously delivered over an inclined flap, to 
one of a pair of 1-yard stzel buckets. When one 
bucket was filled, the flap was revolved 90 deg. about 
the horizontal axis through its upper edge and 
diverted the concrete into the other bucket, while 
the fullone was removed by a derrick and emptied 
into a concrete shaft for filling the working chamber 
vf the caisson. Two derricks served the machine 
and handled 100 yards of concrete in ten hours. 

Conerete was delivered to the working chamber 
through ordinary and special locks. In the former 
case the lower door was left permanently open, and 
the upper door removed and replaced by a steel 
cone with top and bottom doors The lower door 


attendant, and was held in closed position by the 
|air pressure as soon as the air was exhausted from 

the cone. Then the upper door was opened, and 

the cone filled with concrete, the upper door closed, 
|and, air-pressure being admitted, the lower door 
| automatically opened, and discharged the concrete 
| to the bottom of the shaft (Fig. 34, page 543). This 
lock was operated by two men ; but there was some 
danger of opening the top door too soon, and causing 
a blow-out. 

A simple concrete lock on the same principle 
was made by closing the top of a plain 3-ft. air- 
shaft, with a horizontal diaphragm and downward- 
opening door, and setting below the latter a conical 
hopper, with the lower end closed by a similar 
door. Both doors were manipulated by outside 
balanced levers, with their axes passing, in the 
usual way, through stuffing-boxes in the sides of 
the lock. 

Sinking Brooklyn Cuissons.—On the Brooklyn 
shore the south and north caissons were 39 ft. and 
53 ft. high, and were sunk 81 ft. and 95 ft. The 
depth of the water and the maximum tidal current 
of about 6 miles an hour made temporary protection 
necessary for the great masses, which, submerged, 
weighed over 5000 tons, and docks were built be- 
tween the caissons and on the south and east sides 
in an F shape, forming slips, into which the caissons 
were towed and carefully located before sinking 
was commenced. Afterwards an enclosing dock 
was built on the east, or river, side leaving only the 
north side of one caisson exposed. The docks were 
made with transverse bents of six or more verticil 
and spur piles 24 in. in diameter, and from 75 ft. 
to 90 ft. long, drivenin from 5 ft. to 70 ft. of water, 
and protected in the deepest water by 8000 yards of 
riprap. The docks, the arrangement of which may 
be seen in Fig. 35, page 543, were floored to afford 
storage-rooms and platforms for the contractors’ 
shops, offices, men’s quarters Q, five derricks D, 
a power-house, and a coal-pocket C with a capacity 
of over 700 tons. 

These derricks, and one in the centre of each 
caisson, each capable of lifting 20,000 1b., com- 
manded all the dock space and the material barges. 
They had booms from 40 ft. to 70 ft. long, trussed 
with iron centre-posts and }-in. tension - rods, 
and were operated and swung by double-drum 
steam hoisting-engines. In the power-house was a 
480-horse-power battery of five boilers B, a feed- 
water heater, and three air-compressors A, having 
16-in. by 18-in. cylinders, furnishing steam and pneu- 
matic power for the caisson work and the work on 
the adjacent anchorage, which was built by the same 
contractor. A concrete tower is shown at T. The 
average daily coal consumption was about 50 tons. 

The south caisson was sunk in about five months, 
and its pier finished in fourteen months after the 
caisson was launched. The north caisson was sunk 
more rapidly—at the rate of as much as 5 ft. in four 
days. The south caisson, sunk in 53 ft. of water, 
and loaded with 3000 yards of concrete, penetrated 
the soft mud nearly a foot before excavation was 
commenced, and the sides were about 2 ft. out of 
plumb, but were rectified in sinking through about 
13 ft. of mud and 6 ft. of hard clay, where an 
average progress of only about 4 in. a day was 
made, the sinking being much delayed by many 
large boulders which were encountered by the 
cutting-edge. 

The excavation was carried down in the centre 
from 4 ft. to 8 ft. below the cutting-edge, and the 
sides were excavated to allow the caisson to descend 
intermittently and rapidly, under control. Earth 
and clay were loosened by picks, spades, mattocks, 
and a 100-lb. hydraulic jet, and were removed by 
the wet blow-out. The cutting-edge was supported 
on cribbing over irregular places in the bottom, to 
prevent undue caisson stresses, and the rock was 
drilled and blasted. The compressed air for the 
caisson was cooled from 90 deg. to 77 deg. by a 
,cold-water spray and by passing through a long 
| coil of small pipe submerged below the surface of 
| the river. The excavation to rock was carried as 
much as 11 ft. in places below the final position of 
ithe cutting-edge, and the face of the pit was 
| thoroughly plastered with clay puddle to prevent 
| air leakage. 
| The caisson-men, or ‘‘sand-hogs,” were, at the 
_ beginning of the job, paid 2.50 dols. for eight con- 
secutive hours’ work, including a half-hour inter- 
mission for lunch. Working time decreased and 
pay increased as they descended, until at last, when 
| about 107 ft. below the water-level, they received 


| was pulled up to the closed position by an outside 








3.75 dols. for two 45-minute shifts. Hot dressing- 
rooms, hot baths, and abundance of free hot coffee 
were provided for the men ; and, after the caissons 
were sunk to a depth of 60 ft., steam elevators 
were provided in the man-shafts to save them the 
exertion of climbing. These precautions enabled 
the work to be completed without any fatal cases 
of caisson-disease, though some of the men suffered 
temporarily from the ‘‘ bends.” 

The material shafts, 3 ft. in diameter, were closed 
when not in service by heavy wooden diaphragms 
bolted on the top and bottom. When in service 
the top diaphragms were replaced by air-locks, con- 
sisting of 5$-ft. cylinders 11 ft. high. They had 
circular counterbalanced top and bottom doors, the 
latter made in a single piece, the former made in 
halves, with a diametrical joint, having a stufting- 
box in the centre for the bucket hoist-rope. The 
bucket was thus lifted in and out of the caisson 
without detaching it from the hoist-rope. This 
lock could be operated in 30 seconds, and 225 yards 
of concrete were lowered through it in 20 hours. 
Spoil was handled in ordinary reversing buckets, and 
concrete by a cylindrical bucket of 20 cubic feet 
capacity, having bottom flaps, automatically dump- 
ing the contents when the weight was transferred 
from the chains to the bail. 

The man-lock, shown in Figs. 36 and 37, page 
543, was at the foot of, and tangent to, the 6-ft. 
steel air-shaft and about 12 ft. above the work- 
ing chamber, with which it communicated by 
a 3-ft. ladder shaft, always under full pressure. 
The upper shaft contained a steam elevator cage, 
with a 50-ft. travel and a capacity for 18 men. 
Emergency ladders were provided in two of the 
material shafts. 

Under the heavy pressure, which forced the ends 
of the 12-in. by 12-in. cross-timbers 1 in. into the 
side-wall timbers, the cofferdams leaked, and were 
kept dry by two steam pulsometers and two com- 
pressed air-syphons with 4-in. discharges. 

Sand, stone, and cement were delivered to the 
measuring-hopper on the platform of the upper floor 
of the concrete tower, 20 ft. high, by derricks from 
the barges alongside. The contents were emptied 
through double-bottom flap-doors into a 2-yard 
cubical steel concrete-mixer mounted on a diagonal 
axis, and driven by a steam-engine geared to a 
horizontal axis through opposite diagonal corners. 
After about ten revolutions water was admitted 
and the revolutions continued about one minute 
longer, and the contents were then delivered to a 
oo bucket and taken on a car to the derrick, 
which deposited it in position. As much as 200 
yards of concrete have thus been mixed and placed 
in 10 hours. The concrete above the caisson roof 
was deposited between the cofferdam braces by 
steel-bottom dumping-buckets. 

(To be continued.) 





SAFETY APPLIANCES FOR COTTON- 
SPINNING MULES.—No. IV. 
By J. H. Crastree. 
HEADSTOCES. 

Heapstocks, from the time when motive power 
was applied to the spinning-mule, have been re- 
soled: as possessing dangerous mechanical elements. 
Even the very first mule, made by Samuel Crompton, 
had its rollers operated by means of cogs and bevels, 
which appear (see Fig. 1, page 545) to have been 
somewhat dangerous, judging from the sharpness 
with which the teeth were cut ; and accidents were 
both numerous and severe from these wheels in 
the early days of the mule-spinning industry. For 
several years some individual parts have been care- 
fully safeguarded ; but no serious attempt has been 
made until recently to render headstocks reasonably 
safe asa whole. Difficulties have been many and 
great. Of all the parts of the mule, the headstock 
is the most important, peculiar, and complicated. 
Confining its own mechanical operations within a 
few square feet, it controls the whole of the work- 
ing parts of the mule—the attenuating, the twisting, 
and the winding of the yarn. In order to com- 

rehend more perfectly the necessity and applic:- 
bility of safeguards, we should take into considera- 
tion the components of the headstock, having some 
regard to their functions and modes of operation. 
Particular attention should be given to the follow- 
ing :—Rim-pulley, rim carrier - pulleys, taking-1n 

* Article No. I. appeared in our issue of December °, 
1904 ; No. II. on March 3, 1905; and No. III. on July 21, 
1905. 
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Fic. 2. Back or Mure HeEapstock. 


and its high speed, the spokes and the | pulley receives the bands from the tightening-pulley 
rim are very dangerous elements.* We | (Fig. 21, page 550) on the tail of the headabesk; and 
should also remember that the space | revolves in the same direction as the hands of a 
between the headstock of one mule and watch, while the lower carrier-pulley conveys the 
the creel-bobbins of another, or between | bands to the carrier and the tin-roller shaft A (Fig. 5) 
the headstock and the wall of the | of the mule-carriage, and revolves in the same direc- 
: spinning-room (Fig. 4), is somewhat | tion as the rim-pulley—i.e., opposite to that of a 
Fic. 3. Rim-Putiey with ATTACHMENT- restricted, averaging from 10 in. to| watch-hand. 
Pins. 18 in. only, and along this confined| These carrier-pulleys have strong brackets and 
passage, spinners and boy-piecers must | bearings, as will be seen in Fig. 2, and they are not 
shaft and bevels, scroll shaft, drawband carrier- | walk with bare feet many times daily, to place full |in such exposed positions as the rim-pulley ; but 
pulley on the tail of the headstock, rim-band | bobbins on the creel-boards and remove the empties. | the fact of their being — uncovered, coupled 
tightening pulley, setting-on rod, quadrant, and | As these workers go from one creel to the other, they | with their high speed, renders them a constant 
quadrant pinion. ‘The quadrant and quadrant | must pass dangerously close to the rim-pulley while | source of unnecessary risk. Hand-brushes have fre- 
pinion will be specially dealt with in our next it is revolving at the rate of 800 per minute. Any | quently caught between the spokes and the brackets, 
article. | step misplaced at that moment may involve serious | with the result of the wooden parts of a brush being 
Rim-Pulley.—As will be seen in Fig. 2, the rim- | consequences. Another source of accident has been smashed to splinters and pieces hurled at great 
pulley, A, is fixed on the main driving-shaft of the | occasioned by the use of brushes in cleaning about | speed among the workers. It cannot be too well 
mule, near the back of the headstock frame. It is 'the headstock while the mule has been in motion ; | borne in mind that the spinners sweep and clean 
usually about 5 ft. from the floor, has six spokes | brush-stails have become involved with the spokes | the ‘* still” parts—frame, brackets, bearings, c. 
carefully moulded, so as to form a regular hexagon | of the rim-pulley, and have brought, almost instan- |—while these wheels are working at full speed. If 
(Fig. 3), and on its periphery has two or three | taneously, the worker’s hands into collision with | a hand-brush is inadvertently dropped, or a cleaning 
grooves of 4 in. to 1 in. in depth. The wheel is|the moving parts. The pulley moves most rapidly cloth becomes entangled, serious injury may ensue. 
placed near the shaft end, and screwed into position | when the mule-carriage is on its outward run, and | Another dangerous point should be noted; the 
bet ween face-plates, the inner one of which is pro- | when, therefore, it has to combat the greatest | lower rim carrier-pulley, which abuts obliquely from 
vided with three pins fitting into three holes drilled | amount of inertia. When the carriage has attained |the frame some 20in., has the taking-in of the 
into the face of the pulley. The purpose of these|the extremity of its outward run, the rim-pulley | bands on the upper side of the grooves. Every 
pins will be obvious when it is borne in mind that | stops for a moment and has a slow reverse motion engineer is aware of the risk of the ‘‘ biting” side 
any slipping or irregular movement of the wheel | for a second or so; it then revolves in its normal |of a strap and pulley ; but here we have a com- 
would be fatal to good spinning. In the grooves | direction when the carriage is on its inward run, | bination much more important than a mere strap 
just mentioned are three strong cotton ropes or| but with much less than its normal velocity, and|and pulley; we have three rough-surfaced ropes 
*‘hands” 1 in. in diameter, which are connec‘ed with | has little inertia to overcome. | impinging on grooves close to four cutting edges of 
the tin-roller shaft of the mule-carriage, and are| It follows, therefore, that if any boy-piecer or | the acer The tongue which is designed to keep 
intimately concerned with the revolution of the | minder comes into collision with the pulley and its | the bands in position is not intended as a fence, 
spindles, The rim-pulley, by means of these bands, | bands when the carriage is on the outward run, the |and would ‘not help matters in the event of an 
drives from 1000 to 1200 spindles ; it must, there- | danger is considerably aggravated, as neither hands accident. The bands themselves, whose surfaces 
fore, be well made, truly set, and driven with great | nor arms would, in the least, check its mutilating | are rough, ‘excang lacerations which are singularly 
accuracy. Its diameter varies according to the! power. | loth to heal. 
required velocity of the spindles, but an average| Rim Carrier-Pulleys.—Nearer to, andclosely con-| Taking-in Shaft and Bevels.—The vertical taking- 
wheel may be taken at 22in. ‘This will make! nected with, the rim-pulley are the rim carrier- | in shaft is marked D on es 2. At its upper end it 
800 revolutions per minute, and its peripheral rate| pulleys B, C (Fig. 2). These are intermediate engages with a short side-shaft by means of a bevel 
of motion will be 75 ft. per second. It will be| wheels with grooved peripheries, which guide the |of about thirty teeth, and revolves at the rate of 
elear therefore that, owing to its exposed position | bands to the locus of spinning. ‘The upper carrier- jabout 230 per minute. It will be obvious, there- 
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fore, that such bevels could not possibly go unpro- 
tected, and machinists have for many years affixed 
& guard to these toothed wheels, either in the shape 
of an extended dise (E, Fig. 2) or by means of a 
complete wrought-iron cover. 

The lower part of this shaft bears the taking-in 
friction clutch (F, Fig. 2) by which the horizontal 
scroll-shaft G (Figs. 2 and 6) is operated. The upper, 
or female, half of the clutch comprises a highly- 

lished cap, which presents no points of danger. 

he lower half of the clutch has a bevel pinion, 
which is usually covered, as seen at F in F ig. 6. 

Scroll-Shaft.—Immediately under the taking-in 
shaft, and at right angles to it, is the scroll-shaft 
G (Figs. 2and6) bearing three or four scroll-wheels 





Fic. 15. Tam (or Front Part) or 


HEADSTOCK. 








Fic. 18. Guarp (A) ovER QuaDRANT-SHAFT 
PULLEY. 


| and the scroll-shaft bevel H (Fig. 2). This bevel has 
| about eighty teeth, and revolves with the shaft at 
the rate of fifty to sixty per minute. It was for 
long a source of mischief to spinners who might’ be 
cleaning or standing near,’ and has now been 
accommodated with a séparate cover, as seen at 
K in Fig. 6. 

The scrolls themselves are spirally turned wheels, 
to which ropes or bands are attached for the pur- 
pose of drawing in the mule carriage when the 
taking-in clutch isin gear. They obey the ordinary 
rules of scroll motion, being regular in speed, but 
varying the motion of the carriage according to the 
changing diameters of their working purts. The 
scrolls L M (Fig. 6) work similarly and in conson- 
ance with each other; the scroll P is set oppo- 
sitely on the shaft and is known as a “‘ check-band 
scroll,” from the fact that its band exerts a drag or 
check on the other scroll-bands and. prevents any 
excessive speed or over-running of the carriage: 

The common dangers of scrolls have been re- 
ferred to in this journal in the issue of December 





2, 1904. These scrolls present peculiar risks from 


Fic... 16. 
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AND Froxt Parts, 








Fic. 20. Rim-Banp Ticutentne-PcLiey, 
WITHOUT GUARD. 


their being so near the floor, so evidently exposed, 
— se close to the narrow passage behind the mule. 

n some instances we have known these scrolls to 
be so near the floor that a finger could not possibly 
pass under the extreme edge when the band is on 
that part. When, therefore, spinners have at- 
tempted to clear away ‘‘fly” or loose cotton, 
fingers have been trapped and severed. 

The Headstock Guard and its Application.—In 
the face of so many accidents from the various 
parts of headstocks, it has been demonstrated that 
any fencing by small instalments would be inade- 
quate. Machinists have, therefore, very properly 
considered the advisability of fencing the head- 
stock back as a whole. We have thus the head- 
stock guard, as seen in Fig. 7. This appliance 
covers the whole of the back and back sides of the 
headstock. At its base are two iron pins which 
fall into floor holes. The main portion of the guard 
reaches a few inches higher than the headstock 
frame, and is surmounted by a semi-circular disc 
covering the face of the rim-pulley. The guard 
is provided with sliding doors which, by means of 
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handles, may be drawn either way, and the work- 
ing parts of the mule exposed for purposes of exami- 
nation or repair; in Fig. 11 an arrangement is 
shown in which these doors open by hinges. 

It may at times be necessary to remove the rim 
disc without dismounting the guard. For this pur- 
pose the disc is provided with tongues (Fig. 8) 
which fit into slots on the upper edge of the guard. 

In some types of mule an extra scroll is affixed to 
the end of the scroll-shaft. For this addition the 
guard is properly adapted by a lateral extension, as 
seen in Fig. 9. In this guard the curved top is 
stretched throughout the length of the guard, and 
is permanently fixed. The mode of attachment 
of the guard to the headstock frame is shown in 
Fig. 10 at A A, where strong iron pins are so bent 
as to fit into holes drilled into the frame. There 
can thus be no possibility of the guard coming into 
collision with the moving parts, and it may be fitted 
so accurately as to occupy little more than 1 in. or 
2in. space behind the headstock itself. Passing 
to and fro from one-half of the mule to the other 
is rendered a matter of perfect safety with these 
guards in position. 

The most casual reference to the appliance, as 
shown in Fig. 11, will demonstrate the diminu- 
tion of risk in walking behind the mule where the 
space is limited to the breadth of two floor-boards. 
Instances of guards are numerous in which a com- 
plete cover without doors or divisions is preferred. 
Examples are given in Figs. 12 and 13; in the 
latter case the guard is flanged and curves over 
the top of the rim-pulley ; the mode of attachment 
is by rods and slots. Another form of guard 
(Fig. 14) has been devised with the view of 
allowing the moving parts to be at all times 
under possible observation. This appliance is 
grid-shaped, having vertical rods riveted to a 
skeleton frame. This guard has its defects: it 
does not cover perfectly ; hands and arms may slip 
between the rods ; and it harbours loose “fly ” and 
waste. 

The Tail of the Headstock.—In Fig. 15 we have 
a general view of the tail-piece or front part of the 
headstock, the parts intervening between back and 
front being shown in Fig. 16. In Fig. 15, A is the 
rim-band tightening-pulley, B the quadrant scroll, 
C a carrier-pulley, D the quadrant pinion, E the 
teeth of the quadrant, and F the handle to the 
setting-on rod, by which the mule is started and 
stopped. We may now note the chief items con- 
ceroed in this part of the headstock. 

Quadrant Scroll and Carrier-Pulley.—These will 
be seen more clearly by reference to Fig. 17. The 
scroll B is precisely similar to those on the back 
shaft (vide Encinrertnc, December 2, 1904), and 
has the same attendant dangers; its motion is 
reversible, as is also that of the carrier-pulley C. 
The velocity of these wheels is the same as that of 
the quadrant pinion D, all being keyed to the 
quadrant shaft G. The danger of these wheels has 
long been indisputable, and effective guards are 
now provided, as seen in Fig. 18, where the guard 
A covers both the scroll and carrier-pulley, and is 
formed into a small box to hold the spinner’s tools. 
Where a tool-box is not used, a simple guard is 
provided over the top and sides of the wheels, as 
at A in Fig. 19. 

Rim-Band Tightening-Pulley.—The old form of 
rim-band tightening: pulley is illustrated in Fig. 20, 
where the wheel on the left side of the headstock 
is absolutely without cover, notwithstanding the 
fact that its size and rate of motion are approxi- 
mately equivalent to those of the main rim-pulley, 
by which it is operated. Accidents from this pulley 
and its gathering-in bands have been far too 
numerous ; arms have been broken in the spokes, 
knees have been abraised and burnt by friction on 
the rim-edge, and it has been no rare occurrence 
for spinners’ fingers to be taken between the bands 
and the rim-edge half round the pulley. 

Such serious mishaps have called forth the atten- 
tion of machinists, and several good appliances have 
come into use, 

Fig. 21, page 550, shows the uncovered wheel 
fitted at its boss with a cast-iron bracket, with per- 
forations made to hold a guard in position. Phis 
bracket must, of course, be strong, reliable, and 
accurately set, or it may collide with the bands 
or pulley. Fig. 18 illustrates how this accuracy 
is secured, and how the face of the pulley and the 
intake of the bands are efticiently guarded. 

The bracket (Fig. 22) is also made of smaller type 
and attached to the headstock frame, passing be- 
tween the bands. Here, again, the circular plate- 





guard is fixed to the bracket, being cast with a 
diameter about 2 in. larger than that of the tighten- 
ing-pulley. 

In other instances (see Fig. 23, page 550) the 
bracket is dispensed with, and the circular guard 
is fixed on the boss of the pulley, extending beyond 
its periphery about 1 in. 

Setting-on Rod.—This part of the mule is one of 
considerable import. It may appear an insignifi- 
cant matter for a rod A (Fig. 24) to be moved for- 
ward or backward for a few inches; the untoward 
movement of this rod, however, has involved nuch 
serious injury and the loss of many lives. The ab- 
solute necessity in regard to this rod, which moves 
the driving-strapfrom the loose to the fast pulley, and 
vice vered, is that it be kept under certain control. 
The bulk of accidents are concerned with the older 
form of rod, as seen in Figs. 20 and 23. The rod 
works to and fro in a slot, and has on its lower 
edge a rectangular notch B, which engages with the 
slot base. The mule is then at a standstill; the 
driving- strap is on the loose pulley, and the 
spinner may repair or clean any part of his machine 
with safety. If, however, the notch be not placed 
completely over the slot, the driving-strap will 
gradually regain its hold on the fast pulley, and 
will climb on to the ridge of its periphery ; the 
rod itself will slowly be forced inwards ; the mule 
will re-start, and spinners or boy piecers may be 
trapped in wheels they are cleaning, or seriously 
hurt between the fixed and traversing parts of the 
mule—i.e., between the carriage and the roller 
beam. The rod should not only have its notch 
pressed well over the slot, but should have some 
unfailing means of being kept in that position. 
Very simple and effective devices are used for this 
purpose. In Fig. 20 the slot and rod are bored 
with a concentric hole, into which a metal cotter is 
inserted. The cotter will be seen at B suspended 
from a fixed chain. With the cotter in the two 
holes the rod cannot possibly hark back, and the 
driving-strap is compelled to remain on the loose 
pulley. 

Another plan is shown in Fig. 23, where a 
wooden peg is seen at © suspended from the rod 
by means of a double cord. This peg is inserted 
in the space over B between the rod and the top 
of the slot ; if the notch is not properly placed, the 
peg will not enter the space at all; and as the 
peg is made convergent, it fits tightly in the space 
mentioned when the notch is in position. 

A more modern arrangement is shown in Fig. 24, 
where the rod has two notches at B and C, and may 
be held firmly either for running or stoppage, by 
means of the lever weight at D. This weight has 
its fulcrum at E, and the part F is considerably 
heavier than D. The end F is constantly resting 
on the upper edge of the rod A, but when the 
notch falls over the slot (as in the stopping of the 
mule), the end F descends a little further, and its 
under-surface rests directly on the top of the rod. 
The rod is thus held perfectly immovable until the 
lever weight is voluntarily lifted by pressing the 
thimble at.D. The advantage of this appliance 
will be evident from the fact that it cannot be dis- 
placed, and is not likely to get out of order. Other 
similar devices have been adopted, but the three 
here given indicate the principles of those in 
general use. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

Tue first monthly meeting of the present session 
of the Institution of Mechanical Engineers was 
held on Friday last, the 20th inst., at the Institu- 
tion House, Storey’s Gate, Westminster, Mr. John 
A. F. Aspinall, Vice-President, occupying the chair 
in the absence of the President. 

Mr. Aspinall first announced, with very great 
regret, the death, since the last meeting, of three 
prominent members of the Institution : Sir Edward 
Carbutt, Past-President, and Mr. William Dean 
and Mr. James Mansergh, both members of Council. 
The Council had that day sent a letter to Lady 
Carbutt, expressing the deep regret the Institution 
felt at her loss, and similar letters had previously 
been forwarded to the relatives of Mr. William Dean 
and Mr. James Mansergh. He had also to announce, 
with great regret, the resignation, as member of 
Council, of Mr. H. D. Marshall, of Gainsborough, 
this resignation being due to ill-health. The Coun- 
cil had appointed the following gentlemen to fill the 
three vacancies which had been created :—Mr. 
H. F. Donaldson, of Woolwich ; Mr. J. Rossiter 





Hoyle, of Sheffield; and Mr. James Rowan, of 
Glasgow. 

The Secretary then read the minutes of the last 
meeting, and the names of 125 candidates who had 
been elected as members, associate members, or 
graduates, were also read out. 


CaRTRIDGE-CaAsES FOR QuicK-Frrinc Guns, 

The paper set down for reading and discussion 
wus a contribution by Colonel Leandro Cubillo, 
of Trubia, Spain, and the late Mr. Archibald 
P. Head, of London, the title being ‘‘ The Manu- 
facture of Cartridge-Cases for Quick-Firing Guns.” 
This was read in abstract by the Secretary, and we 
print it in full in our present issue. 

At the conclusion of the reading of the paper, 
Mr. Aspinall said that, unfortunately, Colonel 
Cubillo was not able to be present that evening 
owing to his having engagements in Spain. He 
felt sure that all members of the Institution would 
join most sincerely in the regret it was his duty to 
express at the sad death of the joint author, Mr. 
Archibald P. Head, which occurred in June last. 
Mr. Head was a valued member of the Institu- 
tion, and there were many in the room who would 
not only regret the loss which the Institution had 
sustained, but who mourned his loss asa friend. 
Mr. Aspinall concluded by proposing a vote of 
thanks for the paper, and this being accorded, he 
called on Mr. Benjamin Head, who was present, 
for any remarks he might wish to make as repre- 
senting the authors. 

Mr. Benjamin Head, in response, said that 
Colonel Cubillo had asked him to be present as his 
representative, as he (Colonel Cubillo) was not able 
to be in London on account of President Loubet’s 
visit to Madrid. The subject of the paper was one 
with which the speaker was not himself well 
acquainted, but he would be glad to forward to 
Colonel Cubillo any questions that might be asked, 
so that they could be replied to in the published 
Proceedings. 

Mr. H. F. Donaldson, of Woolwich, was the next 
speaker. He said that the paper might be divided 
into three parts—namely, material, method, and 
machines. Probably to the majority of engineers 
the actual. manufacture of quick-firing ammunition 
did not appeal very much, but the subject was one 
that afforded food for study, perhaps beyond the 
ordinary lines of engineering. He would take the 
question of material first. The paper contained a 
few micro-photographs, and it occurred to him that 
it might be instructive if he gave a few more 
examples of the examination of cartridge brass. 
He had, therefore, arranged to have some views 
thrown on the screen. [The room was then 
darkened and the microphotographs were shown. 
These we reproduce on page 551.] The magnifica- 
tion of the first six was 50 diameters on the plate, 
whilst in the case of the remaining views it wes 
24 diameters only.* Fig. 1 was a micro-section of 
a piece of brass hard-rolled ; Fig. 2 was a section 
of hard-rolled brass after annealing for 10 minutcs 
at 600 deg. Cent. ; Fig. 3 was from a photograph 
which showed the effect of annealing at 700 deg. 
Cent. for 10 minutes ; Fig. 4 at 800 deg. Cent. for 
the same time; Fig. 5 at 900 deg. Cent. also for 
10 minutes ; and Fig. 6 also at 900 deg. Cent. for 
the same time ; the latter specimen contained 1 per 
cent. of tin. Fig. 7 illustrated a piece of cartridge- 
case manufactured at the ordnance factories, which 
might be called ‘‘ normal,” the rim being hard, but 
the metal was annealed-more and more, coming 
down the walls of thecase from the head. The 
next photograph, Fig. 8, was a similar good case 
to Fig. 7, but not made in the ordnance factorics. 
In the next view shown (Fig. 9) was a piece of a 
4.7-in. case which cracked spontaneously; and 
Fig. 10 was a photograph of a portion of a case 
which cracked at the rim on firing. The failures of 
the latter two examples were probably caused by the 
metal being too hard-worked—possibly too cold. 

Going on to speak of material, Mr. Donaldson 
said there were one or two points to which he 
would make reference. The authors spoke in 
several places of the hardness and brittleness pro- 
duced by working cold, and they referred to duc- 
tility being restored by annealing. According to 
his idea and experience, however, if a piece of 
brass or copper were overworked cold, it was not 
possible to bring it entirely back to its original state 


* Our reproductions are four-fifths the scale of the 
original photographs, so that for Figs. 1 to 6 our engray: 
ings represent a magnification of 40 time”, Figs. 1 
to 10 a two fold magnification. 
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by annealing. The authors had referred to the high 
limit of temperature as not far removed from the 
melting-point ; this tended to bear out what he had 
just said. Referring again to spontaneous crack- 
ing, the speaker said this was a very great trouble 
with many makers. If the metal were overworked, 
a condition of internal strain would be set up, and 
this might not appear for months afterwards, when 
the cartridge would crack of its own accord. 

Referring to the methods described in the 
author’s paper, Mr. Donaldson remarked that 
the temperatures and pressures there given were 
not the same as those which were used in this 
country, although there was not much difference. 
The number of operations used in Trubia were, 
apparently, two more than were found necessary at 
Woolwich. The first pressure given by the authors 
was 1000 lb. to the square inch, but at Woolwich 
the pressure for this operation was 1550 lb. to the 
square inch; this would work out at about 158 
tons on the head. In the first draw the Spanish 
works used 1300 lb. to the square inch, whilst iu 
this country a pressure of 1400 lb. was used. The 
pressures for the next draw were about the same. 
For the following draw the Woolwich pressure was 
lower, being 1120 lb. to the square’ inch, against 
the 1300 lb. mentioned in the paper. The next 
draw was about the same in both cases; the Wool- 
wich practice being only 40 lb. per square inch 
higher. In the indenting of the primer, whereas 
the Spanish practice was 2500 lb. pressure, at 
Woolwich it was 3500 Ib. per square inch. It would 
further appear that, according to the paper, there 
were two more drawings and one more anneal- 
ing than at Woolwich. 

Turning now to the methods pursued, mention 
was made in the paper of the work always being 
done cold. It was, however—said Mr. Donaldson 
—within the knowledge of many that iu the initial 
stages of making cartridge-cases hot ingots were 
employed, the cases being punched out from square 
or hexagonal ingots, thus reducing the amount 
of drawing. Another method which had been 
adopted—he believed with some measure of success 
—avoided drawing altogether, the whole work being 
done by rolling. That seemed to him theoretically 
a sounder process, because if there were any laying 
of the metal at all, it would be laid helically, and 
that would be the best direction for affording re- 
sistance against bursting. The 6-in. case referred 
to in the paper was very much longer than was 
made at Woolwich for this size of gun, and for this 
reason the stripping arrangement mentioned as 
being used at the end of the sixth drawing might 
be necessary ; but with the Woolwich practice such 
an arrangement was not requisite. 

Turning to the machines, Mr. Donaldson was 
of opinion that the valves on the Spanish presses 
would give more trouble than anything else, and he 
would remark that those things that gave the most 
trouble were the most interesting. He would think 
that in both of the valves illustrated there would 
be considerable water wash and cutting. In this 
respect he referred to the by-pass valve and the 
controller-valve illustrated in the paper. He would 
also think that the reversing-valve for the 
upright hydraulic drawing- press would have a 
very short life indeed, and that there would be 
likely to be rapid cutting away when the water 
was wire-drawn. The same thing would occur with 
the by-pass valves for the duplex pumps; but the 
combination of the by-pass valve with the cam and 
slide-valve operated by the accumulator, and con- 
trolling the by-pass valve, appeared to him a very 
pretty arrangement. 

The pressures upon the work itself were not 
stated in the paper, but they were a matter of 
calculation according to the area of the piece being 
drawn. It might be of interest to compare such 
pressures with those found with the Woolwich 
system. At Woolwich a pressure of 158 tons was 
reached for the cupping. The pressures for the suc- 
cessive drawings were :—For the first, about 140 
tons; for the second, about 135 tons; for the 
third, 112 tons; for the fourth, 80 tons; for the 
fifth, 75 tons, and for the sixth, 50 tons. Passing 
to the indenting, the pressure was 1350 tons on the 
work, The seventh draw gave 45 tons. The 
second indenting was again 1350 tons. The eighth 
draw, with a pressure of 40 tons, was the last at 
Woolwich, but the Spanish practice went further, 
going to ten draws. The pressure on the head was 
given in the paper as 1700 tons ; but whether this 
was intended to be applied once or more often 
did not appear. At Woolwich they put on three 


pressures — namely, 1350 tons, 1150 tons, and, 
again, 1350 tons on the work. The annealing they 
used was uniform, being at about 650 deg. Cent. 
all through. Before sitting duwn, he wished to 
express his deep regret that the sad occurrence 
of last June had led to the death of one of the 
authors, while it was also a loss that the other 
author should have been prevented from coming to 
the present meeting. 

Mr. Henry Lea, of Birmingham, said that the 
subject of cartridge-making was not one with which 
he was very familiar, excepting in a general way ; 
but what was known as the raising and drawing pro- 
cess had been resorted to for purposes other than car- 
tridge-making for a very long time, and the process 
was a very interesting one. He thought that his 
first acquaintance with it must have dated back 
about forty years. His remarks would have refer- 
ence to the raising of vessels from very much 
thinner metal than was used in making cartridges. 
These vessels were of almost any size that might 
be needed—not being restricted to 6in. in dia- 
meter. He did not remember the name of the man 
in Birmingham who first devised what was known 
as the ‘‘ pressure-plate,” but this was the basis of 
success in performing the first operation of con- 
verting a flat disc into a cup-shaped form. By 
means of a blackboard sketch, which we re- 
produce in Fig. 11, Mr. Lea explained the 
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process. There was a die on which was laid 
a disc of metal, the former having a raised 
edge. The depth of the recess shown, on which 
the blank was placed, was a little less than the 
thickness of the blank. There was brought down 
on the blank a very stout plate, which was pressed 
down either by cams, springs, or hydraulic means, 
thus compressing the disc to some extent. Then 
the punch was caused to descend to form the shape 
required. If the pressure-plate were not used, the 
blank would pucker up all round the edges as soon 
as bending down commenced ; but with the pressure- 
plate in use the puckers were not present, being 
smoothed out as fastas they were formed, by being 
drawn over the smooth edge of the die. In that 
way a solution was found to the difficulty of form- 
ing big vessels out of thin metal. Another device 
was also tried. There was an impression that by 
keeping the pressure on very hard and constantly 
the metal was subjected to too much stress in 
turning the corner. In order to overcome this, 
anotherinventor hung the pressure-plate on a steam- 
hammer cylinder, which was worked at about 200 
blowsa minute. The idea was that as the plate under 
treatment was bulged slowly down, the metal should 
have the opportunity of puckering when not under 
strain; but immediately after the puckers had 
formed, the pressure-plate should come down with 
a blow, and hammer them all out again. That 
arrangement was successful. He had once seen 
a blank of German silver—not an easy metal to 
deal with—about 18 in. in diameter and 4 in. 
thick, put into one of the hammer machines, and 
drawn down into an article just the size of a man’s 
hat, 7 in. in diameter and 7 in. deep, at one 
operation, there being no annealing whatever. It 
being desired to soften the metal for a certain pur- 
pose, it was put into an annealing oven, with the 
result that it split into about 50 ribbons, having 
a width of about $in. each. The advantage gained 
was therefore lost, because the article could not be 
annealed. 

Mr. Aylan, of Woolwich, said he was greatly 
interested in the paper, as it happened to deal with 
matters that were under his charge at Woolwich. 
The general work of the developmentof the cartridge- 
case might be described as on the physical side of 
engineering. It would not be right to say that the 
plant described by the authors was the latest, and 
one that comprised the most recent additions. For 
instance, in the method described in the paper the 
die—which was a very massive part of the plant— 
was moved in and out for every operation. Hap- 
pily at Woolwich they had learned to keep the die 
stationary, and move a distance-piece, which was 





about a twentieth of the weight of the die. Another 





fact that he noticed was the elaborate nature of the 
process for extracting the case from the bolster. At 
Woolwich they had certainly not such long cases, but 
they had some probably as thin as those of the final 
draw referred to in the paper. They always took 
care, however, that the bolster should be highly 
repr in order entirely to eliminate the possi- 

ility of it pinning the drawn case. At Woolwich 
they found no difficulty in extracting from the 
draw, and this was largely due to the very 
fine finish on the surface of the bolster. He 
further noticed that in the tapering process there 
were two operations ; that might be due in some 
measure to the great length of the case, although 
he did not think wholly so. At Woolwich they 
tapered with one operation, and the die for tapering 
was certainly a more economical one than the 
built-up die described by the authors. It was 
made of cast iron, bored out very carefully to the 
exact curvature. In cartridge-making, however, 
there were so many intangible causes of failure that 
makers might be thankful when things were going 
right, without inquiring too closely into methods. 

Mr. W. B. Challen, of Birmingham, considered 
that there was & need for distinctive terms in regard 
to the manipulation of metals. The manufacture 
of cartridge-cases was hardly the same thing as 
the processes of which Mr. Lea spoke. If there 
were some term to distinguish between the two 
systems of drawing, it would be very useful. He 
would suggest that cartridge-drawing was more a 
reduction of the thickness of the metal, and almost 
entirely different from the class of work to which 
Mr. Lea had referred, and which, for want of 
a better term, he would call ‘‘pressure-plate 
drawing”; in cartridge-making no pressure-plate 
was needed. The machines were of a simple 
character and single-acting. With the pressuro- 
plate drawing the action was double ; there was 
one action to apply the pressure-plate and another 
action for attacking the metal and changing its 
form. Mr. Challen referred to a period of forty 
years ago, when he wasa pupil. There was at the 
works at which he was engaged a machine for 
making door-knobs out of sheet metal. That 
machiuve was in use in the year 1858. There was 
another machine of a similar character for making 
the bases of cloth-covered buttons. They attempted 
great things, trying to make five objects at each 
stroke of the machine. The difficulty was to get 
the pressure uniform on the five objects, and also in 
regard to getting the pressure around the periphery 
sufficiently equal to prevent one side from going 
down more rapidly or more deeply than the other. 
He mentioned these facts to show that the idea had 
been worked at for a great many years. Mr. Lea 
had given Birmingham the credit for having in- 
vented the pressure-plate, but he (the speaker) had 
heard that it was first used in Paris. It was, how- 
ever, brought into Birmingham at a very early date. 
At that time there were curious ways of working. 
The pressure-plate was applied by hand by screw- 
ing down bolts and nuts, and the force for forming 
or raising the material was applied by a large screw 
press with four wheels, and these ran up to 8 ft. or 
9ft. in diameter. In this manner several men would 
produce a basin or tin bowl by manual power. That, 
it was needless to say, was a very expensive way of 
working, and in the present day tin basins or bowls 
could be produced at the rate of 70 or 80 gross a 
day with one man laying on; it would be seen, 
therefore, that some advance had been made since 
those early days. 

Mr. William Schonheyder said that in the paper 
a word was used which he had before had some- 
wor | to say against. The word was ‘‘ tempered,” 
and he thought that ‘‘ heat-treated ” or ‘‘ hardened 
and tempered” should be substituted. It was not 
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possible to temper a steel, to do any good, without 
hardening ; it must be hardened first, and then 
tempered. The speaker also considered that the 
illustrations in the paper were defective, not being 
clear enough, or on a sufficiently large scale. This 
applied especially to the dies and punches, which 





had to be made with a very close approximation to 
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accuracy, He would suggest that in future, for | 


similar work, larger illustrations should be put in | 
the paper. Referring to the cylinder-packing illus- 
trated in the paper, in Fig. 40, he thought there was a | 
mistake in the drawing of the packing of the plunger. | 
This point the speaker illustrated by a sketch on 
the blackboard, which we produce in Fig. 12. The 
sketch represented the cylinder with the plunger 
inside. In the illustration the plate behind the 
packing was simply a flat plate, but having a 
keying-plate at the top; and the leather was shown. 
With the high pressures in use the packing, as 
shown, could not stand, as the leather would be 
squeezed into the corner between the plate and the 
cylinder. As a matter of fact, the keying-plate at 
the back ought to have been formed to the same 
shape as the leather, so that the latter would be 
— supported at the whole of the surface at the 
pack, 

Mr. J. M. Ledingham remarked that much had 
already been said which it would not be neces- 
sary to repeat, but he would refer to the valve 
arrangement illustrated in the paper, which struck 
him as being extremely complicated, far more so 
than was necessary. In dealing with such pressures 
as 2} tons to the square inch, there was extreme 
difficulty in arranging an automatic valve. The cam 
and slide-valve operated by the accumulator and 
controlling the by-pass valve, illustrated in the 
paper, looked a very pretty arrangement. The 
authors stated that ‘‘ when the valve d-was opened 
(see Fig. 23, page 570) the water escaped by the 
pipe e to the tank, and the pump absorbed little 
or no energy.” It appeared to him that there 
would be a number of valves, and if that were 
the case, there would be considerable leakage and 
much loss of energy, because a great deal of the 
water that was being pumped was passing into the 
waste-pipe. At Woolwich they found that a much 
more satisfactory arrangement, and certainly one 
much simpler, was to have a connection from the 
accumulator to work the throttle-valve of the 
steam-pumps. Naturally, when the accumulator 
was at the top, the pump was stationary. The 
speaker thought, therefore, that the statement 
which he had quoted was to be doubted, although 
the device seemed very pretty. 

Mr. J. J. Edwards said that, in common, he 
supposed, with other cartridge-makers, he would 
be slow to admit that the processes described had 





anything superior to those with which he was con- 
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nected, because, when two or three different per- 
sons set about making any particular article, each 
one would, perhaps, attain the end in view by 
different methods. As an example, the processes 
described in the paper differed from those followed 
in the shop in which he was engaged. Several of 
these differences might be referred to, but he would 
mention one in connection with an important detail 
of dealing with brass—that of annealing. The 
authors described how the end aimed at was attained 
by varying the temperature according to the thick- 
ness of the piece dealt with. He-did not think 
this practice was sound. Everyone in the room 
might not have had much to do with annealing 
brass, but he concluded that all had had some ex- 
perience with steel ; and when dealing with steel 
it was known that, whether the piece were a small 
or large one, the temperature must be raised to a 
certain given point. The difference was that it took 
a longer time to raise the larger piece to a given 
temperature than would be the case with the small 
piece. In his practice with brass he adopted one 
definite temperature, but varied the time in accor- 
dance with the size of the piece to be dealt 
with. There was another point upon which he 
would like to ask a question. It was stated that 
brass could be annealed by lapse of time; that 
he considered was a statement open to ques- 
tion. At any rate, the experience at his works 
was that if a cartridge were allowed to go out 
improperly annealed, the mistake would be found 
out sooner or later, perhaps years afterwards ; 
and no matter how long the cartridge-case might 
be in service, it never became properly annealed. 
Annealing had to be done in the furnace in con- 
nection with the works, and no annealing would 
take place subsequently. If the head were too 
hard, it might come back, perhaps, in two pieces, 
and this would be the result of not being properly 
annealed before going out. When firing, such a 
cartridge might fly or crack spontaneously into bits ; 
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and the maker should consider himself fortunate if 
it did not crack spontaneously before getting into 
the gun at all. He would therefore ask for some 
explanation of the assertion that brass became an- 
nealed by lapse of time. There might be something 
in it, but to him it seemed quite opposed to general 
experience. The speaker next referred to the 
horizontal and vertical presses. He understood that 
the earlier draws were done in the vertical press, 
and the later in the horizontal press ; he was at a 
loss to account for this, as he would prefer the ver- 
tical press right through. It was possible to put 
three vertical presses in the room of one horizontal 
press, and the work could be done equally well by 
either. As far as the drawing was concerned, there 
was greater certainty of concentricity when the 
vertical press was used. 

Captain Davies, of the Morris Tube Company, 
pointed out the special interest of the subject 
treated by the authors at the present time, owing to 
the re-armament of the artillery with quick-firing 
guns. It was impossible to obtain quick - firing 
unless the whole round could be loaded together ; 
otherwise a separate operation was necessary. 
In firing from an unmovable carriage, when very 
little alteration would be necessary in laying for 
a subsequent round, there would not be time for 
the two operations unless rapidity of fire were 
sacrificed. In future wars the side which had in 
reserve the power of pouring in, in a short 
time, an overwhelming fire would have the advan- 
tage, as this would prevent the enemy’s artillery 
from taking up more favourable positions during 
the battle. In the case of guns of a heavier nature, 
where the projectile had.to be separate, and the 
whole service of the gun was so much slower, the 
advantage of the brass case was not so marked ; 
although even here it would assist in increasing the 
rate of firing, as the necessity for sponging out 
after each round would be obviated. Against this, 
however, was the disadvantage that when the charge 
was assembled together with the means of ignition, 
if there should be an accident through a dropped 
case, or a blow, causing the cartridge to explode, 
the consequences would be much more serious with 
larger cartridges than in the case of smaller ones. 
The point then arose, What was the best material for 
the quick-firing case? He thought it was generally 
agreed that, on the whole, brass was most suitable 
for the purpose. Nevertheless, this metal was nvt 
altogether in favour with some experts, owing tv 
the fact that occasionally the cases burst on firing, 
causing serious injury to the gun. In order to get 
over this difficulty, experiments had been carried 
out with a view to obtaining more suitable material ; 
but so far, he understood, that these experiments 
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had only led to aslight alteration in the proportions 
of the ingredients, or possibly the addition of small 
percentages of other metals. He believed that an 
alloy of copper would in the future, as in the past, 
supply the best material for the manufacture of 
cases. He thought it would be agreed that 
metal was necessary in order to secure the attach- 
ment of the shell, and so make the whole round 
complete in itself. 

The number of metal cases that had burst on firing 
formed only a small fractional percentage of those 
used, but the consequences were so serious when 
such accidents did occur that the attention of 
gunners all over the world had been called to 
the subject. The bursts might be of two kinds: 
either those in the base or those at the forward 
part of the case. The latter were not so serious 
as the former, because with a burst at the 
forward part of the case there was no escape of 
gas to the rear ;{nothing more occurring than a 
Scouring of the chamber of the gun. That, how- 
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ever, was objectionable, as it might cause other 
cases to fail at the same point, or make them 
difficult to extract after firing. Base fractures 
were much more serious, as they allowed gases to 
escape at the rear and round the breech-block, thus 
washing away the metal of the gun, and generally 
putting it out of action. The fracture generally 
occurred in the angle at the bottom of the 
case, and in very bad instances might extend right 
through the rim as far as the primer-hole. The 
question arose, What caused the metal to give way 
in this manner? He thought the answer was, that 
it was generally due to defective manufacture. It 
was an easy enough matter to ensure chemical purity, 
and, by means of frequent analyses, to make sure 
that the right specification was being worked to ; 
but this would not help the manufacturer very 
much if his treatment of the metal in the various 
operations were wrong. He was therefore of 
opinion that the whole secret of success in the 
manufacture of brass cases rested on the treat- 
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ment of the metal and the use of proper tools. 
As the authors had stated, the head of the case 
must be as hard as possible in order to stand the 
high pressures without deformation. From the 
head up to the mouth of the case the metal should 
get gradually softer, until at the mouth it was 
fairly soft. This was necessary, so that the case 
might act as an efficient gas-check on firing ; but 
the important point was that the change must be 
gradual, and any sudden alteration in the size of the 
crystals marked a position of weakness where a 
fracture would be likely to occur on firing. On the 
other hand, the metal in the front part of the 
case must not be too soft, or there would be a 
difficulty in extracting the fired cases, and then the 
term ‘‘ quick-firing,” as applied to the gun, would 
become a misnomer. In order to get the head 
hard, considerable work had to be put upon it, and 
unless this operation were properly carried out, 
certain portions of the metal might be left in 
unequal strain; under such conditions, bursting 
would be likely to occur. The inspection of 
quick-firing cases was, therefore, difficult to carry 
out. It was easy enough to gauge all the dimen- 
sions, and totest the physica] and chemical properties. 
The cases could also be examined for spontaneous 
cracks, although such would not be likely to become 
developed in the short time allowed for inspection. 
But testing for the other defects mentioned, and 
examining the condition of the molecules in the 
metal itself, could only be carried out for a small 
percentage of each batch. Certain rough-and- 
ready methods might be employed to assist in 
guiding the manufacturer, but the best test was 
examination under the microscope of specimens 
prepared in the manner described in the i In 
conclusion, the pitfalls that the cartridge-case 
maker was likely to fall into the speaker gave as 
follows :—(1) The metal in a state of unequal strain ; 
(2) a sudden change in the size of crystals ; (3) the 
metal too hard; (4) the metal too soft; (5) the 
fold in the angle near the base. 

Mr. Aspinall, in bringing the meeting to a con- 
clusion, said that the paper was an extremely in- 
teresting one. He knew of no subject which was 
more fascinating to the engineer than the designing 
of machinery to be used for drawing metal. To one 
who had to deal with such a subject, there would be 
great pleasure in attaining the result he desired ; in 
seeing the metal pass from one die to another, and 
being dealt with in the persuasive way that dies 
possessed. Another point in the paper was that 
it showed the great value of annealing, and this 
was not confined by any means to brass, because if 
a steel boiler-plate under the testing-machine were 
in question, the value of annealing would appear 
by stretching the specimen about 10 per cent., then 
annealing, then stretching another 10 per cent., 
and continuing the operation until ultimately 
there were obtained, without the slightest difti- 
culty, 85 to 90 per cent. elongation. The paper 
also had a value in pointing out that in these days, 
when electrical machinery had to be dealt with 
so extensively, there were certain processes for 
which the u8e of hydraulic power was absolutely 
essential, so that there pal + be no expectation 
that that very useful and powerful agent would be 
displaced. 

Tue Next MEeEtING. 

Mr. Aspinall then announced that at the next 
meeting of the Institution, which will take place on 
Friday, November 17, the Seventh Report of the 
Alloys Research Committee on Nickel Steel would 
be presented. 

The meeting was then brought to a conclusion. 








YEAR-BOOKS AND ANNUALS. 

Fowler’s Electrical Engineers’ Year-Book and Direc- 
tory of Light, Power, ant Traction Stations, 1906. 
Manchester : Scientitic Publishing Company. [Price 
1s. 6d. net.]—This year-book, like other publications 
of its nature, shows a tendency to increase annually in 
size, the present edition numbering fifty-four pages 
more than its predecessor. The additions, however, 
are not the only change, for throughout the volume 
there is evidence of careful revision with the idea of 
keeping abreast of electrical practice. A description 
of the Tantalum lamp has been added, but the flame 
arc lamps, which have become so popular recently, 
are hardly mentioned. A short description of the 
Bremer lamp, the prototype of flame arcs, is given; 
but the subject is not treated with nearly the pro- 
minence one would expect in view of the modernity of 
most of the other matter. Another omission we notice 
is the absence of any mention of regenerative control for 





tram-cars, although the ordinary series-parallel system 
is very clearly explained. Steam-turbines and turbo- 
generators are dealt with at considerable length, the 
principal features of the leading types explained, and 
test results obtained with each type are given. The 
diagram on page 180, and the accompanying descrip- 
tion, imply that traction generators are only equalised 
on the negative side, whereas the contrary is the more 
usual practice, and reference should be made to this 
point in the text. The book contains a great deal of 
thoroughly practical advice regarding the care of 
electric plant, besides the notes and data, which are 
of special interest to the designer. The various Board 
of Trade regulations as to the use of electricity are 
given, and the last 140 pages are devoted to concise 

escriptions of the electric light and power-stations in 
Great Britain. The book contains the usual tables, 
and is well indexed. 


The *‘ Mechanical World” Pocket-Diary and Year- 
Book for 1906. Manchester: Emmott and Co., 
Limited, Mechanical World Offices, New Bridge- 
street. [Price 6d. net. |—The nineteenth annual edition 
of this valuable little pocket-book has just been issued. 
The most important features of the new edition are 
the inclusion of an eleven-page section on steam- 
turbines, with several illustrations, a section on refri- 
gerating machinery, and tables and matter relating 
to the use of high-speed tool-steel. A table of the 
standard fine screw-threads recommended by the Engi- 
neering Standards Committee is given, but one misses 
a table of standard pipe flanges, which would have 
been well in harmony with the general contents of the 
book. Several other new tables are given, and to 
make room for the new matter, certain sections of the 
last edition have been shortened. For the most part 
the excisions have been wise, but we fancy draughts. 
men will regret the exclusion of the tabulated parti- 
culars of gas and oil-engine parts, as such information 
is of great help in designing. “On the whole, however, 
the book is a wonderful production for the price, and, 
like its predecessors, a most valuable companion in the 
drawing-office or the workshop. The information is 
concise and accurate, and covers almost every ordinary 
question in mechanical engineering. 


The Gas Works Directory and Statistics, 1905-6. 
London: Hazell, Watson, and Viney, Limited, 52, 
Long Acre, W.C. [Price 10s. 6d. net. |—The twenty- 
eighth issue of this directory, revised to July, 1905, 
gives in alphabetical order a list of all the officials 
associated with the gas undertakings throughout the 
United Kingdom, a a record of the work done by 
each undertaking arranged alphabetically under the 
name of the town. This record includes not only the 
financial data of the company, but details as to the type 
and capacity of the plant employed, the cost, and sell- 
ing price, with the names of the chief officials. Thus 
gas-works officials, directors, and municipal authori- 
ties can easily arrive at a standard for comparison 
with the woe: of their own undertaking. 


The City Diary, 1906. W.H. and L. Collingridge, 
City Press Office, 148 and 149, Aldersgate-street, E.C. 
—This diary, with three days on each page, inter- 
leaved with blotting-paper, contains much information 
regarding the City organisations. 








LAUNCHES AND TRIAL TRIPS. 

On Saturday, the 14th inst., the Diana, a steamer in 
course of building for Mr. Heinrich Schmidt, shipowner, 
Flensburg, was Jaunched from the yard of the Flensburg 
Shipbuilding oy Her chief dimensions are as 
follows:—Length between perpendiculars, 241 ft. 6 in.; 
breadth, extreme, 34 ft.; depth (moulded up to main 
deck), 16 ft. 10in.; carrying capacity, about 1950 tons 


Scott’s Shipbuilding and Engineering Company, 
Greenock, launched on Monday, the 16th inst., the steel 
screw-steamer Kueichow, which they have built to the 
order of the China Navigation Company, Limited, 
London. The dimensions of the vessel are :—Length, 
267 ft.; breadth, 40 ft.; depth, 22 ft. 6 in.; and carrying 
capacity, 2600 tons. After the launch the Kueichow, 
which is like the Huichow and Kanchow, recently 
built by the same firm, was berthed in Messrs. Scott’s 
fitting-out basin, to have machinery put on board. 


Messra. Mackie and Thomson, Govan, launched on 
Monday, the 16th inst., the steel screw-tug Marius 
Chambon, which they have built for La Société Générale 
de Remorquage et Travaux Maritimes, of which Messrs. 
Chambon Brothers, Marseilles, are managing directors. 
The vessel is 123 ft. 6 in. in length, 22 ft. in breadth, 
13 ft. in moulded depth, and of ahout 225 tons gross. 
She is intended for deep-sea towing. The vessel will 
be fitted with Gwynne salvage pumps in the engine- 
room. She will carry a large quantity of fresh water in 
the peak and in deep tanks for the boiler feed, and also 
for the supply of any other vessels that may be in need. 
The machinery, by Messrs. Muir and Houston, Kinning 
Park, will consist of triple-expausion engines, having 
cylinders 14 in., 23 in., and 33 in. in diameter respectively, 
with a 27-in. stroke, and two large steel boilers to work 
at a pressure of 180 Ib., all intended to give the vessel a 
high rate of speed. 
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On Wednesday, the 18th inst., the steel screw-steame 
Zafra, built by Messrs. R. Craggs and Sons, Limited, 
Tees Dockyard, Middlesbrough, for the English and 
American Shipping Company, Limited (managers, Messrs. 
C. T. Bowring and Co., London), proceeded to sea fo: 
her official trials. The results were pronounced satis. 
factory to all concerned, the vessel registering an averags 
speed of 11} knots over w 10-knot course. The vessel has 
been built to Lloyd’s highest class, and to the owners’ 
special specifications. The engines have been fitted by the 

orth-Eastern Marine Engineering Company, Limited, of 
Sunderland, and have cylinders 25 in., 42 in., and 68 in. 
in diameter, with a 45-in. stroke, steam being supplied by 
two large single-ended boilers working at 180 1b. pressure. 


On Thuraday, the 19th inst., the Grangemouth and 
Greenock Dockyard Company launched from their Main 
street yard the steel screw cargo steamer Strathearn, 
which they have built to the order of Messrs. Burrell! 
and Son, Glasgow. Constructed to carry 7100 tons on 
22 ft. Gin. draught, the dimensions of the new vessel 
are :—Length, 370 ft. ; breadth, 52 ft.; depth, 28 ft. 6 in. 
Triple-expansion engines of 1800 indicated horse-power 
will be supplied by Messrs. John G. Kincaid and Co., of 
the Clyde Foundry, Greenock. 


On Friday, the 20th inst., the steel screw-steamer 
Twilight was sent on her trial trip from the yard of 
Messrs. William Gray and Co., Limited, West Hartle- 
pool. She has been built for Messrs. John Wood and Co., 
of London and West Hartlepool. She takes Lloyd’s 
highest class, and is of the following dimensions:—Length 
over all, 342 ft.; breadth, 47 ft. 6in.; and depth, 24 ft. 9 in. 
Triple-expansion engines have been fitted by the Central 
Marine Engine Works of the builders, having cylinders 
24in., 38in., and 64in. in diameter, with a stroke of 
42 in., and these are supplied with steam by two larze 
steel boilers adapted for a working pressure of 180 lb. 
On the trial everything was found to work to the satisfac- 
tion of those on board, a speed of 12 knots being averaged. 
The vessel afterwards proceeded on her voyage to Pen- 
sacola to load. 


The following results were obtained at the 30 hours’ 
steam trial, at 70 per cent. of full power, of the new 
second-class unarmoured cruiser Encounter: — Steam 
pressure at boilers, 227 lb. per square inch ; steam pres- 
sure at engines, 210 1b. per square inch; vacuum, 26in. ; 
revolutions per minute (mean), 159}; indicated horse- 
power, 9008; speed, 19 knots; coal consumption per 
indicated horse-power per hour, 1.981b. At a full-power 
trial the following results were obtained :—Steam pres- 
sure at boilers, 230 Ib. per square inch ; steam pressure 
at engines, 218 lb. per square inch; vacuum, 25.3 in. ; 
revolutions per minute, 178 ; indicated horse-power 13,006 ; 
speed, 21.1 knots ; coal consumption per indicated horse- 
power for all purposes, 2 09 Ib. 

The steam trawler Marshal Oyama, built by Messrs. 
Earle’s Shipbuilding and Engineering Company, Limited, 
to the order of Messrs. Pickering and Haldane’s Steam 
Trawling Company, Limited, has had her official trial 
trip, which gave every satisfaction, the engines working 
smoothly throughout. Her dimensions are 130 ft. long by 
22 ft. 3in. broad by 12 ft. 10 in. depth of hold. She has 
been built under Lloyd’s survey, and is intended for the 
Iceland trade. 








Frencu Rattway Property. — Irrespective of the 
French State system, the railways of France are vir- 
tually in the hands of six great companies. In 1903 these 
six companies were working between them 21,706} miles 
of line. The concession granted to each of the six com- 
panies expires as follows:—The Northern of France 
Railway, December 31, 1950; the E.stern of France Rail- 
way, November 28, 1954; the Western of France Rail- 
way, December 31, 1956; the Orleans Railway, De- 
cember 31, 1956; the Paris, Lyons, and Mediterranean 
Railway, December 31, 1958; and the Southern of France 
Railway, December 31, 1960. The companies enjoy a 
guarantee of interest from the French Treasury upon 
their new network obligation capital ; but this guarantee 
expires, in four cases, long before the expiration of the 
original concessions. In the case of the Orleans and 
the Southern of France Railways the guarantee expires 
in 1956 and 1960 respectively ; but in the other four cases 
it matures as follows :—The Northern of France Railway, 
December 31, 1914; the Paris, Lyons, and Mediterranean 
Railway, December 31, 1914; the Eastern of France 
Railway, December 31, 1934; and the Western of France 
Railway, December 31, 1935. The aggregate capital 
vealiaed by shares by the six companies to the close of 
1903 was 58,795,782. All this capital will have to be 
redeemed before the dates fixed for the expiration of 
the various concessions ; but the capital actually redeemed 
to the close of 1903 did not exceed 5,477,388/. The amount 
distributed in dividends on shares in 1903 was 6,142, 304/. 
The amount realised by obligations, or small debentures, 
to the close of 1903 was 529, 257,477/., of which 111, 264,27 Zl. 
had been paid off. The amount paid for interest on 
obligations in 1903 was 20,137,342/. The amount devoted 
to the redemption of shares and obligations in 103 was 
6,097,434/. Altogether, the charges against the net revenue 
for 1903 were accordingly 32,377,080/. Before the expira- 
tion of the concessions a'l the shares and obligations must 
be paid off ; and, assuming that this condition is strictly 
fulfilled, the State will then remain the sole proprietor of 
all the lines of the six companies. In other words, the 
State will come into possession of a network which dis- 
tributed last year out of revenue 32,377,080/. This 
32,377, 080/. represents at 3 per cent. per annum a capital 
of nearly 1,080,000,000/., or 40,000,000/. more than the 
amount of French 3 per cent. stock at present outstanding. 
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THE SALE OF MACHINERY IN CHINA. 
To THE Eprror oF ENGINEERING. 

Srr, —Having been a close student of your paper for the 
last ten years, I have noticed a continual recurrence to 
the subject of the promoting and furthering of the British 
machinery trade abroad. 

For a number of years I have been consulting and com- 
mercial engineer to a firm who are probably the largest 
importers of machinery in China, and a criticism, from 
the importer’s point of view, of the methods in vogue at 
present may be of interest. 

The methods are usually one of the following :— 

1. A local firm is appointed agents. 

This method is open to severe criticism, as all sales of 
machinery are restricted solely to the business and buyers 
directly influenced by the agents concerned. Into busi- 
ness in this country enter personal competition as well 
as purely business considerations ; the firms paying more 
for their goods and importing them themselves rather 
than add to the bulk of their rival’s turnover. 

2. No agent appointed, but an occasional traveller 


appears. 
PP his method would be good, provided the traveller paid 
two or three visits a year to the country, instead of visits 
three or four years apart. The present procedure is for 
the traveller to call on the importers he has an introduc- 
tion to, see the person most interested in his wares, dine 
with him, say -bye, and be monet forgotten. 
That method is bound to fail nowadays. There are so 
many good articles, so many manufacturers, so many 
travellers, that as soon as one has said good-bye, another 
introduces himself, and so on ad infinitum. Unless a 
traveller is on the spot when his class of goods are 
wanted, he stands little chance. 

3. Advertisement by catalogues. 

This is of little use. Hundreds of catalogues are sent 
out each year, and at least three-quarters of them are 
thrown into the fire or waste-paper basket. As a buyer, 
I should like to point out that catalogues without prices 
and discounts are of no use, and are, without fail, 
destroyed. 

The only way to get a hold of the business is to ap- 
point a proper local advertising agent; an agent who 
should not in any way enter into competition with local 
firms, but should be a simple adviser and advertiser of 
his goods, and his office should be purely and simply an 
advertising and advising bureau, with its information at 
the disposal of all interested without charge, favour, or 
discrimination. 

Some manufacturers have appointed such agents, but 
have more or less chosen the wrong men. Some send 
men from home; these men arrive here with home ideas, 
and try to make men buy, not what they want, but what 
they consider they should have. Never having been in his 
position, they give the importer the information they 
consider necessary, and not what he, from his experience, 
knows as that wanted by the prospective buyer. They go 
on like this for a time till the importer gets ti of 
them, and telegraphs home for information from another 
firm. 

Some manufacturers go a step better and appoint local 
men, but appoint the cheapest men they can find, usually 
men who, till then, had m what we might call ‘‘dun- 
garee” engineers. These men suffer from the same 
defects as the men from home, with the added disadvan- 
tage that nowhere in the world is the line between work- 
ing engineers and business-men so sharply drawn. 

Apparently everything is made sabestiate to the 
question of cheapness. ‘To do business successfully in the 
EKast—especially in machinery, where more often than 
not the contracts are big at one time, and a correspond- 
ingly large amount of entertaining and discussion is 
necessary—a cheeseparing policy is bound to defeat its 
own ends. There is a good deal of show necessary in the 
East, and advertisement well-planned and executed is 
the best way to introduce and sell machinery. 

A suitable man will be expensive, but a man usually 
gets what he is worth, and a man chosen for his cheap- 
ness will usually be overpaid. By several companies 
combining, the expense should not be such as to stop 
them from securing adequate representation, which is 
necessary, unless they expect to see the balance of their 
trade follow that already lost. 

British manufacturers, if they wish to get a grip on 
this market, must hustle. China, with its teeming mil- 
lions, magnificent resources, and the business energy of 
its people, is hound to become one of the greatest machi- 
nery markets in the world, and it behoves all who wish 
for the business to act like Kipling’s Sir Anthony 
oe and ‘‘ keep your light so shining a little in front 
o' the next.” 


Tientsin, September 5, 1905. IMPORTER. 








ALUMINO-THERMIT. 

; To THe Eprror oF ENGINEERING. 

Str, — Our attention has been drawn to a paper read b 
M. Guillet before the Iron and Steel Institute, at Shef- 
field, on ‘*The Use of Vanadium in Metallurgy,” which 
was reproduced in your columns. 

This contains the following p: i— 

Ferro-vanadium can be prepared either in the electric 
furnace or by the alumino-thermic method. It may be 
stated at the outset that the cost of production of the 
alloys obtained by these two processes has been communi- 
cated confidentially to the author, and that it seems to 
him that alumino-thermit is far to> costly to be used for 
this purpose.” 

As sole proprietors for Great Britain and Ireland of 
Dr. Goldschmidt’s alumino-thermic process, we to 
state that whoever confidentially acquainted M. Guillet 


alumino-thermic method has not been informed by any- 
body connected with the process, or in a position to give 
correct information. 

The assertion is also abundantly disproved by the 
regular and by no means negligible quantities of alumino- 
genetic ferro-vanadium sold, which has found many friends 
on account of its purity and uniformity of composition. 

As the information given by M. Guillet must doubtless 
be misleading to a good many of your readers, we shall 
be glad if you will find room in your columns to insert 
this letter refuting this statement, which must be the 
result of calculations made upon a wro: is. 

We are, Sir, yours faithfully, for 
TueERmiIT, Lrwirep, 
P. Surz, Managing Director. 

27, Martin’s-lane, Cannon-street, London, E.C., 

October 20, 1905. 








MILAN INTERNATIONAL EXHIBI- 
TION, 1906. 
To THE EpiTor oF ENGINEERING. 

Sir, — Considerable attention has been directed, by 
notices in the Press, to the International Exhibition 
which will be held at Milan next year; the time for 
preparation is now very short, and British manufac- 
turers are apt to delay unduly their decision as to par- 
ticipation in, or abstention from, these international com- 
petitions. In the present case the apparent lack of 
interest has, no doubt, been due to want of information. 
France, Germany, and other Continental countries, 
always keenly alive to the advantages that can be gained 
by participation, and aided by Government co-operation, 
are ready now with extensive exhibits, collective or 
independent, and will make a fine display in Milan of 
oo gad industries in which business can be done with 

taly. 

In this country we have to rely on two powerful factors 
—the voluntary assistance of many able and experienced 
business men, and the Press. The tirst is abundantly 
provided for with regard to the Milan Exhibition ; and 
it is to secure the second that this appeal is made. The 
British Commission, recently organised, has been fortu- 
nate in obtaining the honorary services of Mr. Arthur 
Serena as Executive Commissioner ; he is a persona grata 
in Italy, and is eminently qualified for the work. We 
have a Treasury grant of 10,000/.; the amount is small, 
though with a moderate charge for space occupied by 
exhibitors, it should suffice to meet the necessary outlay ; 
but a British Section cannot be formed without exhibitors, 
and exhibitors cannot be reached with completeness except 
by the aid of the Press. 

Participation in exhibitions is a form of advertising, 
relatively inexpensive, or otherwise, according to the 
prudence or enterprise of the exhibitor. There is no 
need for special or costly work ; samples of goods in stock 
would form the best exhibits at Milan. Italy is one of 
the moderately protected countries—at least, for most 
imported goods ; she is prosperous, and is anxious to buy 
things she does not manufacture ; moreover, there is a 
marked desire to do business with this country. In my 
opinion, British manufacturers should not lose the oppor- 
tunity afforded by the Milan Exhibition. 

All communications on the subject, or applications for 
space, should be addressed to the Honorary Executive 
Commissioner, Mr. Arthur Serena, at the offices of the 
British Commission, 1 and 2, Oxford-court, Cannon-street, 
London, E.C. 

Yours truly, 
BRASSEY, 
Honorary President, British Commission. 
24, Park-lane, W., October 25, 1905. 








REFRIGERATING-MACHINE TRIALS AT 
THE DAIRY SHOW. 

To THE EpIToR OF ENGINEERING. 
Sm,—We trust you will allow us a few lines to reply 
to Messrs. Douglas and Sons’ letter of the 18th inst. 

In consequence of the complete failure of the water 
supply to our condenser during the trial firat attempted, 
we were informed, on the last day but one of the 
show, that we should be allowed a trial on the following 


day. 

We fully intended to run the trial on the Friday, 
but found that another competitor, who had been re- 
quested by the judges to run a second trial, was altering 
his machine previously to that trial. This caused us to 
at once decide to withdraw from a contest carried out on 
such unusual lines. 

We see Messrs. Douglas refer to a general shortage of 
water, but this was very different to the sudden and com- 
plete failure of the supply to our condenser. 
On our protesting against insufficient speed, the motor 
driving our machinery was speeded up, but only after the 
authorities had carefully verified exactly what speed we 
had asked for. 
After the above explanation, we think it will be gene- 
rally admitted that we were fully justified in withdraw- 
ing from the competition. 
Yours faithfully, 

J. AND %. Haut, Liwrren. 

23, St. Swithin’s-lane, London, E.C., Oct. 25, 1905. 








PATENTS IN TURKEY. 
To THe Eprror or ENGINEERING. 
Srir,—As is probably well known, the Sultan fre- 
quently, in an arbitrary manner, changes the procedure 
and regulations as regards patents. Some months ago he 
decided that all the annual taxes on patents or trade- 





with the cost of production of ferro-vanadium by the 








marks were to be doubled, and that this should apply to 


patents and trade-marks already istered. Our nt 
in Constantinople at once went to all the principal Em- 
bassies and laid the matter before them, and we have 
learned from him to-day that, at the instance of the Am- 
ors, the Sultan has withdrawn his Irade as far as 
regards all patents and trade-marks actually on the re- 
gister, while continuing the Irade in force for all new 
matters. It will be remembered that some years ago the 
Sultan gave orders that all patents in any way relatin 
to electricity should be refused as contrary to law an 
order. Ina similar way at one time patents for photo- 
graphy were refused because the Mohammedan law 
forbids in the most emphatic manner ‘‘ the making of a 
likeness of anything that is in the heavens above, or in 
the earth beneath, or in the waters under the earth.” 
Both these restrictions have, however, been greatly 
relaxed. 
Yours truly, 
Ww». P. THompson anv Co., 
Chartered Patent Agents, 
6, Lord-street, Liverpool, September 23, 1905, 








VALVES FOR ACID PUMPS. 
To THe Eprror or ENGINEERING. 

Sir,—‘“‘Granulus” will find his wants met by the 
special valves made by Cortin, Mushroom Quay, 
Newcastle-on-Tyne. The writer is at present engaged 
at a chemical plant where Cortin’s valves, pumps, &c., 
are fitted, and past experience proves them to be satis. 
factory in design, durability, and efficiency. 


Yours, &c., 
October 23, 1905. CHEMIST, 








STEEL SECTION LISTS. 

WE have received from Messrs. Redpath, Brown, and 
Co., Limited, of 2, St. Andrew-square, inburgh, a 
copy of a new hand-book of constructional steelwork in 
which the new standards of the British Standards Com- 
mittee have been used exclusively in laying out the dif- 
ferent built-up girders and stanchions, of which particulars 
are given. The volume includes full information as to 
the safe loads on British standard joists, and on girders 
built up of combinations of these when stiffened by the 
addition of plates. A capital collection of practical notes 
on girders is included at the end of this section which 
will prove of much value to architects and others inex- 
perienced in shop practice. Following the section de- 
voted to joists and girders is one dealing with steel 
stanchions of all types, and for loads which range in 
different cases from under 7 tons to nearly 500 tons. As 
in the girder section, the value of the tables is sup- 
lemented by a series of practical hints on construction. 
his is followed by a number of tables, of which 
one giving a standard spacing for rivet-holes in angles 
will prove of great convenience to draughtsmen. The 
volume concludes with a comprehensive set of tables of 
powers of numbers, trigonometric functions, and weights 
of steel sections. The printing throughout is capitally 
executed, and the volume is strongly bound and of con- 
venient size. 

Messrs. Hall and Pickles, of 64, Port-street, Man- 
chester, have sent us a copy of their new book on 
standard steel construction. This is a large and ex- 
cellently printed volume. It opens with a preface, in 
which is clearly explained the system followed in com- 
piling the various tables, which are designed to show not 
only the properties of individual sections, but also the 
value of a very large variety of different combinations of 
these sections, thus enabling the most suitable to 
selected, as required, with but little expenditure of time. 
A new feature in the work is the allowance made 
for eccentric loadings of columns and girders. Such 
eccentric loads are far from uncommon, and greatly in- 
crease the actual stresses beyond those which would arise 
with central loads. The tables include those giving the 
weights, areas, moments of inertia, radii of gyration, and 
positions of mass centre of all the usual sections. These 
are followed by equally comprehensive tables on com- 
pound girders and plate girders, and these by a set of 
tables setting forth the properties of compound stan- 
chions. In this case, with each size of stanchion, is a table 
giving an ‘‘eccentricity reduction factor,” with which the 
necessary correction in the safe load of a column under 
eccentric loads can be readily made. These are followed 
by a comprehensive series of tables showing the safe loads 
of standard, simple, and built-up sections, whether used as 
beams or struts. The volume is illustrated by diagram- 
matic sketches showing the make-up of the different 
beams and struts listed, and by three large folding plates, 
one of which is devised so that the best make-up of almost 
any strut to carry a given load can be determined at a 
glance. 


D 








Tue Late Sir Enpwarp Hamer Carsutr.—In our 
biographical memoir of the late Sir Edward Carbutt, in 
ENGINEERING of the 13th inst., page 490 ante, it was 
suggested that death was due to an operation undergone 
in London. This, however, was not so; the operation 
was a simple one, and most successful. His death was 
due to embolism. 





Tue Itatian Navy.—The Italian Legislature has re- 
cently voted 6,000,000/. for an increase of the Italian 
Navy, which, by 1909, will have in service 15 modern- 
built line-of-battle ships, 13 ironclads of older style, 14 
rotected cruisers, 8 smaller old-type cruisers, 28 torpedo- 

t destroyers, 42 sea-going torpedo-boats, 47 torpedo- 
boats of the first and second class, and 13 submarine 
ats. 
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600-HORSE-POWER COMPOUND CONDENSING ENGINE AT THE LIEGE EXHIBITION. 
MR. J. PREUD’HOMME-PRION, ENGINEER, HUY, BELGIUM. 


CONSTRUOTED BY 








Tue engine illustrated in Fig. 1, above, has been 
built by Mr. J. Preud’homme-Prion, of Huy, Belgium. 
It is exhibited in the Machinery Hall at Lidge, be- | 
tween the La Meuse and Van den Kerchove engines, | 
where it drives a continuous-current dynamo, built | 
by the Jaspar Electric Works, of Liége, supplying a | 
current of 835 amperes at 480 volts. The Preud’- 
homme-Prion engine is horizontal, compound-tandem, | 
condensing ; the steam distribution is by double. | 
beat valves. Its principal dimensions are the follow- | 
ing :— | 





Diameter of high - pressure 


cylinder... ae ... 0.525 m. (20.66 in.) 
Diameter of low - pressure 

cylinder ae .. 0.910,, (35.82 ,, ) 
Stroke... os &, eo »» (39.87 ,, ) 


110 revolutions 
up to } the stroke 


Speed ... ees 
Range of cut-off 
18 per cent. 


Cut-off in normal working... 
Horse-power ... i 
Diameter of fly-wheel 


Circumferential speed at f 
110 revolutions \ 


600 I. H.-P. 
4.5 m. (14 ft. 9 in.) 
26 m. per sec. 
(85 ft. 34 in.) 


Weight of fly-wheel rim... 10 tons 
Diameter of air-pump plun- 

ger piston ... i ... 0.775 m. (30.51 in.) 
Stroke of air-pump plunger 

piston sng Ss nag Oe { OEE...) 


According to the builders, steam distribution by 
double-beat valve gear is preferable to other methods 
of distribution for engines for electric generating 
stations, owing to the facility with which this gear 
can adapt itself to sudden and frequent variations in 
the load. It is also most suitable for high pressures 
and high temperatures of superheat, and the lubrica- 
tion of the various parts is simple. 

The engine framing and outside bearing are strongly 
bolted down to the masonry foundation; the lower 
slide-path and both crank-shaft bearings are water- 
cooled. The bearings are of steel lined with anti- 
friction metal, and are adjustable for wear. Both the 
crank-shaft and the lay-shaft have automatic ring 
lubrication ; the latter shaft revolves in ball-bear- | 
ings. The cross-head is of forged steel, fitted with 
cast-iron slippers. According to the general practice 
now ruling, the low-pressure cylinder is bolted to the 
frame, and the high-pressure cylinder is connected to 
the low-pressure by a distance-piece in two parts, bolted 
together in a vertical plane, and easily removable for 
inspecting the low-pressure piston. In order to facili- 
tate expansion, both cylinders rest on the foundation 
with the interposition of cast-iron base-plates, on which 
they are free toslide. Bothcylinders are steam-jacketed, 
the high-pressure cylinder with live steam ; the low- 
pressure cylinder jacket acts asareceiver. The cylinders 





are made of hard British pig iron, the tensile strength of 
which is at least 20 kilogrammes per square millimetre | 
(12.7 tons per square inch), and the resistance to com- | 
pression yr Cy per square millimetre (50.8 tons | 
per square inch). The pistons are of soft cast iron, | 


and are fitted with three packing-rings. The valves | 
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were cast at the same time and from the same metal 
as their seats, in order to ensure equal expansion of 
both. The longitudinal shaft which drives the dis- 
tribution gear is actuated from the crank-shaft in the 
usual way by bevel wheels. The distribution gear is 
shown in Fig. 2. 

The eccentric rod is connected to the pin / fixed on 
an idle rocking-lever. On the same pin / is a small 
bell-cranked tripping-lever, one leg of which is pressed 


eng J PREUD inSPARabkey 





against the end of the connection » by a spring & in 


ar 


PT TA 


such a manner that it is rigid in one direction and 
yielding in the other. The other leg m is consequently 
also semi-rigid, and transmits the motion of theeccentric 
to the lever r for lifting the valve. The continued 
motion of / and, therefore, of » downwards, however, 
straightens out the toggle links v and u, causing the 
bell-crank lever to be slightly rotated round /, and 
finally the leg m to trip off the end of the lever 
when the valve suddenly closes. The governor con- 
trols the position of the toggle levers v and wu, and 
thus hastens or retards the point of cut-off. 

The re-engagement of m and r is effected during the 
upward motion of / by the action of the spring , 
the leg m sliding over the end of 7 until it can 
fall into engagement in the usual way. There is 
practically no reaction on the governor, and the 
engaging is as closely proportional to the cut-off as 
it is possible to obtain it. The exhaust valves are 
operated by a cam, which works the valve levers direct 
in the usual way. The steam-distribution gear of the 
low-pressure cylinder is similar to that of the high- 
pressure, and the cut-off is regulated by turning a 
hand-wheel placed on the front bearing of the low- 
pressure distribution shaft. 

In order to secure absence of shocks when the valve 
falls on its seat, an oil-cushion has been resorted to, 
instead of the air devices generally used, which latter 
have the defect of causing the valve to rebound and 
of allowing a reintroduction of steam. This differs 
from the Colmann device in that the size of the port 
is constant, while the volume is variable and adjust- 
able when the engine is running. When the steam- 
valve is raised, the piston a follows it in its travel, 
and leaves the cylinder bcd e. As soon as the motion 
is started, the ports o are opened, and the valve meets 
no resistance on rising, the oil from the top part of 
the cylinder flowing to the lower part. At the 
instant the valve is - Rae the valve falls down, 
aided by the action of the spring. The deadening 
piston meets but a slight resistance during the first 
part of its stroke, the oil being able to flow out 
laterally ; but when the valve is on the point of 
reaching its seat, the piston closes the cylinder } ¢ d ¢ 
completely, the valve is stopped by the resistance 
offered by the oil, the spring / is compressed as the 
valve falls, and the oil gradually flows out through the 
ports o, thus acting asa brake. In the return action 
the larger piston sinks, driven down by the spring ‘, 
thus freeing the ports and doing away with the resist- 
ance that would be opposed to the valve on rising. 
By turning the nut j the piston a can be shifted so as 
to alter the time at which the brake action takes 
place. 

The engine is fitted throughout with forced lubrica- 
tion. The air-pump is vertical, and is worked by a 
side lever driven by a connecting-rod from the crank- 
pin. In normal working the vacuum obtained is 70 
centimetres (274 in.). 

At the close of the Exhibition the engine and 
dynamo will be put down at the Malines generating 
station of the Belgian State Railways. 
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LOCOMOTIVE GANTRY COALING-CRANE. 


CONSTRUCTED BY MESSRS. J. 


H. WILSON AND CO., LIMITED, 


ENGINEERS, LIVERPOOL. 








WE illustrate on this page a gantry coaling-crane 
recently built by Messrs. J. H. Wilson and Co., 
Limited, of Sandhills, Liverpool, for the paper-mills 
. Messrs. Edward Lloyd, Limited, at Sittingbourne, 
Lent. 

The crane will lift 36 cwt. at 50-ft. radius, when 
the height from rail to centre of jib-head pulley is 
4 ft., or 45 ewt. at 30-ft. radius, in which case the 
height from rail to centre of jib-head pulley is 72 ft., 
and proportionate loads at intermediate radii. The above 
loads are lifted on a single chain. All the motions of lift- 
ing, lowering, revolving jib-adjusting, and travelling 
are operated by steam. ‘The crane runs on rails, with 
a gauge of 15 ft. centre to centre of rails. The wheel- 
base is 12 ft., and the distance from the centre of the 
crane-post to the tail-end is 9 ft. 6in. The boiler is 4 ft. 
in diameter by 9 ft. 6 in. high, and has three cross- 
tubes, the working pressure being 100 Ib. per square 
inch. The engine has two cylinders, 8 in. in diameter 
by 12-in. stroke. The jib is 54 ft long, and the total 


Weight of the crane in working order is 484 tons.|The revolving gear is actua 








revolving is two complete revolutions per minute ; 
whilst the maximum speed of travelling is 70 ft. per | 
minute. 

The engine cylinders are of special hard close-grained 


cast iron. Link-motion reversing gear is fitted, hav- 
ing cast-steel quadrant links and gun-metal eccentric 
straps. The cylinder drains are connected and worked 
by a single lever in a convenient position for the driver. 
All steam-pipes, as well as the suction and delivery 
pipes for feeding the boiler, are of copper. The 
water-tank has a capacity of 250 gallons, and is fitted 
at the tail-end of the crane so as to act as a counter- 
balance. The lifting gear is arranged with single pur- 
chase, and is fitted with a powerful foot-brake, giving 
full command of the maximum load. The barrel is 18 in. 
in diameter, and the load is taken on a single chain 
of Z-in. metal, fitted with a swivel-hook. The barrel 
holds sufficient chain for a total lift of 60 ft. The lift- 
ing pinion is arranged to slide out of gear, so that the 
barrel can run free when lowering in single purchase. 
by means of double 





‘he crane _is designed for working Hones grabs. | friction cones of large diameter and surface, con- 
At 50-ft radius it will work a grab holding 15 cwt. net! trolled by a screw-brake and worked by a hand- 


a —_ 4 at 30-ft. radius a grab holding 20 cwt. | wheel and screw, so that the crane can be revolved in 
et of coal. 


load is 200 ft. 


The maximum speed of lift with full | either direction without reversi.g the engine. The 
per minute, and the maximum speed of | roller path is separate from the carriage, and is 











arranged so that the revolving part of the crane yields 
to the load in the case of lake or shocks, and thus 
prevents ~ unnecessary straining, or breakage to 
the gear. The jib-adjusting gear is worked by a worm 
and worm-wheel barrel operated upon by a pronged 
clutch, and capable of adjusting the jib from a mini- 
mum radius of 25 ft. to a maximum radius of 50 ft. 
The worm is secured by a screw-brake, so as to hold 
the jib safely in any required position, The jib is 
raised and lowered by means of a chain of 1-in. metal, 
The travelling gear is also operated by means of 
a pronged clutch. The crane can pass round curves 
of 200 ft. radius. 

The top and bottom centre castings of the crane are 
of cast iron. The frames are of cast iron, and are 
securely bolted to the top and bottom centre castings. 
The gantry carriage is made of steel plates and angles 
elevated to give a clear height of 15 ft. under girders, 
with a clear roadway 124 ft. wide between the -up- 
rights. The wheels are four in number and 2 ft. 6 in. 
in diameter on tread, and have cast-iron centres and 
Bessemer-steel tyres. The axles are made of Siemens- 
Martin mild steel, 48 in. in diameter in the centre 
and 44 in. in diameter in the journals. The pillar is 


102 in. in diameter in the centre, and is made of 
forged iron. 
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NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning 
there was a good amount of business done in the pig-iron 
market. Cleveland warrants fluctuated a bit, and changed 
hands at 533. ld. and 654s. 14d. cash, 543. 54d. 
twenty-nine days, 54s. 3d., 54s. 4}d., 543. 3d., and 54s. 4d. 
one month, and 54s. 9d. to 55s. three months, with buyers 
over at 55s., and sellers at 55s. 14d. The turnover was 
about 16,000 tons, and at the close sellers quoted 54s. 14d. 
cash and 54s. 6d. one month. Hematite was also easier, 
and was done at 71s. 6d. cash and seven days, and 72s. 6d. 
three months, with closing sellers at 71s. lid. cash. The 
business amounted to 4000 tons, and Standard foundry 
iron—500 tons—was done at 52s. 6d. one month. In the 
afternoon the tone of the market was easier, and Cleve- 
land warrants were done at 533. 11d. cash, 53s, 114d. 
five days, and from 543. 4d. to 54s, 5d. to 54s. 34d. one 
month, closing with sellers at 53s. 114d. and 
543. 44d. one month. Hematite changed hands at 72s. 3d. 
one month, and the market closed with sellers at 71s. 9d. 
cash and 723. 3d. one month. The total turnover was 
only 10,000 tons. On Friday morning the market 
»pened easy and then hardened slightly, and the business 
in Cleveland warrants amounted to rather less than 
10,000 tons, The dealings were at 533. 10d. to 54s. cash, 
533. 104d. to 543, 1d. six days, 543. twenty-seven days, and 
from 54s. 3d. to 54s. 44d. to 54s. 4d. one month, and 
54s. 10d. three months. The closing prices were 54s. 04d. 
cash and 543, 5d. one month sellers. ematite—500 tons 
—changed hands at 71s. 9d. twenty-four days, and sellers 
at the close quoted 723. 6d. one month. The settling 


prices were :—Scotch, 57s. 6d.; Cleveland, 54s.; hematite, | 7, 


7ls. 6d.; and Standard foundry iron, 52s. 44d. In the 


afternoon prices were down a little, and Cleveland war- M 


rants were dealt in at 533s. 11d. and 53s. 114d. cash, with 
closing sellersat the latter price. Forward warrants were 
done between 54s. 14d. and 54s. 4d. one month, with 500 
tons at 54s, 10}d. three months. The total turnover was 
11,000 tons, and the closing quotation for one month iron 
was 54s. 4d. sellers. Hematite was done at 71s. 74d. 
twenty-eight days, and Standard foundry iron at 52s. 4d. 
twelve days. On Monday the market was again easier, 
and prices of Cleveland warrants fluctuated between 
533. 5d. and 533. 10d. cash, 54s. 3d. and 54s. one month, 
and 51s. 6d. to 543, 4d. two months. The closing quota- 
tions were 53s. 94d. cash and 54s. 24d. one month. 
Hematite changed hands at 71s. 6d. four and ten days, 
and 71s. 10d. one month, with 2000 tons at 72s. 6d. three 
months. The turnover was 4000 tons hematite and 
16,000 tons Cleveland. In the afternoon a better tone pre- 
vailed, and Cleveland warrants—13,500 tons—were done 
up to 54s. cash and 54s. 6d. onemonth, and 55s. three months, 
with closing sellers at 54s. 14d. cash and 54s. hd. one 
month ; 1500 tons of hematite changed hands at 71s. 6d. 
seventeen days and one month. On Tuesday morning 
Cleveland warrants showed a decline and were done at 
53s. 6d. cash, 53s. 7d. and 53s, 9d. nine days, and 54s. and 
54s. O4d. one month. The turnover was 6000 tons, 2000 
tons of which was at 54s. 104d. to 54s. 9d. three months, 
and sellers’ closing quotations were 53s. 9d. cash and 
54s. 1d. one month. Some Scotch warrants were dealt in 
at 58s. 9d. n, and 2500 tons of hematite were done at 
72s. to 71s. 10)d. one month, with closing sellers at 
72s. 3d. one month. A weak tone prevailed in the after 
noon, and Cleveland warrants were easier at 533. 44d. cash, 
53s. 104d. to 53s. 1ld. one month, and 54s. two months. 
Scotch warrants were down to 58s. 6d. ten days, and 
hematite was also down, being done at 71s. 54d. to 71s. 5d. 
cash. The turnover amounted to 7000 tons Cleveland, 
1000 tons Scotch, and 1000 tons hematite. When the 
market opened to-day (Wednesday) there were signs of 
depression, and Cleveland warrants were done at 52s. 104d. 
cash, and after dropping to 52s. 44d., recovered to 
523. 94d., and lesa with sellers at 52s. 10d. Forward 
warrants also fluctuated, and business was done at 52s. 9d., 
53s. 2d., 53s. 14d., and 53s, 24d. one month, with closing 
sellers at 53s. 3d. one month, while three months iron 
changed hands at from 53s. 3d. to 53s. 9d. The turnover was 
about 25,000 tons, and there was also 1000 tons of hematite 
done at 70s. 3d. nine days. In the afternoon the tone of the 
market was much steadier, and Cleveland warrants were 
done at 52s, 10d. cash, 53s. 14d. twenty-six days, 53s. 24d. 
to 53s. 3d. to 533, 24d. one month, and 53s. 11d. three 
months. The business amounted to 10,000 tons, and 
2000 tons of hematite at 70s. 4d. twelve days, and 70s. 6d. 
one month. Standard foundry iron—500 tons—was dealt 
in at 51s. 2d. eight days. The following are the market 
pre ng for makers’ (No. 1) iron:—Clyde, 66s. 6d. ; 
Jalder, 66s.; Gartsherrie, 67s.; Summerlee, 70s. 6d. ; 
Langloan, 66s. ; Coltness, 76s. (all shipped at Glasgow) ; 
Glengarnock (shipped at Ardrossan), 65s. ; Shotts (shipped 
at Leith), 65s. ; Carron (shipped at Grangemouth), 68s. 


Scotch Pig Iron Advanced in Price.—At the beginning 
of this week makers of some brands of Scotch pig iron 
advanced their prices by 2s. per ton. This has not had 
any effect on the demand, as sales are reported at the 
full advance, and prices are now higher than they have 
been since 1903. 


Sulphate of Ammonia.—A strong tone prevailed in the 
sulphate of ammonia market, and the price is firm at 
12/, 17s. 6d. per ton for prompt business, Glasgow or 
Leith. For forward delivery the quotation is 13/. to 
13). 2. 6d. The shipments last week from Leith 
amounted to 233 tons. 


_ Scotch Steel Trade.—No alteration falls to be recorded 
in the ot gy ee a present in the Scotch 
steel trade. akers report that the various departments 
are all being kept going at full pressure. Specifications 
continue to be fairly plentiful, and another local batch of 
fresh shipbuilding orders gives promise of more inquiries. 





Prices continue firm, and reports of further advances in 
America and Germany are likely to have a still further 
hardening tendency locally. In fact, sales are repor 

of ship-plates up to 7/. 5s., and some have been sold at 
7l. 12s. 6d. for delivery next year. Makers are not 
willing sellers at present, as Scotch hematite, which 
has risen to 75s., is likely to go still higher. 


The Boiler Trade.—The general improvement in local 
trade has strengthened the hands of the boiler-makera, 
and prices have lately been advanced. Raw materiai has, 
of course, gone up considerably, but it is not wholly 
responsible for the rise in the price of boilers. The 
activity in the shipyards has given marine boiler-makers 
plenty of work to keep them busy for some time to come, 
and makers of land-boilers are also participating in the 
revival of trade. 


Bar Iron Advanced in Price.—At a meeting of Scotch 
malleable iron makers, held this week, it was decided to 
advance prices from to-day by 10s. per ton all round. 
The current prices now are :—Crown bars, 7/. 2s. 6d. per 
ton, and best bars 7/. 103. per ton, both less 5 per cent. 


Shipbuilding.—Whereas in the early part of this year 
the yards in the lower reaches of the Clyde were fortu- 
nate in obtaining the first of the ‘‘ boom” in shipbuilding, 
lately the builders in the upper reaches have been con- 
tracting for a large proportion of new tonnage. The 
following, among other contracts, are reported :—Messrs. 
D. and W. Henderson and Co., Limited, Meadowside, a 
large steamer of 9000 tons for the Glasgow and New 
York trade of the Anchor Line, and two steamers for the 
Nippon Yusen Kaisha Company, for service between 
Japan and Shanghai; Messrs. Barclay, Curle, and Co., 
imited, Whiteinch, a large passenger and cargo steamer 
for the Anchor Line, for the company’s Indian services ; 
essrs. A. Stephen and Sons, Linthouse, two cargo 
steamers for Messrs. Clark and Service, shipowners, 
Glasgow; Messrs. Scott and Sons, Bowling, two large 
steam-trawlers, with all the latest improvements, for 
English owners; Messrs. George Brown and Co., 
Greenock, several small steamers; Messrs. Fleming 
and Ferguson, Limited, Paisley, three 1000-ton grain- 
carrying vessels, to be shipped in parts to the Argen- 
tine Republic; Messrs. Napier and Miller, Limited, 
Yoker, two sailing ships of 2000 tons burden, for Messrs. 
Lever Brothers, of Port Sunlight ; Messrs. Scott’s Ship- 
building and Engineering Company, Greenock, a steamer 
of 700 tons, for the Board of Trade, for lighthouse service 
in the Bahamas; the Campbeltown Shipbuilding Com- 
pany, a steamer of about 2000 tons deadweight, for a 

anish firm of shipowners. Messrs. Gourlay Brothers, 


Limited, Dundee, have contracted to build a steamer of | 


2000 tons for the Mediterranean trade of the General 
Steam Navigation Company, London. Messrs. Lobnitz 
and Co., Renfrew, have contracted to build a 1600-ton 


bucket-dredger for the North-Eastern Railway Company. . 








FrencH ATLANTIC TELEGRAPHY.—The French Govern- 
ment is about to come to the aid of the French Cable 
Company. This unfortunate undertaking, which dates 
from 1888, has a capital of 960,000/., upon which no 
dividend has ever been paid. The company owns among 
other lines one from Brest to New York, purchased from 
the old Pouyer-Quertils Company. The company has no 
funds for repairs. It is now proposed to write off part of 
the share capital, and to increase the debenture issue to 
880,000/., upon which interest is to be guaranteed by the 
French Treasury. 

BLASt-FURNACES IN THE UniTED States.—The weekly 

roductive capacity of the furnaces in blast in the United 
States at the commencement of October was 445,468 tons, 
as compared with 439,564 tons at the commencement of 
April. The following are the figures for corresponding 
half-yearly dates :— 

October, 1904... ve fi hl 
April, 1904... ios a 
October, 1903... 

April, 1903... 

October, 1902... 

April, 1902 


319,249 tons 
337,257 

353,142 
386,215 
337,837 
331,140 


” 
” 


Tue Parsons Marine SteamM-Tursine.—The report of 
the Parsons Marine Steam-Turbine Company, Limited, 
indicates the great development which has taken place 
in connection with the marine steam-turbine. It is 
recorded that the indicated horse-power of turbine-engines 
delivered by the company ery | the financial year was 
49,000, while the orders booked during the same period 
made 69,600 indicated horse-power. At the same time 
a me res firms working under the company’s licence 

roduced turbines of 55,500 indicated horse-power, and 

ked orders for 312,900 indicated horse-power. The 
total power of turbine machinery already built and 
now in hand is 590,000 indicated horse-power. Prac- 
tically every high-speed service around the coast is 
now adopting the turbine system, and, in addition to the 
Allan line and the Cunard line, the turbine is in use 
by the British India Steam Navigation Company, and 
the Union Steamship Company, of New Zealand. 
Amongst the other users are the United States Govern- 
ment, the Khediveof Egypt, the German and the French 
Governments. The orders placed by the British Govern- 
ment include_machinery for twelve coastal destroyers of 
26 knots speed, five torpedo-boats of 33 knots d, and 
the battleship Dreadnought. Twenty-five British firms 
have now taken out the licence for manufacturing tur- 
bines, including all the first-class engineers in the country, 
while there are in addition thirteen foreign firms, re- 
enema Holland, Canada, United States of America, 
weer Russia, Belgium, France, Austria-Hungary, and 
Denmark, 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Alderman Joseph Gamble.—On Saturday last Mr. 
Joseph Gamble passed away at his residence, South- 
bourne, Sheffield, at the ripe age of eighty-two. Mr. 
Gamble received his business training in the offices of a 
eneral factor, and he afterwards acted as steel manage) 
or awell-known firm. In 1853 he and his brother joined 
Mr. Joshua Moss in establishing a steel and tool business 
in the city, which rapidly grew to be one of the most im- 
portant concerns in this branch of trade. For many 
years Mr. Gamble took a very active part in the 
management, and in addition he discharged the duties 
of a director of several local limited companies. He 
joined the City Council in 1871, was some years after 
elected an alderman, and in 1891 he filled the civic chair. 
He was a gentleman of great independence of character, 
of unassuming manners, and enjoyed the respect of all 
who knew him. He had been in failing health for some 
time, but clung to his duties almost to the last. 


The Iron and Steel Trades.—The local iron market 
continues in a highly buoyant state, and prices are 
constantly changing, according very much to the position 
of individual manufacturers. Many of them are so 
heavily booked that they consider themselves practically 
out of the market. Others again are reluctant to commit 
themselves for further engagements. In some instances 
quotations are given with a view to their being prohibi- 
tive, but there are buyers who readily accept them. 
The fact appears to be that firms have orders on hand for 
the execution of which they have not covered themselves, 
| and are obliged to pay the higher prices. The stocks in 
| the hands of makers are only light, and consumers in 
many cases have comparatively little on hand. They are 
freely admitting that they have been caught ‘‘ napping.” 
The following are the quotations furnished to-day :— 
West Coast Lantionn, 78s. per ton; East Coast ditto, 
| 75s. 5 Lincolnshire No. 3 foundry, 51s. 6d.; forge ditto, 
| 493.; Derbyshire No. 3 foundry, 52s.; forge ditto, 48s.; 
| bara, 62. 15s.; sheets, 8/. 103. to 8/. 15s. It will be seen 
| that oo for hematites have gone up 8s. or 93. on the 
| month, and the prices of other irons in proportion. 


| South Yorkshire Coal Trade.—Trade continucs in a 
fairly satisfactory condition, and prices are slowly stiffen- 
ing. In prospect of the improvement developing, owners 
are spending money more freely on timbers and stores 

| generally, and some houses who have Jaid themselves out 

| to meet their requirements are doing better now than for 
some time. The advances recently put on are being paid. 











NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Quotations are easier so 
far as Cleveland pig is concerned, and the cause is pro- 
| bably hence ot. Be having realised to a fair extent 
| this week. The make has also been increased by the 
blowing in of a furnace at the Skinningrove Iron Works, 
and this may have had some influence on the market, for 
the production of Cleveland iron would seem to be too 
large, seeing that the public warrant stores have been 
| added to so far this month by nearly 30,000 tons. Ship- 
| ments for October are somewhat disappointing, and this 
also has affected the market. Yesterday the weekly 
gathering on Change here was not very large, and there 
was not much business doing. No. 3 g.m.b. Cleveland 
pig was 533. 6d. to 53s. 9d. f.o.b., and transactions 
were recorded at both these prices. No. 1 was 55s. The 
other qualities were steady. No. 4 foundry was 52s. ; 

rey forge, 50s. 9d.; mottled, 49s. 9d.; and white, 49s. 3d. 
Gestatheas for East Coast hematite pig were the same as 
a week ago; but buyers were not so keen. The position, 
however, was still favourable to makers, as the output 
continued insufficient to fully meet requirements. Mixed 
numbers stood at 70s. for early delivery, whilst No. 1 
remained at 71s,, and No. 4 forge at 64s. Spanish ore main- 
tained its value. There was, however, not much doing 
in it, consumers being pretty well bought. Rubio, of 
50 per cent. quality, was 18s. 9d. ex-ship Tees, and some 
sullen asked 19s. For next year’s delivery from 20s. 
upwards was quoted. To-day the market was flat. No.3 
g.m.b. Cleveland fell to 53s. f.o.b., and No. 1 dropped to 
54s. 6d. Other quotations were unaltered. 


Manufactured Iron and Steel.—Although producers of 
most descriptions of finished iron and steel have booked 
well up, new contracts continue to be made and the posi- 
tion altogether is very satisfactory. Recent advances are 
well maintained, and further rises in joists and mvets 
have been made. Makers are so well situated that they 
are not keen on undertaking much more work at_ present, 
as they see no cause why rates should not be still better 
in the future. Common iron bars are 7/.; best bars, 
72. 10s.; iron ship-plates, 7/.; iron ship-angles, 7/. 5s.; 
iron ship-rivets, 8/.; steel ship-plates, 6/. 15s.; steel ship- 
angles, 6/. 7s. 6d.; steel boiler-plates, 77. 10s.; steel joists, 
61. 2s. 6d. to 6/7. 5s.; steel sheets (singles), 7/. 7s. 6d. to 
71. 10s.; steel sheets (doubles), 7/. 17s. 6d. to 8/.; and 
heavy sections of steel rails, 5/. 5s.—all less the customary 
24 “ee cent. discount, except rails, which are net cash at 
works. 


Coal and Coke.—Fuel does not alter much. We are 
now ata time of year when the consumption of gas-coal 
is usually heavy, and the present season is no exception 
to the rule. Good Durham kinds are very firm in price. 
Demand for bunker coal is on an extensive scale, and un- 
screened Durhams run from 8s. to 8s. 3d. f.o.b. Manu- 
facturing coal is more inquired for, especially for forward 
delivery. Household coal is a little firmer. Medium 
| blast-furnace coke can still be bought at 15s. 6d. for early 


| 
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delivery at Tees-side works. Sellers endeavour to raise 
the price, which, however, is kept down by the plentiful 
supply. At the same time a better feeling exists, as is 
shown by the fact that for forward delivery 16s. 6d. to 
17s. is quoted. 








NOTES FROM THE SOUTH-WEST. 

Cardiff.—The steam-coal trade has been somewhat dull, 
but quotations are nominally unchanged. The best large 
descriptions have made 12s, 6d. to 12s. 9d. per ton, while 
secondary qualities have ran from lls. 6d. to 12s. 3d. 

r ton. The house-coal trade has shown steadiness, the 

t ordinary qualities have made 13s. to 14s. per ton, 
while secondary descriptions have ran from 10s. 6d. to 
lls. per ton. No. 3 Rhondda large has made 13s. 6d. 
to 13s. 9d. per ton. Foundry coke has brought 18s. to 
18s. 6d. per ton, and furnace ditto 16s. 3d. to 16s. 6d. per 
ton. As iron ore, Rubio and Almeria have made 
18s. to 183. 6d. per ton upon a basis of 50 per cent. of iron, 
and charges, including freight, insurance, &c., to Cardiff 
or Newport. 


Dowlais.—The iron and steel works have been scarcely 
so active. The great bulk of the steel rails rolled at the 
Goat Mill have been made for the Indian State Railways, 
while about 1000 tons were made for the Great Western 
Railway. The Big Mill has continued to turn out light 
colliery rails and sleepers as well as fish-plates for ship- 
ment to South America, and intended to be used upon 
the Buenos Ayres and Pacific Railway. 


South Wales Institute of Engineers.—The quarterly 
meeting of the South Wales Institute of Engineers was 
held on Thursday at Cardiff, Mr. E. M. Hann, C.E, in 
the chair. An interesting incident of the proceedings 
was the presentation to Mr. J. A. Everett of the Massey 
prize for an essay on ‘‘Turbine Machinery.” The sitting 
was principally occupied with the discussion of a paper 
on the ‘ Economic hep of Boilers,” by Mr. Stro- 
meyer, of Manchester. Replying to technical comments, 
Mr. Stromeyer said it was not the degree of its black- 
ness which made smoke from works’ chimneys objection- 
able and injurious, but the sulphurous fumes given off in 
the waste gases. No matter to what extent manufac- 
turers might be compelled to consume their own smoke, 
there would still remain these noxious fumes to pollute 
the atmosphere. 


Colliery Development,—Messrs. Burnyeat, Brown, and 
Co., Limited, have recently acquired a further mineral 
property adjacent to their Ynysddu taking, bringing up 
the area of their taking to 3000 acres. The work of open- 
ing out the Ynysddu colliery is rapidly proceeding, and 
the company now have an output of some 300 tons a day. 
The seam which is being developed is the Black Vein, 
which at this place is over 9 ft. in thickness. The com- 
pany are on the point of commencing another pit, which 
is intended to tap the Roch Vein. 


Keyham Extension.—It is expected that the battleship 
Hibernia will be the first vessel docked at the Keyham 
Extension. 1t will be remembered that the battleship 
King Edward VII., a sister-ship of the Hibernia, had to 
be sent from Devonport to Portsmouth about three 
months before her completion, to be docked, as the only 
battleship dock at Devonport was not of sufficient dimen- 
sions to accommodate her. The Hibernia, it is expected, 
will not be ready for docking until February, by which 
time, it is believed, a dock can be got ready at the Key- 
ham extension. 


The ‘‘ Minotaur.”—Messrs. Thomas Firth and Sons, 
Limited, have on hand steel shafting and forgings for the 
cruiser Minotaur. The vessel is in course of construction at 
Devonport, and the engines are being built by Messrs. 
Harland and Wolff, Limited, of Belfast, to whom Messrs. 
Firth are supplying the shafting and forgings. The 
Minotaur is one of the new first-class cruisers provided 
for in last year’s estimates. Her armament will com- 
prise four 9.2-in. and ten 7.5-in. guns—a great improve- 
ment on the armament of previous cruisers. The engines 
are of the reciprocating type, and are intended to develop 
27,000 indicated horse-power, and to give a speed of 
23 knots under natural , mente Py The cranks are made up 
of eight single-throw crank-shafts, which are coupled up 
into two four-throw shafts. The diameters of the jour- 
nals are 203 in. The shafts are hollow, having a 108 in. 
diameter hole bored through them. The total finished 
weight is between 50 and 60 tons. The propeller shafts 
are 75 ft. 10 in. long, the principal external diameter 
being 234 in., and the internal diameters range from 
9 in. to164in. A consignment of Krupp non-cemented 
steel for the protective deck of the Minotaur has been 
delivered at Devonport. 








CANADIAN Pactric Raitway. —The twenty-fourth 
annual meeting of this company has just been held at 
Montreal. The stockholders were asked to authorige’an 
expenditure of 7,500,000 dols. for additional cars and 
locomotives. It was stated that the gross revenue from 
traffic in 1904-5 had exceeded 50,000,000 dols., and that 
this large amount would probably be exceeded in 1905-6. 
The president added that, as a result of expenditure 
made duting the last three or four years in the improve- 
ment of curves, the reduction of gradients, &c., the 
main line between Montreal and the Pacific coast was 
now in the front rank of North American trans-Conti- 
nental lines. A resolution was adopted approving the 


construction of the Wolseley and Reston line; this line 
will accommodate a large district which is being rapidly 
settled. The new branch will extend from Wolseley, on 
the main line, to Reston, on the Souris branch, a dis- 
tance of 122 miles. It was decided to place additional 
steamers upon the company’s Atlantic service. 








MISCELLANEA. 


In connection with the recent convention of the Ameri- 
can Street Railway Association the Strect Railway Journal 
has published a remarkable special number, giving a 
capitally illustrated description of Philadelphia om | of 
the business undertakings of that city of special interest 
to traction engineers. 


The Austro-Hungarian cruiser Sankt Georg has com- 
pleted her full series of official trials. Her contract 
8 was 21 knots, and her engines were to work up to 
13,000 horse-power. The actual full speed obtained was 
22 knots, the engines working up to 15,270 horse-power. 
The machinery of the Sankt Georg was constructed by 
the Stabilimento Tecnico, of Trieste, and she is fitted 
with the Yarrow large-tube type of water-tube boilers. 


**Ts Machine Stoking Economical?” was the title of 
a paper read by Mr. A. W. Bennis, M.I. Mech. E. 
A. Inst. E.E., of the firm of Messrs. Ed. Bennis and Co., 
engineers, of Little Hulton, Bolton, and Victoria-street, 
London, before the Keighley Association of Engineers, 
at Keighley. The object of the lecturer was to show that 
mechanical machine-firing is in every way more economical 
than manual ae Many tables of extended practical 
tests were putin. Expert opinions in favour of machine- 
firing were recorded, and the lecturer, drawing on his 
own wide experience, met the objections of the inexperi- 
enced with machine-stoking. 


In the Bulletin Academie Royal Belgique, M. Armand 
Jorissen gives particulars of his analyses of the soot and 
ash from the combustion of coal from the deposits near 
Liége. In addition to elements found in the fiue dust by 
his previous researches, he now finds in the soot chro- 
mium and vanadium. These elements also occur in the 
shales associated with this coal, and may be detected by 
the same methods in the red ash left on the complete 
combustion of them. The brownish-grey fiue-dust, above 
referred to, produced when Liége coal is burnt, contains 
ammonium salts, sulphates, and iron ; and in the aqua regia 
extract, traces of selenium, molybdenum, copper, zinc, 
cadmium, lead, arsenic, antimony, bismuth, cobalt, and 
nickel. 

We have received from Mr. Thomas Lumsden, of 
Coulthard’s-lane, Gateshead-on-Tyne, a couple of machine 
speed charts imprinted on enamelled metal, and intended 
for fixing near each machine in the shop. They show 
the number of revolutions required for a piece of any 
diameter from in the one case } in. up to 6 in., and in the 
other from 14 in. to 30 in., in order to get any desired 
cutting speed between 10 ft. and 150 ft. per minute. 
Provision is made in each chart for the insertion of a 
ticket, on which may be filled in the actual spindle 
speeds corresponding to the actual cone steps and gears 
with which each particular machine is fitted. The work- 
man can thus tell at a glance what arrangement of gears 
he should use to give him the nearest approximation to 
the best cutting speed for any particular piece of work. 


According to the Génie Civil, the engineers who had 
charge of the inquiry which was held with reference to 
the locomotive boiler explosion at the Gare St. Lazare, in 
July of last year, are not agreed on the first cause of the 
accident. M. Perissé is of opinion that the boiler first 
failed at the junction of the barrel with the furnace, the 
cause being the simultaneous use in the construction 
of. Serve tubes and of too rigid stays. The different 
rate of expansion of the tubes and the barrel caused an 
excessive tension in the plates forming the lower sur- 
face of the latter, and cau it to finally give 
way. According to M. Fremont, the front furnace- 
plate first cracked owing to the brittleness of the 
metal, causing a portion of the left-hand corner of the 
furnace slightly below the barrel axis to fall away. A 
third expert, M. Dubois, maintains that the crown plate 
first broke in being torn from its junction with the back- 
late, and turning down on the tube-plate. This may 
“ occurred owing to an over-pressure in the boiler; 
and although the point cannot be proved, the Western 
of France Railway Company have decided to abandon 
the type of safety-valves with which the locomotive in 
question was fitted. ‘‘This type of valves, largely 
used in England, was adopted by the yy twenty 
ears ago, owing to its advantages; ‘but for the new 
ocomotives which have been built for the last ten years 
an improved type of valves has been substituted for it.” 
The conclusions arrived at by the engineers of the com- 
pany, as a result of their investigations, bear on two 
points only: they recommend the use of the more recent 


valves, and advocate a more thorough inspection of the 
boilers. 
Speaking at the recent Washington meeting of the 


American Institute of Mining Engineers, Dr.C. B. Dudley 
gave a highly-interesting description of the experience of 
the Pennsylvania Railroad Company as to the comparative 
values of iron and steel as constructive materials. He 
stated that there is now a tendency to return to the use 
of wrought iron in certain situations, whilst for the past 
twenty-two years the trend has been in the opposite 
direction, under the belief that the substitution of a 
homogeneous well-made metal like steel must be an im- 
provement on the use of iron—a non-homogeneous ma- 
terial, liable to suffer from flaws and bad welds. The 
experience of twenty years, however, had, he said, at 
length led to the conclusion that in certain constructions 
steel is proving less satisfactory than had been expected. 
This might be tly due, he continued, to the use of a 
steel ill-adap for the work, or to faults in design or 
in workshop treatment; but he was also inclined to believe 
that there was a fourth cause. The trouble with steel 
had always ee in articles subjected to bending. 
When subjected to direct tension and compression, on the 








other hand, it always showed itself much the better metal. 
Thus it had been found by experience on the Pennsyl- 
vania Railroad that the calculated stresses might at 
some points of a steel axle be 18,000 Ib. to 20,000 lb. per 
square inch, whilst at others only 7000 lb. to 12,000 Ib. 
per square inch. Using steel of 65,000 lb. to 70,000 lb. 
tensile strength such an axle will sooner or later fail in 
service under these maximum stresses. The method of 
failure is peculiar. It generally begins at the fillet of the 
shoulder. The outer fibres give way first without showing 
any elongation, and their failure is followed by that of 
the fibres then exposed to the maximum stress, until finally 
the journal snaps off. If the steel is from 80,000 Ib. to 
85,000 lb. tensile strength, such failures will not occur. 
On the other hand, wrought iron of but 48,000 Ib. to 
52,000 lb. tensile stress will stand successfully the same 
fibre strains as require a steel of 80,000 lb. to 85,000 Ib. 
tensile strength. 


An interesting series of engine trials, in which super- 
heated steam was used, is described in a paper presented 
to the Société Industrielle du Nord de la France, by 
MM. A. Obry and P. Bonet. The engine was tested in 
the shops of Messrs. Dujardin and Co., where it drove by 
means of belting a couple of dynamos. The engine was of 
the compound-condensing type, with cylinders 15.75 in. 
and 26.77 in, in diameter by 27.56-in. stroke. Both cy- 
linders were jacketed, the low-pressure jacket being sup- 

lied with steam taken through a reducing-valve direct 
rom the main steam-pipe. The steam was furnished by 
a Babcock and Wilcox boiler, having a heating surface 
of 1453 square feet, and on leaving this boiler passed 
through an independent] -fired superheater, with a heat- 
ing surface of 145 square feet. The steam-pipe between the 
superheater and the engine was 102 ft. long. Its diameter 
was 4.32 in., and the surface through which heat could 
lost between the superheater and the engine was 123 square 
feet. The conditions were not such as to make it reason- 
able to expect any record figure in the matter of steam 
economy, but the interest of the trial lay rather in the 
fact’ that the coal consumption, as well as the steam con- 
sumption, was noted, and it was found that the economy 
in fuel was markedly less than that realised in the weight 
of steam needed per horse-power hour. Taking steam at 
8 atmospheres pressure, the best result noted was a 
saving of 10 58 per cent. in the amount of fuel needed per 
horse-power as compared with the same engine working 
with saturated steam. The superheat in this case was 
268 deg. Fahr. The saving in steam under the same 
conditions was much more marked, amounting to no less 
than 24.65 per cent. With lower superheats the saving 
in coal was much less, being about 6.3 per cent. when the 
steam was superheated 178 deg. Fuhr. only, though the 
saving in steam in these conditions was over 16 per cent. 
There was a considerable loss in the pipe connecting the 
engine and the superheater. This was covered, flanges 
and all, with a coating of asbestos and kieselguhr 2 in. 
thick; and when supplying saturated steam, the fall of 
temperature in the pipe was reasonably small, thera bein 
a drop of 74 Ib. in pressure for this length of pipe. Wit 
the superheated steam the loss amounted to 1.33 Fahren- 
heit degrees of temperature per foot run. 





RICHARDSONS, WesTGARTH, AND Co., Limitep.—The 
accounts of this company for the year ending August 25 
show that the profits, after maintaining buildings and 
machinery in repair at a cost of 18,384/., amounted to 
75,3731., while 16,635. was brought forward. A dividend 
of 6 per cent. is recommended on the ordinary shares, 
setting aside for depreciation 15,000/., adding to reserve 
account 10,000/., and carrying forward 6758. New tur- 
bine works and a new brass foundry at Hartlepool, a new 
iron foundry at Middlesbrough, and a boiler-shop exten- 
sion at Sunderland are now completed and fully employed. 





Lonpon AND NortTH-WersTeRN Rattway Company,— 
On the 11th inst. this company commenced runnin 
motor-omnibuses between Holywell Station and Holyw 
Town, North Wales. The town, 1} miles distant, is on 
the side of Halkyn Mountain, 550 ft. above the railway 
station, so that the. motor-omnibuses have some heavy 
collar work, parts .6f the road being as steep as 1 in 9. 
The experiment is proving very popular, as the new ser- 
vice is about 15 minutes quicker than the former one with 
horse vehicles. The omnibuses meet every train at the 
station, and make eighteen journeys daily to the town 
and back. The new service is expected to bring a great 
many visitors and pilgrims to St. Winifred’s Well. . 





Luxempourc Merranturcicat Inpustry.—The pro- 
duction of pig in the Grand Duchy of Luxembourg last 
year amounted _ 1,198,002 tons, as compared: with 
1,217,830 tons-in 1 The number of furnaces existing 
in the Grand Duchy was the same in both years—viz., 31. 
The total of 1,198,002 taserepresenting the production of 
Luxembourg pig last: yeas, 


was made up as follows :— 
Refining pig, 90,655 tons ; Thomas pig, 967,135 tons; and 
casting pig, 140,212 tons. The quantity of iron minerals 
consumed last year was 3,873,900 tons. The number of 
workpeople employed was 3359. The average price 
realised for the pig made last year was 2/. 4s. 5d. per ton, 
as compared with a corresponding average of 2/, 4s. 9d. 
r ton in 1903. The production of pig in the Grand 
uchy for the last ten years was as follows :—1895, 
644,813 tons ; 1896, 808,898 tons; 1897, 872,457 tons ; 1898, 
945,868 tons; 1899, 982,929 tons; 1900, 970,885 tons; 
1901, 916,404 tons ; 1902, 1,080,305 tons; 1903, 1,217,830 
tons ; 1904, 1,198,002 tons. The quantity of steel made 
in Luxembourg last year was 366,302 tons, as compared 
with 371,978 tons in 1903, 
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THE LONDON COUNTY COUNCIL. 


THE proceedings of the London County Council 
are of importance beyond that of any other local 
governing body, and the address of the Chairman 
is an event that always commands attention. That 
delivered on Tuesday last by Mr. E. A. Cornwall— 
upon whom the King has now conferred the honour 
of knighthood—was no exception to the rule ; and 
though there may be much to criticise in the address, 
or rather in the policy with which it deals, there 
can be no question as to its interest. As is inevit- 
able in an address from the chair, Sir Edwin 
Cornwall sang the praises of local government, and 
drew roseate pictures of the blessings that the 
Council showers upon the Metropolis. No one will 
dispute the seriousness of the Council’s action in 
regard to the expenditure of public money; and 
although the heavy burden placed upon the rate- 
payers may increase the importance, social and 
municipal, of the members of the Council, it 
may be doubted whether it conveys unalloyed 
satisfaction to those who find the money when 
they are told that the debt for which they are 
responsible is equal to that of three or four sovereign 
States. When the Council was created it inherited 
a debt of about 17} millions, and its diligence in 
spending has been so great that in fourteen years it 
had more than doubled this; the amount of in- 
debtedness at the end of March being 44,620, 2661. 

For the sake of comparison, however, there 
should be deducted the outstanding debt of the 
London School Board—an amount of 11,546,883/.— 
a burden only taken over within the last year 
owing to legislative enactment. It is also stated 
that over 5 millions—accurately, 5,622,2211.—of 
the existing debt was incurred for enterprises of 
a remunerative nature, and therefore not involv- 
ing any charge on the rates. This, no doubt, is 
true, as shown by the official figures ; but we have 
learnt to look on London County Council balance- 
sheets as being subject to other lights than those 
by which they are officially read. 

The total expenditure of the Council presents, in 
its progression, a contrast even more striking than 
that of the debt. In the year 1899-1900 it was 
3,303,923]. ; for the last financial year it was 
16,176,0401. Sir Edwin Cornwall may well say 
that many people are alarmed at the financial 
figures of the Council ; and we may add that this 
feeling is shared even by those who do not forget 
‘*the extent of the area under their (the Council’s) 
government, and the enormous population under 
their care.” It must be remembered, too, that the 


560 | Council does not take all the local burdens of the 


Metropolis, and Sir Edwin Cornwall himself esti- 
mates that the total amounted during the year 
1903-4 to 19} millions when the expenditure of 
other local authorities within the district is included. 
It is this large sum that appears to give the Chair- 


565 | man of the Council special satisfaction, for he states 


with pride that it is ‘‘ an amount comparable with 
the expenditure of many States.” It is, he says, 
within a million of the expenditure of Belgium ; 
it exceeds that of Saxony, the Argentine Republic, 
Norway and Sweden combined, the Netherlands, 





and Portugal ; it is double that of Roumania, and 


| more than four times that of Denmark ! 





We look with favour on the legitimate activities 
of the Metropolis being brought under the juris- 
diction of one body, and the monetary burdens of 
that body thus increased, for the simple reason that 
the greater the responsibility of an elected assem- 
bly, the more importance will accrue to those 
becoming members, and therefore the greater will 
be the probability of substantial and responsible 
candidates coming forward. It must also be acknow- 
ledged that,.in some measure, increased expendi- 
ture on municipal affairs—increased even in a 
greater ratio than the increase in population, so 
so long, of course, as the expenditure is wisely 
directed —almost necessarily accompanies advance- 
ment. This, however, is a very different thing 
from’ the launching out into costly enterprises of 
a speculative nature, such as are, or should be; 
entirely outside the province of public bodies 
dealing with public funds. It is, perhaps, a little 
difficult to draw the line where municipal acti- 
vities should stop, and private or commercial 
enterprise should begin ; but, however ill-defined 
the border may be, there can be no doubt that the 
majority of our municipalities, corporations, and 
other local bodies go far beyond it; and in this 
respect the London County Council is a notorious 
offender. 

One of the most recent and notorious examples 
of this raiding beyond the border is the Council’s 
steamboat service on the Thames. If there is one 
thing more certain than another it is that such an 
enterprise would bea failure under the management 
of amateurs. Even in the hands of business men 
devoting their whole time and attention to the sub- 
ject, and having their material interests deeply in- 
volved, the venture has fallen short of success ; but 
this, doubtless, was to an extent due tolack of capital. 
The Council did not labour under the latter disad- 
vantage, and, indeed, lavish but misdirected ex- 
penditure has been a leading characteristic of the 
ill-starred enterprise. In other respects the hand 
of the irresponsible amateur is apparent. One 
has only to look at the boats the Council had built 
at so much cost to see how little thought and care 
were given to making the venture a success. No 
pains appear to have been taken to attract pas- 
sengers. The appliances for bringi - the vessels 
up at the piers, and for landing and taking on pas- 
sengers, are the same as they were fifty years ago, 
with the result that the time lost in this way de- 
tracts from the average speed of travel to-a con- 
siderable extent. For winter traffic the boats are 
altogether unsuited. No one giving serious thought 
to the matter could imagine that the average citizen 
would stand or sit on a bleak deck whilst the 
steamer wended her way through the driving rain 
or river mist of a winter’s day; and yet with- 
out a moderate traffic during the more inclement 
months it would be hopeless to expect the 
venture to pay. Whether it could be made to pay 
in any case is an open question, but with the 
arrangements that were provided failure was fore- 
doomed. The result is that it seems pretty certain 
that the Council will have to bring the scheme to a 
close at a great immediate loss, or else the rate- 
pow will be mulcted with an annual subsidy to 

eep the unfortunate enterprise alive. 

Another means of transit which the Council, in 
common with some other local bodies, hastaken up, is 
of doubtful benefit ; although it is constantly refer- 
red to by the champions of municipal trading as a 
triumphant vindication of their principles. ‘‘ In its 
tramways,” Sir Edwin Cornwall said in his address, 
‘*the Council possesses the actual means of pro- 
viding cheap and speedy transit.” That may be, 
but the question remains whether equally cheap 
and speedy transit would not be provided 
by private enterprise. The Council's tramway 
accounts do not afford means for answering this 
question; but we can form some general idea 
from the few facts which have come to light. We 
have put before us from time to time the ‘‘profits” 
that are earned by the working of the Council’s 
tram lines. Now to apportion profits, it is neces- 
sary to include all charges incidental to the enter- 

rise ; but that is by no means the custom of many 
ocal bodies. We will give one instance in regard 
to the London County Council. By report to the 
Council by one of its committees we learn that the 
total net cost of improvements which are wholly 
incidental to tramways is 309, In one case 
only, however, is it proposed to charge any part of 
the cost of the widenings to tramways account, the 





sum involved being 7800/.! It is interesting to 
'trace further the way in which the 309,000/. odd is 
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to be obtained. Local authorities are to supply 
100,616l.; the Council’s improvements account will 
be charged with 201,2301.; whilst the tramways will 
be debited only with 7800/. The odd 4l. is not of 
great account and may pass. 

No wonder, with book-keeping on these lines, 
that the Council can apparently carry passengers 
at very low rates, and earn a profit at the same 
time’; but this system of robbing Peter to pay 
Paul will hardly recommend itself to the rate- 
payer who does not live on the favoured routes. 
Captain Swinton, a member of the Council, has 
been instrumental in making public figures bear- 
ing on this subject extending over a wider area. 
Last year he addressed a question to the chair- 
man of the Improvements Committee, and in reply 
was told that since the commencement of the 
Council’s work in 1889 the net cost of ‘‘improve- 
ments” was 7,499,3941., and of this sum 1,051,385l. 
was recoverable from local authorities. On the 
other hand, the amount of 89,316/. 18s. 11d. 
had’ been charged to the Tramway account, 
while a further sum of 265,692/. was estimated 
to be paid by that account.* Captain Swinton 
might well ask, ‘‘Is that all?” and further ques- 
tion what the ratepayers will ever get back for 
their heavy outlay. Although we are unable to 
state what part of the 74 millions was needed for 
tramway extension, there can be little question, 
we think, that the sum represented would be far 
in excess of that apportioned for the purpose ; and 
Captain Swinton 2 sae us that ‘‘ the widenings 
up to date are a mere bagatelle to what will have 
to be undertaken in the next few years if London 
is to be given an efficient tramway system along 
her main lines of thoroughfares.” 

The reckless, not to say cynical, manner in 
which the London County Council gives an appear- 
ance of successful trading is well illustrated by these 
proceedings, and by the way in which the rules that 
the Council makes for its own guidance are thrown 
over when it suits the purpose of hoodwinking the 
public. It was formerly, when municipal tram- 
ways appeared a more promising venture, the rule 
to charge one-third of the cost of street-widening 
to the tramway account—when the alteration 
was needed for running cars—the remaining two- 
thirds being divided between ‘‘ improvements” 
and local authorities. Even this practice com- 
pares very unfavourably, from the ratepayers’ point 
of view, with that followed when the tramways 
are constructed by private enterprise, in which 
case street improvements and maintenance are 
largely obtained free of cost to the ratepayers. 
Beyond this, the tramway companies are charged a 
considerable sum for the use of the streets, and this 
also should go to easing the rates. Taking these 
matters into account, it will be evident that, before 
an estimate can be formed of the advantage or dis- 
advantage which the community at large enjoys or 
suffers from, it would be necessary to debit the 
municipal tramways with the sums that would be 
paid by private companies for the use of the road- 
way, and for widenings and improvements of 
streets. 

It seems, however, as if it were useless to impress 
on the average ratepayer the importance of these 
matters. Householders may grumble at the way in 
which the burden of the rates is increasing year by 
year; but one can only say that they deserve all they 
suffer so long as they will not exercise their fran- 
chise. If it is too much trouble to get up a little 
earlier, or to leave home in the evening to vote, 
they must pay for the luxury of morning bed or 
evening armchair. Those on whom the burden of 
rates do not fall directly are mostly not suffi- 
ciently enlightened to understand the evil of 
loose finance, and the inevitable waste due to 
business being controlled by those who have neither 
time nor experience to devcte to the matter. This 
is the evil of local self-government as practised ; 
a beautiful system in theory. It may be that ex- 
perience in the spread of true education—a very 
different thing to the general article-—-may some day 
result in the non-ratepayer finding out that though 
he is not taxed directly, none the less the money 
comes also from his pocket; but that day is still 
far off. It therefore behoves those who are capable 


of judging to watch more closely the action of| 1 


members or the records of new candidates, and 
not neglect opportunities of electing representa- 


tives of sounder business views than those which; R.E., with the assistance of one sergeant and 
distinguish too many of the present body. For| thirteen men, in the years 1859 to 1862; but the 
example, ratepayers might with advantage study ship by which the party intended to return to 
the debate now going forward in the Council| England was wrecked in Algoa Bay, and all the 
on the question of the Westminster improve-|instruments and data were lost. Fortunately, 
ments. A section of the Council—happily, it| abstracts of the angles had been left on shore, so 
would appear, a minority — would abandon a/ that an account could be published in 1863. 

safe profit in order to speculate with the ratesin| Sir David Gill’s connection with the geodetic 
a manner not only reckless, but in a way that is| survey of South Africa dates from 1879, the year of 
quite outside the proper scope of a public body. | his appointment at the Cape Observatory. Since 
The chief objection raised against accepting the offer| then he has never ceased to push this work with 
of the Victoria Embankment Contract Syndicate is} all his energy and also with diplomatic skill ; for 
stated to be that ‘‘it is a pure speculation.” Surely | the financial and political difficulties of the problem 
this should be sufficient to prevent the Council from | called for a diplomatist as much as for a supet- 
themselves undertaking the financing of the scheme, | intendent of the Survey Department. Cape Colony 
especially in the face of an offer of 4 per cent. on their| and Natal were, and are still, separate colonies ; 
total outlay for the whole work proposed to be done. | the two South African Republics, and Basuto- 
Another objection to the offer seems to be that it is| land, Bechuanaland, and Rhodesia were only being 
made by ‘‘ rich men.” We have not yet, atany rate, | formed, or re-formed, and organised, while the 
reached a condition of civilisation in which ‘* rich} work proceeded ; small and great wars delayed and 
men” can be dispensed with; and the hostility | temporarily stopped progress ; and, lastly, a foreign 
shown to them by some members of the London| Government had to be consulted, as the co-operation 
County Council proves the unpractical character| of German South-West Africa was desirable. A 
of a section of the latter body. final agreement concerning the survey between the 
Governments of Cape Colony and of Natal was 
only concluded in 1903. 

Sir David Gill had proposed a scheme of a grid- 
iron system of chains of principal triangulation, 
extending all over the two colonies and the two then 
existing South African Republics. In accordance 
with this scheme, Colonel Morris and Lieut.-Col. 
Laffan—these are the ranks which those oflicers 
hold at the present time—had laid out a base-line 
in Natal in 1883. When this work was being 
extended, Mr. Bosman carried a chain of triangula- 
tion from the neighbourhood of Vryburg (south of 
Mafeking) westward to the 20th meridian, on behalf 
of the Bechuanaland Government. This work of 








THE GEODETIC SURVEY OF SOUTH 
AFRICA. 

Tue importance of the geodetic survey work and 
meridian are determinations which have been carried 
on and brought to a certain completion in South 
Africa during the last decades extends far beyond 
the boundaries of the South African Colonies. The 
direct practical utility of a thorough survey, which 
will materially facilitate the construction of roads, | 
railways, bridges, and particularly of irrigation | 
works, of which those colonies stand so much in|! 
need, will appeal to every engineer. The value of | 
scientific arc measurements may be less evident. | Bosman’s rested on Laffan’s base-line, who had taken 
But if various Governments have felt justified in| astronomical observations by exchanging telegraph 
spending considerable sums for this purpose, the signals with the Cape Observatory. The northern 
best should surely be made of an opportunity on portion of the 20th meridian was left uncertain, how- 
which Sir David Gill, the Astronomer-Royal at the | ever, and it would have been exceedingly difficult to 
Cape, has dwelt in the following words :—‘‘ Should | take the survey through the Kalahari Desert, which 
not the progress made in the geodetic survey in| the 20th meridian crosses. The boundary question 
South Africa be regarded as the first step in a chain of between the British and the German Governments 
triangulation which, approximately traversing the | had been settled in 1890 ; and when further nego- 
30th meridian of eastern longitude, shall extend | tiations followed in 1896, Sir David journeyed to 
continuously to the mouth of the Nile? The England and Berlin. It seemed preferable to carry 
measurement of an arc of meridian, 65 deg. part of the chain of triangulation over German 
in amplitude, would be a gain to geodesy, so! territory, and an agreement to this effect was 
vastly important alone as to justify the incep-| arrived at between the two Governments. A joint 
tion of the proposed work ; and the African arc commission met at Reitfontein in November, 1898, 
might further be joined to the Roumanian and Major Laffan and Lieutenant Wettstein, afterwards 
Russian arcs to form a chain, 105 deg. in amplitude, succeeded by Lieutenant Doering, being the re- 
from Cape Agulhas to the North Cape of Europe, | spective commissioners. Owing to the great local 
the longest arc of meridian measurable in the | difficulties, even in the selected district, the survey 
world.” ‘could, in this western portion, not actually be 

When the first of these words were written by started before 1903. There was no water in some 
Sir David, the work which he has been urging with | parts within 40 miles from the station, and various 
all his power, and of which he has been the moving | obstacles seriously retarded progress. 
spirit, had only been commenced. A good deal! Meanwhile the extremities of the Bosman survey 
has since been done towards the attainment of the | had been joined to the Cape Colony network, and 
great aim. But much remains to be done, and the | the time had come for the continuation of the work 
support of all scientific men should be secured. It | through Rhodesia. When approached in 1894, Mr. 
was with this object that Sir David Gill brought a| Cecil Rhodes had to answer that roads and bridges 
memoir, ‘‘On the Origin and Progress of the! were. first wanted in the new country. But when 
Geodetic Survey of South Africa and of the African| the Matabele war was over, the survey opera- 
Are of Meridian,” before the British Association | tions could commence; interrupted during the 
meeting at Johannesburg. late war, they were continued in 1903. The work 

The first geodetic work, Sir David Gill points| was entrusted in Southern Rhodesia to Mr. 
out, in the Southern Hemisphere, was done by the | Alexander Simms, of the Vape Observatory, and in 
Abbé de la Caille in 1753. His results were in so|the Northern districts to Mr. Tryggve Rubin, 
far anomalous, as they seemed to indicate that the | assisted by Mr. Tyrrell McCaw. Mr. Rubin was 
polar radius of the earth was greater than the|a member of the Swedish-Russian Expedition, 
equatorial, while all measurements made on the | which, under the leadership of Professor Backlund, 
Northern Hemisphere pointed to the opposite con- | the astronomer at Pulkowa, near Petersburg, mea- 
clusion. As Caille held a high reputation as an| sured an arc at Spitzbergen during the years 1899 
observer, it was important that Thomas Maclear, |to 1902; Professor Backlund was present at the 
by laborious measurements executed during the | South African meeting, and was one of the most dis- 
period 1840 to 1848, established not only that the tinguished guests of the British Association. Mr. 
Southern Hemisphere did not differ from the| Rubin and Mr. McCaw landed at Chinde, in the 
Northern as to the relative length of the radii, but | delta of the Zambesi River, in the course of 1903, 
also traced Caille’s erroneous conclusion to a local and Mr. Rubin’s last report was dated April, 190. 
disturbance of the direction of gravity at his His work is so far completed, and since July, 1902, 
northern station. Maclear’s base-line had a length | Colonel Morris has been able to take up the ord- 
of 8 miles, and his reports were edited by Sir|nance survey of the Transvaal and the Orange 
George Airey, and published by the Admiralty in| River Colonies. Unfortunately, a gap remains 

866. | between the Limpopo and the Rhodesian triangu- 
The triangulation of the southern coast of Cape |lation, and the Chartered Company does not at 
Colony and of Kaffraria was commenced in 1859 by | present see its way clear to grant the necessary 
the Colonial Government, in connection with the | funds for this link. 
hydrographic survey which the Admiralty had| The base-lines measured in the course of these 











* In an article by Captain George S. C, Swinton in the 
Nineteenth Century and After for September, 1905, the 
subject is discu Ss 


demanded, as the coast charts were very defective. | operations control more or less directly several arcs 
| This work was accomplished by Captain Bailey,'of meridian, and may—reckoning from west to 
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east—be arranged as follows :—-Approximating the | 
meridian of 19 deg. east, there are three base-lines, 
known as the Zwartland, the South Damara, | 
and the North Damara lines; they lie between | 
latitudes 33 deg. and 23 deg. south. Near the| 
25 deg. east longitude are the Port Elizabeth, | 
Kimberley, and Ottoshoop base-lines, between | 
latitudes 34 deg. and 25 deg. south. Along the 
28 deg. of longitude, and between latitudes 30 deg. 
and 26 deg., we have the Wepener, Kroonstad, 
Ottoshoop and Belfast lines. Finally, the great 
meridian arc measurements along longitude 30 deg. 
east comprise the Natal, Belfast, Hout River, and 
Inseza, Gwibi, and Loangwa base-lines; the former 
three between latitudes 29} and 23}, the three 
latter between latitudes 20 deg. and 15 deg. south. 
Jaderlin nickel-steel wires were used in most cases, 
in South Damaraland also Jiderlin brass wires. 
On the Zwartland line Colby comparators were 
resorted to, and on the Port Elizabeth, Kim- 
berley, and on the Natal, Belfast, and Hout River 
base-lines, Troughton and Simms steel bars. The 
average length of these base-lines is perhaps 
40,000 ft.; the length of the Gwibi base is 
71,165 ft., leaving out the decimals. 

The mean probable error of the measurement is 
estimated at 1 in 1 million; in some cases, on the 
Damara and Inseza bases, it may amount to 1 in 
100,000, while in the Transvaal it will hardly 
exceed 1 in 5 millions. The chief errors do not, 
in Sir David Gill’s opinion, lie in the discordance 
between repeated observations—as a rule the 
lengths were measured three times: forward, back- 
ward, and forward again—but in the standardisa- 
tion of the wires, and ultimately in the uncertainty 
concerning the length of the standard wires which 
cannot be relied upon within less than 1 in 1 
million. Further, the hard work of the base 
measurements seems to induce molecular changes 
in the wires, and wires left at comparative rest 
give more consistent results for base-line work. It 
was also noticed that the new wires tend to con- 
tract, and this point was especially investigated. 
It was ascertained, e.g., that the length of one 
steel wire went down from 24,383.93 millimetres in 
1898 to 24,382.15 millimetres in 1902 ; in the case 
of brass wire, the corresponding figures were 
24,386.23 and 24,385.58 millimetres, In estimating 
the probable errors on the measurements, the 
systematic errors due to the uncertainty of the 
lengths of the steel bars cannot be allowed for. But 
the work was, on the whole, wonderfully concordant. 
Thus the three measurements of the Belfast base 
yielded respectively, 18,994.027 ft., 18,994.077 ft., 
and 18,994.066 ft., differing only in the decimals. 

If it were possible to determine all the lengths 
and angles without any error, then the computa- 
tions of the different lengths through the chain 
of triangulation should yield the same base-line 
values. Asa matter of fact, the triangulations are 
far less accurate than the base-line measurements ; 
and it is customary to regard the base-line values as 
correct, and to correct the angles by the method of 
least squares. This computation has been carried 
out by Colonel Morris with regard both to the Port 
Elizabeth and the Belfast bases. The lengths 
involved in these computations vary between 400 
and 1200 miles. Thus, from Zwartland to Kimberley 
we have a length of 600 miles ; from Kimberley, 
vid Kroonstad and Belfast, in the Northern 
Transvaal, and then down the Natal coast to 
Port Elizabeth, we get a total length of 1150 miles, 
and from Wepener vid Kroonstad to Port Elizabeth, 
a total distance of 1200 miles. These computations 
appear to indicate that there must be some error 
in the Kimberley base, whose measured portion 
has a length of about 6000 ft., though this base 
can hardly be 6 in. too long, the apparent error. 
Other ways of checking the results are by the 
method of circuit closing in latitude, longitude, and 
azimuth ; but the astronomical observations have 
not all been reduced yet. 

So far the study of the meridian arcs seems to 
show that along the 19th meridian, between lati- 
tudes 22 deg. and 35 deg., the apparent curvature 
agrees closely with that derived from Clarke’s 
elements of the figure of the earth. Along the | 
26th and the 30th meridian there are certain | 
discrepancies between the astronomical and the | 
geodetical data. On the whole, longitudes seem to | 





conform rather with Bessel’s elements, and latitudes 
with Clarke’s elements ; but these are only preli- | 


minary conclusions. In these computations Mr. | 


Robinson and Mr. Loninger, from the Cape Obser- | 
vatory, have rendered valuable assistance. | 


The great difficulties of the work need hardly to 
be emphasised. But there are some obstacles 
which may not at once occur to the reader. Water 
is very scanty in most of these countries, and the 
rains, when they fall, create torrents, where at the 
best only dry beds were to be seen a few hours 
previous. The natives—and, to a certain extent, 
also the white farmers—set fire to the grass and 
bush, and the haze and smoke rising from these 
fires make surveying impossible for months. Then 
the natives are not easily trained, and cannot be 
expected to persevere, when they have become 
useful helpers, with that enthusiasm which kindles 
the leaders of the expeditions, among whom Colonel 
Morris stands out prominently. Rubin had parti- 
cular troubles in these respects. It is the usual 
complaint in the African Colonies that the native 
servant leaves when it pleases him. On the other 
hand, the raw native is almost universally given 
an excellent character as to honesty, willingness, 
and docility ; that he finds long-continued labour, 
which is entirely novel to him, too burdensome, 
is surely not to be wondered at. 

As matters are, Sir David Gill is undoubtedly 
right in urging that a thorough topographical survey 
should follow the geodetic survey without delay. 
The wo triangulation is now almost com- 
pleted. Trained men, accustomed to the work, are 
now ready at hand ; the work just finished affords 
an invaluable basis. The longer the topographic 
survey is delayed, the greater will be the difficulties 
to be overcome and the expense to be incurred, 
when that indispensable survey is finally entered 
upon. As long, however, as the present depression 
— in the Colonies, such representations will 

ardly meet with favourable consideration. But the 
continuation of the work would prove truly econo- 
mical. The incessant wars of Louis XIV. were not 
allowed to interfere with the meridian determina- 
tion right across France. Wise economy would not 
have interrupted this scientific work, but would 
have put a stop to the nefarious wars which ruined 
the country. 

The continuation of the meridian determination, 
outside the African Colonies, throughout Africa up 
to the Nile, and further north as far as the North 
Cape, is an Imperial and international necessity. 
The practical advantages which geodetic operations 
bring to the country, and to the engineer in par- 
ticular, are too manifest to need recommendation 
of such schemes. 








QUEENSLAND RAILWAYS AND 
TRADE. 

THE report of the Commissioner for Railways 
for the Colony of Queensland, Mr. J. F. Thallon, 
for the year ending with June last, reflects, perhaps 
more clearly than any other railway return, the im- 
provement in the general trade of the Australian 
Colonies owing largely to more satisfactory climatic 
conditions. The more abundant rains of the past 
year or two have enriched the pasture land, and 
there is considerable increase in the flocks of cattle 
and sheep on the hills, while the crops of cereals 
have attained to normal conditions. ye find, for 
instance, that the stock of cattle has increased 
from 24 millions in 1902 and 1903 to nearly 2? mil- 
lions ; but this latter is still a long way lower than 
the very satisfactory figure of 6,822,000 recorded 
ten yearsago. Similarly, inthe case of sheep there 
has been an improvement of 3,600,000 in two years, 
but the total of 10,843,000 now is little more than 
half that of ten yearsago. The steady improvement 
from immediately preceding years has naturally 
had its effect upon the volume of live stock railway 
traftic ; but this is still far below what it should 
be. In the case of wool traffic there has been an 
increase equal to 32,599/. as compared with the 
previous year ; but here again the figure is still far 
short of what it might be. As regards agricultural 
produce, the interesting point is that imports have 
fallen almost to the irreducible minimum. In the 
case of wheat, for instance, the colonial supply 
three years ago fell short of the requirements to a 
very serious extent, and there had to be imported at 
the three principal harbours about 700,000 bushels. 
During the past year the imports were only 
8800 bushels. In the case of flour 22,000 tons were 
imported three years ago, as compared with 16,500 
tons in the past year. Bran and pollard and maize 
show the same result as we have noted in regard to 
wheat. In hay and chaff also the imports have 


decreased from over 40,000 tons to about 5000 tons. 
Regarding the mineral development, there has not 


been much progress, the shipments from Brisbane, 
the principal port, totalling 204,818 tons, are higher 
than in some of the immediately preceding years ; 
but six years ago they were twice as great, so that 
there is no material advance. 

As far as the railways are concerned, the results 
seem satisfactory. ‘There has been a very ma- 
terial improvement in the volume of traffic, 
expenses have been kept well in hand, with 
the result that there has been a considerable im- 
provement in the net revenue, which equals 
21. 15s. 5d. per cent. of the money invested in the 
railways. This is 8s. 2d. per cent. more than in 
the previous year, and nearly 1 per cent. more 
than two years ago. But antecedent to 1898-9 the 
percentage of net earnings to capital expenditure 
was higher. The gross revenue is, with the ex- 
ception of 1899-1900, the highest on record, 
being 1,413,439/. There has not been the 
same increase in train-mileage; in fact, for six 
years the train-mileage has been steadily decreas- 
ing, although the tonnage of goods has been in- 
creasing, and the revenue improving. The number 
of passengers has not materially increased. Only 
a careful investigation of local conditions would, 
however, justify any criticism as to whether there 
has been. an undue diminution in the facilities for 
travel and for transporting goods. This is an 
important point, which no doubt has the careful 
consideration of Mr. Thallon. The construction, 
at some of the interior stations, of large sheds for 
storing grain, holding from 10,000 to 20,000 bags, 
which are rented on the co-operative principle by 
the farmers in the vicinity, has worked most satis- 
factorily ; and this, no doubt, enables the train 
results to be considerably improved. The Commis- 
sioner, however, has felt it incumbent upon him to 
protest against statements in reference to insufli- 
ciency of rolling-stock, and also to point to the fact ~ 
that tramway competition is affecting the results of 
suburban traflic, the greater part of the increase 
in passenger receipts being due to long-journey 

engers. ‘Two second-class sleeping-cars have 
een introduced on two of the lines into the inte- 
rior, and these are said to have given considerable 
satisfaction. On other railways night travellers 
are afforded accommodation in the ordinary car- 
riages, to enable them to lie down, by paying 
2s. 6d. per head in addition to the ordinary fare. 

The gross revenue per train-mile has increased 
to 5s. 9d., which is the highest sum yet attained, 
and is 1s. more than six years ago. The expenser, 
however, have increased pari passu, the percentage 
of receipts required for paying current charges 
being 57.64 percent. This, however, is very much 
less than in several preceding years, the rate being 
as high as 80 per cent. four years ago: and here 
again there has been a feeling on the part of the 
critics that this economy has been at the expense 
of efficient maintenance. The Commissioner for 
Railways, however, gives his personal assurance 
that this is not so, and claims that the economy is 
the result of careful supervision of details, and a 
consequence of relaying old lines with heavier steel 
rails and new sleepers some years ago. On local 
lines the speed seems to have been decreased, so as 
to reduce the maintenance charges. The institu- 
tion of flying squads for the maintenance work, to 
which we referred in previous articles on the 
Queensland railways, has also had a_ beneficial 
effect, and is being extended. The cost of main- 
taining the line is now only 831. 7s. 10d. per mile, 
which is exceptionally low; but in South Australia 
it is still less, being 801. per mile. The first 
installation of the electro. pneumatic interlocking 
of points and signals in Australasia has been made 
at the Brisbane Central Station, where the distance 
between points formerly necessitated two cabins ; 
but now one suffices. 

There has not been any material addition to roll- 
ing-stock during the year. The building of six shunt- 
ing engines in the Government works at Ipswich, 
to replace obsolete locomotives, has been completed. 
New boilers have been fitted in eighteen engines. 
Eleven of the heavy tank-engines have been altered 
to facilitate running round curves, but no passenger 
locomotives or carriages have been constructed. 
Six brake-vans and 122 wagons have been rebuilt. 
The expenditure on this work, totalling 31,389I., 
has been charged to revenue, in addition to ordinary 
repairs. As to the new rolling-stock charged to 





capital, there is included two new second-class 
sleeping-cars, two new suburban cars, seventy-five 
hopper wagons, six insulated cars for butter, and 
twenty ventilated cars for perishable traflic, all 
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built at the Government shops. It would have 
been interesting to have had details of the cost of 
this work. 

The total mileage of railway line is now 3092 
miles—an increase since the last report was issued 
of 48 miles. This new mileage is connected with 
the southern division, and includes a branch on the 
main line from Brisbane to Sydney, New South 
Wales ; while 43 miles more are being constructed, 
and will be opened within the next three or four 
months. One of these is an extension of the line 
from Maryborough, near the coast, and the other is 
not far distant from Brisbane, so that it will be 
seen that extensions are at present being contem- 
plated further into the interior. 








AMERICAN TARIFF REFORM. 

ENGLISH manufacturers are ea Say in 
the tariff question as it concerns the United States, 
and they are wondering if, in his coming Message, 
the President will make any specific recommenda- 
tion to Congress with a view to a modification of 
the existing schedules. There is reason to believe 
that he will. Mr. Roosevelt’s sentiments on the 
matter are quite well known, and there is no mis- 
taking the change of sentiment which has come 
over the people of America on the subject. The 
New York Swn, long a defender of the protective 
tariff, even when it professed to be a Demo- 
cratic newspaper, says:—‘‘ All round we ob- 
serve indications of the depth and strength of 
the public sentiment in favour of modernising 
the protective tariff, and that at the very next 
session of Congress.” It cites as evidence of 
‘‘urgent anxiety’ that the schedules shall be re- 
vised without delay a ‘significant article” from 
the Pittsburg Gazette, which has long been the chief 
organ of high Protection at the central shrine of 
that cult. This journal recognises the changing 
sentiment of the country, and would placate it by 
a revision of the tariff ‘* by its friends”’ in a way to 
do no harm to those who profit by it. It ‘‘ abates 
none of its faith in the protective —— and 
knows of no interest that it has harmed. It regards 
it as ‘‘the basis of national prosperity,” and 
would have it revised ‘‘on sound protective lines 
and no other.” ‘‘ Many schedules,” it says, ‘‘ may 
be reduced without exposing American industries 
to foreign competition. Some of them might be 
cut in half. There are a few schedules that should 
be raised to give better protection,” but it does 
not say which. It would have the tariff revised 
now, and then let alone for ten years, and it calls 
upon the Fifty-Ninth Congress to frame a new 
Act because it may be trusted to do so ‘‘ without 
abandonment of the Dingley principle.” The New 
York Journal of Commerce, which has been untir- 
ing in its exposition of the fallacies of the high 
tariff argument, calls this ‘‘ bugle call” from the 
stalwart organ of Dingleyism the expression of ‘‘a 
desire to prevent a revision of the tariff that will be 
real, and to secure revision by those who will see 
that the special beneficiaries that fatten under it 
upon the substance of the people shall receive no 
detriment.” The Journal adds, in regard to its 
contemporary :—‘‘ It hears the demand, and recog- 
nises the changing sentiment to which ‘standpatters’ 
stop their ears and close their eyes. It fears the 
lashing of the whale, and would throw it an empty 
tub.” It would not be surprising if other organs of 
high Protection should take the cue and join in 
the cry, but, the New York paper says, it will be sur- 
prising if the Fifty-Ninth Congress gives heed to 
the demand. The suggestion that there should be 
no further change for ten years calls forth the 
remark that the people are not so easily fooled, at 
least, not all the time, and that the effect of the 
scheme would be nil, except for those ‘few 
schedules that should be raised to give better pro- 
tection.” 

Those who are urging reciprocity or reduction of 
duties for the purpose of securing outlets to 
foreign markets would not be content with reduc- 
tion ‘‘ without exposing American industries to 
foreign competition.” Exposure to foreign com- 
petition is just what some of these industries need, 
and especially the great iron and steel industry, of 
which Pittsburg is the centre. This is allowed by 
some of the most enlightened men in America, 
Competition would do the industries good, keeping 
them within reasonable limits of cost and prices, 
and forcing them to sell their products as cheaply 
at home as abroad, without in the least reducing 
their activity or restricting their market. If in- 





ordinate profits should be reduced, they would be 
better distributed, and a hundred industries would 
be benefited by a lowering of the cost of the 
materials and implements of iron and steel. It 
means something that high Protectionists begin to 
acknowledge the changing sentiment of the country 
on this subject, and are anxious to save the idols 
to which they are wedded. The time is unquestion- 
ably favourable for tariff revision ; but to last and 
to accomplish its purpose it must be genuine. 

The signs of a change in sentiment appear in 
the demand in New England, and all » the 
northern border, for reciprocity with Canada. This 
demand springs from a desire to increase American 
exports to that country by increasing the imports 
from it through lowering the tariff barrier, or mak- 
ing openings in it. It admits the need of foreign 
markets, and the necessity of modifying the tariff 
to get them. The signs appear again in the agita- 
tion for a reciprocity treaty with Germany, on 
account of the danger of narrowing access to 
her markets when the new tariff takes effect, 
carrying with it favourable treaties of reciprocity 
with certain other nations. This has led to the 
calling of a conference at Chicago for the discus- 
sion of reciprocity and a more liberal commercial 
policy generally as a means of exploiting foreign 
markets by giving easier access to the Ameri- 
cans. Demands for tariff revision are no longer 
confined to one political party, and grow in bold- 
ness and emphasis with every opportunity of utter- 
ance. There is no more significant sign of this 
turning of sentiment than the unwillingness of the 
old guard of Protectionism to have the subject 
opened to discussion in Congress. 

No doubt the great growth which has taken place 
in American industries was helped in its earlier 
stages by the tariff, but it was not caused thereby. 
By restricting imports, when it had neither the 
capital nor the labour for a rapid development and 
diversification of industries, the country induced 
foreign capital and foreign labour to come in and 
cultivate the resources and advantages which re- 
quired these two factors for a rapid growth in pro- 
duction. This stimulated development, and the 
building up of industries, enlarging the home 
market for products, and in turn stimulating an 
increase in their production. Industries were arti- 
ficially incubated, as it were, and fostered through 
their infancy. All this hastened development and 
growth, but was not the primary cause of it. That 
lay in the natural resources and advantages of the 
country; and though growth would have been 
slower without the hot-bed or incubator method of 
stimulation, it would have come, and would have 
been healthier. When strength and maturity were 
attained, the progress would have been equally rapid 
as well as more healthy. The argument for pro- 
tecting ‘‘ infant industries” has lost its force 
simply because they have ceased to be infant 
and to have need of pap and nursing. To the 
argument that tariff revision would bring in the 
foreigner with more goods, meaning less work for 
American citizens, and, in the long run, lower 
wages for the working classes—the answer is 
obvious. As one high authority puts it: ‘It 
assumes that our natural resources and advantages 
have no potency, and that our people are incapable 
of availing of them, to compete with those whose 
resources and advantages are indisputably inferior, 
and whose capacity and efficiency they claim to 
excel. It assumes that foreigners can sell more 
goods and take possession of our markets without 
buying more from us, and affording us their 
markets ; in other words, that we can buy foreign 
goods without paying for them, and that the in- 
dustries by which alone we can pay for them will 
be crushed out by the overwhelming tide of goods 
for which the foreigners can get no return.” 

The effect of recent tariffs, and especially of the 
latest, has been to concentrate big interests in the 
hands of a few corporations. It is so obviously 
bad for a particular trade to be in the hands of a 
small group of unscrupulous individuals, with 
competition practically excluded, that it is matter 
for wonder that the American people have not 
risen in rebellion against it. In the States 
the maintenance of a high rate of import duty 
strengthens the projects of the trust by making 
competition impossible, and taxpayers are coming 
to realise the folly of perpetuating a fiscal policy 
which tends to place industries in the power 
of a small group of men whose motto is ‘‘ their own 
pockets all the time,” which causes the people to 
pay anything between 50 and 100 per cent. more 
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than they should be justly called upon to pa 
their commodities, and, worst of all, which bleeds 
them in order that the country may rejoice in the 
sentimental,- but unprofitable, satisfaction of in- 
creasing its foreign trade in manufactures. For the 
successful development of large enterprises, the 
only sensible policy is in the direction, not of mono- 
poly and high prices, but of cheap production, low 
prices, and extended markets. This would make 
the contest even for all; and in the unlikely event 
of England being beaten in the future in relation 
to the American and English neutral markets, there 
will at least be the satisfaction of knowing that the 
beating is a square one. 








AN EMPLOYER'S CONFIDENCE. 

Some time ago a correspondent referred to an 
article which appeared under the above heading 
in ENGINEERING on October 14, 1904, and ex- 
pressed the hope that our legal contributor might 
continue his discussion of the subject. In the 
letter, which was signed ‘‘ Lex,” the correspondent 
put forward a number of hypothetical cases in rela- 
tion to the confidence which arises between employer 
and employed, and the manner in which it may be 
abused. He put the following ‘‘ problems” :— 

1. When a firm induces a man to leave,his pre- 
sent employment, with the distinct object of profit- 
ing by his skill (which has principally been acquired 
in his present employ), as well as obtaining full 
knowledge of his present employer’s practice. 

2. When a firm advertises for such a man, the 
advertisement being so worded as to induce appli- 
cations from employés in rival firms, with whose 
practice the advertisers wish to become acquainted. 

3. An employé, discontented with his present 
employ, writing round to firms in his present em- 
ployer’s particular line of business, with the dis- 
tinct object of placing his knowledge at their 
disposal. 

4. In either of the three foregoing cases, if the 
employé changes his situation, and his new em- 
ployers proceed to produce articles that are a close 
imitation of those manufactured by his old em- 
ployers, could the latter obtain an injunction against 
the former? If, in the course of evidence, the 
employé could show that the ideas incorporated in 
the article were his own originally, for which he 
received nothing beyond his usual salary, and 
which were not patented, would this in any way 
affect the judgment ? 

Our legal contributor considers that the questions 
here raised have but little to do with an employer's 
confidence ; they are to be answered by reference 
to some of the trade-union cases which have so 
recently occupied the attention of the Law Courts ; 
but they are not on all fours with those cases. 

Dealing first with (1), it is exceedingly difficult 
to state the effect of the legal principles which are 
applicable. As the law now stands, an action may 
be brought against persons who, without just cause 
or excuse, conspire together to induce a workman to 
break his contract with his employer, or even to 
leave his employer's service. The action, of course, 
would lie at the suit of the employer. But what is 
conspiracy? What is just cause or excuse? With 
regard to conspiracy, the Court might well hold 
that the members of a firm had conspired together ; 
but if there is only one member of a firm, he could 
not be exposed to an action for conspiracy. This 
distinction is founded on reason, for many persons 
joining together may coerce, compel, and intimi- 
date where one may not. With regard to ‘just 
cause and excuse,” these words have no precise 
legal meaning ; but it is conceived that if the plain- 
tiff—i.e., the employer—were able to show that 
his workman had been induced to leave him in order 
that the defendants might profit by his knowledge of 
the plaintiff's business, and that, in fact, they had so 
profited, there would be no just cause and excuse. 
In such a case the Court would probably grant an 
injunction to restrain the defendants making use 
of information so acquired, and would award 
damages to the former employer—damages which 
would be assessed according to the direct loss 
which he might be able to show that he had 
sustained. It is very doubtful whether it would 
be sufficient for the plaintiff in such an action to 
show that the articles produced by the defendants 
were an imitation of those which he himself manu- 
factured. He would have to show that they were, 
and could only have been, produced by some process, 
a knowledge of which could only have been derived 
from the experience of a workman who had formerly 
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made them. Finally, inasmuch as the invention 
and ideas of an employé do not necessarily belong 
to his employer, it is conceived that the defendants 
might successfully defend the action by proving 
that the machines or articles in question were but 
the work, and that they merely embodied the ideas, 
of the workman himself. 

With regard to (2), it is not likely that the 
Court would be at all willing to attempt to restrain 
any firm or person publishing advertisements in 
the circumstances suggested. For instance, suppose 
an employer desired to commence the manufacture 
of some article, say a particular kind of boiler ; it 
is difficult to see how he could be prevented from 
advertising for men who could make that boiler, 
although such advertisements might tempt work- 
men to leave their employment with other firms. 
The discussion of the question whether a man 
could be restrained from publishing advertise- 
ments for workmen to assist him in the manufac- 
ture of a patented article without licence from the 
patentee may be omitted, as no one who intended 
to infringe a patent would be likely to advertise 
the fact to the world. Much would depend upon 
the terms of the advertisement. If those terms 
displayed a deliberate intention to entice work- 
men from a specific firm who used some secret 
process, that might be deemed to be an attempt to 
entice away those men, and, if it formed the sub- 
ject of a conspiracy, would probably be restrained 
by action. It must be confessed, however, that 
the law reports make no mention of any such action 
having been successfully brought. 

With regard to (3), if a workman were to write 
round offering to place the information acquired 
by him at the disposal of his employer's rivals, he 
would certainly be restrained by injunction on the 
principle of the case of Gamage v. Turner.* He 


* See ENGINEERING, October 7, 1904, page 474. 











could also be dismissed without notice 
be remembered that the relationship of master and 
servant implies a contract on the part of the ser- 
vant that he will not make use of his employer's 
secrets for his own purposes ; but there is an all- 
important distinction between trade secrets and 
the general information which a workman must of 
necessity pick up in the course of his employment. 
For instance, it is conceived that no workman 
could be restrained from publishing the fact that 
he had had considerable experience in the 
manufacture of washing soda, and that he had 
gained his experience with a certain firm; on the 
other hand, if he were to publish the fact that he 
was acquainted with a secret process, as, for ex- 
ample, the soda-ammonia process, the proprietors 
of that process could restrain him by injunction. 

‘* Lex” has mentioned one or two other points 
which merit consideration. He suggests that a 
man may write to a friend in another firm’s em- 
ployment and ask for particulars which may be 
used in competition either by his own firm or else 
be passed on to a third party. In such a case it is 
conceived that the person supplying particulars 
might run the risk of disclosing his employer’s 
secrets. If he did that, he could be dismissed and 
restrained (if necessary) by injunction from work- 
ing any further mischief. 








NOTES. 
ELEcTROLYTIC RECTIFIERS FOR TELEPHONE 
STATIONS. 

ELecTROLyYTIC rectifiers are being used for work- 
ing telephones with rectified triphase currents of 120 
volts. The four aluminium cells consist of stamped 
sheet-iron cases, in which aluminium electrodes 
are suspended. The electrolyte is a sodium 
salt ; sodium sulphate and sodium phosphate are, 
}as a rule, used in such rectifiers. 
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coupled in such a way that all the positive and 
negative-current impulses from two of the bus- 
bars are combined to give a direct current of fairly 
constant voltage—about 20 volts. The cells have a 
resistance of 320 ohms, and require a kind of ‘‘ for- 
mation” before use. When the current is first 
switched on, eight incandescence lamps, in series 
with the cells, flash up ; after a few minutes their 
glow will have diminished to dark-red, and the tele- 
phone circuit can be closed. The current now passes 
from the one bus-bar toa transformer, and back tothe 
other bar, while a branch current flows through the 
rectifier and returns through a resistance of 1600 
ohms. This branch comprises a split battery of four 
accumulators, which feed the signal-lamps coupled 
to the relay contacts of the connections of the 
telephone switchboard. The cells have occasionally 
to be refilled. This becomes necessary when the 
resistance-lamps continue to shine brightly instead 
of toning down; the aluminium electrodes have 
then to be cleaned of crystals and the cells re- 
charged with fresh electrolyte, the salt being 
dissolved in distilled water. An efficiency of 70 
per cent. is claimed for these rectifiers. But elec- 
|trolytic valve cells, as they have not improperly 
| been called, have not, so far, been regarded with 
| much confidence, because the aluminium electrodes 
do not last long. 





Aw InTERESTING EXAMPLE OF WaTER ACTION. 
| 
The extraordinary effects produced by large 


|masses of water in violent motion are matters of 
| wonder to the general public and of the gravest 
‘concern to the engineer. It is not uncommon, 
after a storm at sea, to hear of breakwaters, har- 
| bour works, or sea fronts, which have taken years 
to construct, being washed away in a single night, 
or so far damaged as to require months for restora- 
If the water finds its way into a crevice, its 


564 





ENGINEERING. 


[Oct. 27, 1905. 








motion is checked with almost explosive violence, 
and the pressure produced is sufficient to causealmost 
incredible effects. For example, at the Wick Har- 
bour works in 1872 the water tore a concrete mono- 
lith, weighing 1350 tons, from its position and 
carried it bodily to leeward, and the very next year 
another monolith, of 2600 tons, which had been 
substituted for the first, was also carried away, 
These effects were, of course, produced by ocean 
waves ; but even without the aid of storms, the 
control of water on a large scale gives rise to 
similar possibilities, as is shown by the photograph 
reproduced on the | cae page, which has been 
sent to us by Sir Benjamin Baker. The Assouan 
dam, crossing the Nile just above the First Cata- 
ract, completely controls the flow of the Nile below 
Assouan, as the whole of the water of the river passes 
through sluices in the face of the dam. The water 
behind the dam is sometimes banked up to a height 
of over 60 ft. above the down-stream level, but the 
sluices are at different heights, so that water is 
never discharged under a head of more than 29.5 ft., 
which limits the velocity of discharge to less than 
35 ft. persecond. Even at this velocity, however, 
the water has proved capable of lifting a huge 
boulder out of its natural bed in apparently solid 
rock, and hurling it back against the dam, as shown 
in the illustration. The length of the block is 
17 ft., the width 12 ft., and the thickness about 
7 ft. The estimated weight is over 60 tons, and 
yet it has been torn out of its bed and thrown 
beta: by the water just as a pebble might 
have been. 
ARTIFICIAL SILK. 

The problem of manufacturing a cheap substi- 
tute for genuine silk has occupied the attention of 
inventors for several generations, and it seems 
that at last much has been achieved. It has been 
found that brilliant threads of silk-like appearance 
can be produced from cellulose. The best material 
for the purpose is said to be carded cotton, and this 
has been used by Count Hilaire de Chardonnet, at 
Besancon, in France. Among German chemists Dr. 
Lehner, of Augsburg, also claims to have solved the 
problem of making artificial silk. Between the pro- 
cesses of Chardonnet and Lehner the chief difference 
appears to lie in the treatment of the collodion, 
which, in the case of Chardonnet, is spun dry, while 
by Dr. Lehner it is spun wet. Processes invented by 
Dr. H. Pauly, Dr. M. Femery, J. Urban, and Dr. 
E. Bronnert are also in use in Germany. The last 
of these processes differs materially from the others, 
the cellulose being dissolved in ammoniated oxide 
of copper, from which it is separated, in the form 
of threads, by means of an acid. Before it can be 
decided how far artificial silk can replace the 
natural article in the manufacture of silk goods, the 

hysical and chemical properties of the two must 
be compared. In a report issued by the Consul- 
General at Frankfort, Germany, some particulars 
are given as to these characteristics. It seems that 
under the microscope all artificial silks differ from 
the natural in their greater thickness, Tussah silk 
alone resembling artificial silk. Without exception, 
artificial silks at once distend largely when placed 
in water, their thickness being thereby increased 
one-third to one-half. Natural silk similarly treated 
does not distend. This distension is said to be the 
reason why artificial silk in the wet state loses its 
stiffness. The artificial product is of an even, white 
colour, of a silky touch, and when pressed together 
has some of the characteristic crackle of genuine 
silk, which in brilliancy it greatly excels. It is 
chiefly used in the passementerie industry, and for 
trimmings it is said to be so suitable as to be even 
preferred to natural silk ; while for embroidery it 
is an ideal material, its high lustre adding very 
much to the brilliancy of such work. In straw hats 
it may be made to take the place of straw with good 
results. A separate branch of the artificial silk 
industry is that of imitating human hair. Such 
hair is said to be as soft as the natural growth, from 
which it cannot be distinguished. It is also cleaner 
and cheaper. ‘There appears to be an increasing 
market for these artificial silks, even in silk- 
producing countries. 


Tue East Catna Rariway. 

A Japanese journal, which has just come to hand, 
the Yorozu Choho, gives some interesting details 
relating to the railway acquired by Japan in Man- 
ehuria. From Chang-chun to Port Arthur the 
distance is 456 miles, and if the three branch lines 
be added—namely, the Tachikiav-Yingkow branch 
(9 miles), the Tafangsin-Tairen branch (4 miles), 





and the Nankwanlung-Tairen branch (11 miles)— 
the total of the Japanese roads becomes 486 miles, 
while there remain to the Russians 147 miles 
between Changchun and Harbin. The portion 
which has come into Japanese possession cost 
76,222,471 roubles to construct, independent of 
the cost of stations. There are valuable fiscal 
privileges attached to the line, according to the 
treaty in which Japan has taken Russia’s place. 
Some expense will have to be incurred in connec- 
tion with the gauge along the portion now in their 
military possession—namely, as far as Changtu. 
Probably the plan adopted by both sides will be to 
lay down a third rail, so that the railway may be 
available for Russian and Japanese rolling-stock. 
Doubtless the Japanese will soon build a line to con- 
nect Kinlienching (in other words, the Yalu) with the 
East Chinese Railway, and will also build a branch 
from Changchun to Kirin. We have from time to 
time mentioned the progress of railway construc- 
tion in Korea, and already there is very direct 
communication between the capital and some of 
the more important ports in Japan. When the ex- 
tensions above mentioned have been carried out, 
Japan will be possessed of a system of Korean 
and Manchurian lines, obviously of the highest 
importance, alike from a commercial, a political, 
and a strategic point of view. It is with the first 
of these we are chiefly concerned. Japan pos- 
sesses all the advantages of an insular position, 
combined with those of a close Continental con- 
nection. For commercial and industrial purposes 
she has practically annexed Koreaand China ; and 
thus she has not only the advantage of a huge 
supply of articles of food and the raw materials of 
manufacture, but also a large market for her 
finished goods. Her position is thus even more 


favourable than was that of Britain at the beginning | P 


of her industrial career, and therefore we need not 
be surprised if she rapidly fulfils the réle of the 
Britain of the East. 


REINFORCED CoNCRETE ARCH BRIDGE. 


A reinforced concrete arch bridge has recently 
been constructed at Yorktown, Ind., by the National 
Bridge Company, Indianapolis. It has an elliptical 
arch with a span of 95 ft. The rise of the arch from 
the springing (which is about low-water level) to 
the crown is about 11 ft. 1 in., and the depth of 
water at the middle of the span is about 4 ft. 6 in., 
so that the total height of the opening is about 
15 ft. 7 in. The thrust of the arch is mainly 
resisted by steel tie-rods, which extend between 
the abutments beneath the bed of the stream. 
These rods are embedded in a 6-in. concrete 
pavement, which pavement renders the bridge 
floodproof, by preventing scouring and under- 
mining action at the abutments on the up and 
down sides. The pavement is provided with an 
apron, which projects downwards into the bed of 
the stream. The abutment footings are placed 
on a gravel foundation at a depth of from 4 ft. 
to 5 ft. below low water, the footings being stepped 
upwards from the stream, from a point just below 
the level of the pavement, so that the pavement 
ties project over the footings to meet the arch-rods, 
and are embedded with them. The centering em- 
ployed for the arch was ingenious, and consisted 
of pieces of wood 2 in. by 12 in. sawn to the 
circular arc of the arch. These pieces were carried 
on uprights standing directly on the pavement. In 
order to avoid the usual sand-boxes or wedges, the 
uprights were so proportioned, by Gordon’s formula 
for columns, that without bracing they would be 
too light to carry the weight of the arch and 
the earth filling, but, when braced at two points, 
they would support the load rigidly, without buck- 
ling. To strike the centres, it was therefore only 
necessary to remove the bracing. The uprights 
near the middle of the span were spaced 7 ft. apart 
across the stream, and 3 ft. apart across the road- 
way. The uprights used were 4 in. by 4 in. in 
section. When the bracing was removed, the 
uprights buckled from 4 in. to 6 in. out of the 
vertical, and allowed the arch to settle about } in. 
at the crown. It was found that this method of 
striking the centres was much more under control 
than that of wedges. The reinforcement of the 
arch-rib consists primarily of }-in. rods of low- 
tension steel, spaced 6 in. apart, and arranged 
in series of single rods passing through the tension 
region of the arch-rib near the intrados at the 
crown, and near the extrados at the haunches and 
abutments. The rods are arranged to cross the 
arch-ribs from intrados to extrados at points dis- 





tributed over an area of probable minimum moment. 
A secondary reinforcement of high-tension steel is 
provided, consisting of electrically-welded wire- 
netting, attached to the primary rods across the 
crown, and extending through the crown region 
of tension. The netting used is of No. 6 and 
No. 10 gauge wires, spaced 3in. and 8 in. re- 
spectively, the heavier wires running parallel to 
the primary reinforcement. The bridge is 16 ft. 
wide between the parapets, and the arch was built 
in parallel rings, the middle ring being 12 ft. wide. 
On each side of this a ring 3 ft. 6 in. wide was 
placed, and these carry the spandrels and parapets. 
The arch rings are bonded together with transverse 
rods bent upwards into the parapets. According 
to the Engineering News, the bridge was built for 
about 100 dols. less than a steel truss bridge of the 
same span would have cost. It was thrown open 
for traftic in a little over 60 days from the time the 
contract was awarded. 


Tae Liverroot, Water Suppty. 


Whilst exceedingly doubtful as to whether the 
advantages claimed for municipal trading generally, 
even where it is apparently conducted at a profit, 
are sufficient to off-set the enormous loss to the 
country in the restriction of the development of 
its electrical industries by the Tramways Act of 
1871 and the Electric Lighting Act of ten years 
later, we have long held that the case of water 
supply stands on a special footing of itsown. In 
the first place, the water-rate is a tax rather than a 
consideration for value received. The amount paid 
depends on the value of the house, and not on the 
quantity of water used ; andit is reasonable to hold 
that authority to collect a tax should not be vested 
in any private corporation. Moreover, attempts to 
revent the careless or wilful waste of water meet 
with little public sympathy when made by the 
engineer to a company, being commonly attri- 
buted merely to a reprehensible greed for divi- 
dends. Indeed, though matters are better in this 
respect where the works are in the hands of the 
municipal authority, since then the magistrates 
will generally inflict reasonable penalties for wanton 
waste of water, it is still often very difficult to make 
the public understand that the regulations for pre- 
venting waste are devised in their own interest. In 
his report to the Corporation of Liverpool, just 
presented, Mr. J. Parry complains about the very 
heavy waste of water in that city, which it seems is 
often excused or justified by the remark, ‘‘Oh, 
but you have plenty of water at Vyrnwy.” The 
users overlook the fact that the supply from 
Vyrnwy is limited to the carrying capacity of the 
main laid some twenty years ago. Though the lake 
could furnish about four times the present supply, 
it would be necessary to lay three new lines of pipe 
in order to enable it to do so, and each of these 
conduits would cost about 750,0001. A second lint 
is now in course of construction; but this face 
affords no reason for carelessness on the part of the 
consumer. The average consumption is now over 
26? million gallons per day, equivalent to about 
30} gallons per head of population supplied. The 
heaviest draught on the mains during the year 1904 
amounted, however, to 334 million gallons, whilst 
even the winter consumption in that year reached 
on one occasion the figure of over 29 million 
gallons. The smallest consumption during the 
winter was 17,614,000 gallons, and during the 
summer 19,400,000 gallons. About 44 per cent. 
of the water supplied is drawn from Vyrnwy. 
Nearly 43 per cent. comes from the Rivington 
reservoirs, and the remainder from wells. Mr. 
Parry gives figures showing the cost of pumping 
during the year, from which we have prepared the 
following table, showing the cost per effective 
pump horse-power hour at the different stations 
named :— 

Cost per Effective Pump Horse-Power Hour. 


Total 
Cost. 


‘ ! 
Cost | Cost | Wages 
of | of | and /Repairs. 
| 


Station. 
Fuel. | Stores. |Salaries. | 





| d. d d. 
0.4367 
0.4801 

0.5402 

0.4227 


0.0960 
0.1623 
0.1759 
0.1307 


d. d. 
Dudlow lane.. a 0.1630 | 0.0214 


..| 0.1868 | 0.0206 

.-| 0.1563 | 0.0187 

.| 0.1253 | 0.0174 
| 


Green-lane .. 
Windsor 


Aubrey- street, 0.1493 





The fuel used was coaland slack, the former costing Us. 4}d. 
per ton, and the latter 7s. 44d. per ton. 
It is interesting to compare these figures with the 
cost of electric energy, always remembering that 
the horse-power of pumping-engines is, relatively, 
very small, 
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MANGANESE IN IRON AND STEEL 


Comparis:n of Some Methods for the Determination 
of Manganese in Iron and Steel. 


By A. A. Reap, F.I.C., F.C.S. 


Many methods, gravimetric and volumetric, are 
described in text-books and journals for the estima- 
tion of manganese in iron and steel. From amongst 
this number the acetate separation, although one 
of the oldest, is still, perhaps, the one most used, 
and is generally regarded as the standard method 
for the determination of manganese in iron and 
steel. 

Two volumetric methods have been selected for 
comparison with the acetate process—namely, (a) 
the ‘‘ Ford and Williams” and (b) the ‘‘ Bismu- 
thate.” 

The acetate separation and the Ford and Williams 
method have been carried out according to the 
instructions given in Arnold’s ‘* Steel - Works 
Analysis.” 

The bismuthate process, which has been used for 
the accompanying results, is a modified form of that 
given by Reddrop and Ramage, described by 
Brearley and Ibbotson in ‘‘ The Analysis of Steel- 
Works Materials.” . 

Ammonium Acetate Process.—2.4 grammes of 
steel are dissolved in hydrochloric acid, and when 
dissolved the iron is oxidised with nitric acid. The 
solution is diluted with water to 400c.c., and when 
just beginning to boil, dilute ammonia is added 
until the liquid has become much darker, and a 
very faint permanent precipitate has been pro- 
duced. Ammonium acetate solution is added, and 
the contents of the beaker well boiled. The liquid 
and precipitate are now transferred to a graduated 
flask and made up to 605.c.c. The temperature of 
the liquid is taken, and 500 c.c., equivalent to 
two grammes of the steel, are filtered off and 
measured at the same temperature. The clear 
solution is boiled down to one-half and filtered to 
remove the last traces of iron. To the cold filtrate 
bromine is added, and the manganese precipitated 
with strong ammonia, filtered off, washed, ignited 
strongly in a muffle, and weighed as Mn,0,. 

Two points call for notice in this method :— 

1. There is no necessity, except in materials 
containing high percentages of manganese, such as 
spiegel and ferro-manganese, to reprecipitate the 
iron in order to separate small quantities of man- 
ganese. The trouble is more to keep the manganese 
free from iron ; but if the ssparation of the iron and 
manganese with ammonium acetate has been car- 
ried out under the conditions already described, 
the weighed precipitate of manganese will only 
contain a small trace of iron, which can be easily 
estimated colorimetrically by means of potassium 
thiocyanate. 

2. The only rational way of conducting the 
acetate process is by using fractional filtration, as it 
is almost impossible to wash the large precipitate 
of basic acetate of iron free from manganese. 

Ford and Williams Method.—Five grammes of 
steel are dissolved in 60 c.c. of nitric acid, specific 
gravity 1.2, and boiled down to about 30 c.c. 
Ten c.c. of nitric acid (specific gravity 1.43) and 
5 grammes of powdered potassium chlorate are 
added and boiled. This treatment is repeated twice 
more. After diluting with water, the precipitated 
manganese dioxide is filtered off and well washed 
with water. The filter containing the precipitate 
is dropped into ferrous sulphate containing free 
sulphuric acid, and the excess titrated back with 
bichromate. 

Results. 


Swedish Bar Open-Hearth Crucible 
Iron. Boiler Plate. Steel. 


0.1 
0.07 


Acetate (Mn. 


> os me 0.5 
Ford and Williams (Mn. %) 


0.475 


1.75 
1.68 


The Bismuthate Process.—Dissolve 1.1 grammes 
of steel in 35 c.c. of nitric acid (specific gravity 
1.20). After cooling, add sodium bismuthate, a 
little at a time, until a permanganate colour persists 
on boiling or becomes decomposed to manganic 
oxide, and then add a small excess of sulphurous 
acid. To the quite cold and almost colourless solu- 
tion add a gramme of bismuthate, shake well, and 
filter through ignited asbestos. Wash with 3 per 
cent. nitric acid until the washings are colourless, 
and then add an excess of ferrous ammonium sul- 


phate, and go back with 1 Permanganate. 





With pig irons the graphite is filtered off before 
adding the first lot of bismuthate to the hot solution. 

For ferro-manganese 0.275 gramme is dissolved 
in 50 c.c. nitric acid, and the organic matter de- 
stroyed by adding bismuthate, and the solution 
is diluted to 100 c.c.; 25.c.c. of this solution are 
mixed with 30 c.c. 1.20 nitric acid, and treated as 
above, except that the filtrate is diluted with an 
equal volume of water before adding the ferrous 
ammonium sulphate. 














Results. 
Open- ‘ » 
Bar Hearth Bessemer on Pn 
ds Iron. Mil Steel. | not | “nee 
Steel. . : 
Acetate (Mn. %) . 0.07 0.29 0.970 0.57 78.10 
Bismuthate (Mn. %) 0.06 0.27 0.945 0.54 77.44 


From the above figures it will be seen that the 
volumetric results for iron and steel are slightly 
lower than those obtained by the gravimetric 
method, but that they agree quite close enough for 
all practical purposes. With ferro-manganese the 
bismuthate gives rather too low a result as com- 
pared with the ammonium acetate, probably due to 
a small quantity of the permanganate having been 
decomposed and filtered off with the excess of the 
sodium bismuthate. Volumetric processes are valu- 
able for rapidly obtaining practically accurate re- 
sults in a very short time, and on this account are 
generally preferred by analysts; but when time 
permits, and especially in cases of dispute, it is 
much safer to use a gravimetric method, because 
the weighed precipitate can be carefully analysed 
and checked. 








Motor Trarric AND Roapways.—The Duryea Com- 
pany, manufacturers of power carriages, motors, and 
motor-launches, Coventry, have sent us a photograph 
showing the private to their works used exclusively 
by motor vehicles, and to the side of it the roadway set 
apart for horse traffic alone. Both are made in the 
same manner and with the same material, and whereas 
the horse roadway is broken up and requires repair, the 
motor road is perfectly even, and has had no attention 
since it was made—two years ago. Traffic and weight of 
vehicles are about equal in both cases. 





Rotary Hanp-SHEARS FOR ROLLED SEcTIONS.—Messrs. 
A. Edler and Co., of 19, Appold-street, Finsbury, E.C., 
are introducing into this country a small lever shearing- 
machine for the lighter rolled sections. The machine will 
cut a number of sizes of bar, tee, and angle iron without 
changing the knives; it is mounted on a portable stand 
and operated by means of a long lever, The casing of 
the machine carries three knives, one of which lies along 
the back of the T being cut, while the other two move 
inwards and fill up the angles of the section. A disc 
fitted with similar knives also grips the section, and is 
then rotated relatively to the casing, and shears off the 
section with a twisting motion. ‘The cramping knives 
are brought into contact with the section  s means of 
springs, and are opened for the insertion of the work by 
the motion of the main lever. Angles are cut in the 
same way as tees, except that there is one less flange to 
be sheared. A number of holes are pierced through the 
fixed knife of the casing and the corresponding knife of 
the rotating disc. These holes are used for round and 
square sections, which are passed through them and 
sheared by the relative motion of the knives. Flat iron 
is cut by means of knives of the ordinary form at the 
edge of the disc and casing. 





Tue Liresoat ‘‘ URAED.”—A model of the small boat 
in which four men crossed the Atlantic last autumn is 
now being shown at Anderton’s Hotel, Fleet-street, E.C., 
by Mr. O. Brude, her designer, and captain during the 
voyage. The boat is built of 4-in. steel plates, and is 
entirely covered in. She is perfectly elliptical in plan 
and side elevation, and circular in cross-section; her 
length being 18 ft., and diameter 8 ft. The general 
appearance is similar to the conventional idea of a sub- 
marine, except that a mast and sail are fitted forward. 
The boat can be entirely controlled from the interior, a 
conning-tower being fitted for look-out purposes. There 
is no fixed keel, but a deep centre-board, like that of a 
yacht, can be let down when the boat is in deep water 
and withdrawn into the hull when it is desired to land. 
To further prevent rolling and to strengthen the shell, a 
broad wooden fender runs round just above water-level. 
The boat has a double bottom, the lowest part of which 
contains fixed ballast, and provisions and water are stored 
in compartments in the double bottom and under the 
benches around the interior. povty persons can be 
accommodated in the interior. The Uraed was launched 
from the Aalesund Mechanical Works, Norway, and 
started on her voyage on August 7, 1904. She remained 
a week at Shetland, and after a further voyage of eighty- 
seven days, during which very heavy weather was en- 
countered, the crew landed at St. John’s, Newfoundland, 
subsequently working the boat round to Boston. We 
understand that, in view of her seaworthy qualities, the 
inventor has come to this country with the intention of 
— boats of the type manufactured for ships’ life- 

ts. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, October 17. 

UXTENSIVE purchases, of crude material especially, 
continue to be made by large and small buyers in 
almost all sections of the country. While nothing is 
said as to when this material will be used, makers 
know very well that many buyers are now purchasing 
stock which will be piled up and not used until perhaps 
as late as next summer. Many companies, however, 
are buying for consumption in December, January, 
and February. The main factor of the situation in the 
iron trade is that consumers are purchasing to cover 
requirements beyond contracts now in hand. They 
know the business will come, and they are purchasing 
to cover it. One of the largest purchases made within 
the past few days was 50,000 tons of various grades 
by the International Harvester Company. These con- 
tracts were placed at some Northern furnaces and 
in West Virginia and Alabama, The United States 
Cast-Iron Pipe and Foundry Company and two other 
large concerns have just closed contracts for 50,000 
tons of foundry iron, The Allis-Chalmers Company 
bought 13,000 tons, the Standard Sanitary Company 
bought 12,000 tons, and several other companies 
made purchases of smaller quantities. Basic iron is 
also being freely bought, the aggregate business of 
the past few days, including two or three large lots of 
Bessemer, amounted to 100,000 tons. The average 
price for basic was 15 dols. Asa result of these heavy 
purchases, it is ene that large contracts for 
finished material will soon be announced. In steel 
rails great activity prevails. Among recent contracts 
announced is one of 45,000 tons for the Northern 
Pacific, 35,000 tons for the Great Northern, 29,000 
tons for the Minneapolis and St. Paul Railroad ; 13,000 
tons for the Kansas City, Mexican, and Orient Rail- 
roads; 5500 tons for the Louisville Railway and 
Navigation Company ; 8000 tons for the Ocean Shore 
Railroad ; and 8000 tons for the Virginia and North 
Carolina Coast Line Railroad. Inquiries for at least 
200,000 tons more are now under negotiation. It is 
estimated to-day that nearly 2,000,000 tons have 
already been placed for 1906 delivery, and that there 
are requirements of the railroad builders not yet sub- 
mitted to the market which will call for about 500,000 
tons. The situation is therefore very strong, and the 
smaller concerns who have been awaiting develop- 
ments are coming in, being satisfied that there is more 
danger of an advance price by delaying. The Steel 
Plate Pool has about determined upon advancing prices 
2dols. per.ton, and the advance will be named this 
week. ‘The Carnegie mills are practically out of the 
market. The reason of this is that the demand for 
plate for steel cars is in excess of the producing 
capacity. This extraordinary demand for steel cars 
has introduced a factor into the steel-plate industry 
with which it will be difficult to deal. 








LANCASHIRE AND YORKSHIRE RarLwAY—ERRATUM :— 
Two errors occur in an article headed “ Railwa 
Kconomics,” which appeared in our impression of the 20th 
inst. It was stated that the receipts per train-mile from 
goods traffic in the second half of last year had been 
123.48d.; this should have been 12s. 3.48d. The receipts 
per train-mile from passenger traffic were given at 37.5d.; 
this should have been 33. 7.52d. The goods receipts 
showed an increase of 7.30d. per train-mile, while the 
passenger receipts exhibited a decrease of 0.6ld. per 
train-mile. The general trend of affairs was correctly 
given, but in reproducing statistics, rigid accuracy is, of 
course, essential. 





MARSEILLES INTERNATIONAL FISHERIES EXHIBr1i0N.— 
On April 15 next an international exhibition to contain 
a very complete display for illustrating oceanograpbical 
researches and sea fisheries will be opened in Marseilles, 
in connection with a French Colonial Exhibition. A 
special hall is to be set apart for conferences to be given 
by the leaders of the various Polar expeditions. Other 
interesting features promised are the display of life-saving 
apparatus and the application of motors to the fishing 
industry. The British Commissioner is Commander 
D. Wilson-Barker, R.N.R., Nautical Training College, 
- - 8S. Worcester, Greenhithe, and Royal Societies 

ub. 





Tur SusQuEHANNA.—It is announced that in further- 
ance of a project to utilise the fall of the Susquehanna, 
3000 ft. below McCall’s Ferry, Pennsylvania, a merger 
has been made of the Hillside Water and Power Com- 
pany and the Susquehanna Water and Power Company 
into the McCall’s Ferry Power Company, with a capital 
of 10,000,000 dols. Mr. Cary T. Hate inson, of New 
York, who has spent several years in acquiring the pro- 
aw and water rights, is at the head of the merger. 

he new company has purchased all the lands contiguous 
to the river on both sides for about 8 miles. A dam 
which is to be constructed will extend from the towpath 
of the old Susquehanna and Tide Water Canal across 
the river to Frey’s Island and the plant. It will be 
2600 ft. long, 22 ft. high, and 80 ft. thick at the base, and 
25 ft. thick at the top. The power-house will be 600 ft. 
long, 75 ft. wide, and about 90 ft. high. Fifteen wheels, 
with vertical turbine shafts, will be installed at first, 
and about 160,000 horse-power of electricity generated. 
Baltimore will take a large amount of the power. 
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CHROMIUM. 


Mr. C. Go_pscumipt (vide Chemiker Zeitung, 1905) 
describes a new method of preparing metallic chromium 
by separation from solutions of its salts by means of con- 
tact with metallic zinc or its alloys. Thus if a solution 
of chromium nitrate be allowed to stand in the cold ina 
zine vessel, chromium is deposited, partly in the amor- 
phous and partly in the crystalline form, in the course 
of a day. The chromium hydroxide simultaneously 
deposited can be removed by treatment with alkali in 
excess. The best results are obtained with crystalline 
chromium nitrate, other chromium salts not being so 
suitable for the purpose. 

Messrs. H. R. Carveth and W. R. Mott (Journal of 
Physical Chemistry, 1905) have made experiments 
on the electrolytic separation of chromium. They 
worked with a diaphragm, and with copper cathodes 
that were withdrawn from time to time for the deter- 
mination of the separated chromium, fresh cathodes 
being inserted in their place. The chromium was de- 
termined by dissolving in hydrochloric acid and mea- 
suring the hydrogen evolved; chromous chloride being 
formed quantitatively. In a solution containing 100 
grammes of chromium per litre at a temperature of 
about 21 deg. Cent., with a current density of about 
50 amperes per square decimetre, the efficiency of 
electrolytic separation increased until a constant value 
of about 30 per cent. was reached. The yield rose 
from 9.5 to 30 per cent. at 22 deg. Cent., when the 
current density was increased from 50 to 70 amperes 
ad square decimetre. The authors consider this to 

due to the formation of chromous chloride, and that 
this is necessary for efficient electrolysis. No increase 
in the yield was caused by rise of temperature, but, on 
the contrary, the character of the ge was affected 
injuriously. On passing air through the electrolyte 
the yield diminised, owing to oxidation of the chromous 
salt, and rise of temperature may also cause a marked 
decrease of efficiency, owing probably to the increased 
rate of oxidation of the same salt. Neumann’s 
statements with regard to the influence of the anode 
solution were confirmed, the influence being due to 
diffusion into the cathode solution. Variations of the 
anode liquid cause considerable alteration in the elec- 
trolysis, high efficiencies being obtained with am- 
monium hydroxide as anolyte. 

Further investigations described by Mr. H. R. 
Carveth and Mr. B. E. Curry (Journal of Physical 
Chemistry, 1905) were directed to the electrolytic pro- 
duction of chromium from chromic acid. Previous 
workers on this subject had left in doubt whether 
metallic chromium may be deposited in the electrolytes 
of chromic acid solution, and, if so, what are the 
conditions? Their own results show that with an 
impure acid chromium was deposited, this occurring 
instantaneously at 18 deg. Cent. for a current density 
of about 80 amperes per square decimetre. With pure 
acid the deposition was also obtained, but not so 
readily as with the impure acid; the decomposition 
voltage was found to be 2.31 volts. The effect of sul- 
phuric acid was marked by an increase in the deposi- 
tion of metal, and in some cases more than one-half the 
total chromium was removed as metal. In all cases 
the solution was coloured brown, and chromic salts 
were produced ; a brown precipitate was also formed 
at the cathode, this being probably Cr Cr O,. It is 

robable that sexavalent chromium cations are present 
in the solutions of chromic acid, and that the increase 
of deposition caused by sulphuric acid is due to the 
increase of concentration of these cations, owing to a 
reaction of Cr O, with the acid. 

It was found that the electrolytically deposited 
chromium can occlude about 250 times its volume of 
hydrogen, 24.6 cubic centimetres being obtained from 
0.698 gramme of metal. 

Chromium in Steel.—Messrs, Fred Ibbotson and R. 
Howden have devised methods for the estimation of 
chromium in steel :— 

1. The sample is dissolved in a small amount of 
nitric acid of specific gravity 1.20, and heated to expel 
nitrous fumes. After copious dilution 2 to 3 grammes 
of ammonium persulphate and about 0.01 gramme of 
silver nitrate are added, and the solution heated until 
the chromium and manganese are completely oxidised. 
If the quantity of the latter metal be large, manganese 
dioxide may separate, and must be removed by filtra- 
tion, The solution is cooled, heated with excess of 
ammonium acetate, and lead acetate solution is added. 
The precipitated lead chromate is collected on an 
asbestos filter, washed with dilute ammonium acetate 
solution, and then dissolved off the filter with nitric 
acid. After diluting the solution an excess of standard 
ferrous sulphate solution is added, and the estimation 
completed by titration with one-twentieth normal 
potassium permanganate solution. 

2. Steels containing large quantities of tungsten 
cannot be completely decomposed by nitric acid alone. 
In this case 0.5 gramme of the sample is heated with 10 
cubic centimetres of sulphuric acid (1 to 4) until nearly 
dissolved, 2 cubic centimetres of nitric acid of specific 
gravity 1.2are then added, and, after boiling, 100 cubic 
centimetres of water. To this solution, containing much 





of the tungsten as precipitated oxide, 20 cubic centi- 
metres of the nitric acid, and 20 cubic centimetres of a 
0.2 per cent. silver nitrate solution are added, together 
with 3 grammes of ammonium persulphate. The mix- 
ture is gradually brought to boiling, then cooled, fer- 
rous sulphate solution is added, and the titration com- 
pleted as described for No. 1 method. 

3. For the determination of manganese and chro- 
mium ina sample of steel, the manganese is deter- 
mined by the method of Reddrop and Ramage. This is 
possible, because chromium salts in nitric acid solution 
are completely oxidised to chromic acid by sodium 
bismuthate, but the oxidation proceeds so slowly in 
the cold that the presence of chromium does not inter- 
fere to any appreciable extent with the determination 
of the manganese. After titrating the permanganate, 
50 cubic centimetres of nitric acid of specific gravit 
1.2, and 10 grammes of sodium bismuthate, are added, 
and the mixture is heated to boiling. When the 


oxidation of the chromium is complete with production | 7, 


of a clear, red solution, a pinch of manganous sul- 
phate is added, and the boiling is continued for a 
minute or two to decompose the permanganate formed. 
The small quantity of precipitated manganic oxide is 
filtered off, and the chromic acid in the filtrate is de- 
termined in the usual manner by means of ferrous sul- 
phate and potassium permanganate as in method No. 1. 








ALASKAN TELEGRAPHS.—The Alaskan military tele- 
graph system consists of 1400 miles of land lines, 2400 
miles of submarine cable, and a wireless stretch of 
107 miles. The receipts from commercial messages sent 
over this system last year amounted to over 100,000 dols., 
and this year they will probably amount to over 150,000 
dols. The receipts last year would have reached 125,000 
dols. had the lines not heen interrupted. The wireless 
link of the Alaskan telegraph system from Nome to 
St. Michael, a distance of 107 miles, has been working 
continuously without interruption for 14 months. During 
this period over 1,000,000 words have been transmitted, 
a great number of which were code words, and no instance 
occurred in which a mistake was made in the transmission 
of a code word. General Greely attributes this to the 
ability of the enlisted men who are the actual operators, 
and not to the officers in charge; and he says that it is 
but an example of what the American soldier is capable. 

Prrsonat.—Messrs. John Reid and Co., Limited, ship- 
builders, Whiteinch, Glasgow, have been awarded a 
diploma for a gold medal for their exhibits at the Earl’s 
Court Naval, Shipping, and Fisheries Exhibition, 
London.—From the 16th inst. Messrs. Dobbie McInnes, 
Limited, manufacturers of nautical and engineering in- 
struments, occupy the premises at 113, Fenchurch-street, 
E.C., hitherto occupied by the dissolved firm of Dobbie, 
Son, and Hutton, of which the present managing director, 
Mr. John C. Dobbie, was a partner. Mr. Dobbie now 
resides in London, and will personally superintend all 
London business.—It is announced that the Pratt and 
Whitney Company have purchased a plant in Dundas, 
Ontario, for the manufacture of their full line of small 
tools—taps, reamers, milling-cutters, punches, dies, &c. 
The location of the factory is near that of the John 
Bertram and Sons’ Company, which, as has m an- 
nounced, was recently purchased by the Niles-Bement- 
Pond Company. — The Manila Electric Railway and 
Lighting ne of Manila, P.I., which is controlled 
and operated by Messrs. J. G. White and Co., of New 
York, have secured the services of Mr. T. K. Wells as 
superintendent of transportation. 


ContTracts.—Messrs. Jarvis Brothers, Limited, of 
Middlesbrough, have received several orders for water- 
cooling plants, the latest being for the cement works of 
Messrs. Casebourne and Co., West Hartlepool, to cool 
the circulating water of their Diesel oil-engines. They 
have also orders in hand for :—Messrs. J. Musgrave and 
Co., Limited, Bolton, for the Bolton Corporation Electri- 
city Works; Thomas Nuttall and Sons, Limited, Farn- 
worth, near Bolton; and a third repeat order from the 
Chemical Works, late H. and E. Albert, London.—Messrs. 
Scott and Sons, shipbuilders, Bowling, Scotland, have 
booked an order for two large steam-trawlers, to be fitted 
with all the latest improvements, including electric light 
throughout. Powerful triple-expansion engines, and the 
necessary deck machinery, are being supplied by Mr. James 
Ritchie, Glenavon Engine Works, Partick.—The Canadian 
White Company, Limited, have been awarded the contract 
for erecting at Hamilton, Ontario, the new head-office 
building for the Federal Light Assurance Company. 
Messrs. Finley and Spence, of Montreal, are the architects. 
This will be an eight-story modern steel construction fire- 
proof office building, of the latest type; it will be ready for 
occupancy not later than August 1, 1906. The same 
company have also been awarded the contract for the 
construction of the street-car sheds for the Montreal 
Street Railway Company. Messrs. Marchand and Haskell 
are the architects.—Messrs. Willans and Robinson have 
recently booked the following orders for turbines :—Four 
turbines, of 1000 kilowatts each, for the Cleveland and 
Durham Power Company’s new station at Middlesbrough ; 
three turbines, of 1000 kilowatts each, for Messrs. Bruce 
Peebles’ Durham scheme for supplying power to a number 
of collieries; two turbines, a 1000 kilowatts each, for 


1500 kilowatts capacity, for the vestry of Islington ; one 
turbine, of 1000-kilowatts capacity, for Messrs. Drake 
and Gorham ; and two turbines, of 1500-kilowatts capacity 
each, for the vestry of Shoreditch. 





CATALOGUES. 


WE have received from the Langdon-Davies Motor 
Company, Limited, of the Southwark Works, Deverell- 
street, 8.E., a copy of their new catologue of single-phase, 
multi-phase, and continuous-current motors. The single- 
phase motors are made in standard sizes ranging up-to 
en horse-power. A choice of three speeds is pro- 
vided. 

The Gisholt Machine Company. of Madison, Wis., 
U.S.A., have sent usa copy of their new catalogue of turret 
lathes, of which they list ten standard sizes, the bore of 
the hollow spindle being 14 in. in the smallest and 6} in. 
in the largest of the lathes. 

Messrs. Vickers Sons and Maxim, Limited, have issued 

ab ay nae describing their patent automatic reversing 
gear for electrically-driven planing-machines. This is 
fitted to a planing-machine to be seen at the Olympia 
Electrical Exhibition, and was referred to in our report 
on the Exhibition, 418 ante. 
‘We have received from Messrs. Easton and Bessemer, 
imited, Taunton, their new catalogue of steam-engines 
and boilers. These cover a very large variety of types, 
including portable and semi-portable engines ; horizontal 
and vertical stationary engines, and steam-pumps. Each 
standard type is illustrated and described separately, and 
the leading dimensions are given. 

Messrs. Rd. Melhuish, Limited, 84 to 87, Fetter- 
lane, Holborn-circus, have sent us their illustrated cata- 
logue No. 15, of wood-working tools and general con- 
tractors’ appliances, a book of 250 pages, nicely got up 
and completed by a good index. 

“Switch Gears” forms the title of a collection of 
leaflets published by Messrs. Lionel Robins and Co., 
Ferry Works, Thames Ditton, showing their fuse-boxes, 
oil-switches and fuse, circuit-breakers, and so forth. The 
sizes and quotations are given in each case. The firm’s 
London representatives are Messrs. Frampton, Paine, 
and Jackson, 29, Old Queen-street, S.W. 

The Easton Lift Company, Limited, Broad Sanctuary 
Chambers, Westminster, S.W., have issued a new cata- 
logue of their lifts for passenger and goods service. The 
lifts and their various component parts are illustrated 
and described in detail. This forms a useful and inte- 
resting hand-book on the subject. 

We have received from Messrs. Mather and Platt, 
Limited, Salford Iron Works, Manchester, a catalogue 
illustrating their cast-iron tanks. These are constructed 
in sections, and the various sections forming the tanks can 
be conveniently nested together for shipment. The firm 
have supplied to many different works a considerable 
number of these tanks of various capacities, up to 40,000 
., The same firm have recently issued pamphlets 

escribing their electric locomotives and their ‘‘ Cyclone ” 
dust-collectors for wood-working and milling factories. 

Messrs. D. Stewart and Co. (1902), Limited, London- 
road Iron Works, Glasgow, have recently published their 
catalogue on hydraulic machinery, showing the typical 
pumping installations they have put down. 

The Paterson Engineering aa ge Limited, Amber- 
ley House, Norfolk-street, Strand, W.C., have sent us 
their leaflet showing their water-filters, softeners, heaters, 
and their grease-eliminators for power plants. 

The Gilbert Little Company, Limited, Smethwick, 
have issued a booklet illustrating their bucket elevators 
and conveyors, push-plate, band, tray, and spiral con- 
veyors, and coal-screening plant, of which they have 
made a speciality. 

We have received from Messrs. Joseph Adamson and 
Co., of Hyde, Cheshire, a revised list of the diameters 
and thicknesses of boiler end-plates that ee can flange. 
They can give about 120 diameters in twelve different 
thicknesses. 

Messrs. Drake and Gorham, Limited, 66, Victoria- 
street, S.W., have sent us a copy of their new catalogue 
of Jandus arc-lamps, and call our attention to the long 
burning hours of each pair of carbons—namely, 200 hours. 

The Pulsometer Engineering Company, Limited, Nine 
Elms Iron Works, ing, publish a set of leaflets 
giving particulars of their new standard designs of air 
and circulating-pumps, feed-pumps, and other speciali- 
ties. Among these are their ‘‘ Karoome ” compound-feed 
pumping-engines for pressures up to 300]b. per square 
inch, built of five sizes, the capacity of which varies from 
1800 to 16,000 gallons per hour, and their ‘‘ Mammoth 
air lift-pump, the duty of which is shown. : 

We have received from Messrs. Buck and Hickman, 
Limited, of Whitechapel-road, E., a copy of the illus- 
trated catalogue of the Cincinnati Machine-Tool Com- 

ny, for whom they are British agents. The machines 
Renton’ in the catalogue in question are Crilling-ma- 
chines of different patterns, particular attention bein 
directed to a geared tapping attachment with whic 
several of the machines are fitted. ; 

Messrs. Owens and Case, of 15, Tothill-street, West- 
minster, have sent us an account of their reinforced- 
concrete groynes for foreshore protection. In these re- 
inforced concrete is substituted for the timber of the Case 


groynes. 








Water Suppty or Leicester.—Even with a reduced 
consumption of 2,000,000 gallons per day, the reserves 
continue to diminish. The present rate of consumption 
is about 3,500,000 gallons per day, which is equal to a 
decline from 21 gallons to about 13 gallons per head per 
day, on a population of 266,000. Deep wells are being 
sunk so as to obtain further auxiliary supplies, and about 


Messrs, Bruce Peebles’ Fife scheme; one turbine, of | 300,000 gallons per day are obtained from a colliery shaft. 


It had been confidently expected that about 1,000,000 
gallons per day would obtained from new works at 
Loughborough ; but owing to delay which has occurred, 
Loughborough is almost as badly off for water as Leicester. 
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THE MANUFACTURE OF CARTRIDGE-CASES FOR QUICK-FIRING GUNS. 
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(For Description, see Page 569.) 


Fig.1. COOLING-CURVES OF BRASS FROM ABOVE MELTING POINT. MANUFACTURE OF GIN. CARTRIDGE- CASE. 
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Fig. 2. STRESS-STRAIN DIAGRAMS OF BRASS. COPPER 67 PER CENT. ZINC 33 PER CENT. 
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DIAGRAMMATIC SKETCHES OF VARIOUS STAGES OF MANUFACTURE, AND SCALE DRAWINGS 
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uilding and coal-mining trades were about the same. 
In the 270 trade unions specially reported on the 
aggregate membership was 578,542; of these, 30,696, 
or 5.3 per cent., were unemployed, as compared with 
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INDUSTRIAL NOTES. 

THE returns to the Labour Department of the Board 
of Trade do not show that marked improvement which 
was ho for, but they are sufficiently encouraging 
to enable us to anticipate the growing improvement in 


trade which has set in generally in some of the more | 


important industries. The employment chart again 
shows a tendency to curve down to a lower percentage 
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5.4 per cent. in the previous month, and 6.8 per cent. 
in the same month a year ago. 











Employment in the coal-mining industry showed an 
improvement over the previous month, but was slightly 
worse than a yearago. The average time weched per 
week was 5.13 days, as compared with 4.76 in the pre- 
vious month, and 5,17 days in the same month a year 
ago. 














| In iron-stone mining employment was good, showing 
a : ja] | little change as compared with a month ago or a year 
| pr Bone waa Moy, until > 2 fA bg . lago. At the 117 mines and open works covered by the 
began to curve to # Nathan ahalnell things. he eve returns the average time worked was 5.87 days ; pre- 
line for 1905 has not yet touchied the mean level of the | ae oe ath, 5.73 day ye month a y ear ago, 5.89 
Sem wane SOE to: Gee, tieeeets Ox te Gentes Gown! days. The regularity in this branch of mining has 
snails tn thee Gotun‘teeel af leanaey ik’ ee hae Gow | been almost astonishing, seeing that the iron and steel 
the ten years. The chart for the past month is based trades have been dull. 
|on 4782 returns—namely, 3434 from employers, 1252 
from trade unions, and 95 from other sources. 





The pig-iron industry continued good—better than 
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in the previous month, and ey better than a 
year ago. Returns relating to the works of 108 iron- 
masters show that there were 327 furnaces in blast, 
employing nearly 23,300 pn gear Fy more fur- 
nace than in the previous month, and 25 more than in 
the same month a year ago. 


Employment at the iron and steel manufacturin 
works continued good—better than a month ago, an 
much better than a year ago. The number employed at 
the 189 works covered by the returns was 91,124—an 
increase of 7252, or nearly 9 per cent. The volume of 
employment—that is, the shifts worked multiplied by 
the total number of workpeople employed—was 2 per 
cent. greater than in the previous month, and 10.9 
per cent. greater than in the same month a year ago. 


Employment in the minufacture of tin-plates was 
better than in the previous month, and much better 
than a year ago. The number of mills at work was 
greater by 18, or a 4.5 per cent. increase over the 
previous month, and greater by 40, or a 10.5 per cent. 
increase over a year ago. 


In the engineering trades there was an improvement 
over the previous month, and employment was much 
better than a year ago. The proportion of trade- 
union members unemployed was 4.6 per cent.; pre- 
vious month, 4.9 per cent.; the same month a year ago, 
7 4 per cent. 

The shipbuilding trades remained about the same 
as in the previous month, but employment was 
better generally than a year ago. A scarcity of re- 
pairing work was reported from most districts. 


In the boot and shoe trades employment was quiet, 
but better than a year ago. In 475 firms, employin 
61,567 persons, the wages bill showed a decrease o 
1 per cent., but it was 3.4 per cent. better than in the 
same period a year ago. In the other leather trades 
it was better than a month ago, and considerably 
better thana year ago. The proportion of unemployed 
union members was 6 per cent.; previous month, 6.8 
per cent.; a year ago, 9.8 per cent. 


In the building trades employment has continued 
quiet —about the same as a month ago, and worse than 
ayear ago. Inthe woodworking and furnishing trades 
it was fair on the whole—better than a year ago. 

The number of new labour disputes reported was ten 
in the month; in the previous month, twelve ; same 
month a year ago, twenty-one. The total number of 
persons affected by disputes new and old was 14,886, or 
2401 fewer than in the previous month, but 970 more 
than in the same month a year ago. The aggregate 
duration of all disputes was equal to 257,300 working 
days, or 88,900 days less than in the month previous, 
but 127,300 days more than in the same month a year 
ago. In all, twenty-one disputes, affecting 9685 
persons, were settled. Of these, three were in favour 
of the workpeople, nine in favour of employers, 
and nine were compromised by agreement between 
the parties. 

The net effect of all the changes in rates of wages 
was an increase of about 70/. per week. These 
changes affected 24,300 workpeople, of whom 13,900 
received advances, while 10,400 sustained decreases. 
In the previous month changes affected 247,500 
workers, the net result being an increase in wages of 
950/. per week. In the same month a year ago 21,000 

rsons were affected, the net result being a decrease 
in wages of 200/. per week. There is evidently a check 
in the downward tedency in rates of wages. 

The principal changes were in the wages of 1350 
blast-furnacemen in Cumberland, 5000 iron and steel 
workers in South Wales and Monmouthshire, 3500 
steel-millmen in West Scotland, 5500 blast-furnace- 
men in Cleveland and Durham, and 3300 carpenters 
and joiners in the Glasgow district. One change, 
affecting 3500 steelmen, was effected by a Conciliation 
Board ; five, affecting 13,200 iron and steel workers, 
were arranged under sliding scales. The remaining 
changes, affecting 7600, were arranged by negotiations 
between the parties concerned, or by their representa- 
tives. In five cases only, affecting 4900 workers, did 
the dispute cause stoppage of work. 

In the West of Scotland the steel workers will be 
advanced or reduced 24 per cent. for every rise or fall 
in price of 5s. in ship-plates. Previously the rise or 
fall was 5 per cent. on 10s. advance or reduction in 
price, 

The report of the Ironfounders states that trade con- 
tinues to improve. There was a decrease of 276 on 
donation benefit in the month. The total number on 
the funds was 2829, as against 3100 last month ; net 
decrease, 271. There was a decrease of unemployed of 
all grades, but an increase of three on dispute benefit; 
but the total number on this benefit was only five. 
There was an increase of twelve on sick benefit, but 


a decrease of ten on the superannuation fund. The 
actual proportion of unemployed was 5.4 per cent. of 
the aggregate membership. The total cost per member 
od week was Is. 04d., the aggregate spent in benefits 

ing 876/. 16s. per week. There was a balance on 
the right side of 634/. 83. 3d. The aggregate balance 
in hand at date was 85,913/. 103. 3d. Last year at the 
same date there was a loss of 1563/. 93. 9d. The 
corner has now been turned, and the losses of the past 
year and the present year will soon be madeup. The 
returns as to the state of trade are fairly satisfactory 
on the whole; there was an increase of two places 
where trade is described as ‘‘ bad,” but a decrease of 
one where it was very bad. There was also a de- 
crease of three where it was very good, but an 
increase of six where it was good. The trend of 
trade was in the direction of better employment. The 
society’s new — at Manchester will be opened 
on Saturday, November 11, after which a knife-and- 
fork tea will be provided in the Co-operative Hall, 
Downing-street, Ardwick. One of the London members 
has been elected to the Lambeth Borough Council; the 
report gives him a good character as a worker and as 
a public man. He was general office trustee and a 


member of the Executive Council of the union and one | 


of the London representatives for the revision of the 
rules. The revised rules are given in the report ; there 
are important alterations and suggestions as stated by 
the Council. Some of the points may be referred to at 
a later date. 


The report of the Boiler-Makers and Iron-Ship- 
builders is not so good as might have been anticipated 
from newspaper reports. That there is a turn in the 
tide is certain, but it had not at date of issue affected 
the position of the unemployed members of this union. 
The total number on the funds was 8845; previons 
month, 8642—increase, 203. But the increase of un- 
employed was only 78, due to scarcity of repairing 
work, There was an increase on sick Lensdis and on 
superannuation allowance. 
month were 14,285/. 133. 10d. There was a decrease 
of 12 in membership, caused by death and being out 
of benefit. The report refers to the public rumouts of 
a large increase in the building of merchant ships, and 
of vessels for foreign countries’ navies; but the work 
has not yet been secured, or it is not yet laiddown. The 
report adds that a distinct improvement has taken place 
as compared with the first nine months of last year, 
but its benefit has not been felt to the extent it should 
have been by the members of the union. One reason 
given is that the employers are taking more apprentices, 
those apprentices whose time is up being discharged for 
new apprentice hands. The ones discharged have to 
go on the funds until they can find employment. This 
is described as an injustice to the young men who have 
completed their apprenticeship, and an injustice to the 
society. Extra overtime is also complained of in some 
quarters. Overtime in cases of necessity is not ob- 
jected to, but unnecessary overtime is severely con- 
demned. The piece-work system is also referred to 
as one cause of an increase of the unemployed. The 
system is not condemned if carried out fairly between 
man and man, and with employers. The union has 
resolved to join the General Federation of Trades 
by 4990 votes to 1693 against. But singularly 
enough, the votes are adverse to either form of contri- 
bution suggested ; the members voted against a levy 
of 4d. per member, and against paying the amount of 


The total expenses of the | 


also a dispute at the Norwich Joinery Works, and at 
one firm in eo ogg At the joinery works of two 
firms in Nottingham, and at one in Warrington, 
members are cautioned as to fixing joinery tupplied 
by those firms. The object of the society is to ensure 
the trade-union rates of wages where the joinery is 
prepared ; if the men in the district are not strong 
enough to ensure this, the members in other districts 
refuse to fix the joinery thus supplied. 


There appears to be no doubt about a revival of 

trade in the iron and steel industries. Reports from 
| Wolverhampton state that trade has not been so brisk 
for 25 years. Producers of pig iron are sorely pressed 
for deliveries, and offers for next year’s supplies are 
only accepted at considerable advances on present rates. 
Finished iron quotations are very strong, for marked 
| bars, unmarked bars, tube strip, hoop iron, and sheets. 
|In Birmingham prices were well maintained; but 
there was a lull in the amount of business done in 
last week’s market. At the meeting of marked-bar 
| makers it was expected that an advance would be 
| announced ; but the meeting adjourned without any 
| decision. The demand is said to be very active, and 
an upward movement is anticipated at an carly date. 
There is a considerable demand for railway carriage 
and wagon iron, a large contract having gone to a 
Birmingham company. The improvement in the 
engineering trades is slow, but apparently certain of 
early expansion. The proportion of unemployed union 
members in both districts was 3.9 per cent. ; previous 
month, 4.1 per cent. ; a year ago, 5.6 per cent. Iron- 
founders and iter eeniecs were busy in the Wolver- 
—— district, and the cycle trade is better than 
usual at this time of year. Engineers were rather 
slack in Birmingham, with the exception of tool- 
makers and electrical engineers. The miscellaneous 
iron, steel, and other metal-using trades have improved 
considerably ; they are much better employed than a 
|month ago or a year ago. The file, tube, wire, nut 
}and bolt, and vice and anvil trades are cited as 
examples of steady-going activity. There was im- 
| provement in the brass-working branches and in the 
manufacture of bedsteads—-better than a month ago 
| and a year ago; but there has been some short time. 
| Tube-makers are working overtime. Chain-makers 
| have been and still are busy ; but anchor-smiths are 
quiet. The wire industry is good —better than a 
| month ago or a year ago. There are variations in 
, some of the smaller industries ; but on the whole the 
| outlook is encouraging. 


The upward movement in iron and steel in the Lan- 
| cashire districts was manifest on ‘Change in Man- 
| chester at the end of last week. The actual buying 
was not, perhaps, equal to some past weeks, but 
inquiries forward are described as very strong, espe- 
| — in pig-iron. Finished iron is in steady demand 
| at the advanced rates, and steel is still tending up- 
| wards in price. Plates for boilers and tanks and 
| materials for girder and bridgework were in demand. 
It would seem that generally, in most of the iron and 
| steel - producing and using districts, activity is in- 
creasing steadily. Statistics as to employment in 
the engineering trades show that trade is douly but 
surely improving. In the Manchester, Salford, and 
| Liverpool districts the proportions of unemployed 
| were 4.2 per cent.; previous month, 4.5 per cent. ; 
same month a year ago, 8.4 per cent. In the Oldham, 











fees out of the general fund. Another vote will there- | Bolton, and Blackburn districts the proportions were 
fore have to be taken. 3.2 per cent. ; previous month, 3.7 per cent.; same 
ees | month a year ago, 11.1 per cent. In the Manchester 
The report of the Amalgamated Society of Car- and Salford district some overtime was being worked. 
penters and Joiners does not give any satisfactory | At Blackburn, Bolton, Burnley, Oldham, and Preston 
reassurance as to improvement in trade, though in- employment was described as Coremakers 
directly it is indicated that some improvement has were busy generally, and employment with iron- 
set in. The aggregate number of members was 69,802, , founders was good generally all over Lancashire. Iron 
showing a decline in membership. Of that total 3989, | grinders and glaziers were also busy, overtime being 
or nearly 4000 members, were unemployed, and on| general to the extent of two hours per day. In the 
benefit ; 1436 were on sick benefit ; and 1744 on super- | Liverpool and Birkenhead district trade is described 
annuation benefit. The indication of a better outlook | 48 dull, at Barrow-in-Furness as moderate, at Crewe and 
in this branch of the building trades is the friendly | Horwich as bad. Spindle and flyer makers report em- 
settlement of outstanding disputes. The difficulty at | ployment as good. The outlook is certainly encourag- 
Nottingham has been settled. In a Durham district | ing. 
the employers have withdrawn their notices for a re- | ag) diges 
duction in —e from 9d. to 84d. per hour, after, The strike in the South Staffordshire and Worcester- 
several friendly conferences. At Birkenhead the shire rivet and stud trade for an advance of 10 per 
bricklayers, carpenters, and masons agreed with the | cent. in wages terminated on Thursday in last week, 
employers to refer the matter of trade rules to an/| the whole of the employers having agreed to concede 
arbitrator appointed by the Board of Trade, under.the the advance, after a strike of ten weeks. This shows 
Conciliation Acts, 1903 and 1905. The matter in dis- | the trend of trade in certain branches of industry. 
pute was the working hours in winter and summer, the a 
employers’ pro Is being objected to by the men.| The Boiler-Makers and Iron Shipbuilders have 
The arbitrator's award was favourable to the men. arranged with a firm of patent agents to advise 
More important still, in Londona satisfactory arrange- members of the society on improvements or new in 
ment has been made with the master builders as to ventions which they may devise. The object is to 
working rules. At Ipswich the employers have given encourage inventors. 
notice of a reduction in wages from 8d. to 7d. per 
hour. This the men resent. The report hopesthat The railway employés on the Caledonian Railway 
the matter will be settled without the cessation of have lodged with the directors their claims for higher 
work. Disputes still exist in the Cardiff district, in| wages and shorter hours of labour—ten hours for 
Derby (in one firm), at Reading, British Columbia, | drivers, firemen, and goods guards, and eight hours 
and at some joinery works at Carrisham. There is | for shunters. 
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best suited for this exacting service.. Some detailed con- 
siderations of the history and mechanical properties of 
brass will therefore not be out of place. 

Of all the numerous alloys, chat of copper and zinc, 
commonly called brass, ranks as one of the most im- 
portant. At one period the generic name of bronze was 
given to this alloy, as well as to that of copper and tin, 
to which it is now applied. The two alloys, copper-tin and 
copper-zinc, are each characterised by well-defined pro- 
perties, and each should retain its proper name of bronze 
and brass respectively. Brass was known to the Greeks and 
Romans, although they were unacquainted with zinc in 
its pure state, and in the manufacture of brass they onl 
at the compounds of zinc. The ancients used bronze an 
brass; in the manufacture of coins, arms, tools, works of 
art, and ornaments. Professor Thurston, an authority on 
bronze and brass, says that the latter alloy may be rendered 
hard or soft, brittle or ductile, strong or weak, elastic or 
inelastic, dull or as lustrous as a mirror, friable or almost 
as ductile as lead, merely by varying the proportion of 
the two constituents. No other metal or alloy, not even 
excepting iron, presents such widely-varying qualities, or 
so great a field of application. Commercial brass consists 
of two parts of copper and one of zinc, and is used, with 
certain exceptions, in all countries for cartridge-cases, not 
only for rifles, but for quick-firing guns. The exact com- 


THE MANUFACTURE OF CARTRIDGE- 
CASES FOR QUICK-FIRING GUNS.* 


By Colonel Leanpro Cust110, of Trubia, Spain, and 
the late ARcHIBALD P. Heap, of London. 


Tue development of the quick-firing gun has at once 
necessitated, and been rendered possible, by improve- 
ments in ammunition with a view to quick loading. 
Quick-firing guns differ from ordinary guns in having the 
propelling charge and the means of ignition contained in 
a metal case. ‘The projectile may or may not be attached 
to the case, forming a complete cartridge, as this depends 
on the size of the gun. In ordinary guns the projectile, 
the propelling charge, and the primer or means of igni- 
tion are all separate, the charge being usually contained 
in a combustible silk cloth or serge case. The advantages 
which metal cases present as compared with combustible 
cases are:—(1) They are quicker in loading, since the 
primer forms an integral part. (2) The same reason 
reduces the probability of a miss-fire. (3) The sponging- 
out of the gun, to avoid the possibility of the burning 
remnant of a combustible case prematurely igniting the 
next charge, is avoided. (4) The expansion of a brass 
case under fire enables it to act as a gas-check, rendering 
the use of an obturator unnecessary. 

Simultaneous loading with “ bxed ” ammunition, in 





position is 67 percent. of copper and 33 per cent. of zinc, 


have left the problem unsolved. Calvert and Johnson 
maintain that some metallic alloys, especially those of 
copper and tin, are true chemical compounds, but 
Mathiessen holds that they are solidified solutions. It 
is probable that metallic alloys are not true chemical 
compounds, but solid solutions of one metal in another, 
or in several. In order that two bodies shall form a new 
one, it is an essential condition, first, that they combine 
in a fixed ratio; and, second, that the original characters 
of the elementary substances be lost in those of the com- 
pound. A compound cannot be separated by mecha- 
nical, but cnly by chemical, agency. Metals which form 
alloys do not, as a matter of fact, mix in a definite 
ratio. This constitutes the chief evidence that alloys are 
not true chemical compounds, since the loss of original 
characteristics and assumption of others does not always 
occur in alloys. Thus the mechanical properties of alloys 
differ only in degree from those of the elements com- 
posing them. etallic alloys have been happily com- 
pared with such substances as crystals or obsidians, 
termed solid solutions, on account of their similarity to 
true solutions. Liquid solutions possess the characteris- 
tics that the component elements cannot be detected by 
the microscope, and that they are mixed in indefinite 
proportions. 

Dr. H. Gautier states that the alloys are crystalline 
|} substances, which may generally, although not always, 
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with a margin of 5 per cent. above or below for either 
practised with quick-firing guns up to about 3 in. in dia- | metal. The French artillery department, which is noted 
meter, above which size complete cartridges would be too | for the caré with which its specifications for cartridge-case 
unwieldy. Between 3 in. and 6 in., therefore, separate | metal are drawn up, not only specifies the above-named 
loading is the'rule, with the projectile separate from the | proportion and variation, but requires that the constituent 
metallic cartridge-case. Above 6 in. the gun ceases to be| metals shall be of accepted brands, and of known origin, 
called quick-firing. and combustible cases with separate | the sources of supply of copper being limited to the follow. 
loading are used. Separate loading for larger quick-firing | ing:—‘‘Calumet and Hecla,” ‘‘ Tamerack,” *‘ Ovscila, 

guns is desirable, not only because of the excessive weight | ‘‘ Atlanta,” ‘‘ Franklin,” ‘ Quincy, “*Wallaroo,” and 
of a complete cartridge, but also because of the danger of | that manufactured by electrolytic deposition. The brands 
storing loaded and fused shell in the same magazine with | of zinc specified are :—‘‘ Vieille Montagne,” known as 
loaded cases. With separate loading, the projectile may | ‘‘ Extra Pure Fonte d’Art,” ‘‘Oeschger Mesdach, 

be placed near the gun at leisure, the cartridge-cases not | ‘‘O.M. Art Zinc,” and that of the Royal Asturian Com- 
being taken from store until the last moment. Such dif-| pany of Spain, known as the “ R. C. A. Refinado.” Sub- 


which the projectile is attached to the cartridge-case, is 


ferent conditions govern the storage, transport, and use of | ject to certain limitations, the use of scrap brass is also | 


projectiles and of cartridge-cases, that it is undesirable to | allowed. : 
attach them together. | Commander Pralon, of the French Artillery, who has 
The object of this paper is to describe the new plant | had great experience in the manufacture of cartridge- 
recently completed at the Royal Spanish Arsenal at | cases, published, at Bourges, in 1892, the result of a re- 
Trubia, near Oviedo, Spain, for the manufacture of brass | markable research, dealing with the mechanical properties 
cartridge-cases from 3 in. to 6 in. diameter inclusive, the | of brass for a as ascertained by some 158,000 
machinery for which was acquired in 1900, under the direc- | tensile tests carried out under hissupervision. A question 
tion of the first-named author, and to the designs and under | which has not yet been satisfactorily settled is, whether, 
the inspection of the second-named author. Caftridge- | generally speaking, the alloys of copper and zinc, and in 
cases for quick-firing guns are universally made of brass, | particular that of 67 one cent. of copper and 33 per cent. 
the material having n found to possess the qualities| of zinc, form a perfectly definite chemical compound. 








This is answered in the affirmative by Commander Pralon, 
who bases his opinion chiefly on chemical anal 
researches of Calvert, Johnson, Mathiessen, an 
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be verified by a microscopic examination of the fracture, 
This view is confirmed by the fact that they exhibit one 
of the characteristic properties of crystalline substances 
—viz., sudden solidification accompanied by the abstrac- 
tion of latent heat. From the fact that the alloys are 
| crystalline, it results that the action of heat thereon is 
| the same as on crystalline mixtures, mixtures obtained 
| by fusion, and ordinary solutions. The examination of 
the physical properties of alloys, such as conductivity or 
| melting-point, may indicate their composition. At 
| Trubia Arsenal the behaviour during cooling of an alloy 
|of 67 per cent. of copper and 33 per cent. of zinc, being 
| that from which cartridge-cases are manufactured, has 
been determined with great accuracy. The instrument 
| used was a Le Chatelier thermo-electric pyrometer, which 
was carefully calibrated experimentally, taking as fixed 
| points the melting temperatures of copper 1080 deg. Cent. 

1976 deg. Fahr.), of aluminium 654 deg. Cent. (1209 
| deg. Fahr.), and of lead 332 deg. Cent. (629 deg. Fahr.). 
A weight of 300 grammes of brass was melted in a furnace, 
precautions being observed to ensure slow cooling, and to 
ensure that the temperature of the melted mixture did not 
rise to more than 50 deg. or 60 deg. above the melting- 
pout, in order that the quantity of zinc volatilised should 
6 as small as possible. 

In Fig. 1, page 567, A shows the resulting cooling- 
curve, in which the abscisse represent time, and the 
ordinates temperature. An examination of this shows 
that there is only one critical point, corresponding to the 
point of solidification of the metal, where the temperature 
remains practically constant with a variation of only 
2 deg. Cent. for 150 seconds. Cooling is then resumed, 
becoming slower as the temperature falls. This critical 
point corresponds to the evolution of the latent heat 
absorbed during the reverse process of melting. The fact 
that no other critical point occurs indicates that in this 
alloy neither of the two metals is present in excess. No 
rise of temperature occurs which might be caused by 
allotropic change. The alloy of 67 per cent. of copper and 
33 per cent. of zinc is therefore a eutectic alloy. Sir 
William Roberts-Austen, in his comments upon the re- 
searches of M. Charpy on alloys of copper and zinc, states 
that in a mixture of less than 30 per cent. of zinc there 
exists only one point of solidification somewhat higher 
than that of pure zinc. In a former investigation of the 
|cooling-curve at Trubia, starting from a temperature 
lower than the melting-point, another critical point was 
found approximately coinciding with that of the melting- 
point of zinc; but on repeating the experiment several 
times it failed to reappear. The alloy of 67 per cent. 
of copper and 33 per cent. of zinc has a melting-point of 
930 deg. Cent. (1706 deg. Fahr.), which agrees with that 
obtained by M. Charpy, and also with that found empiri- 
cally by Mr. Mallet. Tn order to verify the statement by 











Roberts-Austen, the cooling-curve of an alloy of 80 per 
cent. of cop’ ) 
shown by the curve B in Fig. 1, page 567. 


rand 20 per cent. of zinc was determined, as 
To verify the 
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melting-point of the two metals, they were melted sepa- | cadmium, the remainder being probably in the second | the crystalline. form; while those typical of the third 
rately and then mixed. From the curve it is clear that the | category. The physical properties may be divided into category are the thermal and electric conductivity, the 
mixture has only one point of solidification at 990 deg. | three classes :— ring, the tenacity, and the elasticity. To the manufacturer 
Cent., from which it appears that this is also a eutectic; 1. Those which are exhibited by the alloy in proportion of metallic cartridge-cases, the tensile and compressive 
alloy. | to the presence therein of the respective metals. strength of brass is the most important property to enable 


FLOOR PLAN OF CARTRIDGE- CASE FACTORY. 








ENLARGED VIEWS OF FOUR OF THE SIXTEEN OPERATIONS SHOWN 
IN-FIGS. 11 TO 20. 
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Matthiessen divided the metals constituting alloys into| 2. Those which are not so exhibited. it to sustain the stress of general permanent deformation 
two classes :— 3. Those which sometimes are and sometimes are not | without exceeding the breaking-stress. 

(a) Those which impart to the alloys their physical pro- so exhibited. The copper-zine alloy, containing 67 per cent. of copper 
perties in proportion to their presence in the alloy. The physical properties typical of the first category are and 33 per cent. of zinc, of which cartridge -cases are 

(6) Those which do not. ‘density, specific heat, and coefficient of expansion. Those made, and which is also employed very widely for other 

The metals of the first class are lead, tin, zinc, and | typical of the second category are the melting-point and | Purposes, possesses remarkable mechanical properties. 
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Among those are high tensile strength and large per. | tion, this being characteristic of annealed metals, but more 
i pronounced in the case of this metal than in other metals 


centage of elongation when annealed. Metallic cartridge- 


cases, however, cannot retain their annealed condition, 
because they require a certain amount of hardness to | 
enable them to withstand, without 
tion, the enormous stresses to which they are subjected 
at the moment of firing. Tensile strength and ductility 
are physical properties of zinc and copper which are im- | deformation. Such 
parted to the alc i 

possessed by the component metals. 


with the same ultimate st: 
Professor Le Chatelier defines the perfectly ann 
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h, such as wrought iron. 
ed metal 
rmanent deforma- | as that of which the elastic limit is zero, or, in other words, 
as that in which the metal is completely plastic, and in 
which any force, however small, would cause permanent 
jes do not exist in nature any 
oy in a much higher degree than that more than their antitheses—the perfectly elastic bodies. 
For example, an-|In the author’s opinion, the state of perfect annealing 








tensile strength than annealed metal, and if the deforma- 
tions have been excessive, the tensile strength may be more 
than doubled. The percentage of elongation is diminished 
to a remarkable degree, falling to 2 per cent. when the 
tensile strength is double that of the annealed metal. 
This may be explained by regarding the stresses to which 
the metal is subjected during drawing as combined tensile 
stress and lateralgompression. Curves B, and Bo, Fig. 2 
(page 567), show stress-strain diagrams of brass in an 
incomplete state of brittleness, the elastic limit differing 
little from the tensile strength, which is 39 per cent. 
greater than in the annealed state, while the elongation 
is only 29.6 per cent. of that of the annealed metal. A 
state of perfect brittleness would be that in which the 
elastic limit coincides with the tensile strength; there 
would be no permanent elongation, and the body would 
| therefore be a perfectly elastic one. M. Le Chatelier has 
| found that pure metals, when at a maximum degree of 
| brittleness, have a tensile strength mg oy double 
that of the perfectly annealed metal. This law was 
arrived at from experiments in wire-drawing. When 
'the wire attained double the original strength, it was 
| found useless to draw it through the plate again, as the 
| strength could not be further heed 
| Before describing the manufacture of cartridge-cases, 
| reference may be made to the method of annealing, an 
| operation of the highest importance, which requires to 
| be repeated many times throughout the process. The 
pe or woe of cartridge-cases consists of a series of cold 
drawings which impart brittleness, the more pronounced 
the greater the deformation. The ductility must be 
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nealed copper has a tensile strength of about 13 tons| may be defined as that corresponding to the highest | restored after each drawing by heat treatment carried 
per square inch and an — 2 5 of 45 per cent., whilst | degree of ductility which it is possible for the metal to | out between certain limits of temperature, and followed 


zinc has a tensile strengt 
inch. But the alloy of 67 per cent. of copper and 33 | 
per cent. of zinc has a tensile strength in the annealed | 
state of 19} tons per square inch, an elongation of | 
68.9 per cent., and a contraction of area of 29.4 per cent. 
(see curve A in Fig. 2, pose 567). The stress-strain | working of metals under these conditions, however, tends 
diagrams publish i b >. a y, for various com- | to produce hardness and brittleness. If the elastic limit 
positions of brass, indicate that the alloy containing 67 | is exceeded, as is essential, the substance acquires a new 
per cent. of copper and 33 per cent. of zinc possesses | and higher limit of elasticity, the measure of which is 
the greatest tenacity and ductility, and requires in the | the force which has caused the permanent deformation. 
annealed state a greater expenditure of work for its me By successive deformations it is possible for the elastic 
ture. The elastic limit is only 23.8 per cent. of the break- | limit to approach the breaking stress. Test-bars cut from 
ing stress, and is reached without appreciable deforma- 





of 1.336 tons per square | acquire with the lowest tensile strength. Malleable | by either a sudden or slow cooling. 
metals, such as iron and copper, are usually worked hot ; | been carried out by MM. Ch 
but brass, on account of its extraordinary ductility, is | been confirmed by other 
capable of undergoing in the cold state great deformation | 
| with the expenditure of comparatively little force. The | 


, metal drawn into eartridge-cases exhibit a much higher | but neither the experiments of M. Charpy nor those at 


Ex 

4 and Pralon, which have 
results at Trubia, and which 
show that such limits of temperature vary very widely, 
the low limit being lower the greater the degree of brittle- 
ness of the metal. The high limit is not far removed from 
the melting-point, and is determined by whether it is 
desired to diminish the ultimate strength only of the 
metal, or the elongation also. At the temperature 
required for the latter, the metal begins to become burnt, 
M. Pralon being of the opinion that cartridge-case brass 
begins to be burnt at 600 deg. Cent. (1112 deg. Fahr.); 


riments have 
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Trubia bear out this opinion. M. Charpy states that the 
metal may be annealed at a temperature of 700 deg. Cent. 
to 730 deg. Cent. (1292 deg. Fahr. to 1346 deg. Fahr.), 
and at Trubia blanks have been annealed with results 
between 570 deg. Cent. and 740 deg. Cent. (1058 deg. Fahr. 
and 1364 deg. Fahr.), according to the thickness of the 
pieces. The most suitable temperature is 620 deg. Cent. 
to 650 deg. Cent. (1148 deg. Fahr. to 1202 deg. Fahr.). 
On reaching the required temperature, the metal may be 
cooled either suddenly or slowly, since the speed of cool- 
ing does not affect its oy toreny qualities, as has been 
verified not only by tensile tests, but also in the working 


of the pone. 
M. Chatelier draws attention to ‘‘ spontaneous 
annealing,” which can be effected by leaving a piece of 


metal which has been rendered brittle by mechanical 
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the molecular state of the metal to reach the point of 
perfect equilibrium. : 
Microstructure of Brass,—The micrography of metals is 
now regarded as an important branch of metallurgy. The 
microscope is, in fact, the most powerful assistant to 
chemical analysis, and by its means the metallurgist 
ascertains the distribution of the various constituents of 


Fig. 5 has passed through the fourth drawing operation, 
and has been annealed at 630 deg. Cent. x 50 diameters. 
In these three photomicrographs of annealed brass the 
crystalline structure of the metal is clearly seen, especially 
in Fig. 3, which shows some fine and well-developed octa- 
hedral crystals. This might be expected, seeing that the 
rmal treatment by annealing favours the formation of 





relationship between the microstructure of the metal and 
its mechanical properties, chemical composition, and 
thermal treatment. Five photomicrographs of brass for 
cartridge-cases have been prepared, and accompany this 
poue. The method adopted in their preparation. espe- 
cially the etching by electrolysis, is that recommended by 
M. Charpy. It is not necessary to polish the surface of 
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metals and metallic alloys. Micrography also shows the 
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the crystals, the state of which is greater the higher the 
annealing temperature, and the slower the rate of cooling, 
| In Figs. 4 and 5 the crystalline structure can be seen to 
| have rearranged itself, in consequence of having under- 
gone mechanical operations. 

Figs. 6 and 7 represent metal embrittled by the operation 
of cold-drawing. The structure differs widely from that 
of the tnt metal, the crystals losing their form, and 
| finally disappearing in a confused and apparently homo. 

geneous mass. This deformation of the crystals is more 
| pronounced the more the cold working of the metal is 
| prolonged, until the metal attains a perfect, or almost 
| perfect, state of brittleness. 

The Manufacture of Cartridge-Cases.—T he entire manu- 
facture of metallic cartridge-cases involves a series of 
| operations which, with the exception of two or three, 
consist in cold-drawing. The brass used is capable of 
!extreme deformation when cold, but cannot be worked 
hot. After being formed into a cup-shaped disc, the 
metal is subjected to successive drawings, the object of 
which is to diminish the diameter and thickness and in- 
crease the length, the volume undergoing no sensible 
alteration. At each drawing the metal is deformed toa 
point short of the breaking-point, every drawing opera- 
| tion being followed by annealing until the desired form 
| is obtained—namely, a long cylinder with thin walls, and 
closed at one end. 

The earlier operations, while the cartridge-case is still 
short, are carried out ina vertical press; but when the 
length is suchthat the manipulation and the withdrawal 
| of the punch become difficult, the operation is continued 

in horizontal presses. The two most important tools are 
'the punch and the die. The punch is carried upon the 
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treatment to itself at ordinary temperatures, when it 
will be found to have annealed itself slowly by the action 
of time, with consequent reduct.on in rete strength and 
increase in elongation. This appears to be the most satis- 
factory explanation of the phenomenon that simple metals 
are capable of an indefinite amount of deformation. The 
degree of brittleness becomes constant after a certain 
amount of deformation, due to the fact that every increase 
of brittleness produced by new deformation is neutralised 
by a corresponding annealing effect. This phenomenon 
of spontaneous annealing was known to the ancients. 
Many castings with abnormal internal stresses, and other 
articles subjected to excessive and long-continued strains, 
such as chains, acquire a crystalline texture, but recover 
their normal condition either by the action of heat or by 
the much more prolonged action of time. Many years 
ago, when cannon were constructed exclusively of cast 
iron, an idea was current among artillerists that it was 
injurious to fire them immediately after completion, and 
that cufficient time should be permitted to elapse to allow 


steel. The sample is first filed smooth, afterwards polished 
with emery cloth of successive d of fineness, and 
finally rubbed by doe-skin with rouge and fatty substances. 
After removing the grease with benzine and alcohol ap- 
plied witha brush, it is dipped for a few minutes in a hot 
concentrated solution of caustic soda, and finally washed 
in pure water. It is then etched by the electrolytic 
goes: being placed on a platinum support immersed in 
av containing water acidulated with sulphuric acid 
in the proportion of 1to10. In this vessel is another 
porous vessel containing a saturated solution of sulphate 
of copper, and a small strip of copper which is in electrical 
contact with the platinum support. By electrolytic 
action the alloy is slowly dissolved, the etching process 
taking from a quarter to half an hour. 

Fig. 3, page 569, represents the metal taken from an 
annealed disc x 150 diameters. 

Fig. 4 is the same metal which has through the 
first drawing or cupping process, and has been annealed 








at 650 deg. Cent. x 50 diameters. 











extremity of the ram of the press and transmits the 
power, acting upon the bottom of the cartridge-case, 
which is inserted in the larger end of the die, the latter 
being strongly secured to the head of the press opposite 
the slenaie cylinder. The die consists of a ring of 
hardened and tempered steel, the interior having the 
shape of a truncated cone, the axis of which is in a 
straight line with that of the punch. The operation of 
drawing is performed by placing a partly-drawn case 
properly centred in the larger end of the die, and advanc- 
ing the punch until it touches the bottom of the cup. The 
pressure then comes into play, forcing the cup through 
the small end of the die, thereby reducing the diameter 
of the cup and the thickness of the walls and increasing 
the length, a process which involves considerable flow of 
metal. : 
During the process of drawing the cartridge-case is sub 
jected to stresses in general oblique to the surface, repre 
sented by P (Fig. 16, page 570). This stress may be 





resolved into two, one of ‘which is normal and the othe 
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tangential to the surface of contact between the brass and 
the die, called respectively N and T. If E represents 
the total pressure exerted by the punch upon the bottom 
of the cartridge-case, it is clear that equilibrium will exist 
when the vertical components of the normal and tan- 
gential forces are together equal and opposite to the force 
E. Ifa is the angle formed by the wall of the die with 
the axis of the punch, the equation of equilibrium will 
be: E= Tcosa - Nsina =0. Thusit will be seen that 
the forces N and T vary with the magnitude of the angle a. 


Fug 37. 

















Fig. 38. 2500-TON HEADING PRESS AND PUNP 


the provision that if more than 10 per cent. show cracks or 
other defects when first dished or cupped, the whole parcel 
will be rejected. If the faulty discs do not amount to 10 
per cent., the contractor is required to replace the defective 
ones. If they do not exceed 3 per cent., all are accepted. 
Tensile tests are also made by taking ten strips 160 milli- 
metres by 28 millimetres (6.3 in. by 1.1 in.) from each 4 tons 
of brass, from which test-pieces are prepared. The tensile 
strength of the annealed metal must be at least 42,700 Ib. 
per square inch, with an elongation of 57 per cent. 
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the first being done with the punch and die illustrated in 
Fig. 11. Before commenving it is necessary to centre the 
die relatively to the punch, the breadth of the annulus 
being measured at three points. The stroke of the punch 
is then adjusted, so that at the end of each stroke it does 
not exceed what is necessary to thrust the disc clear 
through the small end of the die, and so avoid waste 
of time and power. At the commencement of the stroke 
an extra length of stroke, of from 4in. to 8 in., is given in 
addition to the amount actually necessary to clear the die, 
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As this increases sin a increases and cos a diminishes, and 
consequently the values of the components T and N also 
decrease and increase res tively. When a = 90 deg, sin 
a = 1and cos a=0, and E is then equal to N. Whena=0, 
then sin a = 0 and cos a = 1, E being equal toT. Inthe 
first case this stress would be entirely normal, and in the 
second case entirely tangential and tensile. The two ex- 
treme cases, however, never occur. In practice the flow 


of the metal is never achieved by simple tensile forces, 
and compressive forces are always present. 

dge-cases, from 3 in. to 6 in. in dia- 
), used at Trubia is pur- 
eontraets for it contain 


~~ i for cartri 
meter (Figs. 8, 9, and 10, e 567 
ehased in the form of y Sang and 





The manufacture of a 6-in. cartridge-case will now be 
described in detail. 

Cupping.—The brass discs for the 6-in. cartridge-cases 
(see Figs. 11 to 13, e 567) are 361 millimetres (14 in.) 
in diameter and 17 millimetres (0.67 in.) thick, with an 
allowable variation of thickness of 0.5 millimetre (0.02 in.) 
above or below. They weigh 331b. each, and should have 
a perfectly smooth surface, with clean cut edges. 

he cutting of blanks from sheet brass is intended to be 
conducted in the 1000-ton press, with the cutting tools 
shown in Fig. 11, but hitherto the Trubia authorities have 
purchased blanks ready cut. 

The cupping is divided for convenience into two stages, 


in order to give the operator time to place the discs upon 
the die. The die, punch, and disc are then well greased, 
and the latter is placed upon the upper surface of the die. 
Water is admitted to the cylinder and the punch ad- 
vances, driving the disc through the die and out at the 
smaller end, whence it falls in the form of a cup into 
a receptacle placed below the press. The maximum pres- 
sure aaa 1000 lb. per square inch, as shown by the 
gauge attached to the hydraulic cylinder. The cup is then 
annealed for about 28 minutes at 740 deg. Cent. (1364 d 

Fahr.), having a steel clip placed round it. The scale 
which forms on the surface of the cup is subsequently re- 
moved by pickling in lead-lined wooden troughs contain- 
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ing dilute sulphuric acid, of a strength of 1 to 4, for a shown. The subsequent annealing is at 570 deg. Cent. 


period varying from 8 to 15 minutes, according to the 


strength of the bath. The cups are then washed by im- | ! ] 
'and 18, page 567. This is the last drawing operation, and 


mersion in lead-lined wooden troughs, through which runs 
a stream of water, every trace of acid being quickly 
removed. 
exactly the same nianner as the first, except that 


the punch and die shown in Fig. 11 and Fig. 14, page | p 


The second cupping operation is made in | 


(1058 deg. Fahr.) for 14 minutes. kat 
Tenth Drawing.—The tools used are shown in Figs. 17 


the blanks undergo no annealing upon its completion. 
Heading.—The formation of the head of the cartridge- 

case is one of the most interesting of the operations in the 

rocess of manufacture. The total pressure which the 


570, are substituted for those previously used, the same | head of the cartridge is called upon to stand under fire 


precautions being observed for centering and _lubri- 


is enormous. With the 6-in. quick-firing gun used in the 


cating. The maximum hydraulic pressure indicated by | Spanish service, for which these cartridge-cases are in- 
the gauge is 1150 Ib. per squareinch, while the subsequent | tended, the pressure caused by the explosion is about 17 


annealing lasts 20 minutes at a temperature of 650 deg. 
Cent. (1202 deg. Fahr.). 
cesses which fol 


tons per square inch. Even this pressure is exceeded when 


The pickling and washing pro- | testing the guns, which is done with three discharges at a 
low this and all other annealings are as | pressure of 20 tons per square inch. When the area of 


before described. The behaviour of the meta] during | the cartridge-case head is considered, some idea may be 


cupping is an efficient test of its quality. Impurities or 
improper annealing are quickly shown by cracks or a 
roughened surface. 


formed of the enormous aggregate pressure to which it is 
subjected. It is essential for the satisfactory working of the 
guns that no deformation should take place under fire, 


First Drawing.—Fig. 11, page 567, and Fig. 15, page | and it is therefore important that during manufacture the 
579, show the punch and die used in this operation, also head should be subjected to a pressure two or three times 


the resulting-piece. The maximum hydraulic pressure is that likely to be ex 
per square inch. The pieces are then annealed | of forming the h 


1300 Ib. 
at 650 deg. Cent. (1202 deg. Fahr.) for 28 minutes. 

Second Drawing.—This is 
shown in Fig. 11, with a maximum hydraulic pressure of 
1350 lb. per square inch. The subsequent annealing is at 
650 deg. Cent. (1202 deg. Fahr.) for 26 minutes. 


performed with the tools | shown in Fig. 19. 


| 


rienced in practice. The operation 
is made in the vertical 2500-ton press 
in three stages. The tools used for the first stage are 
An iron casting A, A, termed a 
bolster, is placed upon the ram of the press and 
serves to support the die-holder and die B, B, which 
latter imparts the form of the flange to the head. Inside 


Third Drawing.—This is performed with the tools | the bolster is fixed a steel stem C, over which the car- 
shown with a maximum hydraulic pressure of 1320 Ib. per | tridge-case is slipped in the condition in which it leaves 


square inch. The subsequent annealing is at 640 deg. 
Cent. (1184 deg. Fahr.) for 25 minutes. 
Fourth Drawing.—Before drawing, the bottom of the 


| 


the tenth drawing. This stem, which must be capable of 
withstanding an aggregate pressure of 1650 tons, 1s of the 





during the forward stroke, while the extractor C forces it 
out during the return stroke. At Trubia the tapering is 
divided into two operations, withannealing between, to 
avoid risk of cracking. Before the first tapering the car- 
tridge-case is annealed at 560 deg. Cent. (1040 deg. Fahr.) 
in a small vertical furnace, Figs. 47 and 48, th care 
being taken to allow the head to remain outside the fur- 
nace in the air. It is then placed in the press and forced 
about half its length into the chamber, the precaution being 
taken to adjust the stop of the press so as to limit the 
stroke to half its usual length. On the return stroke, by 
the aid of a wooden distance-piece inserted between the 
extractor and the head of the cartridge-case, the latter is 
forced out. The case is then returned to the vertical 
annealing furnace, where it is exposed to a temperature 
of 500 deg. Cent. (932 deg. Fahr.), care being taken as 
before not to anneal the head. Tapering is then, com- 
pleted, in the press, the cartridge-case being driven com- 
pletely home into the die-chamber. 

Other Mechanical Operations.—The remainder of the 
roe ye are of a mechanical nature, such as turning 
the end, the head, the steps in the chamber, the attach- 
ment for the primer, cutting to the exact length, &c., 
none of which involve any features of special technical 
interest. It may, however, be mentioned that throughout 
the whole course of manufacture the thickness and dia- 
meter of the cartridge-cases are carefully checked with 
calipers and gauges, and particularly for the first two or 
three cases in each lot, in order to a accuracy of 
the dies and the setting of the tools. The ends of the 
cases are frequently turned to length between the various 
drawing operations, since there is a tendency, due either 


best hardened steel, and is without question the most | to the irregularities of metal or uneven annealing, to 
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piece is flattened preparatory to indenting, which takes 
place after the fifth drawing, and is necessary for the for- 
mation of the primer hole. Flattening is accomplished 
by pressing the piece between the punch and a flat steel 
disc supported on the die. The disc is then withdrawn 
and the drawing proceeds as usual. The tools are shown 
in Fig. 12. The maximum hydraulic pressure is 1000 Ib. 
per square inch, and the subsequent annealing is at 
630 deg. Cent. (1166 deg. Fahr.) for 22 minutes. 

_ Fifth Drawing.—This is the last operation performed 
in the vertical press. The tools used are shown in Fig. 12, 
the maximum hydraulic pressure being 700 lb. per square 
inch. The subsequent annealing is at 630 deg. Cent. 
(1166 deg. Fahr.) for 20 minutes. 

Indenting for Primer.—This operation is performed in 
the vertical 1000-ton press. Upon the ram which moves 
upwards is placed a pressure plate (Fig. 13), to which is 
hinged a steel punch-sha piece, having the same 
external form as the interior of the cartridge-case as it 
leaves the fifth drawing, and with an indentation at the 
top. This can be hinged to one side to facilitate the 
insertion and withdrawal of a cartridge-case. Upon the 
underside of the upper head of the press is a fixed holder, 
into which is screwed a flat piece of tempered steel 
having a small projection in the centre. The object of 
this is to form, in conjunction with the recess in the 
punch, the metal boss on the inside of the case, for the 
primer. The cartridge-case is subjected to a pressure of 
about 314 tons between the two surfaces, with an hydraulic 
pressure of 2500 lb. per square inch. No annealing is 
required after indenting. 

Sixth Drawing.—From this operation onwards the two 
larger of the three horizontal presses are used, because the 
length which the cartridge-cases have now reached does 
not permit of their manipulation in the shorter-stroke ver- 
tical press. The tools used for the sixth drawing are 
shown in Fig. 13. Up to this point the cartridge-cases 
have been able to strip themselves from the punches by 
catching on the underside of the dies. Their expansion 
at the moment when drawing is complete, and when they 
are relieved from the considerable lateral ressure, pre- 
vents their being again drawn up through the die by the 
retreating punch. But from the sixth drawing onwards, 
the lateral pressure is less, ani other means are adopted. 
Under each die is an attachment containing eight fingers 
pressed inwards towards the axis by springs. During 
drawing they give way before the advancing case, retirin, 
into recesses. But when the end of the case has 
them they spring out and keep the case from following 
the punch back, the inclination of the recesses in which 
they move assisting this action. The sixth drawing may 
be performed either on the 18-in. or the 16-in. horizontal 
press, either having sufficient power. The subsequent 
annealing is at 630 deg. Cent. (1166 Fahr.) for 18 minutes. 

Seventh Drawing.— The tools used for this operation 
are shown. The subsequent annealing is at 630 deg. Cent. 
(1166 deg. Fahr.) for 15 minutes. 

Eiohth Drawing. — The tools used for this operation 


are shown in Fig. 13. The subsequent annealing is at | 


600 deg. Cent. (1112 deg. Fahr.) for 14 minutes. 


Ninth Drawiny.—The tools used for this operation are | bolted to the ram of the press, forces the cartridge-case in | 
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delicate of all the tools employed in the process of manu- 
facture. The first heading operation is perfurmed by 
mserting the cartridge-case between the stem and the 
bolster. Upon the top is also placed the punch D of 
hard steel, provided with a central depression, the object 
of which is to reduce the area of contact over which 
ressure is exerted on the head of the cartridge-case. 
he total pressure is 1600 tons, which leaves the head 
with a central internal and external projection, and forces 
the metal outwards to form a flange. 
_ In Fig. 19 is shown the second heading operation. This 
is performed with the same tools as the first, except that 
a smaller punch, 3 in. in diameter, is placed over the 
cartridge-case, instead of the punch D previously used. 
A total pressure of 600 tons is exerted, with the result 
that the outside projection is flattened, and all the metal 
is driven into the internal boss, thus allowing sufficient 
metal for the primer holes. Finally, the third headin 
operation is performed with the tools shown, a tota 
pressure of 1650 tons being applied, with the result that 
the head is rendered flat and shapely 
Tapering.—This operation is for the purpose of giving 


to the cartridge-case its final external form, enabling it to | 


fit the chamber of the gun, and to be y inse and 
withdrawn. It is 
horizontal presses, in order to take advantage of their 
longer stroke. To the fixed head H,H of the press, 
Fig. 21, 570, is bolted the cast-iron bolster A, A, 
inside which are placed seven rings of tempered steel 
B, B, B, the internal length of which when thus assembled 
is exactly equal to that of the gun-chamber. The 
cartridge-case is driven into this s' by the press, but 
as it is necessary forcibly to extract it after the operation, 
the special apparatus shown is made use of. The 
cylindrical extractor C, having a head shaped to fit the 
inside of the headed cartridge-case, is connected rigidly 
with the ram of the press through the cross-heads D and 
F and the tie-rods E, E, and moves therewith, its i- 
tion being kept central by the guide I. The punch G, 


performed in one or the other of the | 








stretch unequally, leaving ragged edges. It is also of 
great importance that the thickness of the end of the 
cartridge-case should be closely checked, and this is per- 
formed by limit-gauges. Lubrication of the punches and 
dies is effected by olive oil or soapy water, according to 
the stage in the process. 

Plant.—Having now outlined the various processes in- 
volved in the manufacture of a 6-in. cartridge-case, the 
machinery by which such processes are effected will be 
described. The plant which, with the exception of the 
engine and boiler, was made in the United States, is 
intended to make cases from 3 in. to 6 in. inclusive, and 
has already turned out a considerable number. As no 
machinery has yet been acquired for casting or rolling 
brass sheets, discs are purchased abroad ; but it is probable 
that in due course they also will be made at Trubia, so 
as to make the whole manufacture self-contained. In 
Fig. 22, page 570, is shown a ground plan of the factory, 
which contains boiler, engine, four hydraulic pumps, 
accumulator, one vertical and three horizontal drawing- 
presses, one 1000-ton and one 2500-ton vertical presses, for 
indenting, heading, and cutting, annealing furnaces, pick- 
ling troughs, and trimming machinery. ‘ 

The boiler is of the Lancashire type, with a working 
pressure of 125 lb. per square inch, 30 ft. long, and 8 ft. 
in diameter. The engine is of the Galloway superposed 
compound condensing type, of 350 indicated horse-power, 
having cylinders 16 in: and 30 in. in diameter and 45 in. 
stroke ; the high-pressure cylinder being on the top of 
the low-pressure cylinder, and inclined thereto at an angle. 
working on acommon crank-pin. Theair-pump is worked 
from a prolongation of the low-pressure piston-rod. The 
engine, which works at 70 revolutions per minute, has 
fly-wheel 15 ft. in diameter and 32 in. broad, and drives 
a shaft 8} in. in diameter, which in turn operates four 
duplex hydraulic pumps. Jaw-clutches are provided, so 
that any one pump may be instantly disconnected from 
the shaft. Each duplex pump comprises four rams 4j in. 


| in diameter by 12in. stroke, driven in pairs from twocranks 


set at an angle of 90 deg., and keyed toa spur-wheel, which 
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is in turn driven by a pinion on the main shaft with a 
reduction of 1:7:1. Of each pair of rams, one performs 
the working stroke, while the other draws in water, so that 
the relative position of the four rams produces a very even 
turning moment. The pumps w from a tank, into 
which the waste-pipes from all the presses are led, and 
deliver into 2 common pressure-pipe leading to the 
accumulator, The delivery is automatically cut off suc- 
cessively from one pump after the other as the accumulator 
rises by devices shown in Figs. 23 and 24, page 570. 
Fig. 23 illustrates the by-pass valve and connections, one 
being provided for h pair of rams worked from the 
same crank. The flanges a and 4 are connected one to 
the delivery of each ram. ‘These pipes unite into a 
common delivery-pipe c so long as the valve d is closed. 
When d is opened the water escapes by the pipe e to the 
tank, and the pumping absorbs little or no energy. The 
opening and closing of the valve d is effected by an hy- 
draulic cylinder in which works a piston f (Fig. 23). High- 

ressure water is, under normal working, admitted to 
Both sides of this cylinder by the pipes g and h, resulting 
in a greater pressure downwards than upwards, the differ- 
ence being due to the sectional area of the piston-rod k. 
The valve is therefore kept normally shut. When the 
accumulator reaches the top of its stroke it operates suc- 
cessively one of eight small slide-valves, each of which is 
connected to a similar hydraulic cylinder. The move- 
ment of the slide-valve allows the water at the top end 
of the cylinder to escape to the tank, thus enabling the 
pressure underneath to open the valve d. A hand-lever / 
is also provided for effecting the movement by hand if 
necessary. To the flange m is attached a relief-valve to 
enable the water to escape if the normal working pres- 
sure of 1000 lb. per square inch is exceeded largely. 

Fig. 24, page 570, illustrates the mechanism of the 
small slide-valves. The shaft a is rotated slowly by the 
movement of the accumulator through a chain and 
sprocket wheel, not shown. On this shaft are keyed 
eight cam-wheels b, each provided with a cam recess c¢, 
in which works the cam-wheel d. The motion of the 
cam-wheel operates the slide-valve e through the lever f 
and the valve-rod g. The valve as shown is in the normal 
position when the pump is delivering to the accumulator, 
and the a valve d, Fig. 23, page 570, of the pump 
is closed. igh-pressure water is at all times admitted 
to the valve-chamber by the pipe h, and in the position of 
the valve as shown is in communication with the upper 
end of the by-pass valve by the port j7. When, by the 
rise of the accumulator, the cam-wheel reaches the por- 
tion kim of the groove, the valve moves to the left, 
closing the port j to pressure, and opening it to the port n, 
leading to the waste-water tank, thus allowing the by-pass 
valve to rise, forced up by the constant pressure below 
the piston f, Fig. 23. The eight cam-wheels ) are keyed 
to the shaft at different angles, so that the shutting off 
and opening of the different pumps, as the accumulator 
rises and talls respectively, is as gradual as may be 
desired. 

The accumulator is of the ordinary type, having a ram 
14 in. in diameter and 20-ft. stroke. It is loaded with 
54 tons of iron castings, in addition to the weight—about 
14}? tons—of the moving parts. It is provided with a 
safety check-valve to prevent a too sudden descent in 
case of failure of any pressure pipe, by gradually closing 
the exit pipe during the last 12 in. of the descent. 

The vertical drawing-press, in which the cupping and 
first to fifth drawings are effected, is shown in Fig. 26, 
page 571. The hydraulic cylinder is 22 in. in diameter, 
with a 47}-in. stroke. Instead of a ram, a piston is used 
with a piston-rod 14 in. in diameter. The annular space 
beneath the piston is sufficient to provide upward torce 
for the return stroke. The lower end of the piston-rod is 
guided by a cross-head a working between two vertical 
guides or columns 6. The reversal is automatic, and the 
stroke can be set to any desired length. The reversing 
gear cc is described more in detail in the case of the 
18-in. press. Hydraulic pressure is admitted to one end 
or the other of the ae cylinder d, of which the 
piston-rod e¢ is extended through both cylinder-covers and 
operates two reversing-valves. One of these is shown in 
detail in Fig. 27, page 571. _The opening a is attached 
to one end of the cylinder, 6 admits high-pressure water, 
and c leads to the exhaust. The rod d is operated by the 
anxiliary cylinder already described. The valves ¢ are so 
formed as gradually to stop the flow of water either in- 
wards or outwards. The base of the press (Fig. 26, page 
571) consists of a massive iron casting g, on the top of which 
is placed the die, not shown, while the screwed recess h 
in the end of the piston-rod holds a socket, into which is 
screwed one of the punches, shown in Fig. 11, page 567. 

The horizontal drawing-presses, Fig. 22, page 570, which 
are used for the smaller cases, or for those which have 
been sufficiently elongated to need a longer stroke, are 
three in number and are 18 in. in diameter by 10-ft. stroke, 
16 in. indiameter by 10-ft. stroke, and 12 in. in diameter 
by 8-ft. stroke respectively. All have a working pres- 
sure of 1000 Ib. per square inch. The first-mentioned— 
namely, 18in. in diameter by 10 ft. stroke—is selected for 
description, and is more fully illustrated in Figs. 23 to 31, 
page 571. It consists of a horizontal cylinder v, having a 

iston, piston-rod s, and crosshead ¢, guided by two guide- 
bars u, extending from the cylinder v to the die-head a. 
There are two tie-rods 6 uniting the cylinder v with the 
die-head, placed aes, one passing through one of 
the guide- bars u. The valve arrangement is similar to 
that described in the case of the 22-in. vertical press, 
while the valve-reversing gear is shown in detail in Figs. 
32 and 33, page 572. The pin a on the crosshead strikes 
at one end or the other of its stroke the finger 6 orc, which, 
through bevel gear d and ¢ respectively, rotate the weigh- 
shaft f through a small angle in one direction or the other. 
This motion is transmitted through bevel gearing g to a 
shaft h at right angles to f, which in turn operates the 





pilot-valve, admitting water to one end or the other of 
the auxiliary hydraulic cylinder, operating the inlet and 
exhaust valves of the main cylinder. A hand-lever k 
permits the operator to reverse when necessary. 

The die-head a, Fig. 34, page 572, which forms part of 
the main structure, is connected by the tie-rods b to the 
cylinderof the press. Within the die-head is inserted either 

a small chuck containing a die, shown in Figs. 11 and 12, 
ora larger chuck c, Fig 34. The latter serves the same pur- 
pose as the smaller chuck, but contains additional space 
tor the insertion of a stripper plate d and a die-holder e, 
die f, and screwed ring or nut g, all of which aro held in 
place by suitable clips h and set-screws k. The stripper 
plate d, which has already been described, is only neces- 
sary when, as in the case of the sixth to tenth draws 
inclusive, there is a tendency for the cartridge case to 
follow the punch on the return stroke, and is only used on 
the horizontal presses. 

The three horizontal presses are provided with a feed- 
table and attachment by which the cartridge-case can be 
held, and made to centre exactly with the die and punch. 
This feed mechanism is, however, not absolutely neces- 
sary, the case being frequently pushed.on to the punch by 
hand and driven home with a wooden mallet. The feed 
mechanism is shown more in detail in Figs. 35 and 36, 
page 572, in which a is the lower of the two guide-bars 
u, shown in Figs. 28 and 29, page 571, b is the hole for 
one of the two tie-rods, and ¢ the feed-table securely 
bolted to a. Upon ec is mounted a sliding bracket d 
carrying a grip mechanism. Four bent levers ¢ are 
attached in pairs to hard-wood grip-pieces f and hinged 
upon rods g, which are in turn held by the nutsh. The 
rods g are adjustable, and can he moved together or 
apart by a right and left-hand screw hk. he other 
ends of the four bent levers e are also adjustable along 
four vertical rods /, to which they can be locked by nuts 
m. Each pair of rods / is pivoted at one end eccentri- 
cally toa horizontal shaft nm, which can be rotated by a 
hand-lever p, serving not ee! to put a final grip on, or to 
release, the ee pe r, but also to push forwards or 
backwards the whole mechanism along the table c into or 
out of ition. By means of the movable fulcrums and 
adjustable lever ends the mechanism can be altered to 
receive any size of cartridge-case. 

Figs. 37 to 40, page 573, show a side elevation of the 
2500-ton heading-press, also a cross-section at A A, sec- 
tions through C C of the pump, showing both the high 
and low-pressure cylinders and valves, and an enlarged 
view of the main cylinder packing. The 1000-ton head- 
ing press and pump is of similar but smaller design, and 
will therefore not be described. The heading punch a 
(of which there are three forms, as shown in Fig. 19, 

e 567) is securely held against a fixed pressure-platen 
», which is bolted to the press-head c¢ attached to the 
cylinder by four vertical tie-rods d (Figs. 37 and 39, page 
573). The punch a has no vertical movement. The tie- 
rods d at their lower extremities pass through a_base- 

late ¢, on which is mounted an hydraulic cylinder f, 

aving an internal diameter of 32 in. On the top of the 
iston or ram g, which has a stroke of about 9 in., is 
ited a pressure-platen h. Both cylinder and piston 
are fitted with leather packing-rings of L shape, as 
shown in the enlarged view (Fig. 40). The interior stem i 
is held vertically within the bolster j, in the upper end 
of which is the die j1. The bolster is bolted at its base 
to a ay running on four wheels on a track, and 
capable of being quickly run into and out of position by 
an hydraulic feed-cylinder k, 5 in. in diameter. Minute 
regulation of the travel of the piston is obtained by a 
stop-screw /, thus assuring exact centering between the 
cartridge-case and the punch a. 

The heading process is as follows :—The cartridge-case 
is first introduced between the bolster j and the stem i, 
and nearly driven home with a wooden mallet. The car- 
riage is then run into position over the lower pressure- 

laten h, and held there by the insertion of removable 

owel pins. Both high and low-pressure water is ad- 
mitted to the cylinder by the pipe m, causing the ram g, | 

uided by the four vertical tie-rods d, to rise, carrying wit 
it the whole carriage and all situated thereon. When the 
cartridge-case touches the top punch a, the low-pressure 
water is automatically shut off, and the high-pressure 
water completes the heading process. On the return 
stroke the carriage drops again on to its track, and is then 
pushed back by the feed-cylinder until the base of the 
vertical stem 7 centres with the top of the ejecting-punch 
m, for which a removable stop-screw o is provided. 
Hydraulic pressure being admitted to the ejecting- 
cylinder, the piston rises about 6 in., carrying with it the 
stem i and the cartridge-case. On the return stroke the 
stem i follows by gravity, leaving the cartridge-case pro- 
jecting, whence it is removed by a small hand-crane, not 
shown. When it is required to remove the stem i, the 
whole carriage is pushed along until the stem is over the 
plate p, whereupon the latch g is released by the with- 
drawal of the hinged eye 7, allowing the plate p to fall 
to the ground, followed by the stem. The process of 
heading the 6-in. cases requires in practice a total pressure 
of 1700 tons. 

The geared compound pump, Fig. 39, page 573, con- 


h | stand the pressure of tapering, and is therefore kept in 





tains three high and three low-pressure plungers, all six 
being fitted with separate valves. The high-pressure 
plungers are 3 in. in diameter, and the low-pressure 4 in. 
in diameter. The stroke in each case is 5in. All six 
eg are connec’ with cross-heads, which work | 
etween guides on the main framework, and are driven | 
by eccentrics keyed on to two shafts s, each of which is | 
provided with a spur-wheel ¢, driven by a common pinion | 
u on a central shaft v. This is fitted with a friction clutch | 
pulley v', 63 in. in diameter, running at 200 revolutions 
r minute, and driven by an electric motor. he 
ydraulic supply is obtained from the tank < by two 


suction pipes w w, runuing through the bed-plate of the | 








pump. The delivery pipes xy lead to three automatic 
valves, shown in Figs. 41, 42, and 43, 573. There 
is shown in section the by-pass valve the check- 
valve B, the main valve A, and (Fig. 44) a diagrammatic 
general arrangement in position for stating the working 
stroke. Delivery water from the low-pressure pumps 
arrives at a, passes round the valve b, which is held down 
on its seat by spring j, and leaves the by-pass valve by 
the pipe c on its way to the check-valve. Here it pushes 
up the valve d, which is otherwise held on its seat by the 
spring d', aided by high-pressure water which enters the 
valve by passages d*. The raising of the valve d permits 
the low-pressure water to = the high-pressure, which 
enters by the pipe e direct from the delivery of the high- 
pressure pump. The combined deliveries enter the main 
valve at f, leave by the pipe g, and are led thence to the 
— of the heading-press. The ram rises, causing 
the cartridge-case to come into contact with the punch of 
the press. The pressure then increases, and when it 
reaches 300 lb. per square inch, the ram h, which is in 
constant communication with the high-pressure delivery, 
rises, compressing the spiral spring j and opening the 
valve b, which is held in this position by the lever k 
interlocking the lever 7. The opening of the valve ) 
cuts off the low-pressure supply to the check-valve, ‘by 
allowing the water to flow back to the tank. The check- 
valve d, being now relieved from pressure below, is closed 
by the water. pressure above, thus severing the connection 
between the high and the low-pressure supplies. The 
high-pressure supply is now in direct communication 
with the cylinder of the heading-press through the check- 
valve and main valve by the pipe g, and yp tex increasing 
pressure completes the aay process. This is stopped 
automatically by a safety device when the pressure 
reaches a given amount. The plunger m, which is in 
constamt communication with the high-pressure delivery, 
is forced up against a spring » loaded to a definite pres- 
sure. This disengages the trip-lever o from the hand- 
lever p, allowing the spring q¢ to lift the rod r, which in 
turn raises the valve s sufficient to give a maximum open- 
ing of 7; in. This opens a way for the high-pressure 
water through the passages ¢ and u to escape to the tank. 
The sectional area of the peas bei more than 
enough for the incoming delivery from the high-pressure 
paar. allows the water to escape pon | from the 

eading-press. When the pressure is reduced to almost 
zero, the springs g are able to raise the valve v, thus allow- 
ing free egress for the pump delivery to the tank. 
During the working stroke the valve v is tightly held on 
its seat by high-pressure water, which is admitted to the 
upper surface through grooves w. These oves are 
closed at their bottom ends by the valve seating x. The 
operator then depresses the treadle y, Fig. 44, which locks 
the lever p and releases the lever k, thus replacing the 
various valves in their original positions ready for the 
next working stroke. A handle on the main valve gives 
the operator re latitude in working the press. 

Figs. 45 and 46, page 734, illustrate in longitudinal and 
cross-section a double-ended annealing furnace, for anneal- 
ing the cases at the various 8 of manufacture. The 
cases are placed therein from either end, packed in iron 
trays. The floor or bed of the furnace is 25 ft. 6 in. long, 
6 ft. 6 in. wide, and is covered with cast-iron pieces a to 
facilitate the insertion and removal of the trays. The fur- 
nace is designed for either coal or oil firing, special atten- 
tion being paid to securing uniformity of gym The 
course of the gases can readily followed by reference 
to the drawing. 

Figs. 47 ry 48, page 574, show longitudinal and cross- 
sections of an end-annealing furnace used only prior to the 
final tapering processes. Oil fuel is used. A row of eight 
cast-iron annealing-pots }, 3 ft. 6 in. long and about 74 in, 
in internal diameter, are suspended from the top of the 
furnace, -_ - provided —_ — a for ow 4 

urposes. Each pot is provi with suitable covers 
Lovles holes of various deanstens, through which is passed 
the body of the case ¢ to beannealed, and supporting the 
head by its flange. The head must remain hard to with- 



































































































contact with the cool air and notannealed. The body and 
end alone are annealed to give the required ductility for 
the tapering process. The pot chamber, or furnace proper, 
is 7 ft. 8 in. long by 114 in. wide by 3 ft. 8 in. deep, the 
gases entering through the port-holes in the walls and 
leaving at the base as, indicated by arrows. 
he makers of the various portions of the plant are as 
follow :—Drawing and heading presses, pumps, accumu- 
lator, and trimming lathes, the Waterbury Farrell 
Foundry and Machine Company, Waterbury, Connec- 
ticut, U.S.A.; punches, dies, &c., the Ferrocute Machine 
Company, Bridgeton, New Jersey, U.S.A.;_steam- 
engine, Messrs, Galloways, Manchester ; boiler, Measrs. 
Daniel Adamson and Co., Hyde; annealing-furnaces, 
the Rockwell Engineering Company, New York. f 
The thanks of the authors are due to Messrs. Deming, 
Oberlin, Smith, Lamb, and Rockwell, for their help and 
information in the compiling of this paper. 








Tue Great CENTRAL AND ITs Sriprnes, — American 
methods are to be introduced in the construction of the 
new concentration sidings of the Great Central Railwa 
at Wath-on-Dearne. The contract for the sidings, whic 
are intended to deal with the company’s mineral traffic in 
South Yorkshire, has been let. he method comprises 
the construction of a ‘‘hump,” which will involve the use 
of some 600,000 tons of material. The “‘hump” will be 
so constructed that wagons will gravitate in either 
direction. There will be no fewer than 36 miles of 
sidings, and 14 miles of works, enabling 5000 goods or 
mineral wagons to be dealt with in 24 hours. The sidings 
will be a centre for 45 collieries. Work is to be completed 
by the close of 1907. 
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“ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


Comritep sy W. LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPEOLFICATIONS 
UNDER THE ACTS OF 1883—1902. 


The number of views given in the Specification Drawings is stated 
eee S Clam ot amd ta lgebaten beet 


from abroad, the Names, 


are m hs 
of ifications $ Cistned of the Patent 0 Sale 
Chancery-lane, W.C., at 


ice of 
The date of the advertisement of the ance of a Complete 
‘ion is, in each case, given after the abstract, unless the 
fatent has been sealed, when the date of sealing is given. 
Amonee may, at any time within two months from the date of 
t vertisement of the nce of a Complete Specification, 
notice at the Patent O of opposition to the grant of a 
‘atent on any of the grounds mentioned in tl:e Acts. 


ELECTRICAL APPARATUS. 
17,601. A. P. Zani, Preston, and Di Kerr, and 
. Limited, London. Rotors. (3 Figs.) August 12, 
1904.—In alternators as heretofore constructed it has been usu 
to build the rotor in a form which is circular in cross-section. 
This invention consists in a special form of rotor which is not 
circular in cross-section. In carrying the invention into effect, 
the main body of the rotor is constructed of a solid block of soft 
steel in the form of a four-armed cross for a four-pole machine, 
and in general for machines having a less or greater number of 
poles in the form of a block with as many projections or arms as 
there are poles, an axial hole on in the block of con- 
siderably larger diameter than the ft ; radial ventilating-holes 
¢ are bored at intervals along the length of each arm of the block 
and communicate with the space around the shaft. The soft- 
steel block is fixed to the shaft only at its ends by two supporting- 
pieces keyed to the shaft ; these supporting-pieces are also formed 
with ventilating-holes communicating with the ae around the 
shaft. The winding of the rotor consists of coils A which are 
placed around the arms of the block, being —— in position 
thereon by the pole-pieces and end filling-pieces k. Each pole- 
piece consists of a number of plates parallel to each other and 
fitting into dove-tailed grooves in the ends of the arms of the 
block. These plates are held in position by end filling-pieces k 
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capable of sliding parallel to the axis of the rotor in other dove- 
tailed grooves in the ends of the blocks, the end filling-pieces being 
kept in — by bolts 7 which extend the whole length of the 
block. e dove-tailed grooves which hold the end filling-pieces 
may be closed at the ends of the b'ock and may be smaller than, 
and centrally in the same line as, the grooves which hold the 
plates forming the pole-pieces, the overhanging edges of the larger 
groove being cut away at the end or ends for a distance equal to 
or slightly greater than the width of the plates forming the pole- 
pieces. In building up the motor, the coils of the ae oe 
placed in position on the arms of the block, and the end filling- 
pieces placed in the smaller groove from the inside and pushed 
outw , leaving opncne at the ends of the larger dove-tailed 
groove, The plates forming the pole-pieces are inserted into these 
spaces one by one, and slid ge | to their correct itions in the 
groove, the end filling-pieces being then pushed inwards, sliding 
in the smaller grooves until they are in contact with the ends of 
the soft-steel block ; the block, pole-pieces, and end filling-pieces 
are then bolted together by longitudinal bolts. The pole-pieces 
extend beyond the coils placed in position on the arms of the soft- 
steel block, and thus keep the coils from sliding out on the arms, 
and the end filling-pieces cover the parts of the coils not covered 
by the pole-pieces. (Accepted August 16, 1905.) 


12,418. B. G. Lamme, Pittsburg, U.S.A. Distribut- 
ing Electric En . [1 Fig.) June 15, 1905.—This inven- 
tion relates to alternating-current electric motors, and supply 
systems therefor, and has for its object to provide improved 
means for supplying currents which differ in phase by approxi- 
mately 90 deg. tively to the armature and field magnet 
windings of an electric motor from a three-phase circuit. Three- 
phase alternating-current energy is supplied from a suitable 
source 1 to supply conductors 2, 3, 4, between conductors 2 and 
4 of which a transformer winding 5 is connected. One terminal 
of the field-magnet winding 6 of a commutator motor 7 is con- 
nected to the supply conductor 3, and the other terminal is con- 
nected to approximately the middle point 8 of the transformer 
winding 5, One terminal of the armature 9 of the motor 7 is 
connected to the supply conductor 2, and the other terminal is 
ada to be connected to any one of several points in the trans- 
former winding between the point 8 and the terminal which is 
connected to the su ply uctor 2, suitable means theref 
consisting of a movable arm 10 which is adapted to make tact 





field-magnet winding is connected to the middle point of trans- 
former winding 5, the voltage applied to the said winding is 
0.867 of the potential difference existing between any two of the 
supply conductors, and the currents capelied to the field-magnet 
and armature windings ss differ in phase by approxi- 
mately 90 deg. If a variation or deviation from a q ture 
relation is desired, the transformer winding 5 may be provided 
with one or more leads 12 at each side of the middle point 8, a 
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switch-arm 13 being employed for connecting the terminal of the 
field magnet winding 6 thereof. It is evident that this arrange- 
ment ensures a quarter-phase relation between the currents in 
the armature and field-magnet windings of a motor which is 


connected to three-phase supply circuits by the use of a single | 0 ‘ [ 
eed. | thereto by a lost-motion connection, such as that provided by the 


| clutch member A2. 


transformer, that is also uti! for varying the voltage applied 
to the armature in order to obtain variable speed. (Accepted 
August 23, 1905.) 


27,246. Siemens Brothers and Co., Limited, West- 
minster, and E. A. Holmes, Old Charlton. Electrical 
Meas: Instruments. [2 Figs.) December 14, 1904.— 
This invention relates to electrical measuring instruments, and 
particularly to ammeters of the moving-coil type, and consists 
essentially in a construction of such instruments by which the 
more delicate moving-coil part of the instrument can be readily 
inserted in its proper co-operative position, or removed therefrom 
when the base-piece has been fixed to its support, and connected 
with the current leads. The base of the ammeter is provided 
with bolt-hole lugs, by which the instrument may be secured on 
a vertical or horizontal or inclined surface. The walls of the base 
part consist of a ring rotatably mounted on the base, and have 
diametrically opposite holes for the reception of the current 
leads, which are clamped or sweated in sockets d, 1. The sockets 
are connected by coupling-bars e, ¢!, with an interchangeable 
resistance-bar or strip detachably secured to the base, but insu- 
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lated therefrom, and carrying a pair of contact-pins g, g!, the 
line through the centres of which isat an angle of 45 deg. with the 
central line through the sockets d, d1. The moving-coil part of 
the instrument is mounted on a base i, which also forms a cover 
for the base part of the instrument, and is secured thereto by 
bolts passing through bolt-holes in the base, and is protected by a 
cover. The ends of the moving coil are connected with spring 
contacts /, [| respectively, suitably secured to a central stud m 
on the base 7, but insulated therefrom, and set at such an angle 
that they make contact with the studs or pins g, g! respectively 
when the two parts of the instrument are assembled in the proper 
position for working. The spring contacts /, /) have double ends, 
or may consist of quadrantal pieces. Instead of effecting the 
electrical connection of the moving coil with the main leads by 
means of the contact springs J, /) and contact-pins g, 71, the con- 
nection may be made by flexible leads with suitable pin and 
socket or clamping connections. (Accepted August 16, 1905.) 


2426. H. W. Leonard, Bronxville 


protective coating 3, which serves to secure the conductor on its 
support, to conduct heat from the conductor and to dissipate 
this heat. The ends of the conductor 2 are connected electrically 
with fiexible terminal wires of copper, preferably in the form of 
round braid 4, which partly encircle the ends of the tubular support 
1, and are lodged in circumferential grooves formed in the ends 
thereof. Such terminal leads remain flexible, even after subjec- 
tion to the heat of the enamelling furnace. The terminal wires. 
are Toe ay connected with the resistive conductor, as shown 
in Fig. 2, in which the terminal lead 4 has wrapped round it at 
5 ashort piece of similar braided copper wire 6. The connection 
is made between the resistive conductor 2 and the terminal lead 
4 by a metal clip 7, which is hammered over the union of the 
two. The parts are tightened about the tube by twisting together 
the ends of the lead 4 and the piece 6 as shown at 8. It will be 
noted that the piece 6 is woes round the lead 4 at 5, so that 
one end of the piece 6 is tow the joint 7; consequently, when 
the parts are tightened by twisting the ends together at 8, the 
union at 5 will closely engage the surface of the tube. The only 
— in the parts which conduct the current is that at 7, the 
lead 4 making direct connection with the conductor 2 at that 
point, which is some distance away from the union at 5, and is 
entirely free from injurious strains due to the twisting or bend- 
ing of the outside portion of lead 4. (Accepted August 16, 1905.) 


RAILWAYS AND TRAMWAYS. 


B. tt, Bulwell; W. oom, Bestwood 

ery; and T. ley, Nottingham. akes, [10 
Figs.] October 4, 1904.—This invention relates to brakes for rail- 
way wagons, trucks, or the like. The brake-arms A, which are con- 
nected by links B to the brake-blocks, are carried by a sleeve A! 
which is mounted loosely on the brake-shaft C, but is connected 


According to the present invention, the 
brake is held on when applied by means of a retaining device D 
which is mounted on, and slides freely on, one leg E of the Y 
hanger bearing which carries the brake-shaft C. The brake-arm 
sleeve is provided with an arm A* at a point near the retaining 
device D, and when the brake is put on, the retaining device D 
slides down the member E, and is then interposed in the path of 
the free end of the arm A%, thus retaining it and holding the 
brake on. The member E being inclined to the vertical, the 
retaining device will fall down the said member, and thus con- 
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stantly follow the arm A? and retain it in any position to which it 
may be moved. The retaining device is approximately UJ shape 
in cross-section, so as to fit over and embrace the member E, and 
it is placed on the latter from the outer side, and is held thereon 
by a block secured between the free ends of the main part of the 
device D. When the brake-arms A are moved over to apply 
the brake, the arm A* is moved away from the retaining device 
D, and the latter is released and can then fall down the member 
E and prevent the return of the arm A®, When the free end of 
the arm A3 engages the locking member D, it bears on the lower 
end of the inner curved side of the latter, and the pressure of the 
said arm on the retaining device tends to turn the latter and lock 
it on the member E, thus preventing the pressure received from 
the arm A? from forcing it up the said member E again, and 
letting off the brake. In order to take off the brake, the retain- 
ing device D is raised so as to release the arm A®, and it is then 
held in its raised position until the brake is again applied. 
(Accepted August 16, 1905.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


22,758. H. Field, London. Steam-Traps. [2 Figs.) 
October 21, 1904.—This invention relates to steam-traps, and has 
for its object to make amore reliable and efficient trap. In steam- 
traps worked on the expansion principle—that is, in traps the 
valve of which is opened and closed by the expansion and con- 
traction of metal due to the presence of steam or water—it is 
found that in consequence of the very gradual change in tempera- 
ture, the valve is opened very slowly, and the water containing 
grit and other impurities, being forced through the valve before 
it is fully open, causes a scoring or cutting of the valve and seat, 
whereby constant leakage of steam occurs. To overcome this 
| trouble and to cause the valve to open suddenly and sharply, use 
| is made of a combined lever and spring and catch or trigger. 

When steam enters the pipe c at the admission end thereof—viz., 
| the free end—the pipe is expanded by the heat of the steam, and, 





Resist- | being fixed at } to the frame, there is a movement of the nut d 


relatively to the frame in the direction of the free end of the pipe. 


U.S.A. 
; » § | 
te Figs.) | Vetrunsy 7, 1906.— According to the prevent This produces a downward movement of the long arth of the lever 


invention, the resistive conductor is made of braided or stranded 
material, which is wholly or partially embedded in insulating 
enamel which secures it to the support; and in the preferred 





construction the form of the braided or stranded c is 
such as will allow the insulating coating to penetrate into the 
meshes thereof, so as to enclose separately the individual ele- 
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ae or strands of the conductor, whereby the strain to which 
the insul 





with terminals 11 tively connected to the various points in 
the transformer winding. The voltage that is applied to the 
armature 9 may be varied b; -yry ! the movable arm 10, 
while the voltage that is applied to the field-magnet winding 


remains constant unless independent and suitable means are 
provided for effecting voltage variation. If one terminal of the 





ting coating is liable is very much reduced, even when 

the conductor has a high ficient of expansion and the support 
a low coefficient. Upon a tube 1, which may be of porcelain, is 
wound spirally, or otherwise disposed, a resistive conductor 2 
which is composed of reflexed strands, and is preferably in the 
Mer ce 


























eand of the spindle h, this downward movement being arranged 
to continue until the various parts have come to the positions 
shown in the drawing. As water collects in the pipe and cools 
it, the consequent contraction of the pipe imparts an upward 
movement to the spindle A, raising the stop /! clear of the lever 
armi. The lever i being held by the delent m, the spring p will 
be compressed between the lever ¢ and the arm of the lever ' 
until the detent m is trip; by the stop h2. The lever é, being 





then free and under the influence of the compressed spring, 18 
suddenly thrown over on its pivot, and the other arm displaces 
the valve from its seating, so as to open the valve to the full extent 
practically instantaneously. The water is thus discharged from 
the pipe ¢ without the serious scoring action on the valve and 
seating which occurs when the valve is slowly opened. As the 
water is displaced by the steam, the pipe c again begins to expand 
and the lever i is tilted by means of the stop A! in the reverse 
direction, raising its arm to allow the valve to be closed by the 
of the steam, the detent m again engaging with the lever 





form of a flat braid having a loose open mesh. 


is | p i 
embedded, preferably wholly, in an insulating heat-resisting and | as shown in the illustration. (Accepted August 16, 1905.) 
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WILLIAMSBURG BRIDGE, NEW YORK. 
By Frank W. Sinner, M. Am. Soc. C.E. 
(Continued from page 544.) 
Design of Anchorages.—The anchorages are 150 ft. | bar chain engages a steel casting, 


in elevation in Fig. 45, 
curved shafts, and is s 
the connection-pins. 


u 
The 


— on ped 


two sections in the same vertical plane, as shown | from 1} in. to 2 in. thick, and from about 10 ft. to 
page 578, passes through | 14} ft. long. They have pins 6}} in. in diameter 
estals at} and about 64 ft. long, which are bored through 


wer pin in each eye-| their axes to receive 1,j,-in. bolts, with nuts at 
which bears | both ends, engaging forged cup-washers, which 


by 180 ft. rectangular masses of masonry, about | against the bottom flanges of the reaction girders, | cover the ends of the pins instead of nuts. The 
75 ft. high above grade, about 2793 ft. apart in the |and is seated on eight 20-in. grillage I-beams. | largest of the cast-steel shoes are about 10 ft. long, 


clear, and 5964 ft. from the centres of their ad- 
jacent towers. The Brooklyn anchorage is about 
114 ft. in extreme height above its foundations, 





The chains—a plan of which may 


be seen in 4 ft. wide, and 2 ft. 8} in. high, weighing 12 tons 
Fig. 46—are accesssible in their open shafts, be-| each. They have twenty-one main transverse webs, 
|tween which open wells are left to lighten the close together, so as to form separate pockets for 


and contains about 44,600 cubic yards of masonry | masonry, the wells being covered with a steel floor the eye-bars and give bearing for the pins, thus 


and 1600 tons of steel, besides 450 piles and 120,000 | on the top of the pier. 

















8742-11 6 17S > —- 66-6°- 
| ‘ | 4 
Fig.38| | : 


























ninth: 








The arrangement of the reducing the stresses in the latter to simple shear. 
cubic feet of timber in a foundation grillage 4 ft. ‘anchorage girders for the inner cables is shown in All the steel in the anchorage was cleaned by 
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\\\S B 60,000 Ib. 
H ! Construction of the New York Anchorage. — The 
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thick. The New York anchorage (shown in Figs. 
38, 39, 40, and 41, above) is similar, but the 
dimensions and quantities vary from those of the 








Fig. 47. The character of the masonry is similar 
to that in the tower piers, and the steel is made to 
high-grade structural and bridge specifications. The 


Brooklyn anchorage, and the timber grillage is re- anchorage reaction platforms have longitudinal and 


Placed by a 3-ft. bed of concrete, surrounding the | transverse plate-girders, 54 


ft. deep, with T-shaped 


tops of about 3000 piles. In each anchorage there | flanges made with pairs of 6-in. by 6-in. angles, 


are 432 piles under the reaction platforms, 


which | 15-in. side and cover plates, and are web-connected. 


latter are made with plate-girders, covered with a |The arrangement is shown in Figs. 48, 49, and 50, 
The floor-beams have short vertical 
The style of the masonry in the anchorage piers is | angles riveted to their webs, to bond with the con- 
similar to that in the main tower piers, shown in | crete footings of the superimposed masonry, and 


floor of deck-beams loaded by the pier masonry. | page 578. 


Figs. 42, 43, and 44. 


Each of the four eye-bar chains is divided into | 





| prevent the danger of its slipping. 
In each anchorage there are 1516 9-in. eye-bars 








178-ft. by 152-ft. area of the New York anchorage 
(Fig. 39) was excavated in earth and sand to a 
depth of about 22 ft. below the original surface of 
the ground, or 18 ft. below mean high tide. The 
22,000 yards of spoil were excavated by pick and 
shovel, loaded in 2-yard wooden boxes, elevated by 
boom derricks, placed on cars on an elevated ser- 
vice track, taken to the river bank and emptied into 
dump-scows, which were then towed out to sea. 
About sixty men excavated 700 yards of earth in 
ten hours, and it was handled by four stiff-leg 
derricks with 60-ft. 10-ton booms, which com- 
manded the whole area, and were operated and 
swung by individual double-drum hoisting-engines. 

Double-track service lines extended across the 
middle of the anchorage, around two sides, and 
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thence ag? “feo ry a — 140 cas Pie agegd 
shore line. The level tracks were laid on a floor ° Q 
16 {t. wide, on the top of trestle bents about 14 ft. WILLIAMSBURG BRIDGE; .ANCHORAGES AND CHAINS. 
high, except at the river end, where the width uv. 
was increased to 30 ft. to accommodate four lines aS 
of track. Storage for 3000 barrels of cement was 
provided under the floor, and concrete materials| ~~ 
were unloaded from barges alongside by two-boom| | 
derricks. The tracks passed over several streets,| | 
and a street-car line. and the cars were hauled by| | 
horses. The arrangement is shown in Fig. 51,| | 
annexed. 

The sides of the excavation were sheeted by anf --=-=-= 5, fe 2 : ‘ : 
12-in. by 12-in. piles 25 ft. long, driven with sixty i -- G19 8B Roe eo 5 Centre Lihe o 
or seventy blows of a 4000-lb. hammer striking a : ne >. 
vertical oak piece seated in a socket in the top of a 
cast-steel guide-block, with a socket in the lower 
side for the pile top. The bearing piles were driven 
until they penetrated only 2 in. under a 15-ft. blow - 
of the 4000-lb. hammer. ae se 3\ 2 : 4 

Most of the space between the anchorage pier ao 9.5). See an) cQru23"" = x «|< ~ 
and the tower pier had to be preserved unob- 4 ; 
structed to allow for the construction of the false- 
work for the shore spans, and an elaborate plant 
was installed there for the storage and handling of 
materials, and for the mixing and placing of the 
15,000 yards of concrete required for the footings. 
This plant was designed especially to secure sim- 
plicity, accuracy, and rapidity of operation, to work 
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\ oor Guder L 
\ ARRANGEMENT OF ANCHORAGE 
' GIRDERS FOR INNER CABLES 


p at Stel Platform 


with a maximum amount of power service, and a Mean. High. Water Eler-00.= 

minimum of hand labour, and to be suitable for VERTICAL SECTION ON CENTRE LINE 

use in future work executed by the same con- ANCHOR CHAINS. } 
tractors, who have, indeed, installed it again in Top of Grillage Platform 201 ELIE DER, | GOTEGUNE Spaced 15 Coc 
two or more important subsequent contracts. Sand M95 Sfrom Middle of Main Suspended Span 

and broken stone were unloaded from scows by the UPPER TIER OF BARS. qBare £4, 

derricks at the river end of the service tracks, and § Bars 3:43 Fia.46. r & 


delivered by dump-cars B on the elevated service 
tracks to forty 15-yard storage-bins under the 
tracks. Gates in the bottoms of these bins de- 
livered the materials to side-dump measuring-cars C 
on surface tracks, which discharged their contents 











into wooden boxes D in shallow pits F between the LOWER TIER eg ee ge 2 a A “aceon 
tracks. Cement bags were emptied into the boxes by sted tbe tw 4- id az sel, ¢- Ste hae | 

hand, and the latter were lifted by a trolley hoist on 6 » a9 L PLAN SHOWING PACKING OF LOWER ANCHOR CHAIN BARS 

an overhead bridge, carried to the concrete tower, pens.n) FOR ALL CABLES. 


and emptied into the charging-hopper on the upper 






poten. The contents of the hopper were de- hed ny Dade Boame 52:2 lbs. per ft.spaced « tage n° a Fia49 
ivered through a bottom gate and swinging funnel | aft owe sag gate where inte~ « | @ 218 251g5¢-7Lg. | Ug. 
to a cubical steam-driven concrete-mixer, which de- | ‘Popted by —— | FEFont 








| SOnpare walt (218 O6$ ‘ 



















































































livered to side-dump cars H on surface tracks carried +9" each 
over the anchorage pit. The cars were pushed by se eS Te 6 6 Oo oO Ts 7.0 0p] oo fy 0, + wri) 
hand and deposited the material wherever needed. SP ee eee Bea maar nas | BORS OR RnEKomeoome P| | RCT iccmceronea hex mecca (2 com exe HT 
Duplicate cars and charging-boxes were provided, lo lo o © 9 9 0 0 Of |o go o} siille bo of lo 9 of jo 
so that the mixing-machine was always served 5 : ' | | oe ace Ws ie 
without long delays. The engine driving the * Fig. 48. | S| ’ 1 . 
concrete-mixer is shown at E. It drives through off, Moly : Ne ° jo o} Py 
the belt I to the pulley P. With this plant a force P hee i eS WebS6eg «| iN", ae eff j| 2 
of about a dozen men, exclusive of those at the dock lo Iss sife RS 5 ellie lo Alo | . 
and storage bins, mixed and placed over 400 cubic 9 Fy 8 Pie ba | | fae ' 4 # 
yards of concrete in ten hours. Pa Girder ‘A’ “ie. | ; 

The maximum vertical pull of 14,800,000 lb. on je - e mm || rn Big 
the anchor chains is resisted by part of the weight 3 lo ° o| 2Pts. ol 72g a | i 
of the anchorage pier, which imposed a pressure of FS BS PPERPP SS! PP RAPS f Ate’ Ad’ SERF 
about 254,000,000 lb. on the 27,900 square feet of c F999 5905 900 Polo 90° 0° ole ll elo 0 Yolo ° oO tol o dt] 
footing surface, before the cable reactions were Psi 
developed, and about 239,000,000 lb. when the ol \15 19:5" 
latter ee a masonry has granite a8 7:10 CtoC. ete ae soreec eran +2 == 
facing and limestone backing, and was laid in ig. 50. 
mortar mixed in the concrete pubis. _— pecs thn one | 











All the masonry and steel work ‘was handled by 
two travellers moving backwards and forwards 
across the anchorage on parallel 34-ft. gauge tracks, 
supported on the top of the masonry and carried 
up with it. Each traveller had a 36-ft. by 52-ft. 
horizontal timber platform, with eight 33-in. car- sae 
wheels, between double longitudinal trussed sills. ee Tete 15°07 ss 
Each platform had on each of the three corners a : 
10-ton 55-ft. or 45-ft. boom, with vertical masts and Fig. 51. 
inclined legs, and also double-drum hoisting-engine Coa Nea = === 
and swinging engines, which were operated by TrROLLEY WIRE TRAVERSE LINE 
steam from the power plant, several hundred feet 
away. The travellers were moved backwards and 
forwards by winding up on their engine drums 
lines anchored front and rear, and were elevated 
as the masonry rose by wedging up alternately the 
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opposite ends of their track-stringers an amount > A 8 B B eins, Cae 
equal to the heights of the successive courses. ; ry 4S ah SS (oa Swinaine HARGING 
The weight thus lifted was about 140,000 Ib., and hi oe 7 fp L runmet \ ne 
required six men’s work for half-a-day. = 1 ING Tr bi ae ae te oa 

About 115 masons and stone cutters were em- & Ypocx y y 

ployed on the anchorage work, and averaged from hd eae ; ! 
200 to 300 yards a day. The face masonry was in : £} i ic)| cl] ic/ |E) | fw H 
courses about 3 ft. high, and the stones were & i 
remarkable for their large dimensions, regularity, Lay WY WW 1 li 





and smoothness. Few of them required any dress- 
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ing on the qua 

mall 7 ft. by 8 ft. by 24 ft., and the dimen- 
sions were limited only by convenience in handling. 
The stone was quarried in slabs about 28 ft. high, 
100 ft. long, and from 3 ft. to 10 ft. thick, which 
were detached from the stratum by rows of vertical 
holes drilled 3 ft. or 4 ft. apart. These holes were 
filled three-quarters full of water, plugged, and 
charged with black powder on the top. Cross- 
rows of similar vertical holes were drilled and fired, 
to break the slab into rectangular vertical prisms 
10 ft. or less on a side and 28 ft. high, which were 
tipped over into horizontal positions, and by means 
of plug and feather work were split into blocks of 
the thickness required for the different courses. 

Construction of the Brooklyn Anchorage.—The 
Brooklyn anchorage involved the excavation of 
about 45,000 yards of dry sand and occasional 
boulders to a depth of 47 ft., and moving the 
spoil 400 ft. to 600 ft., and across a crowded 
street to the dump-scows. In some cases the sides 
of the pit were sloped 1:1 to the bottom ; else- 
where they had a similar slope to a level 12 ft. 
above the bottom, and below that elevation they 
were retained by walls of double 10-in. by 12-in. 
horizontal timbers, laid up against 12-in. piles 20 ft. 
long and 2 ft. apart, braced with inclined struts. 
A few 12-in. by 12-in. sheet piles 50 ft. long were 
driven with great difficulty by means of a ?-in. 
200-lb. hydraulic jet and a 4000-lb. hammer, which 
could only sink them 15 ft. or 20 ft. at a rate of 
4 in. per blow at the last, and ata cost of about 
30 dols. per pile. 

The spoil was excavated by pick and shovel, 
working at undermining vertical faces 15 ft. or 
20 ft. high. The spoil broke off in sections 6 ft. 
or 8 ft. thick, crumbled, and was loaded into 
2-yard wooden boxes having bottom trunnions 
engaging notches in the frames of car-trucks on 
the elevated four-track trestle platform. This plat- 
form reached from the anchorage to the river, and 
crossed the street with a three-truss overhead 
wooden and iron bridge of 39 ft. clear span. The 
spoil-boxes were lifted from the pit by four 55-ft. 
16-ton trussed booms on each of two tower derricks, 
and set to command the whole area of the anchorage. 
They were moved vertically, but not horizontally, so 
as to handle the masonry after the excavation was 
finished. Each tower was 60 ft. by 38 ft. in plan, 
and 63 ft. high, with four wooden vertical posts, 
wooden horizontal struts dividing it into two panels 
vertically, and adjustable pin-connected diagonal 
rods. The booms were pivoted to masts adjacent 
to the corner posts, and the joints, splices, and 
connections were made with steel plates bolted to 
the timber. Each tower carried two four-drum 
hoisting - engines, both of which could be con- 
centrated on a single boom for lifting the 29-ton 
girders, The towers were supported on piles and 
cribbing under each corner t, and were jacked 
up as the masonry pr a 

The service tracks sloped upwards gently from 
both ends of the trestle-work to the centre, where 
there was a cable operated by a hoisting-engine 
which hauled trucks up-grade both ways, and allowed 
them to run down-grade by gravity. Two single 
cables with a speed of 500 ft. per minute were 
used, and a car made a round trip and was dumped 
in one minute seventeen men being required in 
all to operate the system, cables, cars, engines, 
and derricks. Concrete was mixed in a cubical 
machine located under the service tracks and 
driven by a hoisting-engine, operated, as were the 
pumps and all derrick engines, by a battery of four 
+5-horse-power boilers located at the river bank. 
‘Twenty-five are lamps provided illumination for 
night-work, and a total force of about 175 men was 
employed, double turn. 


(To be continued.) 








THE CONTINENTAL FIRE SERVICE. 
By Evwin O. Sacus, F.R.S. Ed., Architect. 
(Continued from page 512.) 
GerMany—Tue Beruw Fire Bricave. 
Cost or THE BricapE. 

_Iv is always a matter of some interest, in con- 
sidering questions of fire-brigade organisation, to 
look at the matter of expenditure. The total ex- 
pense of the Berlin brigade for the year 1904 is just 


under two million marks (100,000i.) ; to be exact, 
1,999,636 marks. This figure is particularly inte- 


faces. The largest block set! 


numbered just about two million souls ; to be exact, 
2,007,996. This practically means that the brigade 
costs a mark, or 1s., per head of inhabitants. I 
have not the figures before me for an exact analysis 
of the accounts for the year 1904, but I have the 
necessary particulars for the year 1900, in which 
year the budget was 1,720,000 marks, or, say, one- 
eighth less than last year’s budget ; and this will, 
perhaps, suffice as a guide. 

The salaries of the officers and office staff in 
1900 amounted to 120,000 marks (60001.) ; those of 
the warrant officers and foremen to 154,000 marks 
(77001.) ; and those of the men to 940,000 marks 
(47,000/.). Clothing absorbed 83,000 marks (41501. ); 
the brigade's own horses, with forage and harness 
repair, cost 93,000 marks (46501.). The contribution 
towards the telegraph and fire-alarm service, worked 
as a common establishment with the police, was 
28,000 marks (14001.). Of the minor items, an inte- 
resting one is 7000 marks for lighting at fires—i.e., 
about 3501. per annum is spent on torches, mag- 
nesium, and other artificial lighting used at actual 
fires ; and there is also an item of 1000 marks (50I.) 
for the travelling expenses of officers visiting a fire, 
or the scene of a fire, outside Berlin for the purpose 
of obtaining instructive data. Ali the above items 
may be looked upon as ordinary budget items. 
Besides this there is an item of 65,000 marks 
(32501.) for additions to the brigade—i.e., additions 
4 capital account, horses, new appliances, and the 
ike. 

As indicated above, the whole of the budget, 
although expended independently of the muni- 


light engines for work with the individual units, and 
heavy ones for the second units, quartered at the 
divisional centres. The drawing practically ex- 
plains itself. 

In Figs. 101 and 102, page 581, the compressed- 
air engine, as used by the Berlin brigade, and 
introduced by the late Chief Officer Giersberg, 
is illustrated. As indicated elsewhere, the com- 
pressed air is here used in this brigade, whilst 
practically every German brigade using a chemi- 
cal engine applies CO, for power purposes. 
Why Berlin should have preferred compressed 
air I have not been able to understand. The 
official version, as given by the late Chief Officer 
Giersberg on the occasion of the Berlin Inter- 
national Fire a of 1901, was that he con- 
sidered comp air safer for the tire-service 
purposes than CO,, having regard to the fact that 
an increase of temperature increases the risk of 
explosion where cylinders of CO, are used. Except 
for the application of compresed air in place of 
CO,, the appliance, however, is practically a 
chemical engine in the general German sense—-i.e., 
an engine where plain water is used with the aid 
of the application of CO, for pressure purposes. 
I will hence not deal with any of the mechanical 
points relating to the Berlin compressed-air appli- 
ance on this occasion, as I am dealin with German 
chemical engines generally later on. I would, 
however, mention that one of the appliances, as 
used in Berlin, was exhibited at the l’s Court 
Exhibition of 1903, and received a special distince- 





tion. The capacity of these Berlin a is 
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Police—has to be voted by that body ; but it is also 
interesting to observe that the Government makes 
some slight contribution to the expenditure, having 
regard to the large amount of Government property 
in Berlin, this contribution figuring at 99,000 marks 
(or close on 50001.) ; whilst the Mutual Municipal 
Insurance Fund also contributes an annual grant 
based on the percentage of the premium income. 


EQuIPMENT. 


To publish illustrations of all the a , 
pliances of the Berlin brigade would scarcely 
in place at the moment for reasons stated above, 
but photographs and drawings may be given of the 
three primary appliances—namely, the steam fire- 
engine, the compressed-air engine, and the 80-ft. 
mechanically-raised long ladder (Figs. 99 to 104, 
pages 580 and 581), I think I may. even safely 
prognosticate that these three appliances, with 
some slight variations, will form the general work- 
ing unit of the future, although we may find com- 
pressed air replaced by CO,, and perhaps the whole 
unit propelled by motors, as in the case of Han- 
over. In any case the unit will comprise the 
compressed-air engine starting off first, the 80-ft. 
long ladder second, and the steamer third in 
rotation, the compressed-air engine carrying spare 
coal and a considerable quantity of hose, as 
in the case of the Vienna Fire Brigade—i.e., serving 
as a kind of tender to the steam tire-engine after it 
has done its primary duty of providing water under 
pressure at the earliest moment after its arrival at 
a fire. 

An engraving, showing the design of the steamers 
of the Berlin Fire Brigade, is given on page 580, 
and may be compared with the Vienna steamer 
already presented in Fig. 21, page 109, of the last 
volume of Enoinegerinc. It will be observed 
how different the types are, and this difference 
will again be found with the other types which I 
shall illustrate in the course of my description of 
the French service, and the fire services of other 
countries. The design illustrated is practically 
the universal design for all the steam fire-engines 
of the Berlin brigade ; but different sizes with dif- 





ferent efficiencies are provided. During recent 
times the principle observed in purchasing steam 





resting, as the inhabitants of Berlin in 1904 also 


fire-engines for Berlin has been to obtain fairly | 


containing compressed air are placed underneath 
thetank. The —— of each cylinder is 37} litres 
(8} gallons), and the compressed air exerts a pres- 
sure of 8 atmospheres. The appliance is so con- 
structed as to have accommodation for a coachman 
and eight men. It carries a good supply of hose 
on hose-reels, and a jumping-sheet. It also carries 
two hook-ladders, three scaling-ladders and a 
smoke-helmet. A small store of reserve coal for 
the steamer is carried, as well as some heavy hose 
for steamer use, for the reasons given above. The 
appliance illustrated is constructed by Messrs. 
uehlstein, of Charlottenburg, near Berlin. 

As to the mechanically-raised long ladder at 
Berlin, an illustration is presented in Figs. 103 
and 104, page 581, of the appliance ready equipped 
for turning out, and it will seen how the 
appliance is fitted up, with its additional minor 
ee We have already shown illustrations 
of similar appliances in our previous article, 
constructed by Messrs. Honig and Co., of Cologne, 
but the example here presented is actually an 
85-ft. ladder, with manual raising gear. A point 
that claims attention is that the upper length of 
the ladder has been strengthened by the addition 
of two wires running along the inside of the 
— whereby the strains are better equalised. 

he illustration shown presents, as indicated, one 
of these long ladders in which manual labour is 
used for raising; but three similar ladders are in 
course of construction for Berlin, where mechanical 
raising gear is being applied. These Berlin ladders 
all run on ball bearings, and are very easily driven. 

But, as emphasised previously, the minor appli- 
ances are a feature uf the Berlin brigade, and for 
this reason we shall present illustrations of quite a 
number of these, as was also the case in Vienna. 

A very characteristic appliance of the Berlin 
brigade is its collapsible hand ladder, popularly 
described as the ‘pole Jadder,” which is a very 
light and handy ladder. I have frequently seen it 
used for ramming in doors; I have seen two of 
them turned into a stretcher, hose being. used to 
form the bed of the stretcher. In fact, of all the 
minor appliances, this is probably the handiest to 
be found in the brigade. Similar appliances are, 
of course, constructed in other countries ; but, 
somehow or other, the Berlin type is a specially 
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STEAM FIRE-ENGINE FOR THE BERLIN FIRE BRIGADE. 


CONSTRUCTED BY 


MESSRS. BUSCH, 
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efficient one, and for this reason we have pleasure in 
publishing a working drawing (see Figs. 105 to 107; 


page 579). ' 
Wet us (To-be continued.) 
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COMPOUND LOCOMOTIVES ON THE 
GREAT WESTERN RAILWAY. 
By A. G. Rosrys, M.I. Mech. E. 

Axsovut twelve months ago.I was enabled to lay 
before the readers of ENGINEERING some account 
of the work being performed by the express loco- 
motives: of the Great Western Railway. I then 


made mention of the fact that Mr. Churchward 
had ordered a de Glehn- four-cylinder compound 
engine from the Société Alsacienne de Constructions 
Mécaniques, at Belfort, which engine he proposed 











to thoroughly test in competition with the most 
powerful engines of his own design constructed at 
Swindon. he engine in question, ‘‘ No. 102,” 
appropriately named ‘‘ La France,” was delivered 
during the spring of last year, and has since been 
running regularly, taking the fastest and heaviest 
expregses on the main line between London and 
Plymouth. Now an experiment of this kind, to 
be of any real value, must be carried out thoroughly 
and with absolutely no suspicion of bias or 
favouritism. Such has been Mr. Churchward’s 
intention from the first, and ‘‘ No. 102” has had 
every opportunity of showing the work she is 
capable of performing. But it was very soon 
realised that one engine of an entirely novel type 
was by itself hardly sufficient to prove the real 
value of the de Glehn system. Everyone who has 








had to deal with locomotives knows well that 
certain engines of a class will always do better 
thaa others built from the same patterns to the 
same design. Further, the drivers themselves vary 
greatly, some being capable of getting much better 
results from the same engine. It was not feasible 
to go on trying different sets of men on the new 
engine, particularly as it takes some time to get 
the men accustomed to the intricacies of a four- 
cylinder compound. It was consequently decided 
to place an order for two additional engines of the 
same type, but with increased dimensions, and 
these two engines, numbered respectively ‘‘ 103. 
and ‘* 104,” were delivered in the spring of this 
year, in time to take part in the working of the 
summer traffic. 








It will be convenient if I here record (see Table I., 
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MODERN FIRE APPLIANCES FOR THE BERLIN FIRE BRIGADE. 


(For Description, see Paye 579.) 
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Fig. 102. _Compressep-Airn ENGINE. 





CoMPRESSED-AIR ENGINE ; CONSTRUCTED BY Messrs. KUELSTEIN, 
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below) the leading dimensions of both classes ; 
and as at the present moment the compound 
system is being tested by several of our leading 
railway companies, I give a separate table (see 
Table II.) showing four other types which are 
now running—namely, two engines on the Great 
Northern Railway, one built at Doncaster and the 
other designed and built by the Vulcan Foundry 
Company, Newton-lo- Willows; one each for the Mid- 
land Railway and the London and North-Western 
Railway, the former being a three-cylinder com- 
scree on Smith’s system, and the latter Mr. Webb’s 

type of four-cylinder compound. It is not my 
intention to go into the history ef locomotive com- 





pounding in Great Britain, full of interest though 
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satisfaction on the London and North-Western 
Railway when first produced; but now, owing 
to the alteration made in the valve-gear by Mr. 
Whale, whereby an independent cut-off is given 
for high and low-pressure cylinders, I believe they 
are doing very good work. 

These tables bring out very forcibly the extra- 
ordinary difference in dimensions of cylinders of 
the various types now undergoing trial, as also the 
difference in boiler power. Bu‘ returning now to 
the French engines on the Great Western Rail- 
way, an excellent photograph which has kindly 
been supplied by Mr. Churchward, and which is 
reproduced in Fig. 2 on page 581, gives a very 


while an outline diagram is given in Fig. 1 on the 
present page. The appearance is really hardly so 
imposing as the dimensions warrant, and seen 
alongside a Swindon ‘*‘ Atlantic,” fails to dwarf the 
latter; yet the boiler is the largest at present 
running in this country, and the height of boiler 
centre from rail level is only 4 in. less than that of 
Mr. Wilson Worsdell’s monster North-Eastern 
‘* Atlantic,” and 4$ in. more than that of the 
biggest Great Western engine. 

In the de Glehn engines the high - pressure 
cylinders are placed outside the frames, and drive 
the trailing coupled wheels, the two low-pressure 
cylinders ) Bree inside, and driving the leading 





good idea of the general features of ‘‘No. 104,” 


Fig. 1, 






7 
TOTAL 65.) EMPTY 
¢: 946 ——---7'6" 






coupled axle. Walschaert valve gear is employed 
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Tasie I.—Chief Dimensions of Great Western Four- | 
Cylinder Compounds (De Glehn System). 

















o »” 
Seton “No, 102.” ss agg and 
Cylinders, H.-P., diameter | 13} in. (two) | ast in. (two) 

” L.-P. ” ee | vs ” ” 23 ” ” 

n stroke. . oe -| 257, in. 25, in. 
Coupled wheels, diameter 6 ft. 84 in. 6 ft. 8} in. 
Trailiog ,, - oo | Se 48 be Tan | 
Bogie ” ” bs ” ll ” 8 ” ” | 
Boiler barrel a ++ 445 OFe 4 55 Ll far 

he ee ee. | ane 
Heating surface : Tubes -.| 2288.7 sq. ft. 2582.7 sq. ft. 

Fire-box ..| 167 a ae 

Total .| 2455.7 eq. ft. 2755.7 sq. ft. | 
Grate area.. es es -.| 20.5 eq. ft. $3.3eq. ft. | 
Weight on tomes wheels ..| 3ttons 5 cwt. 28 tons 10 cwt. 

: » trailing ,, ables eS wv | Bw it 
” bogie ” oo [| BE ee 8B i | DW op 8 
Total (full) .. ..| 64 tons 10 cwt. 
227 Ib. 


73 tons 8 cwt. 

Boiler pressure .. a “A 227 Ib. 
», height of centre above 
va ii “+ | 


rails 8 ft. 3} in. 8 ft. 104in. 


Tass IL,.—Chief Dimensions of British Four - Cylinder 























dives. 
— bet 3 z >. | = 
* i . ms a: ia : | 
$3 8/33 i \SeEsi a 5 | 
A: A ol | 2 & = z z | 
od ia 6 2s 5 26 
$552 | gece PEES Sac | 
rc) Bs io es: 3” ee a B: 
Cylinders, H.-P., di t 14 in. 13in. | 15in. 19in 
(two) (two) | (two) (one) 
a L.-P Pm 23 in in. | in. 2lin 
(two) (two) | (two) (two) 
Stroke 23 in. and|20 in. and) 24 in. in 
26 in. 26in. | 
Coupled wheels, diameter 6 ft. 8 in.| 6ft. 8in. |7ft.1 in 7 ft. 
ae ” ” 3 ” ‘ig ” an 8 ” 9 sit 1 
le ” ” © ov» ” ” ” 3 ” ” 6} in 
Boller barrel ” 5 ” » | 5 ” 6 ” ve € ” 5,, By, 
os length .. 11ft.llin.; 16 ft 10 ft. 11 ft. 
lljin. 11} in. 
9 centre above 
rails a on -» 8,,10,, |8 ft. 8} in. 8ft. 1jin 8 ft.6in. | 
Heating surface : tubes.. 2344 sq. ft./23508q. ft | 1328.5 1448 
| sq.ft. sq. ft. 
i » __ fire-box 170 ,, | 141 ,, 179.2 1E0 
sq. ft. sq. ft. | 
m . total .. 2514 ,, 2500 ,, | 1607.7 | 1598 | 
sq. ft. sq.ft. | 
ates... ..i«....:| Ba 30 ,, 20.58q ft 26 eq. ft. | 
Weight on coupled wheels 37 tons (36. 10ct.| 87t. 38t. dct. | 
ss trailing » (18%. 15ct.) Id4tons | j 
a e » 206.5 ot. |18 t 10 ot, 208, 12ct 20t, Get. | 
Total .. .. .., Tl tons | Btons (57t. 12ct!58t. dct. | 
Boiler pressure ..  ..| 2001b. | +200 1b. | 176 Ib. 195 Ib. | 


! 





the subject is, but it is necessary to state that until | 
the present year compounding 
proved more or less unsatistactory on British rail- | 


ways; at any rate, it had ceased to make any | 8t#Ph for} mile. 


progress whatever. Mr. Thofas W: Worsdell’s two- | 
were compounds, both on the Great Eastern | 

ilway and also on the North-Eastern Railway, | 
have ceased to exist. Mr. Webb’s three-cylinder 
engines, of which so many have in past years 
been turned out of Crewe workshops, have been, 
or are now being, withdrawn from service. The 


four-cylinder cage 
are giten in Table II., above, failed to give any 


the dimensions of which | mite-posts |. 





Tas.e III.—Showing Working of Great Western Railway | 
Express from London to Plymouth.—Loe A. 
Load : Five eight-wheelers and one twelve-wheel dining-car = 
197 tons. 
Locomotive : ‘t No. 103,” French compound ; Driver Springthorpe. 


























Mileage. — | Time. |Speed Remarks. 
mils. che. lbh ms 
Paddington, dep. ..|10 10 0 
Mile-post 6 pass.. 101812) .. (#0. 1in 1760 up. 
» «= 8 gg --- 102019] 60 
| * 40 *, :\10 22 12] 60 | 
se“ 10 29 35} 65 
a Se LO 31 19| 69.2 |72. (See note.) } 
ae J. 10 40 35) 65 } 
Reading (36) ,, 10 46 10} 64.2 | LO seconds late. | 
Mile-post 38 ,, 10 48 0} 66.4 |P.W.,slack, 15m.p.h. 
99 40 ,, 10 61 10) 37.8 | 
o 50 ,, .-/tL 1 6} 61.5 
53 9 |Uideot ..,, ..|LL 8 55| 64.1 |55 seconds late. 
Mile-post 60 ,, 11 10 14) 65.7 |1 in 660 up. 
sage ee LL 19 45) 63.5 
77 21 |Swindon .. ,, |t1 26 36) 63.5 |24 sec. before time. 
Mile-post £0 ,, ../11 29 &| 65.9 
o 81 ,, tL 32 41/ 67.9 |70 
Ne 86 Cy, /LL 84 20) 72.7 |79.6. 1in 100 down. 
ae 8 tl 35 54) 76.5 |30. 
en 0 » |t1 37 25) 79.1 |79.6. 1 in 660 down. 
o 92 » \11 39 0} 75.7 
» 99 4, .. {tL 45 18] 66.5 
» 102 ,, ../1 47 50) 71.8 1775. 
» 106 ,, ../t1 51 10) 65.6 
106 69 | Bath -|t1 52 15} .. |3 m. 458, before 
time. 15 m.p.h. 
116 78 |Bristol East Dépéot |12 2 4C) 58.2 |3 m. 20 s. before 
time. 10 m.p.h. 
120 55 | Mile-post 121* 12 9 2 
” 0 -- {12 27 12) 68 
~~ 160 pasel12 45 40| 63.3 | 
Taunton (163) 12 48 45} 58 |im.15s. before time. 
Mile-post 170 ,, /|12 55 45) 60.3 | 
” 132—=«y,g_:s« (12 BBG} «62.5 [45. 1in 90 up. 
ee 174, 1 1 7| 38.4 |36. lin 80Oup. 
” 1% ,, 1 8 23) 52.9 
o 180 ,, 1 6 45) 71.4 |75. 
” 19) 1 14 55) 78.1 |77.5. 1 in 207 down. 
o 193 ,, 1 17 35) 67.6 
193 50|Exeter 11910) .. |7m. 50s. beforetime; 
; 5 m.p.h. 
Mile-post 194} arr. | 121 0 Checked by signals 
from post 193 to 
post 1944, 
“yy. 194} dep.| 1 21 85 
213 65|Newton Abbot ..| 1 48 25) 44.3 |Checked and nearly 
| stopped by several 
P | signals, | 
Mile-post 215 pass 1 49 45) 42.2 
“9 218 ,, | 155 0| 84.2 [18.7 1in 43 up. 
» 224 4, | 2 8 5! 448 |Lin 5lup. 
% 226 «|, + 2 7 +5 380 
| 9 227. = ,, | 2 9 15) 27.6 25.7 1in 68 up 
| ” 230 ,, 2 410) 36.6 
| at 240 =,, 22445) 58 |Checked by several 
signals and stopped | 
| at post 2444 
} 2 2444, arr. 231 © | 
| 4  24#b,dep.| 234 C 
_| 245 53 |Plymouth North-| 2 88 15 tm. 258. late 
: , arr. ' | 





* Route via Bristol relief line 25 chains shorter than shown by 


may be said to have | mile-posts. | 


Nots.—The figures in italics give the speed as taken by chrono- 








Average Speed. 
= . 
From To Distance. Time. Speed | 
* (Gnls. ch. min. se. | 
Paddington .. Plymouth North-road.. 245 53 26815 654.9 
. Mile-post 2444 .. -- 24435 | 261 0 66.1 
” ” 944 193 75 191 0 60.9 
” ” 205 204 55 20412 60.1 
ae 106 69 610215 | 62.6 | 
Mile-post 106 100 0 9258 64.5 | 





5 i 





TABLE 1V.—Showing Working of Great Western Railway 
Express from Exeter to London.—Loc B. 


| Load: Twelve eight-wheelers, one six-wheeler, and one twelve- 


wheel dining-car = 340 tons. 
Locomotive : ‘‘ No. 103,” French compound ; Driver Springthorpe. 





























| | 
| Mileage. | — Time. Speed | Remarks. 
mls. ch.| h. m. s. 
Exeter, dep. --{12 12 0 |5 minutes late. 
Mile-post 193 pass|12 1440 .. ‘lin 377 up 
rite 192} ,, |12 15 28) 37.5 
Bex: 192 ,, |12 1613 40 
| * 191 ,, |12 17 37| 43 
o 190 ,, |'2 1855) 46 |48.6. 1in 207 up. 
ss 189 ,, |12 2013) 46 
~s 188 ,, |12 21 25) 50 j51.4. (See rote.) 
oe 187 ,, |12 22 38) 49.3 |1 in 222 up. 
fara 186 ,, |12 23 50) 50 
a 185 ,, |12 24 55) 55.4 (56.2. 1in 310 up 
3 184 ,, |12 26 2 53.7 | 
va 183 ,, |12 27 5) 57.1 |60. lin 440 up 
‘ 182 ,, |12 28 10) 55.4 
9 181 ,, |12 29 14) 56.2 ‘1 in 154 up. 
” 180 ,, {12 30 20) 54.5 
- 179 ~,, [12 31 33) 49.3 
89 178 ,, |12 32 38) 55.4 |L in 220 up 
»” 177 ,, {12 33 40) 58 
+9 176 ,, |L2 84 48) 52.9 |24 milesat lin 115 up 
» 175 ,, |12 36 4) 47.3 
ae 174 ,, |12 37 29) 42.3 |4 min. 10 sec. late, 
rt 
” 172 ,, |L2 39 47) 52 78.2 
»” 164 ,, |12 46 5) 76.1 (80.3. 1in 80 down 
Taunton (163) ,, |12 46 53) 75 /|3 min. 53 sec. late 
\Mile-post 162 7” |12 47 43| 72 
” 160 ,, |12 49 24) 71.2 
a 150 ,, {12 57 46) 71.4 
” 140 , | 1 8 38) 55.5 
” 120 ,, | 1 28 38) 60. 
75 17 |Bristol, Pylle Hill) 1 30 25 - |2min. late; 10 miles 
| Junction per hour 
76 52 Bristol, East Dépét| 134 12| .. 
86 61 Bath.. an .-| 1 46 0} 51.3 |2 min. late;15 m.p.h. 
Mile-post 105 pass; 1 48 40) 41.9 
| ” 103 ,, | 151 0} 51.4 
” 102 ,, | 152 7| 53.7 | 
a 101 ,, | 1 53 15) 52.9 | 
” 99 ,, | 156 5) 42.3 |Box Tunnel, 1 in 100 
up 
a 90 ,, | 2 580) 57.4 |62.5 
6 85 ,, | 211 0| 54.5 |43. 1in 100 up 
Do Sas 80 ,, | 2 16 58| 50.3 | 
116 29 Swindon -+ 99 | 2.19 47| 58.9 |1 min. 47sec. late, 61 
|\Mile-post 70 ,, | 2 26 52) 61.2 
| oo» 60 ,, | 236 0| 65.9 \66.6 
Pe cag 55 ,, | 2 40 35| 65.4 | 
139 70 | ” 53garr.| 24215) .. |Right time ; stopped 
| by signal 
| 58} dep.| 2 46 55| 
140 41 | Didcot Station, pass) 2 48 35) | 
|Mile-post 51 ,, | 251 42| 40.6 
Me 49 ,, | 254 0} 52 
” 44 ,, | 259 O| 60 
» 40 ,, | 3 2 52) 62 
157 50 |Reading (36) ,, | 3 6 40) 63.1 | 7min 40sec. lite. 
162 50 |Twyford (31) ,, | 3.11 38] 6024/7 ,, 38 » 
175 14 [Slough +» «| $28 221 64.1 | 6 a 
193 50 | Paddington, arr. ..| 3 42 30 5» Ww in 
Nors.—The figures in italics give the speed as taken by chrono- 
graph for } mile. 
Average Speed. 
From To Distance. Time. Speed 
- mls. ch. min sec ; 
Exeter . Paddington... 193 50 210 30) 55.1 
- . Bristol Pylle Hil 75 WZ | 7 25) 5 
we .. Foxhall Junction 139 70 150 16 55.5 
FoxhallJunc. Paddington 54 60 55 35 53 


for both sets, and is controlled by one revers- 
ing wheel on the right-hand side of the foot- 
plate, a very simple locking device enabling the 
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driver to vary the cut-off, either independently or | sanding gear is provided for both coupled wheels. 


both together. An auxiliary regulator is supplied, 
enabling steam to be admitted direct from the 
boiler to the low-pressure cylinders, a blow-off 
valve, however, limiting the pressure to 75 lb. per 
square inch. A flap-valve, worked by a separate 
lever, directs the exhaust from the high-pressure 
cylinders into the blast-pipe when required for 
working the engine non-compound. There is no 
doubt that the success of this type of engine 
is largely the result of these arrangements, which 
place two valuable adjustments in the driver’s hands 
—namely, first, the power to start a very heavy 
train with great ease and no slipping; secondly, the 
power to so alter the expansion that the greatest 
economy may be obtained without detracting from the 
tractive force of the engine. The springs through- 


The tender was constructed at Swindon, and is 
the latest pattern, fitted with water pick-up appa- 
ratus. The workmanship throughout is Secb-claen, 
and reflects great credit on the builders. 

English engineers will, no doubt, be keenly 
interested in seeing how a type which has proved 
so eminently successful on the Continent acquits 
itself when dealing with our own express traffic. 
Thanks to the courtesy of Mr. Churchward and 
the officials of the traffic department of the Great 
Western Railway, I have been enabled to study 
the working of ‘‘ No. 103” both on the foot-plate 
and also in the train; the results of my observa- 
tions I now wish to place before the readers of 


| Encrneerinc. During the past few weeks I have 


been able to learn a good deal as to the capacity 


TABLE V.—Suowi1ne Working or GREAT WESTERN RaiLway “ LIMITED” EXPRESSES FROM 


Locomotive: ‘‘No. 103,” 


DIsTANCES. 


Time. Speed. 





PLymMovuTH To Lonpon. 


| . 


Loe C 


4 | Loe D. 

1 French Compound; | Locomotive :? “No. 180,” ‘ Atlantic.” 
Driver Springthorpe. Load: Five eight and one 
twelve-wheel bogies = 197 tons. 


Driver Butcher. Load : Five eight and 
one twelve-wheel bogies = 197 tons. 








REMARKS. | Time. | Speed. REMARKS. 
nils. ch. | h. m &. | h, m. &. | 
Plymouth North Rd. dep.| 12 35 0 | |} 1235 0 | 
Mile-post 243* pass ../ 12 40 15 32.5 1240 5 83.7 | 
ve 240 4, ../ 124510) 366 | Lin 42up. 12 44.25 | 41.7 
| a 238 =, --| 12 49 30 27.6 17.3, 1in 133 up. 12 40 22 30.3 19.1, 
| «.  « | 125055 | 42.3 | 1 in 201 up. 12 49 35 | 49.3 
cs ee | 12 67 42} 44.1 | 1in 100 up 126520] 52.1 | 5h. 
as 227 | 1 333| 612 1015] 612 
23 13 | Totnes me oy “oe F ss | 1 min. 5 sec. late a | 
Mile-post 221 pass ..| 110 3) 55.4 1 639; 562 
on | 11110/| 63.7 1 in 89 up 1 750/ 650.7 
4 219 ,, | 11215/| 55.4 | 1in40up eat ma I 
ae sis ., | 11355; 36 21.4 11057 | 3815 25.7. 
31 68 Newton Abbot " 11910; 442 20 sec. before time 11625 | 44.4 | 3m. 58. before time. 
52 8 Exeter ae sie --| 14417) 50.6 43 secs. before time ; 5 m.p.h. 14110; 48.9 | 3m. 50s, before time. 
Mile-post 193 pass ..| 1 45 40 143 2 | 
= 190 ,, .| 14912) 509 | 56.2 14657 | 461 | 
i ae .-| 15930) 582 | 585 157 7| 581 | 58.8 60. 
Burlescombe 174 .. --| 2 6 2 52 lin 115 up 2 8 35 55.3 48. 
Mile-post 173 pass ..| 2 7 33 52.9 | 2 442 53.7 
9 172» --| & 820 63.1 79, 80.3. 81.8 2 5 35 67.9 77.6 
“ 165 ,, 214 0) 763 80.3. 1in 80 down 211 15 75 
82 66 Taunton... ee 2 15 35 “ 25 sec. before time. 2 12 60 es 3 m. 108. before time. 
Mile-post 163 ,, 21541 71.2 | 21257] 70.5 
- 160 ,, 21810; 72 21541) 66 
°° 140 ~,, 2 36 28 65.5 69.2 2 33 59 65.5 67.9 
- _. = --| 26645 62.1 Checked by signal at Bedminster. 2 52 35 61.5 
127 20 Bristol Pylle-hiliJunction| 2 58 45 os 45 sec. late. 2 54 20 a 3m. 408. before time. 
128 55 +»  Eastdépés --| 8 145 Se 10 miles per hour. 2 68 30 
138 64 Bath a a --| 81340) 508 40 sec. late; 15 m.p.h. 310 35 | 650 2m. 25s. before time. 
Mile-post 101 pags 32015 | 53.2 + 1in 100 up 31715 | 52.7 
2 9 ,, 3 22 40 49.6 3 19 45 48 
a OS ws 32750) 58 642 32440) 61 70.3. 
ae 85 ,, 8 36 25 | 62.7 | 69.2 3 3255 | 65.4 72. 
os 83 », 338 40) 53.3 51.4. 1in 100 up. 3 34 57 59 57.5. 
168 32 Swindon .. o 34425 60 25 sec. late. 3 40 30 | 62.1 | 3m. 308. before time. 
Mile-post 70 pass 351 2) 659 | 68.5 3 47 26 | 63 
»  » 3 59 45 68.9 70 3 56 37 65.2 70,3. 
192 44 Didcot re 4 610 64.6 | 50sec. before time 4 237] 69 4m. 238. before time. 
Mile-post 40 pass 41755 67.8 41418) 67.1 | 
209 53 Reading (36) * 42127 67.9 | 70.3. 2min. 33 sec. before time 418 3] 64 5 m. 578. before time. 
Mile-post 24 pass 4 32 31 65.1 4 29 33 62.6 | 
Pa 8 » 44817 60.7 4 45 21 60.7 | 
me Sw» 45415) 60.4 45121 | 60 
245 53 | Paddington, arr. .. 4 57 40 -. | 2min. 20 sec. before time 455 5 es 4m. 558. before time. 


* Mile post 243 = 242 miles 55 chains ex London, due to short route vid Bristol relief line, 





Nott.—The figures in italics give the speed as taken by chronograph for } miles. 


Average Speeds. 





Loe C, Loe D. 
From To Distance. ro — 
Time. Speed. Time. Speed. 

3 mis. ch. min. sec. min. sec. 
Plymouth .. Paddington 245 53 262 40 56.1 260 5 £6.6 
. es - _ ve Newton Abbot 3l 43 44 10 42.8 41 25 45.6 
Exeter a) + os ‘ Paddington 193 50 193 23 60 193 55 59.9 

” = oe us ° Mile-post 174 19 50 £2 «68 53.1 21 25 55 

” ii ois oe _ <s Bristol Pylle Hill 75 17 74 28 60 5 73 10 =| 61.6 
Bristol East Dépot on os Swindon 89 54 42 40 55.9 422 0 | 56.7 
Swindon .. oe * Paddington 77 21 78 25 63.1 74 35 62 





out are laminated, equalising bars being provided 
for coupled and trailing wheels. The blast-pipe has 
4 variable orifice, the diameter ranging from 44 in. 
to 7}in. This is controlled by a small hand-wheel on 
the foot-plate ; but I would suggest that its use might 
be facilitated were an indicator supplied to show 
the position of the gear ; short of being fully open 
or closed, it is hardly possible for a driver to re- 
member how many turns he has given the hand- 
wheel. The injectors (two) are of the usual Conti- 
nental Friedmann pattern, the working of which 
has, so far, not been altogether satisfactory. The 
leading bogie is very similar in design to that of 
: he 7 ft. 8 in. single-wheel engines constructed by 
Ir. Dean, the centres, however, being unusually 
a apart—namely, 7 ft. 6;%;in. The smoke-box 
oor is bellied outward to a somewhat unusual 
shape, presumably in order to prevent buckling 





and the making of an imperfect joint. Steam 





of both English and French engines for dealing 
with light and heavy loads at high speed, and, 
further, have made notes on the foot-plate which 
enable one to arrive at a far truer appreciation of 
their powers than would be afforded by any number 
of mere train timings, however carefully the latter 
may be compiled. 

It will, I think, at once be admitted by all engi- 
neers who are cognisant of the physical conforma- 
tion of the Great Western main line that the 
satisfactory working of the existing train service 
is, of itself, a very excellent testimonial for an 
express locomotive. There are, however, many 
readers of ENGINEERING, either domiciled abroad 
or who are not in close touch with home matters, 
to whom the mere perusal of the results I am about 
to record would convey little meaning ; a few words, 
therefore, as to the task which is undertaken and 
the manner in which it is being fulfilled may 


not be out of place. There is, I think, some- 
thing almost heroic in the working of the up 
and down ‘‘ Limited” expresses between London 
and Plymouth—245} miles, without a stop. True, 
the first 214 miles form a comparatively easy route, 
there is but one bank all the way on the down 
a Ag the 11 miles from Taunton tuo 

urlescombe, 1 in 80 being the stiffest rise. But 
then follow 31 miles of really mountainous road, 
with banks of 1 in 40, and such curves as not only 
greatly retard the speed up hill, but also preclude 
any sharp running down hill—65 miles an hour 
being the absolute maximum, and that is but rarely 
attained. On the down journey this is especially 
trying, owing to the fact that after running 200 
miles the fire-bars become clogged, the tubes choked, 
aad steaming is a matter of difficulty only achieved 
by first-rate firing on the part of the fireman. On 
the up journey these banks have to be faced before 
the fire has properly burnt through, and every 
engineman knows what that means. [ have thought 
it advisable, therefore, to give (see Fig. 3, page 
584) a gradient profile of this portion of the line, 
an examination of which will enable the reader to 
better understand the character of the work per- 
formed. Then it is as well to mention that even 
the easy portion of the journey—namely, from 
London to Newton Abbot—cannot be run through- 
out at full speed. Restrictions are enforced at the 
following points :— 

Miles per a 
= a 5 


Bath Station nan on 

Bristol relief line ns “ bo eS 10 
Exeter Station ... e aie ee a 5 
Dawlish tunnels EN ; 10 


Roughly speaking, these slacks involve a loss of 
15 minutes to the running of every train between 
London and Plymouth. ‘he ‘‘ Limited” is only 
allowed 2224 minutes to cover those first 213} miles ; 
therefore, in order to keep time, the actual average 
speed over that portion must be 61.8 miles per 
hour (2137 miles in 2074 minutes). Whether, 
strictly speaking, it would not be advisable to stop 
these trains at Newton Abbot and change engines 
is a point on which I will not venture an opinion ; 
but the fact remains that this long run is performed 
twice daily throughout the summer months, and 
constantly all the year round by the ‘‘ Ocean.” 
specials, and that its achievement is a magnificent 
test of locomotive efficiency. 

I append, in Tables III., IV., and V., three de- 
tailed logs, marked A, B, and C, of trains worked 
by engine ‘“‘No. 103,” also one, marked D, of 
the up ‘‘ Limited,” worked by ‘‘No. 180,” one 
of Mr. Churchward’s ‘‘Atlantic” type. The load 
taken on three of these runs is a fair average one 
—close on 200 tons ; that of the fourth—namely, 
from Exeter to London (log B)—provided a heavy 
load of 340 tons. I have endeavoured to give 
these weights as accurately as possible, because 
merely to state that the train consisted of so 
many vehicles conveys little meaning; the fact 
is, coaches have a tendency to increase in weight 
almost every year, and an eight-wheel coach on 
the various railways may weigh anything from 
19 to 35 tons. The average eight-wheel bogie on 
the Great Western Railway weighs 24 tons, and 
an ordinary train of six coaches would total 136 
tons, allowing 20 tons for the bogie vans. Last 
year, however, a new corridor train was constructed 
for the ‘* Limited,” the weights being as follows :— 


Tons, Cwt. 
22 12 
24 «16 
24 8 
35 5 
24 9 
23 6 

154 16 


This year, again, new trains have been con- 
structed ; the dining-car, for the first time in Great 
Western Railway practice, having twelve wheels :— 


Tons. Cwt. 
30 «(17 





32 «(10 
32 5 
38 6 
32 5 
30 «(17 
197 0 


The increase in the number of passengers carried 
is not at all proportionate to the increase in weight, 
and I think the above figures go some way towards 
cagbees the decrease in dividends earned by 
rai 








ilways in the present day. Not that I deprecate 
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FOUR-CYCLE GAS-ENGINES DRIVEN BY BLAST-FURNACE GAS. 
BY THE VEREINIGTE_MASCHINEN-FABRIK AUGSBURG UND MASCHINENBAUGESELLSCHAFT NURNBERG A.G., NURNBERG. 
: (For Description, see Page 586.) 





Fic. 4. 1100-B.-H-P. Gas-Encines Driving Dynamos at THE Works or THE Société ANONYME DES ACI£RIES DE MicHEVILLE, FRANCE. 
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Coming now to the run of the up “ Limited” | 
(log C), it will be noted that I have placed a corre- 
sponding run made by ‘ Atlantic” No. 180 in 
parallel columns. There is nothing invidious in 


thus placing the two performances side by side, for with our English engines. 














| 30 in.; 6-ft. 84-in. coupled wheels ; heating surface, 
| 2142 square feet ; grate area, 27 square feet ; boiler 
| pressure, 225 1b. This is the highest pressure yet 
| adopted by any British railway, and is practically 
|identical with the French. engine. For the first 
| time, therefore, we have simple engines carrying 
|steam pressed to over 220 lb. per square inch ; 
land, according to the advocates of the simple 
| engine as opposed to the compound, it is this high 
| steam pressure which has alone enabled the latter 
| to give such wonderful results as have been recorded 
on the Continent. I wish it to be quite understood, 
however, that Ido not claim these runs as repre- 
senting the actual inherent capacity of the two 
| types ; it would be quite absurd to draw any such 
conclusions, because for the greater part of the way 
| neither engine was worked at its full power, and 
| both had evidently a large margin in hand. But I 
do think that the earlier portion of the running—- 
namely, from Plymouth to Newton Abbut—does 
approximately record their relative capacity. I am 
| certain neither could have done much better work 
| with the same load, though, of course, a heavier 
load could have been taken at a lower speed. The 
first 8 miles out of Plymouth is the severest portion 
of the whole run; up this bank ‘‘ No. 180” more 
than held its own, the time to the Wrangaton 
summit being 2 minutes 22 seconds less than that 
occupied by ‘‘ No. 103 ;” the lowest speed reached, 
|as recorded by the chronograph, being 17.3 miles 
| per hour by the latter engine, whereas ‘‘ No. 
180” never dropped below 19.1 miles per hour. 
Up the equally severe, but much shorter, bank at 
|Dainton the lowest speeds were respectively 
| 21.4 and 25.7 miles an hour. At Newton Abbot 
|the time gained by the English engine was 
| 2 minutes 45 seconds. Again, upthe Burlescombe 





| bank, beyond Exeter, the last six miles were done at 
The dimensions of the | 55.3 miles an hour by ‘‘ No. 180,” as against 52 


the whole aim and object of introducing the ‘‘180” class are probably known to most readers, but | miles by ‘‘ No. 103.” From this point into London 


De Glehn type is to find out how it compares | I may say that these engines have cylinders 18 in. by | the two engines ran identically, except that the 
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French engine was slightly faster downhill, the 
arrival times at Paddington being 2 minutes 20 
seconds and 4 minutes 55 seconds before time re- 
spectively. I would add that the French engine 
was checked slightly by signal at Bedminster, the 
loss of time thereby being a minute at the outside ; 
in every other respect the conditions were iden- 
tical—the weather calm, rails dry, and similar 
loads. 

With regard to the actual working of *‘ No. 103,” 
as seen from the foot-plate, I would remark first 
that the motion throughout was abnormally smooth. 
I have never travelled on any engine which ran 
better in this respect ; this is due, no doubt, largely 
to the even balancing of the reciprocating motion re- 
sulting from driving with four cylinders instead of 
two; also I think in some measure to the method 
of carrying the springs and the use throughout of 
laminated in preference to helical springs. The 
steaming of the boiler left nothing to be desired, 
the unusually high working pressure of 227 lb. being 
easily maintained ; only once—namely, up Hemer- 
don bank—did the needle fall below 200 lb., and 
the figure then reached was 185lb. There is no 
doubt this class are difticult engines to fire, the ex- 
ceptionally long and narrow fire- box (9 ft. 10 in. long 
by 3 ft. 3g in. wide) requires very careful stoking, 
and it is greatly to the credit of the fireman that I 
never once saw the pricker used throughout those 
long and trying runs. The method of driving 
adopted by Driver Springthorpe is not what one 
would naturally expect for such an engine. For the 
greater part of the run—that is to say, from London 
to Newton Abbot—the cut-off was fixed at 40 per 
cent. for the high-pressure cylinders, and at 70 per 
cent. for the low. All variations in the speed or 
power required were obtained by opening out or 
throttling the regulator. Of course, up the Corn- 
wall banks it became necessary to lengthen the 
admission for both engines; but then, and then 
only, was the gear altered. When running up 
from Exeter with the heavy load (log B) the cut-off 
up the bank was fixed at 50 and 60 per cent. respec- 
tively. Whether this method of working gives the 
best attainable results I am unable to say ; but this 
driver has had experience in working ‘* No. 102,” 
last year’s de Glehn engine, and I am informed 
that he obtains more economical results than other 
men, while as to keeping time, there can be no 
manner of doubt as to that. It would be inte- 
resting to hear M. de Glehn’s own views on this 
point. I have already referred to the variable 
blast-pipe, which appliance I think should be fitted 
to all locomotives, its effect being largely to aid the 
steaming when taking heavy loads or when climb- 
ing banks, and the men may safely be trusted not 
to misuse it by keeping it invariably closed down. 

It is, of course, quite impossible, even with such 
facilities as have been accorded the writer, to draw 
any definite conclusions as to the respective merits 
of the French compound versus the English simple 
engine. Later on Mr. Churchward will no doubt 
himself make public the ascertained results when 
he has collated all the data at his disposal. It 
seems to me, however, that such a statement must 
eventually rest upon two main points—namely, 
first cost and upkeep. The question of fuel 
economy is beside the mark. I believe the coal 
consumption of ‘* No. 103” works out at 38 lb. or 
39 lb. per train-mile ; that may or may not be less 
than the amount used by English engines doing 
the same class of work. But my point is that no 
amount of coal-saving will repay a largely-increased 
first cost, unless the cost of upkeep does not exceed 
that of simple engines. Fuel economy has for 
very many years beer a sort of fetish to British 
locomotive engineers, but I think they are at 
length beginning to realise that the primary object 
of an express locomotive is to burn coal, and not to 
sive it, and that drivers cannot be made to keep 
time with their trains if black-listed on account of 
coal consumption. That a ccmpound engine uses 
less coal than a simple engine of relatively equal 
power is a matter beyond dispute. Mr. .Webb 
proved that some twenty years ago on the London 
and North-Western Railway. The point we have 


to solve now is this :—Will the compound engine | 8 


do such work as cannot be achieved by the simple 
engine, and do it without requiring constantly to 
be overhauled in the shop, and thereby running up 
a long bill for repairs, besides placing a large 
capital sum in enforced idleness ? 

As to the relative efliciency of the two types in 
regard to actual work performed, I think readers 
will agree with me that there is little to choose 





between them. It may be urged that the deGlehn 
engine when working up the Cornwall banks did 
not exert its full powers, and that better work 


might have been achieved had the engine been | P° 


worked non-compound. To this I would answer 
that over that portion of the road the regulator was 
full opev, and both engines were put into full gear. 
Under these conditions slipping occurred, and I 
am pretty certain that it would have been impos- 
sible to work non-compound on that account— 
the engine could not exert all the power available 
owing to insufficient adhesion. I do not think I 
am giving away any secret when I state that 
** No. 102’’—last year’s de Glehn engine— was more 
or less outclassed by the heaviest of her English 
confréres. Over the more level portions of the 
main line down to Newton Abbot the working was 
most satisfactory, but the 1 in 40 banks proved a 
little too severe for her, and slipping was of con- 
stant occurrence. Hence the newer engines have 
been given 4 tons 5 ewt. additional weight on the 
coupled driving-wheels. The Great Western Rail- 
way’s ‘‘ Atlantics”” have 10 cwt. more than ‘‘ No. 
103 ”’—-viz., 39 tons. 

In conclusion, I would add a word of praise for 
the working of these Great Western Railway ex- 
presses. The task, as set by the time-tables, is a 
very severe one, and from what I have been able to 
see during the past summer, the promises held out 
have been faithfully kept. Nowhere else in the 
world is it possible to run 200 miles on end at 
over 60.miles an hour; nowhere have I yet heard 
that it is possible to cover 100 miles at 70. Even 
the ‘* Atlantic City flyers” in America, brilliant 
though they are, do not compare with the Great 
Western Railway trains for sustained high speed 
over severe gradients. 


THE NUREMBERG GAS-ENGINE. 

On our two-plate, and on page 585, we give illus- 
trations showing the principal features of the Nurem- 
berg gas-engine, which has of recent } ew been built 
in very large sizes, and extensively adopted for run- 
ning with blast-furnace gas and other cheap gases. 
In essentials the engine is simply an ordinary Otto 
double-acting gas-engine, but designed so as to have 
all parts readily accessible, and with a very perfect 
system of water-cooling for the cylinder walls, covers, 
and valves. The engine is built both as a single- 
cylinder engine and as a two-cylinder tandem engine, 
in which pattern it is made to yield up a maximum of 
2000 indicated horse-power, and by coupling a pair 
of these tandem engines to the same crank-shaft a 
unit of 4000 horse-power is obtained. 

Our illustration represents a tandem engine. It 
will be noted that there are three crossheads, one of 
which takes the small end of the connecting-rod in the 
usual way’; another supports the end of the tail-rod, 
whilst the third runs on guides formed in the 
junction-piece connecting the two cylinders. The 
pase are slightly sprung when finished, so as to 
be straight under the weight of their pistons. Hence 
the whole weight of these pistons is transferred 
direct to the cross-heads, and does not rest on the 
cylinders. The cross-head near the crank is arranged 
so that the piston-rod can pass through it. Hence, 
in getting at the front piston for examination the 
engine is put at its forward dead centre. The tail- 
rod to the first cylinder is disconnected from the 
between-cylinder cross-head and the connecting-rod 
from the front cross-head. This connecting-rod can 
then be turned out of the way. The piston-rod can, 
as stated, slide through the front cross-head when 
unkeyed, so that as soon as the front cover is 
unbolted, it and the piston can be moved right up 
to this cross-head, al Ge piston examined without 
having to remove the cross-head from its guides. 
Equivalent arrangements are made as to the other 
piston, so that a thorough examination of the engine 
can be made with a minimum of trouble. 

The cylinders are of cast iron and of symmetrical 
shape. They are therefore unlikely to suffer from 
unequal expansion when hot. Both sets of valves are 
mounted in valve-boxes cast independent of the 
cylinder and bolted thereto at machined facings. The 
air and gas-valves (see Fig. 5) are mounted at the top 
of the cylinders, and the exhaust-valves (Fig. 6) below. 
The whole are operated by cams from a side shaft, 
a trip-gear being used to proportion the quantity of 
as admitted to the load on the engine. The water 
circulation to these latter valves is well shown by the 
arrows in Fig. 6. Each cylinder has its own supply 
of gas, which, as shown in the figure, is taken throug 
the one half of a double pipe, the air passing through 
the other half. A stop-valve is mounted on the 
upper valve casting, so that either cylinder can be 
driven independently of the other if the necessit, 
arises. The pistons are thoroughly water-jacketed, 
being supplied by a special pump, whilst the supply 








to the cylinder covers and exhaust-valve boxes is 
furnished under a head of about 20 ft. The total 
quantity needed is about 5 pints per brake-horse. 
wer hour, which can be greatly reduced by the 
installation of a cooling plant. 

Ring lubrication is adopted for all the shaft Lear- 
ings, whilst forced lubrication is used to supply the 
stuffiog-boxes and the cylinder, and the oil supply to 
the exhaust-valve spindles and governor footstep is 
also effected under pressure. 

At full load the engine requires about 9300 British 
thermal units per brake-horse-power, at three-quarter 
load 10 per cent. more, and at half load 30 per cent. 
more. Our illustration represents an engine rated at 
1200 brake horse-power. This is also shown in posi- 
tion in Fig. 2. A pair of them were supplied to the 
steel works of Messrs. Krupp, at Rheinhausen, where 
they are run with furnace gas, and employed to drive 
continuous-current dynamos. A blowing engine, rated 
at 900 brake horse-power, and running at 80 revolu- 
tions per minute, is shown in Fig. 3. It was sup- 
plied, with three others of the same size, to the Rom- 
bacher Hiittenwerke at Rombach, Lorraine. Each of 
these engines will deliver 30,370 cubic feet of air per 
minute, compressed to 7} 1b. above the atmosphere, 
and can also deliver a larger quantity at double the 
pressure. ‘Two sets of side-by-side engines also driv- 
ing continuous-current dynamos are shown in Fig. 4, 
page 585. These give 1100 brake horse-power at 100 
revolutions per minute, and were built for the steel 
works at Micheville, France. 

The makers of these engines are the Vereinigte 
Maschinen-fabrik Augsburg und Maschinenbau (esell 
schaft Niirnberg A.G., of Niirnberg, Germany, whose 
agent in this country is Mr. James Halcrow, of 5, 
Moorgate-street-buildings, E C. 








THE DURR WATER-TUBE BOILER IN 
H.M.S. ‘‘ ROXBURGH.” 

WHEN the Admiralty decided, on the recommenda- 
tion of the Water-Tube Boiler Committee, to fit the 
cruisers of the Devonshire class with four different 
boiler systems, the Diirr boiler was included, partly 
because of its success in the German navy and partly 
as a result of the tests made by the Committees with 
an experimental installatioa in the small cruiser 
Medusa. It was therefore fitted in H.M.S. Roxburgh. 
The steam trials of this vessel, completed in May last, 
gave satisfactory results, and since then the vessel has 
been put in commission, and considerable interest will 
be taken in the performance of the steam-generators in 
service. 

All the ships of this class have approximately one- 
fifth cylindrical and four-fifths water-tube boilers ; 
and in the case of the Roxburgh, the ship, engines, 
and cylindrical boilers were constructed by the London 
and Glasgow Engineering and Iron- Shipbuilding 
Company, Limited, and the Diirr water-tube boilers, 
one of which we illustrate by sectional drawings on 
page 592, were built and fitted on board by the Fair- 
tield Shipbuilding and Engineering Company, Limited, 
who are the sole licencees for this type of marine 
boiler in Britain and the Colonies. There are seventeen 
water-tube boilers of this type fitted in the Roxburgh, 
supplying steam for 16,000 indicated horse-power, the 
remaining power, 5000 indicated horse-power, being 
ional from steam generated in six cylindrical 
boilers working under Howden’s forced-draught system. 

The Diirr boilers, to which we more particularly 
wish to refer, are arranged in three separate compart- 
ments, and have a collective heating surface of 41,600 
square feet, a superheating surface of 2245 square 
feet, and a grate area of 1085 square feet, with a 
working pressure of 220lb. per square inch. The 
construction of the boiler, which will be seen by 
reference to the illustrations reproduced, is very 
similar to the most recent generators of this type 
fitted in the German Navy. Several modifications, 
however, have been introduced in the design resulting 
from experience gained in the trials of the Medusa. The 
boiler consists essentially of a large steam-collector, to 
which is riveted a vertical water-chamber extending 
across the whole front of the boiler. The tubes, which 
are of the Field type, with internal circulating-tubes, 
are connected to this water-chamber at the front of 
the boiler, while at the back they simply rest in a 
lattice-like wall built up of steel flat bars, so that each 
tube is free to expand independently. Superheating 
tubes, with similar internal tubes, are also fitted to the 
upper part of the steam-collector, to ensure that abso- 
lutely dry steam passes the boiler stop-valve. Tube- 
hole doors are arranged opposite each tube in the 
water-chamber, and also in the steam-collector. The 
water-chamber is built of mild-steel plates, welded 
throughout, and supported by means of screwed stays 
between the tube-holes. It is divided internally by a 
vertical diyision plate, through which the stays are 
also screwed, and to which the inner circulating-tubes 
are connected. The feed-water from the steam- 
collector passes through the front part of the water- 
chamber into the inner circulating-tubes, leaves the 
same at the back end and returns through the boiler 
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tubes to the back part of the water-chamber, and from 
thence it rises to the steam-collector. 

The two lowest horizontal rows of boiler tubes are 
31 in. in external diameter, and the remaining sixteen 
rows are 3} in. in external diameter. The front end of 
each is staved up in an hydraulic press, and turned in a 
lathe slightly conical to make the joint with the steam- 
collector, the axis of the cone being set at a slight 
angle to the axis of the tube in order to get the re- 
quired inclination of the tubes to the water-chamber. 
he back ends of the tubes are reduced in diameter, 
screwed, and closed up by means of a removable forged 
bronze cap-nut, jointed against a steel collar per- 
manently fixed to the screwed end of the tube. The 
tube-joints in the water-chamber are made by forcing 
the tubes in their coned seat with a small hydraulic 
ram connected to a hand-pump, the pressure required 
being about 2500 1b. per square inch. With this 
pressure the tubes are pressed into the tube-holes 
about ,>; in., after having been previously bedded, by 
light blows on a wooden plug, in the cone. The joint 
surfaces are thinly coated with a graphite composi- 
tion, which lessens the friction when pressing in 
the tube, and facilitates removal again later when 
required. ‘The tubes are readily withdrawn when 
necessary by means of a screwed rod passed through 
the tube ; and if, by repeated forcing into their seat, 
the safety-collar which is provided at the end of each 
tube comes so close to the tube-plate as to prevent 
further entry, the tube cone-joint may be readily ex- 
panded with an ordinary expander, a heavy steel 
gauge-ring bored to the size of the standard cone being 
tirst placed over the joint surface of the tube. 

The inner circulating tubes are 1? in. in diameter ; 
they are made from thin folded steel sheets, and held 
in position at the water-chamber division-plate by a 
bell mouth loosely riveted to the end of the tube to form 
a hinge joint, which rests ontwosmall clips. The back 
end of the tube is held in position central with the 
tube by three springs riveted to the tube. 

The two vertical rows of boiler tubes on each side 
of the boiler are bent right and left in such a way 
that they form a complete water-wall, giving the side 
casings an effectual protection from the furnace gases. 

The superheater tubes connected to the steam-col- 
lector are 2? in. in external diameter, with inner tubes 
1} in. in diameter, and are jointed and held in position 
in a similar manner to that of the water-tubes ay 
described. The steam enters the inner tube throug 
slots at the top of the outer division-casing, and returns 
by the outer tube to the inner division-casing, the 
stop-valve orifice being connected thereto. 

The gases are baffled on their passage between the 
tubes by plate baffles resting on the tubes and inserted 
through the lattice wall at the back of the boiler; the 
lower row of front baffles, shown dotted in Fig. 1, 
page 592, are held in position by a thin wire rope 
passed through a row of stays bored hollow for this 


purpose, and having the end hooked over the nuts of | M 


the tube-hole doors below. 

The tube-hole doors are of forged steel, circular in 
form, with joint in the front plate of the water-chamber 
coned in a similar manner to that of the tubes, and, 
the doors being entered from the inside of the water- 
chamber, the steam pressure tends to keep the cone 
tight in its seat. The diameter of the door openings 
is just sufficient to pass the tubes through ; and, when 
placing the tube-hole doors in position, the doors for 
tubes 3} in. in diameter are passed through the larger 
openings opposite the 34 in. diameter tubes, and the 
doors for the latter diameter tubes are entered through 
a few oval openings, shown dotted in Fig. 2. Each door 
has a screwed end forged solid with it, and a nut, 
bearing against a light steel cap which covers the 
outside of the opening, enables the door to be tightened 
up on the cone joint. 

The casings are substantial, yet light in construction, 
and the large openings through the diamond-shaped 
latticework at the back of the boiler, on which the 
tube-ends rest, admit of brushes, or lances, for com- 
pressed air, being inserted for sweeping the tubes. In 
tront of this latticework, cover-plates, easily portable 
and consisting of two thin uel plates with asbestos 
b tween, are fitted; these prevent the hot gases 
pissing through the latthenwett, and ascending in the 
space between the latticework and external back end 
coors of casing. 

\ir-tubes with portable caps, and air-doors with 
pull-rods led to the front of the boiler, are provided for 
almitting a supply of air above and below the fires 
respectively at the back of the frrnace. 

(he water-chambers and steam-collectors are sup- 
)) rted on columns of channel section forming part of 
the lower front casing, and are also tied to the frame- 
work forming the back support for tubes. 

(wo of the boilers were tested under steam on shore 

re being fitted on board, at rates of combustion 
Varying from 18 lb. to 30 Ib. of coal per square foot 
i grate per hour. These trials were very satisfactory, 
» steam produced being extremely dry. 
Juring the steam trials* of the vessel the boilers 


* See EnGIngERING, vol. Ixxix., page 681. 


worked well; the stoking was carefully and syste- 
matically carried out at regular time intervals, clocks 
in each stokehold being arranged with special dials for 
this purpose, and from beginning to end of the trials 
no trouble was experienced with the Diirr boilers. 

On the trial at one-fifth power the Diirr boilers 
evaporated, from and at 212 deg. Fahr., 8.85 1b. of 
water per pound of coal, the fuel consumption for all 
purposes being 2.09 lb. per indicated horse-power per 
hour. On the 30-hours’ trial at 15,000 indicated horse- 
power the evaporation was 8.4 lb. per pound of coal, 
and the mean fuel consumption for all purposes 1.99 Lb. 
per indicated horse-power per hour. On the full- 
power trial, when the main engines indicated 21,857 
indicated horse-power, the Diirr boilers worked with 
an air-pressure of 1 in., and the cylindrical boilers with 
18 in., the mean evaporation being 7.87 lb. per pound 
of coal, and the coal consumption 2.3 lb. The Diirr 
boilers burned 39.5 lb. of coal per square foot of grate, 
while the cylindrical boilers consumed 27 lb. per square 
foot of grate. 








LAUNCHES AND TRIAL TRIPS. 

Messrs. William Doxford and Sons, Limited, launched 
on Saturday, the 14th ult., from their Pallion shipyard, 
the steamer Osterland, which has been built for Messrs. 
Axel Brostrom and Son, of Gothenburg. This steamer 
will carry 6800 tons on a draught of only 22 ft., she will 
steam 95 knots loaded, on a low consumption of coal, 
and is well equipped with all the latest appliances for 
handling cargo economically and expeditiously. 

On Saturday, the 21st ult., the cargo steamer Septima, 
built by the Flensburg Shipbuilding Company to the 
order of the Flensburger Dampfschifffahrt-Gesellschaft 
von 1869, left the Flensburg Harbour to undergo her 
official trial trip. Her principal dimensions are :— 
Length over all, 241 ft.; length between perpendiculars, 
231 ft. 6 in.; extreme breadth, 34 ft.; depth, moulded, 
17 ft. 6 in.; and she has a carrying capacity of about 
1850 tons. The ship, which is built to German Lloyd’s 
>: 100 A/4 L class, is fitted with triple-expansion engines 
of 500 indicated horse-power, which give the vessel a 
speed of 8 knots when loaded. 





On Tuesday, the 24th ult., the new steel screw steamer 
Oberhausen sailed from the Tyne after a very successful 
trial trip. The vessel has been built by Messrs. Swan, 
Hunter, and Wigham-Richardson, Limited, to the order 
of the Deutsch-Australische A.G., of Hamburg, for their 
Australian trade. She is 386 ft. in length by 50 ft. 
beam, and is built to the highest class in Lloyd’s Register. 
The machinery has been constructed by the same firm ; 
the engines are of the quadruple-expansion type on four 
cranks, on the Yarrow, Schlick, and Tweedy system. On 
the trial trip everything worked satisfactorily, and the 
vessel attained the speed of 12}? knots. 


On Thursday, the 26th ult., Messrs. Osbourne, Graham, 
and Co. sent to sea for official trial the s.s. Collingwood, 
a specially built self-trimming collier for the coal trade of 
essrs. Furness, Withy, and Co., Limited, of Newcastle- 
on-Tyne. The vessel carries 1850 tons on a moderate 
draught, and her principal dimensions are 245 ft. by 
33 ft. 9 in. by 17 ft. 3in. The engines have been supplied 
by Messrs. Richardsons, Westgarth, and Co., Limited, 
of Sunderland, and have cylinders 184 in., 30in., and 
49 in. in diameter, with a 33-in. stroke. She will be 
driven by one large boiler at 180 lb. pressure. On the 
trial a mean speed of over 104 knots was easily attained 
on the measured mile. 





On Saturday, the 28th ult., Messrs. William Doxford 
and Sons, Limited, launched from their yard at Pallion, 
Sunderland, a large single-deck turret steamer, 352 ft. in 
length, 48 ft. in breadth, and 26 ft. in moulded depth, 
and of 6300 tons deadweight capacity. Messrs. Doxford 
are supplying the boilers and engines to develop 1400 
horse-power. 





There was launched on Saturday, the 28th ult., from 
the Wallsend yard of Messrs. Swan, Hunter, and Wigham- 
Richardson, Limited, a steel screw-steamer, the Grace- 
field, which is being built to the order of Messrs. E. J. 
Sutton and Co., of Newcastle-on-Tyne. She is of the 
following dimensions:—Length over all, 324 ft. 6 in. ; 
beam, extreme, 46 ft. 6 in. ; depth, moulded, 23 ft. 1 in. ; 
dead-weight, about 4600 tons on a moderate draught. She 
is being Built to Lloyd’s highest class. The machinery 
has also been constructed by Messrs. Swan, Hunter, and 
he pane sep Limited, and consists of a set of 
triple-expansion engines, having cylinders 22 in., 37 in., 
and 62 in. in diameter, with a stroke of 42 in. Steam is 
supplied by two large single-ended boilers working at 
180 lb. pressure. 


Messrs. John I. Thornycroft and Co. launched on 
Saturday, the 28th ult., at their Woolston Yard, South. 
ampton, the steam-yacht Branwen, the principal dimen- 
sions of which are as follow :—Length over al], 135 ft. ; 


between perpendiculars, 111 ft. 6 in. ; on load water-line, 
108 ft. ; breadth, moulded, 16 ft. 6 in. ; depth, 11 ft. 3 in. 
She is rigged as a fore-and-aft schooner with two pole 


masts. The machinery is situated amidships, and con- 


sists of a triple-expansion condensing engine, having 
cylinders 9 in., 15 in., and 25 in. in diameter, with an 
18-in. stroke, and a cylindrical multitubular return-tube 
boiler, 9 ft. 7 in. in inside diameter by 8 ft. 9 in. long, 


square 





constructed for a working pressure of 180 Ib. iw 
inch. The Branwen has been built to Lloyd’s 


highest 


class and under special survey, for Lord Howard de 


Walden. 


On Saturday, the 28th ult., the Irvine’s Shipbuilding 
and Dry Dock Company, Limited, West Hartlepool, 
launched the steel screw passenger and cargo steamer 
Siegmund, for the Dampfschiffs Rhederei Union Aktien- 

esellschaft, Hamburg. The Siegmund is the first of 
our vessels which Messrs. Irvine’s Shipbuilding Company 
have in hand for the above owners. She is intended for 
the North and South American trade, and is of the follow- 
ing dimensions:—Lengt, 332 ft.; breadth, 45 ft.; and 
depth, 24 ft. 9 in. moulded, classed 100A to German 
Lloyd’s highest class. Engines of the triple-expansion 
type are being built and fitted by Messrs. Richardsons, 
Westgarth, and Co., Limited, Hartlepool, and have cylin- 
ders 234 in., 38 in., and 64°in. in diameter, with a 42-in. 
stroke, steam being supplied by three large main boilers 
working at a pressure of 180 lb. per square inch. 





Messrs. William Simons and Co., Renfrew, launched on 
Tuesday, the 31st ult., completed and ready for work, a 
powerful 750-ton hopper dredger, the Bruce, constructed 
to the order of the Alexandra (Newport and South 
Wales) Docks and Railway Company. The dredger, 
which was put into the water complete with steam up 
and ready for work, has been constructed to Lloyd's 
highest class for a vessel of her type. The bucket ladder, 
which is constructed in accordance with the builders’ 
latest practice, and most improved form of girder work, 
is designed for dredging to a depth of 48 ft. below water 
level. The nominal bucket-lifting capacity is 900 tons 
per hour. The vessel is propelled by two sets of triple- 
expansion surface-condensing engines of sufficient poor 
to obtain a speed of about 9 knots when loaded. LKither 
set of engines is available for driving the dredging 
gear, and change gear is provided, so that a constant 
piston speed can be maintained and the full power of the 
engines exerted whether the dredger is working on hard 
or soft material. Steam is supplied from two large marine 
multitubular steel boilers constructed to Lloyd's require- 
ments for 160 lb. working pressure per square inch. 





The following are the particulars of the German battle- 
ship Hannover, recently launched at Wilhelmshaven :— 
Length over all, 430.289 ft.; between perpendiculars, 
398.628 ft.; beam, 72.83 ft.; draught, 25.26 {t.; engines, 
triple-expansion, of 16,000 horse-power ; boilers, Schultz 
Thornycroft, to the number of twelve; speed, 18 knots; 
armament, four 1ll-in. guns in two turrets with 11-in. 
protection, fourteen 6.7-in. guns—ten in the central case- 
mate and four in four separate casemates, twenty-two 
3.46-in. and fourteen 1,45-in, guns, four mitrailleuses, and 
six torpedo-tubes, submerged ; thickness of armour belt 
amidships, 9.45 in., decreasing to 5.9 in., and then to 
3 93 in. ive and aft; thickness of armour above the belt, 
8in.; coal, ordinary load, 700 tons; special load, 1800 tons. 








Water Suppy or LoucusporovucH.—The consumption 
of water at aT py” has increased until, at the com- 
mencement of this year, it stood at nearly 750,000 gallons 
per day, or 170,000 gallons per day more than at the com- 
mencement of 1904. The Midland Railway Company 
has been largely responsible for this remarkable increase 
in the consumption, as it has laid down water-troughs 
between Loughborough and Hathern for the supply of 
locomotives while drawing trains. The consumption 
due to this is no less than 100,000 gallons per day, and 
it is likely to increase, as the Midland Railway Com- 
pany is altering a number of its engines so as to enable 
them to scoop up water when running at full speed. The 
Loughborough authoritities are endeavouring to co 
with the he need By oy question by a new dam at Black- 
brook, designed by Messrs. G. and F. W. Hodson, of 
Loughborough and London. The Nanpantan water works, 
the fret undertaking for the supply of Loughborough, were 
completed in 1866. The population of the town was then 
only 12,000, and to meet their wants a supply of 300,000 
gallons per day was provided. The principal feature 
of the Nanpantan works was an impounding reservoir, 
with a capacity of about 29,000,000 gallons for storing the 
waters of the Woodbrook, a stream rising in Charnwood 
Forest, and having a watershed of about 1050 acres. 
After a lapse of twenty years, the Nanpantan works 
were found to be insufficient, and a Bill was promoted 
in Parliament for acquiring the Blackbrook watershed of 
3026 acres. The works which were executed were two 
intakes and a pipe line about 54 miles long, of sufficient 
capacity to convey the newly-obtained water to the pre- 
viously existing reservoir at Nanpantan. After a lapse 
of another twelv@ years it became evident that the 
growth of Loughborough population and manufactures 
rendered it necessary to construct an impounding re- 
servoir, and an Act was obtained with this object in the 
session of 1899. It was decided to purchase 113 addi- 
tional acres of land, and to fix the compensation water 
at 30,000 gallons per day. On the site of the dam 
forming the impounding reservoir there is a valley 439 ft. 
wide at the top water-line, the hillside being 400 ft. 
high on each side. At a distance of 350 yards back from 
the dam, the reservoir widens out to half a mile, the ex- 
treme length being within a few yards ofa mile. The 
reservoir will accordingly have a capacity of 506,000,000 
gallons, the top-water area being 844 acres. By this 
means the new works will afford a supply of 2,000,000 
gallons per day. The price named in the contract let for 
the construction of the reservoir was 56,707/., but the 
Loughborough Town Council has had to take the works 
into its own hands, and about 40,0007. is required to 
complete the scheme, so that the total cost of the reser- 
voir will be 100,000. in round figures. In a few weeks 





the storage of water will commence to a depth of 25 ft.; 
this will hold in reserve 32,000,000 gallons, 
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THE SEA-GOING MOTOR-LAUNCH 
CONSTRUCTED BY MESSRS. DICKSON AND HALLIDAY, SOUTHAMPTON. 
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We illustrate in Figs. 1 to 7 on this page the 
cruising motor-launch Iris, juilt by Messrs. Dickson 
and Halliday, of Southampton ; the machinery, which 
was constructed by Messrs. Legros and Knowles, of 
Willesden Junction, London, N.W., is shown in Figs. 8 
to 10, page 589. The Iris was designed for a sturdy 
type of sea-going launch, and built in accordance with 
the rules of the Marine Motor Association. The hull is 
built on the plain carvel system, and copper fasten- 
ings are used throughout. The following are the 
principal dimensions of the boat :— 


Particulars of ‘‘ Iris,” 30-Ft. Cruising Motor-Launch. 
Length over all... bbs i * 30 ft. 
pe water-line.... oad ac 29 .,, 
Beam, extreme... ae ve ae Das 
»» water-line a eee 











“TRIS.” 








Length 30-0 
Beam 6-0 
Draft __*_- 1-6 


D? Exatreme__._2-0 
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ENGINES OF THE SEA-GOING MOTOR-LAUNCH 


“TRIS.” 


CONSTRUCTED BY MESSRS. LEGROS AND KNOWLES, LIMITED, ENGINEERS, LONDON. 
























































The ‘crank-shaft is also held up into the 
engine-bed, so that when the engine is 
swung on one side, and the oil-bath cas- 
ing removed, the big ends and main bear- 














ings are immediately accessible for adjust- 
ment. 

By means of the design of the car- 
burettor, which gives a positive mixture 
for every position of throttle opening, the 
engine will run and pull steadily at all 
speeds from 140 revolutions upwards. 
The torque is practically constant evnay 
out the range. 

The circulation of water is maintained 
by a centrifugal pump, which is carried 
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low down forward and driven direct from 
the crank-shaft by a roller-chain. The 











Depth amidships a 3 ft. 8 in. 
Freeboard: Forward ... : Se © os Wiia 
< Amidships i ae ee, oe 
a Aft ih = re 
Draught, extreme (at skey) ... Ss So 
Displacement with crew... sie 2 tons 
Area, midship section... 4 sq. ft 
Block coefficient 0.451 


Prismatic coefficient ... ee ion 0.620 
Brake horse-power ... 
Revolutions per minute ie - 800 
Speed being a secondary consideration,- a very 
staunch craft was produced. Sea-going qualities and 
handiness being necessary qualifications, the mid-ship 
section was kept very large; this, with a wide after- 
body, has made her a very handy and stable sea boat. 
The accommodation is large, seating ten persons aft 
quite comfortably and providing ample storage space 
in the fore compartment, which is 6 ft. long. The 
hull is of pine planking § in. thick, with teak to 
strake. The stern dead-woods and knees are of English 
oak cut from grown crooks. Running the whole length 
of the boat is an American elm keel inside and an 
Oregon pine keel outside, which forms the principal 
girder of the boat’s frame, and is carried from the stem 
to within 5 ft. of the stern. This keel is 3 in. thick 
throughout, has a depth of 15 in. at after end, tapering 
to the scarph of the stem, and secured to the inner hog 
keel by metal bolts through all. This makes the boat 
exceedingly rigid and enables her to take the hard 
ground without ous the propeller or rudder ; at 
the same time it adds considerably to her sea-going 
qualities, 
he gunwales are in one length, each 2h in. by 2in., 
of Oregon pine, and are covered with a teak capping, 
running the whole length of the boat, and below this 
is a heavy Oregon pine rubbing strake. The motor and 
reversing-gear being mounted on such a rigid channel 
frame, shallow motor bearers can be fitted, and these 
are 3 in, wide by 17 ft. long, of selected red pine. They 
are bedded over six 3-in, by 2-in. oak floors, which fit 
the skin of the boat and extend well up the turn of the 
bilge. The stern-tube is of gun-metal, 5 ft. long, and 
has a stuffing-gland inside. 
Fuel is supplied to the carburettor by gravity from 


water is delivered first to a water-cooled 
a 10-gallon tank in the fore compartment under the| exhaust-pot carried close to the exhaust outlet, and 
turtle deck. There is a second fuel-tank of 21 gallons | from there proceeds to the engine jackets, and after- 
capacity athwartships under the main thwart, and the| wards to the outlet overboard. 

fuel contained in this can be pumped into the forward,| The valves are of very large diameter, of 25 per 
or running, tank by a semi-rotary hand-pump placed | cent. nickel steel. The crank-shaft is a chrome- 
conveniently close to the driver. The motor is encased | vanadium steel forging. From the engine the power 
in a neat mahogany housing with hinged tops, and | is taken through a leather-faced cone-clutch, which is 
copper trays are fitted under all the mechanism. A | engaged by an adjustable coil spring, and disengaged 
canvas spray hood is also fitted for heavy weather,| by a pedal. Theclutch transmits the power to a small 
and extends from the coaming at the aft end of the gear-box, giving a forward and reverse gear by means 





turtle deck to the steering-column. This is shown in 
the illustration, Fig. 7. 

The Iris was engined by Messrs. Legros and 
Knowles, Limited, of Willesden Junction, London, 
N.W. The engine is a four-cylinder petrol motor 


of 43-in. bore by 4¥-in. stroke, shown in Figs. 8, 9, | 


and 10, designed to develop 24 horse-power at 800 revo- 
lutions, at which speed the propeller normally turns. 
The inlet valves are mechanicall 

situated in the cylinder head; the 


operated, and are | 
are worked by | 


of three mitre bevels and a sliding sleeve with dogs, 
which enables the two shafts to be dogged together, 
or the power transmitted through the mitre wheels. 
The power is transmitted through the bevels only 
when running astern. This gear-box forms an oil 
tight case, in which the bevels run, and which also 
lubricates the large phosphor-bronze bearings. It also 
has a platform cast on it, to which is fixed a cast-iron 
steering and control columii. On this is mounted a 
vertical marine steering-wheel, and in a convenient 


rocking levers from the same cam-shaft that operates ition for the steersman’s right hand are two small 
the exhaust valves. On the other side of the engine | so controlling respectively the throttle of the 
there is a second cam-shaft, which operates the | carburettor and the forward and reverse mechanism. 
mechanical make - and - break of the low-tension| The starting-gear is also carried in this column. A 
magneto ignition. High-tension ignition is also pro- | removable handle fits into a socket in the column at a 
vided as a stand-by; this is done to eliminate the| convenient height, and by means of a heavy chain 
chance of a motor stoppage due te ignition trouble in | and disengaging-doge the motor can be started. When 
a sea-way. A special feature of the engine is the| once going, the dogs disengage, and the chain does 
— large bearing surface given to the main bearings | not run. 
and crank-pins, the mean pressures on these being} The after end of the engine-housing forms an in- 
kept as low as standard marine practice, and con- | strument-board, on which is placed a pump-lubricator, 
sequently far lower than is usually the case in petrol |which is driven from a worm on the commutator 
engines. The engine is also extremely accessible. | spindle, and consequently delivers lubricant in quan- 
It is held to its -plate by three lugs on each | tities proportional to the speed of the engine. The 
side in the form of hinge-joints, which can be seen | two switches for magneto and high-tension ignition, 
in Fig. 8, thus enabling it to be swung to one/the coil for the latter, and the advance fur both 
side or the other, to get at the big ends or main | ignitions, are also placed here. 
bearings. Two large and instantly detachable in-| Once the engine is started, the ignition may be 
spection-doors are fitted to the base chamber, | advanced, and left without further adjustment during 
through which the hand may be put on to any|arun. Thus the whole control of the boat is easily 
big end or main bearing. The two cam-shafts are | managed by one man at the steering-column, who can 
held up to their bearings by caps, and these bear-| manceuvre with great facility without moving from 
ine | his place, and can re-start: the motor, should he stop 


ings can be removed from the rest of the — 
without disturbing the cylinders or base chamber. | it. The engine is placed on its bearers with the 
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es 

crank centre line horizontal, so that the oil in the 
bottom half of crank-case may be equally distributed 
to the forward and after pairs of cylinders. This 
necessitates a Hooke’s joint behind the gear-box to 
connect with the tail-shaft. The joint is made with 
the centre line of both pairs of pins in the same — ; 
the pins are of nickel steel running in phosphor-bronze 
bushes. This joint runs quite cool and gives no 
trouble. The tail-shaft is of delta metal, and is fitted 
with two ball-bearing thrust-blocks and a gun-metal 
three-bladed propeller 17 in. in diameter. The whole 
installation of engine, gear-box, steering-column, and 
control is lined up and fixed to a bed-plate consisting 
of 4-in. channels, as shown in Figs. 8 to 10, thus making 
a complete unit in itself which can be fitted in a boat 
without the more difficult and often unsatisfactory 
operation of lining-up in place. 

The boat was comple in July, and ran in the 
Motor Yacht Club’s reliability trials. These trials 
consisted of two days’ running of ten hours each with- 
out stop, and an allowance of only ten minutes between 
the two runs to attend to the motor. The course was 
mainly in Southampton Water, but there was an 
optional open-sea course in the Solent, round which 
this boat ran. 

The first day the Iris ran absolutely without any 
stop and with great regularity for the ten hours in a 
smooth sea. 

The second day, on to the driver omitting to 
keep his front tank filled, the motor stopped, but it 
took only four minutes to find the cause, pump in 
petrol, and re-start the motor, though it was very 
rough at the time. On this day it was so rough that 
the trials were stopped after five hours’ running, and 
the boat showed her great seaworthiness on the open 
course. She was the only one of her class (30-footer) 
which could be driven through the seas at her full 
speed without slowing down at all, and, thus driven, 
dtsand no green water, but only spray. The reduc- 
tion in speed due to the rough water was only 6.3 per 
cent. over the calm day, whereas reductions of speed up 
to 43 per cent. were oes by some of the other boats. 

Since the trials the boat has been repeatedly navi- 
gated single-handed, and has proved herself exceedingly 
handy—so much so that with a crew of only twoa 
tow-rope was passed to another boat which was towed 
across the Solent in rough water. Her speed is 
104 knots. 








Contracts.—At the Hever Castle power-station, Hever, 
Kent, it has been arranged to instal four Bennis stokers 
and natural-draught furnaces for the Lancashire boilers. 
The Midland Electric Corporation for PowerDistribution, 
Wolverhampton, has also pl an order with Messrs. 
Ed. Bennis and Co., Limited, for three stokers and 
compressed-air furnaces for water-tube boiler.—The lead- 
ing electrical firms on the Continent competed very keenly 
for the distinction of obtaining the contract for the 
equipment for elec'rical working of the first sewing- 
cotton spinning-mill erected in Portugal ; this has, how- 
ever, just been awarded to the Brush Electrical Engineer- 
ing Company, Limited, of Loughborough. The equip- 
ment includes 43 motors and a turbine alternating- 
current set, all of Brush manufacture. Further interest 
attaches to the fact that this is also the first steam-turbine 
to be erected in Portugal. 





Tue Tramways AND Licht RAILways ASSOCIATION. 
—On Tuesday last the members of the above Association 
paid a visit to the Brimsdown Power Station and the 
ub-stations of the North Metropolitan Electric Power 
Supply Company, and also inspected the tramway system 
of the Metropolitan Electric Tramways, Limited. The 
Power Company is entitled to supply electricity in 
bulk within an area of about 325 square miles in 
Middlesex, Hertfordshire, and Essex. The company 
has two generating stations: one at Willesden, pur- 
chased from the local authority, and the new one 
at Brimsdown. The latter at present contains three 
1000-kilowatt Parsons-Erown-Boveri turbo-alternators, 
generating at 10,000 volts and 50 periods and 1500 
revolutions. Foundations for a fourth set are put 
in, and both engine and boiler-room can be easily ex- 
tended in one direction. Four independent exciter sets 
driven by Belliss engines are installed, and each turbine 
set has its own surface condenser and Edwards air-pumps. 
The boiler-house contains six Babcock and Wilcox boilers 
with chain-grate stokers. Coal is grabbed from barges 
by an electric jib-crane and dumped into an automatic 
Ingrey-we'gher. Thence it falls into a bucket-conveyor 
which delivers it into overhead bunkers. The F. H. T. 
switch-gear is cf the British Thomson-Houston Com- 
pany’s standard electrically-ccntrolled ty The same 
company supplied the switch-gear for the sub-stations 
as well as the transformers and rotary converters 
for feeding the tramway system. The L.-T. cur. 
rent is at 550 volts, and is purchased in bulk by the 
tramway company. Some of the rotaries are shepted | bya 
small induction motor on the same shaft, while others 
are run up as induction motors. Large inductance coils 


are interposed between the transformers and rotaries to 
a te —- and = poles ~ Ae etn are fitted 
with the usual copper damping grids for the same purpose. 
At the Wood Green sub-station a Highfield Geass, in 
conjunction with a battery, steadies the load on the 
rotaries, and three negative boosters are installed to 
minimise the drop in the rails, 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Ircn Market.—Last Thursday ma | 
the pig-iron market had a smart recovery, and Clevelan 
warrants, after being done at 523. 10d. cash, jumped to 
533. 1d. cash, and from 533. 2d. to 53. 64d. one month, and 
54s. 1d. three months. The turnover was 23,500 tons, 
and the closing quotations were 53s. 24d. cash sellers and 
53s. 64d. one month sellers. Cumberland hematjte was 
strong at 71s. 9d. fourteen days and one month, with 
buyers over. This represents a rise of 1s. 44d. on the 
previous day’s quotation. The business amounted to 
1500 tons, and sellers’ closing quotation was 72s. one 
month. The settling prices were:—Scotch, 58s. 3d. ; 
Cleveland, 53s. 14d. ; hematite, 71s. 3d.; and Standard 
foundry iron, 51s. 3d. In the afternoon prices were a bit 
irregular, and Cleveland warrants were done at 533. 24d., 
53s. 6d., 533. 34d. cash, and at 53s. 9d., 54s. to 533. 9d. one 
month, closing with sellers at 53s. 4d. cash and 53:3, 9d. 
one month. The dealings were 8000 tons of Cleveland 
and 2000 tons of hematite; the latter being at 71s. 6d. 
eleven days and 71s. 104d. one month, the market closing 
with sellers at 72s. 14d. one month. On Friday mornin 
the market was firm, and Cleveland warrants advan 
from 53s. 54d. to 533. 7d. cash, closing at 533. 6d. cash. 
Forward warrants were done at 53s. 8d. to 53s 114d. 
to 53s. 10}d. one month, with closing sellers at the 
latter quotation. The turnover was 15,000 tons. Hema- 
tite was untouched, but was quoted at 71s. 6d. cash. 
In the afternoon a fair business was done, the total 
being about 13,000 tons. Cleveland warrants were 
weak, and changed hands at 53s. 1d. cash, and at 
53s. 5d. and 53s. 54d. one month, closing with sellers at 
53s. 1d. cash and 53s, 54d. one month. Two lots of hematite 
were dealt in at 71s. seven days and 71s. 4d. one month, 
and at the close sellers quoted 71s. 5d. one month. The 
market on Monday was inclined to be flat; and Cleve- 
land warrants were down from Friday’s close, and were 
done at from 52s. 4$d. to 52s. 64d. cash, closing with 
sellers at 52s. 9d. cash. Dealing also took place at 
52s. 4d. four days. Forward warrants opened at 52s. 8d. 
and advanced to 53s. 1d. one month, closing with sellers 
at that figure. Hematite was untouched and fiat, 
and was quoted at 70s. 6d. one month sellers, being 
a decline of 1s. The turnover was 10,000 tons. At the 
afternoon session about 7000 tons of Cleveland warrants 
changed hands at steady prices. 
523. 9d. to 523. 94d. cash, 523. 74d. four days, 53s. 
fourteen days, and from 53s. 04d. to 53s. 1d. to 53s. 
one month, and at 53s. 10d, three months. The 
closing quotations were 52s. 8d. cash sellers and 53s. 04d. 
one month sellers. Hematite warrants were done to the 
extent of 1000 tons at 70s. 44d. one month and 71s. 14d. 
three months. When the market opened on Tuesday a 
firmer tone prevailed, and Cleveland warrants improved 
in price. Cash warrants were done at 52s. 104d. and 
closed at 52s. 11d. sellers. Forward business was done at 
53s. 3d. to 533. 4d. twenty-seven days, and at 53s. 24d. 
to 53s. 34d. to 58s. 3d. one month, closing with sellers at 
53s. 74d. one month. The turnover was nearly 7000 
tons. Hematite was quoted 71s. one month sellers, and 
70s. 44d. one month buyers, and Standard foundry iron 
was quoted 50s. one month sellers. In the afternoon the 
business amounted to 8000 tons, and Cleveland warrants 
were easier at 52s. 9d to 52s. 94d. to 52s. 8d. cash, 52s. 11d. 
thirteen days, and 53s. 2d. to 53s. one month. Sellers’ 
closing quotations were 52s. 9d. cash and 53s 2d. one 
month. One lot of Standard foundry iron changed 
hands at 51s. 5d. cash, and 1500 tons of hematite 
were dealt in at 703. 3$d. per ton cash. To-day 
(Wednesday) the prices of Cleveland warrants were 
almost unchanged, and 6000 tons changed hands at 
52s. 94d. and 523. 9d. cash and 53s. 1d. to 533. 14d. one 
month. Hematite—3000 tons—was dealt in at 70s. 34d. 
cash, 703. 6d. fourteen days, 703. 34d. nine days, and 
70s. 8d. one month, closing with sellers at 72s. 34d. cash 
and 70s. 9d. one month. Standard foundry iron, to the 
extent of 1000 tons, changed hands at 5ls. 7d. cash and 
523. one month, and some 500 tons of Scotch warrants 
were done at 57s. 34d. cash. The market was quiet 
in the afternoon, and the ‘tone was easy. The only 
business was 5000 tons of Cleveland warrants at 52s. 8d. 
and 52s. 7d: cash, and 533. 1d. to 53s. O4d. one 
month, and sellers’ closing quotations were 523. “ia. cash 
and 53s. one month, The market quotations for makers’ 
(No. 1) iron are as follow :—Clyde, 68s. ; Calder, 68s. ; 
Gartsherrie, 68s. 6d. ; Summerlee, 70s. ; Langloan, 66s. ; 
Coltness, 763. (all shipped at Glasgow); Glengarnock 
(shipped at Ardrossan), 65s.; Shotts (shipped at Leith), 
68s, ; Carron (shipped at Grangemouth), 70s. 


Scotch Steel Trade.—The Scotch steel trade continues 
active, and there has been very little change since last 
report. The output during October is reported as being 
the largest ever recorded, and prices are higher than they 
have been for some years. For ship plates 7/. 5s., less 
5 per cent., is being readily commanded. Of course, 
against this matter of big prices must be put the enor- 
mously high values to which raw material has gone. 


Sulphate of Ammonia.—The market for sulphate of 
ammonia is firm, and the price is round about 12/. 17s. 6d. 
per ton for prompt business, Glasgow and Leith. The 
amount shipped last week from Leith was 314 tons. 


Black Sheets Advanced in Price.—At a meeting of the 
Scotch black-sheet makers, held here yesterday, it was 
decided to advance the price for all sizes by 5s. per ton. 


Scotch Nuils Advanced in Price.—At a meeting of the 
Scotch nail-makers, held here the other day, it was re- 
solved to again raise the price of nails. The advance is 
15s. per ton, and this makes a total rise of 203. per ton 


since the beginning of September ; but within the same | culations, and until they are more settled makers 





The dealing was at| Th 





pe the price of nail-sheets has advanced 20s. per ton. 
he list quotation for cut nails is now 9/. 5s. per ton, andi 
‘for patents 102. 10s. per ton. 


Shipbuilding.—The month of October has been a 
fairly good-one in Clyde shipbuilding circles, both as 
regards orders for new work and as to launches 
During the month the number of steamers launched on 
the Clyde numbered 19, representing over 57.000 ton: 
Among the larger steamers are the following :—The Del},;, 
8000 tons, for the P. and 0. Company, by Messrs. Caird 
and Co.; the Knight Templar, 7500 tons, for Messr-. 
Greenshields, Cowie, and Co., Liverpool, by Messrs. 
Connell and Co., Scotstoun; the Canara, 6000 tons, {> 
the British India Steam Navigation Company, by Messrs. 
William Denny and Brothers, Dumbarton; the Traffo:| 
Hall, 5100 tons, for“the Ellerman Lines, by Messrs, 
Barclay, Curle, and Co., Whiteinch ; the Strathean, 4500 
tons, for Messra. Burrell and Son, Glasgow, by the 
Grangemouth and Greenock Dockyard Company ; the 
Mombassa, 4500 tons, for Messrs. Maclay and M’Intyre, 
Glasgow, by Messrs. D. and W. Henderson, Partick ; 
the Bessie Dollar, 4300 tons, for R. Dollar, San Francisco, 
by Messrs. Rodger and Co., Port Glasgow; the Bardistan, 
4100 tons, for Messrs. Strick and Co., London, by Messrs. 
Hamilton and Co., Port Glasgow; the Lord Derby, 
4000 tons, for Messrs. Herron and Co., Liverpool, by 
Messrs. MacMillan and Son, Dumbarton; the O. H. 
Wiens, 2500 tons, for foreign owners, by Messrs. Mur- 
doch and Murray, Port Glasgow.—Among the fresh 
contracts just lately placed we find that the Caledon 
Shipbuilding and Engineering Company, Limited, Dun- 
dee, have received an order for a twin-screw passenger 
and cargo steamer of over 400 ft. in length. The 
vessel is for the Liverpool and South African trade of a 
Liverpool firm.—Messrs. Mackay Brothers, Alloa, have 
contracted to build a steamer of 2200 tons dead-weight 
carrying capacity, for London owners. This will be one 
of the largest steamers built by Messrs. Mackay.— 
Messrs. W. Beardmore and Co., Dalmuir, have received 
an order for a high-class passenger and cargo steamer of 
about 450 ft. in length, for the Booth Steamship Com- 
pany, Limited, Liverpool. 


The Stirling Boiler Co.—The Newcastle-upon-Tyne 
Electrical Supply Company have contracted with the 
Stirling Boiler Company, of Motherwell, for an exten- 
sion of the boiler-house at the Carville generating station. 
e order is for eight boilers, each to evaporate nor- 
mally 33,000 lb. of water per hour, and capable of evapo- 
rating a continuous maximum of 41,000 lb. Thermal 
storage is included to increase this maximum. The 
installation will be fitted up complete, with pumps, 
piping, &c. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Parkgate Iron and Steel Company.—The directors of 
this company have declared an interim dividend of 9d. 
per share out of the profits for the half-year ending 
:< —ce, The interim dividend last year was 6d. per 
share. 


Messrs. Cammell, Laird, and Co.—Colonel W. Side- 
bottom, who for eighteen months has been chairman of 
the board of directors of the above company, has resigned 
owing to ill-health, and Mr. John M. Laird has been 
elected to succeed him. The appointment has given con- 
siderable satisfaction in the Liverpool district, where the 
new chairman is well known, and held in high esteem. 


Fire at Firth College.—On Saturday afternoon a fire 
broke out in the science laboratory of Firth College, and 
before it was extinguished considerable damage was done. 
The firemen had some difficulty in tackling the flames, 
as they did not relish the continual bursting of the bottles 
of chemicals, the contents of which filled the atmosphere 
with choking noxious fumes. 


An M.P.’s Views on Trade.—Sir William Holland, 
M.P., speaking on Tuesday at a ese, J of the delegates 
and members of the West Yorkshire Chamber of Trade, 
held at Rotherham, urged the importance of unity. 
Many trades in the country, be said, had suffered from 
the lack of cohesion and sympathetic co-operation be- 
tween the various members of those trades. He encou- 
raged them to imitate the example of foreign countries, 
where joint action was much more general than in 
England. They were all glad that the outlook of traders 
in this country was brightening, and that there were 
many signs in whichever direction they looked—signs 
that, in his opinion, were sure and unmistakable. If 
the improvement had not yet come their way, probably 
it would be their turn next. He said it would be im- 
possible for the iron and steel and coal trades to be go id 
without the home trade generally being good also. 


The Iron and Steel Trades.—Although very circum- 
stantial reports have appeared of heavy orders that are 
coming to Sheffield for armour and other war material, 
nothing so far has been settled. Sufficient, however, 1s 
known to encourage the hope that there will be work for 
these departments during the winter. Some very fair 
lines have come to hand from the Government for armour- 
piercing projectiles ; but there is scarcely anything doing 
in ordinary shot and shell. There is, however, work on 
hand for gun forgings ; but it is not, with some firms, of a 
very extensive character. In light engineers’ forgings 
there is not so much doing as there was a few months 
ago. For railway material orders continue to come 1n 
very satisfactorily, both from the home and distant 
markets ; but in new contracts efforts are being mace 
to obtain higher prices. The advances that have taken 


place in iron and steel have considerably disturbed — 
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finished iron and steel goods are declining to commit 
themselves far ahead at current rates. Most steel-makers 
have withdrawn their quotations, and owners of mills, 
tilts, and forges will not accept contracts for next year 
at present rates. 


South Yorkshire Coal Trade.—Business generally in 
the district is encouraging. There isa good demand for 
all qualities, and pits are running better time. The in- 
creasing activity in the large iron and steel works is still 
having a beneficial effect on the sales of hard coal, the 
consumption of which is on the increase. There is a 

ood export business being done, the tonnages dispatched 
sae Hull and Goole being large for the time of the 
year. Gas and railway companies are taking above their 
contract quantities. Prices have been further advanced, 
and coal-owners are declining to accept contracts for next 
year except at an advance. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Yesterday there was a 
fairly numerous attendance on ’Change here, but the 
market was quiet, and little business in pig iron was 
transacted, buyers being very backward, owing, it was 
alleged, to the unrest in Russia. The general opinion 
was that the lull would be of short duration, but the now 
heavy and continually increasing stocks of pig iron in the 
public warrant stores attracted some attention. It was 
fully realised that, as they were fast approaching 650,000 
tons, they afforded ample facilities for speculators to 
manipulate the market. No. 3 g.m.b. Cleveland pig was 
sold by second hands at 52s. 6d. f.o.b., and by the 
close of the market that was the general quotation, but 
earlier in the day 52s. 9d. was realised. No. 1 was 54s. 
Both foundry No. 4 and grey forge were to be had at 5ls., 
whilst mottled was on sale at 50s., and white at 49s. 6d. 
‘ast Coast hematite pig was easier, though there was 
really no reason why it should have been, seeing that 
the supply is altogether insufficient to meet requirements. 
Merchants, however, sold mixed numbers at 693. 6d. for 
early delivery, and put No. 1 at 70s. At the same time, 
makers did not quote below 70s. and 71s. respectively, 
and they were in no great hurry te book orders. Spanish 
ore was quiet but steady. Rubio, of 50 per cent. quality, 
was 183. 9d. ex-ship Tees, delivered early, and 20s. and 
upwards forward. There was practically no change in 
the market to-day. 


Manufactured Iron and Steel.—Excellent accounts con- 
tinue to be given of the various branches of the manufac- 
tured iron and steel industries. Firms generally have 
very well-filled order-books, and new contracts continue 
to be made. Quotations continue to move upwards, and 
advances have this week to be reported in joists and steel 
angles, the former having been put up 2s. 6d., and the 
latter 53. The following are now the market rates :— 
Common iron bars, 7/.; best bars, 7/. 103.; iron ship- 
plates, 7/. 5s.; iron ship-angles, 7/. 53.; iron ship-rivets, 
8/.; steel bars, 62. 15s.; steel ship-plates, 7/.; steel ship- 
angles, 6/. 12s. 6d.; steel boiler-plates, 8/.; steel joists, 
6l. 7s. 6d. ; steel sheets (singles), 7/. 103.; steel sheets 
(doubles), 8/.; and heavy sections of steel rails, 5/. 53s.—all 
less the customary 24 per cent. discount, except rails, 
which are net cash at works. 


Shipments of Iron and Steel.—-Shipments of iron and 
steel from this port last month reached 128,547 tons. 
Though this is fairly satisfactory, it is considerably 
below what was at one time anticipated. The clearances 
were made up of 80,119 tons of pig iron, 16,406 tons of 
manufactured iron, and 32,022 tons of steel. The quantity 
of pig shipped to foreign firms reached 43,849 tons, 
and the quantity despatched to coastwise customers 
36,270 tons. Of the manufactured iron cleared 9347 
tons went abroad, and 7059 tons coastwise ; 26,644 tons 
of steel went to forei; countries, and only 5378 
tons coastwise. Scotland, with 25,601 tons, was again 
the largest receiver of pig iron, whilst Germany came 
second, with 10,640 tons; Italy third, with 8280 tons; 
Holland fourth, with 6355 tons ; and Sweden fifth, with 
4294 tons. India took the most manufactured iron —viz., 
3237 tons. The largest quantity of steel—7910 tons—was 
sent to Portuguese East Africa. The Straits Settlements 
imported 5173 tons of steel; Japan, 4617 tons ; India, 
4055 tons ; and New Zealand, 3104 tons. 


_ Coal and Coke.—There is not much alteration in fuel. 
The consumption of gas-coal is at its fullest, and prices 
are strong, more especially for best qualities at from 
83. 3d. to 93. f.o.b. Bunker coal is in good demand, but 
there is a very ample supply. Unscreened Durhams 
range from 8s. to 8s. 6d. f.o.b., according to quality. 
Manufacturing coal and smithy coal are steady. Coking 
coal shows a slight tendency to stiffen. The local con- 
sumption of coke is very heavy, but there is still a lot 
offering, and for early delivery a average blast-furnace 
qualities remain at 15s. 6d., but the forward price is 
163. 6d. to 17s. 








NOTES FROM THE SOUTH-WEST. 

Cardiff.—Quotations for all descriptions of large steam- 
coal have shown scarcely any change, but the market has 
not exhibited much strength ; the best large has made 
12s, 6d. to 12s. $d. per ton, while secondary qualities have 
brought 12s. to 12s. 3d. per ton. The house-coal trade 
has remained in much the same state ; the best ordinary 
qualities have made 13s. to 14s. per ton; secondary quali- 
ties have ranged from 10s. 6d. to 11s. ton; No. 3 
Rhondda large has brought 13s. 6d. to 13s. 9d. per ton. 


coke has been quoted at 18s. to 18s. 6d. per ton, and 
furnace ditto at 16s. 3d. to 16s. 6d. per ton. As 

iron ore, Rubio and Almeria have made 18s. to 183. 6d. 
per ton upon a basis of 50 per cent. of iron, and charges, 
including freight, to Cardiff or Newport. 


Southampton Water.—The utilisation of Southampton 
Water as a coaling base—negotiations concerning which 
have been popesies between the Lords of the Admi- 
ralty and the local governing authority—will shortly be 
an accomplished fact. A notification has been received 
from the Channel Fleet that three of the squadron will 
arrive at Southampton to coal. 


The Swansea Valley.—The steel trade has been un- 
usually active. ‘The demand for home-rolled bars for tin- 
gts manufacture has slightly outstripped current pro- 

uction. Tin-plate has continued to be produced upon 
the scale which has prevailed for some time past ; six of 
the mills have been standing idle. 


Bristol Tramways.—Motor omnibuses will soon super- 
sede the horse-drawn vehicles which the Bristol Tram- 
ways Company is at — running between the Vic- 
toria Rooms and the Suspension Bridge, Blackboy Hill, 
and Westbury, and Ashton Gate and Long Ashton. The 
mechanically-propelled omnibuses are being constructed 
by a London firm, and some of them are approaching 
completion. The makers have delivered a chdssis, or 
trolley, and men chosen from the drivers in the employ - 
ment of the Bristol Tramways Company to take charge 
of the motor omnibuses commenced training on Friday 
on quiet country roads a little distance from Bristol. 


The ‘** Encounter.”—The following results were obtained 
in a thirty-hours’ steam trial at 70 per cent, of full power 
made by the cruiser Encounter: — Steam pressure at 
boilers, 227 lb. per square inch ; steam pressure at engines, 
210 1b. per square inch ; vacuum, 26 in. ; revolutions per 
minute (mean), 159}; indicated horse-power per hour, 
9008 ; speed, 19 knots per hour ; coal consumption per 
indicated horse-power per hour, 1.98lb. Ata full-power 
trial, the following results were securad :—Steam pres- 
sure at boilers, 230 lb. per square inch; steam pressure 
at engines, 218 lb. per square inch; vacuum, 25.3 in. ; 
revolutions per minute, 178 ; indicated horse-power per 
hour, 13,006 ; speed, 21.1 knots per hour ; coal consump- 
= i? indicated horse-power per hour for all purposes, 


Electricity at Newport.—An important step in municipal 





trading was taken at Newport on gee The Elec- 
tricity Committee of the Town Council, probably alarmed 
at the strides which gas is making in the town, decided | 
to make a series of sweeping reductions in the price of 
electricity for lighting, heating, and cooking purposes. 
The price for lighting is to be reduced 14d. per unit— | 
that is to say, from a maximum of 54d. to 4d., and 
a minimum of 3d. per unit. There is also to be a reduc- 
tion in current supplied for heating and cooking. Further 
than this, the committee has decided to promote an 
exhibition of electrical appliances. 








CANADA AND Sovutn Arrica.—The establishment of a 
direct steamship line from Canada to South Africa two 
or three years since has resulted in a considerable de- 
velopment of trade between the two regions. In 1896 
Canadian sales in South Africa amounted to 17,9632. In | 
1902 the amount increased to 299,674/.; last year the | 
total reached 1,907,9627. Cape Colonists are not yet able 
to produce sufficient cereals to supply the needs of the | 
population, and this year flour, meal, &c., will be im- | 
ported to the value of 4,000,000 dols. Australia is endea- | 
vouring to capture this trade, and Mr. Kittson, Canadian | 
commercial agent at Cape Town, thinks the Canadian 
producer should be a little more active. 





THe Raprim Etecrro-Derosition or Coprrr.—On 
Wednesday last Mr. Sherard Cowper-Coles gave a de- 
monstration of his centrifugal process of electro-depositing 
copper at 82, Victoria-street, S.W. The method consists 
in using a cylindrical mandrel running at a surface speed 
of over 1200 ft. per minute as the cathode, the electrolyte 
and the anodes having no special features. The usual 
current density used in the ordinary electro-deposit- 
ing processes 1s not more than about 20 amperes per 
square foot, whereas in the present method 250 am- 
— per square foot is ible, the deposit being 

ense and absolutely smooth and uniform. The rate of 
deposition being, of course, proportional to the current 
density, it will be seen that the centrifugal process 
admits of a vastly increased output. The cylinder de- 
posited may be opened out to form copper foil or sheet of 
any thickness. A variation of the process results in the 
production of wire. For this purpose the mandrel is 
cut with a sharp V groove round its surface, and copper 
deposited thereon. The groove makes a line of weakness 
in the deposited cylinder, and the deposit can be 
pulled off in the form of rectangular wire, which may be 
drawn down through dies in the usual way. In the cen- 
trifugal process it is found that the higher the surface 
—— of the mandrel, the denser and tougher the deposit 
obtained ; and unless the speed is as high as 1200 ft. per 
minute, the deposit is unsatisfactory, By using a conical 
mandrel the critical surface speed is easily obtained, the 
point of the cone where the speed is low having a deposit 
covered with nodules, as would be expected with the 
great current density used. We understand thatthe 
process is being commercially used in the production of 
copper cylinders for calico-printing, a cylinder about 
3 te in diameter by 4 ft. long being formed complete in 


MISCELLANEA. 


On Saturday last the monument erected in the Sale 
Park, Manchester, to the memory of James Prescot, and 
Joule, the discoverer of the mechanical equivalent of 
heat, was formally unveiled by Sir W. H. Bailey. 


We have received from Mr. J. M, Gavin, A.M. Inst. 
C.F., of 65, South Hill Park, Hampstead, N.W., a copy 
of a lithographed chart which he has drawn up to facili. 
tate the construction of five centred curves approxi- 
mating to the ellipse. It is stated that the approxima- 
tion is good for a very wide range of eccentricities. 


In a recent attempt to liquefy helium Professor 
Olszewski suddenly expanded a mass of the gas com- 
pressed to 180 atmospheres, and cooled to the tempera- 
ture at which hydrogen is on the point of solidifying. 
The temperature attained on this sudden expansion was 
estimated at — 271 deg. Cent., or within 2.0 degree of the 
absolute zero. The gas, however, showed no traces of 
liquefying even at this extreme of cold. 


According to a report just issued by the Census Bureau 
of the United States, there were in the Union in the year 
1902, 3620 central electric stations in operation, the con- 
struction and equipment of which represented a sum of 
100 millions sterling. The income from the sale of current 
was nearly 17,000,000/.; whilst the employés numbered 
about 30,000, and received in wages over 4,000,0002. The 
gs daily output amounted to 13 million horse-power 

ours. 


According to the Rivista Generale delle Ferrorie, of 
Florence, the Swiss Government has come to the conclu- 
sion that electric traction can be resorted to for traffic in 
the Simplon Tunnel, and steps are being taken with a 
view to working the line electrically from Brigue to 
Iselle by May 1 next. It is believed that the plant at 
Brigue, which supplied ample power to the contractors 
during the period of construction, would be sufficient for 
supplying the current required for traction. 


There must be something oeieay wrong in the school 
methods followed in China. The Chinese, says the Revue 
Générale des Sciences, starts at a primary school when he 
reaches his seventh year, and his period of instruction 
lasts twenty-six years—five in the lower and four in the 
upper primary form ; five in the secondary school; three 
at an upper school; four at a university; and five at a 
specialising college. The youth commences learning 
a languages when he is sixteen, English and Japa- 
nese being obligatory, and French, Russian, and German 
— A man’s studies are, therefore, so far com- 
oe when he reaches his thirty-fourth year. Much 
efore that age a Japanese has mastered his own language, 
which he can write in half a dozen different kinds of 


| characters, has mastered technics, engineering, and navi- 


gation, and commands a company or a torpedo-boat 
destroyer. 


Speaking at the recent Convention at Philadelphia of 
the American Street-Railroad Association, Mr. W. B. 
Potter stated that though the firat cost of equipping a 
single-phase electric traction system may be less than that 
of a corresponding continuous-current system, it was 


|mecessary also to take into consideration the question 


of maintenance and working cost. The elimination of 
the rotary converter sub-station and its attendants 
was a point in favour of the single-phase system ; 
but he feared that in the matter of car equipment 
the single-phase system would involve higher running 
costs that its rival. For example, if a single turn of the 
field winding of a direct-current motor became short-cir- 
cuited on itself, the only effect would be to eliminate one 
turn of the field-coil. A similar accident to an alternate- 
current motor would, however, lead to the induction of 


a large local current in the short-circuit, which would 


burn out the coil. 


Owing to the success experienced with their motor 


services between Botley and Bishop Waltham, and 


between Friary and Turnchapel, the directors of the 
London and South-Western Railway Company pro- 


pose also to establish rail motor services on five other 


small branches—viz., between Exeter and Honiton, 
Bournemouth and Christchurch, Bodmin and Wade- 
bridge, Fullerton, Hurstbourne, and Whitchurch; and 
between Exeter and Topsham. The cars to be used 
are of a new design, recently got out by Mr, Dugald 
Drummond, the chief mechanical engineer to the com- 
pany, and of these nine are in course of construction. Each 
car will be fitted with engines having cylinders 9 in. in 
diameter by 14 in. stroke, and be moun on wheels 3 ft. 
in diameter. The accommodation provided consists of 
eight seats for first-class passengers and thirty-two 
seats for third-class passengers. A luggage compart- 
ment is also provided. The lighting of the car will 
be on Messrs. Pintsch’s oil-gas incandescent system. 
The car is 51 ft. 24 in. long over all, and weighs 
31 tons 11 cwt. when empty. It can be driven from 








an hour, whereas in antes such a cylinder out of sheet 
metal the brazing alone took a skilled man several hours, 





Patent fuel has remained at about former rates. Foundry 


and was then often unsatisfactory. 


either end. The store of water carried is 530 gallons, 
and the bunkers will hold 1 ton of coal. The railway 
company have also organised a system of road motors, 
of which three services have been established—viz., 
between Exeter and Chagford, Lymington and Milford- 
on-Sea, and between Farnham and Haslemere ; the service 
last named being worked by Messrs. Thornycroft and 
Co., Limited. In the other services, steam buses built 
by Messrs. Clarkson, of Chelmsford, are used. Those in 
use at Milford have engines rated at 32 horse-power, the 
working pressure being 300 lb. per square inch. They 
measure 20 ft. 6 in. by 11 ft. high and 7 ft. 3 in. in width, 
and can carry twenty passengers. Their weight is 4 tons 
Scwt, 
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SUBMARINE BOATS. 

Eacu recurring accident to a submarine boat 
tends almost inevitably to develop a feeling of dis- 
quietude as to the success of these craft, even 
as instruments of war; and, unfortunately, the 
exigencies of the situation prevent such a full dis- 
closure of the facts, and of the provisions made to 
overcome the dangers known to theorists, as would, 
of itself, reassure public opinion. There is, how- 
ever, no need for any more anxiety as to the safety 
of these vessels than there may be in the case of 
any munition of war, whether ship, gun, submarine 
mine, or aerial explosive. We have never failed to 
urge the importance of securing a well - informed 
public opinion upon such matters. There is much 
to object to in the quickly-developing tendency to- 
wards absolute secrecy by the Admiralty, never 
much disposed to disclose even general details 
essential to public confidence. But in this case of 
submarine boats there is everything to gain from 
a careful guarding of the details of design, parti- 
cularly in respect of safeguards, since the effective 
service of these boats in war is dependent upon these 
features. Thus far the Admiralty are to be con- 
gratulated on the success with which these designs 
have been kept absolutely private, notwithstanding 
that so many boats have been built and commis- 
sioned. We, therefore, consider that patriotism 
justifies acceptance of the assurance of the Admiralty 
experts that the best is being done. 

To the man in the street the accidents may seem 
to discredit such a statement ; but it is not really 
so. Theory can carry one a long way towards the 
solution of a problem, but it can never be empirical, 
and there must arrive a stage when ‘‘trial and 
error” becomes an important factor towards the 
attainment of practical success, Experience has ever 
been a valuable medium in the overcoming of diffi- 
culties ; practice is essential to perfection. Thus 
while each successive boat embodies the best that 
theory can suggest, and that practice has evolved, 
there is possibility of improvement, for there is no 
finality in science. Every accident, one might 
almost say every trip, on ,a submarine-boat has 
yielded suggestion. The collision which sank the 
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tends to close it. The explosion of chlorine gas 
Ad tees sai -: 606| given off by salt water entering the battery 


| chamber in the A 4 last week has been anticipated, 


| and has been the subject of suggestive experiments, 


|taining-case of the cells has been introduced. 





Uther similar cases might be quoted ; each diffi- 
culty has been an incentive to greater diligence on 


read | the part of designers and builders, who have worked 


assiduously and loyally for the exclusive gain of the 
British service. 

But when all is said it may as well be admitted 
that there, are limits to absolute perfection ; and 
here it is especially important that the factor of 
safety should be clearly and unmistakably defined, 
for, when it is correctly understood, there is no 
need for grave anxiety, or for the plea for details 
which some writers set up. The reserve of buoyancy 
is necessarily very at In the diving condition 
in a 200-ton craft, it is, as Sir William White has 
pointed out, 800 lb.—or in the proportion of 2 per 
1000. In other words, the difference between the 
ability to continue to float and the inevitability of 
sinking is equivalent to only 80 gallons of sea-water, 
so that a very small leak must involve sinking. 
There is, as we shall presently show, little cause 
for such an inrush of water. In the case of the 
A4, with which the most recent accident took place, 
the cause was the fact that there was not a full 
appreciation of the possibilities of danger, and a 
ventilator was needlessly left open and inevitably 
admitted water, which with proper care would 
never have found its way into the boat. The 
vessel was not diving, and did not display any 
exceptional tendency to act contrary to ordinary 
buoyancy conditions. 

If prompt action is taken—the turning of two 
handles—water may be blown from the ballast 
tanks at such a rate as to counteract any ingress, 
through leaks or from other causes, and to re- 
establish buoyancy before the vessel has sunk 
practically any distance. 

It may, however, very properly be asked: Is 
such a small reserve inevitable ? Any improvements 
to remove possibilities of evil must be very consider- 
able. Nor can they be accepted if they involve any 
diminution of the efticiency of the boat as a fighting 
unit. An addition might be got by increasing the 
skin area for the same effective submerged dis- 
placement ; but this involves an enormous addition 
to motive power fora given speed, and consequently 
an almost impracticable augmentation of weight of 
electric storage batteries. For a given radius 
of action at a given speed, electrical power under 
those conditions costs in weight thirty times that 
of other prime movers used on the surface. As 
Captain Bacon, in his paper read at the Institution of 
Naval Architects, pointed out, the first considera- 
tion must be the tactical and fighting point of view, 
with safety under the exercise of reasonable care. 
This view disposes of many suggestions from in- 
experienced authorities. Sub-division of the inte- 
rior as with ordinary craft is impossible. There is 
the difficulty of longitudinal stability. To meet 
the conditions clearly enunciated by Captain Bacon 
the compartments could not be more than 34 ft. 
between the bulkheads, excepting the centre one ; 
and although one or two bulkheads with doors, to 
isolate the water in case of an inevitable disaster, 
might be an advantage, they would materially affect 
the efficiency of the boat. 

But what are the probabilities of accident ? Col- 
lisions are more or less inevitable with every craft 
which goes upon the water, but the submarine 
boat need not have greatly increased risks. There 
must be the greatest vigilance to prevent col- 
lisions. nea has shown that water entering 
the boat is the main cause of vessels sinking; it was 
especially so with the A8 and A 4. The latter, when 
just awash, was riding on waves, and dipping into 
a wave, shipped water through a ventilator. The 
A8 shipped it through the hatch when steaming 
at a fast speed. Obviously these should not have 
been open; there was an error of judgment, 
due probably to a miscalculation as to the pos- 
sibilities of danger. The question has arisen 
as to whether an automatic, or semi-automatic, 
means of closing the hatch could not be 
adopted ; but there is always the objection of 
the cover getting jammed, perhaps by a member 
of the crew escaping. Such an accident as hap- 
pened to the A 4, where water entered through a 
ventilating-pipe owing to waves, might have been 
obviated by providing for use on such occasions 
of a simple flap-cover inside the main fold-down 
cover. But such mechanical safeguards often en- 
courage too much reliance on chance, with its 
inevitable tendency to relinquish some degree of 
vigilance, which ought to be a primary mental 
condition on all warships, and particularly in all 
submarine craft. Flotsam might clog the flap, 
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and dependence on its working satisfactorily would 
result in such a disaster as befell the A 4. 

As regards explosions, a mixture of petrol and 
air caused the disaster to the A 5 off Queenstown. 
As the petrol is stored so that it cannot mix with 
air, felllegs through packing or some other de- 
fect can alone cause mischief. The engines, when 
running, use every two minutes the equivalent 
of the total volume of air in the boat, and thus 
there is through the cylinders of the engine 
an adequate ventilation. When submerged there 
might be a leakage, and then a sparking at the 
motor might cause explosion ; but means for de- 
tecting leaks are provided, and only gross neglect 
of the regulations laid down would involve an acci- 
dent. The motors in future boats, however, will 
probably be of a type to enable oil of a high flash- 
point to be used, so that there will be one more 
source of danger eliminated. Explosion due to 
hydrogen given off by the batteries forming an 
explosive mixture inside the air-tight space in which 
the batteries are enclosed will be overcome by the 
cells having themselves an air-tight cover. 

It will thus be appreciated that the personal 
factor is the most important element alike in the 
accidents to, and inthe success of, the submarine 
boat. The misfortunes may seem numerous, but in 
view of the fact that the work bristles with novelties, 
that the potentialities of danger are to a large 
extent unknown quantities to the men forming the 
crew, and that the vessels in the service have 
steamed something like 50,000 miles, it must be 
admitted that they are not surprising, and should 
not be disconcerting. None of them has been 
inherent to the design. There is no difficulty in 
securing men for the crews; volunteers are 
numerous, and, no doubt, the cleverest men are 
accepted. They should receive a sound educa- 
tion in the theory of the subject even before join- 
ing their boat, and for proficiency, alike in theory 
and practice, should have a special grant added 
to their pay. This should be purely a reward of 
proficiency, determined by examination, oral and 
otherwise, and not for the courage that may be 
called for on the part of a volunteer for service 
under somewhat hazardous conditions, nor for 
the discomfort involved in such work. Neither 
officer nor sailor in the British service needs 
incentive to courage or patriotic devotion to 
duty, however hazardous or uncomfortable, and 
this has been proved time and again, and re- 
cently more particularly in connection with 
the submarine work. To the evidence of these 

ualities also there has been added a renewed 
Semsionien of the ready judgment and resource- 
fulness displayed in emergency. Everyone there- 
fore will wish to be associated with Admiral Sir 
Archibald Douglas, the commander-in-chief at Ports- 
mouth, in his signal to the fleet, ‘‘ that he is deeply 
impressed with the behaviour of the officers and 
crew on the occasion which led to the court mar- 
tial on the A4. Their pluck and devotion to duty 
under the most trying circumstances was most com- 
mendable, and aptly described by the President of 
the Court, in his report forwarded to the Admiralty, 
as worthy of the best traditions of the service.” 





THE BRITISH SCIENCE GUILD. 

A NEW association, which hopes to become an 
important addition to our scientific societies, was 
founded at the Mansion House on Monday last, 
when was held the inaugural meeting of the British 
Science Guild. Most appropriately, the first presi- 
dent is to be Mr. Haldane, Q.C., who has employed 
the leisure incident on the exclusion from office of 
his particular political party in endeavouring to 
organise what we may, perhaps, be allowed to term 
a new fourth party, the avowed object of which is 
to put pressure on all governments for a due recog- 
nition of the advantages which the nation may reap 
from seeking the assistance o. scientific men in form- 
ing its policy on all public affairs. The proposal, it 
is true, is not free from difficulty. Mr. Haldane states 
that, as matters stand, it would be impossible under 
the existing Civil Service rules to appoint a scientific 
man as a public official. He must enter the service 
in the normal way, though a precedent of very old 
standing is to be found in the appointment of Sir 
Isaac Newton as Master of the Mint in 1697. The 
impossibility of an equivalent procedure nowadays 
is evidence that, as usual, important reforms gene- 
rally involve some drawbacks to counterbalance 
their advantages. The Civil Service rules destroyed 


State was manned entirely by the nominees of 
ase politicians, but have at the same time 
rred the way to another Newton were such avail- 
able. Another difficulty which may arise, particu- 
larly on economic questions, is that few professional 
economists are content to speak as economists 
only. Thus an eminent professor has made a 
statement to the effect that an export tax on the 
best coal was economically sound, but then pro- 
ceeded to assert that its imposition was impolitic, 
as likely to give rise to international complications, 
a point on which he had, of course, no special 
qualifications to express an authoritative opinion. 
In educational and economic matters, moreover, 
experts will always differ, since the data for a really 
irrefutable statement must always be incomplete. 
The ideal man, to whom alone the teachings of the 
various schools of thought are fully applicable, 
must ever remain a mere postulate, only partially 
comparable to mankind as it actually exists. What 
the experts can do for us in these matters is to 
analyse statistics and tabulate facts ; but as to 
what action should be taken on the data thus 
established, the business man of average intelli- 
gence, who knows his fellow-men first hand, is 
probably as capable of forming a just opinion as 
the most learned of the recognised authorities. 
Whilst in these particular departments the guid- 
ance of the expert must always be accepted with 
a certain reserve, there are, nevertheless, other 
directions in which the assistance of such a body 
as the British Guild of Science may be highly 
useful in checking short-sighted legislation. The 
Tramways Act of 1871, and the Electric Lighting 
Act of ten years later, are notorious instances of 
this. The worthy gentlemen who secured their 
passage through Parliament were totally uncon- 
scious that as a direct consequence of these Acts, 
Britain would lose the lead she had established in 
the electrical industries. In this respect the mis- 
chief has been done, and is now being gradually 
repaired, but other dangers are threatening our 
industries in the shape of a frantic and ignorant 
opposition to every reasonable scheme for providing 
our industries with cheap power, and the Guild can 
do a useful work here in educating the public. 
Some of the speakers, in supporting the resolu- 
tion to establish the new society, seem to have been 
misled as to the real condition of science and the 
mechanical arts in this country by the unin- 
formed criticism of the newspapers and reviews, 
to which we have recently directed attention. 
Fortunately, however, Sir William Mather ad- 
ministered an instant correction to the Bishop of 
Ripon’s lamentations over the assumed backward- 
ness of Great Britain in matters scientific. This 
country has never lacked men of the greatest 
acquirements and highest originality in every 
department of scientific work. The trouble has 
been a lack of those subordinates with good scien- 
tific training turned out in such profusion by the 
German schools, who, whilst lacking in originality, 
are able under the inspiration of a greater mind to 
conduct the more or less routine work on which the 
better man would be wasted. It is by men of this 
class that the German industrial undertakings are 
largely staffed in the lower departments; and few 
are the large works which have not several Doctors 
of Philosophy or their equivalents engaged at what 
would to most Englishmen appear a most inadequate 
salary. The fact is that those who take a university 
degree here are generally either men of means or 
men of above the average ability, and the conse- 
quence is that though our industries have never 
had any difficulty in finding men suitable for the 
rank of commander-in-chief, as, for example, the 
late Dr. ‘Hopkinson, there has been a lack of 
adequately-trained non-commissioned officers. As 
a consequence the superior officer has been heavily 
handicapped, having to waste, in mere routine work, 
which a properly-educated subordinate could do as 
well or better than himself, time which for the 
interests of his firm should have been devoted to 
higher objects. 
This deficiency in the number of second-rate, but 
educated, men is now being gradually filled, but it 
is at least a debateable point whether the necessary 
training cannot be obtained in properly conducted 
secondary schools and in evening classes. Many 
of the students of our technical schools have neither 
exceptionable natural ability nor large means, and 
in the nature of things can accordingly only expect 
to occupy subordinate posts, in which they will 
have to meet the competition of shop-trained and 
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evening-class men of, perhaps, a lower social 





stratum. They cannot in the nature of things ex- 
pect, therefore, a high salary. In closed professions, 
like the law and medicine, no such competition has 
to be faced, and a qualified man of mediocre talents 
is therefore certain of a higher recompense than 
can be expected by his fellows who have chosen 
the career of engineering. 

A few good technical colleges could probaly 
meet all the demands for accommodation from men 
of above the average ability, or possessing more 
than the average means. From these, supple- 
mented by the best of the exclusively shop-trained 
men and the brilliant amateurs, like Lord Arm- 
strong, Sir Henry Bessemer, or, indeed, James 
Watt himself, the higher ranks of the profession 
could be filled ; whilst the money saved by abolish- 
ing the many ambitious, but probably superfluous, 
day technical colleges might well be expended in 
developing the scientific knowledge of the nation 
as a whole, both in the elementary and secondary 
schools. The highly qualified expert has never 
been wanting in Great Britain, but the mass of the 
population is still supremely ignorant in all ques- 
tions of physics and engineering. In this direction 
we think that the new guild can also exert a bene- 
ficial influence. Mr. Haldane states that for the 
past ten years he has found the Government sym- 
pathetic to his ideas ; and it is to be hoped that the 
precedent established in 1886 will now prove the 
rule, and that no future Cabinet will be as ignorant 
of the most important department of modern thought 
as has commonly been the case in the past. 

Everyone, without distinction, is in favour of 
efficiency in our public life, just as all political 
parties are equally sincere in their desire for the 
welfare of the country. As Mr. John Morley 
has pointed out, however, the mere call for efficiency 
without a reasoned programme as to the methods 
to be followed in attaining it is merely repeating a 
catch-word, since in political matters differences 
arise only when details, not principles, are discussed. 
Modern civilisation is based on the engineer, and 
his work is largely applied science. It seems reason- 
able, therefore, that in seeking for efficiency due 
weight should be attached to the opinion of engi- 
neering and scientific classes of the community ; and 
it will be the business of the British Science Guild 
to see that this is done, and to insist that the 
education of the public is modified until some 
knowledge of physics and mechanics becomes the 
rule, and not the exception, as it is at present. 








ELECTRIC POWER SUPPLY IN 
LONDON. 

Tue time for the deposit of Private Bills to be 
promoted in the next session of Parliament is 
drawing near, and considerable curiosity at present 
exists regarding the proposals which may be for- 
mulated upon the question which formed the chief 
interest of last session—the supply of electric power 
in London. The great scheme put forward by the 
promoters of the Administrative County of London 
Bill gave rise to a memorable contest in the com- 
mittee-rooms at Westminster ; and in the end it only 
failed to reach the Statute-Book through effluxion 
of time—that is to say, the Parliamentary session 
came to an end before the third reading of the Bill 
in the House of Commons could be taken. The 
significant fact was that the Bill was passed by Com- 
mittees of both Houses of Parliament, and it was 
therefore natural to suppose that the same or a 
similar scheme would be promoted again the follow- 
ing year. Rival schemes were also to be expected, 
as many existing undertakings were affected by the 
Bill of last year. Until this week, however, there 
has been nothing certain ; but now a definite pro- 
posal has been put before the public which prac- 
tically revives the scheme of last year, but the 
would-be promoters on this occasion are none other 
than the London County Council. We have no 
doubt that the Council will not be allowed to be the 
sole occupant of the field, and last year’s promoters 
may especially object to this attempt of the local 
authority to steal their child; but we may well 
leave for a future time the discussion of the dif- 
ferent schemes which may be brought forward, and 
devote our attention now to a discussion of this 
new policy which the London County Council is 
asked to adopt. re 
The proposal we have to consider is embodied in 
a report of the Highways Committee of the County 
Council, which was presented at the meeting of tlie 
Council last Tuesday, but could not then be con- 
sidered, as under the Borough Funds Act, 1872, *s 
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applied by the County Councils (Bills in Parlia- 
ment) Act, 1903, public notice must first be given 
of the Council’s intention to consider the proposals 
contained in the report. There is therefore a brief 
interval available for public criticism of the Com- 
mittee’s suggestions; and it is with the hope of 
inducing the community of London to look seriously 
at the grave issues raised in that report that we 
take the earliest opportunity of drawing attention 
to it. 

Stated concisely, the effect of the report of the 
Highways Committee is that that 
sidered the issues raised by the Electric Power 
Bills of last Session ; that it admits the proposition 
that larger areas of supply than those at present 
existing are necessary to allow of the generation 
and distribution of electrical energy on the most 
economical scale and at the lowest prices ; that it 
considers that the’ rights of existing authorities— 
and especially the rights of purchase vested in the 
local authorities—are seriously jeopardised by the, 
grant to a private company of such powers as those 
asked for in the Administrative County of London | 
Bill last session; and therefore, that the only| 
proper means of securing the public benefits aimed | 
at is to give the necessary powers of supply to the| 
County Council as the ‘‘ central municipal autho- 
rity.” The Committee concludes by recommending 
that a Bill should be promoted next session ‘‘ to 
enable the Council to supply electrical energy in 
London and certain surrounding districts” on 
the lines indicated in their report; to give the 
Council power to carry out the necessary works, 
and power to make arrangements with existing 
undertakers (local authorities and companies) to 
enter into agreements for the supply of energy. 

That is a brief outline of the terms of the report, 
but to realise the process of reasoning by which 
the Committee arrives at its conclusion, the whole 
document must be read, and we hope our readers 
will take the trouble to study its termsclosely. We 
must admit that considerable skill is shown in the 
drafting of this report, and it is evident that those 
who are responsible for it had the public in their 
eye, rather than merely the members of the County 
Council, when they drew it up. But if the Com- 
mittee has shown skill, it has not, we regret to say, 
shown a frank honesty to the public in this docu- 
ment, for throughout its length it contains, as the 
basis of the argument, a strong suggestio falsi, 
which, if not intentional, betrays such ignorance or 
perversion of the statute law on the part of the 
Committee as we should be sorry to think possible. 
The report states that if the great Bill of last year 
had become law, it would have created an enormous 
monopoly in the supply of ‘‘one of the most im- 
portant and vital factors in the commercial develop- 
ment of London and the neighbouring districts,” 
and then continues in these terms :—‘‘It will 
be sufficient to remind the Council that the elec- 
trical supply, in common with the water, gas, 
and tramways services, in most of the large cities 
in England, is in the hands of the local authori- 
ties respectively concerned ; it being clearly con- 
sidered that a monopoly in services of this character 
should not be in private hands.” A little later 
on we find the Committee adducing, as one of 
the considerations which led it to propose this 
scheme, ‘‘the importance of ‘preserving, as far | 
as possible, the existing rights of local authorities | 
and the principle of municipal ownership con- 
templated by the Acts of 1882 and 1888;” while 
still later the final recommendations are supported | 
by the argument of ‘‘ the importance of providing | 
cheap electrical energy for general use in London, 
and at the same time securing continwity of the 
policy of public control which was intended to be| 
ensured by the purchase clauses of the Electric Light- | 
ing Acts of 1882 and 1888.” | 

Now these statements, which we have italicised, | 





the same area ;” (2) that Parliament has in these 
Acts expressly provided for the grant of these 
undertakings to private companies ; and (3) that, 
far from treating electricity undertakings as being 
‘*in common” with water and gas undertakings, 
the Board of Trade, in consequence of the section 
of the Act to which we have referred, looks upon 
them as entirely different, and treats the section, 
to quote the words of the late Sir Courtenay Boyle, 
as ‘‘ very nearly amounting to a mandate to the 
Board of Trade to allow competition.” In London 





y has con- 


there are several cases of competition between 
companies. 

But the object of introducing that clause in the 
report is seen when it is coupled with the two other 
clauses which we have quoted. We there find ‘‘ the 
principle of municipal ownership” put forward as 
the basis of the Committee’s recommendations, and 
the public is told that this principle is ‘‘ contem- 
plated by the Acts of 1882 and 1888.” Now the 
Committee knows well that these Acts deal with 
the grant of provisional orders only, and that they 
‘fcontemplate” merely the ordinary undertaking 
in a small area. It knows, further, not only that 
the Council could not promote this present scheme 
under the provisions of these Acts, but also that 


| Lord Cross’s Committee of 1898 recommended that 


undertakings for power supply in bulk over large 
areas should be exempted from the liability to 
compulsory purchase, unless the local authorities 
concerned could show good cause for the insertion 
of the purchase clause ; and that this reeommenda- 
tion, though never expressly incorporated in a 
general statute, has been accepted by Parliament 
in nearly all the Power Acts of recent years. 
Why does the Committee so continuously harp 
upon the provisions of the Acts of 1882 and 
1888, which do not apply to its scheme, and 
never once refer to the Power Acts, which are 
applicable? When such grave issues are placed 
before the public surely we have a right to expect 
that the trustees of the public welfare will give a 
candid exposition of the actual state of affairs, and 
not attempt, for any ulterior motive, to mislead 
either the electors or the elected, neither of these 
classes having the same special knowledge as the 
Committee is supposed to possess. We hope that 
when the matter comes before the Council some 
members will demand reasons for the strange line 
of argument adopted by the Committee in this 
report. 

et us look now more closely at the substance of 
the proposals of the Highways Committee. What 
will strike the ordinary man as peculiar is that the 
Council is here asked to promote on its own 
account the very scheme which last year it opposed 
so strenuously, spending thousands of pounds of 
the public money for that purpose. Substitute 
‘*central municipal authority” for ‘‘ private com- 
pany,” and hey presto! the wicked demon becomes 
at once a beautiful fairy. The alleged cause of the 
transformation we have just seen will not bear 
examination, as it rests entirely on a misunder- 
standing or perversion of the statute law. But we 
have, of course, in addition, the old familiar 
objections raised to allowing private individuals to 
break up the public streets. The real truth of the 
matter, however, is this. The County Council 
does not really wish to promote this scheme ; but 
still less does it wish to see a private company 
authorised to carry it out. It never anticipated 
that the Administrative County Bill of last year 
would succeed in passing a Committee. But when 
it passed Committees of both Houses, the High- 
ways Committee took alarm. Convinced that Par- 
liament is prepared to grant the necessary powers 
to some one, it has suddenly, in a state of panic, 
resolved to come forward itself as promoter. 
Proof of the state of mind of the Committee is to 
be found in the report itself. One would naturally 


are very misleading to those who have not an| expect that before asking the Council to adopt a 
intimate knowledge of the state of the law relating scheme which will involve a large addition to the 
to electricity supply. From the first of the three | debt of London, this Committee would consider 
quotations one would naturally infer that Parlia- all the details and be able to show some statistics 


ment objects to a ‘‘ monopoly ” of electricity supply 
being entrusted to private hands ; but the Com- 
mittee must know (1) that in the undertakings 
to which reference is here made—ordinary elec- 
tricity supply undertakings—the Act of 1888 
(Section 1) expressly destroys any idea of mono- 
poly by providing that the grant of a licence 
or provisional order to any undertakers in any area 
**shall not in any way hinder or restrict the grant- | 
ing of a licence or provisional order to the local 
authority, or to any other company or person within 


giving estimates of expenditure and revenue ; but 


far from this being the case, we find the Com- 
mittee accompanying its proposals with this ex- 
traordinary confession :—‘‘ We have not at present 
gone fully into the details of a definite scheme for the 
supply of electrical energy, but, from reports which 
we have had before us, and having regard to the 
favourable position in which the Council stands in 
many respects, we are of opinion that it will be 
quite practicable to put forward a satisfactory 
scheme.” Surely when we find a responsible com- 





mittee recommending the Council to accept such a 
costly scheme as this must be, without knowing 
one single fact regarding it, it is time for the rate- 
—_ of London to protest in the most forcible 
ashion. The Council is not told what capital will 
be required ; it is not told where the customers are 
to come from, or whether any, in fact, will be 
obtained—and it must be remembered that the 
promoters of the Administrative County Bill last 
year were able to produce to the Committees 
definite agreements for supply to authorised under- 
takers ; the Council is to ‘i that the Committee’s 
scheme will protect the interests of the local 
authorities already possessing electricity undertak- 
ings, but not one word of proof is adduced to sup- 
port this statement, nor is the Committee able to 
show that it has the support of a single one of these 
local authorities. We expect that in a fortnight’s 
time it will be made quite clear that in this matter 
the Council does not possess the confidence of the 
borough councils ; yet, in spite of all these facts, 
this Committee says in fact to the Council:—‘‘ Trust 
us implicitly; it is true we cannot give you 
one item of reliable information as distinct from 
theory ; the business is highly speculative, and 
may land us in heavy debt, but we believe it is 
ssible to devise a practicable scheme. There- 
ore decide now to promote a Bill in favour of our 
scheme, which we will shortly begin to consider.” 

If it should be said that this is a travesty of the 
position of the Committee, we may refer to former 
discussions of the Council on this very subject. 
No further back than February 8, 1905, the Chair- 
man of the Parliamentary Committee of the Coun- 
cil, referring to the Conference of Borough Councils 
on January 11, at which the proposal for a com- 
bined municipal scheme for supply of electric 
power was unanimously rejected, said :—‘‘I think 
we ought boldly to face this fact, that it would not 
be wise for the Council, without some such agreement 
[i.e., with the borough councils] itself to undertake 
a supply of electricity in gross.” Another member 
said, ‘‘The London County Council undertaking a 
supply of electricity in bulk may be a very specula- 
tive enterprise indeed, and it is doubtful whether 
it ought to be undertaken out of the rates ;” and 
on February 28, 1905, Mr. Sankey pointed out to 
the Council that ‘‘ if we seek to become the central 
authority for lighting, we shall come into conflict 
with these [local] authorities.” Thus we find the 
true nature of such a scheme pointed out clearly to 
the Council by its own members, yet the Highways 
Committee does not attempt to meet a single one 
of these objections. 

The Council has had to admit that there is need 
in London for cheap power supply ; and the ques- 
tion therefore becomes, as we said in our issue for 
March 3, 1905, Who shall carry out this work, a 
private company or the County Council? At this 
moment we are not concerned with any proposals 
from companies ; but let us conclude this discus- 
sion by stating some reasons why such work should 
not be entrusted to the County Council. 

In the first place, any authority obtaining powers 
for such a scheme as is here proposed expects a 
considerable part of its revenue to be earned in 
course of time by the supply of energy in bulk to 
authorised distributors, many of these being local 
authorities. Now the borough councils carry on 
their electricity undertakings by borrowed money, 
and the County Council is the statutory authority 
for these loans. Its sanction is required, and it 
is put in the position of trustee of the debt of these 
authorities. If, then, we suppose the County 
Council authorised to carry out its great scheme, 
it becomes at once a competitor with the borough 
councils, and it has no longer an independent posi- 
tion in dealing with loans to these bodies for elec- 
tricity undertakings. If a borough council refuses 
to take supply from the County Council, and after- 
wards desires to borrow fresh capital for extensions, 
the County Council is in a position to bring im- 
proper pressure to bear upon that authority. It 
may constitute itself a judgein the matter and may 
say, ‘‘ No, we refuse our sanction for this loan, as 
we are convinced that it would be more economical 
for you not to extend your station, but to take 
supply from us.” On the other hand, a borough 
council which is willing to take supply from the 
County Council may be encouraged in extravagance 
in the hope that money spent on extensions may 
lead to an increased load on the County Council’s 
stations. In short, the County Council is at pre- 
sent a policeman, but if it becomes also the autho- 
rised vendor of electric power in the Metropolis, 
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the policeman is bribed —he has a financial interest 
in the loans to which he gives his sanction, as he 
expects to see some of the money spent in his own 

rivate shop, and is in a position to insist on this 
aes done. This objection appears to us to go to 
the root of the matter, and it is absolutely impera- 
tive to prevent anything being done which would 
tend to render less effective the existing checks 
upon municipal extravagance. 

Again, the present financial condition of the 
London County Cvuncil does not justify it in 
undertaking any business of a speculative nature, 
and it has to be admitted that a business of this 
character is highly speculative. Assuming that it 
results in disaster or in heavy loss, no one suffers 
but the shareholders, if the undertaking is in the 
hands of a company ; but if the County Council is 
the owner, the whole community must*go on paying 
interest year after year upon dead capital, an 
must repay every penny of the capital itself. The 
net debt of the County Council at March 31, 1905, 
was 44,620,000/.—the gross debt, 71,587,000/.— 
and new burdens are constantly being added in 
connection with work which falls + within 
the municipal duties of the Council. The position 
is such that Lord Welby, the chairman of the 
Finance Committee, has had to sound a note of 
warning repeatedly in recent times against further 
increase of debt by setting up new and costly 
undertakings. We shall await with interest and 
some anxiety his remarks on the proposals of the 
Highways Committee. 

Thirdly, the Highways Committee throughout 
its report considers that whoever gets the powers 
to carry out the proposed scheme for the supply 
of energy at cheap rates will obtain a monopoly, 
and will eventually become suppliers of energy in 
bulk to all the local authorities and companies 
in London and the neighbourhood. Suppose this 
to be true, it necessarily follows that the County 
Council is the very worst body: to whom such 
powers could be entrusted, for the whole com- 
munity would then be at the mercy of a host of 
municipal servants, who could by threats of a 
strike, or by an actual strike, bring tremen- 
dous pressure to bear upon the local autho- 
rity in any dispute with regard to wages. These 
men would be electors of the members of the 
Council—that is to say, masters first and servants 
afterwards. And it should be noted that in a 
strike of this kind there would be a combination 
of all the municipal workers in every branch of its 
trade, and London would be at the mercy of a 
mob. Where a private company is the undertaker, 
this danger is enormously minimised, as there is 
less community of interest between their workers 
and those of ether undertakings, and the masters 
can deal with them firmly without fear of disaster 
to themselves. 

Many other objections may be brought forward, 
but we have said sufficient for the present, and in 
conclusion we have only to call attention to one 
other matter in the report of the Highways Com- 
mittee. It will be noticed that the proposed 
scheme is for supply not only in London, but 
‘*in certain surrounding districts.” What status has 
the Council in areas outside London? When did it 
become the ‘‘central municipal authority” for places 
like West Ham and other surrounding districts, 
and how can the arguments regarding municipal 
ownership be extended to these places in favour of 
the London County Council? One need not be a 
prophet to foretell that the proposal to go into 
surrounding districts will be strenuously opposed 
by the authorities for these districts ; but the very 
fact that such a proposal is brought forward shows 
that the Council recognises that the municipal 
boundary is an artificial one in this question of 
power supply. That is another argument in favour 
of the company, and against granting to the 
County Council the powers it desires. The dis- 
cussion of the report on November 14 should be of 
great interest. 








SAND FOR MORTAR. 

We would hardly have expected that in these 
days it would have been possible to teach engineers 
anything of importance regarding the sand which 
they mix with their limes and cements ; and yet a 
series of tests carried out during the last few years 
by Mr. James C. Hain, Engineer of Masonry Con- 
struction to the Chicago, Milwaukee, and St. Paul 
Railway Company, seem to show that there is still 
something to be learnt about it. We have become 





so much accustomed to the idea that the only kind 
of sand to use when making mortar or concrete of 
the first quality is one which is coarse and sharp, 
as well as free from clay, that any other kind is 
never mentioned in our specifications ; it is, there- 
fore, somewhat startling to be told that these 
qualifications are really not necessary, it being 
quite possible to make first-class mortar and 
concrete by the use of even the finest sand, and 
that. clay, rather than being a drawback, is, in 
certain proportions, a distinct benefit. If some 
careful tests carried out by Mr. Hain during a 
series of years teach us anything, however, it is that 
we can materially modify our views with regard to 
the undesirability of using either a very fine-grained 
sand, or one that contains a considerable percentage 
of clay, without running any risk of obtaining a 
mortar inferior in any way to one made with sand 
that is regarded as orthodox. 

The reason for making the tests referred to 
was, that in the construction of some large concrete 
work on the Chicago, Milwaukee, and St. Paul 
Railway a great quantity of sand was required, and 
it could be procured from various sources over the 
entire system of 7000 miles ; but the question was 
to decide which of the various pits belonging to 
the company supplied the most suitable material 
with the least haulage. This led to laboratory 
tests of questionable sands. A full account of the 
tests is given in a paper read by Mr. Hain before the 
National Association of Cement-Users at Indiana- 
polis. A mixture of one part cement to three of sand 
was used throughout, and each of the tensile tests re- 
corded in the paper represents the average of three 
briquettes, except in cases where one test appeared 
exceptionally irregular, in which case it was dis- 
carded. The tests have extended over three years, 
and are still being carried out. Taking first a 
certain sand found near Elkhart Lake, Wis., the 
fineness of which appeared to be an objection to 
its use, it was subjected to a number of tests. 
Ninety-two per cent. of this sand passed through 
a No. 24 sieve, and 28 per cent. through a No. 50 
sieve ; while only 54 and 11 per cent. respectively 
of the standard sand used by the railway com- 
pany passed through the same sieves. The 
sand, when examined under a microscope, was 
found to consist of fine grains of silica with 
rounded, smooth surfaces, mixed with larger par- 
ticles of a softer material with sharper corners, 
which was found to consist of very minute shells or 
a soft limestone, and effervescence was produced 
on contact with hydrochloric acid. It was found 
that briquettes made with this sand averaged about 
75 per cent. of the strength of similar briquettes 
made with the standard sand ; and they were only 
7 per cent. less in strength than briquettes made 
with sand recommended as a standard by the 
American Society of Civil Engineers. The sand 
was, therefore, used in the construction of some 
large concrete bridge piers, with very satisfactory 
results. Another sand found in the same deposit as 
the one referred to was tested. It contained so much 
clay-like substance that it was quite plastic, and 
caked in the hand like putty when pressed in a 
damp condition. It also left a coating of clay on 
thehand. The results of the tests were surprising, 
for seven, and twenty-eight-day tests came out 
from 40 to 30 per cent. above the standard. This 
increase in strength rather decreased with age, 
though when tested after three years the strength 
was 20 per cent. above the standard. The sand 
was found by decantation to contain 7.7 per cent. 
of fine material, all of which appeared to be clay. 
Another sand tried showed up about 25 per cent. 
superior to the standard, although it contained 
6 per cent. of clay. The remarkable thing about 
this sand was, however, that when it was washed 
the mortar made from it showed about 30 per cent. 
below the standard. The author of the paper con- 
siders that this latter result was due to the sand 
not having a sufficiency of coarse particles among 
the fine. 

Samples of a clayey sand were tested, the grains 
being so fine that they were scarcely perceptible to 
the touch. It proved to contain about 12 per cent. 
of clayey material, and was so fine that every- 
thing passed through a No. 100 sieve, and 93.2 per 
cent. through a No. 200 sieve; and, under an 


ordinary lens, the grains of sand were not visible. 
Briquettes made with this sand, and tested after 
seven and twenty-eight days, averaged about 35 
per cent. of the standard ; but three months after- 
wards a considerable gain was apparent, while after 
six months and one year the average showed up 


small grains may be is not very easy to decide. 





about 77 per cent. of the St. Paul standard, and 
was about the same as briquettes made with the 
sand recommended by the American Society of 
Civil Engineers. Many other tests were made 
which we need not describe in detail here, but they 
seem to point clearly to the fact that the strength 
of mortars made from different sands depends to a 
considerable extent on the proper distribution of 
the fine and the coarse particles. The superiorit 
of the St. Paul standard sand over that recommended 
by the American Society of Civil Engineers seems 
to be due to this, the latter being limited to a 
No. 20 and a No. 30 seive; for it is natural to 
suppose that the absence of small grains leaves 
larger unfilled voids, and the tests consequently did 
not come out so well for the American Society of 
Civil Engineers’ sand, as they averaged only about 
80 per cent. of those with St. Paul sand, which has 
a better distribution of the different-sized particles. 
What the most suitable distribution of large and 
In 
view of this, however, it seems that there ought 
to be enough fine grains below No. 50 sieve to fill 
the voids between the larger particles of sand. 
Tests were also made to discover what effect 
vegetable mould had on sand when used in mortar, 
and it was found that it produced uncertain results, 
but that small percentages were not found to be 
detrimental. The conclusion arrived at by Mr. 
Hain was that clay in limited quantities, say 
not more than 12 per cent., is beneficial in sand 
if thoroughly distributed throughout the mass; 
but before using, the sand should be compared 
with an established standard. He also thinks that 
washed sand may sometimes be less desirable than 
unwashed, because washing is apt to remove the 
fine grains which are required to fill up the 
voids; and the only safe way to decide this 
point is to test the sand under both conditions. 
A fine sand may show up well if the grains are 
ap graded, and a coarse sand may show up 
adly if it contain too few fine particles to fill the 
voids. The best graded sand is one in which the 
grains are held on a uniform series of sieves, so 
arranged that the voids in one lot are filled (but 
not over-filled) by the grains in the next smaller 
size, and soon. To sum up briefly, the best mortar 
sand found in nature is one with sharp corners, 
rough surfaces, with grains neither all coarse, all 
medium, nor all fine, but with the proper mixture 
of these sized particles. The sand also need not 
be washed, but may contain up to 12 per cent. of 
clay, which is more likely to improve than injure it. 
Although the tests to which we have referred were 
made on briquettes gauged with three of sand to 
one of cement, there is no reason to suppose that, 
if poorer mixtures had been used, what we have 
already said with regard to the effect of clay in 
the sand would not apply equally well to the poor 
mixtures as to the rich. The proper grading of 
the particles of sand would also be likely to have 
quite as good a result in mortars with a low pro- 
portion of cement as in the ones tested by Mr. 
Hain. It would be exceedingly interesting, how- 
ever, if careful tests could be carried out on poor 
mortars, the sand of which contains different per- 
centages of clay. 








INCREASE IN Prices.—The Electrical Power Storage 
Company, Limited, 4,:Great Winchester-street, E.C., 
inform us that on and after the ist inst. all prices in their 
catalogue for complete cells, renewals, and plates will be 
increased 5 per cent. This increase has m necessi- 
tated by the continued advance in the cost of raw mate- 
rials, especially lead, during the past few months; it 
applies to all outstanding estimates. 





Borne OF AN ARTESIAN WELL.—Messrs. Alfred Wil- 
liams and Co., Artesian Works, Bow, E., have just_com- 
pleted the boring of an artesian well at Messrs. Spiers 
and Pond’s laundry, Battersea. The well is 400 ft. deep, 
and lined with 84-in. casing. The water when tapped 
rose to within 85 ft. of the surface, and a yield of 6000 
gallons per hour is easily obtained. The following strata 
were passed through :— - 

Gravel and sand... a ws Fre incl 
Gravel and blue clay ... ee BS a 4 
Blue clay and clay stones 


Clay stones and mottled clay... 16 
Mottled clay, pebbles, and sand 34 
Sand and pebbles — - 40 
Green flints and chalk ... 1 
Chalk and flints ; 157 

Depth ... 400 


The hardness of the water is only 7 deg., whereas that 
—— by the London water companies varies from 
12 deg. to 18 deg. 
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THE LATE MR. GEORGE ROBERT 
STEPHENSON. 


Ir is the privilege of very few men to see, like 
Simeon of old, the full realisation of their early 
hopes, and such an adequate and beneficial develop- 
ment of their life’s work as that granted to 
Mr. George Robert Stephenson, one of the pioneers 
of our railway system. Born four years before the 
first rail-of the Stockton and Darlington line was 
laid by his uncle, he was a lad of eleven years when 
the historic Rocket established at Rainhill the 
triumph of the steam locomotive, and for more than 
the Psalmist’s span of 
life he took a more or 
less, active part in the 
advance of that system 
of steam communica- 
tion which has been 
such a factor in the 
progress in wealth of 
this and many other 
nations. 

Mr. George Robert 
Stephenson, whopassed 
to his rest on the 26th 
ult., at his residence at 
Cheltenham, at the 
great age of 86 years, 
was born at Newcastle, 
the son of Mr. Robert 
Stephenson, the brother 
of George Stephenson, 
the greatest of our rail- 
way builders. He began 
work at 12 years of age, 
as attendant to the un- 
derground viewers at 
the Pendleton Colliery. 
A year later he entered 
the workshops at the 
pit head, where his 
father was then engaged 
constructing an engine 
for winding the loads 
of coal up an inclined 
plane. At the age of 
fifteen he was in charge 
of the working of this 
engine. His father was 
then able to give him 
the benefit of a better 
education than earlier 
circumstances permit- 
ted. He attended for 
two years King Wil- 
liam’s College at Dou- 
glas, in the Isle of Man. 
His father died about 
this time, and young 
Stephenson, at the age 
of 18, joined in 1837 
the staff of George 
Stephenson, then ap- 
proaching the zenith of 
his fame as the railway 
constructor of England. 

The Manchester and 
Liverpool line had been 
opened for seven years, 
and its success had 
brought about intense 
activity in railway work. 
The subject of our me- 
moir became first asso- 
ciated with the move- 
ment as a draughtsman 
on the staff of the 
Manchester and Leeds 
line, which, after five 
years’ effort in Parlia- 
ment, had just been sanctioned. After twelve 
months’ work in the office he was sent to the 
ime as a sub-resident engineer. The opportunity 
was embraced ; the energy begotten of early dis- 
vipline, and the love for the work awakened by 
association with his uncle’s successes, stimulated 
the young engineer to the long and exacting 
duties of the railway builders of the ‘forties, and 
ong ere his uncle had died, in 1848, he had 
won his spurs. He resided with his uncle at 

hesterfield after the completion of the Leeds 
oa and was for a time engaged at the Tapton 
VO lery. 

In 1843 he became an associate of his cousin, Mr. 


Robert Stephenson, and Mr. George Parker Bidder. 


| These three were life-long friends as well as co- | 


workers. His first work in this connection was the 
superintendence of the construction of portions of 
the South-Eastern Railway, and later he was on the 
Waterloo and Southport line. With his cousin he 
was largely responsible for considerable lengths of 
what is now the Midland system. This was especially 
the case with the Ambergate and Rowsley section, 
where trouble was experienced with landslips of 
shale, which necessitated at one point an increase 
of one hundredfold in the excavations. The 


Northampton and Market Harborough was another 





From a Photograph by Messrs, Elliott and Fry. 


GrorGE Rosert STEPHENSON. 


section under his immediate charge. He was re- 
sponsible, too, for the Grantham and Boston line 
and for the East London Railway; but it is 
scarcely necessary to particularise further. Re- 
ference should be made, however, to the extensive 
work he did in Denmark, and to the fact that 
he was engineer of the first of the New Zealand 
railways. 

He was also associated with his cousin in the 
construction of the tubular bridge over the St. 
Lawrence at Montreal, begun in 1854 and com- 
meg in 1859. This structure, practically 2 miles 
ong, followed upon the building of the bridge over 
the Menai Straits, but was about six times the length. 


There were twenty-five spans each of 242 ft., with 
a central span of 330 ft. The roadway was, as 
in the Welsh structure, within the tube, and was 
60 ft. above water-level. Owing to the ice floes the 
construction of piers, &c., required very careful 
consideration. Two similar bridges were also built 
over the Nile near Damietta, one of them having 
eight spans of 80 ft., with a central swing span of 
157 ft., giving an opening of 60 ft. clear on each 
side of the pier. In this case the roadway was on 
the top of the tube, not within it. 

And so Mr. George Robert Stephenson continued 
his work long after his cousin died in 1859, ulti- 
mately relinquishing it, 
the last association 
with work being in 
connection with the 
locomotive-building es- 
tablishment founded by 
his uncle and Pease 
and Thomas Richard- 
son in 1823, for the 
building of the first 
locomotive, the Rocket, 
and its successors. For 
many years he was chief 
of these works when 
under the title of 
Robert Stephenson and 
Co. Inthe long struggle 
with labour in 1871 he 
took an active part, ad 
vising then the organi- 
sation of employers on 
the lines since found so 
advantageous in con- 
nection with the amic- 
able settlement of dif- 
ferences before they 
develop into strikes. 
Later, in 1886, the firm 
became a limited’ com- 
pany, of which Mr. 
George Robert Ste- 
phenson was the chair- 
man, and Sir J. W. 
Pease, Mr. Arthur 
Pease, and Mr. George 
Stephenson the direc- 


tors. In 1899 the pre- 
sent enlarged company 
took over the busi- 
ness. 


The subject of our 
memoir became a mem- 
ber of the Institution 
of Civil Engineers in 
1853, and, like his 
cousin, he filled the 
presidential chair. His 
years of office were 1876 
and 1877. He was also a 
member of many other 
scientific societies, and 
of the Royal Yacht 
Squadron, and a lieu- 
tenant -colonel of the 
Engineers’ Volunteer 
Staff Corps. His first 
wife, the daughter of 
Mr. T. Brown, of 
Whickham, county 
Dublin, died in 1884, 
and his second, Sarah, 
a younger daughter of 
the late Mr. Edward 
Harrison, of county 
Durham, whom he mar- 
ried in 1885, died in 
1893. It is some time 
since he retired, and 
he spent the last years of his life at Hetton 
Lawn, Charlton Kings, Cheltenham, where, as 
we have already said, he died on October 26, 
in his eighty-seventh year. 





InsTiTuUTE OF Marine Enoingers. — The fifteenth 
annual dinner of this Institute was held on the 25th inst., 
in the King’s Hall of the Holborn Restaurant. The 
President, Alderman Sir Marcus Samuel, Bart., occu- 
pied the chair. The company numbered over three hun- 
dred. In responding to the toast to the guests, Captain 
Makoto Kaburaki, Japanese Naval Attaché in London, 
made fitting remarks witb reference to the renewed alli- 
ance between the two countries, and graciously thanked 
the British instructors of the Japanese Navy. 
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NOTES. 
Tur Erricency oF Turso-CoMPRESSORS. 


Ir has sometimes been assumed that the efficiency 
of a compound steam-turbine could be deduced by 
making a test corresponding to that employed by 
Dr. John Hopkinson in testing dynainos, in which 
one dynamo working as a motor drives another 
similar dynamo to whichitis coupled. A somewhat 
similar system is provided by a turbo-compressor, 
but it is important to note that in this case the 
efliciency of either is not obtained by extracting the 
square root of the observed over-all efficiency. As 
was proved in our issue of January 13 last, the effi- 
ciency of a compound steam-turbine is greater 
than the efficiency of its component parts. The 
energy, wasted in friction in the higher stages, 
reappearing as heat, is partially convertible into 
work in the succeeding stages. The conyerse 
of this proposition also holds, and hence the 
over - all efticiency of a compound compressor is 
less than that of each stage separately considered. 
As another consequence, it is gvident that the 
fluid compressed will be finally delivered at a tem- 
perature which will be higher than that due to the 
mere adiabatic compression of the gas. In fact, 
this rise of temperature over and above that due to 
the adiabatic compression forms the readiest means 
of determining the internal efficiency of the com- 
pressor. Thus measured, an efficiency of 60 per 
cent. appears to have been reached, which would 
probably correspond to an internal efficiency of 70 
per cent. if the compressor were used as a turbine. 
The peculiarity. that the efficiency of a compound 
compressor is less than that of each stage separately 
considered, enhances the difficulty of constructing 
a successful gas-turbine in which the use of some 
form of compound rotary compressor seems almost 
essential. 


Tne INFLUENCE OF FaTIGUE ON THE ACCIDENT 
Rate. 


In a paper by MM. Ibert and Mestre, published 
in a recent issue of the Révue Scientifique, the 
authors endeavour to show that fatigue is largely 
responsible for the occurrence of accidents in indus- 
trial undertakings. In 1904 there were 4352 acci- 
dents to workmen in the departments of the 
Hérault, Aveyron, Lozére, Cantal, and Tarn. An 
analysis of the official returns shows that 118 
occurred between 1 a.m. and 5 a.M., and 151 be- 
tween 8 P.M. and midnight. During the rest of the 
day the numbers were grouped as follows :—Be- 
tween 5 and 6, 110; 6 and 7, 232; 7 and 8, 305; 
8 and 9, 340 ; 9 and 10, 478; 10 and 11, 292; 11 
and 12, 50 ; 12 and i, 132; 1 and 2, 310; 2 and 3, 
421; 3 and 4, 588; 4and5, 513; 5 and 6, 254; 
6and 7, 58. Very similar figures are deducible 
from the Belgian returns. The authors claim that 
a substantial reduction in the number of acci- 
dents would follow a reduction in the hours of 
work, and failing this, advocate a half - hour 
rest in the middle of each half-day. The grouping 
of accidents with respect to the day of the week 
on which they occurred presents some peculiarities. 
Thus the 2151 registered in the department of 
Hérault in 1904 were distributed as follows :— 
Monday, 325; Tuesday, 339; Wednesday, 324; 
Thursday, 326; Friday, 324; Saturday, 408; and 
Sunday, 105. The small figure for Sunday is, of 
course, accounted for by the smaller number of 
men at work. At Tuesday, it will be seen, there 
is a small maximum. This is attributed to the 
effects of the debauch with which many men cele- 
brate the week-end. It is not so pronounced on 
Monday, because a large number of men having 
insufticiently recovered fail to turn up, and so there 
are fewer men at work. . 


Wrretess TELEGRAPHY LITIGATION. 


After the invention by M. Branly of the filing 
coherer for the detection of electric waves, scores 
of other devices were discovered for the same 
purpose. Most of these were modifications of the 
Branly coherer, using different electrodes or dif- 
ferent cohering substances fougd by experiment to 
give more or less efficient results, for the theory of 
coherence was, and still is, too uncertain for deduc- 
tive purposes. The commercial development of 
wireless telegraphy, however, soon eliminated the 
majority of these, and at the present time practi- 
cally all detectors for long-distance telegra f are 
of one or other of two types. The first o' thease, 
known as the ‘‘ Marconi magnetic receiver,” does 
not depend upon what is generally known as 








‘* coherer action,” but makes use of the property 
of electric waves to annul the effects of magnetic 
hysteresis in iron upon which they fall. This 
detector is used by the Marconi Company, but the 
second type, used by the National Electric Signal- 
ling Company, the De Forest Company, the Slaby- 
Arco Company, &c., consists of a very fine metallic 
oint projecting a short distance into a conductin 
iquid. The resistance of the detector is alter 
by the impact of electric waves, in the same way as 
in the Branly coherer. The device is called a 
‘*liquid barreker,” and has formed the subject 
of a law suit brought in the United States courts 
by the National Electric Signalling Company 
against the De Forest Company for infringement 
of patent rights. The decision, given by Judge 
Wheeler on October 16, was in favour of the 
National Electric Signalling Company. The deci- 
sion is of considerable importance, as it establishes 
the ownership of the fine-point liquid receiver, 
which, as mentioned above, is of great commercial 
importance. The receiver in question was the same 
as used by the De Forest Company on the steamer 
Haimum, chartered by the Times for its correspon- 
dent in the late Russo-Japanese war, and by the 
United States signal corps for their Alaska instal- 
lation. It has detected siguals across a distance of 
over 2000 miles, and on an official test signals were 
exchanged between the United States ships Illinois 
and Alabama with the expenditure of only $ horse- 
power, although it was daytime and the vessels 
were 320 miles apart. 


THe Stare anp INpustry. 


In his inaugural address delivered at the fiftieth 
session of the Manchester Association of Engineers, 
Mr. Robert Matthews, the President, offered some 
most suggestive remarks regarding the duty of the 
State towards industry, while at the same time 
taking a satisfactory, robust view of our position 
relative to foreign nations. The services now 
vouchsafed by the Government to industry are 
certainly most insignificant; and Mr. Matthews 
referred to the disadvantages under which our 
foreign traders work, owing to the absence of ex- 
perienced commercial uttachés at the British em- 
bassies abroad. There is every prospect of a vigorous 
commercial competition amongst the nations in the 
immediate future, and it seems as important to our 
existence as a nation that we should have such com- 
mercial attachés as that there should be naval and 
military officers at the embassies. The commercial 
work of the embassies and of the consular corps is 
done in a more or less dileltante fashion ; whereas, 
as Mr. Matthews pointed out, Germany and other 
countries are represented by officials of the highest 
standing, and with the greatest experience, who 
recognise it as their duty to render business assist- 
ance to home industries. Again, the Board of 
Trade, ‘‘either from ignorance, incompetence, or 
inexperience of business matters,” fails to collect 
and compile in a sufficiently convenient manner the 
information necessary to enable business men to 
arrive at definite conclusions on important economic 
points, as well as upon the trend of business in 
different markets. Another point brought out was 
the limitations set upon industry by the patent 
laws, which tend to restrict the application of new 
systems in this country, while foreign inventors 
develop foreign industry on the lines of new 
patents. A very original and novel suggestion 
was made by Mr. Matthews, in respect to the 
training of boys. Recognising the evils of the 
half-time system, which cannot be conducive to 
health or to the development of physical strength, 
Mr. Matthews thought it would be much better if 
boys were sent to Government combined technical 
and military schools, where for a certain part of 
the day they would be prepared for the business 
they were ultimately sui to follow, receiving 
at other times military training, which would not 
only improve their physique, but develop a sense 
- discipline of incalculable benefit in their future 
ife. 
tude for any particular industry, they could be 
drafted into the military or naval service, the others 
being passed on for apprenticeship at their trade 
in private works. This scheme is worthy of con- 
sideration, although there are many points in 
detail of doubtful expediency. There is also the 
difficulty not only of trade-union domination, but 
of the false conception by parents as to the dignity 
of some industries and military service. Mr. 
Matthews had much to say on the fiscal question and 
other kindred topics ; while as regards trade unions 





In the event of the lads showing no apti- | ' 





he, from his extensive experience on the com- 
mittees of the Federation, was able to offer sound 
advice to impatient agitators, especially in view of 
extensive and intensified international competition. 
But one point which is most satisfactory is the con- 
fidence expressed by so capable and efficient an engi- 
neer, to the effect that our national progress in the 
various branches of mechanical science is quite 
satisfactory ; and that should a friendly attitude be 
adopted by the workers and assistance be given 
by the State along legitimate lines, there is abso- 
lutely no fear for the continued supremacy of 
British industries. 


History oF Mets FInance. 


We have more than once directed attention to 
the complete manner in which the Japanese 
Government keep the world informed with regard 
to all their doings. Another striking feature is the 
steadiness and perseverance with which they carry 
out any national undertaking, even in the midst 
of distracting circumstances. The recent war with 
Russia, for instance, was the most important event 
in the history of Japan, for on its issue depended 
the whole future of the country ; but even in the 
midst of it not only were the details of many 
special scientific and literary undertakings carried 
out, but even what may be called the courtesies 
of international life were carefully attended to. 
Of this some very remarkable instances could be 
given, but meantime our object is to direct atten- 
tion toa history of Japanese finance during the 
thirty-five years of the Meiji era—that is, during 
the reign of the present Emperor. Its extent. and 
completeness may be judged from the fact that it 
fills fifteen volumes of about 1000 pages each. 
Some time ago, when Baron Shibusawa reached 
his sixtieth birthday, a book was issued with the 
double title of ‘‘The History of Modern Business 
Development,” or ‘‘ The History of Baron Shibu- 
sawa’s Sixty Years.” It was felt that as Japan’s 
commercial progress during the Meiji era was 
indissolubly linked with the name of Baron Shibu- 
sawa, so also when the annals of Meiji finance 
came to be compiled, they must be regarded as the 
annals of Count Matsukata, and hence the publi- 
cation has the double title ‘‘ The History of Meiji 
Finance” or ‘‘ The Record of Count Matsukata’s 
Finance.” The work was compiled under the 
auspices of an association composed of the most 
distinguished financial authorities in the country 
under the chairmanship of Dr. Sakatain, Vice- 
Minister of Finance, who personally supervised the 
production of the volumes. The first of these opens 
with a general description of the subject, after 
which comes an account of the organs of finance and 
the finance law. In the second volume we have 
the laws relating to special finance, to the indem- 
nity paid by China, and to extraordinary war ex- 

enditures. The third volume gives the financial 
aws applying to settled accounts, and the next four 
volumes relate to the various taxes and dyes that 
go to make up the State’s account. Then come 
two volumes devoted to the national debt, and 
the tenth volume relates to pensions and relief 
funds. Vols. XI. and XII. deal with the coinage, 
and Vols. XIII. and XIV. relate to banks. The 
last volume contains an index with an appendix, 
which gives much information about the financing 
of the Russo-Japanese war. The editor of the 
Japan Daily Mail says that ‘‘Mr. Sukatain de- 
serves the utmost credit and the gratitude of his 
country for compiling such a work. It is a veri 
table cyclopzedia of the Empire’s finance, and it 
will prove quite invaluable as a guide to a subject 
which we are all concerned to understand, but 
which has hitherto been more or less a sealed book.” 





ASSOCIATION OF TEACHERS IN TECHNICAL INSTITUTES. 
—The annual general meeting of this association will be 
held at the Birkbeck ore 5 London, on Saturday, Nov- 
ember 4, commencing at 3 p.m., to discuss the annual 
rt ; the pro amendments to constitution and 
rules; to elect officers and council, and conduct other 
business. The offices of the association are 37, Park 
Mansions, Battersea, 8S. W. 





Granp Trunk Pactric Rathway.—A contract for the 
Lake Superior branch of the Grand Trunk Pacific Rail- 
way from Fort William to Lake Superior Junction, about 
210 miles, has been awarded to Messrs, Foley Brothers, 
Larson, and Co., of Winni This means that about 
500 miles of the Grand Trunk Pacific Railway were under 


actual construction by the end of October. It is apt 
that fully 1000 miles will be under way by the end of 
November. 
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THE PHYSICAL SOCIETY. 


Av the meeting of the Physical Society of London, held 
October 27, 1905, Professor H. Poynting, F.R.S. 
I’cesident, in the chair, a yore on ** The Theory of Phase- 
meters” was read by Dr. W. E. Sumpner. Phase-meters 
are instruments of the dynamometer type, for indicating 
the phase relations of the currents and potentials in alter- 
nating-current circuits. With few exceptions, they are 
made for use on multiphase circuits. Such instruments 
consist essentially of two sets of coils, of which one set 
is fixed, and the other forms a single moving system 
which is not provided with any form of control. The 
currents in one set of coils are determined by the voltages 
of the main circuits, while those in the other set are pro- 
duced by the circuit currents. With rare exceptions the 
magnetic circuits of phasemeters are air-circuits, contain- 
ing no iron, so that the magnetic fields associated with 
them are weak, and the instruments in consequence are 
of somewhat delicate construction. There, however, 
appears to be no reason why the use of iron should be 
avoided in these instruments, and the author shows in 
the paper that the theory of the instruments is the same 
whether they contain iron or not, and however the coils 
may bearranged ; that they can be calibrated by direct- 
current methods, although for use on alternating-current 
circuits ; and that a new type of instrument, containing 
iron, conforms to the theory given. In all the cases con- 
sidered, it is assumed (L) that the induction density at 
any point due to the current A in a fixed coil is repre- 
sented by AF, where A is the instantaneous value of the 
current A, and F is a quantity dependent merely on the 
coil and the position of the point’ considered ; and (2) 
that the principle of superposition holds, viz. :—B= 
A, F, + Az Fe + As Fs. where A;, Ay, As are the cur- 
rents in the three fixed coils, and the quantities F are 
functions of the position of the point corresponding to 
these fixed coils. The author shows that these assump- 
tions hold good even when the path of the lines of force 
lies partly through (suitably laminated) iron, and it is 
necessary to consider the effect of varying permeability 
and hysteresis. The main results of the investigations 
are :— 

1. Phase-mneters for multiphase circuits are all equally 
accurate on balanced loads, provided they have been cor- 
rectly calibrated and possess no faults due to purely 
mechanical causes. Their accuracy is not affected by 
variations in wave-form or in current frequency. The 
calibration of the scale is affected by the number of coils 
used in the instrument, by the ratios of the ampere-turns 
used with these coils, by the distribution of the windings, 
and by the magnetic nature and properties of the mag- 
netic circuits, especially if these contain iron ; but the 
accuracy of the indications is not dependent upon any of 
these considerations, if the working of the instrument is 
satisfactory from a mechanical point of view. 

2. Phase-meters can be simply and accurately calibrated 
for balanced loads by means of a direct-current method of 
test. 

3. The error of phase-meters on unbalanced circuits is 
generally serious for loads which are badly out of balance. 
The error, like that of a wattmeter, increases rapidly as 
the power-factor of the load diminishes. It can only be 
reduced at the expense of complication in the instrument, 
by increasing the number of coils used in the fixed and 
moving systems, and by arranging the coils and magnetic 
circuits to be symmetrical in regard to one another. If 
the true power-factor of the load is cos ¢, the reading of 
the instrument is 


cos + @ sin ¢, 


where @ is the phase error due to the unbalanced load, and 
is the product of two factors, one of which is the maximum 
value of @ determined by the amount the load is out of 
balance, and the other may have any value between + 1 
and —1, and determines whether the instrument reads 


hich or low. 

The one y | read a letter from Mr. A. Russell, refer- 
ring to one of the fundamental assumptions made by Dr. 
Sumpner. The magnetic force B, at any point on the 
conductor of the moving coil, had been represented by 
\,\F, + AgF, + As3F 3, where Fj, F,, and F; were con- 
sidered constant. The instantaneous value of the mag- 
netic force at any point was the resultant of the three 
magnetic forces, kA), k2Ao, and k3A3, acting in fixed 
directions at that point. At any instant, therefore, 


B= k, A, cos ¢; + k, Az cos dz + k3Az cos $s, 


where ), @, and ¢3, are the angles between B and k, Aj, 
oA, and kyA3. As Aj, Ao, and As; are not in phase with 
one another, the direction of the resultant magnetic force 
5 continually altering, and thus $j, ¢., and ¢; are func- 
ions of the time. Hence also the author’s factora Fj, F», 
ind Fs, are not constants but functions of the time, and 
thus the conclusions arrived at in the paper must be 
nodified. Dr. Sumpner’s method of calibrating by means 
of direct currents was novel and valuable, but little con- 
‘idence could be placed in the readings of phase-meters 
vhen the applied waves of potential difference did. not 
follow the harmonic law. 
Mr. A, Campbell, referring to the stepped nature of one 
{ the calibration curves obtained by the author, asked if 
16 use of a smooth core instead of a channelled one would 
esult in a smoother curve. 
Mr. K. Edgecumbe seeee his interest in the paper, 
od said it was valuable, because phase-meters were 
‘ming into general use and the literature on the subject 
was small. Dr. Sumpner had stated in his paper that 
previous theories had neglected the question of the cur- 
rents being unbalanced, but he pointed out that Punga 
n 1902 had described power-factor indicators and showed 


‘ow they could be used with unbalanced loads. It was 
pases to define exactly what is meant by average 
»wer-lactor. 


The author had given a mathematical defi- 


nition, but a simpler definition would be that the average 
power-factor is that quantity which multiplied by the 


phase-voltage and the sum of the three currents gives the | 


total power —— to the line. A disadvantage of 
power-factor indicators was the ar of testing them. 
Mr. W. Duddell asked if the author had assumed that 


the three voltages were in symmetrical phase relation, | 


and pointed out that in practice differences of as much 
as 10 deg. might occur. 

Dr. Sumpner, in reply, said that in the proof of the 
paper B was not the maximum flux, but the effective 
part of it, that at right angles to the direction of motion 
of the conductor. He was aware that it was possible to 
obtain smoother curves, and had partially done it by a 
suitable distribution of winding, giving a gradually vary- 
ing flux. In reply to Mr. Duddell, he said he had 
assumed equal voltages and equal phase relations. 

Professor H. L. Callendar described an “‘ Apparatus 
Designed for Measuring the Coronal Radiation during an 
Eclipse.” The coronal radiation was received by a mirror 
with an aperture of 20 in. and a focal length of 45 in., 
giving an image of the sun approximately 1 centimetre 
mm diameter. The instrument was mounted equatorially, 
and was provided with a diagonal flat which projected 
the image to the side of the tube in a convenient position 
for observation, with an eye-piece or a sensitive bolo- 
meter or thermopile. The tube of the toeeneee was 
fitted with a diaphragm of 15 in. diameter, which limited 
the aperture considerably, but improved the definition ; 
with this reduction, after allowing for obstruction by 
the flat, and for loss at the two reflections, the effective 
concentration of the rays at the focus was upwards of 
one-thousand times. The absolute recording bolometer 
was designed for the determination of solar radiation in 
absolute measure by the electric compensation method. 
The radiation admitted through a measured aperture of 3 
square centimetres was received on a blackened grid of 
fine platinum strips arran in such a way as to intercept 
the whole of the admitted radiation. The increase of re- 
sistance of the grid was automatically recorded by means of 
a Callendar recorder of the usual pattern. The intensity in 
absolute measure was determined by observing the value 
of the electric current required to produce the same rise of 
temperature in the grid as the radiation to be measured. 
The apparatus was mounted on the tube of the 20-in. 
reflector, and the openings in the roof of the hut were 
arranged to permit of continuous records being taken 
between the hours of 10a.m. and 3p.m., so as to in- 
clude the whole duration of the oy Apart from its 
use for recording the variations of solar radiation, the in- 
strument was intended for reducing to absolute measure 
the readings of the coronal thermopile. The coronal 
thermopile designed for the 20-in. reflector had a receiv- 
ing surface consisting of ten small rectangles of very thin 
copper arranged in the circumference of a circle nearly 
fitting the —— of the sun, so as to receive the greater 
part of the iation of the inner corona. The copper 
rectangles formed the inner junctions of a series of thin 
bars of antimony and bismuth alloys, arranged radially 
on a very thin supporting disc of mica. The outer 
ends of the couples were connected by thin copper 
strips at the outer circumference of the mica disc. 
The pile was constructed in two halves of five couples 
each on opposite sides of the disc, and the two 
halves were connected either in series or — 
through a suitable switch to the galvanometer. ‘The mica 
disc carrying the thermopile was suspended in an ebonite 
ring by means of four thin connecting wires attached to 
terminals fixed in the ring. The ebonite ring carried on 
one side a tube sliding in the eyepiece fitting, by which 
the plane of the thermopile could be adjusted to coincide 
with the focal plane of the mirror, and on the other side 
a thick metal tube with diaphragms to screen the thermo- 
pile from draughts and from extraneous radiation. The 
galvanometer employed was of the movable-coil type, 
with a plane mirror 1 in. in diameter reflecting the image 
of a transparent millimetre scale at a distance of 3 metres 
into a telescope of 2 in. aperture and 3 ft. focal length. 
The suspension was of very fine phosphor-bronze, giving 
a deflection of 5 centimetres for one microvolt with the 
thermocouple in circuit. In taking observations with the 
thermopile, it was possible either (1) to read the deflec- 
tion of the galvanometer, or (2) to compensate the galva- 
nometer deflection by introducing an opposing electro- 
motive force of known value into the circuit. A prelimi- 
nary test of the apparatus with the thermopile directly 
exposed to radiation of known intensity showed a deflec- 
tion of nearly 25 centimetres for one thousandth of a 
calorie per square centimetre per minute, so that radiation 
one-millionth of full sunshine could be detected with 
certainty without using a mirror. When placed in the 
focus of the telescope, iation one-thousand times 
smaller than this could be observed ; so that even if the 
intrinsic heat-radiating power of the corona were only 
one ten-millionth of the solar surface, it could still be 
measured to within 1 per cent. The essential point in 
the observations was to eliminate the variable effects of 
atmospheric radiation, for which a differential method of 
observation with the two halves of the pile was particu- 
larly suitable. In taking observations on the corona, 
the motion of the moon during totality was made use of 
to define the exact area of the corona corresponding to 
the differential reading. At the commencement of 
totality, the thermopile being centred on the sun, the 
inner corona on the eastern limb would be fully om. 
while on the western it would be partly covered by the 
moon. At the end of totality the reverse would be the 
case. 
to the radiation of the strip of the inner corona uncovered 
by the motion of the moon between the two readings. 

e area of the strip of corona considered could be accu- 
rately determined from the times at which the readings 
were taken. 





'of the new second-class cruiser 


The difference of the readings would correspond | 


| Mr. Slater asked if, in the method employed by Pro- 
| fessor Callendar for getting rid of abmongherte radiation, 
he had assumed that the corona was symmetrical, and 
that there were no prominences. 

_ Professor Callendar said he did not think it was pos- 
sible to distinguish between the radiation from the 
corona and that from prominences. The method he had 
employed did not depend upon the symmetry of the 
| corona. 


| 
|THE FIRE AT THE NORTH-EASTERN RAIL- 
WAY COMPANY’S TRANSFORMING STA- 
| TION, WALLSEND. 

To THE Eprror or ENGINEERING. 
Srr,—As several misleading reports have appeared in 
| various ~~ with regard to the fire at the North- 
| Eastern Railway Company’s transforming station on 
| Saturday night last, we beg to give you below a copy of 
the official report of the occurrence supplied to the local 
Press by the North-Eastern Railway Company :— 
| **The North-Eastern Railway transforming station at 
| Wallsend, at which a small fire occurred on Saturday 
night, was running again first thing yesterday morning, 
|though this was not necessary to enable the trains to 
|run, as these were running from the other sub.stations 
an hour after the breakdown, and as soon as the cause of 
the trouble was discovered. The total time of failure of 
the train service was about an hour. 

‘*The accident at the transforming station at Walls- 
end occurred in the following manner :—The contractors 
to the railway company for the erection of the sub- 
stations were making preparations for some final tests on 
the machinery which they had supplied. In order to 
carry out these tests they erected some temporary cables. 
During the progress of preliminary tests these temporar 
cables fused and set fire to several other cables whic 
were used for feeding the railway. 

‘‘The actual damage by the fire is insignificant, and 
none of the machinery was burnt in any way. The train 
service would not have been delayed even for an hour if 
it had not been that, unfortunately, the telephone-box 
was the chief thing that caught fire and could not be 
used. It was rumoured on Saturday night that the fire 
had occurred at Carville power-station, but this was in- 








correct.” 
Yours faithfully, 
For the Newcastle-upon-Tyne Electric 
Supply Company Limited. 
November 1, 1905. M. SHort, Secretary. 








Frencu SusMarinE Boats.—In an article on the sub- 
marine boats of France and England, Le Yacht states 
that, while England has confined herself to three types 
of four degrees of tonnage—namely, 120, 180, 200, and 300 
tons, each in logical sequence—France has had sixteen 
different types, counting submersibles, which in their 
variety reveal little beyond inconsistency and indecision. 
The following are the dates, names, and tonnage of the 
different types, including the submersibles :—1885, Gym- 
note, 31 tons; 1888, Gustave Zédé, 266 tons; 1897, 
Morse, 136 tons; 1898, Narval, submersible, 116 tons ; 
1899, Francais and Algérien, 143 tons ; four of the Far- 
fadet type, 184 tons, and four submersibles of the Sirtne 
type, 157 tons; 1901, twenty of the Naide type, 68 tons, 
X, 168 tons, Y, 223 tons, Z, 202 tons ; 1902, istens sub- 
mersibles of the Aigrette type, 175 tons, but eleven of 
these were suppressed by M. Pelletan; 1903, Omega, 
submersible, 301 tons, six of the Emeraude type, 392 
tons ; 1904, two submersibles of the Circé type, 351 tons, 
and two of 400 tons ; ten submarines of the Guépe type, 
45 tons: eight of these were suppressed by M. Thomson ; 
1905, sixteen submersibles of 400 tons, ordered, of the 
same type as the two of the same tonnage in 1904. In 
all, not including those which were suppressed, forty sub- 
marines and twenty-eight submersibles. 





Tuer Russtan Navy.—The Kronstadiski Viestnik an- 
nounces that on October 9 the Czar ordered the name 
of the Russian battleship, Kniaz Potemkin Tavri- 
cheski to be altered to Panteleimon, the name of a 
saint and physician who was’ martyred a.p. 305. © 
Kniaz Potemkin is the vessel which was for some 
days in the hands of mutineers. On the same date the 
Czar ordered the coast-defence ships Pervenets, Kreml, 
and Ne Tron Menya, and the training-ship Dvina, 
to be struck off the list of the Russian Navy, in con- 
sequence of their being unfit for further service. At 
the same time the transport Khabarovsk was ordered 
to ce as a training-ship. The new Rurik, of 
15,000 tons, which is building, is to rank as first class, 
the transport Amur as second class, and the harbour 
ships Poti and Batum as third class; the training-ship 
Berezan is to be transferred from the first class to the 
second class; and the Seperquee Abrek from the 
second class to the third class. The following are some 
of the particulars of the new Russian transports :—Sestro- 
retsk—length, 411 ft.; beam, 52ft. Narva—length, 415 ft.; 
beam, 50 ft. Borgo—length, 310 ft.; beam, 37.25 ft. 
Lakhta—length, 322 ft.; beam, 39 ft. Riga—length, 
520 ft.; beam, 62 ft. The following are the particulars 
i Don:—Length at the 
load-line, 502.5 ft.; beam, 57.5 ft.; draught with a full 
load, 24.5 ft.; on her trials, 22.5 ft.; engines, 14,000 horse- 

wer ; full speed on her trials, 19 knots; coal load with 

raught of 24 ft., 2750 tons. A Russian Commission has 
arrived at Toulon in order to be present at the delivery 
trials of four new torpedo-boat destroyers built to the 





order of the Russian Admiralty by the Forges et Chan- 
tiers de la Méditerrannée. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, October 25. 


Tue surprising feature of the steel market this week 
is the onion accumulation of inquiries and orders for 
iron and steel. The pending contracts now before the 
steel-makers aggregate fully 500,000 tons. The iron 
and steel-makers never before had so much business 
on their books to be taken care of between now and 
the end of the year. Where a company is in a posi- 
tion to offer comparatively early deliveries, it can prac- 
tically name its own prices. This kind of business, 
however, applies to the smaller lots for constructional 
purposes ta the builders were negligent in placing 
their orders, and did not size up the situation as it has 
developed within the past few weeks. Railroad com- 
panies continue to place heavy orders for ta ame 
that goes into railroad construction, equipment, an 

operation. Inquiries which have been made develop 
the astonishing fact that in addition to the large 
amount of business waiting acceptance, there is a 
much larger volume which is not presented because 
of the evident impossibility of effecting arrangements 
for manufacture. There is a very urgent demand for 
structural material, bars, plates, and sha The 
demand for material for office buildings and for manu- 
facturing plants, to say nothing of the demand for 
extensions of capacity in various lines, is beyond 
the reach of the existing capacity. The large steel 
interests met last week to consider the entire situa- 
tion. It was expected that the conference would 
result in a general advance in prices, but this action 
was not taken, the reason being given that such a 
course would create excitement and cause a specu- 
lative uprush of prices, such as has been threaten- 
ing the market for some time past. Therefore prices 
are continued where they were. This, however, 
does not prevent the payment of premiums, either 
by the voluntary action of buyers, or by the de- 
mands quietly made or insisted upon by the manu- 
facturers themselves. During the coming month con- 
tracts will probably be placed for fully 100,000 tons 
of praatbereedl pee wee # for stations, hotels, warehouses, 
and commercial structures. It is expected that about 
60,000 tons of bridge material will be contracted for 
next week. Contracts have been recently announced 
for 75,000 cars, of which 21,000 are for the Pennsyl- 
vania Railroad, and which will absorb 300,000 tons of 
steel plates and shapes. About 150,000 tons of steel rails 
have n contracted for within a week, the contracts 
being divided between the Carnegie, the Pennsylvania, 
and the Cambria works. Four roads are now in the 
market arranging for the placing of contracts for 
181,000 tons of rails. The Pennsylvania plate-mills 
have booked orders for 30,000 tons of plates, one mill 
taking half of this quantity. The smaller lots were 
placed at a premium of about 2 dols. per ton. In view 
of this stringent condition of the market, it has been 
found necessary to go abroad for supplies to some 
extent. 





PrersonaL.—Mr. Henry Davey, M. Inst. C.E., M.I. 
Mech. E., &c., has removed to Parliament Chambers, 
Great Smith-street, Westminster, S.W.—Messrs. James 
Walker and Co., of Lion Works, Poplar, London, E., 
have won the only Gold Medal and Diploria of Honour 
for high-pressure steam and water packings awarded at 
the recent Naval Exhibition.—Mr. Wilfrid L. Spence, 
Assoc. M, Inst. C.E., M.I. Mech. E., has resigned the 
office of engineer to, and nent director of, the British 
Electric Plant Company, Limited, Alloa, and is prac- 
tising on his own account asa consulting engineer at 31, 
St. Vincent-place, Glasgow.—At the ploughing match 
pees by the Boston and District Agricultural 

siety held at Frithville, Lincolnshire, on the 25th ult., 
the ‘‘Ivel” agricultural motor was awarded theGold Medal 
of the Society. ‘The motor was shown hauling a three- 

onan to a depth of 7 in. pom a width 
d fter ploughing, it was set to haul a 
cultivator over the land that had just been ploughed, and 
this work it did a. It also drove a full size 
threshing-machine and chaff-cutter.—The governing body 
have appointed Mr. E. G. Tottle, M.I. Mech. E., to the 
post of superintendent of the drawing-office and work- 
shops in the yon of mechanical engineering 
in the Battersea Polytechnic. Mr. Tottle has con- 
siderable experience as mechanical and electrical engi- 
neer, both in the workshops and drawing-offices, and 
n for some years works superintendent with an 
important firm of engineers and printing-machine makers. 
He is at present on the teaching staff of the Chiswick 
Polytechnic and the Welcome Institute, Deptford.—Mr. 
Herbert Chatley, Inter. B.Sc., assistant in the Borough 
Engineer’s Department at Fulham, has been appointed 
lecturer in civil engineering at the Fectunaute Muni- 
cipal Technical Institute.—Messrs. Buck and Hickman, 
Limited, have just opened a very large extension of their 
show-rooms at 2 and 4, Whitechapel-road, E. The new 
building, which is of fireproof construction throughout, 
covers an area measuring 60 ft. by 60 ft., and has five 
floors. Owing to the building regulations it has been 
necessary to divide the floor area into two portions, sepa- 
rated by a heavy wall and fireproof doors, so that each 
show-room measures some 30 ft. by 60 ft. An extensive 


furrow ploug 
of 33 in. at a time. 


has 


iron store of the same floor area as above, but about 30 ft. 
high, is arranged on the ground floor of the new building. 








DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal wnd Scotch Pig-Iron Warrant Markets.) 
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In the accompanying diagrams each vertical line represents a market day, and each horizontal 
line represents 1s. in the case of tin plates, hematite, Scotch, and Cleveland iron, and 1l. in all 
other cases. The price of quicksilver is per bottle, the contents of which vary in weight from 
70 lb. to 80 1b. The metal prices are per ton. Heavy steel rails are to Middlesbrough quotations. 
Tin plates are per box of I.C. cokes. ‘ 


The firm keep a stock of nearly 3000 tons of iron and size. The machines at present erected on these floors 
steel in bars and plates. The other half of the available include a Pratt and Whitney thread milling-machine, a 
area is devoted to the ground and first-floor show-rooms. | Brown and Sharpe gear-cutter, and a number of lathes 
That on the ground floor is equipped with a 5-ton electric | by Messrs. Dean, Smith, and Grace, for whom saeeere, 
travelling-crane, whilst on the first floor there are two | Buck and Hickman are London agents, and a series ¢ 
3-ton electric travelling-cranes. For getting in goods capstan lathes made by Messrs. Webster and Bennet, y) 
from the street two electric jib-cranes are provided, |Coventry.—A new company under the name Officine 
one of 5 tons and the other of 3 tons capacity, and the | Elettro-Ferroviarie” has been organised in Milan, Itsy, 
whole of the floors are also served by an electric lift, | with 1,500,000 francs capital, which is to be increased to 
suitable for both passengers and goods. The cranes and 4,000,000 francs. Its purpose is to manufacture cars |v! 
the lift were equipped by Messrs. Royce, Limited, and steam and electric railways, also electrical machinery. 
to reduce the number of “‘spares” all the motors used Dr. George Finzi, well known in the field of von 5 ae e 
for these, and also for driving the lineshafting with which | railways, has been elected general manager, an Mes=rs. 
the show-rooms are provided, have armatures of the same | Hugo and Emil Tallero are superintending engineers. 
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THE USE OF VANADIUM IN METALLURGY. 


(For Description, see Page 603.) 


Fie, 1.—Carbon, 0.131 per cent. ; vanadium, 0.060 per Fig. 2.—Carbon, 0.014 per cent. ; vanadium, 0.029 per Fic. 3.—Carbon, 0.130 per cent. ; vanadium, 7.40 per 
cent. Magnified 160 diameters. cent. Magnified 160 diameters. cent. Magnified 160 diameters. 











Fic. 4.—Carbon, 0.120 percent. ; vanadium, 10.27 per Fie. 5.—Carbon, 0.725 per cent. ; vanadium, 0.60 per Fic. 6.—Carbon, 0.674 per cent. ; vanadium, 1.15 per 
cent. Magnified 160 diameters. cent. Magnified 160 diameters. cent. Magnified 160 diameters. 





Fie. 7.—Carbon, 0.618 per cent. ; vanadium, 1.58 per Fie. 8.—Carbon, 0.960 per cent. ; vanadium, 2.89 per Fie. 9.—Oarbon, 1.084 per cent. ; vanadium, 4.99 per 
cent. Magnified 160 diameters. cent. Magnified 160 diameters. cent. Magnified 160 diameters. 





Fig. 10,—Carbon, 0.858 per cent. ; vanadium, 10.25 per Fie. 11.—Carbon, 0.950 per cent. ; vanadium, 2.89 per Fig. 12.—2 Ni2 Va 0.3. Magnified 160 diamete 
cent, Magnified 160 diameters. cent. Magnified 160 diameters. Reheated to een — 
1200 deg. Cent. 
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INDUSTRIAL NOTES. 


Tae twenty-fifth quarterly report of the General 
Federation of Trade Tnions is of more than ordinary 
interest by reason of the special articles and reports 
on various subjects relating to the labour movement. 
The report deals first with the subject of unemploy- 
ment, and the part played in the agitation for legis- 
lation by the federation, in conjunction with other 
bodies. The joint committee issued a manifesto in 
which the Government Bill was condemned. The 
report adds :—-‘‘If it is intended to be a means of 
dealing with the problem of unemployment, it is a 
mockery and a sham. Its machinery is a danger, and 
its dependence upon charity is demoralising, alike to 
the public bodies which move under the Act, and to 
those unfortunate workmen who find themselves com- 
pelled to seek its aid.” The italics in the above sen- 
tence are those in the report. A more emphatic con- 
demnation could not be pronounced, but it does not 
agree with other opinions by labour leaders who 
have supported, and are supporting, the measure. 
But labour leaders disagree like other people ; indeed, 
it seems difficult for them to agree. 

The paragraph headed ‘‘ The Decline of a Great Move- 
ment” is a wail over the abandonment, not many years 
ago, of general agitation for a shorter working day. 
It says :—‘‘ The demand for a shorter day has almost 
disappeared. Why?” Noanswer is given tothe ques- 
tion; but the real answer is that the then so-called 
leaders demanded too much, and in the wrong way ; 
the demand was for a universal working day of eight 
hours for all persons on land or sea by Act of Parlia- 
ment. The agitation went on for years, and all who 
opposed it were denounced. Now, there is but the 
feeblest echo of that cry, and the movement for shorter 
hours by negotiation has almost disappeared with the 
louder cry for a legal eight-hour day. 

There follows a reasonable plea for shorter hours 
on the ground of increased production by machi- 
nery and ldenr-entt appliances, by means of which 
production has got ahead of the monetary power of 
purchase by the masses of the people. There is no 
wild cry for a revival of the old demand ; but the 
workers are urged to arrange for shorter hours wher- 
ever practicable. The report calls attention to the fact 
that about 5 per cent. of the members of trade unions 
are unemployed ; this has almost become chronic ; it 
is thought likely to increase. It says :—‘‘The real 
remedy lies in a shorter working day which would be 
elastic enough to prevent chronic unemployment, and 
be rigid enough to prevent systematic overtime.” 

As regards labour disputes the report states that 
during the last three months there has been ‘‘ a more 
than usual number of large disputes, most of them 
happily now settled.” The federation takes credit for 
the settlement of the dispute at Middlesbrough, 
where hundreds of men engaged in the steel trade 
were on strike. The federation simply brought the 
parties together, and then left them to negotiate, 
when, after some time, a mutyal settlement was agreed 
to. Nosuch settlement had been effected in respect 
of the plasterers’ dispute in the North of England, 
the men being still out. With the pattern-makers’ 
dispute the federation did not interfere, as the union 
is not federated. So far the federation has not fo- 
mented strikes, as was feared it might do when that 
—— was constituted. 

he — has been augmented by the affilia- 
tion of the Amalgamated House and Ship Painters 
and Decorators, the United Kingdom Society of Coach- 
builders, and some other societies. The affiliation of 
the Boiler-Makers and Iron-Ship-Builders was not 
completed. The resePve fund stood at 121,435/. 10s. 7d., 
the sum of 669/. 1ls. 7d. being added in the quarter. 
The interest amounted to 1180/. 3s. 7d., or 550/. 12s, 9d. 
more than the total cost of management. The total 
payment for disputes was 4607/. 0s. 5d., while the 
total income, plus interest, was 4725/. 15s. 9d., plus 
3s. 6d. by sale of literature. So far the financial 

ition is exceptionally good, the policy being a peace- 
ul one. 

The report also contains special biographical sketches 
of Mr. W. C. Steadman, LCC: Dr. ooan President 
of the Paris Municipal Council; M. Jean Jaurés, Leader 
of the Right Me of the United Socialist Party in 
France; and M. Jules Guesde, Member of the Left Wing 
of the United Socialist Party in France, with excel- 
lent portraits of each. These biographical sketches 
have a permanent value by reason of the positions of 
the several public men. Bearing upon the same subject- 
matter there are articles on Labour and Socialist 
Unity in France, and on ‘‘ L’entente Cordiale,” apro- 
pos of the recent visit of Paris councillors to London 
on the occasion of the opening of Kingsway and 
Aldwych, the new London thoroughfare from the 
Strand to Holborn, If only the masses of the peoples 
of those two nations, and of other nations, indeed, were 
intelligent enough to cultivate feelings of amity, there 
need be no fear of war. It is when the unthinking 
masses are blinded with fury and the war spirit that 
Governments can plunge countries into war. The 


article on Industrial Betterment is devoted to the 








social side of Messrs. Rowntree and Co.’s Cocoa and 
Chocolate Works at York, and shows by letterpress 
and illustrations what has been done to make the life 
of the workers not only endurable, but happy by the 
large-hearted employers. There would appear to be a 
healthy rivalry between Messrs. Cadbury, at Bourne- 
ville, and Messrs. Rowntree, at York, as regards pro- 
vision for the health, comfort, and enjoyment of their 
workpeople. The article is generally in the nature of 
a eulogium upon the conduct of the firm in all their 
business and other relations with their workpeople. It 
appears that every care is taken to regulate work and 
wages in the interest of the employés by the officials 
of the firm, and no employé is discharged except upon 
good grounds, and after full investigation. The report 
of the Fourth International Conference of Trade-Union 
Federations shows that ten countries were represented 
by fourteen delegates. Generally, there was agree- 
ment upon the main questions discussed, but there 
were differences as to the inclusion or exclusion of 
political subjects outside the domain of labour. 





The report of the Associated Blacksmiths is of an 
encouraging character as regards the state of trade. 
‘*The prospects are brighter to-day than they have 
been for the past three years,” it says. It adds, 
‘*There is no gainsaying the fact that there has been 
an all-round improvement, and there are indications 
that it is not a mere flash in the pan.” ‘‘ Quite an 
unprecedented boom has taken place in the engineering 
and shipbuilding industries, oa a good winter’s work 
can be fooked orward to without the slightest con- 
cern.” This is evidenced by the decreasing list of 
rome gb members of the ‘e the proportion 
having fallen to 2.2 per cent. he boom alluded 
to refers mainly in this case to the Clyde and the 
North-East Coast, but the indications are that it has 
extended, and is extending, to other great centres. 
The ship-smiths at Dundee have applied for an 
advance of ls. per week in wages at all the three ship- 
yards, but the employers have, so far, refused the 

uest. Some correspondence has taken place in 
reference thereto, but it is expected that a conference 
will soon take place, with hopes of a settlement. A 
conference was held on October 11 of representatives 
of the Clyde Shipbuilders’ Association and the North- 
West pe ered Trades any oad Association on 
the one part, and of the General Federation of Trades 
and the Federation of Enginering and Shipbuilding 
Trades on the other part, relative to the question of 
weekly payment of wages in the Clyde district. The 
conference lasted three hours; the employers inti- 
mated that the matter would be placed before the 
respective associations at a joint meeting, when it was 
arranged to hold a further conference at a date to be 
fixed. The report states that weekly payment of 
wages is universally recognised, except in the Clyde 
district, and that the men expect the employers in 
that district to come into line. There was a re- 
duction of eight in membership in the period covered 
by the report; but the financial report was good. 
here was a gain in funds, in spite of the fact that 
100/. was given to an injured member, and 22/. was 
paid in grants from the Benevolent Fund. There 
was also the payment of a large printing account 
which had become due. The cash balance at date was 
23,969/. 5s. 6d: 





The quarterly report of the London Society of 
Compositors, presented to the 23lst delegate meeting, 
held at the Memorial Hall, Farringdon-street, on 
Wednesday last, November 1, contained a proposed 
new rule prohibiting the acceptance of bonuses by 
members—that is, ‘‘any payment of money not given 
weekly as part of the member’s permanent wage.” 
There was also a proposal by the committee relative 
to changes from working ‘‘ at case” to work on a 
ag age rea a fortnight’s notice of which is to 
be served ; and as to changing from such work back 
again to case-work, and subsequent changes. There 
is also given an alteration of Rule 23 as to ‘‘ Duties of 

hapels,” one of which is to be the purchase of six 
copies of the London Typographical Journal, the first 
number of which is to be issued in January, 1906, at a 
penny per month. A brief report is given of the 
pr ings of the London Printing Federation, by 
which it appears that a popular friendly society in 
London has given its work to a firm guaranteed as 
‘* fair.” The appeal of the National Society of Opera- 
tive Printers’ Assistants has been so far responded to 
that they will be enabled to carry their case through 
to the Court of Appeal. A brief account is also given 
of the London Conference upon the Unemployed ques- 
tion, the five resolutions agreed upon by the confer- 
ence being given verbatim. The usual report of the 
delegates to the London Trades Council is also pub- 
lished. The action taken to secure Parliamentary 
representation is reported, jially as regards regis- 
tration, as the next Register will doubtless be that upon 
which the General Election will take place. Accord- 
ing to the table given, Labour sustained 1011 claims, 
Liberals 857, and Conservatives 757.- The capital 





‘But affairs seem to 


account gives 47,460/. 12s. 10d. as the balance, apart 
from the superannuation fund and the Parliamentary 
Representation Fund. The report is a fine specimen 
of the typographical art, full of columns of figures in 
small type, but beautifully set up and printed. 





The outcry with respect to the conduct or action of 
the Chief Registrar of Friendly Societies as regards the 
inclusion of Parliamentary or municipal representa- 
tion, or the publication of a newspaper, as ‘‘ objects” 
of a trade union, seems to be a storm in a teacup. The 
Registrar denies that these matters come within the 
term ‘‘ object ” of trade unions in the rules as define: 
in the Act of 1876. But, nevertheless, they miy 
be legal as means to the end aimed at, and, there 
fore, if not strictly within the provisions of the Ac‘ 
which define the objects of the union, they may still 
be within the Act as means to secure the objects. 
The point seems a trivial one from a legal standpoint. 
If there are legal limits, they should be made manifest 
by the chief authority when he is engaged in con- 
sidering the rules and amendments to rules of any 
trade union. There is one way out of the difficulty 
if needs be—namely, the non - registration of trade 
unions, and the cancelling of the registrations already 
effected. But this ae be a calamity all round. If 
the proposals objected to by the Registrar cannot come 
within the ‘‘objects” of the union under the Act, 
they can be set forth in the rules as a means whereby 
the ‘‘objects” can be secured. If, then, he objects, 
action may be necessary. 





The Chinese on the Rand in South Africa seem to 
have developed hitherto unsuspected qualities as 
workers and as individuals. They have usually been 
described as notorious for docility, industry, and thrift. 
None of these qualities seem to distinguish those in 
the Transvaal mines. They appear to be quarrel- 
some, unsteady at work, and by no means thrifty. It 
is reported that hundreds of them have broken loose, 
that they have attacked and pillaged homes, have 
committed murder, and even combined to strike. The 

unishment meted out to the marauders and offenders 
as doubtless been severe; but violence has to be put 
down by violence in all cases. 





The terrible condition of Russia at this moment 
must be an object-lesson of horror to civilised nations. 
It is difficult to see where the political and the indus- 
trial elements meet and end, because they seem to be 
closely interwoven. But it is evident that the forces 
at work are not wholly political, for if they were, the 
rush for change would have been greater when Russia 
was in her extremity, when still at war with Japan. 
even worse now, when peace 
has been proclaimed and the treaty signed. The strikes 
during the war, now fiercely reorganised, show that 
the industrial situation has become insupportable to 
the Russian workers, and they risk their liberty and 
their lives in the endeavour to obtain redress of 

rievances, from the State as employers of labour, and 

bens private firms as employers. The wisdom or 
otherwise of the action taken by the labour leaders is 
not now in question; more facts would have to be 
known to express an opinion on this =. What 
is certain is that the workmen are in a desperate con- 
dition ; but a turn in the tide appears at last to have 
come, if any reliance is to be placed in a manifesto 
issued by the Tsar, in which vast concessions are at 
length made. These concessions, which were made 
public by the daily papers of Tuesday last, if carried 
out, will grant a wide extension of liberty to the 
downtrodden ple; in fact, they will mark one of 
the greatest, if not the greatest, epochs in Russian 
history. In this wonderful manifesto the Tsar ex- 
presses his great sorrow at the troubles and agitation 
in Russia, he appoints Count Witte Prime Minister, 
and promises to give to the people a wide extension of 
civic liberties and legislative power. We can only 
hope that this really means a future of peace and 
happiness for the country. 


There is little change in the position of the iron and 
steel trades to report, but the trend of prices is to a 
higher level. here was less excitement in the 

olverhampton district, as users appear to have 
covered present requirements to the end of the year. 
Similar reports come from Birmingham. Manufac- 
turers’ books are filled with orders, with an upward 
tendency in prices. The works are running full time, 
and are assured of its continuance to the end of the 

ear. In some cases it is said that this condition of 
things is well assured far into 1906. The recent 
advance in prices in some qualities has not hindered 
business to any extent. Makers, it is said, have not 
been able to produce fast enough for their customers, 
and in some cases arrangements are being made to in 
crease the output. Wagon-builders are continuing to 
be good customers, both for iron and steel. Local 
maak roducers are well engaged, and galvanisers are 





very busy. Black sheets have a tendency towards 
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still higher prices. Altogether the situation is more 
favourable than for some time past. 

In the Lancashire districts the position is similar. 
The attendance on’Change was not so large last week, 
but the tone was as good. It was expected that bars 
would go up 5s. per ton. All iron and steel products 
are firm in price. There is a good demand for boiler 
and tank plates, for girder and bridge material, while 
the machine-tool and textile-machine industries are 
reported to be good. Altogether, the indications are 
favourable for a fairly long spell of good trade in the 
iron and steel producing, and most branches of the 
using, industries. 





With the close of the year the South Wales Coal 
Trade Conciliation Board agreement expires. The 
proposed reduction in wages will not, it is expected, 
be pressed by the employers. The Miners’ Federation, 
on the other hand, will apply for an advance. It is 
also expected that there will be new demands as to 
wages, time allowances, and bonuses. But the most 
irritating demand of all will be that the coalowners 
shall only employ members of the Miners’ Federation. 
The miners’ agent, speaking at Aberdare last week, 
said that ‘‘ if the owners were not prepared to engage 
only unionists, there would be strikes all round.” 
This is a most unwise declaration on the part of a 
labour leader. ‘ 





The London cab-drivers have at last seen their way 
to vote for sixpenny cab-fares. The vote was app3- 
rently almost unanimous, as it was reported that the 
whole of the members of the union, or one-third of 
the total drivers, were in favour of the change. Of 
course, some change in the cab law or regulations in 
the Metropolis will be needed ; but when once put in 
force we shall see fewer crawlers in the streets of 
London, and the men will earn better money, while 
the horses will not be the worse. 





The boiler-making trade in the West of Scotland is | ; 


showing almost phenomenal activity, both in land and 
ceaclas Wen, and prices have gone up. The boiler- 
shops are overwhelmed with orders, and are unable to 
guarantee early delivery. Most of the men are on 
overtime. Contracts have come from the East, the 
Australian Colonies,” and South Africa, and there is 
a large home demand. 

The steel-smelters are getting very busy ; trade is 
reviving in most districts. The renewed activity is 
shown in the unpreceflented increase in the member- 
ship of the union; the gain in numbers in the past 
month was 1589. 

The mill sawyers have been passing through a crisis 
of depression, and a proposal was made for an extra 
levy for the unemployed. The executive, however, 
did not see their way clear, and it is hoped that now 
the depression is passing away the levy will not be 
required. 





It is said by a checkweighman at one of the collieries 
where the coal-cutting machine is at work that the 
miner previously produced 3 tons 10 cwt. for 5s. 10d.; 
whereas now he produces 5 tons 10 cwt. for 6s. 23d., 
an increase of 2 tons of coal, and of 44d. in wages. 





The London busmen are again complaining of grie- 
vances, and, indeed, their life is not an easy one in the 
London streets. What with the motors, the cycles, 
the large extension of vehicular traffic, and the con- 
stant breaking up of the roadsand streets, the busman 
has to avoid dangers unknown a quarter of a century 
ago, and is not able to put in the same number of 
journeys in the course of the normal working day-- 
that is, if the hours worked by busmen can be descri 
as a normal working day. 








ExevateD RaiLRoaps at Caicaco.—A report has just 
been issued by Mr. J. O'Neill upon railroads elevated at 
Chicago in pursuance of ordinances passed by the Chicago 
City Council between May, 1882, and April, 1905. The 
council during the thirteen years passed altogether 
twenty-six ordinances, and the yearly expenditure in- 
volved has been about 2,250,000 dols. All this outlay is 
borne by the companies owning the railways concerned. 
The length of main track to be elevated is 153} miles, 
while the length of all tracks to be elevated is 746} miles. 
The cost of the entire work is estimated at 48,910,250 dols. 
The amount of work completed to the close of 1904 was 
as follows:—Length of main track elevated, 82? miles; 
length of all tracks elevated, 425} miles. The cost of the 
work done was 25,725,250 dols. The work remaining to 
be done at the same date under ordinances an 
accepted was :—Length of main track yet to be elevated, 
704 miles ; length of all tracks yet to be elevated, 3214 
miles; estimated cost of work yet to be completed, 
20,185,000 dols. There are two ordinances at present 
before the council, which, if passed and accepted, will 
bring the total cost of work covered by ordinances to the 


existing date to 51,860,250 dols., and the cost of the 
work yet to be completed to 23,135,000 dols., making an 
aggcegate of 74,995,000 dols. 








THE USE OF VANADIUM IN 
METALLURGY.* 
By Leon Guitzet, D.Sc. (Paris). 


I. Orgs OF VANADIUM. 
Tue chief ore of vanadium is vanadinite (chloro- 
vanadate of lead), the formula of which is, approxi- 


mately :— 
3 (PbsV20g) + PbClo. 


The following table gives some analyses of vanadium 
ores :— 








Tasie I 
— 1 2. 3. 4 
Vanadicacid .. 14.42 15.86 22.13 23.4z 
Chloride of lead ea 8.89 10.31 9.52 
Lead oxide 43.08 63.72 68.51 66.32 
Iron oxide in 3.08 na 0.30 0.16 
Manganese oxide 1.57 i 0.10 — 
Copper oxide 10.01 2.96 0.0 0.0 
Zine oxide 0.26 6.35 0.0 0.0 
Arsenious oxide 0.46 ? traces 0.0 
Silica and alumina 18.20 0.2 0.1 
Lime ne - 5.48 - 0.2 = 
Loss on ignition 8.44 | ff _ 


The Sregreg analyses are by L’Hote (1), Damour (2), 
Berzelius (3), and Thomson (4). 

The principal deposits of vanadium ores are found in 
the Sierra de Cordova, in the Argentine Republic; in 
Arizona, in Mexico; and in Europe, where three deposits 
are being worked. 

Another and somewhat rarer vanadium mineral is 
descloizite, or vanadite, which, according to Damour, is a 
pyrovanadate of lead and zinc. A harge number of 
minerals contain vanadium in small quantities, ~~ 
which may be mentioned carnotite, pitchblende, the 
bauxites, &c. Lastly, some South American coals and 
anthracites are vanadiferous, while it is known 
that certain slags at the Le Creusot Works permit the 
extraction of vanadium. 

Stress may be laid upon these South American coals 
and anthracites when it is pointed out that the percentage 
of vanadium contained in their ash amounts, at times, to 
25 — cent., particularly those from the deposits of Yauli, 
in Peru. But of all these ores, the only deposits regularly 
worked are those of vanadinite. I will not dwell upon 
the various methods which have been advocated for their 
treatment; it is enough to state that in some cases (new 
vanadium alloys) they are treated by bisulphate of sodium 
or by carbonate of sodium and —* errenschmidt). 
The ore treated is a vanadate of lead brought from the 
mines of Santa Marta, Spain. It contains 12 per cent. to 
14 per cent. of vanadic acid, and, on an average, 50 per 
cent. of lead. 

This ore, according to Mr. Herrenschmidt, is smelted 
in a reverberatory furnace, with carbonate of sodium and 
coal. Metallic lead, containing the whole of the silver, is 
formed, together with a slag, moe | vanadates, alumi- 
nates, silicate of sodium, and oxide of iron. To render 
this slag soluble in water, which only slightly dissolves it, 
it is melted ina reverberatory furnace, and, after melting, 
air is blown into the mass until the vanadium is com- 
pletely oxidised. The mass is then poured into boiling 
water, to granulate it, and washed. After three leachings 
the residues consist chiefly of alumina, silica, and oxide of 
iron containing not more than 2 per cent. of vanadic acid ; 
and as, per ton of ore treated, there remains but 280 kilo- 

mes of this residue, there is consequently obtained 
In solution 95 per cent. of the vanadic acid contained in 
the ore. The residues are ultimately acted upon by 
sulphuric acid. 

he sodium vanadate solution does not contain any 
alumina, and even if aluminate of sodium be added to 
the solution of vanadate, the alumina becomes pre- 
cipitated. 

n order to eliminate the silica contained in the impure 
sodium vanadate, the following method is adopted. A 
certain quantity of the vanadate is evaporated to the 
consistency of a syrup, and to it is added sulphuric acid 
at 66 deg. B.; vanadic acid and sulphate of sodium is 
formed, but the whole of the vanadium is not precipitated ; 
there remains in the liquor about 10 per cent. of the 
original contents of the solution. The mixture is there- 
fore placed in contact with the solution of impure vana- 
dium, and, after energetic stirring, it is taken to the filter 
press. The whole of the silica contained in the silicate of 
sodium is precipitated in this manner, while the vanadium 
remains in solution. 

The alkaline solution of vanadate, thus freed from 
silica, contains no other impurities. It is concentrated, 
and the vanadium precipitated by an excess of sulphuric 
acid. It is evaporated to dryness to drive off the excess 
of sulphuric acid, and then washed. Vanadic acid of 
92 per cent. to 95 per cent. purity is thus obtained, the 
5 per cent. to 8 per cent. of foreign matters present being 
derived from the wash liquors, which have to be used in 
large quantities. 

Tue Merat. 

Discovery.— Vanadium was discovered in 1830 by 
Sefstrim, in the laboratory of Berzelius ; he encountered 
the new element in the following circumstances. Rinman 


d | had pointed out that a brittle iron, after being acted on 


by hydrochloric acid, left a black residual substance, 
whereas this substance was not met with in non-brittle’ 
steels. Sefstrém applied this method to an iron which 
was admittedly non-brittle, and discovered that a similar 


reaction occurred, which seemed to him to be abnormal. 


He examined the residue obtained, and established the 


* Paper read before the Iron and Stz¢l Institute at 
Sheffield, September 26. 








fact of the presence of a new element, which he was able 
later to extract from refinery cinder. He gave it the 
name of vanadium, from Vanadis, a name of Freya, a 
goddess of Scandinavian mythology. 

Preparation.—The earliest investigators who devoted 
themselves to the preparation of vanadium frequently 
confused the metal with its oxides, and even with the 
nitride. It is to Sir Henry Roscoe that the honour is due 
of having been the first to pre the metal, by reducing 
the chloride, at a red heat, = hyd sing 1 to 4 
grammes of chloride, it is necessary to heat it from 40 to 
80 hours at a red heat, in order to reduce it. 

This constitutes the sole method of preparing vanadium. 
Moissan was unable, even with an electric furnace, to do 
more than obtain metals more or less rich in vanadium ; 
nor does the aluminothermite method appear capable of 
yielding pure vanadium. It must, however, be stated 
that Mr. Gin has patented (1903) a process which consists 
of egy ee a solution of ferric fluoride in fused 
calcium chloride ; the soluble anode being formed by a 
coherent mixture of trioxide of vanadium and of carbon, 
which is a good conductor, and the cathode being of steel. 

his process has not, I believe, emerged from the ex- 
perimental stage. 

Properties.— Vanadium, as prepared by Roscoe, was a 
grey metallic powder, having a density of 5.5 at 15 deg. 
Cent. It was neither volatile nor fusible at 1800 deg. 
Cent. Heated in air, it mes brown, then black, and 
finally blue, after which it becomes transformed into 
v ic acid. 

Uses of Vanadium other than Metallurgical. — The 
earliest applications of vanadium were in the manu- 
facture of certain black vanadium tannate (Berzelius) or 
vanadium pyrogullate (Boltberg) inks, but the only appli- 
cation of any interest of vanadium, outside its employ- 
ment in metallurgy, was that to which it was put for the 
first time in 1870. This was based essentially on the use 
of vanadium as a carrier of oxygen; in fact, vanadium 
becomes readily transformed, by the oxygen of the air, 
into vanadic acid. in contact with a reducing 
agent, this vanadic acid becomes transformed into a less 
oxidised substance, which varies in different instances. 
All its applications, outside its use in metallurgy, are 
based upon this pees, notably its employment in 
dyeing.* As is well known, vanadium salts have entirely 
superseded sulphide of copper for preparing aniline blacks ; 
they yield better results, are denser, more regular, more 
easily controlled, and cheaper. The salts of vanadium 
are also — to some extent in the glass trade and 
in pottery, and attempts have been made to use them in 
therapeutics. 


Tue Usk or VANADIUM IN METALLURGY. 


Ferro-Vanadium. —Ferro-vanadium can be prepared 
either in the electric furnace or by the aluminothermic 
method. It may be stated at the outset that the cost of 
ee of the alloys obtained by these two processes 

as been communicated confidentially to the author, and 
that it seems to him that aluminothermite is far too costly 
to be used for this purpose.t The method presents, it is 
true, the great advantage of yielding alloys which do not 
contain carbon, but, as will be seen later, it is perfectly 
feasible to obtain ferro-vanadium containing very little 
carbon by means of the electric furnace. In either case, 
the reduction of the vanadic acid is effected by the 
electric furnace, this reduction being brought about by 
carbon in the presence of molten iron. The alloy obtained 
is subsequently refined. Sometimes a little aluminium is 
added to the charge, which aids in the reduction. At the 
Albertville Works, where large quantities of ferro-vana- 
dium are made, a resistance furnace, installed by 
Mr. Girod, is used. 

In the other method, the reduction of a mixture of 
oxides of iron and vanadic acid is brought about by 
aluminium, according to the principle laid down by 
Dr. Goldschmidt. To obtain a more fusible slag than 
alumina affords, a little carbonate of sodium is usually 
added. The following analysis gives the composition of 
the samples exhibited at St. Louis and at Liege, by the 
Société d’Albertville (Girod process). 


Per Cent, 
Carbon ... 1.07 
Vanadium 47.50 
Silicon .. 0.09 
Manganese 0.07 
Copper ... 0.01 
Sulphur... 0.009 


ALLoYys OF CARBON, VANADIUM, AND IRON, 


Vanadium Steel.—Vanadium steels have given rise to 
important investigations, which appear to have thrown 
some light on the question of the properties and structure 
of these alloys. 

Early Investigations.—The discovery by Sefstréim of 
vanadium in a very soft and malleable Swedish iron 
showed that this element might be present in certain 
metallurgical products without jae! to their mechanical 

roperties. Henri St. Claire Deville and Caron attri- 

uted the qualities of certain brands of pig iron to the 
presence of vanadium, and to other constituents con- 
taining this metal. The first tests carried out on vana- 
dium steels were published by the Firminy Stccl Works. 
Mr. Choubley, who had prepared these steels, had em- 
ployed as raw materials a mixture of oxide of vanadium 
4 of powdered aluminium; it is to be feared that 
aluminium must have been introduced into the bath by 
this means, to say nothing of the impurities such a 
mixture must have contained. To begin with, a large 
number of the tests yielded negative results. One of the 


* Bulletin de la Société Chimique, vol. xxxv., pages 45, 
58, and 291. ; 
+ See letter on page 553 ante. 
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alloys obtained exhibited, however, the greatest resistance 
to shock, and tensile tests showed a considerable im- 
paren, due to the presence of vanadium. The 
wreaking strain and the elastic limit had increased, elonga- 


tion had not decreased, but was even slightly higher. 
In short, the carbon steel had originally yielded the 
following :— 
Tensile strength (kilogrammes per square 
millimetre) ... ce bol Bs Oe 
Elastic limit (kilogrammes per square 
millimetre) ae 524 oe doc! 
Elongation, per cent. isi 10 
Contraction of area, per cent. : 54 
On the addition of vanadium it yielded :— 
Tensile strength B 115.2 
Elastic limit bes 109.5 
Elongation, per cent. 11.3 
Contraction _,, 47 


In addition to this, it was noted at Firminy that 
quenching hardened vanadium steels far more than it did 
ordinary carbon steels. At about the same period, 
Mr. Helouis communicated to the Société d’Encourage- 
ment the results which he had obtained, showing in- 
creased strength amounting to 60 per cent. 
~ In 1900 Professor Arnold published the results of the 
extremely interesting researches he had made on this 





Fie, 13.—3 Ni 30 Va7. Magnified 160 diameters. 











subject. The following table summarises the chief | 

points :— 

TaBLe II. 

Composition. Mechanical Properties. 

0. Al. Va. T. | E.L. | Elongation. C. | 

SA, kg. kg. per cent. p. c. 
1.06 0.07 0.14 106.6 67.6 6.5 6.9 
1.02 0.09 0.29 119.6 | 67.8 8.5 10.0 
1.00 0.36 0.58 134.3 | 101.8 7.0 7.6 
1.04 0.21 0.77 121.0 92.3 7.5 9.3 
0.80 0.45 1.11 181.9 84.8 10.0 | 17.6 
0.05 0.05 | 0.85 37 | 72.0 


41 31.72 
' 


These results are very interesting, and show very accu- 
rately the influence of the vanadium ; an increase in the 
odalie strength and elastic limit, without lowering the 
elongation. The results obtained on the iron are very 
clear ; without vanadium, the values were: tensile 
strength, 33; and elastic limit, 18.8. Professor Arnold, 
speaking of quenching, said that the mechanical results 
reproduced above permitted the supposition that vana- 
dium steel in the form of tools, such as millers, drills, &c., 
would display an extraordinary strength of cut. 

A tool made from a bar having the composition : carbon, 
1.02 per cent.; aluminium, 0,09 per cent.; and vanadium, 
0.29 per cent, (the percentage of aluminium of which was 
too low to affect the results appreciably), was tried, com- 
paratively, with a tool made from a special steel con- 
taining 1.2 per cent. of carbon and 3 per cent. of 
tungsten. 

It was found that the vanadium steel preserved its 
hardness even at incipient and just visible redness. 
tool, accidentally broken, showed that the steel = a 
grain remarkable for its perfect homogeneity. Tools with 
3 per cent. of tungsten, and others with 3 per cent. of 
vanadium, were tested comparatively on a plate of chilled 
white iron. The tools, which were of the same shape, 
were used to their full strength of cut, and for a period of 
ten minutes. The cuttings removed were weighed. The 
vanadium steel tool had removed cuttings in the ratio of 
34 to 2, which had been removed by the tungsten steel. 

The results: of these preliminary trials created a pro- 
found impression, and showed the great future of vana- 
diam in metallurgy. These earlier investigations had 
convinced him that the action of this element resembled 
that of tungsten, but that it was twenty to _—, times 
more powerful. According to an account published by 
Mr. Baxéres, 0.5 per cent. of vanadium increases the 
tensile strength to 61 kilogrammes, the elongation 
being about 10 per cent. It would seem that there was 


* Throughout this paper the figures given for tensile 
strength and elastic limit represent kilogrammes - 
square millimetre ; those for impact tests represent kilo- 
grammetres. 





A | other containing about 0.85 per cent. of this element. 


in this instance an appreciable diminution in the elonga- 
tion. 








Taste III. 
Composition. 
| 
o | Va Mn. Si. 8. Ph. 
0.114 0.290 6.125 0.105 0.081 0.031 
0.131 | 060 | 0.365 0.193 0.021 0.058 
0.141 0.750 | 0.445 0.304 0.027 | 0.038 
0.112 | 1.04 0.380 0.256 0.021 | 0.037 
0.180 1.54 0.380 | 0,248 0.015 | 0.048 
0.200 2.115 traces | 0.221 0.005 | 0.015 
0.187 2.98 0.860 0.292 0.025 | 0.082 
0.882 5.37 0.196 0.607 0.023 0.067 
0.130 7.395 traces 0.409 0.015 | 0.112 
0.120 10.275 traces 0.539 0.016 0.160 
0.816 0.250 0.445 0.326 0 037 0.081 
0.725 0.600 0.555 0.409 0.028 0.062 
0.886 0.800 0.320 0.304 0.031 0.038 
0.674 1.15 0.500 0.248 0.019 0.038 
0.618 1.58 0.340 0.292 0.021 0.053 
0.950 2.89 0.224 0,421 0.025 0.016 
0.666 3.065 0.700 0.356 0.022 0.058 
1.084 4.99 0.449 0.457 0.013 0.020 
0.737 7.85 0.309 0.745 0.046 0.122 
0.858 10.25 0.562 0.993 0.048 0.049 








Fie. 14.—7 Ni 12,Va 0.7. Magnified 160 diameters. 
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Magnified 160 diameters. 


Tn 1902 Professor Arnold made a fresh series of investi- 
gations, the results of which, however, were not published, 
and remain the property of the New Vanadium Alloys 
Company, Limited, on whose behalf they were carried out. 

The Author’s own Researches.—The following summary 
may be given of the researches already published in the 
Revue de Métallurgie. Two series of vanadium steels 
were studied, one containing but little carbon, and the 


The steels were prepared and analysed at the Imphy 
Steel Works of the Société Commentry Fourchambault. 
Their composition is shown in Table IIT. 


Norma Srekgzs. 

Micrography (Figs. 1 to 11, page 601).—If steels of the 
first series, which do not contain much carbon, be examined, 
pearlite will be found resembling that of ordinary carbon 
steels, as long as the percentage of vanadium is below 0.7 
per cent.; but on etching with picric acid, the ferrite 
appears to become coloured brown the more readily the 
higher the vanadium percentage. Above 0.7 per cent. of 
vanadium, pearlite continues to be seen ; but white grains, 
which appear even upon oo in bas-relief, can always 
be very clearly perceived in the pearlite. These white 
grains will be seen to invade the preparation more and 
more, until, with 3 per cent. of vanadium, the pearlite can 
no longer be seen at all, but only a number of isolated 
grains, which frequently affect a triangular form. The 
grains distinctly increase with the percen of vanadium. 

Steels of the second series give analogous results, 
except that the percentages of vanadium corresponding 





to the micrographic changes noted are different. 





It will be seen that up to 0.5 per cent. pure pearlite i 
obtained ; above 0.5 per cent. pearlite and apm 
constituent are found. 

Finally, above 7 percent. no more pearlite is met with 
and nothing is seen save the special constituent, which is 
the more highly oe and the more abundant the 
greater the percentage of vanadium present. 

A rather curious point to note is the constitution of 
those steels containing simultaneously pearlite and the 
special constituent. They present a texture closely re- 
sembling that of steels containing 0.60 to 0.70 per cent. of 
carbon, although they really contain 0.90 to 1 per cent. 


of carbon. The constitution of normal vanadium steel is 
summarised in the following table :— 
Carbon, 0.20. Carbon, 0.80. 
Vanadium, Vanadium, 
Per Cent. Per Cent. 
Steels with pearlite only 0.0t00.7 0.0 t00.5 
Steels with pearlite, and 
with the special con- 
stituent... Seb — 0.5 ,, 7.0 
Steels with the special 
constituent... ... Above 3.0 Above 7.0 


It remains to define the special constituent. Its isola 
tion has not been attempted, but it can be definitely 
affirmed to be a carbide. In fact, case-hardening of 
vanadium steels causes the appearance of the special con- 
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Fie. 17.—Cupro-Vanadium. 
nified 40 diameters, 


Va, 15 per cent, 


stituent in pearlite steels which are sufficiently case- 
hardened, and increases its amount in steels already 
enclosing it. 

Chemical Investigations. —Captain Nicolardot has shown, 
in the Revue d’Artillerie, that etching alloys of vanadium 
and iron by diluted acids furnishes results which differ 
greatly according to whether the alloys contain carbon or 
not. Wese-venedions prepared by the aluminothermic 

rocess and containing no carbon dissolve readily without 

eaving any residue. Steels and ferro-vanadiums (usually 
made in the electric furnace) containing carbon, on the 
contrary, usually leave a residue containing nearly ail, 
and in some cases all, the vanadium. 

When steels low in vanadium (less than 0.7 per cent.) 
are acted upon by an aqueous solution of hydrochloric or 
of sulphuric acid, even out of contact with air, a spongy 
residue is obtained, containing carbon, iron, and vana- 
dium, the specific gravity of which does not exceed 2.88. 

On the other hand, with steels with a high percentage 
of vanadium, and particularly with ferro-vanadiums rich 
in carbon, and prepared ‘by the electric furnace, the 
residue obtained isdense. Captain Nicolardot, by using, 
asa mt, gaseous hydrochloric acid in absolute alcohol, 
was able to isolate an analogous résidue from certain 
steels lower even in vanadium than 7 per cent. The 
specific gravity of this compound varies, according to the 

uantity of carbon or iron it contains, from 5.53 to 5.6. 
he composition is variable; it is always a carbide of 
vanadium, but the proportion of carbon appears to in- 
crease with the temperature at which the alloy is pre- 
pared, particularly when the total carbon present is high. 
A sample of ferro-vanadium containing 16 per cent. of 
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carbon and 30 per cent. of vanadium furnished a carbide 
having a specific gravity of 5.53, and the formula of 
which approximated to ¥, C; (15.3 per cent. of carbon). 
From another sample of ferro-vanadium of the same 
percentage of vanadium, but containing only 8 per cent. 
of carbon, there was obtained a residue with a specific 
gravity of 5.64, and corresponding to the formula V3C. 
(13.6 per cent. of carbon). In steels containing lower 
amounts of carbon, and also prepared at a lower tem- 
perature, the residue had a formula approximating to 
VC (11.8 per cent. of carbon). Possibly there are but 
two carbides, mixed in varying proportions. 

Captain Nicolardot observes that his investigations con- 
firm those of . Moissan, who has shown that, under 
the influence of a rise of temperature, vanadium combines 
more and more with carbon, furnishing compounds which 
appear to be increasingly refractory. According to the 
figures published by this observer, the carbides V.C, and 
V;C, are formed in the @lectric arc; at a lower tem- 
perature the carbides VC, V;Ce, and V,C; are produced. 
It is to the existence of these carbides, whose specific 
gravities are lower than that of steel, and which are much 
less fusible, that, according to Captain Nicolardot, the 
non-homogeneity and brittleness of steels with high per- 
centages of vanadium are to be attributed. In steels with 
low percen of vanadium, the vanadium carbide V;C2, 
or, more probably, VC, combines with the cementite to 
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form a double carbide, which is hardly acted on by acids, 
and in which is found nearly the whole of the vanadium. 

he proportion of cementite increases in proportion as 
the percentage of vanadium diminishes. 

Mechanical Properties.—The mechanical properties 
about to be described were not determined on the steels 
as cast, but upon the steels after heating to 900 4 
Cent. and slowly cooling—that is, upon samples whic 
had undergone a slight annealing. Fe will be seen that 
vanadium steels become profoundly altered by their 
mechanical and thermal treatment ; much more so, indeed, 
than other steels. As it is im ible to institute com- 
parisons while they are in the hammer-hardened condi- 
tion, it becomes absolutely necessary to destroy this con- 
dition by an annealing. 

















TasiE IV.* 

Composition. Tensile Tests. | - g 
| |4s| ss 
: } ; | } | | | é & | E & 
oO | va | &4 | E.L.¢ | Blong.t | Ot | a@ | = 

| r cent. c. | | 

o14 | 029 | 438 go | Po 025 | 30 | 140 
0.131 | 0.60 | 629 | 41.1 20 69.3 | 20 | 159 
141 | 0.75 | 57.7 | 484 15.5 | 582| 19 | 217 
0.112 | 106 | 61 45.4 15 70.8 | 20 | 217 
0.130 1.54 56.4 | 44.8 19 72.5 | 30 | 159 
0.200 | 212 0.4 | 30.4 15 67.8 | 25 | 159 
0.187 | 298 | 47.1 | 268 26 73.8 | 22 | 99 
C.387 5.37 | 46.5 | 25.5 17 61.0| 6 | 148 
0.130 7.34 | 43.8 24.8 80 =| 62.7 2 | 100 
0.120 10.27 | 465 | 253 31 06| 681] 4 | 18 


* All the tensile tests were carried out on test-pieces 13.8 milli- 
metres in diameter, and 100 millimetres long between punch- 
marks. The shock tests were made by the Frémont method, and 
those on hardness by Brinell’s method. By a normal steel is 
meant a steel heated to 9.0 deg. Cent. and slowly cooled. 

t In this and all succeeding tables T. = tensile stren, 


: syne. in 
Sleqeemnts per square millimetre ; E. L. = elastic limit ; 


ong. 


gation; C. = contraction ;' shock imit ; ; 
metres (1 kgm. = 7.233 foot-pounds). tests are in kilogram 








The results given in the table are average results, eight 
test-pieces having in each instance been broken. Details 
will be given later of the results obtained with some of 
the steels with high percentages of vanadium, some of 
which may appear astonishing, so great is their heteroge- 
neity. These tests show that steels of the first series fall 
into three distinct classes (Fig. 18) :— 

First Class.—Vanadium, from 0 to 1 po cent. Steels, 
the tensile strength and elastic limit of which distinctly 
increase with the amount of vanadium. The elongations, 
and particularly the contractions, have a high value. 

Second Class.—Vanadium, 1 to 3 per cent. Steels, 
the tensile strength and elastic limit of which decrease 
with the percentage of vanadium. The transition of steels 
of the first class into those of the second class coincides 
distinctly with the appearance of the double carbide. 

Third Class.—Vanadium, above 3 percent. The tensile 
strength is practically constant, as is likewise the elastic 
limit, which is very low, no matter what the percentage 
of vanadium. The elongation and contraction continue 
high. The fracture of these steels is heterogeneous ; they 
pee agree d reveal large grains at theedges. The exceed- 
ingly high figures obtained for contraction are to be par- 
ticularly noted. 

The results of the tensile tests and of the shock and 
hardness testson steels of the second series are shown in 
Table V., and in Figs. 19 to 21. 
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TABLE V. 

Composition. Tensile Tests. zg 
“Zi 63 
$3 Es 

fe) Va. T E.L. | Elong. | OC. | S@ | 5® 

ge Ts te ll: 8 

| r cent. » C. 

0.816 | 0.25 | 88.5 43.8 2 B08 3 | 286 

0.725 | 0.60 | 92.3 | 47.4 S 22.4, 4 | gu2 

0 836 | 0.80 | 96.2 | 562 4 193 4 | ss 

0.674 | 1.15 | 87.56 | 588 8 2.2 8 286 

0.618 | 1.58 | 94.9 | 64.1 9 31.3 3 | 262 

0.950 | 289 | 914 | 481 9 33.9 2 | 286 

0.666 | 3.06 | 85.2 58.2 16 2.5 38 | 262 

1.684 | 4.89 | 989 | 55.8 14 2.3 56 | 255 

0.787 | 7.85 | 51.7 | 289 20 %.3, 8 | 148 

0.858 | 10.25 | 62.5 | 381.6 12 87.5, 0 | 179 


These results are, perhaps, somewhat more difficult to 
discuss than those of the first series, the carbon per- 
centages being rather variable. In any case two well- 
defined groups may be distinguished. 

First Group.—From 0 to 5 per cent. of vanadium. 
Steels, the breaking strain and elastic limit of which are 
enhanced by the addition of vanadium, but which have, 
nevertheless, fair elongations, and very good contractions. 


| It is difficult to distinguish the point where the carbon 


becomes transformed into the double carbidé. In any 
case it is well to note that the contractions reach very 
high values, from 1 per cent. of vanadium upwards, for 
steels with such high percentages of carbon. 
Second Group.—Vanadium above 5 per cent. Steels, 
the tensile strength of which is very low, with very low 
elastic limits, high elongations, and very high contrac- 
tions. These steels contain the double carbide solely. 
Heterogeneity of Steels High in Vanadiwm.—T bis hetero- 
geneity is clearly seen in some of the results given in 
the following table relating to normal steels. One of 
the most important points to note is that the tensile 
strength and the elastic limit gradually increase, from one 
end of the bar to the other, and that these increasingly 
higher values correspond to higher and higher percentages 
of carbon at the sections of fracture. The heterogeneity 














of these steels would thus eppeer to be very likely due to 
the low density carbide, which has a tendency to rise in 








the bath. 
Taste VI. 
j 
Nos. . 2) Va. =. E.L. | Elongation. C. 

percent. | p.c. 
1 0.382 6.37 34.5 15.5 23 | 61.9 
1 es Po 48.9 25.8 4 56.2 
1 ox A 55.9 365.3 17 56.2 
2 0.130 7.37 23.8 20.2 21 66.9 
2 ey: he 38.6 24.8 30 64.7 
2 - of 62.9 33.8 17 58.8 
3 0.120 10,27 30.3 21.8 22 49.2 
3 os os 46.5 | 26.3 21 53.1 
3 om ae 50.7 34.3 15 38.2 
3 e ; 54.7 47.5 21.5 44.8 
4 0.737 7.85 30.3 13.4 16 25.6 
4 : - 50.4 27.4 15 22.3 
4 , i 54.7 40.3 22 44.5 
5 0.858 10.256 | 42.0 168 10 13.3 
5 _ oe 59.2 45.6 7 9.2 
5 70.5 31.6 10 | 97.5 

QUENCHED STEELS. 
(a) Micrography.—Quenching from 850 deg. Cent. 


alters all the 


l rlitic steels, with the production of 
martensite. 


ith steels simultaneously containing 


INFLUENCE OF QUENCHING ON TENSILE STRENGTH 
OF VANADIUM STEEL 
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pearlite and the double carbide, martensite is obtained, 
and the double carbide remains unaltered. Finally, 
steels in which the whole of the carbon is in the state of 
double carbide undergo no transformation on cuenening, 
no matter what the temperature or rate of cooling. in 
fact, thése steels have —s subjected to quenching at 


temperatures ranging from 850 dez. to 1250 deg. Cent., 
using as quenching media water uid mercury. Not the 
faintest transformation of structure has ever been noted. 


(b) Mechanical Tests.—-Tensile, shock, and hardness 
tests have been carried out in these vanadium steels 

uenched from 850 deg. Cent. in water (Figs. 22 and 23). 

he results obtained are shown in the following table :— 

















Taste VII. 

Composition. | Tensile Tests. | 8 
| a 8 | Ef 

1$3i 
( ve |. @ E.L. | Elong | ©. |g] | o& 
——| ——_|_—_ coats a i—|—— 

per cent. | p. c. | 

0.114 0.29 | 54.6 | 49.2 22.5 | 665) 10 | 156 
0.131 0.60 | 68.5 41.4 20 63.0 13 | 168 
0.141 0.75 | 78.1 492 | 17.5 | 612/ 11 217 
0.112 1.04 | 95.6 61.8 | 12 60.0 | 12 | 207 
0.130 1.54 1.7 52.1 14 | 67.1| 18 | 156 
0.200 2.12 | 55.4 42.3 12 | 60.0) 25 | 156 

0.187 2.98 | 45.6 29.5 21 612 , 
0.387 5.37 | 44.3 26.3 26.5 584 | 38 | 121 
0.130 7.34 | 42.5 25.9 30 65.3| 8 9 
0.120 | 10.27 | 46.9 26.2 22 55.8; 2 | 12% 


It will be seen that steels of the first class are distinctly 
hardened by nae 2 the more so the higher the per- 
centage of vanadium they contain. Quenching specially 
affects the steel containing 1.04 per cent. of vanadium. 
It is to be noted, a, that those steels with high 
contractions are not less affected. The influence of 
quenching then diminishes as the presence of the double 
carbide increases, and finally becomes nil. This point 
coincides clearly with the moment at which the whole of 
the carbon is in a state of double carbide, and at which, 
jn consequence, quenching occasions, as has been shown, 
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no alteration in the constitution. Quenching therefore 
hardly affects steels of the second class (the intermediate 
steels), and does so the less the more vanadium they 














contain. 
Tasie VIII. 
Composition. Tensile Tests. a 
ee ae alee “Zo cs 
$3 | 53s 
c. Va » E.L Elong. | ©. | a& | m& 
per cent. | p. c. 
0.816 0.25 115.3 103.0 6.0 12.0 0 600 
€.725 | 0.60 118.2 | 105.1 9.0 20.0 0 512 
0.886 | 0.80 130.1 | 112.2 3.0 10.3 0 555 
0.674 1.15 121.3 | 101.3 5.0 | 65 0 532 
(.618 1.58 112.2 101.1 13.0 13.0 3 321 
0.950 | 2.89 105.3 75.6 11.5 18.5 0 652 
0.666 3.06 99.7 67.7 30 6| 665; O 821 
1.084 | 4.99 95.3 68.7 11.0 412) O 578 
0.737 | 7.85 45.8 35.8 27.5 41.2 2 105 
10.25 68.2 42.38 17.5 $3.2 6 187 


0.858 | 


It dues not affect the properties of the third class of 
double carbide steels. 

Combining these results with those obtained on the 
untreated forged steels, it is seen that they conduce to 
conclusions identical with those already arrived at as 
regards steels of the first series. : Bas 

Quenching has an influence on pearlitic steels, which is 
the more pronounced the more vanadium they contain. 
This influence diminishes when the double carbide ap- 
pears ; it decreases the more there is of this constituent 
present, and finally, when the whole of the carbon is in 
the state of double carbide, quenching has no further effect 
on the metal, or, if anything, softens it. 


ANNEALED STEELS. 

(a) M hoaarats y.—When pete steels are subjected to 
annealing they remain itic, provided the temperature 
be sufficiently high and the time of heating long enough. 
There is then a precipitation of the carbon, in a state 
of graphite. The phenomenon occurring is absolutely 
analogous to that I have already descri as occurring 
in the case of silicon steels, wi 

The double carbide steels simply exhibit an augmenta- 
tion of the grains of the special constituent. Even then 
the temperature must have been sufficiently high, while 
the alteration is never of much importance. 

(b) Mechanical Properties.—All the vanadium steels 
become softened on ory enon provided, however, that 
the temperature has not been high enough to occasion, in 
the rlitic steels, precipitation of the carbon in the 
graphitic state. ‘ 

The following may be given as examples of tensile 














tests :— 
TABLE IX. 
Cc. Va. %. EL, Elong. C. 
per cent. 
0.114 0.29 41.8 28.5 | 22 58.2 
O.14L 0.75 62.3 415 | 182 63.1 
0.130 1.54 55.2 45.2 | 16 62.5 
0,387 5.87 43.1 24.5 | 13 58.2 
0.816 0.25 86.2 438 | 6 | 193 
0.725 0.60 88.1 48.2 | 7 19.3 
0.674 1.15 84.2 563 | 8 25.3 
0.666 3.06 82.5 54.8 | 10 22.4 
0.737 7.88 49.7 29.4 15 33.9 


It will be noted that the influence of annealing is not 
very pronounced as regards normal steels. If the time 
were eee! prolonged to cause the graphite to 
appear, the steels would evince extreme brittleness. 


Forerep StTre.s. 


At the commencement of this paper it was stated that 
vanadium steels were peculiarly sensitive to the influence 
of working. Some striking examples of this may be given 

ere. 

TaBLE X.—Comparative Results of Raw and Normal 

Steels. 


] = | 
oa oO |v. T EL ‘tion | c. Impact 














ion. , Test. 

No. ~ | p. ¢. c. 
ws 538/430 ‘14 3| u 
1{ Normal j | O-114 0.20{ 428/902 2/025 30 
j Raw eg f| 87.8| 707 11.6 /985 . 12 
2 | Normal } ot 0.75) 577/434 155/682 19 
afters Homeland sla) 2 [at] 
w 144.6 911 4 | 0 4 
+} Normal } 0.886 0.80 { 962/562 4 | 193 4 





It will be seen that this influence is considerable. It 
has not been found in other steels,\even when their mode 
of manufacture was similar. It is to be concluded from 
this that it is absolutely neces: to anneal all vana- 
dium steels subsequent to their having any work put 
upon them. 

ConcLusions. 

To summarise :—The researches which have been made 
on vanadium steels have led to their division into three 
groups, of which one forms an intermediate class only, 
which is, nevertheless, highly interesting to consider. 

First Group.—Pearlitic steels, the tensile strength and 
elastic limit of which are higher the greater the per- 
centage of vanadium they contain, with somewhat high 
elongation and high contraction, in comparison—that is, 
with ordinary steels of the samecarbon percentage. They 
are not less brittle than the latter, but they possess 
greater hardness. 


These steels are influenced by quenching in proportion 
as they contain more vanadium, and they invariably 
preserve high contraction. 

Second Group.—Intermediate steels containing both 
pearlite and the double carbide. They possess a tensile 
strength and an elastic limit which becomes lower the 
more vanadium they contain ; theirelongations and their 
contractions are high. They are not more brittle than 
ordinary steels with the same percentage of carbon, and 
they are not so hard as steels of the first group. | mynd 
ing affects them in a dimishing ratio the higher the per- 
centage of vanadium they contain. y 

Third Group.—Steels having the whole of the carbon in 
the state of double carbide. These steels have a low 
tensile strength and a very lowelastic limit. Their elon- 
gation and contraction are very high; but they are, not- 
withstanding, brittle. They do not display much hard- 
ness, and they are exceedingly heterogeneous. Quenching, 
no matter what conditions under which it is effected, 
occasions no transformation either in their microstructure 
or in their mechanical properties. 

The following statement indicates their structure :— 
Steels with Steels with 


Group. Micr- structure. 0.2 Carbon 0.80 Carbon 
I. Pearlite . Oto0.7 per 0.0 to 0.5 per 
cent. Va. cent. Va. 
II. Pearlite and double carbide 0.7 to3 per 0.5 to7 per 
cent. Va. cent. Va. 
Ill. Double carbide over 3 per over 7 per 
cent. Va. cent, Va. 


(Zo be continued.) 








THE Propuction or Ozone: ErratumM.—The Electric 
Ozone Syndicate, Limited, of 5, New Union-street, 
Moorfields, inform us that the statement quoted from 
Léon Gérard on p 381 of our issue of September 22 
last, to the effect that the original Andreoli process of 
producing ozone required an expenditure of 6500 watts 
per gramme of gas is erroneous, and that, as at present 
worked, the process yields a minimum of 120 grammes 
per kilowatt-hour at a concentration of 0.5 tol per cent. 

his is equivalent to an electrical expenditure of 124 
ea ne. A ne efficiency is possible for 
short periods, but that sta can be maintained indefi- 
nitely, and the company claim that they can sterilise 
water ye poo | 130 to 150 bacteria per cubic centimetre 
at a cost of much under 1/. per million gallons. 


Tux ‘MississipPi.”—The United States battleship 
Mississippi, int launched from Cramp’s yard at Phila- 
delphia, is a little more than 40 percent. completed. Her 
internal armour has been put in, but her outer armour has 
yet to be placed. The Mississippi, in point of displace- 
ment, is the heaviest vessel ever launched by the Cramps. 
Her armament is as follows:—Main battery, four 12-in. 
breech-loading guns, eight 8-in. breech-loading guns, and 
two 18-in. submerged torpedo tubes; secondary battery, 
twelve 3-in. 14-pounder rapid-firing guns, six 3-pounder 
semi-automatic guns, two 1-pounder rapid-firing guns, two 
3-in. field pieces, machine guns, and six automatic guns, 
0 30 calibre. The turrets are protected by 8-in. and 12-in. 
armour, and the hull, at the water-line, by an armour 
belt 9 ft. 3 in. wide and 9 in. thick, for 244 ft. amidships. 
The dimensions of the Mississippi are: —Length at water- 
line, 375 ft.; breadth at water-line, 77 ft.; and mean 
draught, 24 ft.8in. She has a coal-bunker capacity of 
1750 tons. 








Lonpon Tramways.—The Highways Committee of 
the London County Council have decided to proceed at 
once with the reconstruction of the first section of the 
tramways of the North of London, having acquired the 
remaining interests of the North Metropolitan Tramways, 
the lease of which did not expire until 1910. The lines 
are to be taken over on April 1 next, and 224 miles will 
be at once proceeded with in the hope that the reconstruc- 
tional work will be completed by haktens of the same 

ear. The work now to be electrified includes lengths of 
ine from the termini at Theobalds-road, Norton Folgate, 
Aldgate, Moorgate-street, and Holborn, all of them im- 
portant avenues of traffic for City workers to the northern 
residential districts. The conduit system will be adopted. 
Two new car-sheds and three new sub-stations will be 
required. The contract work will involve the recon- 
struction and alteration of four bridges, carrying Clerken- 
well-road over the Metropolitan Hailray, Commercial- 
street East over the Great Western Railway, East-End 
Dock-road over the North London “rr and High- 
street, Kingsland, over the North London Railwa 
Docks line. The estimated cost of the whole wor 
is 803,6002. These lines will include a connection with the 
subway tramway under the Kingsway. Tenders will 
shortly be asked for the carrying out of this work, but 
meanwhile the Committee have had tenders for 4210 tons 
of acid-steel track rails and fastenings in connection 
with the northern tramways. The lowest tender was 
by the Lorain Steel Company, of the United States, 
amounting to 27,121/. 10s., but this is reported as not In 
accordance with the specification. The next lowest tender 
was by Messrs. Bolckow, Vaughan, and Co., amount- 
ing to 31,1317. 15s., and this has been accepted. The 
other two tenders were from the Barrow Hematite 
Steel Company, totalling 32,2497. 5s., and from Messrs. 
P. and W. Maclellan, Limited, of Glasgow, amounting to 
32,813/. It will be noted, therefore, that there was only 
1680/. between the highest and the lowest tender, and that 
the price to be paid works out to about 7/. 7s. 6d. per 
ton. The second section of the northern line includes 
46 miles of single track, and the third section 36 miles of 
single track, and these will ed with later on. 
Meanwhile the Council are in their next Bill to schedule 
properties required for sub-stations, while an extension 
of the Greenwich station is contemplated. 








CATALOGUES. 


We have received from the Globe Pneumatic Engineer- 
ing Company, Limited, 150, Queen Victoria-street, E.C., 
their catalogue of Tierney pneumatic tools and appliances, 
These are manufactured by Messrs. Sir W. G. Armstrong, 
Whitworth, and Co., Limited, at their Elswick Works, 
and cover every description of tools for chipping, caulk- 
gs , &e. ; 

essrs. Herbert Morris and Bastert, Limited, Em- 
press Works, Loughborough, have published an interest- 
ing catalogue showing the numerous applications made 
of their worm-geared pulley-blocks. 

Mr. Edward Baker, bookseller and publisher, 14 and 
16, John Bright-street, Birmingham, has issued a cata- 
logue, No. 232, giving a list of the books, pamphlets, 
maps, guides, time-tables, &c., he has in stock connected 
with the origin, rise, and development of railways, both 
in Great Britain and in foreign countries. The publica- 
tions are classified as per the subjects they deal with, and 
a large number of them should be of great retrospective 
interest. 

The Leeds Forge Company, Limited, have just issucd a 
book containing a historical description of their works, 
with illustrations of the various shops, and particulars 
relating to their manufactures. The book shows a very 
—_ variety of pressed-steel underframes for all types of 
rolling-stock. @ firm have constructed carriage under- 
frames with the sole-bars in one piece, without any 
trussing, up to 55 ft. in length. They have also for a 
number of years made a speciality of the construction 
of complete all-steel wagons ; the book contains a selection 
of standard types of these, the principal dimensions of 
which are given. 

Messrs. John Wilson and Co., 49, Lime-street, E.C., 
have sent us their catalogue of tubes and pipes, with 
ao and connections to suit every class of work, which 
they have issued specially with a view to illustrate their 
method of supplying complete piping installations for 
central stations, factories, and so forth. The catalogue is 
carefully got up. 

‘Sturtevant Mechanical Draught” forms the title of 
pamphlet No. 34, recently issued by the Sturtevant Engi- 
neering Company, Limited, 147, Queen Victoria-street, 
E.C., in which the advantages of their induced-draught 
fans, as applied to a number of different installations, are 
set forth. 

The Machine-Tool Company, Limited, London-road, 
Nottingham, have sent us their catalogue No. 53 of new 
and second-hand machine-tools now in stock at Notting- 
—. These comprise a considerable variety of tools and 

ttings. 

The Hancock Inspirator Company, Old Swan Wharf, 
London Bridge, Ec. have sent us their catalogue con- 
taining illustrations, descriptions, sizes, and duty of their 
her irators for feeding stationary, marine, and portable 

ilers. 

Messrs. W. T. Glover and Co., Limited, Trafford Park, 
Manchester, have recently issued two handy booklets, one 
showing their various types of joint-boxes, and giving in- 
structions for their use, and the other forming a small 
compendium of regulations and data of general interest, 
but designed more especially for persons connected with 
mining work in which electricity is used. 

The Scotch and Irish Oxygen Company, Limited, Pol- 
madie, Glasgow, have published a catalogue giving illus- 
trated particulars of their valves for oxygen, coal-gas, 
hydrogen, acid, nitrous oxide and anhydrous ammonia 
bottles, also of their valves for refrigerating plant. They 
have also made a speciality of the manufacture of seamless 
steel gas-bottles. 

Pepper’s patent steam steering-gear is described in a 

amphlet recently issued hy the makers, Messrs. R 
os and Co., Limited, of Stockton-on-Tees. The 
characteristics claimed for this gear are its extreme sim- 
plicity ; the ease with which it is kept in operation and 
repaired ; its silent action ; and its adaptability to steam 
of high or low pressure. These apparatus have been sup- 
— in large numbers to the leading shipbuilders both at 

ome and abroad. 

‘*Belt Conveyors and Conveying Belts” forms the title 
of a pamphlet published by Messrs. Reddaway and Co., 
Limited, of Pendleton, Manchester, in which they deal 
in detail with the technics of belt-conveying, and give a 
few selected views to illustrate the duty of several instal- 
lations they have put down. 

We have received from the Charles Cohen Tool Com- 

ny, 34, Barbican, E.C., an illustrated price-list of their 
Fight mechanical] tools. These are in great variety. 

Messrs. J. P. Hall and Co., Blackriding Iron Works, 
Oldham, have sent us a booklet, No. 25, illustrating 
their continuous and alternate-current dynamos and 
motors, steam-engines, and their application for various 
purposes—for working pumps, machine-tools, cranes, 
winches, &c.—in factories and in the open. — 

Bailey’s gyrometers, sight speed indicators, box- 
counters, and patent turnstiles are illustrated and de- 
scribed in two lists, No. 405 and No. 455, issued by the 
manufacturers, Messrs. W. H. Bailey and Co., Limited, 
Albion Works, Salford, Manchester. ; 

The Electrical Company, Limited, 121 to 125, Charing 
Cross-road, W.C., have issued a very artistic catalogue, 
No. 188, which illustrates their Nernst lamps, gives their 
advantages, and compares the cost of current consumed 
by these lamps with that required for ordinary incandes- 
cent lamps. The multiple Nernst lamps can be regulated 
so that the three burners they contain can be switched on 
together or separately, as required. 





German Coat-Mininc.—The output of coal in Ger- 
many in September was 10,773,000 tons, or 1,043,000 tons 
more than in September, 1904. 
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RECORD. 


CompirLep sy W. LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS OF 1883—1902. 


The number of views given in the Specification Drawings is stated 
Seat as eae eeenaEe the Specification is not 
Where inventions are communicated from abroad, the Names, 
&c., of the Communicators are given in italics. 
Copies of Specifications may be ined at the Patent O, Sale 
anch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the are gee po me of 
The date of the advertisement of the gocentonse of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 
Any person may, at any time within two months from the date of 
the advertisement. of the mee of a Complete Specification, 
ive notice at the Patent O of ition to the grant of a 
atent on any of the grow: mentioned in tie Acts. 


ELECTRICAL APPARATUS. 


18,199. C. C. Garrard, Hollinwood. Relay-Con- 
trollers. (3 Figs.) August 22, 1904.—This invention consists 
in providing relay-controllers for electric circuits with a contact 
device in which the expansion of a fluid due to the heating 
action of an electric coil carrying a current proportional to the 
abnormity in the circuit to be controlled is caused to make the 
circuit of the tripping-coil, which is arranged to operate the 
controlled circuit-breaker. In carrying the invention into effect, 
as applied to alternating currents and maximum circuit-breakers, 
the current operating the relay is the secondary current of a 
transformer a, the primary current of which is the current in the 
controlled circuit. The secondary current of the transformer a is 
carried by the wire b and is proportional to the current flowing in 
the controlled circuit c, is secondary circuit energises an 
a device d of any suitable design. This electro- 
magnetic device may be controlled by a spring or any other suit- 
able means, and is arranged when a certain current is reached to 
attract an armature e or move a pivoted disc or some such action. 
This movement in occurring opens a pair of contacts /, which 
normally short-circuit a heating-coil g wound round one bulb / of 
a pair of glass bulbs A and j, described below. By means of this 
arrangement the secondary current of the transformer a is caused 
to flow round the heating-coil g and the winding of the above- 
mentioned electromagnetic device d in series, and as this current 
is the secondary of a current-transformer, it will not be altered 
appreciably in magnitude by this. It will be seen, therefore, that 
in the above ination the heating-coil g wound round the 
glass bulb A remains free of current until a certain predeter- 
mined value of current is reached in the main circuit, and the 
point at which current commences to flow in the heating-coil is 
predetermined by the amount the spring or other controlling 
device of the electromagnetic mechanism is “set up.” The 
current, however, when it does flow round the heating-coil is 
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proportional to the current in the main controlled circuit. The 
glass bulbs A and j mentioned above are joined by a piece of bent 
glass tubing k connecting their two bottoms. The tubes are 
hermetically sealed, and the glass connecting-tube is (J-shaped. 
The object of having two bulbs is to render the arrangement 
independent of the outside temperature. In the leg of the U- 
shaped connecting-tube, remote from the bulb A, which has the 
heating-coil g wound round it, are two — of platinum wire 
fused into the glass tube, and at the bottom of the UJ tube is a 
quantity of mercury. It will be seen that, due to the expansion 
of the air in the bulb A following the heating of the current in 
the heating-coil g, the mercury will be forced along the LJ tube 
and eventually make electrical contact between the two pieces of 
platinum wire, which are arranged in the circuit of a switch 
en p. This tripping - coil effects the breaking and 
controlling of the circuit in any convenient manner. The 
time required for the mercury to travel along the tube and 
make the circuit between the two contacts is proportional to the 
current flowing through the heating-coil and therefore propor- 
tional to the extent of the overload or other abnormity in the 
controlled circuit. The duration of this time element with any 
value of overload in the main circuit can be prearranged by 
allowing the heating-coil to more or less completely surround the 
glass bulb. The same result may be obtained by varying the 
number of turns in the heating-coil, or by tilting the glass bulbs 
8o that the expansion of the air will have the hydrostatic pressure 
of the mercury to overcome. A time- lating device of this 
kind is shown in thefigure. The J tubek is mounted on a frame 
q, Which may be slid up and down so as to loop with less or more 
turns of the heating-coil g. A scale and pointer device suitably 
graduated may be provided for the purpose of indicating the time 
which will elapse before the tripping-coil p comes into operation. 
An adjustable and graduated stop for the armature e may also be 
provided. (Accepted August 28, 1905.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 

17,961. D. Clerk. Ewhurst, H. N. Bickerton, and 
H, W. Brodion’ Ashton-under-Lyne. Internal-Com- 
bustion Motors. (4 Figs.) August 18, 1904.—This invention 
consists in the method of compounding internal-combustion 
motors in which charging of the high-pressure cylinder is effected 
under considerable pressure above atmosphere with a mixture 
having a relatively small proportion of combustible in such a way 
that avery high average pressure is obtained in the high pressure 
cylinder together with a low terminal temperature for transference 
of the exhaust to the low-pressure cylinder; while at the same 
time the high-pressure exhaust pressure is kept high enough to 
— the power to be nearly equally divided between the cylin- 
ders. In carrying out the invention two single-acting high-pres- 
sure cylinders a, a are employed. These cylinders are arran 


one on each side of a single-acting low-pressure cylinder b, and 
connected therewith by short ports ¢, os in which are balanced 





lift-valves. The high- pistons A, h are connected with 
similarly di cranks, while the low-pressure piston / is con- 
nected with a crank set at 180 deg. to the other cranks. A single- 
acting oe aay cylinder o is di in line with the low-pres- 
sure cylinder, and its piston p is connected to the low-pressure 
piston 1, The diameter of the pump piston p is nearly equal to 
that of the low-pressure piston 7. The top end only of the air- 
pump is used, and it communicates with the tops of the high- 
pressure cylinders a, a by passages s, s opening into the ports 
¢, ¢, and controlled by non-return valves situated at the junction 
of the passazes and ports. The bottom of the air-cylinder is pro- 
vided with ports u communicating directly with the atmosphere. 
Air and gas in the desired proportions, the air being much in 
excess of the usual proportion, are drawn into the pump-cylinder 
through an inlet e and a non-return valve ; or the air and 
gas may be admitted through se te valve-controlled passages. 
The sparking-plugs or other suitable devices are controlled by 
any convenient means, so as to effect ignitions in the two high- 
pressure cylinders alternately, the crank-shaft making a revolu- 
tion between an ignition in one cylinder and an ignition in the 
other cylinder, The low-pressure exhaust valve is controlled by 
mechanism adapted to open the valve at about the end of the 
working stroke of the low-pressure piston. The engine operates 
as follows :—On the down stroke of the pump piston, which is 
effected by exhaust from one of the high-pressure cylinders 
—say the right-hand one—acting on the low-pressure piston, gas 
and air are drawn into the pump, the air being in excess of the 
usua! proportion. At the end of this down-stroke the exhaust 
valve is opened and ignition of a charge in the left-hand cylinder 
takes place. During the return stroke of the pump piston a 
charge is compressed into the right-hand high-pressure cylinder, 
the left-hand non-return valve being held closed by the expanding 
gases in the left cylinder, which gases are at a much higher 

















ressure throughout the stroke than the air and gas charge which 
is being precompi at considerable _ above atmos- 
phere into the right cylinder. At the end of the working stroke 
of the left cylinder the exhaust valve of the low-pressure cylinder 
is closed and the left lift-valve is opened, and the partially-expanded 
— pass from the left cylinder into the low-pressure cylinder, 
orcing its piston and the pump-piston downwards, whereby a 
further suction of charge into the pump takes place, forcing 
the high-pressure piston upwards, whereby the precomp 
charge in the right cylinder is further compressed and the exhaust 
gases are expelled from the left cylinder. At the end of the 
working stroke of the low-pressure = the exhaust valve is 
opened and the exhaust gases are discharged from the engine, 
the compression stroke of the right-hand cylinder being completed 
simultaneously with the working stroke of the low-pressure 
cylinder. Ignition of the charge in the right cylinder is then 
effected, and the two high-pressure pistons move downwards, the 
pump-piston meanwhile moving upwards and compressing a 
charge into the left cylinder. At the end of the working stroke 
of the right piston the exhaust valve is closed and the right lift- 
valve is opened and the partially-expanded gases of combustion 
from the right cylinder are delivered to the low-pressure cylinder, 
whereby the low-pressure piston and the pump-piston are moved 
downwards and a further suction of mixture takes place into the 
pump for delivery into the right cylinder during the next stroke 
under the pressure of the gases of combustion in the left cylinder, 
and soon. It will be understood that the air-pump charges the 
high-pressure cylinders alternately, and that they alternately 
discharge their partially-expanded gases into the low-pressure 
cylinder. Two separate impulses are thus obtained per revolu- 
tion—i.e., a high-pressure impulse and, after a half-revolution, a 
low-pressure impulse, and the power is divided nearly equally 
between the cylinders. (Accepted August 23, 1905.) 


LIFTING AND HAULING APPLIANCES. 


171. Steel, P and Tozer, Limited, and H. E. 
Bowen, Sheffield. ty Devices. [2 Figs.) January 4, 
1905.—This invention relates to safety devices to be used in com- 
bination with electro-magnets employed with cranes and the like, 
for raising and carrying rails, bars, ingots, and other metallic loads. 








From the crane is suspended a crosshead, and upon this is 
secured one or more electro-magnets, such as A, connected by 
line wires with the source of electricity, and generally arranged 
so that they can be operated by switches located in the crane- 
attendant’s cage. These nets are provided with self-adjust- 





ing guide-plates or gauges and B2, consisting of metal bars 








with elongated bolt-holes which are bolted to the outer ends of 
the lifting faces C of the magnets A, but so that they can move 
vertically on the bolts or studs. They are for the pur of 
passing down a short distance on each side of the object or 
objects to be lifted, such, for example, as ingots, bars, or the 
like; but if when the magnets are lowered the guide-plates on 
one side rest upon the face of the load, they slide upwards until 
as the magnets are moved laterally, they pass over the “- and 
drop back to their normal or lowest position, which indicates 
that the magnets are in position for lifting theload. The electro- 
magnets are constructed to retain a sufficiency of magnetic 
power after the main current is broken, to sustain the load for 
a short period, but sufficient to allow a number of pairs of safety 
claws sustained out of action by means of a small electro- 
magnet G, which loses its magnetic power immediately the cir- 
cuit with the main magnets is broken from any cause, to turn 
upon their axes and drop instantly into the supporting position 
under the load, as indicated in both figures, before the main or 
lifting magnets lose their sustaining power. This automatic 
arrangement is particularly useful during the quick loading of 
railway trucks and the like. (Accepted August 23, 1905.) 


RAILWAYS AND TRAMWAYS. 


24,606. T. Boardman, Swansea. Sand-Distributing 
Appesetes. (2 Figs.) November 14, 1904.—This invention 
relates to feeding sand from the sand-boxes of railway locomotive 
engines to the rails, and to apparatus therefor. The sand-box a 
is fitted with the usual valve for controlling the feed of sand to 
the delivery pipe c. The spindle d of the valve is connected by 
levers and rods, in the ordinary way, to a hand lever situated 
conveniently for operation from the foot-plate or cab of’ the 
engine. Led into the sand-box a is a pipe ¢, which, at the 
other end, communicates with the boiler or water or steam space 
of the fire-box of the engine. Communication by the pipe e 
between the boiler or the water or steam space of the fire-box 
and the sand-box a is controlled and governed by a cock or tap 
fitted in the pipe ¢ and conveniently situated for operation from 
the foot-plate of the engine. On that part of the’ pipe e which is 
led into the sand-box a is screwed a socket, into which is securely 
fitted a nozzle, which has perforations for spreading introduced 
steam or water, or both together, amongst the sand in the sand- 
box a. The socket has also an aperture in the lower part of the 























bend. When it is required to feed sand to the railway rails, the 
sand-box valve ) is operated to open the way to the sand delivery 
pipe c. The controlling cock of the pipe e is also opened, and 
steam or water, or both together, are thus turned into the sand- 
box a. The jets of water and steam which pass into the sand by 
the apertures of the nozzle are directed by the said apertures, 
which are inclined. The introduced water or steam, or both 
together, are distributed in the sand, which is thereby damped 
and dislodged for disch to the sand delivery pipe c, down 
which the sand is fed to the rails, its qoonee being assisted by 
the steam and water, or either or both, issuing from the aperture 
in the socket. Preferably the pipe e communicates with the 
boiler of the engine at or close to the line of maximum water- 
level. At this point both water and heavy steam pass into the 
pipe e when the controlling cock is opened with a full boiler. 

en the water-level is further down, steam only passes into the 
pipe, and part of it condenses as it to the sand-box. But 
the communication may be so made that either water alone or 
steam alone, or both together, can to the sand-box, as either 
agent would alone suffice. (Accepted August 16, 1905.) 


SHIPS AND NAUTICAL APPLIANCES. 


7717. J. A. France, London; J. Black, Newcastie- 
on-Tyne; and W. Stokeld, Sunderland. O ting 
Water-Tight Doors. [4 Figs.) April 11, 1905.—This inven- 
tion relates to a in mechanism for operating water- 
tight doors for ships’ bulkheads, caissons, and the like, and the 














anv 
object is to be able to close the doors quickly when required, or 
in case of emergency or necessity. This end is accomplished in 
the known manner, by withdrawing a locking-bo:c, whereupon a 


sliding-nut, in which the lifting-screw works, is at once thrown 
out of gear with said screw, and the door drops by gravity. If 
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desired, before dropping the door or doors, warning may be given 
by suitable means either attached to the door mechan or 
8e therefrom, said warning means being worked from the 
captain's bridge or other suitable point. The principal feature of 
the invention is the particular construction of the nut. A on 
nates the door, and B,B the guides therefor on or in the bulk- 
head, caisson, or the like. C is the lifting-screw, having either a 
V thread or a square or other suitably shaped thread, as desired. 
D is a slidable nut, having a hole for passage of the screw O, half 
screw-threaded, and with its other half enlarged and not threaded, 
to permit the requisite clearance of the screw C when the sliding 
nut is out of gear with said screw C. F are stops on the end of 
the nut D to regulate the stroke of said nut. A locking-bolt J 
engages the nut for beg en same in gear with the screw O. 
K designates a bracket fixed to the door A and carrying and 
iding the nut D, said bracket K being provided with guide- 
oles for pesiage of the screw OC, and with other guides or - 
for the locking-bolt J. A lever N is pivoted to the door A at P, 
and attached at one end to the locking-bolt J and at the other 
end to operating chains, rods, or the like Wand T. Q designates 
a bell-crank lever pivoted to the door at R, connected at one end 
to the nut D, and at the other end to an operating chain, rod, or the 
like 8S. V is an - gp chain, rod, or the like attached to the 
locking-bolt J, and U is an operating rope Any round a pulley 
X, mounted in a bracket Y and connected to the nut D. The 
chains S and T are for operating the gear from the door-level, and 
the chains or — W,V,Ur tively for effecting the same pur- 
pose from the bridge or deck or any convenient point. Other 
suitable gear for soeeing Se bolt and nut may also be used. 
The action is as follows :—When it is desired to close the door the 
bolt J is withdrawn by the lever N being operated either by the 
chain or the like, V or T, and the nut D is pulled out of gear with 
the screw C by withdrawing its threaded portion E out of engage- 
ment with the threads of said screw, thus allowing the door to 
fall by gravity. For putting the nut and screw into gear again, 
the ecrew is lowe to the necessary extent, and either the 
chain 8 or rope U are pulled, whereupon the locking bolt J is 
caused to re-engage the nut by gravity and hold it in place. 
(Accepted August 23, 1905.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


9196. T. Sasaki, Senamare, Japan. Vertical 
Boilers. [4 Figs.) ‘ay 2, 1905.—This invention relates to 


vertical boilers of the type which is divided into a lower water- 
chamber, an upper yo commen | chamber, and an intermediate 
combustion chamber, the latter having tubes connecting the said 
water and evaporating ch s and an inlet and an outlet for 
the e of products of combustion. The object of the 
invention is to provide a vertical boiler of this known type, 
wherein the products of combustion travel in substantially a 
horizontal plane, coming in contact only with vertically-di 

heating surfaces. The invention, as shown, is embodied in a 
unitary structure divided into an upper evaporating chamber A, 
a lower water-chamber B, and an intermediate combustion cham 
ber OC, The boiler is desirably formed of boiler-plate, the upper 
chamber A comprising a top wall 1 secured to a cylindrical wall 3. 
The lower wall of the chamber is formed by a diaphragm or parti- 
tion 2, which is secured at its peripheral portions to the wall 3. 
The lower or water chamber © 3 provided with aconcave bottom 
wall 4 and a cylindrical wall) , the top wall of the said chamber 
being formed by a diaphragm or partition 5. The chamber B is 
sunk within, and surrounded by, a closed wall D. The wall D 
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encases the combustion chamber O, and extends a slight distance 
above the same, where juncture is effected with the cylindrical 
wall 3. Near the upper end of the wall D, and at opposite points, 
the same is provided with an inlet 7 and an outlet 8, whereby 
the products of bustion are conveyed and delivered for 
passage through the bustion ch Th bustion 
chamber © is provided with a plurality of vertically-disposed 
water-tubes 9 extending between the partition walls 2 and 5, 
and connecting the said chambers A and B. Near the centre of 
the bustion « ber is a relatively enlarged tube 10, which 
extends, like the tubes 9, from the lower wall 5 to the upper 
wall 2. It will be seen that the tube is located in a position to 
be acted on effectively by the products of combustion. Located 
within the tube 10 is a second tube 11, which is of slightly less 
diameter than the tube 10, being out of contact throughout its 
length with the tube 10 and chamber C, and extending slightly 
beyond the same, above and below. Water is introduced to the 
boiler by means of a feed-pipe 14, which enters the chamber A 
through the side wall 3, and extends to a central position in the 
said chamber, where it is preferably bent at right angles, and is 
—~ +h downwardly into the tube 11. (Accepted August 23, 











13,469. R. Schulz, Berlin, Oil-Separa 3 Fi 
June 29, 1905.—This invention relates to an = hy 
oil-separator described in Patent No. 15,451, of 1901, and. its 
object is toseparate with still more certainty from the steam the 


holding them. Differing from the form of construction described 
in Patent No. 15,451, of 1901, the ribbed plates d in the present in- 
vention are formed as hollow bodies communicating with one 
another, through which bodies cooling fluid is conducted in order 
thereby to cool the steam on the ribbed plates and to cause it to 
be condensed. Where the ribbed plates are placed side by side 
parallel toa central plane of the steam pipe the formation of such 
aconnection isa simple one Below, near the right-hand corner, 
and above, near the left-hand corner of the hollow-ribbed plates d, 
placed in proximity to one another, there are two side apertures 
di, d2 formed at somewhat thickened parts of the plates. As 
shown in Fig. 2, an external tight joint is made between two 
adjacent plates by means of washer discs d3. These are held in 
place on a plate by means of screw nuts d4, which is necessary 
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where the plates are simply placed side by side without special 
means for retaining them. A socket A is screwed into the cover 
¢ opposite the apertures d!, with which socket / the pipe for ad- 
mitting the cooling fluid is connected. A screw socket 7 is placed 
on the side of the separating-box a opposite to the cover e and 
facing the apertures d? of the hollow-ribbed plates This socket 
serves for the attachment of the pipe carrying off the cooling 
fluid. Thus the ribbed plates d are pressed by means of the 
sockets h and i, when screwed down, against the side of the box 
—__ the lid e and against the lid itself, respectively, and 
thereby form a tight joint externally at the connecting places. 
After the removal of the cover all the ribbed plates with their 
washer discs and screw-nuts may without further trouble be re- 
moved from the box. (Accepted August 23, 1905.) 


1629. J. W. Macfarlane, Glasgow. Steam-Super- 
hea Apparatus. (4 Figs.) January 27, 1905.—This in- 
vention has for its object to provide improved and efficient 
apparatus for superheating the steam used in centrifugal machines 
in which Ma ad is cleansed by treatment with steam. The use of 
superheated steam for this purpose has obvious advan , such, 
for example, as that the cleansing and purifying operation is per- 
formed with a minimum waste of sugar. In carrying out this 
invention, the main steam-pipe A, carrying steam at a compara- 
tively high pressure, is led along behind the installation of centri- 
fugal machines and communicates with a superheater, which is 
—— of the type having a steam coil within a box or casing. 

e high-pressure steam passes from the main pipe A into the 
box B, and after acting on the coil C, as hereinafter described, 
leaves the box by a helical passage giving access to a separating 
chamber D, the helical passage causing the water in the steam to 
be thrown outwards and separated from the steam. The water 
thus separated from the steam may be drawn off from the chamber 





by a pipe leading to a steam-trap, or the pipe may be fitted with 
a cock and communicate with the casing of the centrifugal ma- 
chine, so that the separated water and a portion of the high-pres- 
sure steam may be used for washing the outside of the basket. 
The dried steam passes by a pipe E from the separator D to a pres- 
sure-reducing valve F, reducing its pressure to any desired 
extent, and admitting it to the steam coil C within the box B to 
which the high-pressure steam has access, as hereinbefore de- 
scribed. The dry low-; ressure steam in passing through the coil 
C is suverheated by the high-pressure steam outside the coil to 
an extent proportional to its reduction in pressure ; and it passes 
from the coil to a pipe C? arranged within the main steam-pipe A 
and connected by valved branch-pipes with the usual steaming 
devices fitted in connection with the basket of each centrifugal 

hi e arrang t of the superheated steam-pipe within 





oil particles together with the water of c p 
The ribbed or corrugated plates are for this object formed as 
hollow bodies communicating with one another in order to allow 
of cooling fluid being passed through them, which can be done in 
asimple manner. Thus formed the oil-separator acts as a surface 
condenser, the steam being cooled on the ribbed plates and de- 
posited in the form of water. As in the form of construction 
described in Patent No. 15,451, of 1901, the separating-box a is 
provided with two flanges b, ¢ to enable it to be fitted in the 
steam pipe. The steam enters at b against the ribs of the plates 
d, which present their broadside to it and out again at c. 
The oil, conducted by the ribs / towards the bottom of the box 
. The rib! 





ts at the deepest point and is there disc! bed 
plates d, which are placed side by side, are hel ther in the 
separating-box @ by the cover e, without other special means for 


| the main.steam-pipe is of great advantage in that the degree of 
superheat is better maintained than is possible by the use of 
lagging, whilst at the same time lagging is dispensed with. 
(Accepted August 16, 1905.) 


TEXTILE MACHINERY 


ooo. J. L. Rushton, Bolton. Hopper-Feeders. 
2 Fige October 18, 1904.—The invention vee to improve 
ments in hopper-feeders for openers and other textile machines, 
and has for its object to give a regulated and continuous feed as 
opposed to the regulated but intermittent feed commonly given 
to such h The improv ts are a further development 
and addition to the invention for which Letters Patent No. 11,918, 








of 1904, were granted, in which the feed to the hopper is auto- 





matically regulated—that is, started or stopped—by means of a 
swinging door, grating, or the like, suspended within the hopper. 
In carrying the present improvements into effect, the swinging 
door or equivalent regulator is retained and is suspended within 
the hopper, and in conjunction therewith a pair of cone pulleys 
d, e are employed. | The first cone d isdriven preferably from the 
bottom cone of the piano-feed regulator, where such is employed, 
or from any other convenient part of the machine, and drives, by 
a strap or equivalent, the other cone ¢, which drives, by worm or 
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other suitable gearing, the spiked roller j at the bottom of the 
feed trunk c, or the pulley-block of the feed lattice, as the case 
may be. The swinging doora is moved to and fro by the mass of 
cotton or other fibrous material fed into the hopper, and these 
movements are utilised to act upon a strap fork-guide m, and to so 
adjust the position of the driving strap upon the cones through 
which the feed roller j or lattice is driven and thus automatically in- 
crease or decrease the amount of feed, but without interruption, 
as the feed mechanism will always continue running unless in- 
tentionally put out of action by hand or in the ordinary way by 
the stoppage ofthe machine. (Accepted August 16, 1905.) 


MISCELLANEOUS. 


21,325. W.H. Massey, Twyford. Water-Softening 
Plant. [1 Fig.) October 5, 1904.—The invention consists in 
an improved water -softening plant in which the water to be 
softened operates, on its way to the water-softening tank, a 
motor actuating a pump which draws on the softened water and 
delivers it toa raised reservoir or the like for service as required, 
the supply of softened water passing through the pump being 
regulated by the demand, or automatically by the level of the 
water in the raised reservoir. The illustration shows one manner 
of carrying out the invention in a case where hard water is being 
supplied from mains at a pressure somewhat in excess of that 

uired to raise the water to the top of the building, which it 
indeed to serve with softened water. On the ground fioor or 
other convenient place a tank a is provided. On the top of this 
tank is a small water motor b connected directly or through 
gearing with a pump ¢ preferably of the same capacity as the 
motor. The water-softener, which may be of any convenient 
kind and construction, as, for instance, the Bruun-Lowener, as 
shown at d, is connected with the water motor b and pump c, so 
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that the main water supplied through pipe ¢ under pressure 
uctuates the motor, which exhausts its hard water by a pipe g 
into the water softening apparatus d, and the suction of the 
pump draws from the softened water compartment / of the 
softening apparatus, while the delivery-pipe communicates by 

ipe A with the reservoir, pipes, or the like at the top of the 

uilding, so that when the pump is actuated by the motor it 
draws soft water from the softener and delivers it direct to the 
tank or the like at the top of the building. The ordinary service 

ipes lead the soft water from the upper tank or raised reservoir 
Bo various —_ of the building as desired. The working of the 
motor may be automatically controlled by means of a float or tle 
like in the raised reservoir, which float is connected in any suit- 
able manner with a valve or cock in the main to the motor, In & 
manner well understood and, consequently, not illustrated ; or an 
ordinary ball valve vided in the storage tank will close its inlet 
pipe (being the delivery pipe from the pump) in the ordinary way 
when the tank is full, and opens it as soon as the level of this 
water falls, thus relieving the pressure in the delivery pipe from 
the pump and allowing the motor to work, (Accepted August 16, 
1905,) 
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THE BRITISH ASSOCIATION MEETING 
IN SOUTH AFRICA. 


Tue visit of the British Association to South 
Africa will be remembered as the great meeting. 
Great were the distances, great the opportunities 
for learning, great the hospitality, and great, un- 
fortunately, the trouble and expense which the visi- 
tors caused to their hosts, and great was the rush. 
The large number of members who returned vid 
the East Coast, Beira, and the Suez Canal.-travelled 
nearly sixteen thousand miles by sea, and some of 
them over three thousand miles on land. Those 
who took the railway back from Victoria Falls, to 
sail home from Cape Town, started with a three days’ 
railway journey of 1644 miles, and they certainly 
completed the three thousand miles by rail within 
one month. That was all the time the visitors had 
on shore. Some members spent seventeen nights 
in the train, while the train was rushing on or was 
at rest at some siding ; and they did not fare worse, 
on the whole, than those for whom hotel accommo- 
tion could be obtained. 

Such a journey was not without the possibility of 
dangers. Gales might have been experienced on 
the ocean, dust-storms and violent thunderstorms 
in the Colonies, and fevers and sun-stroke might 
have claimed victims in the Tropics. But members 
escaped all these evils. For many days the sea 
was as quiet as a pond. The time for the visit 
had to be chosen to fit, as far as possible, both 
the usual vacation season of the visitors—whether 
the hosts could study their own convenience, we do 
not know—and the cHmatic conditions, and a good 
compromise was certainly brought about. The visit 
took place at the end of the colonial winter, and be- 
fore the rainy season had set in. That entailed, how- 
ever, that the veldt was seen in its bareness, and 
that the country appeared on the whole more grey 
and brown and barren than it really is. As a 
matter of fact, there is little barren ground apart 
from the desert, and the soil is on the whole fertile. 

Thanks to the selection of the season, all the 
visitors returned home safe and sound, with one sad 
exception. Admiral Sir William J. L. Wharton, the 
distinguished hydrographer, who presided over the 
Geographical Section (E) during the meeting, suc- 
cumbed at Cape Town, from which port he had 
hoped to sail home after taking part in all the 
grand excursions. 

The over-sea party consisted of nearly four 
hundred members. They left by the Kildonan 
Castle, arriving at Cape Town on August 8, the 
Durham Castle, arriving on the 13th, and the Saxon, 
arriving on August 15. A few had, indeed, taken 
earlier steamers, and under the circumstances 
members had, at Cape Town, to make their own 
arrangements concerning hotels. Afterwards the 
local committees took these matters in hand and 
thus relieved members of much anxiety. We must 
indicate what the hospitality extended to the visi- 
tors signified. The members of the official party 
were entertained throughout the period of the visit, 
privately or in hotels and clubs. All the clubs were 
thrown open to the visitors, who much appreciated 
this kind concession. At Johannesburg hospitality 
was offered to every member of the British Associa- 
tion ; in the smaller towns many members had to 
sleep in the trains. At Cape Town no charge 
whatever was made for dock dues, and the 
delivery, and re-collection of the luggage at 
members’ residences. At Durban a small charge 
was made. Members afterwards crossed customs 
boundaries several times. But they were never 
troubled by customs officers, not even when enter- 
ing Portuguese territory and embarking at Beira. 
Not a penny was charged at Beira for luggage 
transfer, nor for customs, although members did 
nothing but drive about in the little port and par- 
take of a sumptuous lunch, and although heavy 
duties are, as a rule, charged on horns and curiosi- 
lies passing through the country. 

The Union-Castle Steamship Company granted 
a reduction of 30 per cent. to official members, 
and of 25 per cent. to unofficial members of 
the over-sea party proceeding to South Africa. 
Every member of the over-sea party was pre- 
sented with a free pass available by all trains all 
over the Colonies, except Rhodesia, where un- 
official members were charged half-fares. Members 
simply paid for their meals on board ; nothing for 
sleeping-berths, &c. The collection, conveyance, and 
delivery of the luggage was in the hands of Messrs. 
Pickford and of the local authorities. On the 
whole, these arrangements worked very well, 


although a few articles went wrong, of course. 
A very great share of the trouble fell on the rail- 
way companies. In addition to the four special 
trains, known as trains A, B, C, and D, by which 
the party moved from Durban up to Buluwayo and 
further, special excursion trains were provided for 
geologists and others on several occasions. Mem- 
rs had the option of performing the journey be- 
tween Cape Town and Durban either by ship or by 
rail ; two special trains were supplied for this pur- 
ose, and it is notorious that several cael 
oked seats on the trains although they had sent 
their luggage on board ship, so that one of the trains 
remained quite empty. er of want of con- 
sideration on the part of members were not rare, 
unfortunately. It reflects the greatest credit on the 
railway administration that the whole service was 
carried through with remarkable punctuality and 
without anything in the shape of an accident. 
Members had their berths assigned on the sleeping- 
cars, but were free to board any train at any 
station, and they frequently did so. The time-tables 
had been fixed months in advance. The assign- 
ment of the berths was left to the Association 
officers, and took place in a room with a common 
entrance and exit door. A crush was unavoidable, 
and some members had to waste the best part of 
two, and even three, afternoons in waiting for 
their turns. As they had only four or five days 
altogether at Cape Town, the arrangement was 
justly criticised. On several other occasions mem- 
bers had to wait for their turns to receive tickets 
which were unnecessary and never asked for. 

We have spoken of official and unofficial mem- 
bers.. The distinction was made for the first time 
in the history of the British Association, and will 
scarcely be repeated. The general and sectional 
officers, as well as the specially-invited foreign 
guests, have always enjoyed full hospitality and 
certain privileges, and that is as it should be. 
This year those officials, guests, and, further, a 
number of scientists, including some not previously 
connected with the British Association, were put on 
the ‘‘ official” list, and some of them were accom- 
panied by several members of their families. While 
several official members certainly did not accept the 
special facilities offered—of a pecuniary character— 
for themselves or for their families, others, it was 
murmured, rightly or wrongly, claimed and received 
them, and on several occasions the distinction 
between the official and unofficial party became 
invidious. When arriving at Cape Town members 
were informed that unofficial members would have 
to leave for Durban by rail or by the Saxon, sailing 
on Friday, August 18, while the official party would 
sail by the Durham Castle on August 19. As a 
lecture and a great soirée—which was, after all, 
abandoned—were announced for the Friday even- 
ing, and all the excursions for Saturday, and as 
members had booked es on certain ships and 
could not be expected to shift for the two or three 
days’ passage to Durban, the arrangement was un- 
necessarily objectionable, and it had finally to be 
given up. Even the official members did what they 
liked, and the clerks of the Union-Castle Line had 
a hard time with the angry remonstrances and the 
changes of programme. There were, moreover, new 
men of no particular distinction among the official 
party, and old members of some standing among 
the unofficial ; and to prescribe who was to take 
part in the excursions and who not, by this dis- 
crimination, was not a happy idea. The result of 
this confusion was that most of Saturday’s excur- 
sions, for which grand preparations had been made, 
were very poorly nel. 

Another difficulty was hardly to be avoided. The 
official party was quartered in the best hotels, so 
that sometimes only second-rate accommodation 
was left for unofficial members. In some towns 
most members had to sleep in the trains, as we 
mentioned. There was really nothing to complain 
about in this. Visitors been warned that 
accommodation would be limited; the trains with 
their berths and restaurant cars afforded all the 
comfort which could have been had in Europe, and 
the service and attendance were excellently managed, 
and everything done to please the visitors. We 
have referred to these matters as they were much 
commented upon during and after the meeting. 
Nobody grudges the guests and the officers their 
privileges and facilities ; but to draw a demarca- 
tion line between official and unofficial members 
on the lists, in the hotels, in the seats in lecture 


The final attendance numbers at Johannesburg 
were :—Old life members, 115; new life members, 
39 ; old annual members, 87 ; new annual members, 
409 ; associates, 429; ladies, 181 ; foreign guests, 
16; South African Association, 848; total, 2123. 
It will be seen that the old members did not 
muster in great numbers. The foreign guests were 
thoroughly representative ; they included the astro- 
romers Professors Backlund (Pulkowa), Donner 
(Helsingfors), Harzer (Kiel), Kapteyn and de Sitter 
(Groningen) ; Professor Carhart (Michigan Univer- 
sity), electrochemist ; the geologists, Professors 
Beck (Freiburg Mining Academy) and Penck 
(Vienna); the zoologist, Professor W. B. Scott 
(Princetown, New Jersey) ; the geographers, Pro- 
fessors W. M. Davis (Harvard University) and H. 
Cordier (Paris) ; the anthropologist, Professor von 
Luschan, and the botanist, Professor A. Engler, 
both from Berlin. To these should be added the 
two members from Canada, Professors Coleman 
(geologist, Toronto) and J. B. Porter (engineer, 
McGill University). The meeting of the South 
African Association for the Advancement of Science 
was not simultaneous with the British Association 
meeting, but President Theodore Reunert and 
many culonial members took a very active part in 
the proceedings. 

Cape Town, where the meeting commenced, is a 
fine city of 92,000 inhabitants, the capital, the 
oldest town, and the only town in South Africa that 
can boast of a thorough sewage system. We shall 
speak in another place of Table Bay and the har- 
bour. Flat-topped mountains like Table Mountain 
are not rare in the country, and the name re-occurs. 
On Wednesday, Thursday, and Friday, August 16 
to 18, the sectional meetings were held, either in 
|the new City Hall or in the likowise new South 
| African College, where Dr. Marloth had arranged 
}an excellent exhibition of the Cape flora, which 
| gave visitors a very good idea of its beauty and 
| wealth. That the sectional meetings were not well 
| attended was not surprising. Members arriving 
on Tuesday morning were supposed to be sitting 
in committees by noon, and to most of them 
| the country was entirely new. Yet the sectional 
| presidents had some reason to complain about the 
non-attendance of members especially invited to 
| join in discussions of particular interest to their 
hosts. As the British Association Reports cannot, 
in the ordinary course, be published till next spring, 
|and as only a few papers are printed in extenso, it 
was desirable, and resolved at Johannesburg, that 
communications dealing with South African pro- 
blems should be published at once ; the necessary 
funds were guaranteed by South African members. 

As regards the excursions, which were made from 
Cape Town, we need only say that visits were 
= to Wellington and Stellenbosch ; to Ronde- 

sch, and. Groote Schuur (Mr. Cecil Rhodes’s 
house); to the harbour; to the Admiralty works and 
marine. station—the only one of its kind in South 
Africa—at Simon’s Town; to the Government wine 
farm, nurseries, and arboreta at Groot Constantia 
and Tokai; to the Leper Settlement on Robben 
Island (the name refers to the seals, which are no 
longer known there) ; to Houts Bay, a most delight- 
ful drive by motor-car ; to the De Beers Explosive 
Works at Somerset West, about which mure later ; 
and to the Observatory, which was open to inembers 
on several days and evenings, and which we will 
briefly describe. 


Tue Carpe OBSERVATORY. 


The Observatory is situated about three miles 
south-east of Cape Town, on hills which rise only 
a little above the adjoining, ly swampy ground ; 
the situation is considered healthy. The original 
buildings of 1829, including the meridian observa- 
tory, library, computing-rooms, and residences, have 
been supplemented by ten detached buildings, con- 
taining various instruments and workshops. The 
old instruments have now been discarded, and the 
chief work is done with an Airy non-reversible 
transit circle (used for star catalogue work) ; the 
7-in. equatorial (for comets, double stars, and for 
the Durchmusterung); the 7-in. Repsold helio- 
meter, replacing an older 4in. instrument (for 
parallaxes) ; the astrographic camera, a 6-in. photo- 

raphic lens mounted on an equatorial (for the 
Dacheustivens: and the astrographic telescope 
(for the Carte du Ciel work). The Durchmusterung 
has been done with the co-operation of Professor 
Kapteyn, whose presentassistant, Dr. W. de Sitter, 








halls, and in the trains, was an innovation of very 





questionable advisability and tact. 


worked for some time at the Cape. Of particular 


|interest are further three other instruments. The 
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Victori telescope was constructed by Sir Howard 
Grubb, and. presented by the late Mr. Frank 
McClean. The principal object-glass, of 24-in. aper- 
ture, constructed of glass from the Jena Glass 
Works, is corrected for photographic work, it and 
the vi-ual telescope of 18 in., and the guiding tele- 
scope of 18-in. aperture, being mounted parallel to 
each other on the same equatorial, aud having 
a common focal length of 22 ft.6 in. The dome, 
by Messrs. T. Cooke and Sons, of York, has a 
diameter of 34 ft., while the floor, weighing 12 
tons, can be raised hydraulically, the machinery 
for Operating it being furnished by the Glenfield 
Company, of Kilmarnock. The two objective 
prisms, 24 in. in diameter, with refracting angles 
of 12 deg. and 8 deg., which can be used jointly 
or separately, and the slit spectroscope, have proved 
very valuable for the accurate determination of 
stellar motion in the line of sight ; the temperature 
of the air surrounding the prisms is ingeniously 
controlled by electrical means. The idea in this 
arrangement is to keep the temperature always con- 
stant and slightly above the outside temperature, 
and this is attained in the following way :—The 
spectroscope is encased in a double-wall aluminium 
box, the space between the metal sheets being 
packed with ostrich feathers. A shunt-circuit sends 
a continuous current through the manganin coils 
inside to balance the loss of heat by radiation. 
The automatic regulation is effected with the aid of 
a Wheatstone bridge, two arms of which are man- 
ganin wires, and two very fine copper wires. Man- 
ganin, it will be remembered, os practically no 
temperature coefficient, the copper a considerable 
coefficient. The bridge galvanometer is a very 
delicate d’Arsonvalinstrument. Once every minute 
a long feeler arm descends through a gap to the 
galvanometer-needle. If the needle is in the correct 
neutral position, the feeler is stopped by the 
needle ; if the temperature is too low, the feeler 
descends further and closes a circuit on a contact 
drum, so that a heating current passes through the 
coils. A small electric motor and a fan maintain 
the air inside the cover in circulation, and the actual 
temperature is recorded by a Callendar recorder. 
I'he whole arrangement is due to Sir David Gill, Mr. 
Horace Darwin, and the Scientific Instrument Com- 
pany of Cambridge, to whom we also owe the 
wonderful new sidereal clock, whose fame has 
already spread far, although the mechanisms are 
still being perfect. 

The peculiarity of this clock, that the pendulum 
swings in a vacuum, is not novel, but the devices 
for meeting the great difficulties of maintaining 
a constant pressure of about 30 millimetres in 
the vacuum and a constant temperature of about 
30 deg. Cent. for the whole apparatus, and other 
difficulties, are original The pendulum of the 
primary clock is ingeniously suspended in a glass 
vessel. This saulieiien drives the secondary, 
or slave, clock, whose period is just a little 
short of one second, and which is held up once 
every alternation for one-tenth of a second. This 
holding up is effected by the gravity arm of 
the first pendulum, which moves on a platinum 
anvil. The slave clock, whose motion is thus 
regulated, drives by electrical contacts the chro- 
nographs of the Observatory, and checks its own 
motion. The primary pendulum and its accessories 
are contained in a case, the air in which is at 
intervals circulated by an electrically-driven fan. 
This case is placed in » small chamber, about 8 ft. 

uare, which may be likened to an iron safe. 
The iron walls of the enclosure are, on the outside, 
surrounded by brass tubes, through which water 
circulates, and the temperature of this water is 
regulated by a feeler arrangement similar to the 
one just described. Layers of felt, boards, and 
sawdust complete the safe walls. The safe again 
is placed within a hut, which is kept at uniform 
temperature, and the slave clock is mounted in 
this outer room; all the contacts are broken in 
this part—not in the primary apparatus. The 
pressure in the vacuum vessel is kept constant 
with the aid of a tilting mercury gauge, actuating 
a relay which starts or arrests the pump; this is 
done once every quarter of an hour. The control 
is, therefure, manifold, and the daily rate of the 
clock does not vary by more than 0.03 second, the 
— variation amounting to + 0.05 millimetre 
only. 

In the new reversible transit circle Sir David 
Gill has perfected the Repsold-Struve method of 
observing. The eye-piece automatically follows the 
star's motion, and the spider-web does so likewise; 








the star and the web thus appear immovable in the 
field, and the observer, instead of having to watch 
for the moment when the star crosses the hair or 
web, has only to manipulate a micrometer screw to 
preserve the accuracy of the bisection of the star’s 
disc. Electric contacts on the head of the micro- 
meter help to record the transit automatically on 
the chronograph. The assistants of H.M. Astro- 
nomer at the Cape, Sir David Gill, are Messrs. S. 
8. Hough, J. Lunt, Pett, W. H. Cross, J. Power, 
and R. Woodgate, in addition to twenty juniors 
and computers. 
(To be continued.) 








THE BIRMINGHAM UNIVERSITY. 
By C. Atrrep Smtrn, B.Sc., A.M.I. Mech. E. 
(Continued from page 509.) 

Tae MeratturcicaL DEPARTMENT. 

PropaB.y no district of the United Kingdom 
possesses so many and such varied metal trades as 
that portion situated around Birmingham and 
known as the Midlands. It was therefore only 
to be expected that the council of the University 
would make ample provision for the training of 
metallurgists. The courses of study are intended 
to meet the requirements of (1) metallurgists who 
devote the greater part of their time to metal- 
lurgy ; (2) metallurgical chemists who specialise in 
chemistry ; (3) metallurgical engineers who devote 
most of their time to engineering ; (4) mining and 
geological students who follow the courses pre- 
scribed in their respective departments ; (5) dental 
students ; (6) others interested in metallurgy. The 
courses of study include lectures, laboratory teach- 
ing, practical work in the smelting laboratories, and 
visits to works. 

The buildings occupied by the metallurgical 
departinent are believed to be the largest and 
best arranged in the United Kingdom. There are 
two separate portions, one situate in the main 
building, and the other, a plan of which is shown in 
Fig. 24, page 611, in a self-contained block near the 
power-house. The former comprises the lecture- 
rooms, laboratories, and museums, while the latter 
includes the smelting laboratories. In the main 
building about 20,000 square feet of floor space is 
devoted to metallurgy. The department is chiefly 
placed on the ground floor, on which there is a 
spacious and well-lighted suite of sixteen rooms, 
including elementary and advanced laboratories 
capable of accommodating sixty students at one 
time, lecture-room, advanced class-room, and a 
dry-assay room. There are also rooms devoted to 
ore-sampling. metal-preparing, pyrometry, metallo- 
graphy, and electro - metallurgy, together with 
chemical stores, professor’s laboratory, and lecturer’s 
private room. This portion covers 13,000 square 
feet, while upwards of 6000 square feet on the first 
floor is devoted to museum and similar purposes. 
It is now practically completed, and was occupied 
by staff and students on October 2. 

The first part of the metallurgical equipment 
ready for use was the special laboratory situated 
near the power-station. Commenced a year after 
the power-station, this structure was completed 
in August, 1904. This building, shown in plan in 
Fig. 24, page 611, is 125 ft. long, 50 ft. wide, 
and 28 ft. high to the roof principals, and is 
lighted at the top and well ventilated by a top 
louvre and cross ventilation. It is divided into 
four shops, the two large ones each being 50 ft. 
square and the two smaller ones 25 ft. square. 
In the former the two dividing walls do not 
reach to the roof, and a good circulation of air is 
therefore assured. One of the large shops is 
exclusively for steel-melting, the other for treat- 
ing ores of gold, silver, copper, lead, and any 
other non-ferrous metals. For the steel-melting 
there is a 2-ton new form of Siemens regenera- 
tive furnace, with the necessary gas-producer, lift, 
and casting-pit, the furnace being also arranged for 
experimental work with Mond gas from the power 
station. There is ample room for further appliances 
which will be added later. In the non-ferrous 
smelting-house, ranged along one side of the room, 
there are a circular water-jacketed cupola blast-fur- 
nace for melting copper and lead ores, an English 
cupellation furnace, a Briickner revolving calciner, 
and a roasting furnace for dealing with various 
kinds of ores. Along the other side of this room 
are placed the cyaniding tanks for gold ores, 
a filter-press outfit, and a lead-lined chlorina- 
tion barrel for the wet treatment of gold ores. 


The whole of the apparatus in this house was 
designed and supplied by Messrs. Fraser and 
Chalmers, London, with the exception of a tilt- 
ing crucible furnace by the Morgan Crucible Com- 
pany, of Battersea. Of the two small shops, 
one is to be ultimately devoted exclusively 
to that new branch of applied science which jis 
making such rapid progress—electrical smelting ; 
while the other is to be a small experimental stee! 
and brass foundry for pot furnace work. Fou 
holes are provided in this foundry : two for steel 
and two for copper alloys. This portion of the 
equipment has been provided by the Morgan 
Crucible Company, of Battersea, London. A 
special feature of the design of this building is 
an outside flue, 4 ft. 6 in. high, inside measure, 
which leads from the smelting plant to a stack 
which serves for all the smelting work. It is 
arranged for the collection of flue-dust and the 
recovery of precious metals therefrom, and is 
specially constructed to allow of the ready clearing 
up of valuable deposits and to permit students to 
inspect it thoroughly—a detail which is seldom 
taken into consideration in ordinary works, but 
which is very desirable. This building is believed 
to be a more lofty, better-lighted, and more com- 
plete and compact smelting laboratory than at 
present exists anywhere for metallurgical instruc- 
tion, not even excepting the great American uni- 
versities. It was used for the first time in Sept- 
ember, 1904, when a successful vacation course, 
lasting one month, was held. It has been in 
regular use throughout this session, chiefly for 
research work. Vacation courses have also been 
held this year in January, July, and September. 
That portion of this department which is housed 
in the main buildings occupies about one-half of 
one of the great blocks. When facing the Great 
Hall, the building, which is on the left hand 
(Block ‘‘B”), is to be used for mining and metal- 
lurgy. Students in either of these branches of 
applied science will also do some work in the sub- 
ject in which they do not intend to specialise— 
t.e., the mining students will take special work in 
metallurgy, and vice versé. The lower ground-floor 
of the T-shaped portion of the building is for the 
Mining Department, while the main ground-floor 
is for the Metallurgical Section. Although the 
general outlines are settled and many of the 
details decided upon, so rapid are the innovations 
in this work that the Professor is arranging his 
plans so that these can be changed should it be 
deemed advisable when the buildings have been 
occupied a few years. There will be special and 
separate rooms or laboratories for pyrometry, the 
microscopic examination of metals, and electro- 
metallurgy, especially with a view to electrolytic 
work, of which so great a quantity is done in the 
district. There is a separate balance-room, which 
will be large, airy, and well-lighted. At one end 
of the T portion of the laboratory is the machinery 
required for the preparation and sampling of metals 
and ores, and at the other the furnace-room for 
dry-assaying and similar purposes, so that all the 
noise and fumes are well away from the labora- 
tories. The whole of the practical work of this 
department is on one floor and above the 
ground, which is believed to be without parallel 
in any of the existing schools of metallurgy at 
home or abroad. In the past basement rooms 
have been generally utilised in American institu- 
tions for housing those engaged in the learn- 
ing of metallurgy. This block is, however, well 
lighted on three sides, the windows commanding 
considerable views of the University grounds and 
the neighbouring country. The large elementary 
laboratory is also to be provided with additional 
top light. There will be in this block a large 
museum extending round the whole length of the 
centre part of the T, with specimens and samples. 
The laboratories will be able to accommodate fifty 


‘ordinary and ten research students working at one 


time. 

A detailed description of the plant will give the 
reader a good idea of the work which the students 
will do in the smelting department. 

There is a circular steel water-jacketed blast- 
furnace, a reverberatory roasting furnace, 4 


Briickner cylindrical furnace, a cupelling furnace, 
a bullion-melting furnace, a cyanide filter press, 
and chlorination plants, and the whole is contained 
in a space 50 ft. by 50 ft., the furnaces being 
arranged on one side of the building, while the 
cyanide and chlorination plants occupy the other 





side. 
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Roasting.—For this purpose there are a hand- | fuel, and fluxes, occupies the back of the platform 
fired reverberatory furnace: and a Briickner cylin-| along the wall, the ore, &c., being elevated by 
drical furnace. ; means of an electric hoist to the level of the top of 

The reverberatory furnace has a hearth 8 ft. by | the bins, and delivered from barrows. 
5ft., and has three working doors, two on one| A single English cupelling furnace serves for the 
side (one at each end) and one (in the centre) on | separation of lead and silver in argentiferous base 
the other side, thus rendering all parts of the| bullion, and the bringing forward of matte and the 





hearth easily accessible fur rabbling. The grate The outside dimensions are 
surface of the furnace is 2 ft. 6in. by 3 ft. 1 in. 
The fumes pass through a brick flue to the dust- 
chamber. The furnace is capable of treating 
charges of 600 Ib. of pyritic ore. 

The Briickner cylindrical reverberatory furnace 
affords an opportunity for studying the behaviour 
of anore ona revolving hearth. The cylinder, the 
axis of which is 3 ft. 5 in. above the ground, is 5 ft. 
long, 2 ft. Sin. in diameter, and composed of 
3; in. mild steel plate lined with 2-in. firebricks, 
and revolves on two steel bearing rings (36 in. in 
diameter), which rest on four 12-in. carrying rollers. 
One of the carrying roller-shafts is rotated by a 
worm gear at a speed giving about 20 revolutions 
of the cylinder. The fire-box is detached and 
mounted on flanged wheels allowing its being moved 
in a direction transverse to the length of the cylin- 
der. The fire-box, the grate area of which is 18 in. 
by 32 in., has a circular throat, corresponding and 
connecting to the throat in the cylinder, through 
which the gases from the fire-box enter the cylinder. 


|refining of copper. 
|7 ft. 9in. by 5 ft. 9in. The test is oval in shape, 
| and measures 3 ft. 8 in. by 2 ft. 5in. in extreme 
length and width. It is supported at the rear end 
'of furnace by an iron bar set in the brickwork, 
while the front end is suspended by two chains 
which pass round a bar above, and which, by means 
| of a lever attached, is turned so as to unwind the 
chain, and lower the test the required amount for 
discharging litharge, &c. This is an important im- 
provement over the method of supporting the test 
from a car, and raising and lowering it by means of 
adjusting-screws attached to the car, since, the 
screws being underneath, are awkward to manipu- 
late, on account of their position and the heat. By 
the improved method of tilting the test referred to, 
the test-car is only used for replacing it after- 
wards. Besides the usual door in front of the test, 
which is raised and lowered by means of a chain and 
counterbalanced weight, a door is provided to one 
side of the test, and communicating with the hearth 
between the test and the fire, for the charging of 













































































By moving the fire-box to one side or the other the ' lead pigs which melt and run into the test. The 
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amount of air admitted can be increased, and by 
moving it quite away from the cylinder the con- 
dition of the material under treatment can be 
examined at any stage. A small iron door in the 
outside of the flue also allows of ready examination 
of the contents of the furnace, and of the nature 
and composition of the gases. The capacity of 
this furnace is about 200 lb. to the charge. 

Smelting.—The water-jacket smelting-furnace, 
which is adapted to smelting either copper or lead 
ores, is 20 in. in diameter inside at the tuyeres and 
9 ft. high to the charging-floor. It is provided with 
« movable crucible mounted on wheels, the water- 
jacket or body of the furnace being suspended from 
the joists of the charging-platform. A sheet-steel 
head, with charging opening, covers the top of the 
furnace on the charging-floor, and is surmounted 
by a vertical chimney (closed by a damper except in 
“blowing in” and ‘blowing out”), from which, 
immediately above the hood, a down-take of sheet 
steel conducts the fumes to the dust-chamber. Both 
chimney and down-take are supported indepen- 
dently by suspension rods. The hood, while resting 
close over the top of the furnace, is mounted on 
wheels or rollers, and is so connected to the 
furnace, leaving the furnace top clear for barring 
down and inspection of the charge from above at 
any stage of the operation—an important feature 
for educational purposes. 

Blast is supplied to the furnace by a Root’s 
Acme blower, driven by an electric motor. The 


charging-platform occupies one corner of the build- 
ig, the furnace being approximately in the centre 
of the platform. 


A line of bins for storing ore, 





PLan OF STEEL-SMELTING LABORATORY. 


test is capable of holding about 2000 lb. of lead 
bullion. A current of air is applied above and to 
the rear of the test through a tuyere, the air being 
taken from the main blast-pipe between the Root’s 
blower and the smelting furnace. A brick flue 
connects with the dust-chamber common to all the 
furnaces. 

The bullion crucible furnace is of the usual type, 
16 in. square, with blast from the Root’s blower 
applied through the ashpit-door. The fumes and 
gases from all the furnaces are conducted to a dust- 
chamber of brickwork outside the building, of an 
area and length calculated to effect the precipita- 
tion of all dust before the gases reach the chimney, 
and are discharged into the atmosphere. 

Chlorination.—The equipment for the chlorina- 
tion of gold ores includes a chlorination barrel 36 in. 
in. diameter by 48 in. long, the cylinder being of 
mild steel plate, and the ends of cast iron with 
trunnions, the barrel being supported by the 
trunnions resting in bearings on cast-iron standards. 
The barrel is fitted with an internal filter-bed for 
filtering in the barrel, and with a manhole in the 
| cylindrical part of the barrel above the filter-bed 

for charging. It is also arranged for generating 
chlorine gas inside the barrel. The method of 
| charging the barrel is first to run in the requisite 
|amount of water, then sulphuric acid, after which 
| the barrel is charged with the pulverised and roasted 
lore; and, lastly, the bleaching powder, when the 
| manhole is replaced and the barrel revolved. 

The barrel is driven by pulley and belt, one of 
'the trunnions being extended to take the driving 
| pulley. 











There is a pillar crane installed in the steel- 
melting department for handling ingots up to 
3 tons, and arranged to swing a complete circle ; 
the radius of jib is 15 ft. The frame is built of 
steel, and is supported on a strong forged post 
fixed into massive sole-plates anchored in concrete 
foundations. The trolley which carries the load 
runs on a horizontal jib, and is racked, by means 
of wire rope and drum, by a pendant hand chain. 
Hoisting is effected by a train of spur-wheels acting 
on a cast-iron drum grooved to receive the load 
chain. Two speeds of hoisting are fitted, and a 
screw-brake for sustaining the load and controlling 
the lowering motion. Slewing is actuated by pinion 
gearing into a race fixed to a sole-plate, and all the 
motions are operated by hand from a platform 
attached to the mast. The crane is compactly 
built, and was designed and made by Messrs. 
Chambers, Scott, and Company, Motherwell. 

The new form Siemens’ patent furnace, for 
melting steel in charges of 15 to 40 cwt. each, was 
built and set to work by Frederick Siemens, West- 
minster, S.W. The furnace consists essentially of 
a gas-producer and regenerative chambers built in 
one block with the melting-chamber. Situated 
between the gas-producer and the melting-chamber 
are gas-valves, whereby the gas can be made to 
pass alternately through flues to the melting- 
chamber. Just before the gas enters the melting- 
chambers it is brought into contact with the hot air 
which has entered through a reversing air-valve, 
and has then traversed: the hot checker brickwork 
in one of the regenerating-chambers.: From the 
regenerator the now hot air passes up a vertical 
flue, and thence to the delivery air port in the 
melting-chamber for complete combustion of the 
gas. The direction of the flame is reversed in the 
furnace at regular intervals by reversing the air- 
valves and the gas-valves, so that the gas shall 
enter on the same side of the furnace as the air. 
The flame reaches from the entrance port to the 
exit port, and from either one of these (according to 
the direction of the gas through the furnace) the 
products of combustion pass to the regenerators 
and on to the chimney. 

The gas-producer is driven by an air blast in- 
duced by a steam jet. The steam for this jet is in 
this case generated in a Cochran boiler, about 3 ft. 
by 6 ft. 9 in. in height, and consuming only about 
24 cwt. of coal per 12 hours. The furnace is 
surrounded by substantial iron platforms, to accom- 
modate both the workmen and the students. The 
space underneath these large platforms is found 
very convenient for storing fireclay, spare bricks, 
sand for repairing the furnace bottom, and the raw 
materials used in making the steel. The position 
of the ingot pit and ladle can be clearly seen on 
the small general plan. 

The melting-chamber and upper parts of the 
furnace which come in actual contact with the 
flame or hot products of combustion are built of 
silica bricks, from the Silica Firebrick Company, 
Oughtibridge ; for all other parts of the furnace, 
where the heat is not so intense, best Stourbridge 
firebricks are used. For generating the gas ordinary 
Staffordshire quality of nut coal has been used with 
success. Since there is practically complete com- 
bustion, the gases going to the chimney consist 
almost entirely of carbon dioxide and nitrogen, 
and the temperature in the chimney flue is 
only about 500 deg. Fahr., or sufficient to create 
adequate draught, but not sufficient to cause the 
flues to be visibly red-hot, even near the furnace. 
A series of pyrometer records extending from 
September 18 to September 23, 1905, show the 
average temperature of the gases in the exit flue to 
be about 280 deg. te 290 deg. Cent., and that it 
should not exceed about 310 deg. Cent. when the 
furnace is at a full steel-melting heat. 

The consumption is greater under educational 
conditions, but in regular steel works it has been 
found that to produce 1 ton of steel in such a 
furnace it requires 6 cwt. of coal, nut size, using 
the acid or silica hearth, and the usual mixture of 
pig-iron, scrap, &c. Where the hearth is of basic 
material, and the furnace of larger size, the coal 
used is only 5 cwt. per ton of steel ingots made. 
Three courses of instruction have already been held, 
and charges of hard, medium, and soft steel, vary- 
in carbon from 0.90 per cent. to 0.15 per cent., have 
been made in this furnace with success. 

On the small general plan it will be noticed that 
there is a 10-cwt. electric lift. This is used for 


raising the raw material from the ground floor to 
the working-platform, and for raising coal into the 
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140-HORSE-POWER PETROL-MOTOR FOR RAILWAY TRACTION. 
CONSTRUCTED BY THE WOLSELEY TOOL AND MOTOR-CAR COMPANY, ENGINEERS, BIRMINGHAM, 
(For Description, see Page 615.) 
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SHEARING STRESSES. 


SHearine Forces pve To a Unirors“ ADVANCING 
Loap on Beams axpD Pracep GIRDERS. 


By Prorrssor W. E. Luty, Trinity College, 
Dublin. 


Tat following elegant solution of the maximum 
shearing stresses in the bracing of girders under 
a uniform advancing load equal in length to the 
span has not, so far as Iam aware, been hitherto 
noticed ; it will be of interest to some of your 
readers :— 

The solution in the case of a solid beam under a 
uniform moving load has been fully treated of, and 
will be found in most text-books on the subject. 
Consider the beam as shown in Fig. 1 subjected to 
a uniform advancing load, the shearing force is a 
inaximum when the load comes up to the section 
under consideration as at A, and its values positive 
or negative by the intercepts to the parabolic curves, 
as shown in Fig. 2, the values at the ends of the 
span being equal to the intensity of the load w 
multiplied by the half span c= ze. Hitherto it 
has been usual when considering the braced girder 
to assume that the value of the shearing stresses in 
the bracing would be a maximum when the load 
moved up to the centre of the bay under considera- 
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tion, as at B, Fig. 3, the stepped shearing. force 
diagram, as shown by the dotted lines in Fig. 2, 
being thus obtained. This solution, however, only 
gives a close approximation, and does not give the 
real maximum shearing stresses in the bracing. 
The following simple rule determines accurately 
the positions of the moving load in the various bays 
of the girder when the shearing stresses are a maxi- 
mum :—-Divide the span into a number of equal 
parts, one less than the number of bays in the span 
of the girder ; the shearing stress is then a maxi- 
mum in the bracing when the load comes up to the 
points thus determined in the different bays. In 
Fig. 3 eight bays are shown, and the span divided 
up into seven equal parts. ‘lo determine the shear- 
ing-force diagram shown ir Fig. 4 from the ex- 
tremities of the span, erect perpendiculars, and 
mark off to scale the value of the shearing stress ; 
this is equal to half the load on the girder less half 
the load on one of the bays = we 3 x 1 where 
’ 


anh 
n = the number of bays in the half span of 
the girder. Draw the parabolic curves shown by 
the dotted lines passing through the points thus 
obtained, and having their vertices at either ex- 
tremity of the span. Draw intercepts from the 


seven divisions on the span to meet the parabolic 
curves, a number of points shown by circular 
dots will be obtained, then, by drawing a series 


of horizontal lines through these points and 
perpendiculars from the bays of the girder, the 
accurate shearing-force diagram for the braced girder 
is determined. The upper and lower parabolic arcs, 
shown in Fig.-4, give the shearing-force diagram 
for the solid beam ; and by comparing Figs. 2 and 4 
together, the amount of error involved in the ap- 
proximate and accurate solutions is clearly shown. 
‘he construction is quite general in its application 
to lattice, N, or other general types of girders. 
The proof of the solution given above is as 


follows : — 
Let w = the intensity of the load. 
half span of girder. hinds 
n = half the number of the bays in girder. 


abutment. 
x = the distance from the front of the load to the 
interior joint of the mth bay. 
F = shear stress at section. , 
¥F, = shear stress on the supplementary girder. 
F. = shear stress in bracing. 
The equation for the shear stress at any section 
can be put in the form ; “ 
F=-” e , w= el” 
4c \ n 


a part of this shear stress is taken up by the supple- 

mentary girder hanging froin the points of support 

at the bays of the girder, its value F, = 4 "x2. The 
c 

shear stress in the bracing is 


ep gp _ w f(l-2n) ,, (m-1). , (m-1)e) 
iui m=3] 2c wits n = 2n? J 
differentiating and equating for a maximum, the 
value obtained is 

_(m-l1jec , 

~n(Zn—1)’ 


by substitution of the value thus obtained in the 
above equations, we get 


MOTOR FIRE-APPLIANCES FOR 
VIENNA. 

In our issue of March 31 last we made the some- 
what important announcement that the Vienna 
municipal authorities had decided to entirely re- 
equip their professional fire brigade, together with 
the auxiliary suburban volunteer fire brigades in 
that city, with self-propelled appliances, and that 
the first step in this direction was an order for no 
less than fifty-three motor chemical engines and 
wagons, to replace the horsed chemical engines and 
wagons. When this part of the re-equipment is com- 
pleted, a similar large order will be given out, so 
that the horsed steam fire-engines and the various 
80-ft. mechanical and pneumatic long ladders can 
be replaced or adapted as self-propelled vehicles. 

By the courtesy of Chief Officer Mueller, of the 
Vienna Fire Brigade, to whose energetic and pro- 
gressive work in the modernisation of his force this 
remarkable reconstitution of the Vienna service as 
a motor brigade is due, we are able to give on 
Plate IX., published with the present number, 
reproductions of photographs of the appliances 
specified for the brigade ; these appliances being 
of very considerable technical interest, while the 
order for them is quite unique in its extent. 

In a series of special articles dealing with the 
Continental fire service, by Mr. Edwin O. Sachs, 
the Vienna brigade was referred to at considerable 
length, and we need not now enter into any 
question of the object of the appliances—i.e., the 
specific purposes they have to fulfil, and their 
capacity as fire-fighting machines—but simply state 
that they fulfil exactly the same purposes in the 
brigade’s organisation to which the horsed appli- 
ances have s9 far been put. The introduction of 
the motor is thus in the interests of rapid pro- 
pulsion, for reasons of economy in the annual 
budget, for reasons of their greater radius of action, 
and their saving of space in fire-station accommoda- 
tion. Their introduction is not for the purposes 
of changing or improving any principle in fire- 
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m =the number of the bay reckoned from one | 


wagon; and (Wig. 3) a steam fire-engine. The 
combined chemical engine with long ladder is a 
most interesting example of tire-enyine construc- 
tion, for we here have a chemical engine—i.e., 
a tank of water worked by CO,—serving as the 
base for the turntable 70-ft. long ladder turning 
out as the first-aid appliance—i.e., the first ap- 
pliance to get away in response to any call of fire. 
‘This appliance, as will be seen, is an electromobile, 
the motor power being applied to the front wheels 
on the Lohner-Porsche system, the cells being 
carried above the front wheels. This par- 
ticular system of self-propulsion, as an electro- 
mobile with a cell-box above, is to be uniform 
for all the brigade’s appliances, so that every- 
thing in this direction is interchangeable, and 
is worked on identical lines. It will be observed 
that this means of propulsion also allows for exist- 
ing modern appliances, such as steam fire-engines, 
being casily transformed into self-propelled ap- 
pliances—a matter of some importance ; for whilst 
the combined chemical with long ladder engines 
will be new appliances, as also the wagons, a certain 
number of the horsed steam fire-engines, which are 
thoroughly up-to-date, and some of the 80-ft. pneu- 
matic long ladders, will probably be transformed 
into motor appliances—i.e., not replaced by entirely 
new machines. 

The motor appliances are to be all constructed as 
35-horse-power appliances, running at five speeds— 
namely, 9, 11, 20, 28, and 36 killometres per hour 
(5.5, 6.8, 14.4, 17.4, and 22.4 miles per hour), and 
the radius of action is calculated as 50 kilometres 
(31 miles) running at a speed of 20 kilometres (12 4 
miles) per hour without recharging. 

It may be of interest to know that the wheels 
throughout the brigade are to be of one standard 
size, with the exception of the back wheels on the 
steam fire-engines, the normal diameter being 850 
millimetres (33.5 in.), and the wheels will all have 
solid-rubber tyres of the American B. and 8S. type. 

Theappliances are constructed by Messrs. Knaust, 
of Vienna, who are the principal purveyors to the 
Vienna Fire Brigade, and a firm of old standing. 
A feature in the design of the appliances is the extra 
gear carried bythe Vienna brigade, which, naturally, 
materially adds to the weight of the machines and 
the necessary power of propulsion. Vienna is fairly 
hilly in parts, and the paving very rough outside 
the business quarter — points that have mate- 
rially influenced the design. The appliances will 
be charged at the fire stations to which they belong, 
and the number of appliances specified allows for 
spare appliances standing in reserve. 

The whole of the present horses, with coachmen, 
veterinary staff, &c., will be gradually done away 
with, and the stables which will become vacant will 
afford much needed extra space at the fire-stations 
without the municipality having to obtain addi- 
tional property for enlarging the various premises. 
The delivery of the- first fifty-three appliances 
immediately does away with 132 horses and their 
attendants. 

It would appear as if the appliances are to be 
driven by the foremen or senior firemen—i.e., are 
not to have a special staff of chauffeurs, and, 
further, that the engineers who are in the brigade 
for the steam fire-engines will attend to the mecha- 
nical work, repairs, &c., on the appliances. 

The annual economy in running the first fifty- 
three appliances is estimated at over 3000l. per 
annum. Asthe cost of these fifty-three appliances 
is about 35,5001., it is anticipated that the annual 
saving will cause the capital expenditure incu: red 
by their introduction to be paid off within eleven 
years. 








Our Coat AsRoaD.—Our coal exports continue to 
exhibit a gradual increase, the shipments in September 
having been 4,128,518 tons, as compared with 4,017,845 
tons in September, 1904, and 3,822,585 tons in September, 
1903 ; the totals were increased to 4,308,304 tons, 4,190,681 
tons, and 3,976,744 tons respectively, by shipments of 
coke and patent fuel. The following were the principal 
shipments in the three months under review :— 











fighting or applying any new form of fire-fighting | 
or life-saving appliance. 


Fire Brigade is organised on the basis of units, and | 
the illustrations we present on Plate IX. indicate | 





a complete unit comprising (Fig. 1) a combined | 
chemical engine with long ladder; (Fig. 2) a| 





It was indicated in those articles that the Vienna | : 


Country. Sept., 1905. Sept., 1904. Sept., 1903. 
tons tons tons 
Russia 346,300 260,609 324,678 
Sweden 343,359 354,819 301,996 
| Germany 633,890 614,906 574,439 
rance 560,550 525,570 573,706 
Italy .. 497,550 513,318 490,416 


The exports made to all other countries fell short in every 
instance of 300,000 tons, although Egypt took 227,378 tons, 
and Spain 197,924 tons. 
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140-HORSE-POWER WOLSELEY PETROL- 
MOTOR 


Weillustrate on Plate X. and on pages 612, 613, and 
G16 a petrol-motor developing 140 brake horse-power 
at 420 revolutions, and yet of only 60 cwt., one of the 
largest petrol-motors yet constructed for industrial 
use, and recently completed by the Wolseley Tool and 
Motor-Car Company, Limited, at their Adderley Park 
Works, Birmingham, for the General Electric Com- 
pany, Schenectady, U.S.A. The placing of the order 
for this motor was influenced largely by the success of 
similar Wolseley engines employed by the North- 
Eastern Railway Company to drive electric generators 
for providing current to motors operating passenger 
coaches in use on local lines. The motor supplied to 
the General Electric Company is to be applied to the 
same purpose on one of the American lines. _ This 
later engine is, however, more powerful, the North- 
Eastern motor being of 80 brake horse-power. In the 
arrangement of details of this new engine the Wolseley 
Company have embodied several improvements which 
experience has suggested. These are associated with 
such features as the starting gear, the carburettor, the 
valves, the ventilation of the crank-chamber, the lubri- 
cation, the design of crank-case, and the control gear. 
The main object of these changes has been to render 
the motor absolutely self-contained, and to simplify 
mechanical details. . 

The new motor is illustrated by sectional drawings, 
Figs. 1 to 3, pages 612 and 613, and in perspective on 
Plate X., Fig. 4. There are six cylinders placed hori- 
zontally. These are arranged opposite to each other, 
with a six-throw crank-shaft in the centre. The cylin- 
ders are each 9 in. in diameter by 10-in. stroke, and 
are generally in accordance with the Wolseley Com- 
pany’s practice. The liners and jackets are of iron, and 
were cast separately from each other. The joints are 
metal to metal, and the liners are held in position by 
studs. The combustion-chambers are also of cast iron 
and water-jacketed. The jacket for the walls of the cy- 
linders is independent from that for the combustion 
heads, so that a water joint with the combustion space 
is avoided. 

The pistons and connecting-rods are of the type 
usually adopted in the Wolseley engine, specially 
tough steel being used, with phosphor-bronze bearings. 
The induction-valves are of mild steel ; the exhaust- 
valves have cast-iron heads, with mild-steel stems. 
The crank-shaft is of Vickers’ special steel ; the crank- 
shaft brasses are of phosphor-bronze. It will be noted 
from Figs. 2 and 3 that marine practice has been 
adopted throughout in the design of the crank-shaft, 
&c. A flywheel of 7 cwt. in weight has been fitted, 
and a half-coupling has been drilled to suit the arma- 
ture flanges of the electrical generator (Fig. 2). 

The first special feature which may be dealt with in 
detail is that connected with the starting-gear. In the 
North-Eastern Railway petrol-motor an electric gene- 
rator was used in conjunction with accumulators to 
obtain the initial turning movement, but the new 
engine is started with the assistance of cartridges, 
and a special arrangement of breech-mechanism is 
supplied. The cartridge, of ordinary sporting size, con- 
tains a charge of 280 to 300 grains of black powder— 
sufficient to give the piston a pressure of about one- 
half the ordinary working pressure ; these cartridges 
are fired by special mechanism, which is worked in 
conjunction with the timing gear for the usual electric 
ignition. The engraving (Fig. 5) shows how the car- 
tridge is placed in position in the breech at the rear 
end of the cylinder, and the other illustration (Fig. 6) 
shows the breech «1l»sed in readiness for firing. 

The diamond-shaped casting, which carries the usual 
electric ignition-plug, canbe replaced by a similarly 
shaped breech-block, which vente Gye takes its place 
when the engine is to be started by the explosion of a 
cartridge. This block, which is shown at the end of the 
cylinder in Fig. 6, Plate X., is fitted and secured by 
neans of screw-bolts, The breech is closed by a hinged 
cover secured by a nut and bolt. This breech-cover 
carries the trigger mechanism for firing the cartridge. 
The breech end being closed, the hook is attached 
to a trigger as in Fig. 6. Before starting the engine 
this change is effected in three of the six cylinders. 
The firing mechanism of the first cartridge is released 
by hand; the other two cartridges are automatically 
fired by the movement of the engine. This obviates 
any such chance of inaccurate timing as might arise 
if the subsequent cartridges were fired by hand. This 
automatic firing is effected by an attachment to the 
low- tension ignition tappet-rods. The cam - shaft 
operates the pull-rod on the right of the combustion- 
chamber, shown on both engravings (Figs. 5 and 6). 
This rod, again, is connected to the timing-rod, which 
ordinarily controls the magneto ignition. The magneto 
tappet gear trips a bell-crank lever, the opposite end 
of which is connected to the trigger by means of the 
hook shown. The ignition gear, therefore, automatic- 
ally fires the cartridge at the proper period of the 
stroke. By the use of these three cartridges in sepa- 
rate cylinders the engine is started, and while running 
light the operator may remove the breech-block from 





each of the three cylinders, replacing it with the 
ordinary type of ignition. 

To ensure the proper working of this system an 
indicator is necessary to show exactly which cylinder 
is in position for initially firing by cartridge. For this 
purpose a dial has been fitted to the top of the casing 
near to the control end of the motor. This indicator 
is illustrated in Fig. 12, page 616. It shows the 
position of each cylinder at any period of its stroke. 
The central portion (which has letters corresponding 
with those given to each cylinder) is rotated from one of 
the cam-shafts placed on each side of the engine for con- 
trolling the valves and ignition gear. he pointers 
represent the cylinders and show the position of the 
pistons at any moment. Thus the operator is enabled 
to see which cylinder he will have to start from. This 
and the two cylinders next in order of firing would 
have cartridge breech-blocks inserted in place of the 
ordinary sparking-plug-holder. Exhaust-valve lifters, 
specially fitted, and operated by a handle, are raised 
and lowered again in these three cylinders for the 
purpose of removing any compressed air or gas, as the 
tiring of the cartridge into compressed vapour might 
possibly result in excessive pressure. This done, car- 
tridges are inserted in the three cylinders, and the 
first one to fire (as shown by the indicator) is set to 
be exploded by hand. The two followers have their 
trigger mechanism attached by hooks to the magneto 
tappet gear, as already described. The arrangement 
is simple; the change over from cartridge to the 
ordinary type of ignition, and vice versd, is effected in 
about three minutes. In the course of a long series 
of tests, there was not a single failure in starting the 
engine by this means ; and in view of its simplicity, 
this cartridge system may probably be substituted for 
the compressed-air starting device in other multiple- 
cylinder engines of this type. 

The three cylinders which start the engine are, of 
course, as described before, determined by examina- 
tion of the indicator. If there is no cylinder exactly 
in the right firing position, the engine is ‘‘ barred” 
round until one or other is about right—some 20 deg. 
past the dead centre on the firing stroke. The other 
two will, of course, be relatively correct. The three 
remaining cylinders are left under their ordinary work- 
ing conditions, and during the first revolution suck 
and compress their charges in the normal way, and 
take up their firing by means of the high or low-tension 
magneto, both of which are fitted. The cylinders with 
the empty cartridges in position also fire on their 
system in the ordinary way, immediately after the 
first cycle. If necessary, the cartridge breech-blocks 
can be removed, and the ordinary high-tension plug- 
carriers inserted in their place. As a rule, however, 
these breech-blocks are left in position if the magneto 
ignition is employed. They would, however, have to 
be withdrawn and the sparking-plugs replaced in the 
event of the high-tension ignition being required. 

The high-tension electric ignition is intended as a 
stand-by. The system consists of the usual contact- 
breaker, coil, and accumulator, the coil being of the 
trembler type ; the contact-breaker, which is fixed on 
the end of the cam-shaft below the control-lever, is of 
the Wolseley wipe type with fixed leads (Fig. 9). It 
is timed by swinging the contact-pieces about their 
axis. The low-tension magneto is of the Simms-Bosch 
type, and is driven from the cross-governor shaft. 
It is of the rotary type, and has a fixed armature 
and rotating shield. The igniters, fixed in the cy- 
linder-heade, are of the usual type, and are insulated 
with mica. 

Each combustion-chamber is fitted with two .induc- 
tion and two exhaust valves, as shown in Figs. 1 
and 2. The induction valves are steel forged and of 
the mushroom type, as shown in the detailed section, 
Fig. 3. They are mechanically operated from cam- 
shafts. Two of these shafts are fitted, one on each 
side of the engine. They are driven from the crank- 
shaft by gear wheels at one end. The gear is entirely 
enclosed in oil-tight cases filled with grease (Fig. 2). 
Holes with suitable covers are fitted to facilitate in- 
spection and for renewing the supply of grease. The 
valves are operated from the cam-shafts by means of 
rockers, two of which are pivoted beneath each cy- 
linder. For working the inlet valve the rocker has a 
long pull-rod, which actuates another rocker mounted 
on the combustion-chamber near to the valves, and 
acting directly on their spindles by means of tappets, 
which are adjustable. The other rocker acts directly 
on the stem of the exhaust-valve, which is replaced on 
its seating by means of a laminated steel spring. This 
latter bears on a stirrup attached to the valve stem. 

The air drawn into the carburettor is taken from 
the crank-chamber. This ventilation assists to keep 
cool the big ends, but the principal idea in view was 
to draw away ~ foul gas which might have accumu- 
lated in the crank-chamber as a result of leakage past 
the piston-rings. Experience on other engines of large 
size has indicated that considerable accumulations of 
bad gas may be formed in the closed crank-chamber, 
and the method here adopted has proved quite satis- 
factory in overcoming this. 

The carburettor consists of a jet set in the chamber 





and fed by gravity from a float chamber, which 
maintains a constant head of fuel (Figs. 7 and 8). 
This mixing chamber is closed by a valve. ‘This 
valve is opened by the suction of the engine, thus 
admitting the fuel. As soon as the suctiun of the 
engine ceases, the valve closes, and shuts off the supply 
of explosive gas, which is regulated, as to its prupor- 
tions of fuel and air, by another valve on the top and 
under the direct control of the operator (Fig. 8). Two 
carburettors are fitted, one to each three cylinders. 
Two float feed-chambers are provided for each carbu- 
rettor, one being for petrol and the other for petro- 
leum. A three-way cock is provided for changing 
from petrol to petroleum. This cock is central with 
the carburettor, and a small lever moves it round from 
one position to another; in a central position it is 
quite closed to both fuels. The second lever on the top 
of the carburettor enables air to be sucked from the 
open atmosphere, or from the crank-chamber. It is 
usually preferable to draw air from the crank-chamber, 
as it ventilates it, and tends to keep the bearings 
cooler. A governor operates throttle-valves in the 
mixture-pipe. The throttles are of the rotary type, 
and are balanced. 

The engine is fitted with a tachometer at the control 
end (Fig. 10), driven by a small shaft and bevel-wheel 
on the top of the vertical shaft, which operates the 
indicator showing the position of the pistons at any 
time, already referred to. 

Fig. 11 shows the control-levers, as placed at the 
end of the engine contiguous to the main lubricator. 
The centre lever controls the throttle; the right-hand 
regulates the time of ignition, and the left-hand lever 
controls the amount of suction on the carburettor. 

The force-feed lubricating gear is shown in Fig. 13. 
It will be noted that auxiliary hand-gear is fitted for 
a oil into the various pipes before the engine is 
started. The lubrication of the pistons and main 
bearings is by pressure from gear-driven oil-pumps 
placed at the fly-wheel end of the engine. These pumps 
are supplied from the waste oil at the bottom of the 
crank-chamber; small geared pumps are placed in a 
sump in the base chamber, being driven by a chain 
from the cam-shaft. The crank-pins and all] other 
bearings are supplied with oil from a drip-feed lubri- 
cator placed at the control end of the engine. 

After successful brake horse-power and starting 
tests, the latter with cartridges, petrol-consumption 
trials were undertaken. The petrol used on the trials 
was Anglo-American A, with a specific gravity of 
0.700. The total consumption during a non =~ | run 
of three hours was 33 gallons. The average. brake 
horse-power developed during the test was 144.94, so 
that the consymption per horse-power per hour was 
0.607 of a pint. The maximum brake horse-power 
was 158.24 on the official three hours’ test. The tem- 
perature of the outflowing cooling water was taken 
20 minutes after starting, and at intervals of 15 minutes, 
and it was found to remain constant at 45 deg. Cent. 








THE GaucE QuEsTION IN Brazit.— The gauge of the 
Recife and Sao Francisco Railway has been reduced, 
and is now similar to that of the Great Western of Brazil 
system, so that freight can be forwarded direct, without 
trans-shipment, between Maceio and Recife. As soon as 
the Pernambuco Government sanctions plans and esti- 
mates which have been prepared to connect the Recife 
and Sao Francisco with the entral of Pernambuco and 
the Recife and Limoeiro lines, their construction will be 
commenced ; so that there will shortly be through direct 
communication between the States of Alagoas, Pernam- 
buco, Parabyba, and Rio Grande do Norte. 





SuBMARINE Groynes.—The erosion of a soft foreshore 
by the sea is principally due to heavy shingle and similar 
detritus drifting along the bottom under the action of 
the waves and cutting away the soft subsoil. The func- 
tion of groynes is to constitute barriers at right angles to 
the shore which will stop the drifting of the shingle, and 
cause it to be deposited as a protection to the bottom. 
The erosion of the coast-line to the north of Bray 
Harbour, in Ireland, constituted a serious danger to 
the sea-wall, as the foot of the wall is at low-water mark, 
and at this point the marl is exposed and subjected 
to constant erosion from travelling shingle. To protect 
the foundations of the sea-wall Mr. Allanson-Winn 
designed a system of groynes, formed of chain cables, ore 
end of which was fixed to a pile at about low-water mark, 
and the other end anchored out at sea. h cable was 
formed into a sort of flexible hedge by firmly attaching to 
it a succession of trees and bushes in unbroken line. The 
construction of such groynes was very cheaply and rapidly 
effected, and it was found that within a month shingle 
and graVel had accumulated over the exposed marl to a 
depth of from 3 ft. to 5 ft. along the whole coast-line 
served by the ynes. The groynes themselves, in- 
cluding the bush-work, were completely buried. The 
shingle at Bray was of a very heavy nature, and included 
a large proportion of small boulders, which, however, now 
exert a protective instead of a destructive influence. It 
is claimed that the system would be even more effective 
where sand constitutes the principal drifting matter, and 
that the cheapness of such groynes, which are stated to 
cost not more than one-fifth of timber groynes, may 
make it worth while to take measures for the protection 
of purely agricultural land which his previourly been 
resigned to the inroads of the sea, 
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DETAILS OF 140-HORSE-POWER PETROL-MOTOR FOR RAILWAY TRACTION. 


CONSTRUCTED BY THE WOLSELEY TOOL AND MOTOR-CAR COMPANY, ENGINEERS, BIRMINGHAM. 


(For Description, see Page 615.) 


























Fic. 7. THe CARBURETTOR ARRANGEMENT. Fic. 8. Petron, anp PetroieumM Fuen Supp ty. Fic. 9. Execrric Commutator. 

















Fic. 11. Controt-Levers. Fic. 12, Mecuanican Inpicator, sHOWING 
CycLe or Pistons. 








Fic. 10. TacHOMETER. 


| 
British Raibway Expansion.—The length of line in 
operation in England (including Wales), Scotland, and 
Ireland at the close of each of the ten years ending with 
1904 inclusive was as follows :— | 














Year. England. Scotland. Ireland. 
Miles Miles Miles 
1895 14,651 8350 . 3173 
1896 14,708 3391 3178 
1897 14,818 3447 3168 
1898 15,007 3476 3176 
1899 15,044 3480 | 3176 
1900 15,195 3485 3183 
1901 15,308 3562 3208 
1902 15,358 3580 3214 
1903 15,501 3664 3270 
1904 15,626 | 3712 3296 





The aggregate length of line in operation at the close of 
each te the United Kingdom was accordingly :— 








Year. Miles. Year. 
18956 .. ss 21,174 1900 
1898 .. a 21,277 1901 
1897 .. *s 21,433 1902 
1808 .. + 21,659 1903 
1899 .. - 21,700 1904 


1t follows that 1460 miles of additional-line were brought 
into operation in the United Kingdom during the last ten 
years. To these new lines England contributed 975 miles; 
Scotland, 362 miles; and Ireand, 123 miles. It is a 
noticeable fact that while two-thirds of the English lines | 
had double sets of rails, the corresponding proportion in 

Scotland was less than one-half, and in Ireland barely one- | 
third. An explanation of the small a of double | 
lines in Scotland and Ireland is found in the comparative 

thinness of the population. 











Fic. 13. Forcep-Fero Lusricatine Gear. 


Soctety or Arts.—The Society of Arts commences its 
152nd Session on November 15, with an opening address 
from the Chairman of its Council, Sir Owen Roberts. | South Africa last summer, and Mr. F. Martin-Duncan | the Cantor Trust, on ‘‘ Modern Warships,” by Sir William 
Among the papers set down for the Wednesday evenings | will describe the recent applications of the cinematograph | E. White, and one under the Howard Trust, by Professor 
before Christmas is one on the ‘Commerce and Industries | for scientific pur: A course of Cantor lectures, by | Silvanus P. Thompson, on ‘‘ High-Speed Electric Gene- 
of Japan,” by Mr. W. F. Mitchell, at which the Japanese | Professor J. x Fleming. on “‘ Electric Waves,” will also | rators.”” The usual course of juvenile lectures will be 
Minister will preside. Sir William Preece will also give | be given before Christmas. Among the courses of lectures | given this year by Professor Herbert Jackson, the subject 
an account of the doings of the British Association in| announced for the meetings after Christmas is one under | being ‘‘ Flame and Combustion.” 
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COCHRAN BOILER FOR AUXILIARY MACHINERY ON SHIPBOARD. 
CONSTRUCTED BY MESSRS. COCHRAN AND CO., ANNAN, LIMITED, ENGINEERS, ANNAN, N.B. 
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Messrs. CocHrRAN AND’ Co., Annan, Limited, of 
Annan, N.B., have recently completed a donkey boiler 
for use on board ship, which is interesting on account 
of its immense size. It is, in fact, the largest boiler 
of the type ever turned out of the firm’s works, being | 
no less than 8 ft. 6 in. in diameter by 17 ft. high. 
The general appearance of the boiler is shown by the 
photograph reproduced, and the details of construc. 
tion are very fully given in Figs. 1 to 4, above. The 
boiler is of the general Cochran type, with domed 
furnace and horizontal tubes, and has the following 
principal dimensions : 


Diameter ... 8 ft. 6 in. 
Height ee ame wa 17 ft. 
Heating surface : tubes ... 888 sq. ft 
sa plate ... a « 
Total ... es Hie 1000 _ ,, 
Grate area ... 


42 
100 Ib. per sq. in. 
264 
: 5 ft. 44 in. 
Diameter _,, si 24 in. 

It will be seen from Fig. 3 that the furnace contains 
two fire-holes, side by side, so that the large grate 
surface can be adequately served. The smoke-box | 
doors also are made in halves, on account of their size. | 
The tubes are in vertical and horizontal rows, the | 
vertical pitch being 4} in. and the horizontal pitch 
3,; in. Forty stay-tubes, 24 in, in diameter, are in- 
cluded, these being screwed 24 in. in diameter for the | 
back tube-plate, and 28 in. in diameter for the front | 
plate, with eleven threads per inch. No lock-nuts are | 
fitted, the stay-tubes, like the plain tubes, being | 
expanded tight. 


Working pressure 
Number of tubes ... 
Length Sa 
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; [ae Late Mr. Arcutpatp P. Heap.—It has been. 
lecided to raise a fund in memory of the late Archibald 
P. Head, who met his death in the ** Twentieth Century 
Limited ” trainin America. For this purpose a small com- 
mittee, with Sir Alexander B. W. Kennedy as chairman, 
has been formed to raise a fund to establish a gold medal 
or scholarship in connection with the Engineering Depart- 
ment, University College, London. As there are, no 
doubt, a number of friends and old college fellow-students 
vf the late Archibald P. Head whose present addresses the 
committee have not been able to obtain, but who would 
¢ glad to avail themselves of the opportunity of doing 
something to perpetuate Mr. Head’s memory if they knew 
vat was being done, we have been asked to call atten- 
tion to the above-named fund, and to say that contribe- 
. ‘ons may be sent to either the hon. treasurer, Mr. C. T. 
Millia, Borough Polytechnic, London, 8.E., or direct to 
‘lessrs, Hoare. bankers, 37, Fleet-street, for the ‘“Archi- 





bald P, Head Memorial Fund account.” 

















Fia. 5. 

SwepisH Iron Orr.—Ata con of mine-owners and 
iron-masters, recently held at Kristinehamn, the question 
was discussed: *‘ Why has Sweden to export her ore to 
foreign countries instead of smelting it herself?’ Ab- 
sence of suitable fuel was the substance of the reply. It 
was pointed out that while Sweden has an almost un- 
limited supply of wood, means of trans tion from the 
provinces to the mining districts in which it is to be used 
are poor. The fact that there is no standard gauge on 
the railways adds to the difficulty, causing great waste 
of labour. There was some discussion of the use of peat 
as a fuel for furnaces. In Sweden there are vast areas 
of peat moors, but the peat is said to be too spongy in its 
raw form to produce the necessary heat. Experiments 
are now being made at Storfors, to devise means by which 
the water can be extracted and the peat compressed into 
briquettes, the natural oil being carefully retained. 





PLAN OF FURNACE JOINTS. 


Fig. 3, 
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| THE GRAHAM SWIVELLING PULLEY. 


THE illustration below represents an ingenious little 
pulley arrangement designed originally as a swivelling 
snatch-pulley for use in connection. with. indicating 

ear. The pulley is threaded on the ring of an eye- 
lt in such a manner that it can rotate freely in any 
plane, being able, in fact, to run at any point of the 
ring except for the few degrees poy oe by the screwed 
shank. Whatever its position on the ring, its circum- 
ferential groove always es through the centre of 
the ring, so that the cord always leads on through the 
same point without reference to the direction in which 
it is led off. To prevent the pulley getting askew and 


| 








binding on the ring, the latter is filled by a disc which 
| keeps the pulley radial, and at the same time acts as 
| a guide to the cord. The disc, of course, can rotate 
| freely inside the ring of the eye-bolt. The three parts 
| mentioned constitute the whole arrangement. The 
| shank of the eye-bolt is screwed either with a wood- 
| thread, as shown in the illustration, or with a Whit- 
| worth thread, for fixing to an engine or elsewhere, 
where it would have to be screwed into metal. It is 
of mild steel, the pulley and disc being of brass, and 
the whole nickel-plated. Many uses will suggest 
themselves for the arrangement besides that for which 
it was designed. Theinventor is Mr. James Graham, 
of 15, St. Paul’s-road, Withington, Manchester. 








Water Suppty or Leicester.— According to the latest 
available returns there is now in stock in the three 
reservoirs of Leicester 309,212,000 gallons of water, the 
deficiency being 1,069.788,000 gallons. At the present 
rate of consumption, 13.81 gallons per head per day, and 
making allowance for ‘bottom water,” the reserves will 
suffice for 45 days. A deep well has been opened on the 
Loughborough road, which will yield 200,000 gallons per 
day. An analysis of the water generally shows it to be 
of good quality. 
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THE ARROL-JOHNSTON MOTOR. CAR. 


Tur success of the Arrol-Johnston car, two months 
ago, in the Tourist Trophy Race in the Isle of Man, 
organised by the Automobile Club of Great Britain 
and Ireland, has awakened a keen interest in this car, 
especially as the manufacturing company has recently 
been reconstituted under a new directorate, and a 
new type of car designed, so that the exhibit by the 
company of the details of the new type, at the 
forthcoming Exhibition at Olympia, is looked forward 
to with considerable expectation. There can be no 
doubt about the searching nature of the recent con- 
test in the Isle of Man, and of its advantages in 
comparison with former purely speed contests. The 
Automobile Club laid down conditions which were 
supposed to test the suitability of a given design of 
car for general touring work, and the course was 
arranged to secure the maximum of difficulties which 
might be met with in ordinary motoring. The route 
chosen was ideal, both in respect of hill-climbing and 
curves, and no driver was allowed to have any 
extraneous assistance in incidental repairs either 
to the car or to the tyres. It is satisfactory to 
know that in future competitions there will be 
no restriction in maximum weight for the cars ; 
for in touring an extra hundredweight or two is 
a comparatively small matter, especially when it 
ensures greater comfort or strength. It is true that 
all designers should have ever before them the im- 
portance of obtaining a high efficiency with the mini- 
mum of weight, and that they should stimulate the 
metallurgist to the same end ; but when, as in the 
recent Isle of Man race, one found cars with the bonnets 
of paper, with dashboards of canvas, and with holes 

daunea here and there so as to come within the 
imit of weight then prescribed, it is obvious that the 
object slenell at was not attained. 

The Arrol-Johnston car, which at the contest was 
driven by Mr. John S. Napier, the managing director 
of the company, and great-grandson of Robert Napier, 
among the greatest of our marine engineers, covered 
the 2084 miles of difficult track in 6 hours 9 minutes 
14 seconds, giving an average speed of 33.9 miles per 
hour, while the best speed on one of the four circuits of 
the course was also achieved by the car at 35.2 miles 
per hour. A most commendable feature in the condi- 
tions was the limitation of petrol, thus making petrol 
consumption an important item in the determination 
of the result. The petrol consumption of the Arrol- 
Johnston car was at the rate of one gallon per 25.4 
miles, notwithstanding that the engine was of 18 brake 
horse-power. 

The car which attained this success had a motor of 
the horizontal type, with double-piston cylinders, as 
illustrated on pages 620 and 624. This general type 
of motor has teen used by the company for nine or 
ten years, but has this year been considerably modi- 
fied, not only to simplify the working parts, but also 
to sscure a higher efficiency. Two pistons are fitted 
in each cylinder, so that the explosion, taking place 
in the centre of the cylinder, drives the pistons away 
from each other. hese are connected to rocking 
levers, and these levers are coupled to the crank-pins. 

In Figs. 1 and 2 on page 620 we show the standard 
chdssis for the 12 to 15-brake-horse-power motor-car. 
This design is prepared on the basis of a 200-mile run on 
fair roads at an average speed of 20 miles an hour, with- 
out requiring to replenish the supply either of water or 
petrol. The total length of the car is 12 ft. 6 in., and 
the wheel-base is 8 ft. 6in. It carries a body for five 
passengers, with side entrance. The motor, as we 
have said, is of the two-cylinder double-piston type, 
running at 800 revolutions. As we shall presently 
explain, the crank-shaft, owing to the interposition of 
the rocking lever, is under the cylinders, and at right 
angles to their axis. The shaft carries the usual fly- 
wheel, and in the Arrol-Johnston practice this is 
fitted with vanes, to serve the purpose of a ventilating 
fan, drawing air through the radiator for cooling the 
engine. The Hele-Shaw clutch is utilised, and is 
combined with the fly-wheel. The train of gear is 
arranged for four speeds forward and one reverse, the 
fourth, or top, speed being a direct drive. The trans- 
mission from the gear-box to the hind axle is by the 
usual Cardan shaft, the power being transmitted from 
a universal joint of special Cesign at the forward end, 
and through a patented combined universal and spring 
drive at the rear end. 

Coming now to the more important novel features 
of the design, we take first the motor, of which sec- 
tional drawings are reproduced in Figs. 3 and 4 on 
page 620. On page 624 there are photographic views. 

t is claimed that the double-piston arrangement gives 
certain important advantages. In the first place, the 
direction of motion of the piston link is in a practi- 
cally horizontal plane during the complete stroke of 
the engine ; the free end of the link moves in a rocking 
arc, about the same centre as with the rocking lever. 
This obviates that side pressure on the walls of the 
cylinders which is unavoidable in the usual type of 
internal-combustion engines, owing. to the angularity 
of the connecting-rod due to the path of the crank-pin. 








In the second place this motor has a more rapid expan- 
sion than with the single-piston cylinder, the explosion 
here taking place between two pistons which are driven 
from each other; and the expansion takes place, of 
necessity, at nearly double the rate of that obtaining 
in the ordinary engine. In the third place, it is a 
well-recognised axiom in the design of internal-com- 
bustion engines that the proportion of wall area to 
compression space should ; minimised ; and in the 
motor we illustrate, the arrangement is such that the 
valve chest is placed on the outside of both cylinders 
with the suction valve over the exhaust, which allows 
of the compression space of the cylinders being of the 
smallest possible proportion, and, being cylindrical, 
of the smallest possible wall area. 

The cylinders, 44 in. in diameter by 64-in. stroke, 
for the double piston, are cast from a specially hard, 
close-grained crucible iron, which ensures long life 
and does away with the difficulties of porosity. The 
design incorporates the important point of equality of 
section of metal throughout the entire length, and 
thus prevents any warping in the casting due to irre- 
gularity caused by expansion and contraction. The 
water-jacketing extends over the complete length of the 
combustion area (Fig. 3). The valve-chest is attached 
to the side of each cylinder, as is shown in Fig. 4, 
and is of the same material as the cylinder. The 
water-jacketing forms part of the cylinder water-circu- 
lating system. The cooling water is delivered from 
the circulating-pump into each valve-chest separately, 
flows round the cylinder jackets through a radiator, 
and back to the pump. The radiator is of the hori- 
zontal gilled-tube type. The circulating water is 
admitted at the top, and is made to pass through sec- 
tions of the tubes by means of bafile-plates, which 
ensure that all the water is brought into immediate 
contact with efficient cooling surfaces. 

The inlet and exhaust-valves are superposed, the 
former being above. The inlet-valve is fitted to an 
independent and easily removable seat. On account 
of their being so efficiently cooled they last long, and 
the company have found by experience that re-grinding 
is seldom required. The inlet-valve is of the automatic 
type, but being of large area allows of a full charge 
being taken by the cylinders each suction stroke. The 
exhaust-valve is operated from cams driven by means 
of gearing on the crank-shaft, and situated within the 
engine casing. The valve-lifting mechanism is further 
utilised for working the make-and-break of the low- 
tension ignition. As it is important that this make- 
and-break should be of the most rapid type to allow 
of sufficient spark being made at a low speed for start- 
ing b payer a toggle-joint arrangement is intro- 
duced to fulfil this purpose. 

The pistons, which are also of close-grained crucible 
iron, are ground parallel throughout. their length, and 
are allowed an irregularity in size of only 5,55 in. 
They are fitted with three piston-rings, which, during 
the process of manufacture, are ground to a circular 
form, with a limit of |, 5) in.. when at the same dia- 
meter as thecylinder. The company assure us that 
the compression is as good on a new engine as after 
running a couple of hundred miles. The pins on the 
som links and rocking levers are 14 in. in diameter. 

hey are hollow, and have parallel faces for working 

etx and are tapered where attached ; they are case- 
1ardened and ground. The piston link and the con- 
necting-rod are made from mild-steel stampings of H 
section. The rocking lever is also a steel stamping, 
but is made of nickel steel. 

The connection between the piston and the crank is 
by means of a rocking lever and connecting - rod. 
The rocking lever is mounted ona shaft, and has two 
upper arms and one lower member, the former for 
connection through the links with the pistons of the 
two cylinders of the engine, while the latter carries the 
connecting-rod to the crank-pin (Fig. 4). It will thus 
be understood that one piston works through a direct 
line on to the connecting-rod, while the other transmits 
its power indirectly to the crank-pin, the stresses set 
up in the former case being of a bending nature, while 
in the latter they are of a torsional nature. This con- 
struction is followed on the opposite side of the engine, 
the only difference being that the lower member of the 
rocking lever is attached to the other crank-pin. From 
this it will be seen that the force of the explosion is 
transmitted, as before explained, direct to one crank- 
pin and indirectly to the other crank-pin from each 
cylinder. It can be seen from the drawings that the 
reciprocating parts of this engine are balanced, and 
being in a horizontal plane, the result is a wonderfully 
smooth-runnipg motor. The crank-shaft is machined 
from a solid forging of high tensile steel, having a 
breaking strength of 45 tons per square inch, and an 
elongation of 22 per cent. in 5 in. 

The lubrication is of the forced-feed type. A small 
direct-driven gear pump is placed in the oil sump at 
the bottom of the engine-casing ; the oil connections 
are led to the bracket for the rocking lever, and thence 
through the hollow shaft, the oil being distributed to 
the various moving parts in the engine, as indicated 
by the dotted lines in Fig. 3. 








All bushings and bearings throughout the engine are 
of a hard mixture of gun-metal manufactured by the 
company, and consisting of 88 per cent. copper, 10 per 
cent. tin, and 2 per cent. spelter. The magneto is of 
the low-tension type manufactured by the company 
and has given remarkable results for reliability. The 
company are —_ special feature of it, not only 
for their own cars, but for other work. The water- 
pump is made of gun-metal, and is of the spur-wheel 
type, the spur-wheels being made of phosphor-bronze. 
The spindles of these wheels are of mild steel, case- 
hardened and forced into position. Both the water- 
pump and magneto are situated between the radiator 
and the engine, and are driven by a Renold rol'er-chain 
from the crank-shaft. 

The carburettor is supplied from a pressure feed 
petrol-tank through the usual float feed-chamber. It 
is of the single-jet type. A given quantity of air is 
admitted to the carburettor round the petrol jet. The 
mixture passes to a throttle valve, which is specially 
designed to fulfil three objects:—(1) To vary the 
quality of the mixture, by admitting a greater or less 
quantity of air to the charge already obtained ; (2) to 
throttle it; and (3) to shut off the connection with 
the carburettor, and admit pure air into the cylinders, 
so that in descending hills the engine can be used as a 
brake, and the cylinders thoroughly scavenged with 
pure air. As regards governing, the company do not 
endeavour to govern the motor within fine limits, 
believing that it is important that this should be done 
by hand in order to obtain the most comfortable and 
quiet driving. A governor of the revolving-ball type 
is, however, fitted, preventing the engine from exceed- 
ing a predetermined speed. This governor acts on to 
an internal sleeve in the throttle-valve, but in no way 
impairs or interferes with the proper action of this 
part. 

The exhaust-silencer is manufactured from sheet 
steel. It is fitted with a nozzle and bafile-plates of 
special design, interspersed at various distances in the 
length of the silencer. A peculiar feature claimed 
for this silencer is that, instead of reducing the 
power, as is usual, it tends to increase it. During 
our visit to the works an engine was put through 
brake trials with and without a silencer in service, 
and there was an apparent justification for this 
claim. 

The fiy-wheel is fixed to the crank-shaft on a taper 
having two key-ways, any liability to slacken being 
overcome by a spring washer between the tightening- 
nut and the fly-wheel boss. The fly-wheel is of ample 
proportions for the work required of it, and the arms, 
as already mentioned, are shaped in such a manner as 
to form a fan, to draw air through the radiator for 
cooling purposes. This method is adopted because it 
absorbs less power than a separate fan fitted in front 
of the engine ; and there are no moving parts about it 
to get out of order. The clutch is combined with the 
fly-wheel and fan, and is of the Hele-Shaw type, of 
which we shall give an illustration and a description in 
our next article. 

The specd gear is illustrated in Figs. 5 and 6, page 
621. The four speeds in the case of the 12 to 15 
horse-power car are 6, 14, 21, and 30 miles per hour, 
and the reverse 6 miles per hour. The speed gears are 
enclosed in an aluminium casing, and run in oil. The 
bearings are of the roller type manufactured by the 
company, the roller sleeves being made from mild 
steel, case-hardened, while the rollers are of tool 
steel. All bearings are interchangeable. 

The coupling between the engine and the gear-box, 
to allow for any stresses set up due to any Sistertion 
of the main frame, is of such a type as to allow of 
part of the weight of the fly-wheel and clutch being 
borne by the — bearing. The gears are all 
machine cut and case-hardened. They are operated in 
a similar manner to that followed on the Daimler car. 
The gear-box is secured to the main frame from the 
lower part of the casing at three points of suspension, 
leaving the upper half easily removable for examina- 
tion or repair. As regards lubrication, perhaps the 
most prominent feature is the extreme simplicity of 
the arrangement, experience having shown that the law 
of capillarity is quite sufficient to meet all the require- 
ments. 

The universal joint may be considered an inte- 
resting feature of this car. It is designed so that 
all the driving efforts shall act as nearly qs possible 
in one plane, and so give a constant driving velocity 
throughout each revolution of the Cardan shaft. To 
attain this end two rings are bolted together at angles 
of 90 deg.; four axial holes are bored to accommo- 
date bushes which form the bearing surfaces of two 
projecting lugs on the jaws of the gear shaft and 
Cardan shaft respectively. This universal joint is 
entirely enclosed by a light aluminium casing which 
is attached to and revolves with it. The casing is 
filled with grease, so that the wear of this part is 
reduced to a minimum. 

To the rear end of the Cardan shaft a patent com- 
bined spring and universal joint drive is fitted. This 
we shall describe in our next article in connection with 
the 24 to 30 horse-power vertical engine car, 
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The hind axle, which is illustrated in Fig. 7, is of 
the live type. The casing enclosing the bevel-wheels 
and differential gear is divided horizontally, not ver- 
tically, as is usual. This permits of more rigid con- 
struction, while at the same time the upper part of the 
casing can be removed to admit inspection of the gear. 
The casing is designed of such a size that the gearin 
of the car may be altered so that the maximum spee 
may be varied between 25 and 40 miles per hour by 
changing the ratio of the bevel-wheels. The differential 
vear is of the bevel-pinion type, and to the differential 
lox-casing the bevel-wheel is attached. Adjustment is 
provided behind by means of ball-races, so that the 
whee!scan be correctly meshed. The axle shaft revolves 
inside a stationary tube, which is connected at the 
centre to the casing, and to the hind springs at 
the outer ends. This live axle is supported at the 
inner end by bushes forced into the tube ; at the outer 
end the hub of the wheel is fitted, the flange of this 
hub overhanging the tube. Rollers are placed between 
the larger diameter of the hub and the tube. A 
metal ring is attached to this overhanging flange, 
which serves the double purpose of keeping a leather 
packing-piece against the projection of the tube, thus 
preventing the oil with which the casing and the tube 
are filled from leaking ; and, secondly, of keeping the 
cw from collapsing should by any chance the hind axle 
break. A torque rod is fitted from the differential 
casing to the cross member of the frame, to prevent 
torsional stresses from being transmitted to the 
springs. The radius rods are placed one on each side, 
attached to the spring carriers. The brackets are 
attached to the frame at such a point as to make a 
common centre with the universal joint. 

The brakes are two in number: one, operated by 
the foot, acts on the differential gear on the hind axle, 
thus saving the Cardan shaft and universal joint from 
the undue stresses usually imposed on them when the 
brake is fitted to the gear-box. The other brake is 
attached to the hubs of the car (Fig. 7, page 621). 
All brakes are of the internal-expanding type, and are 
interchangeable, and owing to their design and the 
method of manufacture, they can be cheaply replaced. 
A strong point in connection with the brakes is the fact 
that by a patented device they are readily adjusted 
from the outside by the tightening of a single screw. 
This we shall illustrate in connection with the larger 
car. 

The steering gear is of the screw-and-nut type, but 
has an advantage over that usually fitted, due to a 
patented method of adjustment, whereby the wear on 
the thread or gudgeon-pin is compensated for. The 
method of securing this result is clearly illustrated in 
Fig. 8, from which it will be seen that the thread or 
screw is in one piece, while the nut, equal in length to 
the screw, is split in the middle. On the side of the 
two portions of this nut, flat projections are cast to 
permit segmental slippers to rest upon them. These 
slippers are enclosed by movable jaws, one of which is 
keyed to the steering operating shaft, while the other 
is free to move with this shaft as its axis. The ex- 
tended ends of this jaw are drawn together by means 
of a bolt, whereby the threads of the nut on the screw 
are ee pg to the desired extent. Ball-bearings are 
provided to take the thrust due to the screw, and a 
method of adjustment is arranged to take any wear 
which may occur on this part. The steering column 
is hollow, and an internal tube is introduced, to 
which are attached levers for operating the throttle- 
valve. Use is also made of this tube for an extension 
of the warning horn. 

The wheels are of home-grown oaken spokes, with 
hickory rims, and the hubs are fitted sth Genahe- 
bronze bushes. The pneumatic tyres fitted to the 
standard car are 810 by 90 millimetres on all four 
wheels, but the company confidently recommend the 
use of solid tyres on the hind wheels as being quite as 
comfortable and more reliable. 

The frame is of pressed steel. It is designed so 
that the engine and gear-box can be carried from the 
main frame without the use of a secondary frame. 
This conduces to lightness. The dumb irons for carry- 
ing the front and bazk springs are riveted into the 
frames. 

An important point in connection with the car is the 
arrangement made for giving access to all the parts 
which requ‘re occasional inspection. The body is 
hinged to the main frame at the rear end, and thus 
may be lifted from the front end, exposing the whole 
of the chdssis. The cover for the gear-box can be 
quickly removed by slackening the bolts attaching it 

) the bottom part of the casing, and this enables all 
e shafs to be taken out, if desired, without the 
essity of having a pit. The hind axle can be 
nilarly examined. In the engine itself the inlet- 
lves ar. secured by thumb-screws and bolts, whereby 
> holding down bridge can be easily lifted. This 
dge also holds down the induction pipe, which has 
linge at the joint, so that it can be drawn back and 
» valve quickly taken out for examination. In 


‘ery instance similarly ingenious details are intro- 
‘iced to render access a simple matter, 


(To be continued.) 


COMPOUND LOCOMOTIVES ON 
GREAT WESTERN RAILWAY. 
To THE Eprror or ENGINEERING. 

Srr,—I note that it is stated, in the description of the 
French compound Great Western Railway engine, that it 
has ‘‘the largest boiler at present running in this country.” 
The dimensions given are just under 5 ft. diameter and 
about 14 ft. long. It is then stated that the Great 
Northern Railway boiler is 6 in. larger in diameter and 
2 ft. longer in the barrel, as, I believe, are also the North- 
Eastern and the new South-Western. Surely there is 
some mistake. 

It is, of course, clear that it is an enormous boiler, and 
it is not clear why this should be wanted if the compound 
engine will do the work with less steam. If it is a fact, 
as stated, that the last year’s compound was outclassed 
by English simple engines which had Jess grate area, it 
would seem quite clear that there is no gain. 

One point that struck me very much in looking at the 
French engines was that their moving parts appeared to 
be very much lighter. The connecting-rods and coupling- 
rods were —F deeply channelled out, so as to make a 
very light for its strength. Whether this makes 
much difference to the running of a locomotive I do not 
know, but I do know that in other kinds of engines 
running at high piston speeds it makes a very great deal. 
The main reason why such a very large proportion of 
petrol motors and cars are imported from France is that 
there they early realised the importance of making their 
moving parts light, and in consequence got nearly twice 
as much power out of a given sized engine as the ordi- 
nary English maker did, with very much less wear on 
the brasses. It has always seemed to me that people are 
apt to pay a very great deal of attention to balancing 
moving parts, but very little to making them light, so as 
not Sy want balancing, which should be the end to 
work at. 


THE 


Yours truly, 
F. SrrickLanp. 
2, Southfield-gardens, Strawberry Hill, Twickenham, 
November 5, 1905. 
The boiler of the French compound on the Great 
estern Railway has a larger heating surface than that 
of any other locomotive row running in this country ; 
the heating surface of the new South-Western engine, 
which we illustrate in our present issue, is, however, only 
slightly less.—Ep. E. ] 





To THE EpiTor OF ENGINEERING. 

Srr,—May I ask what your contributor means by 
‘boiler barrel diameter” in Table II., on e 582? 
The minimum internal diameter seems to be the only 
satisfactory standard in dealing with straight boilers, 
and apparently he does not refer to that. And there 
are olin figures in the table which, if not misprints, 
are decidedly mysterious. 

Possibly the following particulars of a journey which 
I have just made on the Pennsylvania line from East 
Liberty to Philadelphia may. interest your readers as 
showing the great reserve of power still possessed by the 
non-compound locomotive in America. The train was 
the St. Louis ** Limited,” one of the best long-distance 
expresses in the world; and the load hauled was about 


400 tons. The engine on each section was of the *‘ At- 
lantic” type. i. , 
ctua 
Due Time. 
East Liberty dep. 7.20 7.45 
(1114 miles) 
Altoona ... i arr. 10.5 10.234 
Altoona ... dep. 10.9 10.274 
(1314 miles) 
Harrisburg arr. 12.54 12.554 


The first oy included a signal — and checks in 
the Pittsburg black country, followed by the climb to 
the summit of the Alleghanies (2160 ft.) and the slow 
run down the steep grade to Altoona. After Altoona 
there are innumerable sharp curves. 

Beyond Harrisburg the running was equally good, but 
we, unfortunately, killed a man who was (trespassing ? 
on the line some miles before Philadelphia. This caus 
a stop, a long delay, and a late arrival. 


Yours faithfully, 
Devonshire Club, 8. W. W. I 


. B, THompson. 
To THE EDITOR OF ENGINEERING. 

Srr,—I was gratified to read the article on ‘‘ Compound 
Locomotives on the Great Western ilway,” in last 
week’s ENGINEERING, and hope that the author will be 
able to contribute an account of the latest Great Wes- 
tern Railway locomotives with —_y! loads on the fast 
expresses. In my opinion the best locomotive work on 
the Great Western Railway has not been described. The 
newest engines do splendid work on that fast express, the 
10.50 a.m. ex Paddington, which is booked to arrive at 
Bristol in two hours, at a speed of 59.1 miles per hour. 
As long ago as May 21, 1904, the six-coupled engine 
**No. 98” made a splendid run on this train, hauling 
14 eight-wheeled coaches and a clerestoried dining- 
car. This would represent a load of 410 tons, for the 
coaches were some of the newest, and the train was 
crowded. The train started 15 seconds late, passed Didcot 
—53 miles 9 chains—in 53} minutes; and although there 
was a slack to 5 miles an hour at Cricklade-road Bridge, 
just east of Swindon, this station was passed in slightly 
under 79 minutes. Bath—106 miles 69 chains—was passed 
in 105 minutes, the train slowing to 15 miles an hour and 
slipping two coaches. The driver—Burden—took things 
easily to Bristol ; but was stopped dead at the station 
entrance at 12 49} p.m., a3 all the roads were full up. 








Had the road been clear, the train would have b2en well 





before time. A drizzling rain had been falling durin 
the journey to Bath, making the rails greasy. The spe 
to Bath works out at 61 miles an hour; and those familiar 
with the Great Western line know that the run to Swindon 
is by no means an easy one, as the grades are almost 
continuously slightly upward. 

This run is not an isolated case. In the ‘Great 
Western Railway Magazine” for this month will ba 
found a tabulated statement showing that time has been 
kept by <r on this train with loads up to fourteen 
ee enee ed bogies (including dining-car) and two six- 
wheelers. The engine making this run—‘No. 173 
Robino Bolitho”—is similar to *‘ No. 98,” but has 225 Ib. 
pressure, whilst ‘‘No. 98” has 200 lb. In my own 
experience ‘‘No. 173” has taken sixteen coaches and a 
dining-car, or 472 tons loaded, on the 11.35 a.m. express 
from Paddington, passing Reading in 39 minutes 44 
seconds for the 36 miles; and subsequently, after a bad 
check at Goring, ran from Didcot to Swindon, a distance 
of 24 miles 13 chains, in 25 minutes exactly, although 
Swindon had to be passed at 5 miles an hour, owing to 
the construction of a newsubway. This means an average 
running speed of at least 60 miles an hour with 472 tons. 
It is shown in the table above quoted that ‘‘ No. 180,” an 
** Atlantic,” with Driver Butcher, also made a run to time 
on the 10.55 a.m. (the summer timing of the 10.50 a.m.), 
with fourteen coaches ; and this means a load of 385 tons. 

On September 2, 1905, another *‘ Atlantic, No. 183.” 
hauled the up 3.30 p.m. express from Exeter to Padding- 
ton. This summer train is booked to :un from Exeter 
without intermediate stop, arriving at Paddington at 
7 p.m., at a speed of 55.3 miles an hour. The usual slows 
round Bristol and through Bath have to be made. The 
load was ten eight-wheeled coaches and a twelve-wheeled 
dining-car, and was fully 300 tons. The start was 
seriously late, as Exeter was not left until 3.46 p.m.— 
16 minutes late. However, the train was hauled so well 
that Paddington would have been reached to time had 
not the train been stoppod dead at Portobello Junction 
for nearly two minutes. As it was, the exact time of 
arrival was 7.2.52 p.m., only 2 minutes 52 seconds late. 
The 193 miles 53 chains from Exeter had been run in 
196 minutes 52 seconds, with one stop, and with a load of 
300 tons. Deducting the time lost by the stop, it is 
evident that the running speed throughout the greater 
part of the journey slightly exceeded 60 miles an hour. 

After much observation of locomotive work on the 
Great Western Railway, especially as regards heavy 
loads, I have no hesitation in saying that one of the new 
six-coupled engines would not find any difficulty in 
hauling a 430-ton load on the main line from Paddington 
to Bristol at an average rate of 60 milesan hour. These 
six-coupled engines are very efficient machines. They 
have an abundant steam supply, and, working at pres- 
sures of either 200 Ib. or 225]b. per square inch, they 
have sufficient adhesion weight to utilise all the power 
transmitted through the cylinders. They are also very 
‘‘easy riders.” It is certain that they are capable of 
hauling at the highest booked speed more coaches than 
can at present be accommodated at the departure plat- 
forms at Paddington. Owing to their immense tractive 
force on the level and on ordinary up-grades, extreme 
speeds down-hill are unnecessary. In my opinion they 
are far more uniformly running engines even than the 
‘** Atlantics,” with similar boilers, and they are not 
affected to the same degree by greasy rails and side 
winds, 

I am, Sir, yours faithfully, 
A. V. GoopyEar. 

27, Lindore-road, Clapham Common, 8. W., 

November 7, 1905. 








AmerIcAN Rowiinc-Stock.—The number of freight 
cars ordered in the United States in the first 41 weeks of 
this year was 196,672, as compared with 136,561 in the 
whole of 1904; 105,936 in the whole of 1903; 195,248 in 
the whole of 1902; and 193,439 in the whole of 1901. The 
number of passenger cars ordered in the first 41 weeks 
of this year was 2297, as compared with 2213 in the whole 
of 1904; 2310 in the whole of 1903; 3459 in the whole of 
1902; and 2879 in the whole of 1901. The number of 
locomotives ordered in the first 41 weeks of this year was 
4131, as compared with 2538 in the whole of 1904 ; 3283 in 
the whole of 1903; 4665 in the whole of 1902; and 4340 
in the whole of 1901. It would thus appear that American 
rolling-stock orders will this year beat all previous records. 
The Pennsylvania Railroad Company has placed con- 
tracts for about 20,000 steel freight cars. Of these, 
12,000 will be built by the Pre Steel Car Company, 
Pittsburgh ; 2000 by the Standard Steel Car Company, 
Butler, Seanybrenies 2500 by the Cambria Steel Com- 
pany, Johnstown, Pennsylvania; 2500 coal-hopper cars 
for lines west, and 600 box cars for lines east, by the 
American Car and Foundry Company ; and 400 box cars 
by the Middletown Car Works, Middletown, Pennsyl- 
vania. Of the order which went to the Pressed Steel Car 
Company, 2500 cars are to be of the hopper type for lines 
west, and 5500 are to be gondolas, and 4000 box cars for 
lines east of Pittsburgh. All of the equipment will con- 
sist of cars of 50 tons capacity, and, as far as possible, 
will be constructed of pressed steel plates. By awarding 
these contracts, the Pennsylvania Railroad Company 
completes the greatest campaign for new equipment it 
ever conducted. Since July 1 the company has ordered 
a total of 37,321 cars, of which 11,700 are for lines west of 
Pittsburgh. The United States Steel Corporation has 
laced an order for 1250 steel freight cars with the 
ressed Steel Car yo , 750 of which are for its 
Duluth, Missabe, and } som Tih Railroad. It has also 
ordered six freight engines of the consolidated type, to be 
built by the American Locomotive Company, and two 





ane engines, to be built by the Baldwin Locomotive 
orks. 
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THE ARROL-JOHNSTON 12—15-HORSE-POWER MOTOR-CAR. 
CONSTRUCTED BY THE NEW ARROL-JOHNSTON CAR COMPANY, LIMITED, ENGINEERS, PAISLEY, N.B. 
(For Description, see Page 618.) 
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ARROL-JOHNSTON CAR COMPANY, 
(For Description, see Page 618.) 
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‘at it 18 difficult to make a comparison between electric 
ting and the altered circumstances of gas lighting, : 
ess the lighting committee of the town council pre-| metric measurements, showing that the candle-power of 
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viously decides how many 
hours per lamp per annum 
the proposed a are 
to burn. Assuming, how- 
ever, that extensions are 
carried out with 200 new 
type incandescent - gas 
lamps, each burning 3776 
hours per annum, the cost 
would be 3712/., or 4682. 
less than the cost of light- 
ing the eame length of 
streets by electric arc 
lamps. Mr. Hatton refers 
the lighting committee to 
a previous report which 
he made on the respec- 
tive merits of electricity 


Tue Execrric Licht at NewcastLe.—Mr. Ernest | and gas for street-lighting, together with the benefits 
upon the comparative cost of electric | which would accrue to the ratepayers by utilising the 
ghting at Newcastle-on-Tyne, observes | existing plant in the power-station, for the purpose of 
the necessary units for 180 additional arc- 
conclusion, Mr. Hatton gives a table of photo- 













the arc lamps is fairly constant ; while similar tests applied 
to incandescent-gas lamps reveal an extremely varying 
candle-power according to the condition of the mantles. 





THe Dieset O1_-Enoinzt.—The 500-brake-horse-power 
Diesel engine built by Messrs. Carelg Fréres, of Ghent, 
exhibited at the Liége Exhibition, and which we de- 
scribed in vol. lxxix., page 735, has been awarded the 
Grand Prix. At a recent test carried out by the pur- 
chasers of this engine, the extremely low figure of 0.38 lb. 
per brake-horse-power-hour was obtained for fuel con- 
sumption at full load. This, with oil at 42s. per ton, 
represents a cost of 0.086d. per brake-horse-power-hour, 
or about 114 brake-horse-power-hours for one penny. 

INSTITUTE OF MARINE ENGINEERS.—At the meeting 
which was held on the 30th ult., at the Institute’s pre- 
mises, 58, Romford-road, Stratford, E., an interestin 
discussion took place on ‘‘Steam- _ ye 
which formed the title of a paper we y Mr. D. 8. Lee, 
R.N.R., at the previous meeting. Among other points 
which were passed in review, Mr. Lee’s opinion was con- 
firmed that copper for steam-pipes would ultimately give 
place to iron ; superheated steam was coming more into 
use every day, and the unsuitability of copper in connec- 
tion with it was well known. Mr. Lee added in conclu- 
sion that in many single-wired ships, where the body of 
the ship was used as the return, the electric current 
returning to the machine — electrolytic io 
take place in copper pipes; and not only were : 
pi vcerveied thereby, Put he had heard of condenser 
tubes being affected in the same way. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, November 1. 

Frverisn coaditions are developing in the steel 
industry. The extraordinary activity points to a re- 
action some time next year. The entire market is in 
danger of an advance, which, if it takes place, will 
introduce a disorganising factor. Bessemer pig iron, 
which has been selling in the neighbourhood of 15.50 
dols. and 16 dols., isin danger of an advance to 18 dols. 
or higher, on account of the advance in coke and iron 
ore. This advance, if it takes place, will force a 
great deal of contemplated business to one side. The 
general sentiment of the iron and steel makers is 
against an advance; but if they find themselves 
obliged to pay sharp advances in coke, there will be 
no other alternative but to put the advance into the 
product. The furnace-producing capacity of the 
country has been carefully ascertained, and this capa- 
city has been measured by the prospective require- 
ments. Coke has been sold in immense quantities for 
next year’s delivery at 3 dols. per ton. The iron ore 
interests are contemplating an advance, which is 
telling buyers to side-track their demands. The 
southern furnaces have all sold up to the end of the 
year, and some of them largely into next year. 
Foundry irons have also advanced, and forge iron is 
feeling the influences of increasing inquiry for the 
coming year. Its present price is now 15 dols. at fur- 
nace. An advance in coke will send it up to 16 dols. 
It is estimated that this year’s output of pig iron 
will reach 22,000,000 tons. 

The railroad companies are flinging in large orders, 
and the steel-car industry is the most oversold in- 
dustry in the United States. The Pressed-Steel Car 
Company needs 1,000,000 tons of pig iron for its raw 
material supply. The Cambria Car Company will 
want 600,000 tons, and the American Car and Foundry 
Comp ny, with some small concerns, will want 250,000 
tons to make them safe. This totals up 1,850,000 tons 
for the car industry alone. This does not, of course, 
include car wheel requirements. The Pressed-Steel 
Car Company is bending 65,000 tons of steel each 
month into cars, which is furnished by the Carnegie 
Company. The Standard Steel Car Company is bend- 
ing 25,000 tons of plate into steel cars, which are 
furnished by the same concern. There has been a 
slight falling off within the past week for structural 
steel, which steel-makers welcome. The Republic 
Iron and Steel Company is practically out of the 
market as to steel rails. Within the past few days 
the Baltimore and Ohio Railroad Company placed an 
order for 71,000 tons of rails for delivery next year. 
The maximum estimated steel-rail capacity is put at 
3,500,000 tons, and it looks as though this entire 
capacity would be strained. Steel billets are selling 
at 26 dols. per ton, and sheet bars have sold at 27 dols. 
It is intimated that billets will go up to 30 dols. on 
emergency requirements. A large amount of the 
business for billets taken some time ago was at 21 dols. 
to 22 dols. The skelp mills are all well sold up, and 

rices on skelp tubes and pipe have been advanced. 
The sheet mills are all busy, and there is no indication 
of any weakening tendency. Scrap is being rapidly 
bought up, and melting stock is being taken as fast 
as offered at 17 dols. 








Inp1An Coat.—The production of coal in British India 
is slowly increasing ; but it is still of no great importance, 
having regard to the vast extent of country under 
British rule. The annual output for the ten years, end- 
ing with 1904 inclusive, was as follows :— 


Year. Tons. Year. Tons. - 

1895 3,540,019 1900 6,118,692 
1896 8,862,698 1901 6,635,727 
1897 4,066,294 1902 7,424,480 
18938 4,608, 166 1903 7,438,386 
1899 5,093, 269 1904 8,216,706 


Seven-eighths of the coal raised in British India is ex- 
tracted in Bengal, which produced 7,063,680 tons in 1904 





Jarrow.—Extensive alterations are either in progress 
or in contemplation at Palmer’s Iron and Shipbuilding 
Company’s yard at Jarrow. Recently, for the speedier 
erection of the battleship Lord Nelson, a crane—siid to be 
the largest in England—with three carriers travelling on 
wire cables, waserected. This has been so successful that 
preparations are being made ior the erection of a second 
und even larger crane of the si.me description, which will 
have four carriers, and which will extend across two berths. 
Another development, for which preparations are being 
made, results from the intention of the firm to manufac- 
ture turbines for its own use. To facilitate this, large 
extensions are to be made to the fitting shops, a new one 
being erected, which will be entirely devoted to the 
manufacture of turbine engines. A third improvement 
is an extension of the present ving dock by 50 ft. 
Eighteen months since the firm pat a the practice 
of making its own forgings, finding it cheaper to get them 
from places devoted to their manufacture solely ; and the 
space gained by pulling down an old forge is to be utilised 
for the blacksmiths’ ps | the removal of the latter giving 
room for an extension of the dock to a size which will en- 
able it to take in most of the large merchantmen built in 
the present day. 





NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday a flat tone 
prevailed in the pig-iron market, and prices showed a 
slight decline. Cleveland warrants opened at 523. 5d. 
cash, and the price remained round about 523. 4d. to 
52s. 44d. Forward warrants were done at 52s. 8d. to 
523. 9d. one month, and 533. 4d. to 53s. 64d. three months. 
The closing quotations were 52s. 54d. cash and 523. 10d, 
one month sellers. Cumberland hematite was done at 70s. 
and 703. 1d. one month, and closed with buyers at 703. 2d., 
but sellers’ price was 703. 4d. one month. The total turn- 
over was 15,000 tons, and the settlement prices were :— 
Scotch, 57s. 3d.; Cleveland, 52s. 44d.; hematite. 693. 104d.; 
and Standard foundry iron, 51s. 44d. In the afternoon 
the tone was weak, and Cleveland warrants changed 
hands at 52s. 4d. to 52s. 44d. to 52s. 3d. cash, and closed 
with sellers at the latter tigure. Forward warrants were 
very irregular, and opening at 52s. 84d. one month, they 
dropped to 52s. 6d., and after recovering to 52s. 9d., 
dropped another penny, and closed with sellers at that 
price—namely, 523.8d. onemonth. Three months’ warrants 
were done at 53s. 3d. Two lots of hematite were dealt in 
at 70s. 1d. twenty-five days and 703. one month, with 
closing sellers at 693. 74d. cash and 70s. one month. 
Exclusive of options, the turnover was 16,000 tons. On 
Friday morning, although the tone of the market was 
rather easier, a good business was done. Cleveland war- 
rants were done at 523. 1d. to 523. to 523. 1d. cash, 
52s, 6d. to 523. 44d. to 52s. 6d. one month, and 53s. 14d. 
three months, with buyers over for the latter date. The 
turnover was about 17,500 tons, and the closing quotations 
were 523. 2d. cash and 52s. 7d. one month sellers. Hema- 
tite, 2500 tons, changed hands at 69s. 61. and 70s. one 
month, closing at 70s. 14d. one month sellers. Standard 
foundry iron was quoted at 51s. 44d. one month sellers. 
In the afternoon 8000 tons of Cleveland were dealt in at 
523. 34d. and 523. 34. cash, and 523. 74d., 523. 8d., 
52s. 64d., and 52s. 74d. one month, and 533. 44d. three 
months. The closing quotations were easier at 52s. 2d. 
cash and 52s. 7d. one month sellers. There was 
no other business. On Monday morning the market 
was again easy in tone, and Cleveland warrants 
opened at 52s. 24d. cash and then dropped 2d., and 
closed at 523, 1d. cash sellers. Forward warrants were 
irregular, the transactions being at 52s. 7d., 52s. 9d., and 
52s. 64d. one month, and at 53s. 3d. three months, and 
sellers quoted at the close 52s. 7d. one month. Some 
dealing took place at 52s. 4d. four and seven days, and 
the two lots of hematite iron were done at 70s. cash and 
70s. 3d. one month, the latter being sellers’ closing 
quotation. The total turnover was 14,000 tons. At the 
afternoon session, the business was dne at 52s. ld. to 
52s. O}d. cash, 523. 1d. four days, 52s. 7d. one month, 
and 53s. 3d. three months. The dealing amounted to 
quite 10,000 tons, and at the close sellers quoted 52s. 14d. 
cash and 52s. 74d. one month. Hematite was down 3d., 
and 500 tons changed hands at 70s. one month, with 
closing sellers at that figure. The market opened very 
weak on Tuesday morning, and 6000 tons of Cleveland 
warrants changed hands at 52s. cash and six days, and at 
from 52s. 7d. down to 52s. 3d. one month, and at 533. 14d. 
three months. The closing quotations were 5ls. 94d. 
cash buyers and 51s. 104d. cash sellers, and 52s. 24d. one 
month buyers and 52s. 34d. one month sellers. About 
1000 tons of hematite were done at 693. 6d. cash and 
703. 1d. one month. The settling prices were :—Scotch, 
57s.; Cleveland, 51s. 104d.; hematite, 69s. 6d.; and 
Standard foundry iron, 523. In the afternoon the 
market developed further weakness, and Cleveland war- 
rants eased off to 5ls. 644., 5ls. 7d., and 5ls, 54d. 
cash, and from 52s. to 51s. 104d. to 52s. 04d. one month, 
and 52s. 8d. three months. The close was rather better, 
with sellers at 51s. 8d. cash and 51s. 1d. one month. The 
business amounted to 11,000 tons, and there was also 
1000 tons of hematite done at 693. seven days, closing 
buyers offering 69s. 3d. one month. To-day (Wednes- 
day) the market opened round yesterday's closing 
prices, but eased slightly, and closed weak at the 
morning session. Cleveland warrants were done at 
- and 5ls. 8d. cash, 51s. 9d. five days, and 
at 523. 14d, 52s. 1d., 523. 2d., and 5ls. 104d. one 
month. At the close sellers of cash iron quoted 51s. 64d., 
and of one month iron, 51s. 104d., while cash buyers 
offered 51s. 54d., and forward buyers offered 51s. 10d. 
one month. ‘The turnover was 7000 tons, and 2000 tons 
of hematite at 68s. 6d. to 683. 9d. cash and 69s. 3d. one 
month. In the afternoon the total business was some 
9000 tons of Cleveland warrants. The prices recovered a 
little, and the transactions were at 51s. 74d. cash, 51s. 9d. 
and 51s. 8d. nine days, 52s. 0d. and 52s. one month, and 
sellers’ closing quotations were 51s. 74d. cash and 52s. 04d. 
one month, — offering 4d. less in each case. The 
following are the market quotations for makers’ (No. 1) 
iron :—Clyde, 67s. 6d. ; Calder, 68s. ; Gartsherrie, 68s. ; 
Summerlee and Langloan, 703.; Coltness, 763. (all shipped 
at Gl w) ; Glengarnock (shipped at Ardrossan), 65s.; 
Shotts (ship at Leith), 683s.; Carron (shipped at 
Grangemouth), 70s. 

Sulphate of Ammonia. — The sulphate of ammonia 
market has lately exhibited a slightly easier tendency, 
but this is not expected to be of long duration. The 
current quotation is 12/. 17s. 6d. sellera and 122. 16s. 3d. 
a ton buyers for prompt business, Glasgow or Leith. 

he total quantity shipped last week from the latter 
port was 1283 tons. 


Scotch Steel Trade.—The general activity in the Scotch 
steel trade continues, and the prospects are still very 
bright. The recent fresh orders to Clyde shipbuilders 
have certainly helped matters, and the rumours that the 
Admiralty have orders on the Clyde for two 


armoured cruisers of the Invin:ible type will give further 





strength to the local position. Ship-plates are reported 
to have been dealt in up to 7/. 7s. 6d. per ton, less 5 per cent. 
Within the last few days new business has not been quite so 
plentiful, but makers are all well employed in the different 
departments. Several inquiries have been in the market 
lately for Canada, but little has as yet been done in the 
way of business, as early deliveries cannot be guaranteed. 
It is expected that the steel works at Mossend, belong- 
ing to the Summerlee Iron Company, will be restarted 
at an early date. Thecompany to take over the works is 
practically a new one, with several influential local gentle- 
men at its head. The Mossend Works were closed down 
about three years ago, and after the most modern ma- 
chinery bas been erected, and the place generally over- 
hauled, a restart will be made. 


Another Advance in Tube Prices.—Local tube-makers 
have issued circulars intimating another rise in the price 
of tubes for home market business. Discounts are being 
reduced 5 per cent. on the gross, 

Shipbuilding.— Activity in the shipbuilding industry 
continues, and if a new record on the Clyde is not made 
this year, then the returns will not be far short of the 
previous best. The London and Glasgow Shipbuilding 
and Engineering Company, Limited, Govan, have con- 
tracted to build a twin-screw steamer for the Société 
Generale de Transports Maritimes, of Marseilles. The 
order has been placed through Messrs. H. E. Moss and 
Co., Liverpool, and the vessel will be a duplicate of the 
steamer recently ordered from the same firm to replace 
the Cordova, which has been sold on the stocks to the 
Lloyd Italiano, of Genoa.—Scott’s Shipbuilding and Engi- 
neering Company, Limited, Greenock, are reported to have 
received an order for an 8000-ton steamer for a Glasgow 
firm, and one of 7000 tons for London owners.—Messrs. 
Alexander Stephen and Sons, Limited, Linthouse, have 
contracted to build two first-class cargo steamers, each of 
about 9000 tons carrying capacity and to steam 12 knots. 
One of the vessels is for Messrs. Smith and Service, 
Glasgow, and the other is for Messrs. Prentice, Service, 
and Henderson, Glasgow. The Linthouse firm have also 
contracted for two steamers for Messrs. Elder Dempster 
and Co., of Liverpool. These two steamers are each to 
have a cargo cap.city of 5000 tons, and to have accom- 
modation for about 200 passengers. — Messrs. John Duthie, 
Sons, and Co, Limited, Aberdeen, have received an 
order for a steel cargo steamer for the North-Eastern 
Shipping Company, Limited. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Colonel C. J. Stoddart, V.D., J.P.—The Corporation 
of Rotherham, and the citizens generally, have very 
qeealy appreciated the services rendered by Colonel 
Stoddart as Mayor for last year. They asked him to 
continue in office fur another year, and he consented. 
Colonel Stoddart is managing director of the extensive 
iron works at Parkgate, where he has introduced most 
important changes. In recognition of what he has done 
for the town, he was the other evening presented with 
his portrait, and a sterling silver cigar-box, suitably 
inscribed. The Mayoress received from the subscribers 
to the fund aruby cluster ring surrounded with diamonds, 
enclosed in a silver casket. The Mayor presented his 
portrait to the town to be hung in the council chamber. 
— Stoddart was also entertained at a complimentary 

inner. 


Iron and Steel Trades.—The crucible steel trade is still 
developing, and some firms are doing more business than 
for a long time. Consumers are ordering much more 
freely of all qualities of steel, and it is regarded as a sig- 
nificant fact that railway companies, colliery owners, and 
other large users are inviting tenders for supplies for next 
year. In this respect they are at least a month in advance 
of the usual time. It is understood that the upward 
tendency of prices is making them anxious to get their 
contracts settled as soon as possible. Amongst the 
leading customers for steel of all kinds are manufacturers 
of motors, and electric and hydraulic machinery. An 
improving demand is going on in railway material. The 
Great Northern Railway Company have recently placed 
good orders for steel rails with firms in Sheffield and the 
district. There are numerous inquiries in the market for 
all kinds of mining and excavating tools, and there is 
prospect of work for some weeks to come. A little im- 
provement is going on in most of the lighter trades, but 
so far they have not been as favourably affected as the 
heavier industries. 


The South Yorkshire Coal Trade.—Although there has 
been milder weather the demand for house coal continues 
good. A large tonnage is going away, both inland and 
to the ports, and prices remain very firm. The stean- 
coal collieries are working practically full time. Tle 
exports to the Baltic and one or two other northern ports 
have fallen off; but there has been an increasing call 
from other sources. The railway companies are taking 
freely, and an increasing quantity of gas coal is being 
sent away. There is no difficulty now in obtaining ample 
supplies of common coal. The makers of coke have 
increased their output, and are now meeting the very 
fair demands that are being made upon them. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Yesterday there was : 
fairly large attendance on ’Change here, but the tone of 
the market was dull, quotations eased, and little bus 
ness was transacted, and this in spite of the satisfactory 
reports from America and encouraging accounts from 
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other iron-producing centres. Buyers of Cleveland pig 
were very backward, having apparently made what pur- 
chases they need for the present, but a general opinion 
prevailed that the lull in purchasing is likely to be of 
short duration. No. 3 Cleveland was a little dearer than 
warrants, and if this continues, the public warrant stores 
are pretty sure to be drawn upon, as under such circum- 
stances buyers will prefer to take them up to purchasing 
producers’ iron, and then we may see makers’ stocks mount 
up, for the output of Cleveland iron is in excess of 
requirements, and the surplus make will have to be 
stocked somewhere. No. 3 g.m.b. Cleveland pig was 
rather freely offered at 52s., and, indeed, by the close of 
the market merchants were pressing sales at 51s. 9d. 
No. 1 was 533. 3d., No. 4 foundry and grey forge, each 
50s. 6d. ; mottled, 49s. 9d. ; and white, 49s. 3d. East Coast 
hematite pig was somewhat easier in sympathy with Cleve- 
land iron ; bat the real position of hematite was very strong, 
the production being far from sufficient to satisfy re- 

uirements. Merchants were able to put a few lots on 
the market at 693. 6d. for early delivery of mixed num- 
bers, but makers adhered to 70s. No. 4 forge hematite 
was 643. Spanish ore was steady. Rubio (50 per cent. 
quality) stood at 18s. 9d. ex-ship Tees. To-day quota- 
tions were unaltered. 


Munufactured Iron and Steel.—In the various branches 
of the manufactured iron and steel industries consider- 
able activity prevails, and prospects for the future are 
bright and encouraging. The recently advanced rates 
are fully maintained, firms are well supplied with con- 
tracts, and good orders are still in the market. Quotations 
stan1 :—Common iron bars, 7/.; best bars, 7/. 10s.; iron- 
ship-plates, 7/. 5s.; iron ship-angles, 7/. 5s.; iron ship-rivets, 
8/.; steel bars, 6/. 15s.; steel ship-plates, 7/.; steel ship- 
angles, 6/. 123. 6d.; steel boiler-plates, 8/.; steel hoops, 
Gl. 15s.; steel strip, 67. 103.; steel joists, 6/. 7s. 6d.; steel 
sheets (singles), 7/. 103.; steel sheets (doubles), 8/.; heavy 
sections of steel rails, 5/. 103.; and cast-iron railway 
chairs, 3/, 12s. 6d.—all less the customary 24 per cent. 
discount, except rails and chairs, which are net cash at 
works. 


Coal and Coke.—Fuel keeps fairly steady. Gas coal is 
in very good demand on running contracts, and quota- 
tions for best kinds run from 8s. 6d. to 9s. f.o.b. 
Bunker coal is plentiful, but a lot is being taken up. 
Unscreened Durhams are put at 8s. to 8s. 3d. f.o.b. 
Household coal shows a somewhat upward tendency. 
Coke is offered pretty freely, the supply being very full, 
and this keeps prices down. The outlook, however, is 
regarded as hopeful, as is shown by the fact that forward 
quotations are 1s. to 1s. 6d. above those for prompt 
business. Average blast-furnace qualities are still to & 
had at 15s. 6d. for early delivery at Tees-side works, but 
for business over next quarter 16s. 6d. to 17s. was the 
price. Export coke is from 16s. 3d. upwards f.o.b. 








NOTES FROM THE SOUTH-WEST. 

Cardiff.—The steam-coal trade has shown no great 
activity, although a contract of some importance has 
been secured from the South Italian Railway Company. 
The best large steam coal has made 12s, 6d. to 12s. 9d. per 
ton, while secondary qualities have brought 11s. 6d. to 
12s. 3d. per ton. The demand for house coal has been 
well maintained ; the best ordinary qualities have made 
13s. 6d. to 15s. per ton, while secondary descriptions have 
been quoted at 10s. 6d. to 11s. per ton. No. 3 Rhondda 
large has made 13s. 6d. to 13s. 9d. per ton. Coke has 
shown little change. Foundry qualities have been quoted 
at 183. to 18s. 6d. per ton, and furnace ditto at 16s, 3d. 
to 16s. 6d. per ton. As regards iron ore, Rubio and 
Almeria have made 17s. 6d. to 183. 6d. per ton upon a 
basis of 50 per cent. of iron, and_charges, including 
freight, insurance, &c., to Cardiff or Newport. 


Wages in Wales.—A meeting of the South Wales and 
Monmouthshire Conciliation Board was held at Cardiff 
on Saturday, being the first of a series of conferences to 
revise the Conciliation Board agreement, which termi- 
nates December 31. It was found that the joint Board 
was in agreement as regards a large number of the clauses 
in the present agreement. Certain other clauses, in 
respect of which there was a divergence of views, were 
adjourned. 


_ Brakes on the Great Western Railway.—A series of 
important tests with a new heavy traffic brake introduced 
by the Great Western Railway Company was carried out 
on Sunday on the Taff-Bargoed branch of the Great 
Western line near Dowlais. For some time the company 
has been experimenting with brakes of various descrip- 
tions for wagons, coal-trucks, &c. It has long been felt 
and continually urged that the old-fashioned brake is in 
more ways than one a menace to the safety of the men, 
especially on night duty. It can only be applied from 
one side, and as a consequence shunters and others have 
frequently to craw] under or climb over the wagon, thereby 
seriously endangering life and limb. The new’ brake, 
which comes from the Great Western Company’s Swindon 
works, is “‘two-sided,” with a roomy hand-clutch attached, 
so that it can be gripped with ease. It was with the 
object of thoroughly testing its stopping power and 
facility of application and release that a programme of 
trials was arranged. The experiments took place at 
Dowlais Junction, a spot midway between Caeharris and 
Cwmbargoed stations. The result of the trials was con- 
sidered satisfactory. 


_ The Swansea Valley.—The tin-plate trade has continued 
busy. The output of pig iron at Landore has nm well 
maintained, and there has been a good average yield of 
steel. The coal trade is still slack. 


Pontardulaiz.—The directors of the Teilo Tin-Plate 


Works, Pontardulais, have practically doubled the | 
capacity of the works. Three additional mills have been | 
put down, making a total of six; six gas-producers and | 
two new annealing furnaces, &c., have been added, while | 
everything has been brought up to date. 


Welsh Coal for Italy.—The directors of the South | 
Italian Railway Company have placed an order with | 
Messrs. Lombardi Ferrari, of Florence, for the supply | 
of 35,000 tons of Monmouthshire semi-bituminous large | 
coal. Delivery is to be made in arranged quantities at | 
Ancona, Brindisi, and Venice. The contract price, 
including all delivery charges, is stated to be 183. 3d. 
per ton. 


The “ Warrior.”—The Warrior, first-class armoured 
cruiser, laid down at Pembroke Dock, November 5, 1903, 
will be launched November 25. Her dimensions are :— 
Length, 480 ft.; breadth, 73 ft. 6in.; mean draught, 
27 ft.; weight, including armour, 8015 tons; displace- 
ment, 13,550 tons. She has been engined by the Wallsend 
Slipway and Engineering Company. Her estimated 
horse - power is 23,500, and her speed 22.33 knots. 
Her armament consists of six 9.2-in. breechloaders, four 
7.5-in. breechloaders, and twenty-eight small quick- 
firing guns. 








MISCELLANEA. 

Tut Masons Gas-Power Company, Limited, Man- 
chester, have inaugurated a course of lectures for the 
benefit of their staff, the object being to increase the 
efficiency of theiremployés. The first lecture on ‘The 
Slide Rule” was given in the drawing-office, by Mr. 
Thomas Wright, A.M. Inst. C.E., M. Inst. M.E. The 
effort is much appreciated by the staff, and further lec- 
tures have n arranged for, the subjects including 
‘Types of Gas-Fired Furnaces;” ‘* Rates of Explosion 
and Combustion ;” and ‘‘ Mathematics for Engineering.” 


Binet du Jassonneix describes in the Comptes Rendus, 
vol. exxxix., a method for the rapid production of man- 
ganese in an electric furnace. anganese oxides are 
reduced when heated with amorphous boron in such a 
furnace for a few seconds with a current of 400 amperes 
and 100 volts. With excess of oxide, the fused mass may 
contain as much as 97 per cent. of manganese, and can be 
filed; but with excess of boron more granular and harder 
substances are obtained, containing up to 20 per cent. of 

ron. From these he has isolated a definite boride, 
MnB, as a crystalline metallic powder of specific 
gravity 6.2. 

We note that, in spite of the onerous conditions im d 
by the Government of New South Wales, Messrs. William 
Sandford, Limited, have been bold enough to enter into 
an agreement with the colony for the erection and opera- 
tion there of iron and steel works. The firm in question 
is a Colonial one, none of the great British or American 
iron-masters deeming it commercially practicable to 
establish the works desired on the conditions demanded, 
The new works will be assisted by nc direct protective 
duty ; but the various State departments agree to take 
from the works all the iron and steel which they require, 
and which the works are capable of supplying, for a period 
of seven years. 


A running test of one of the large electric locomotives 
supplied by the General Electric Company to the New 
York Central Railroad is now in progress, and will be 
continued till the engine has run a total of 50,000 miles. 
We learn from the Street Railway Journal that one-half 
of this total has now been accomplished. The motors 
are the same as installed when the run began, and the 
commutators were found on examination to be perfectly 
smooth. The brushes have worn § in., but a ras if 
they would be fit to complete the test. This electric 
locomotive has been worked in all weathers, with loads 
varying from nothing up to a maximum of twelve cars. 
Tt has run short distances at the rate of 83 miles per hour. 
The total cost of repairs, excluding the injury it received 
when the shed in which it was housed took fire, has been 
about 0.85d. per mile run. 


We learn that Mr. Dan Albone has or aged been 
experimenting with alcohol as a combustible for his 
agricultural motors. These for some time past have been 
arranged so that they could be worked with either paraffin 
or petrol, and by the addition of a small attachment he 
finds it is also possible to run with alcohol. In some 
comparative experiments two gallons of Sg sufficed 
for the ploughing of 3 roods of land. ith the same 
quantity of paraffin 2 roods and 35 — were ploughed, 
whilst with two gallons of alcohol the area ploughed was 
2 roods 25 poles. Of course, under existing conditions 
the use of alcohol, though possible from a mechanical 

int of view, is, in this country, totally impracticable 
_— the commercial standpoint ; and we fear that there 
is exceedingly small likelihood of the present excise 
restrictions being sufficiently relaxed to make the use of 
alcohol feasible. 


At the opening meeting of the thirty-second session of 
the Liverpool Engineering Society, held on the Ist inst., 
in the Royal Institution, Colquitt-street, Liverpool, Mr. 
J. ae Smith, M.I.M.E., M.I.N.A., the President- 
elect, delivered his presidential address, in the course of 
which he made interesting comparisons between the 
facility afforded by, and the improvements carried out 


for accommodating this large fleet were constantly in- 
creasing. 


Mr. G. C. Douglas, of 41, Reform-street, Dundee, who 
has inspected the engine of the old dredger at that 
harbour, states that from its design it appears to be an 
engine by Watt, and is of interest use of its parallel 
motion, tne mode of coupling the connecting-rod to the 
crank, and the disconnecting gear in connection with the 
eccentric rod. This gear works automatically when the 
engine is going forward, but it has to be worked by hand 
when it is to be reversed. It is fitted with a fly and spur- 
wheels. After considering the design and arrangement 
of the various parts, he has come to the conclusion that 
it is an early, and probably a unique, example of a land 
engine adapted for marine purposes by Watt. The engine 
is of a later date than 1784. He trusts the authorities 
will secure the engine for the Museum, as its value will 
be enhanced as the years roll on; and he expresses this 
wish, seeing that Birmingham, where Watt’s Soho 
Foundry is, might think it desirable to secure such a 
perfect example of Watt’s work, or even some enter- 
prising American might endeavour to acquire it for one 
of the United States technical colleges. 








Gavin’s Exuipse DiacraM.—With reference to our 
paragraph concerning the above diagram, published on 
page 591 of our last issue, we are asked to state that these 
diagrams are being supplied by Messrs. V. Neck and Co., 
of 72, Buckingham Gate, 8.W. 





Britisu Science Guitp.—The inaugural meeting, held 
at the Mansion House, has had the effect of largely in- 
creasing the list of applications for membership to this 
guild. Sir Norman Lockyer desires it to be known that 
would-be members should apply for particulars to the 
honorary secretary, 16, Pen-y-Wern-road, 8. W. 





Braprorp.—An inquiry was recently held in London 
as to the value of 1700 acres which the Bradford Town 
Council desires toacquire for the treatment of sewage. The 
Misses Stanfield, owners of the estate, asked 380,000/.; 
the corporation valued the estate at 130,000/.; and the 
arbitrator, Sir J. Rolleston, M.P., has given his final 
award at 239,740/. 





Krauss an» Co.—This company, whose works are at 
Munich and Linz, have recently completed their five- 
thousandth locomotive, and have taken this occasion to 
issue a k giving a brief historical notice of their in- 
stallations and illustrated descriptions of various types of 
locomotives they have built. Their first engine left their 
works on March 15, 1867. 





British ENGINEERING STanpDARDS.—Messrs. Robert 
Atkinson (London), Limited, 10, Essex-street, Strand, 
W.C., compilers and publishers of the British Engineering 
Standards Coded Lists, have issued their Vol. II., which 
deals with rails, pipe-flanges, screw and pipe threads, and 
Portland cement. The publications issued by the British 
Standards Committee are reproduced ; to these is added 
a very complete code based on the said publications, and 
containing besides a large number of coded phrases for 
—s commercial relations between buyers and 
sellers. 


Deatu or Mr. J. H. Wortzsurc.—The death is 
announced at Ben Khydding of Mr. J. H. Wurtzburg, 
a principal director of the well-known firm of Messrs. 
Greenwood and Batley, Limited. Mr. Wurtzburg was 
born in Leeds in 1835, and was educated at the Leeds 
Grammar School and at a private school at Bonn, 
Germany. The deceased gentleman took a very large 
interest in all local matters, being a member of the 
school board, the city council, and of the first education 
committee appoin under the recent Act. His wife, 
who was a daughter of the late Thomas Greenwood, pre- 
deceased him, leaving him two daughters and a son. 


ACCELERATED Goons TraFric.—Following recent deve- 
lopments in nger traffic on the East Coast route 
between Scotland and London, a scheme has now been 
devised to considerably accelerate the goods service. A 
train of thirty wagons, weighing 300 tons, and drawn by 
one of the latest type of powerful North-Eastern Railway 
bogie engines, is to make the journey between Glasgow 
and London at an average speed of 49 miles per hour, as 
compared with a present maximum of 30 miles per hour. 
The running over some portion of the line will be at the 
rate of a fraction under 60 miles an hour, notably between 
Tweedmouth and Belford (15 miles in 16 minutes), and be- 
tween Tweedmouth and Morpeth (50 miles in 55 minutes). 





Mian INTERNATIONAL EXHIBITION, 1906.—The in- 
creased demand on the part of Italian and foreign com- 

titors for space at the Milan International Exhibition 
es obliged the authorities to acquire an additional site 
of about 500,000 squarefeet ; this is situated on the Via 
Buonaroti; not far from the Piazzi d’Armi, the smaller of 
the two exhibition sites. On this extension will be erected 





at, the largest home and foreign’ ports. He stated that 
Liverpool intended to maintain the high position she had | 
won ; and that those in whose keeping her interests were, 
realised their responsibility to the community by steadily 
improving the great estate entrusted to their charge ; | 
no mean effort when it was realised that the tonn: of 
vessels possessed by Liverpool was equal to one-twelfth of 





the registered tonnage of the world, and that the demands 





| the 


pavilions for the aerostatic exhibit, together with 
spacious tribunes, from which the public will view the 
evolutions of dirigeable and other balloons. The pavilion 
for meteorological exhibits will also be in this annexe. 
The additional s thus rendered available on the 
Piazzi d’Armi will be utilised for extensions of the gal- 
leries for sea and river transportation, and for the very 
important exhibits of Italians resident abroad. 








‘AIXY MOVE ONIMOES SISSVHO ‘ZI ‘Ol ‘auvug doy GNV @IXY NOVG ‘TT “OW 


, 
| 




















© 
a 
eZ 
3) 
eS 
Zz 
O 
Zz 
16a) 





(‘819 vg v8 ‘woudiuosag soy) 
‘UN ‘AWISIVA ‘SUMANIONA ‘GALINIT ‘ANVAINOO UYVO NOLSNHOLIOYNUY MAN FHL AA AaLOAULSNOO 


UVOUOLON YWAMOd ASHOH'ST—-é2l NOLSNHOLIOUUV AHL 

















ENGINEERING, Novemper 10, 1905. PLATE IX. 





MOTOR FIRE APPLIANCES FOR THE VIENNA FIRE BRIGADE. 


(For Description, see Page 614.) 
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)R THE LONDON AND SOUTH-WESTERN RAILWAY. 


DESIGNE OF MR. )UGALD DRUMMOND, M. INST. C.E., LOCOMOTIVE SUPERINTENDENT. 


Description, see Page 6.) 
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140-HORSE-POWER PETROL MOTOR FOR RAILWAY TRACTION. 


CONSTRUCTED BY THE WOLSELEY TOOL AND MOTOR-CAR COMPANY, LIMITED, ADDERLEY PARK, BIRMINGHAM. 


(For Description, see Page 615.) 
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Fic. 4. Tue Moror at tHE Wotsetey Works. 





Fies. 5 anp 6. Breech MecHaNisM, with GUNPOWDER CARTRIDGE FOR INITIAL EXPLOSION IN STARTING THE ENGINE. 


(Zo face page 615.) 
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NOTICES OF MEETINGS. 


Tue INstTiITUTE OF MARINE ENGINEERS.—Monday, November 13, 
at 8 p.m. Discussion on “‘ Accumulators.” 

Tue Surveyors’ Instrrution.—Monday, November 13, at 8 p.m., 
the President, Mr. Charles Bidwell, will deliver an opening 
address. 

Tue INSTITUTION OF MECHANICAL ENGINEERS : GRADUATES’ Asso- 
cIATION.—Monday, November 13, a paper will be read by Mr. 
Edward Barrs, Graduate, on ‘‘ Boiler-House Practice and Design.” 
Mr. H. F. Donaldson, Member of Council, will occupy the chair. 

Tue LNSTITUTION OF ELECTRICAL ENGINEERS : GLASGOW SECTION.— 


Tuesday, November 14, at the Institution of Engineers and Ship-' 


builders in Scotland, at 8 p.m., the chairman, Mr. John M. M. 
Munro, will deliver his inaugural address. 

Tue Nort or ENeLAND INstiTuTe OF MINING AND MECHANICAL 
ENGINEERS. — Wednesday, November 15, an excursion meeting will 
be held at Dawdon Colliery for the purpose of visiting the new 
shaft which is being sunk by the freezing method. 

Tue IxstiruTion or Civi ENGINEERS.—Tuesday, November 14, 
at 8 p.m. Paper to be submitted for discussion :—On “ Water- 
ways in Great Britain,” by Mr. John Arthur Saner, M. Inst. C.E. 

Society or Arts.—Wednesday, November 15, at 8 p.m. First 
ordinary meeting. Inaugural address of the 152nd session of the 
Society by Sir Owen Roberts, M.A., D.O.L., F.S.A., Vice-President 
and Chairman of the Council. 

LIVERPOOL ENGINEERING Society. —Wednesday, November 15, at 
the Royal Institution, Colquitt-street, at 8 p.m. A paper will be 
read by Mr. Sherard Cowper-Coles, Assoc. M. Inst. C.E., M.I. 
Mech. z., M.I.E.E., on “The Rendering of Iron and Steel Non- 
Corrosive.” 

Royal Mgreoro.oeicaL Socrrry —Wednesday, November 15, at 
7.30 p.m., at the Institution of Civil Engineers, Great George- 
street, Westminster, 8S.W., when the following papers will be 
read :—‘‘ The Rainstorm of August 24-26, 1905, in Co. Dublin 
and Co. Wicklow,” by Sir John W. Moore, M.D.; ‘* The Aqua- 
meter,” by Mr. William B. Newton, Ph. D., F.C.S. 

Tugs InstituTion oF ELEcTRicAL ENGINEERS : MANCHESTER 
Sxction.—Friday, November 17, at 7.30 p.m., at the Grand Hotel, 
Manchester, the chairman, Mr. 8S. L. Pearce, will give his address. 

Tue INSTITUTION OF MECHANICAL ENGINEERS.—Friday, November 
17, when the chair will be taken at 8 p.m., for the reading and 
discussion of the undermentioned report. The Seventh Report 
to the Alloys Research Committee :—On ‘‘The Properties of a 
Series of Iron-Nickel-Manganese-Carbon Alloys,” by Dr. H. CO. H. 
Carpenter, Mr. RK. A. Hadfield, and Mr. Percy Longmuir. 

Tue JuNtoR LNsTITUTION OF ENGINEERS. —Saturday, November 18, 
at 2.30 p.m., visit to Messrs. Barclay, Perkins, and Co.’s Anchor 
Brewery, Park-street, Southwark Bridge. 
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FRIDAY, NOVEMBER 10, 1905. 


THE CONGESTION OF LONDON 
TRAFFIC. 


Ir any practical result is to be expected from 
the work of a Royal Commission, we may look 
forward to seeing a Metropolitan Traffic Board 
established before long ; for that is the main fea- 
ture in the report of the Royal Commission on 
London Traftic. Those who dwell in the Metro- 
polis have long experienced the difficulty in getting 
from place to place within the huge confluence of 
towns and cities forming Greater London. They 
have recognised this, suffering meekly in their 
dumb pathetic way, accepting the condition as 
natural to their environment ; even in their most 
restive moments they have been able to do no more 
than complain against that nebulous entity ‘‘ the 
authorities.” 

The Royal Commission has, however, opened our 
eyes to a good deal, and the publication of the 
second and third volumes of the proceedings of 
that body, issued this week, throws quite a different 
light on the problem. The word ‘ volumes ” may 
be used here in its occasional signification of volu- 
minous. Volume II. (Cd. 2751, price 10s. 6d.) 
comprises the minutes of evidence ; Volume III. 
(Cd. 2752, price 9s. 2d.) consists of appendices, 
tables, and statistics. These two volumes contain 
2377 pages—on a rough estimate, between four and 
five million words. It would be sad if so much 
human breath and good printer’s ink were wasted ; 
but this may quite probably happen, unless our 


| Parliament House— where the raw material of 


Royal Commissions ought to be converted into 
the manufactured article of useful legislation— 
becomes less an exercise-ground for political tactics 
We fear, however, that 
by the time the General Election—-which we are 
told is now threatening—is over, the need of 
London will be forgotten in the politicians’ strife 
for place and power. 

e have already in former issues* dealt with the 
report of the Royal Commission and with the 


635| report of the Advisory Committee of Engineers 
635 | appointed to advise the Commission. 


Now that we 
have read the views of the various witnesses—many 


636 | of them especially competent to give an opinion 


on the subject—we are able to appreciate more 
completely how desirable it is that some respon- 


*See ENGINEERING, pages 85 and 488 antec; also an 
article on ‘‘ London County Council Tramways,” page 152 
ante. 


sible and intelligent body should control what is 
one of the most important matters in the economy 
of our daily lives. The obstructive policy of various 
local bodies, and the exorbitant demands they 
make upon tramway enterprise, are sufficient to 
make this need apparent. We have, however, 
already referred to this question in our former 
articles, and for the present we will turn our atten- 
tion to other aspects of the traffic question. 

An opinion seems to be warranted by a perusal 
of the evidence, and by observation, that in most 
cases existing main roadways, with widenings where 
they are abnormally narrow, and special arrange- 
ments at important crossings, ved suffice were 
the traffic properly regulated. Certainly steps 
might be taken of a less drastic nature than the 
construction of the costly new streets described in 
the report of the Commission, and referred to in a 
former issue. The most obvious reform needed is 
a better regulation of the traftic, all vehicles being 
made to keep to the near side; that is a point we 
mentioned formerly. It would be no great hard- 
ship to even the few, and certainly a benefit to the 
majority, if a certain minimum speed were fixed 
for the hours of maximum traffic. Underhorsed 
vans and carts are a great source of obstruction. 
The difficulty, of course, would be to determine 
the speed, for we could hardly establish inverted 
** police traps” in the Strand or Piccadilly. The 
substitution of mechanical power for horse haulage 
should solve the speed problem ; for we might easily 
have, for busy hours, two standard speeds, below 
which it would be contrary to regulations to travel ; 
say, 6 to 8 miles an hour for goods traftic, and 12 
to 14 miles for passenger vehicles. The higher 
speeds, which mechanical traction is fast introduc- 
ing, may lead to the erection of light foot-bridges 
at important crossings. If these become numerous, 
in time they may be connected by overhead galleries, 
so that ultimately foot passengers may be elevated 
above the ground level, leaving the whole roadway 
to wheeled traffic. These, however, are specula- 
tions respecting a possible future; though, with 
mechanical traction making the strides it is in our 
streets, the future may be very much nearer than 
would seem. In any case, changes that will take 
place will be of a sweeping nature. 

Lord Russell, in his evidence before the Com- 
mission, referred to the obstruction caused by the 
loading and unloading of vans outside business 
premises. Now the streets and roads of a city 
are undoubtedly dedicated to the use of the public 
at large, and should not be used for the purpose of 
carrying on a business. Lord Russell instanced 
Piccadilly-circus, where, he says, something like 
an eighth part of the area of the circus is occupied 
by the vans of those trading at a profit. The 
newspaper carts of the large venders was another 
instance mentioned by the same witness. Sir 
David Barbour objected that it would be im- 
possible to prevent the delivery of goods to indi- 
viduals’ houses ; but this, as Lord Russell pointed 
out, is a very different thing from the case of a person 
whose business is chiefly carried on by means of 
vehicles. It is not altogether an unreasonable pro- 
position that when a building is erected for the 
yurpose of a business which will entail vans or carts 
alae stationed almost continuously in the street, 
accommodation should be provided in the basement 
for the vehicles ; or else that operations should be 
carried on before the crowded hours of the day. 
If it should come about in the future that overhead 
footways should be introduced in London, that 
would do much to solve the loading and unloading 
difficulty ; now one of the chief sources of street 
obstruction. 

Another means of freeing the streets of redun- 
dant traffic would be the establishment in the 
Metropolis of a good telephone system. At present 
the service is so defective that it is not used to the 
extent it might be, and messengers or personal 
visits lead to many more people being in the streets 
than is necessary. It is a matter to which we have 
formerly made reference. 

The delivery of light parcels supplies a large 

rt of the normal traffic in large cities. Colonel 

rompton has had observations made in regard 
to the matter. He finds that 25 per cent. of 
the total traffic at Ludgate Circus, 21 per cent. 
at Newgate-street, and, at certain times of the 
day, 10 per cent. in Piccadilly and Oxford-street 
are due to this light-parcels-delivery business. The 
latter figure, however, is believed not to represent 
the highest ratio of the day. Colonel Crompton’s 
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about 114 in in diameter and up to 3 ft. long. To 
remove this traffic from the surface Colonel 
Crompton suggests a system of underground tubes 
for parcels delivery. As our readers are aware, the 
suggestion is not new, and it has already been put 
into practice in more than one instance. Forty 
years ago the General Post Office laid down a line 
of 4-ft. tubes between St. Martin’s-le-Grand and 
Euston. This was, as stated, practically a small 
tube railway; and was, indeed, too ambitious in its 
design. It was a pneumatic system, and failed to 
fulfil its purpose on account of the large size of the 
tubes. The experiment was not, however, barren 
of results, for it led to the present pneumatic 
system used by the Post Office, and this has been 
a great success. Letters as they are received are 
despatched from receiving stations at intervals of 
six seconds, and travel at a speed of nearly 60 miles 
an hour, as against 16 or 17 miles an hour, which was 
the speed in the old 4-ft. tubes. Colonel Crompton 
stated that there is a prospect of the system being 
further developed on lines that have been success- 
fully followed in America. 

The Philadelphia postal authorities have had 
eleven years’ experience with a very complete 
service of pneumatic despatch, in which 6-in. and 
8-in. tubes are used. New York, St. Louis, and 
other American cities have followed the example, 
and tubes of 12 in. in diameter are to be introduced, 
and these will take 82 per cent. of the total volume 
of parcels which are moved between the shops and 
purchasers in Philadelphia. 

To transport letters from one fixed point to 
another is, however, a very different thing from 
delivering parcels to various houses or shops ; but 
the latter problem has been attacked in America. 
Those members of the Institution of Mechanical 
Engineers who attended the Chicago meeting of 
last year* will remember that one of the most 
interesting and surprising things seen in that most 
surprising city was the system of underground 
communicating-tunnels. The company which con- 
structed and works these tunnels originally pro- 
posed them for the accommodation of telegraph 
and telephone wires ; but possibilities of extension 
were soon suggested, and it was determined that 
the principal functions of the company should be 
the transmission of goods, facilities for handling 
30,000 tons of freight a day being in progress at 
the time of the visit of the Mechanical Engineers. 
Communication between the tunnel and the houses 
was made by elevators, shafts being sunk between 
the basements and sub-basements. 

The Chicago system is, of course, unlike that 
needed for the distribution of mails, and is a far 
bigger scheme than would be involved in the de- 
livery of small parcels. We recall it more for the 
sake of showing what is being done elsewhere 
fur relieving street traftic, and the way in which 
private enterprise enables difficulties of a formid- 
able nature to be overcome. 

In Boston, Massachusetts, a system of delivering 
yarcels in conjunction with mails has been intro- 
fen; and Colonel Crompton now proposes the 
establishment of a new plan in London. By means 
of a map which he brought before the Royal Com- 
mission he illustrated a scheme showing 90 miles 
of double tubes in London, with about 150 receiving 
and distributing stations at shops in the streets, 
placed, on an average, not more than a third of a 
mile apart. Parcels would be sent to these 
stations and delivered to their destination by 
hand. The scheme as yet is only in the air, and 
the disturbance of the roadway for laying and re- 
yairing the tubes would be a serious copilianien ; 
but the proposal is suggestive of a way for relieving 
street traffic. 

One of the most interesting parts of the Royal 
Commission’s inquiry was that which related to the 
rival claims of tramcars and motor-buses for con- 
venience in conveying passengers ; and some sug- 
gestive figures were given under this head. e 
will quote a few that our space permits. Mr. Daniel 
Duff, manager of the London Car Company, 
stated that his company had lately turned their at- 
tention to motor-omnibuses, having previously used 
horse traction ; and in the light of his evidence one 
might conclude that the latter method of traction 
will not long survive. Motor-omnibuses will carry 
34 persons against 26 for the horse-drawn bus. 
Horses run three hours a day, doing 15 to 16 miles 
at an average speed of six miles an hour. The 
company was then (May, 1904) running nine motor- 





* See ENGINEERING, Vol. Ixxviii., page 12, 


buses at a speed of nine miles an hour, and 
hoped to have sixty going by the end of July 
following. These buses, in the opinion of the 
witness, were more comfortable and better lighted 
than the others, and quite as safe. There had 
been no case of side-slipping. They did not 
destroy the road, owing to the soft rubber tyres. 
They cost 8001. each, of which the chassis would 
represent 4501. to 650/., according to the make, the 
body 100/., the balance being made up by acces- 
sories. The initial cost of a set of six tyres (double 
tyres being on the driving wheels) would be about 
1301. ; but the company had a contract with the 
makers to supply tyres at 2d. per car - mile. 
Another witness stated that the contract for his 
company was 14d. per mile. 

Mr. Duff's company wrote off 1001. per annum 
for depreciation ; but he could not state what 
would be the cost of upkeep with his then existing 
experience ; his company were satisfied with the 
prospect. The cost of running appeared to be 7d. 
to 10d. per mile, including repairs, depreciation, 
interest on capital, and wages of all hands em- 
ployed. Fuel cost ld. per mile, and wages 2d. to 
24d. Each motor-bus ran 113 miles daily, the 
horse-omnibuses 75 to 80 miles. The life of the 
machinery would be about four years, that of 
the body, which was built of teak, twenty years. 
An average of 74 years was given as the life of the 
whole. 

Mr. A. A. Campbell Swinton also gave evidence 
in favour of the motor-omnibus, he being chairman 
of the London and District Motor-Omnibus Com- 
pany. He was even more sanguine than the 
manager of the London Road Car Company, being 
of opinion that the motor-omnibus will eventually 
supersede tramways; although he thought the 
latter safe for many years to come, supposing the 
sinking fund to be sufficient. He gave the average 
speed of the motor-omnibuses from the ‘‘ Elephant 
and Castle” to Camberwell Green at 8.96 miles an 
hour ; whilst that of the London County Council 
tramcars was 8.28 miles; and the horse buses, 
6.89 miles an hour. In a statement this witness 
handed in, it was shown that the capital required 
per double-decked motor-omnibus to carry thirty- 
six passengers was 1000/., and the working ex- 
— for 120 miles per day for 300 days would 
e 9d. per bus-mile. These figures were based 
on the fairly long service of a company run- 
ning 100 or 200 vehicles ; but with a smaller 
service the cost would be higher. In the 9d. for 
working expenses he included drivers, conductors, 
petrol, grease, oil, upkeep of tyres (2d.), cleaning, 
stabling, sundries, repairs, depreciation, adminis- 
tration and general expenses, interest on capital, 
and contingencies. The working expenses would 
be covered if the omnibus ran half-full at 3d. a 
mile, or a third full at }d. a mile, or full at fd. a 
mile all day. 

In comparison with these figures, Mr. Swinton 
gave the operating cost of the Liverpool Electric 
Tramways for 1904 at 7.14d. per car-mile; but 
with the addition of sinking fund, the cost came 
to 9.2d. per car-mile. The latter included power, 
traftic, repairs, maintenance, management, general 
expenses, interest, sinking fund and depreciation. 
The corresponding figure for Newcastle was 10d. 

Mr. A. T. Salisbury Jones, chairman of the 
London Motor-Omnibus Company, largely cor- 
roborated the evidence of the two former wit- 
nesses, but gave the contract cost of tyres at 14d. 
per mile instead of 2d. His omnibuses would 
average 1251 passengers per day, and travel 125 
miles. In Hastings and Birmingham twenty or 
thirty motor-omnibuses had been running for two 
years, the working cost coming to about 8}d., with 
tyres at 1$d. Petrol cost his company ld. per 
mile. It was interesting to note that the cost of 
tyres in Hastings was 34d. per mile when the 
company bought its own tyres. Without tyres 
the witness’s omnibuses cost 7501. each, but he 
anticipated a reduction in price. 

We give these figures as to the cost of running 
motor-omnibuses because such data have not been 
generally known ; but it must be remembered that 
the particulars are not to be accepted as final, prac- 
tical experience being lacking on many points. The 
rivalry at present is between electric tramcars and 
motor-buses ; however it may be finally decided, it 
must, we think, be evident to anyone who uses the 
streets of London that motor-buses are on the 
increase. It is the question of upkeep that will 
decide the matter in many instances. At present 





this is an unknown quantity for motor-buses. 





There does not seem much prospect of Mr. Swin- 
ton’s watg com 4 of the supersession of the tram by 
the bus being fulfilled unless some entirely new 
feature be introduced, and doubtless trams and 
buses will fulfil their own special missions for many 
years to come. 

Repairs and upkeep in a large number of small 
engines like those on motor-buses must, in any case, 
be a serious item as compared to the large station 
engines and dynamos, and the electric motors 
which propel the tramcar, an electric motor being 
a far more simple machine torun and keep in going 
order than an internal-combustion engine. The 
great expense that the tramcar has to face is the 
laying of a special track and the exactions of local 
authorities ; but some return is got from this in the 
shape of a smoother roadway. It must be remem- 
bered that when both buses and cars were horse- 
drawn the latter could afford to lay rails to run 
upon. If the passing away of horse traction for all 
purposes takes place, however, the surface of roads 
and streets can be brought nearer to that of the 
smooth steel rail, and then the car and the bus will 
be more on an equality in this respect. It may 
be, however, that in such an event the car will 
find it pay to dispense with rails, retaining the 
overhead wire and trolley, so that it will gain some 
part of the mobility which is now the characteristic 
feature that gives the bus so great an advantage 
over the car; not only in regard to reduced street 
obstruction, but also in permitting of higher average 
speed. To contemplate such a change, however, 
would be to anticipate an entire remodelling of the 
car ; in fact, it would make it an overhead elec- 
trically-driven bus. 

It is, however, too early in the day to draw any 
comparison between car and bus. Fortunately for 
the public there are enterprising and courageous 
business men who are ready to back their opinions 
as to the advantages of the motor-omnibus with 
their money ; and so far as one can see, they are not 
likely to throw their money away. The next pro- 
blem to be attacked is the motor-cab, which will 
be an undoubted gain to the travelling public. 

It will be gathered, from what we have said as to 
the size of the report, that we have not touched on 
the majority of the questions dealt with in it ; and 
we Shall have occasion to return to the subject on 
future occasions. 








THE INSTITUTION OF CIVIL 
ENGINEERS. 

On Tuesday evening last Sir Guilford L. Moles- 
worth, who during the last year has so ably 
filled the presidential chair of the Institution of 
Civil Engineers, retired in favour of Sir Alexander 
Richardson Binnie. A vote of thanks to the 
retiring President was proposed by Sir George 
Bruce, whose commanding and venerable figure 
has, unfortunately, during the last year not been 
seen at the meetings of the Institution as regularly 
as was at one time the case. This was seconded 
by Sir Benjamin Baker, and duly carried. After a 
short reply, Sir Guilford L. Molesworth retired 
and Sir Alexander Binnie took the chair. 

In the address which followed from the new 
President there was much food for thought and 
speculation. The ground covered was extensive, 
but the food for thought was not altogether of an 
engineering nature; in fact, it may be said that 
engineering formed but a small portion of it. 
Science (in its broad sense), Literature, Medicine, 
Finance, Social Reform, and many other topics 
were touched upon, but the address was for the 
most part historical and biographical. The pro- 
fession of the civil engineer embraces a wide field, 
however ; so wide in fact that its boundaries are 
not by any means clearly defined, and, as each 
year increases our knowledge, and with our know- 
ledge the scope of our profession, there is no know- 
ing what we may eventually regard as being fairly 
within the range of the charter of the Institution. 
Whatever be eventually included in this charter, 
however, almost any subject now appears to be 
regarded as suitable to introduce into a presidential 
address, and the present instance is a case in 
point. As we print the address in full on another 
page, we need not here enter into detail ; for we 
think that any one who has heard or read the 
address will know what we mean. Its range is 
exceedingly wide. 

We can well understand that the delivery of a 
presidential address before an engineering society 
is a task of no light order. The ground has 
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been covered too often already, and unless the 
speaker is willing to confine himself to his own 
engineering experience, he suffers under many dis- 
advantages. erhaps in some young society, or 
where the president has not had time to gain much 
experience of his own, the case may be different. 
But a presidential address before the Institution of 
Civil Engineers stands on a special footing. The 
society is recognised as the leading technical insti- 
tution of the world; and those who fill its chair 
are men of high position and long experience. 
Generally the president is the acknowledged head 
of some section of the profession, and, by courtesy, 
he is, for the time being, the head of the entire 
profession. Consequently, much is expected from 
him in the way of ‘‘ light and leading.” 

We confess, therefore, to a feeling of disappoint- 
ment when we listened to the address of Sir 
Alexander Binnie. True, he touched upon many 
things that will always be of interest, not only to 
engineers, but to mankind in general ; for all of 
us like to hear of the honourable deeds of our 
forefathers ; and to engineers in particular the 
achievements of the early leaders in their pro- 
fession will always appeal. But there is a time for 
all things. The members’who crowded the theatre 
in Great George-street would willingly have fore- 
gone the very illuminating account they heard of 
the works of the pioneers of engineering, to have 
listened to the words of wisdom concerning the 
present and the future which Sir Alexander was 
so competent to speak. They would have liked to 
have heard the opinions founded on his great ex- 
perience gathered during all the years that he has 
spent abroad, and those during which he has 
worked at home. They saw before them the man 
who for many years was the chief engineer to the 
largest municipality in the world, and before that 
carried out important works of interest elsewhere. 
They knew that he had covered the whole field 
of engineering which concerns itself with city life, 
and had gained credit in every department of it 
Further, he had excelled in his management of 
men and affairs. About all these things they would 
have been delighted to hear, and had the President 
put aside his modesty and taken advantage of his 
unique opportunity to speak for a brief hour about 
matters of which he knows more than any other 
man, every one in the room would have been de- 
lighted. The maxim that presidential addresses must 
not be controversial was first invented by a weak 
man, who had not the courage of his convictions, and 
it has been defied again and again. During the last 
dozen years there have been many matters touched 
upon from the presidential chair about which differ- 
ences of opinion might and do exist. It is quite 
true that the manner of an address should not be 
controversial. It should rather be dogmatic. The 
occasion is one in which the head of the profes- 
sion speaks rather to the rank-and-file than to his 
fellows of the Council ; and it is his right—almost 
his duty—to point the moral of the past and to 
forecast the future from the point of view of his own 
experience. The misfortune is that for some reason 
or other the idea appears to have taken root that 
a presidential address must make some mention of 
almost every conceivable thing that does or does 
not affect engineering. This is no new view of the 
matter that we take, and if we have expressed it 
strongly, it is because we feel that a great oppor- 
tunity is often lost from a mistaken estimate of the 
restrictions of the occasion. 








THE SUPPLY OF ELECTRICITY BY 
PRIVATE OWNERS. 

Tue fact that electricity as a means of power 
distribution is becoming more and more efticient 
leads many manufacturers to consider the question 
whether it would be worth while to ‘‘ scrap” their 
existing plant for distributing power, and have 
recourse to electricity. To many the prime cost of 
effecting this change will constitute a sufficient 
obstacle ; and where the moving machinery is all 
within the walls of one building, the necessity of 
transmitting energy to great distances does not 
arise. While some manufacturers would hesitate 
to instal an electrical generator on their own 
account, they would be quite ready either to take 
“ supply of current from a neighbouring manu- 
facturer, or to lay down plant in their own works, 
if, by entering into agreements to supply neigh- 
bouring manufacturers to take a supply, they could 
ensure a constant and sufficient demand for energy. 

It is interesting to inquire whether any legal 








difficulties are likely to confront the manufacturer 
who is anxious either to instal a generating plant 
on his own premises for his own purposes, or to 
instal plant of sufficient dimensions to enable him 
to give a supply to other persons. If a manufac- 
turer desires to take a supply of electricity from 
his neighbour for power purposes, is he at liberty 
todo so? If he does take a supply in this way, is 
he at liberty to use the public supply in his district 
as a stand-by in case there is a breakdown in the 
private source ? 

First and foremost, although electrical stations, 
as usually known, are factories within the mean- 
ing of the Factory Act, 1902, it is by no means 
clear that the mere installation of electrical plant 
is of itself sufficient to constitute a place a 
factory. ‘‘There are included in the definition 
of the word ‘factory,’ as used in the Factory 
and Workshop Act, 1901 (Section VI.), ‘elec- 
trical stations ;’ that is to say, any premises, 
or that part of any premises, in which electrical 
energy is generated or transformed for the purpose 
of supply by way of trade, or for the lighting of 
any street, public place, or public building, or of 
any hotel, or of any railway, mine, or other indus- 
trial undertaking.” It is apprehended that if an 
electrical plant were installed merely for the pur- 
pose of distributing motive power within the pre- 
cincts of one building, its presence would not con- 
stitute the place a factory within the meaning of 
the Act. Where, however, the proprietor of one 
factory arranged with another to give a supply at 
so much per unit, it is thought that this would 
amount to ‘‘supply by way of trade” within the 
meaning of the above section. 

The question is one more of academic than of 
practical interest, in view of the fact that the 
premises of anyone who is in a position to supply 
electricity on a large scale will already be a factory 
in the legal sense of the term. However, it is well 
to notice that in a case where a man commences 
and carries on the business of supplying electricity, 
which, as we shall presently see, is quite lawful 
even without statutory powers, his premises may 
be a factory within the meaning of the Factory Acts. 
Two Orders relating to such factories were pub- 
lished by the Home Office on March 11, 1903. The 
provisions of the Factory Act, 1901, which are 
most likely to affect the proprietor of an electrical 
station are in Section 54, which relates to the em- 
ployment. of male young persons in night-work. 

We pass now to the question whether the manu- 
facturer who generates electricity on his own 
premises and for his own purposes is subject to 
any restrictions. Under the Factory Acts he may 
be compelled to fence dangerous moving parts, and 
to avoid the use of naked conductors wherever his 
workpeople run any danger of coming in contact 
with them. Under the Electric Lighting Acts it 
does not appear that the right of a manufac- 
turer to make use of electricity, and modify his 
works accordingly, could ever be called in ques- 
tion. Prior to 1888 it was competent for any 
person to supply electricity on .his own or to any 
other premises without restriction. Now, how- 
ever, by the Electric Lighting Act, 1888, Section 4 
(i.), it is provided that where in any case any 
electric line or other work may have been laid 
down or erected in, over, along, across, or under 
any street, for the purpose of supplying elec- 
tricity, or may have been laid down or erected 
in any other position for such purpose in such a 
manner as not to be entirely enclosed within any 
building or buildings, or where any electric line or 
work so laid down or erected may be used for such 
purpose otherwise than under and subject to the 
provisions of a licence, order, or special Act, the 
Soard of Trade, if they think fit, may, by notice in 
writing, under the hand of one of the secretaries, 
or assistant secretaries, of the Board of Trade, to 
be served upon the body or person owning or 
using, or entitled to use, suck electric line or work, 
require that such electric line or work shall 
be continued and used only in accordance with 
such conditions, and subject to such regulations 
for the protection of the public safety and of the 
Postmaster-General, and of other electric lines and 
works lawfully placed in any position and used for 
telegraphic communication, as the Board of Trade 
may by, or in pursuance of, such notice prescribe. 

‘** Provided that nothing in this sub-section shall 
apply to any electric line or work laid down 
or erected by any body or person for the 
supply of electricity generated upon any premises 
occupied by such body or person to any other part 





of such premises.” The result of the above proviso 
is the Board of Trade have no power to make rules 
or regulations in relation to electric lines Jaid on 
rivate ground merely for the supply of electricity 
rom one part of the premises to another. The 
Postmaster-General, however, has a certain con- 
trolling power. Thus, where any electric line or 
work is used for the supply of electricity in 
such a manner as to injuriously affect any 
telegraphic line of the Vostmaster-General, or 
to affect the telegraphic communication through 
any such line, the Postmaster-General may, by 
notice, to be served upon the body or person 
owning or using, or entitled to use, such electric 
line or work, require that such supply be continued 
only in accordance with such conditions and regula- 
tions for the protection of the telegraphic lines of 
the Postmaster-General, and the telegraphic com- 
munication through the same, as he may by, or in 
pursuance of, on notice prescribe ; and in default 
of compliance with such conditions and regulations, 
the Postmaster-General may require that the supply 
of electricity through such electric line or work 
shall be forthwith discontinued. Subject, then, to 
this power of the Postmaster-General to interfere 
in certain cases for his own protection, the liberty 
of a manufacturer to generate and distribute elec- 
tricity round his premises is unrestricted. 

Coming next to the question as to what restric- 
tions may be placed upon the supply of electricity 
from the premises of one manufacturer to those of 
another, the provisions of Section 4(i.) of the Electric- 
Lighting Act, 1888, which govern this question, 
have already been alluded to. It will be noticed 
that the section is not of universal application ; it 
only applies when notice has been given by the 
Board. The regulations under which the Board 
will permit electricity to be supplied were published 
in 1897. Inasmuch as they are easy to obtain and 
easy to understand, it is not necessary to set these 
regulations out at length. They do not place any 
grave restriction upon the supply of electricity by 
one man to his neighbours. Indeed, it may be said 
that they do but little more than specify the pre- 
cautions which should be taken by any en onl 
person laying down an installation. Some regula- 
tions may, however, be specially mentioned. The 
expression ‘‘ owner,” as used in the regulations, 
means any body or person owning or using, or 
entitled to use, any electric lines or works, 
upon whom notice has been served by the Board 
of Trade, requiring that such electric lines or 
works shall be continued and used only in 
accordance with these regulations. There must be 
no earth connection made except with the approval 
of the Board of Trade and of the Postmaster- 
General (Section (2)). The pressure of a supply 
delivered to any consumer must not exceed 250 
volts at any pair of terminals, except with the 
express approval of the Board of Trade (Section (3)), 
while the pressure between any two conductors, or 
between any part of either conductor and the 
earth, must not exceed 3000 volts. 

Care must be taken that all lines are properly 
insulated and tested for insulation, and lines must 
be placed and used with due regard to electric lines 
and works from time to time used, or intended to 
be used, for the purpose of telegraphic communica- 
tion, and to the currents of such electric lines and 
works ; and every reasonable means shall be em- 
ployed in the placing and use of electric lines to 
prevent injurious affection, whether by induction 
or otherwise, to any such electric lines or works, 
or the currents therein. 

As to aerial lines, the use of which, for eco- 
nomical reasons, has so much to commend it, 
Sections (19) to (29) of the regulations make special 
provision. Where an aerial line crosses a street, 
the angle between the line and the direction of the 
street at the place of crossing must not be less than 
60 deg., and the spans must be as short as possible. 
Where an aerial line crosses, or is in proximity 
to, any metallic substance, precaution shall be 
taken by the owner against the ibility of the 
line coming into contact with the metallic sub- 
stance, or of the metallic substance coming into 
contact with the line by breakage or otherwise.. An 
aerial line must not in any part thereof be at a less 
height from the ground than 18 ft.; or where it 
crosses a street, ft.; or within 5 ft. measured 
horizontally, or 7 ft. measured vertically, from any 
building or erection other than a support for the 
line, except where brought into a building for the 
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supply it to their neighbours, are most likely to 
experience difficulty in dealing with the local 
authority for their district. The supply of elec- 
tricity (subject to the statutory regulations made 
by the Board of Trade) is subject to no restriction, 
and cannot be directly interfered with by a com- 
pany or local authority who are working under a 
provisional order, and who might be anxious to 
prevent competition. A local authority, however, 
may exercise certain powers, as the highway 
authority, which may seriously hamper the exten- 
sive development of a scheme. 

Thus, if the soil of a highway is vested in a 
district council, that body could restrain the laying 
of cables, either over or under the road. Where, 
however, the soil or freehold of a highway is not 
vested in the local authority, there is nothing to 
prevent the owner of an installation coming to an 
agreement with the landowners who do own the 
freehold of the road—that is to say, the landowners 
who own the land on either side of the road. 
Under such an agreement, poles can be erected and 
wires suspended ; and, so long as they are sus- 
pended at a sufficient height to be clear of the 
traftic, the local authority may not interfere. The 
rights of a district council as the highway authority 
may be somewhat more extensive in urban districts. 

Urban district councils, by adopting Part II. of 
the Public Health Acts Amendment Act, 1890, 
may acquire power to make by-laws for prevention 
of danger or obstruction to the public from posts, 
wires, tubes, or any other apparatus stretched or 

laced above, over, along, or across any street 
whether before or after the adoption of that part 
of the Act) for the purpose of any telegraph, tele- 
phone, lighting, or other purposes. The by-laws 
made in pursuance of this Act only have reference 
to posts, wires, &c., placed over, along, or across 
any street for the purpose of any telegraph, tele- 
phone, &c. They do not empower an urban district 
council to prohibit the suspension of wires across a 
highway. That right may only be exercised by 
them in virtue of their property in the soil of the 
highway. 








THE FUTURE OF THE GAS-TURBINE. 


In his presidential address to the Junior Institu- 
tion of Engineers, delivered last Friday, Mr. 
Dugald Clerk dealt with the important problem 
of the gas - turbine, and expressed a somewhat 
pessimistic view as to its solution. With this 
expression of opinion we are very much inclined to 
agree. Mr. Clerk pointed out that, even assum- 
ing an efficiency of 90 per cent. in the compressor, 
90 per cent. in the nozzles, and 80 per cent. in the 
jakinn, the apparatus would probably still fail 
to compete successfully with the ordinary recipro- 
cating gas-engine. It is, of course, extremely 
unlikely that an efficiency of 90 per cent. will be 
obtained with a rotary compressor, which alone 
seems suitable for this work. Mr. Clerk de- 
clares that he has never heard of one compressing 
to 9 to 10 atmospheres which had an efficiency 
of anything like 60 per cent.; but we are inclined 
to think that, taking a line through the steam- 
turbine, an efficiency not very far off this latter 
figure might be realisable with careful design. The 
over-all internal efficiency of the Elberfeld turbine 
at full load was fully 70 per cent., corresponding 
to a stage efficiency of about 66 per cent. There 
seems no reason why a similar stage efticiency 
should not be reached in a compound compressor, 
in which case the over-all internal efficiency would 
not be far off 62 per cent., and a total efficiency of 
fully 60 per cent. would therefore seem practicable. 

Whilst we fully agree with Mr. Clerk’s conclusion 
that the problem of the gas-turbine is much more 
difficult than is often assumed, and while we con- 
sider that he has done good service in emphasising 
this point in his address, we must demur to a 
number of his statements, which on particular 

ints were so couched as to be calculated to mis- 
ead the less well-informed of his audience. For in- 
stance, the statement that the high-pressure end of a 
steam-turbine is less efficient than the low-pressure, 
is, as it stands, distinctly likely to give his hearers 
the impression that there is a large difference in 
the hy iraulic efficiency of the two ends; whereas 
from a hydro-dynamic point of view the efticiency 
of both is practically the same. Of course, if the 
efficiency is measured by the ratio of pounds of 
steam per indicated horse-power taken by a turbine 
as compared with pounds of steam taken by an 
equivalent reciprocating engine, the statement is 


true; and this, no doubt, was what Mr. Clerk 
intended to convey ; but when the efficiency of a 
turbine is spoken of, it is generally its hydraulic 
efficiency, unless the contrary is definitely stated. 

Again, in dealing with the necessity of maintain- 
ing the blades of a turbine at a reasonably low 
temperature, Mr. Clerk was understood, by some 
of his hearers, at any rate, to contend that the gas 
reduced in temperature by expansion through a 
convergent-divergent nozzle, would, on having its 
velocity abstracted by passage through a turbine 
wheel, be restored to its original temperature. He 
quoted in illustration of this Joule’s famous ex- 
periment in which air compressed into one vessel 
was allowed to suddenly expand into another, 
with the net result of no temperature change. 
Mr. Clerk neglected to point out that in the case of 
the passage of a gas through a turbine wheel the 
energy available for increasing its temperature when 
finally delivered from the wheel at a low velocity 
would be reduced by the amount of useful work 
done. In the case of an older professional audience 
the failure to comment on the incompleteness of 
the analogy with Joule’s experiment would do no 
harm ; but with a younger audience it is impossible 
to be too careful on such points, and we know as a 
fact that some of his hearers were certainly misled 
as to Mr. Clerk’s meaning. 

In respect to his contention that there must be a 
very large loss by conduction when a hot gas 
expands through a nozzle, we hold that the view 
expressed is not merely misleading, but demon- 
strably wrong, Thus, assume that a gas com- 
pressed to 8 atmospheres absolute is delivered from 
a suitable convergent-divergent nozzle at a pres- 
sure of one atmosphere and at a temperature of 
500 deg. Cent.; then by a little elementary arith- 
metic it is easy to see that such a nozzle with a 
cross-section at the throat of ;4, square inch would, 
neglecting frictional losses, deliver a supply of gas 
theoretically capable of developing about 60 horse- 
power. The rate at which the gas flowing through 
such a nozzle would communicate its heat to the 
nozzle itself is not accurately known, but a fair 
analogy can be drawn from the rate at which the 
heat is communicated from furnace gases to boiler- 
plates. In some Admiralty experiments with boilers 
the flow of heat through the heating surfaces was 
found to be some 10,000 B.Th.U. per square foot 
per hour—i.e., 278 B.Th.U. per hour through an 
area of 4 square inches, which would be about the 
area through which conduction could take place in 
the nozzle we are considering. Now if we treble 
this, we should probably much exceed the rate at 
which transmission through the walls of the nozzle 
could occur. Buta loss of 833 B.Th.U. per hour 
corresponds to wasting energy at the rate of about 
0.327 horse-power. Hence the loss through the walls 
of the nozzle will be at the rate of less than one- 
third horse-power, or little more than half per cent. 
of the theoretical energy in the jet, and even if we 
make most liberal allowances for the difference 
between this theoretical energy and that practically 
realisable, we certainly do not arrive at a very large 
loss by conduction. 

It is thus obvious that the conduction losses 
in the nozzle are fairly negligible in comparison 
with the total energy passing through, or at all 
events are far too small to be so serious a factor as 


stated. 

Mr. Dugald Clerk has done so much good work 
in connection with internal-combustion engines 
that his views on the subject always command 
respect. It is unfortunate, therefore, that such 
statements as we have commented on above should 
have been put forward, particularly under circum- 
stances which preclude the test of public discussion. 
Presidential addresses rank among the few exposi- 
tions before the technical world which are delivered 
ex cathedraé, and no care can be too great to ensure 
accuracy as to the facts and doctrines put forward 
so authoritatively. If, at times, Jove nodded, a cor- 
responding frailty.on the part of human beings is 
only to be expected ; but, unfortunately, this is not 
the first time that Mr. Clerk has fallen from the 
standard of correqtness in detail which the privi- 
lege of immunity from immediate criticism demands. 
For example, in last year’s ‘“‘ James Forrest ” 
Lecture, delivered before the Institution of Civil 
Engineers, Mr. Clerk put forward several in- 
dicator diagrams, so obviously wrong that their 


very absurdity in some cases was_ sufficient | 0 


to deprive them of harmfulness. Readers of 
ENGINEERING will remember that, in  conse- 





quence of correspondence which appeared in these 


columns, a correction was issued on the authority 
of the author with regard to one of the diagrams. 
This correction was in turn criticised, together 
with other points in the lecture, in a letter from 
Mr. Fred. Edwards, but this letter did not 
evoke any reply from Mr. Clerk. Still later we 
received, from various sources, further criticisms 
of the diagrams by which the lecture was illus- 
trated ; but, in view of the fact that attention had 
already been publicly called to many of the doubt- 
ful points, we deemed it best to let the matter 
stand over until the lecture appeared in its final 
form, not doubting that the points in question 
would then have been put right. 

However, our anticipations were not justified. 
The lecture was published in the Proceedings of 
the Institution, and we found to our surprise 
that many of the errors in the diagrams exhi- 
bited at the lecture still remained uncorrected. 
The letters which we received showed that the 
points in question were regarded with great 
interest ; nevertheless, we took no further action, 
thinking that the author would find some means 
to put himself right before the engineering world. 
But now, after more than twelve months have 
elapsed, after Mr. Clerk has read a paper before 
the British Association, and has delivered lectures 
before the Society of Arts, and yet has not sought 
an opportunity of correcting the errors, it seems 
desirable to return to the subject. Misstatements 
in a James Forrest Lecture, as in a presidential 
address, are likely to be exceedingly dangerous. 
They cannot be controverted at the time, because 
they are not discussed ; and, when issued in the 
printed form, they are endowed with an importance 
which leads them to be accepted without inquiry. 

We will recapitate very briefly the chief points 
which urgently demand explanation in connection 
with the diagrams illustrating the James Forrest 
Lecture. It is due to the Institution to explain 
by what possible means the diagram put forward 
in the first place as illustrating pre-ignition on the 
cylinder could have been obtained. Then there 
is a diagram in which the suctjon-pressure line is 
above that of the exhaust pressure: a truly 
remarkable state of affairs. Again, what is the 
meaning of the large negative loop at the be- 
ginning of the stroke, in the diagram purport- 
ing to show the effect of retarding the spark at 
half load? It is superfluous to point out that after 
compression, if the charge is. allowed to expand 
again by the piston moving forward without ex- 
plosion, the pressure state will descend along the 
same line as that by which it ascended, and no 
loop will be formed and no work done. The 
card reproduced by Mr. Clerk however, shows 
a very considerable negative loop. The obvious 
explanation is that either the exhaust-valve or 
piston was not tight, as pointed out by one of 
our correspondents; but this assumption would 
invalidate the whole of the diagram as a true 
representation of the effect of retarding the time 
of explosion, and yet that is what it is supposed to 
show. The mean effective pressure in this diagram 
is given as 66 lb., which also is certainly not correct. 
No account can have been taken of the negative 
loop in this calculation, although how such an over- 
sight could occur it is impossible to understand. 

We might give many more instances of the care- 
lessness Suess in connection with the prepara- 
tion of the lecture, but we think that the few 
points selected, almost at random, sufficiently illus- 
trate our standpoint. Judging from the comments 
which we have received in the past, and which we 
still receive, many engineers feel strongly that it is 
due to the respective Institutions that some satis- 
factory explanation should be forthcoming. Mean- 
while we think it right that the errors we have now 
pointed out should not be passed over without a 
vigorous protest. 








THE IRON AND STEEL INDUSTRY. 

In the height of this country’s industrial supre- 
macy, when also its population more nearly equalled 
that of some other States, we were content to esti- 
mate our manufacturing importance simply by 4 
comparison of totals..of production. Under that 
standard we could show a balance in our favour, 
when we were contrasted with other Powers, of 
vastly larger geographical dimensions. This system 
f taking States as units is manifestly deceptive if 
we wish to arrive at a measure of the average 
benefit likely to accrue to the individuals who con- 





stitute the States ; for it is evident that a given 
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volume of trade divided between thirty or forty 
millions of people will afford a larger mean share 
to individuals separately than if it were divided 
between sixty or eighty millions. This is of the 
nature of a truism, and yet it is worth stating ; for 
there is a considerable number of writers and 
publicists who draw morals of ‘British decadence 
from comparisons of the volume of trade when 
applied to a country as a whole, instead of con- 
trasting product with the extent of the population. 
On the other hand, it should be pointed out, the 
comparison which takes into account the extent of 
population as well as total product, may also give 
misleading results. Thus a country may have a com- 
paratively small, but, to the few engaged in it, lucra- 
tive industry of a certain kind, whilst the great bulk 
of the population may be engaged in other occupa- 
tions equally profitable. We all like to measure 
with our own special yard-stick, and the steel- 
maker is apt to think that where there is a small 
steel industry there can be little prosperity ; but 
it is evident that to form a just estimate of the 
material resources of a country we must take all 
activities into account. That is far too big a task 
for the present occasion, so we will content our- 
selves with selecting for our comparison of the iron 
and steel trades of different countries the best 
available standard—that of the population unit. 

About twenty years ago the production of pig 
iron in the United States was about 5} million tons, 
whilst that of the United Kingdom was just on 7 
million tons ; so we could claim precedence on the 
figures as they stood, notwithstanding the fact that 
the population of the former country was probably 
about 56 million souls, whilst that of these islands 
was not much over 36} millions.* A few years later 
our supremacy was wrested from us; for in 1890 
the production of pig iron in the United Kingdom 
was under 8 million tons, whilst that of the United 
States was over 9 millions. Our population was 
then close upon 37% millions, and the average pro- 
duction of pig iron per head was 0.2108 ton. The 
United States population at the same time was over 
623 millions, and their average production of pig 
iron was 0.1469 ton per head. By a truer test of 
prosperity, therefore—that of ‘‘so many men, so 
—_ iron ”’—we then still led our chief rival in this 
field. 

We refer to these figures merely by way of illus- 
tration; for the manner in which our premier 
position, as the greatest iron-producing country of 
the world, has slipped away, has been told too often 
to need repeating ; although the false conclusions 
drawn need correcting. Still, the totals, first of 
America and then of Germany, have passed ours ; 
and the same is true of steel production, as will 
appear later. This may have been inevitable, and 
due to no laxity on our part ; but in any case the 
fact is not agreeable to that national characteristic 
which we describe as patriotism, and our friends as 
bumptiousness—or its foreign equivalent. In a 
recent issuet we published some figures, founded 
on a French return, relating to the output of iron 
and steel ; and in following up the subject we now 
give further particulars on the same subject. 

The world’s total production of iron ore in 1903, 
the latest year of which we have full particulars, 
probably amounted to 100 million tons,{ and of 
this vast quantity four countries—the United 
States, Germany(including Luxemburg), the United 
Kingdom, and Spain—probably produced about 
80 per cent. The importance of the four coun- 
tries in the iron ore industry was in the order 
given :—The United States produced 35,019,000 
tons ; Germany, 21,231,000 tons; Great Britain, 
13,716,000 tons; and Spain, 8,304,000 tons. If 
we reduce these figures to, what may be called, 
the ‘‘population-unit standard,” we find that 
the United States and Spain tied for first place, 
as each produced 0.44 ton; Germany's total 
was 0.36 ton; and that of the United Kingdom, 
0.32 ton per head of population. Of all countries, 
however, Sweden headed the list in regard to the 
population average, but she did not come within 
the most important of the ore-producing countries 
'n regard to bulk, for only 3,678,000 tons were 
mined in 1903; but this gave 0.70 ton per head 

population. We do not, of course, here refer 





* The United States census for 1880 gave 50,155,783, 
‘nd for 1890, 62,622,250. The Board of Trade estimate 


‘or the popalation of the United Kingdom in 1886 was 
36,315,582, 
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to the question of the commercial or economic value 
of the ore ; that would open up too large a subject. 

In regard to other countries, France produced 
6,220,000 tons of ore, or 0.16 ton per head of 
population ; Russia, 4,219,000 tons, or 0.03 ton per 
head ; Austria-Hungary, 3,155,000 tons, or 0.07 
ton per head ; and Belgium, 184,000 tons, or 0.03 
ton per head. 

The figures are extremely interesting. That the 
United States should stand high in the list follows 
naturally from the vast extent of undeveloped 
territory, the great protected market, and the rich 
deposits of iron ore, together with other materials 
needed for iron-smelting. The position of Sweden 
and that of Spain as ore-producing countries is 
to be accounted for by the provision of nature ; 
but Belgium stands on quite another basis. Her 
home production is insignificant—far less than that 
of either Newfoundland, Canada, Italy, Greece, 
Algeria, or Cuba; and yet in the use of iron 
ore she came only after the United Kingdom 
and the United States, when judged by the 
population-unit standard. The figures regarding 
use or consumption—not production—for 1903 
were as follow :—The United Kingdom, 0.47 ton ; 
for the United States. 0.45 ton ; and for Belgium, 
0.41 ton per head. The corresponding figures for 
other countries were :—Germany. 0.39; France, 
0.19; Sweden, 0.16; Austria-Hungary, 0.07; 
whilst Russia and Spain tied with 003 ton per 
head. 

It will be evident that the amount of iron ore 
consumed is not necessarily a measure of the 
quantity of iron produced; and on turning to 
tables which give the output of pig iron, we find 
this shown in a manner that indicates the disad- 
vantage under which we labour as compared to 
America ; and we also find ourselves in the second 
place on the list even when a population ratio is 
used. Thus the 18,009,000 tons of pig produced 
in the United States in 1903 gave an average of 
0.22 ton per head (this does not include imported 
pig); whilst our 8,935,000 tons gave but 0.21 to. 
per head. It will be seen by reference to the fore- 
going figures that, though we smelted more ore per 
head, we produced less iron per head ; and this is 
accounted for by the richer quality of the American 
ore. Taking the figures in the Board of Trade 
return, we find that in America 1.99 tons of ore 
were used in making a ton of pig, in Great Britain 
the ore used per ton was 2.24 tons. Even if the 
value of ore were estimated by the content of iron, 
the British ironmaster would be still handicapped 
by the additional fuel needed for smelting this 
extra quarter of a ton of ore, by the additional 
flux required, by the greater quantity of slag to be 
handled, and by other disadvantages incidental to 
dealing with a greater weight of material, such as 
more powerful lifting plant, &c. 

Turning to other countries, the total productions 
of pig iron and the productions per head in 1903 
were as follow :—Germany, 10,018,000 tons (0.17 
ton per head); Russia, 2,487,000 tons (0.02 ton 
per head); France, 2,841,000 tons (0.07 ton per 
head); Austria-Hungary, 1,386,000 tons (0.03 ton 
od head); Belgium, 1,216,000 tons (0.19 ton per 

ead) ; Sweden, 507,000 tons (0.10 ton per head) ; 
Spain, 381,000 tons (0.02 ton per head). 

As already stated, we have taken the year 1903 
for the purpose of comparison, because the statistics 
of last year are not complete for all countries. It 
may be added, however, that in 1904 the production 
of pig iron in the United Kingdom was 8,563,000 
tons, or 0.20 ton per head ; that of the United 
States, 16,497,000 tons, or 0.20 ton per head ; of 
Germany, 10,058,000 ‘tons, or 0.17 ton per head ; 
of France, 3,000,0000 tons, or 0.08 ton per 
head ; of Russia, 2,978,000 tons, or 0.02 ton per 
head; of Belgium, 1,283,000 tons, or 0.18 ton 
per head ; and of Sweden, 529,000 tons, or 0.10 
ton per head. The majority of these figures are 
provisional, but they are doubtless sufficiently near 
the truth for the purposes of general conclusions. 

The manufacture of pig iron is a branch of in- 
dustry notable rather for bulk than for profit to the 
country ; at any rate, we should be glad to see our 
engineering activities so extended that all the eight 
or nine million tons of pig* our blast-furnaces pro- 
duce annually would be needed for our own use. So 
far is this from being the case that, for the last nine 
years we have, with two exceptions, been exporting 


* The production of pig for the United Kingdom 
during the first six ft. B 
4,621,600 tons. 


of the current year was 








over a million tons of pig per annum, our imports 
being comparatively small. Last year the consump- 
tion of pig iron in this country was, therefore, but 
0.18 ton per head, whilst the production was 0.20 
ton per head. On the other hand, the American 
exports were trifling in 1904, and were more 
than balanced by the imports, so that the consump- 
tion per head was not appreciably different from 
the production per head—namely, 0.20ton. This 
was a considerable decline on the two previous 
years (1902 and 1903), during both of which the 
pig iron per head in the United States averaged 
0.23 ton. It should be noted, therefore, that there 
was a large falling off in the American trade, the 
1904 consumption being about two million tons 
short of 1902 and 1903 respectively ; but still it 
was the heaviest recorded with those two exceptions. 
This year, however, the leeway is likely to be more 
than made up, as the first six months showed an 
American production of pig iron of over eleven 
million tons. Germany during the first six months 
of this year has produced over five million tons. It 
would seem that each of the three countries—Great 
Britain, the United States, and Germany—will beat 
its own record in iron production during the present 
year; as the grand total of the three countries for 
the first half-year amounts to not far from 21 mil- 
lion tons. 

Although it-is doubtless better to sell pig iron 
than to sell nothing at all, it would be preferable 
to work up our iron into commodities that gave 
further employment to the capital and labour of 
the country. That, under normal conditions, would 
be what Great Britain might expect to do: or, at any 
rate, we should rather anticipate that the great 
wealth of mineral resources in the United States— 
the rich ore and cheap coal—together with the 
large scale on which the iron-smelting is there 
carried on, would lead to the stream of trade in 
pig iron being from West to East. That the con- 
ditions are not normal may be attributed to. the 
artificial influence of a fiscal policy. Whether 
this works for good or ill, either for the United 
States or any other country, is a matter we do 
not discuss; but it may be permissible to point 
out that a country hedged round by protection can 
often afford to buy raw material or semi-manufac- 
tured material even in the face of a substantial 
import duty, supposing the cost .of material for 
a given article forms but a small part of the 
total cost of production. Thus, the original value 
of pig iron in a fine machine-tool may be insig- 
nificant, so that the proportion of final cost, due 
to a high duty and heavy freight on the iron, 
would be hardly worth considering ; labour being 
the important item. Now it is the employment of 
this superior class of labour that tends more than any 
material circumstance towards the prosperity of a 
country. It leads to the profitable employment of 
capital, and, what is of even greater moral import- 
ance, to the elevation of the working classes. It is 
needless to say that the surest way to secure this 
desirable class of work is by the exercise of the 
higher industrial attributes by both employers and 
employed. 

The figures as to steel production are not more 
comforting to those who imagine that the rise of 
other countries in this field must necessarily be to 
our detriment. This, of course, is not true, because 
our volume of trade in the iron industry has, on 
the. whole, increased absolutely ; though not at a 
rate that can be described as rapid; whilst if we 
take the production of steel per head of the popu- 
lation as our standard, we have for the last six 
years been practically stationary. We will, how- 
ever, quote the figures for 1903 and 1904 ; repeat- 
ing that, for the later year, some of the totals are 
provisional. 

The total production of steel for the United 
Kingdom for the two years in their order respec- 
tively was 5,034,000 tons and 5,027,000 tons ; for 
the United States, 14,535,000 tons and 13,767,000 
tons ; for Germany, 8,248,000 tons and 8,930,000 
tons ; for Russia, 2,366,000 tons and 2,700,000 tons ; 
for France, 1,240,000 tons and 2 080,C00 tons ; for 
Belgium, 1,298,000 tons and 1,083,000 tons ; for 
Sweden, 318,000 tons and 333,000 tons ; and for 
Spain, 137,000 tons and 195,000 tons. By following 
out our former comparison of production per unit 
of population in the case of steel, we find the fol- 
lowing for the two years before named respec- 
tively :—United Kingdom, 0.12 ton (this figure has 
been stationary since 1898, and is our highest 
record) ; the United States, 0.18 ton and 0.17 ton ; 
Germany, 0.14 ton and 0.15 ton ; Russia, 0.017 ton 
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and 0.019 ton; France, 0.05 ton, both years ; 
Belgium, 0 19 ton and 0.15 ton; Sweden, 0.06 ton 
for Hoth years ; and for Spain, 0.007 ton and 0.010 
ton. 

In presenting these figures we would again call 
attention to the remarks already made respecting 
the need to consider the industry of a country as a 
whole. Thus in the United Kingdom the greater 
proportion of steel is made by the acid process, 
whilst in Germany and the United States the pro- 
duction of basic steel quite overshadows that of 
acid steel. The figures given by the Iron and Steel 
Tustitute Journd for 1904 are as follow :—United 
Kingdom, acid open-hearth ingots, 2,583,282 tons ; 
basic open-hearth ingots, 662,064 tons. In Ger- 
many the acid steel produced was 610,697 tons, 
whilst the basic steel amounted to 8,319,594 tons ; 
how much was open-hearth and how much Bessemer 
does not appear. In America the open-hearth 
acid steel produced amounted to 801,299 tons, 
whilst basic steel reached a total of 5,106,367 tons. 
When we remember that open-hearth acid steel is 
still preferred for the production of plates, we may 
judge of the bearing which its manufacture has 
on the shipbuilding and marine engineering trades. 

It would be interesting if we could follow this 
subject further and carry the problem into other 
dependent industries which take iron and steel for 
their raw material ; but, unfortunately, the published 
figures do not permit of such a comparison. We 
have, it is true, records of imports and exports ; 
but with the home trade left out not half the tale 
is told. 








THE DESIGN OF SURFACE- 
CONDENSING PLANTS. 


Excerptina the jet-condenser, the surface-con- 
denser is about the simplest piece of apparatus in 
connection with steam-plant. It is almost as old 
as the steam-engine itself, and, to a far greater 
degree than any other portion of the plant, has 
settled down to standard lines. Even in minor 
details the practice of different makers agrees so 
closely that the name-plate on the casing is almost 
the only distinguishing feature, and the result is that 
the condenser is taken for granted as being open 
to little improvement. There are, however, differ- 
eaces of opinion among many engineers on certain 
points of desigh, and nothing but good can come of 
considering whether existing practice is all that 
can be desired. No amount of theoretical advan- 
tages held out will alter a standard manufacturin 
design, unless it can be proved that the practica 
results to be obtained justify the change ; but the 
fact that engineers of the widest practical experi- 
ence have come to opposite conclusions on impor- 
tant points shows that all is not yet known on the 
subject of condensing plants. 

Some of the differences of opinion that exist were 
evident during the discussion of a recent paper read 
by Mr. R. W. Allen on ‘‘ Surface-Condensing 
Plants ” before the Institution of Civil Engineers. 
The paper itself was not particularly contentious, 
being confined practically to a demonstration of 
the economy obtained by using a surface-condenser 
in connection with some at high-speed engines, 
and to a description of investigations upon the 
vacuum obtainable under various known conditions. 
Certain constructional details, either advocated, or 
implied by the diagrams in the paper, as correct 
practice, came in for criticism, and the most impor- 
tantof these we will deal with later. 

As regards the saving effected by running with a 
25-in. vacuum as compared with exhausting to 
atmosphere, in the case of a couple of engines with 
a combined output of about 200 kilowatts at the 
generator terminals, the author puts it at 2301. per 
aonum. Experiments and general experience had 
shown that with ordinary engines nothing was to 
ba gained by a higher vacuum than 25in. The 
actual difference in coal consumption was 200 lb. 
per hour ; and, taking a yearas 2800 working hours, 
and coal at 22s. 6d. per ton delivered into the 
bunkers, the extra expense in coal alone is 2811. To 
this must be added 331., the cost at 9d. per gallon, 
of the extra water used by the plant when non- 
condensing, and 106l., the depreciation, interest, 
and labour charges on the extra boiler-plant re- 
quired. These items amount to 420l., whereas the 
total working expenses of the condensing plant, 
including depreciation, interest, and labour, were 
given as 190l., showing, as we have said above, a 
balance of 2301. in favour of condensing. Fuller 
details of the estimates are given in the paper, and 





the results are no doubt true for the case in point ; 
but coal may be obtained in many places at half the 
author's figure, and this alone would reduce the 
saving shown by over 60 per cent. During the 
discussion, Mr. W. H. Allen put in comparative 
tables dealing with plants of 1000 kilowatts. The 
capital cost of a condensing unit of this size, in- 
cluding cooling tower, oil separator, &c., was put 
at 9835/., as against 9104/. for a non-condensing 
unit of the same output; but the total working 
expenses were estimated respectively at 46211. and 
59001., showing a balance of 1279/. per annum, or 
21.61. per cent. on 59001. in favour of condensing. 

These sets of figures came in for very little 
criticism, but those speakers who mentioned them 
appeared to think them too sanguine. Mr. Druitt 
Halpin wanted 600/. added to the author’s capital 
expenditure on account of the extra building re- 
quired for the condensing plant, this entailing an 
annual charge of 30/., and reducing the estimated 
saving by 13 percent.; and Mr. Patchell had found 
in practice that his auxiliary machinery consumed 
11 per cent. of the power of the main engines, or 
3) times as much as the author’s required. It 
is worthy of note that during the condensing 
trials forming the subject of the paper, it was found 
that the loss of water by evaporation in the cool- 
ing towers was no less than 75 per cent. of the 
amount required by the engines. The figures given 
show that 4300 gallons of circulating water were 
lost per day in this way, in addition to 326 gallons 
of feed-water unaccounted for, so that the con- 
densing engine wasted 4626 gallons, as compared 
with 7726 gallons carried away by the exhaust and 
other losses of the non-condensing plant. There 
is evidently much food for reflection in the fact 
that when no attempt is made to save the exhaust 
steam, the water lost is only 1.6 times as much as 
is lost when condensers are employed to conserve 
it. Of course, when the cooling water has no 
value, evaporation losses may be neglected, but in 
such cases there is usually noevaporation. Cooling 
towers and similar devices are the great sources of 
loss; and, unfortunately, the more efticient the 
cooling by such means the greater the loss. 

To return to the details of the condenser proper, 
the almost universal practice is to work with the 
tubes horizontal. The condensers are, however, 
set vertically at the new generating station at Lots- 
road, the reason probably being to economise floor- 
space. Dr. Stanton maintained that experiments 
with a small condenser which could be tried in 
various positions showed that a considerable im- 
a was gained by having the tubes vertical. 

e would also have them very short, and pass the 
water through them with a high velocity, as the 
quantity of heat carried away was directly propor- 
tional to the velocity of the water, provided that 
the velocity exceeded a certain critical value, which 
it always does under ordinary conditions. Mr. 
Fred. Edwards also advocated a high velocity of 
the circulating water, but for another reason. He 
ascribed the corrosion of the tubes to particles of 
rust from the condenser shell becoming lodged in 
the tubes, and gradually eating their way through. 
The usual velocity of 200 ft. to 300 ft. per minute 
was not sufficient to sweep out the tubes, and he had 
found that by passing the water through at a much 
higher speed troubles from corrosion were avoided. 
Tinning the tubes was no preventive of corrosion, as 
was stated by the author, and want of faith in tinning 
was expressed by other speakers. The Hon. C. A. 
Parsons believed in copper tubes as the result of 
his experience on the Tes, where there was much 
sulphur in the water; but Mr.W. J. Harding held 
that the best way to prevent corrosion of the tubes 
was to permit free corrosion of the shell, which 
should be made thick enough to allow for it. 

Besides corrosion, however, there is often diffi- 
culty due to the deposit of scale in the tubes, 
particularly if the water is hard. A very slight 
deposit either of scale inside or of grease outside 
the tubes has a very serious effect on the vacuum ; 
and Mr. Patchell had found the trouble of keeping 
the tubes clean so great that he had abandoned 
surface-condensers in favour of jet-condensers. As 
regards the removal of scale from tubes, he had 
found that by keeping a 50 per cent. solution of 
hydrochloric acid in circulation through the tubes 
for 12 hours by means of a hand-pump the scale 
was perfectly removed. The acidity was restored 
at intervals by the addition of acid ; and, after 
the liquid was run off, a solution of commercial 
soda, in the proportion of 1 cwt. of soda to 130 
gallons of water, was put into the condenser to 





neutralise the acidity. This solution was allowed 
to stand for a while, and then circulated. The whole 
process did not take more than twenty-four hours, 
and no corrosion whatever of the tubes was 
caused. Mr. Patchell remarked, in reference to 
the question of cooling surface necessary in con- 
densing plants, that from his experience, using 
deep well or town water, about 6 lb. of steam per 
square foot was all that could be relied on. Ina 
Jarge turbine installation, with a river running 
outside the engine-room wall, not more than 7} lb. 
per square foot had been reckoned on, as against 
the 10 lb. mentioned by the author. Mr. Charles 
Day thought that 8 lb. per square foot was much 
too great an allowance, unless the cooling water 
entered at a temperature below 85 deg. Fahr., 
which was by no means an uncommon temperature. 
Mr. Harding, on the other hand, held that there 
was no difficulty in condensing 9 lb. or 10 lb. per 
square foot, as in ordinary marine practice as much 
as 25 1b. per square foot was frequently dealt with ; 
and he had seen a condenser which would certainly 
maintain a good vacuum when condensing at the 
rate of 35 lb. per square foot. 

One of the most interesting points raised in the 
discussion, however, was the advisability of using 
separate air and water pumps to deal with the 
products of condensation. The author believed 
that the advantages of dealing with the air and 
water from the condenser in different pumps did 
not warrant the additional complications. He main- 
tained that his experiments had demonstrated that 
it was possible to obtain equally good results with 
a single-stage air-pump having a capacity of 0.75 
cubic foot per pound of steam, as with a two-stage 
arrangement of a capacity of 2 cubic feet per pound, 
as fitted to some recent large condensing plants in 
the States. The Hon. C. A. Parsons supported 
the idea of the dry and wet pump system, on the 
practical grounds of small air-leaks being iess pre- 
judicial on account of the large displacement of the 
dry pump. Mr. Harding pointed out that the 
system was tried over a hundred years ago by 
Murray, who had abandoned it in favour of the 
single pump. Mr. H. E. Molé and Mr. O. Lasche 
both strongly advocated the dry and wet system. 
The former mentioned that, using the system, a 
firm of engineers had guaranteed that the hot- 
well temperature should: be within 1 deg. Fahr. of 
the theoretical temperature corresponding to the 
vacuum inthecondenser. The water could, in fact, 
be removed at practically the same temperature as 
the vapour, and the latter could be cooled inde- 
pendently by the circulating water and its volume 
correspondingly reduced before it came to be dealt 
with by the dry pump. The theoretical advan- 
tages of dealing with the air and water scparately 
are considerable, and the use of wet and dry air- 
pumps is becoming increasingly common in connec- 
tion with steam turbines where the greatest possible 
vacuum is required. 








Sourn ArricaN Go.p-Mininc,—The greater vigour 
impressed upon gold-mining in the Transvaal is indicated 
by the increase in the number of stamps at work. In 
January this year the total was 6005; in February, 6281 ; 
in March, 6485; in April, 6665; in May, 6895 ; in June, 
6986 ; in July, 7053; and in August, 7233. The quantity 
of quartz crushed during the same period was :—January, 
880,933 tons; February, 828,148 tons; March, 940,900 
tons; April, 929,268 tons; May, 991,388 tons; June, 
968,641 tons; July, 992,204 tons; and August, 1,017,102 
tons. The number of Chinese coolies distributed among 
the Transvaal gold-mining companies in August was 
44,571. Among these, 30,083 were employed by them- 
selves by thirteen companies which resorted solely to 
yellow labour. Nine companies were employing 10,924 
Chinese coolies at the same date, in conjunction with 
black labourers. 


Taree Montus’ Surprinc Losses.—For the three 
months ending on June 30 last the returns of shipping 
lost, condemned, &c., has been issued by Lloyd’s Register. 
Great Britain has lost a total of 22 steam vessels during 
the period, of a net tonnage of 24,360. Wrecks, as 
usual, form the largest source of wastage, 12 vessels being 
lost from that cause. The total losses, however, only 
amount to 0.27 per cent. of the gross steam tonnage 
owned by Great Britain. Only Holland, of all the nations 
registered, has a better record of accidents, the Dutch 
losses being only 0.18 per cent. of their gross tonnage. 
Except for this, England holds easily the first place as 
regards immunity from disaster at sea, a point on which 
we have often commented. We were, however, rather 
less fortunate as regards sailing vessels, losing 11, of an 
aggregate of 8594 tons, during the quarter. This amounts 
to 0.66 per cent. of our sailing tonnage, a percentage only 
exceeded by the Colonies, Norway, and Sweden. Not 
one of the British sailing vessels was condemned, the 
tetal wastage being due to wrecks, collisions, fire, &c. 
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NOTES. 
Tue Boarp oF TRADE AND MunICcIPAL OBSTRUCTION. 


EveEryYONE who has watched the doings of muni- 
cipal authorities will have noticed how fond such 
bodies are of applying for provisional orders under 
the Electric Lighting Acts, which they have no 
intention of exercising. Either with the purpose 
of avoiding competition with their gas works, 
or merely with the object of checkmating the 
aspirations of a private company, it has been 
the favourite practice of the municipal autho- 
rities to get an order for the supply of elec- 
tricity themselves, knowing that, until it lapses, 
their position is secure. he needs of the dis- 
trict for a supply of electricity are not taken into 
account in the game. This action of the local 
authorities at length grew to be sucha scandal 
that the Board of Trade awoke to the situation, 
and of recent years has had little hesitation in 
revoking an order when it became evident that it 
had been obtained merely for obstructive purposes. 
The number of provisional orders which have had 
to be revoked for this purpose within the last few 
years has at length caused the Board of Trade 
to issue @ memorandum calling attention to the 
matter. The memorandum states clearly that the 
Board considers it undesirable ‘‘ that a local autho- 
rity should apply for a provisional order without 
having a definite intention of exercising the 
powers under the order when obtained ; and in 
future the Board will not be prepared to grant 
an order to a local authority unless they are satis- 
fied that the powers will be exercised.” This 
should be a salutary check on the practice of 
the obstructive tactics to which we have referred, 
while at the same time it throws no hindrance in 
the way of municipalities honestly desirous of 
introducing electricity into their area of adminis- 
tration. 


BaKU AND JAPAN, 


The work of the engineer has been a most effec- 
tive factor in economic conditions, as swift lines of 
steamers and telegraphic communication has shrunk 
the world into small dimensions. The latest illus- 
tration of this fact is given by the effect which even 
distant Japan is likely to feel in the sudden suspen- 
sion of the Baku source of kerosene supply. In 
one of the Japanese journals which is specially de- 
voted to financial and economic subjects, which has 
just come to hand, a table is published, showing 
how the Russian oil has gradually found a market 


in Japan. The import figures during the past ten 
years are :— 
American. Russian. 
Yen. en. 
1896 5, 282,909 1,013,127 
1897 5,971,866 1,336,353 
1898 ... = E 5,910,774 1,133,807 
1899 ... Na Sd 5,436, 622 2,429,456 
1900... ya ... 10,775,116 2,412,017 
1901 11,988,784 1,932,326 
1902 12,097,455 2,839,655 
1903 6,825,457 4,630,239 
1904 11,152,271 4,385,478 
1905 6,121,212 2; 248,798 


The figures for 1905 cover the period up to July 
only. Oil coming from Russia constitutes the great 
bulk of the tank supply. It is mostly carried by 
the vessels of the Shell Transport Company, which 
company will now find itself greatly inconvenienced, 
is its Borneo wells are not developed sufficiently to 
take the place of the Baku oil. The result, no 
doubt, will be not only an increase in the price of 
American oil, but also an impetus to the pro- 
duction of Japanese oil. This has increased from 
4,145 koku in 1893 to 1,065,116 koku in 1903 
(1 koku = 39.7 gallons). 


LaTEeNtT DEFECTS. 


The owner of a motor-car is so often blamed for 
any accident in which his car takes part that it is 
sual to assume that there is some inherent vice 
in these vehicles which must always bring them 
within reach of the law. This is a great mistake. 
‘lotor-cars using the highway are entitled to the 
‘me amount of consideration as other vehicles, 
and if damage is caused by inevitable accident— 
¢., by an accident which no human foresight could 
ve avoided—the owner of a car is not to be 
held responsible. Thus, if an accident arise 
‘rough what is called a latent defect in a car, the 
owner is not liable. Inarecent County Court case 
the facts were that a motoromnibus ran into a 





standard lamp-post and broke it. The borough 
council, who owned the lamp-post, sued for the 
cost of repairs. By way of defence, the owner of 
the bus pointed out that the accident had been 
caused by the breaking of the steering-pillar. It 
appeared that, unknown to the defendants, 
there was a flaw in the metal, which, although 
it had been in use for a considerable time, 
eventually gave out. The defendants contended 
that they had omitted no precaution which 
any reasonable man would have taken; that they 
had been guilty of no negligence ; and were there- 
fore not liable. This view was adopted by the 
County Court Judge, who gave judgment for the 
defendants. An inevitable” accident is a class 
of accident for which no one can be held liable in 
law. So if a quiet horse runs away and does 
damage, his owner would be held. irresponsible ; 
but if a man were to take out a horse which was in 
the habit of bolting five days out of six, this would 
be evidence of negligence on his part. The doctrine 
of *‘latent defects” is by no means a new one. 
In a case which has long been a leading authority 
in relation to the liabilities of railway companies, a 
passenger brought an action for injuries received 
in an accident caused by the breaking of the tyre 
of a wheel of the carriage in which he was travel- 
ling. It was proved that the breaking was due to 
a latent defect in the tyre, which was not attri- 
butable to any fault on the part of the manufac- 
turer, and which could not have been detected 
before the breaking. The court held that railway 
companies do not make any such contract of 
warranty ; they only contract to take due care to 
carry their passengers safely. 


LarGe Evevatep Water Tank. 

Large water tanks carried on high steel towers 
are not much in vogue in this country—at any rate 
not nearly to the same extent as they are in the 
United States, where a special study appears to 
have been made of the art of designing and build- 
ing such structures. The modest dimensions of the 
earlier tanks have been increased, and there is now 
one which will contain 1,000,000 gallons of water, 
and which stands on a tower 135 ft. high from the 
ground level. This tank and tower were con- 
structed by the Riter-Conley Manufacturing Com- 
pany, of Pittsburg, whose structural engineer, Mr. 
F. M. Bowman, recently gave an account of it to 
the members of the New England Water Works 
Association. The tank is of steel and is 70 ft. in 
height -by 50 ft. in diameter; and, as before 
stated, will hold 1,000,000 gallons. The tower 
supporting this enormous quantity of water is made 
of steel, and is formed of twelve columns braced 
together. Four of these columns are placed 
17 ft. 8 in. apart, in the form of a square under the 
central purt of the tank, and carry most of the 
load ; the weight borne by each of the columns 
being about 700 tons. The remaining eight columns 
are placed round the circumference of the tank in 
line with .the four central columns. The founda- 
tions for all the columns are carried down to solid 
rock, and are formed of concrete blocks with granite 
cap-stones, each cap being one solid piece of 
granite. The stones for the four central columns 
are each 6 ft. 6 in. square by 3 ft. thick, and each 
weighs 11 tons. The columns stand on cast-iron 
bases, which are 5 ft. square at the bottom and 
2 ft. 7 in. square at the top. The platform carry- 
ing the tank is constructed of 12-in. I-beams, 
which are carried on box-girders spaced about 9 ft. 
apart from centre to centre. These box-girders in 
their turn are supported on pin-connected girders, 
which transmit the load to the columns. The spaces 
between the 12-in. I-beams which form the actual 
platform are filled with concrete, which rises 4 in. 
above the top of the I-beams. The steel plates 
which form the bottom of the tank are 4 in. 
thick, and the side plates have a thickness varying 
from }§ in. for the bottom ring to % in. for the 
top ring. Between the roof and the shell a 
space of 30 in. is allowed for ventilation, and 
the space is fitted with a heavy wire screen. 
The roof is of 4-in. plates, supported on steel 
trusses. The pressure on the granite caps below 
the columns does not exceed 400 lb. per square 
inch, and the pressure on the concrete 250 lb. 
per square inch. The tower was calculated to 
withstand a wind pressure of 50 lb. per square 
foot of the ex surface, and the pressure on 
the tank was assumed as two thirds of this amount 
on the diametrical area. The cost of the tank and 
tower was a little over 100,000 dols, 


, Company. 





YEAR-BOOKS AND ANNUALS. 


Fowler's Mechanical Engineers’ Pocket-Book, 1906. 
Edited by WriitaM H. Fow er, M. Inst C.£., Wh.Sc., 
&c. Manchester: The Scientific Publishing Company. 
[Price ls. 6d. net.]—The new edition of this book does 
not differ in many respects from its predecessor, the 
most important alteration being the addition of a sec- 
tion devoted to standard dimensions of the minor 
details of machine-tools. The now section follows 
logically on the details of lathe design previously given, 
and adds greatly to the value of the latter, which 
already was a most useful and sensible guide to tool- 
designers. We are now given drawings of such details 
as hand-wheels balanced and other handles, tee-slots, 
vee-strips, knuckle-joints, &c., all with lettered dimen- 
sions, and below each illustration a tabulated list of 
actual dimensions for the various sizes. These details, 
of course, are standardised in many offices ; but where 
they are not, the present list will save much time in 
designing, and prevent the clumsy and ugly details 
often originated by draughtsmen unfamiliar with such 
work. On pages 72 and 73 lists of standard American 

ipe-flanges are given, which certainly should have 
n replaced by the new British standards ; and one 
wonders why there are only two British ships named 
in the list of the leading Atlantic liners, and why even 
these two do not include either the Cedric or the 
Baltic. The table giving average steam consumption 
of various engines appears to have been compiled from 
foreign sources, and uires revision, for as it stands 
it will cause much misapprehension. No details of 
temperature of feed-water or of superheat are given, 
and the results are worthless for comparison. Whether 
the steam consumption is reduced to saturated steam 
at 212 deg. or not, is not stated, and the position of 
any engine in the tables is no guide to its merits. 











AMERICAN Natura Gas.—In the twenty-ninth annual 
report of the Indiana Department of Geology it is stated, 
as an indication of the failing of natural gas, that small 
wells which would have been regarded as worthless, and 
would have been plugged a few years since, are now 
watched zealously, and drilling for them is encouraged. 
Most of the wells now have an output of less than 500,000 
cubic feet daily. In earlier times a well which produced 
less than 5,000,000 cubic feet per day was regarded as of 
little importance. The gas now produced is all sold at 
meter rates, resulting in an income relatively five times 
as great as under the old fiat rate system. 

Tue Iratian Navy.—The latest addition to the Italian 
Navy, the Napoli, recently launched at Castellamare 
di Stabia, is of the same class as the Vittorio Emanuele. 
The Napoli has a speed of 224 knots, and is armed with 
fourteen large and twenty-four small guns. Her crew will 
consist of thirty-six officers and 679 men. Some trials 
have taken place at La Spezzia of a newtype of torpedo- 
boat, adapted for blockading. An Italian submarine 
named the Glauco has been Eenoched at Venice. She 
will have a surface speed of 14 knots. Four other sub- 
marines are in course of construction for the Italian 
Navy ; they will be named the Squalo, the Narvalo, the 
Ottaria, and the Trieheco. 





Turpines.—Further experiments with turbines will 
shortly be carried out in the German navy, as the new 
third-class cruiser Lubeck, which is fitted with turbine- 
engines, is now réady for her trials. In this connection 
it is interesting to note that in France a torpedo-boat, 
No. 293, fitted with Parsons turbines, has recently con- 
cluded some successful trials, attaining a mean speed of 
26 knots on her full-speed trials ; but while her displace- 
ment is only 95 tons, that of the German destroyer 
is 420 tons. The French are having two other boats 
fitted with turbines on another system, and when ready 
a series of experimental trials between the three wil! be 
carried out. 





Hicu - Pressure Gas-LicntTinc AT Broap - STREET 
Sration.—The reorganisation of the lighting of Broad- 
street Station has just been effected, the old-fashioned 
ep named having been replaced by a large number of 
xigh-pressure incandescent gas-lights. The candle-power 
has been increased from 8000 to 40,000, and yet it is esti- 
mated that the lighting bill, after allowing for all main- 
tenance char, will be reduced by over 2002. per annum. 
The station is now excellently illuminated in every part, 
fifty-nine ofSugg’s ‘‘ Newark” lamps, each of 300 candle- 
power, serving the eight platforms, at a total hourly 
consumption of gas of 590 cubic feet. The cost, with gas 
at 2s. 1ld. per 1000 cubic feet, thus works ‘out to 
only 1s. 84d. per hour for the eight platforms. The 
approaches, staircases, &c., are lit with a total of fifty-one 
;similar lamps, while the booking and other offices use 
|incandescent lamps at ordinary preesure. The high- 
| pressure gas is ——— by the Gas Light and Coke Com- 
| pany from their high-pressure gas mains at a pressure of 
|10 in. of water. The high-pressure gas incandescent 
| lamps are said to be cheaper to use than electric arc 
| lights, even if the current is supplied at 14d. per unit. 
| The whole of the work has been carried out by Messrs. 
William Sugg and Co., of Westminster, under the instruc- 
tions of Mr. Henry J. Pryce, the locomotive superin- 
| tendent of the North London Railway; and Mr. EK. W. 
| Goodenough, chief inspector of the Gas Light and Coke 
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LAUNCHES AND TRIAL TRIPS. 


On Saturday, the 4th inst., the steel screw-steamer 
Northwaite had her trial trip. She has been built by 
Messrs. William Gray and Co., Limited, for the Raith- 
waite Steamship Company, Limited, of Cardiff. She 
takes Lloyd’s highest class, and is of the following dimen- 
sions :—Length over all, 354 ft. 6in.; breadth, 49 ft. 6 in.; 
and depth, 27 ft. 5in.; she is fitted with all the neces- 
saries of a first-c cargo steamer. The triple-expan- 
sion engines have been built by the Central Marine 
Engine Works of the builders, having cylinders 25 in., 
404 in., and 67 in. in diameter, with a 45-in. stroke. 
Steam is supplied by two ~— steel boilers adapted to 
work at a pressure of 180 1b. per square inch. After 
adjustment of compasses, a run along the coast was made, 
when an average speed of 114 knots was obtained ; the 
—— of ship and machinery being all that was 
desired. 





The Clyde Shipbuilding and aginening Company, 
Limited, launched from Castle Works, Port Glasgow, on 
Wednesday, a steel screw - steamer, the Don Carlos, 
measuring 280 ft. by 40 ft. by 20 ft. 7 in., built for the 
special trade of the Compajia de Lota y Coronel, of Lota. 
mmediately after the launch the vessel was berthed in 
the builders’ dock to receive her nd which has also 
been constructed by the Clyde Shipbuilding and Engi- 
neering Company, Limited. 


On Tuesday, the 7th inst., the s.s. Lord Derby, built 
by Messrs. A. McMillan and Sons, of Dumbarton, to the 
order of Messrs. John Herron and Co., of Liverpool, was 
taken out for trial over the measured mile at Skelmorlie. 
The vessel is designed to carry a large cargo on a light 
draught, and measures 375 ft. between perpendiculars by 
48 ft. 3 in. by 17 ft. moulded. The engines have been 
built by Messrs. Dunsmuir and Jackson, of Govan, and 
have cylinders 26 in., 42 in., and 70 in. in diameter, with 
a stroke of 48 in. These take steam from three | 
boilers working at a pressure of 180 1b. per square a 
The vessel and her machinery have been constructed 
under the supervision of Messrs. Flannery and Given, of 
Liverpool, London, and Rotterdam. During the trial 
runs an average speed of 12 knots was obtained, and 
during a six hours’ continuous full-speed trial everything 
worked in a very satisfactory manner. 








ConsTITUTION AND Properties or Steets.—M. Léon 
Guillet (vide Comptes Rendu, 140 and 141) has investi- 
gated the behaviour of ternary steels, and his conclusions 
are briefly stated as follows :—Steels containing 0.5 per 
cent. of tin exhibit the same structure as carbon steels. 
When the percentage of tin is between 5 and 10, white 
patches are observed surrounding the pearlite. The tin 
apparently dissolves in the iron, and separates in the 
form of a definite compound. The carbon is always 
present in the form of carbide, and there is no trace of 
graphite. If more than 10 per cent, of tin is present, a 
laminated structure is observable, and such steels are 
extremely hard and brittle. Annealing has the same 
influence as on ordinary steels, and tempering only gives 
rise to martensite at those points where pearlite pre- 
viously existed. Examination of steels containing up to 9 
per cent. of titanium shows that they have the same micro- 
graphic structure as ordinary steels, and the titanium 
appears to dissolve in the iron. The breaking strength of 
steels containing 0.7 per cent. of carbon is considerably 
increased by the presence of titanium, whilst the effect 
of annealing and tempering is similar to that on ordinary 
steels. Steels containing up to 60 per cent. of cobalt show 
pearlitic structure. Speaking as to the three metals, tin, 
titanium, and cobalt, it may be said that each dissolves in 
the iron, and carbon present exists entirely as carbide of 
iron. None of them influences sensibly the mechanical 
properties of the steel, so that no industrial application 
thereof is immediately suggested. The difference in this 
respect between tin or titanium and silicon, or even 
between cobalt and nickel, is very remarkable, the cobalt 
steels, like those of tin and titanium, failing to manifest 
the properties so much valued in nickel steel. Aluminium 
up to 15 per cent. dissolves in the iron, and this solution 
does not dissolve carbon. The pearlite in these steels is 
compact and granular, causing brittleness in some speci- 
means, and it is not converted into martensite by tempering. 
When much aluminium is present, free martensite may 
oc sur even in st-els containing less than 0.85 per cent. of 
carbon. So long as the aluminium present is Jess than 2 
per cent,, it has but little influence on the mechanical pro- 
perties of steel. (See ENGINEERING, page 279, of Septem- 
ber 1, 1905.) The ternary steels containing the following 
metals may, in regard to their microstructure, be classi- 
fied in five groups. Nickel, oe chromium, 
tungsten, molybdenum, silicon, vanadium, titanium, tin, 
and cobalt :—1. Pearlitic steels. 2. Martensitic steels. 
3. Steels containing y iron. 4. Steels containing carbide. 
5. Steels containing graphite. The properties of group 1 
—pearlitic steel—depend on the nature of the third sub- 
stance introduced into the iron-carbon alloy. Group 2.— 
Martensitic steels and those containing troostite have a 
high tensile strength and elastic limit, are hard, and 
difficult to work. Group 4.—Carbide steels are only found 
in the case of chromium, tungsten, molybdenum, and 
vanadium 4 4 and the form of the ayers of carbide 
varies with the metal in the steel. The micrographic 
examination of a steel generally affords an indication as 
to its*‘properties and industrial applicability, bat this is 
least reliable when considered in relation to the largest 
class—viz., the pearlitic steels, mentioned in group 1. 
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PERSONAL.—Messrs. Lionel Robinson and Co., Limited, 
Ferry Works, Thames Ditton, inform us that the name 
of their London representatives has been changed since 
September 30 to Messrs. Frampton and Paine, 29, Old 
Queen-street, Westminster, S.W. On page 566 ante the 
name of this firm was incorrectly spelt ‘‘ Robins.” — Messrs. 
Wailes, Dove, and Co. have removed their Liverpool 
offices to 26, African House, 6, Water-street.—Messrs. 
Sulzer Brothers, engineers, whose main works are at 
Winterthur, in Switzerland, are opening a technical 
office at 34, Norfolk-street, Strand, W.C.—For the third 
year in succession the ‘‘ vel” agricultural motor compe 
at the North Kent Agricultural Association’s ploughing 
match, held at Farningham on the 2nd inst., and was 

in awarded the gold medal of the association. Over 
120 horse-drawn ploughs took part in the competition. 
The ‘‘Ivel” motor was shown hauling a three-furrow 
plough on very stiff land, and was doing the work of 
six horses.—Messrs. Reavell and Co., Limited, Rane- 
lagh Works, Ipswich, have been awarded a gold medal 
for their patent quadruplex, direct-coupled, electrically- 
driven air-com at the Liéze Exhibition.—Messrs. 
Arthur Kop of 27, Clement’s-lane, London. E C., 
and Messrs. Orenstein and Koppel, of Bush-lane, Cannon- 
street, E.C., have amalgamated; henceforth the com- 
bined business of the two firms in the United Kingdom 
will be carried on by Messrs. Arthur Koppel, at 27, 
Clement’s-lane, E.C. 


Contracts.—Messrs. Reavell and Co., Limited, Rane- 
lagh Works, Ipswich, have recently received a number of 
ers for their patent quadruplex air-compressors, in- 
cluding-three 400 cubic-foot direct-coupled machines for 





the Japanese Government; one 400-cybic-foot direct- 
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FOUR-CYLINDER EXPRESS LOCOMOTIVE; L. & S.-W.R. 
FROM THE DESIGNS OF MR. DUGALD DRUMMOND, LOCOMOTIVE SUPERINTENDENT. 
(For Description, see opposite Page.) 
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; coupled machine for Mesarsa. Eastwood, Swingler, and 
|Co., Derby; two 700-cubic-foot direct-coupl motor- 
driven air-compressors for Messrs. Scott and Middleton, 
for use on one of the London tube railway contracts ; two 
880 - cubic-foot direct-coupled compressors for the East 
Rand Proprietary Mines, direct-coupled to polyphase 
motors, the largest compressors on the Rand direct-coupled 
to motors of this type; and fifteen other machines for 
home and foreign customers, among whom are the British 
Admiralty, the Swaziland Corporation, and various mines 
and collieries.—The Kennicott Water-Softener Company, 


ted | 29, Great St. Helens, E C., have received an order from 


the Powell-Duffryn Steam Coal Company, Limited, of 
Bargoed, South Wales, for one of their Type ‘‘ A” Kenni- 
cott water-softeners of a capacity of 10,000 gallons per hour. 
The Powell-Duffryn Company, we understand, gave this 
order after an exhaustive inquiry into the various systems 
at present on the market, and after sending one of their 
engineers to Germany to inspect plants there. — The 
Diesel Engine Company, Limited, of London, have re- 
cently secured an order for a 500 brake horse-power engine 
to drive the new extension of the works of Messrs. Craven 
and Speeding Brothers, Sunderland, where a smaller Diese! 
engine of 240 brake horse-power has been used to drive 
the existing works for nearly two years. Among other 
contracts recently obtained by the Diesel Company are 
the following :—225 brake horse-power for Messrs. Binny 
and Co., Madras; 150 brake horse-power for Messr-. 
Bartram and Sons, of Sunderland ; 160 brake horse-power 
and a 400 brake horse-power for Messrs. Bradbury, Bradv, 
and Co, Bombay ; 90 brake horse-power for Messrs, Gibs«-n, 
Batle, and Co.. Sydney; two 33 brake horse-power fur 
the Guildford Electric Lighting Company, Australia ; and 
two 20 brake horse-power for Messrs. Haupt, Biehn, and 
Co., Rio de Janeiro, 
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engine illustrated, and we can bear testimony to her 
easy running: as the driver said, ‘‘ she travels like a 
coach.” The fireman appeared to have no difficulty 
in keeping the long grate covered, although it is 6 in. 
in excess of the length that used to be considered a 
desirable limit for marine work. The pumps were kept 
constantly at work, needing very little attention. The 
load, however, was not what it would be with heavy 
summer traffic. 





INDUSTRIAL NOTES. 

Tue problem of the unemployed is still acute in the 
Kast End of London, and the determination of Messrs. 
Yarrow to remove their shipbuilding works to some 
other centre is causing consternation in the shipbuild- 
ing district of the Thames. Really the wonder is 
that this industry has been able to maintain its exist- 
ence in this district in anything like a prosperous and 
paying condition for such a long period of time. 
Thirty or forty years ago shipbuilding on the Thames 
was declared to be in a ruinous condition. Since then 
the conditions have not improved. There are various 
reasons why the Thames shipbuilders have long felt 
that they are heavily handicapped, quite apart from 
questions of wages, and other conditions of employ- 
ment. Firstly, there is the dearness of land, the value 
of which continues to increase. Secondly, there are 
the high local rates; these are getting higher and 
higher with a rapidity which is appalling. Thirdly, 
there is the cost of transit of raw material—coal, iron, 
steel, and other essential materials—for such elaborate 
constructive work. On the Clyde, the Tyne, the Tees, 
and the Wear all such essentials are comparatively 
near—coal-pits and iron and steel works are at hand. 
The keen competitors in all those districts, and those 
at Barrow-in-Furness, Liverpool, and Birkenhead with 
similar advantages, if not quite so good, are doubtless 
able to accept contracts at lower rates than those on 
the Thames. The wages in London are undoubtedly 
higher, but the difference is not so great as to be 
ruinous. In other respects the conditions of employ- 
ment are nearly the same in all the chief shipbuilding 
centres, the regulations as to which are made by the 
same trade union—namely, the Boiler-Makers and Iron 
Ship-Builders’ Union. It will be a blow to the East 
End of London if Messrs. Yarrow remove their works ; 
but circumstances appear to make it almost inevitable 
now or in the near future. 





The Austrian Socialist Party at its conference last 
week in Vienna came to a decision which does it 
credit, though it was limited in its application. A 
resolution was carried rejecting, and declaring as fan- 
tastic, the organisation of national and international 
strikes as a means of bringing about changes in or 
out of society. This had no special reference to 
the strikes in Russia, many of which have been of 
that character ; the resolution was rather based upon 
the general idea of social and political changes apart 
from purely industrial questions. The limitation, .on 
the other hand, was to the effect that the conference 
acknowledged that a wholesale strike in certain large 
allied, or groups of, trades, particularly those engaged 
in or connected with victualling, mining and trans- 
port, was an eflicient means in extreme cases. But 
who are to be the judges of extreme cases? All 
such general strikes have been ruinous in their 
character and results, and generally they have been 
failures in so far as the workers are concerned. A 
general strike cuts off the resources and revenue of 
the unions engaged, so that material support cannot be 
effectively and adequately rendered. Moreover, it is as 
far-reaching as a general lock-out ; in both cases others 
suffer besides the men who have a grievance, real or 
fancied. At the French Socialist Congress, held at 
Chalons last week, it was resolved to nominate candi- 
dates at the forthcoming elections at all places, both 
for the Senate and the Chamber at the first ballot ; at 
the second ballot the candidates should be again 
nominated or withdrawn according to circumstances, 
so as to secure the utmost advantage for the pro- 
letariat and for the Socialist cause. Labour is to be 
the first thought in all these elections. But now the 
congress has handicap all their pro candi- 
dates by deciding to publish a manifesto declaring the 
necessity of substituting collective for individual 
ownership of property. This will spoil the chances 
of the candidates in all but the chief socialistic 
centres, 





The Thirteenth Annual Congress of the National 
Free Labour Association was held last week in the 
Memorial Hall, Farringdon-street, London. The tone 
of the meeting was decidedly antagonistic to trade- 
unionism, as the constitution and character of the 
association would imply. We have already given the 
chief points in the report of the executive council and 
the gist of the six resolutions submitted to the con- 
gress. The first condemned very strongly picketing 
in labour disputes, and any amendment of the law 
whereby it could be legalised and extended. The second 


condemned the ‘‘ manifest bias and partiality” of the 





reports of the Labour Department of the Board of 
Trade in the Labour Gazette. The third opposed legis- 
lation to enlarge the powers of trade unions, or to 
exempt their funds from legitimate claims for com- 
pensation for loss or damage in consequence of their 
action. The fourth condemned the attempt to in- 
fluence Parliament or municipal and other local bodies 
by the accession of Labour candidates in such bodies, 
whose object would be to further legislation and in- 
fluence administration in favour of trade-union labour. 
The fifth declared in favour of Mr. Chamberlain’s 
policy of preferential tariffs. The resolution declared 
against free imports as disastrous to labour, trade, 
commerce, and general industry in this country. It 
further declared that preferential tariffs was the only 
true solution of the unemployed problem. The sixth, 
and last resolution, condemned the Trades Disputes Bill 
of the last and previous sessions, and commended those 
on the Grand Committee on Law who rejected the 
measure, The congress represented the non-vnionist 
party in the Labour movement ; and the attempt of 
some of the trade unions to force men into the unions 
will tend to increase the strength and power of the 
Free Labour Association. The leaders and men who 
support the policy of coercion forget that a trade 
union is a voluntary association of workers for the 
mutual advancement of their interests. 


The es of the unemployed” has, in 
itself, an ugly sound, and a still urglier signification. 
The old method was for the unemployed toseek work, 
tramping far and near; but while they are being 
‘* organised,” seeking work seems to be out of the 
question. However, we must take things as they are. 
n some way the organisation has fallen into the hands 
of the London Trades Council; this is the body that 
arranged the deputation to the Prime Minister. But 
this is apart from the deputation and procession of 
the women of Poplar, the latter being a purely local 
demonstration, in which the Mayoress of Poplar, the 
wife of Mr. Will Crookes, M.P., and others, took a 
part. Asregardsthe London Trades Council, absolute 
sanity ought to be expected and exacted, for the 
Council is composed of delegates from the best orga- 
nised trades of London, many of whom provide a 
weekly payment for out-of-work benefit, and these at 
least ought to know how to deal with the unemployed 
problem from the standpoint of self-help and self- 
respect. The Council has no right to indulge in the 
luxury of feeding the loafer at the public expense. 
The women of Poplar feel, no doubt, the dire distress 
which bad trade has developed in their midst. But 
one wonders how many of the husbands of these poor 
women are willing and able to work if work is 
found for them. The President of the Local Govern- 
ment Board in a recent speech declared against the 
policy of the State finding employment. But that 
was the real foundation of our Poor Law system. 
Even now it is in force, for the casual has to undergo 
the labour test. The real difficulty is to distinguish 
where relief can be given without exacting some 
amount of labour, and where work shall be done for 
the relief given. It is more expensive to give relief 
from the rates without labour in return than to exact 
performance of labour for the relief obtained. The 
policy need not involve State employment in the 
— sense any more than the test of the casual 
ward, 








The Ironworkers’ Journal for Nevember contains 
oe statements relating to the iron and _ steel 
trades, with especial reference to the proposals of 
Mr. Chamberlain and the Tariff Reform League. 
There are not in the ranks of labour any more ardent 
supporters of Free Trade than the general secretary 
and council and the members generally of the Asso- 
ciated Iron and Steel Workers of Great Britain. Mr. 
Cox, the general secretary, has had experience in 
‘Protection countries,” such as Germany, the United 
States, and elsewhere, and he is fully convinced of 
the superiority of the policy of this country as regards 
free imports. Whatever yoo may exist among 
employers in those trades, he firmly adheres to Free 
Trade. The Journal reports meetings of the Midland 
Wages Iron and Steel Board, more especially as 
regards the Welsh Committee, at which several impor- 
tant matters were discussed and settled in a most 
amicable and satisfactory manner, subject to confir- 
mation by the Midland Wages Board. Representa- 
tives were elected to sit on that board. A report was 
iven by Mr. W. Aucott of the progress made by the 
Sliding-Scale Committee as regards the basis to be 
adopted. He stated that experimental ascertain- 
ments were being made to effect such object. The 
report of the Board of Conciliation and Arbitration for 
the Manufactured Iron and Steel ''rades of the North 
of England shows that the wages then prevailing 
would be continued to the end of the present month. 
The average selling price of all descriptions combined 
was 5/, 18s, 11.564, per ton for the two months pre- 
vious to the last statement. A meeting of the stand- 
ing committee is also reported, at which the memo- 
randum of agreement between the Consett Iron Com- 





pany, Limited, and the bogiemen employed at No. 2 
Plate Mill was ratified. There were some other 
matters between the Consett Iron Company and some 
of their employés. These matters were considered. 
The case was referred back to be submitted to the 
men’s association before the standing committee could 
adjudicate upon it. These delicate questions were 
dealt with in an amicable manner. 





The report of the Associated Iron-Moulders of Scot- 
land states that ‘‘ the keynote of the returns is one 
of a cheering character, with the winter right on u:.” 
In recording the better times and better prospects, 
the council of the association ‘‘ press upon all members 
the need for close application to their work ; and not 
only that, but to see to it that where men are wanted 
those out of work should show anxiety for work.” 
The report adds :—‘‘ We only the other day had a 
request for four men a short distance outside of 
Glasgow, and had some difficulty in getting men to 

o at all, as excuses of some kind were manufactured.” 

his is plain speaking, and it is needed when the 
‘* unemployed” are being ‘‘ organised.” Local com- 
mittees and officers of the union are cautioned against 
men drawing ‘‘ aliment ”—that is, out-of-work pay — 
when men are wanted, which “‘ is against reason ; but 
it is more than that, it is taking that which is not 
theirs when there is work waiting for men to apply for 
it.” It is, indeed, mean for men to swell the ranks of 
the unemployed when work is waiting for them, meaner 
still to accept out-of-work benefit rather than to seek 
work, or accept it when found for them. There were 
122 fewer on unemployed benefit than in the previous 
report. The actual number in work at the date of the 
report is greater than for the last four or five years, 
for the total was only equalled in 1900. This shows 
a great improvement in trade, and the prospects are 
brighter than for some years past, especially at this 
season of the year. he financial position of the 
union has also improved, as there was a gain of 
624/. 13s. 2d. in the month, the balance now standing 
at 78,178/. 8s. 6d. The report records an increase of 
wages of engineers on the Clyde of a farthing per 
hour, and also of the pattern-makers. The jvuiners 
and plumbers failed through, it is said, the want of 
agreement between rival unions. This has been re- 
medied. The dispute as to wages was discussed at a 
conference of employers and employed, but they failed 
to agree, and a committee was appointed to further 
confer on the question. 





The Durham Miners’ Monthly Circular is a very 
important one for the members of the union, and it 
has also an interest for those outside of it. It appears 
that some members have begun to claim an authority 
which is equivalent to the setting up of an outside 
body, called a committee, to consider and adjudicate 
upon matters which, by the rules of the union, are 
wholly within the jurisdiction of the council. Mr. 
John Wilson, M.P., the general secretary of the 
Durham Miners’ Association, points out the absurdity 
of such a proceeding, and its danger to the union. 
The pal 4 is desirous of dealing with all questions 
in conjunction with the employers’ representatives on 
the Joint Committee ; but if an outside body steps 
in, there is a danger of a rupture and of a strike, 
without the sanction of the council of the union. 
This would be prejudicial to the welfare of the union, 
and a danger to the whole of the members. In some 
instances a local committee, established by the autho- 
rity of the union, or even with its consent, may be, 
and often is, useful; but if the local body is without 
authority, and takes action, the union might be in- 
volved in ruinous lawsuits, with possible damages. 
There is given in the Circular a list of cases considered 
by the Joint Committee of compensation claims. There 
were thirty-two cases, nineteen of which were con- 
sidered and dealt with on the medical referee reports ; 
six fatal accidents, and seven non-fatal. In most cases 
the rates of compensation were agreed to ; some were 
adjourned, and in two or three there were strong dif- 
ferences of opinion; in one case the council of the 
union will have to consider what can be or should be 
done. It is alleged that three large orders were lost 
to the Durham districts through the coal-tax, the 
orders being secured for the Westphalian coal-fields. 
There is a note on the recent action of the Chiet 
Registrar of Friendly Societies as to the payment of 
Labour representatives. For twenty years Durham 
has paid salaries to its Labour M.P.’s. 





At the adjourned meeting of the Coal Conciliation 
Board for the federated mining districts of England 
and North Wales, held in Nottingham last week, a 
settlement of the wages question was agreed upon for 
the present year. This settlement was only effected 
after prolonged negotiations between the parties, 
and is the result of a compromise based upon the 
proposals of the coal-owners. The reports from the 
various districts of the federation were dead against 
the proposal not to reopen the question until March 31, 
1906. The men’s representatives reported such decision, 
and suggested that December 31 of the present year 
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might be substituted for March 31 next. A similar 
suggestion was made by the men’s representatives at 
the Board meeting when Lord James of Hereford 
presided, and referred the matter of a reduction in 
wages of 5 per cent., back for reconsideration. The 
suggested pany ne was not apparently altogether 
palatable to the mine-owners, and was probably only 
accepted upon the suggestion of the men’s representa- 
tives that they should require a 2} per cent. advance 
in wages, instead of a reduction. After this the coal- 
owners held a second private meeting, at which the 
compromise was agreed to. The agreement arrived 
at was that wages should remain as at present until 
December 31, and that after that date 21 days’ notice 
should be given on either side for an advance or reduc- 
tion in wages, as the case may be. This will practically 
leave matters until the middle of February of next 
year, by which time, it may be, there will be such a 
change in the conditions of trade that the men will 
be able to secure an advance without much difficulty, 
for a further three weeks will bave to elapse ere the 
question can be decided. 


The position of the iron and steel trades is at present 
one of sanguine expectations, for the indications point 
to a period of prosperity ; it is indeed already assured 
far into the next year, if reports recently made can be 
relied upon. Best marked bars have advanced 10s. per 
ton, and common bars another 5s. per ton. Other 
advances are chronicled of various descriptions of 
manufactured material. Sheet-makers are so busy 
that they cannot turn out sufficient to meet the 
demands, and steel is dearer all round. The one note 
of alarm in the Midlands is the demand of the blast- 
furnacemen for an eight-hour shift—three in the 
twenty-four hours, instead of two shifts perday. But 
this difficulty may, perhaps, be removed by negotia- 
tion and concessions. 





In the Lancashire districts a quieter feeling pre- 
vailed on the Iron "Change, Manchester, but there was 
no change in tone. Prices were well maintained in all 
descriptions of iron and steel ; and if business was less 
brisk, it was because present requirements had been 
satisfied, so far as buyers were concerned. The out- 
look has undoubtedly brightened, and the prospects 
continually improve. But large buying in advance is 
not yet seen to any great extent. 

Tiade has so far revived at the London and North- 
Western Railway works at Crewe that the hours of 
fitters, signal-makers, and boiler-makers have been 
prolonged. Indeed, the engineering trades generally 
are improving in most districts. 





(jreat surprise is expressed in South Wales at the 
unexpected decision of the directors of the Powell 
Duftryn Steam-Coal Company, Limited, to close their 
Lower Duffryn Colliery, situated near Cwmpennae, 
Mountain Ash. A month’s notice has been given to 
each person, on the expiration of which some 800 men 
will be thrown idle. The cause alleged is slackness of 
orders, work at the colliery having been slack for some 
time. This unexpected blow will cause the labour 
leaders to consider their position from a prudential 
point of view, as any untoward action may recoil upon 
the members of the South Wales and Monmouthshire 
Miners’ Federation. 





The quarterly report of the Northumberland Miners’ 
Association shows that 66 collieries are in the union, 
the total membership being 22,165 full members, and 
2246 half members. The expenditure for the quarter 
amounted to 1305/. 103. 9d.; the members subscribed 
479. 19s. lld. t» charitable institutions. The total 
balance in hard was 118,622/. 





A substantial increase in wages has been given to 
various classes of workmen in the Royal Dockyards, 
as aresult of the petitions sent in over ten months 
ago, in January last. The increase applies to hired 
as well as ‘‘ established” workmen. Joiners gain Is. 
per week, the rates being 33s. 6d. for the estab- 
lished men, and 32s. for hired and probationary men. 
Riggers also have an increase of 1s. per week ; 
plumbers, braziers, and tinmen an increase of Is. 6d. 
per week ; painters, bricklayers, and masons 2s. per 
week ; labourers, ls. per week, with conditions. 

The Municipal Employés’ Association report progress 
in various districts, both as regards the expansion of 
the Association, and gains in wages, or in reduced hours 
of labour, It appearsalso that the Chief Registrar has 
passed the rule authorising the union to compel all 
members to pay the levy for Parliamentary labour 
representation. 








_Anuertcan Lake Navigation. —The United States Steel 
Corporation has placed an order with the American Ship- 
‘uildiag Company for two ore-boats, which will be the 
largest on the Great Lakes. They will be 600 ft. long, 
and will be able to carry a little over 12,000 tons of ore. 
lhe corporation has secured an option on two more boats 
of the same size, 








SUBMARINE TELEGRAPH ENTERPRISE. 


THE revenue of the Eastern Extension, Australasia, 
and China Telegraph Company, Limited, for the first 
half of this year amounted to 348,850/., as compared 
with 300,058/. in the corresponding period of 1904. 
The working expenses in the first half of this year, 
including 21,457/. for the maintenance of cables, 
amounted to 135,950/., as compared with 141,707/. in 
the corresponding period of 1904, leaving a balance of 
212,900/. After provision had been made for income 
tax and interest on debenture stock, the balance of 
212,900. was reduced to 194,900/., and increased to 
217,081/. by a reliquat of 22,181/. brought forward from 
the previous six months. Two quarterly dividends of 
1} per cent. each were paid during the half-year, leav- 
ing an available balance of 142,881/., of which 100,000/. 
was transferred to the general reserve fund, and 42,881/. 
was carried forward. The company’s tariff for tele- 
grams transmitted between Japan and Europe was 
reduced as from July 1 from 5s. 8d. to 4s. 10d. per 
word, making the rate the same as that charged by 
the Great Northern Telegraph Company’s route vid 
Russia. The 21,457/. expended in the first half of 
this year in the maintenance of cables was made 
up as follows:—Expenses of s.s. Patrol, 5840/. ; 
expenses of s.s. Recorder, 4380/.; expenses of s.s, 
Magnet, 3367/.; proportion of expenses of joint ships, 
4358/.; expenses of cable dépéts at Singapore and 
Adelaide, 4939/.; cable expended on repairs (after 
deducting value of picked-up cable) and sundry ex- 
penses at stations, 2124/.; insurance of cable in main- 
tenance ships and at stations, 1103/.; depreciation of 
spare cable and other stores, 4428/. These sums, 
taken together, amount to 30,539/.; but this total 
was reduced to 21,457/. by the charter of the com. 
pany’s vessels and other credits. The company’s re- 
serve funds stood at the close of June, 1905, at 
1,466,356/. This total was made up as follows :— 
General reserve fund, 1,112,450/. ; maintenance ships 
reserve fund, 40,849/. ; maintenance ships and cables 
insurance fund, 145,561/.; fire insurance, guaran- 


tees, &c., fund, 114,251/.; and depreciation of 
buildings and cable dépét fund, 53,2457. The re- 
serve funds were represented by the following 


assets : — Investments at cost, 1,078,923/.; Imperial 
Chinese  e administration in respect of cables 
supplied and laid, 92,216/.; spare cable held for 
renewal, 180,000/.; and cash, 115,217/. The reserve 
funds now amount to nearly half the paid-up share 
capital ; on the other hand, the company has issued 
4 per cent. mortgage debenture stock to the extent of 
752,4001. The expenditure made on capital account to 
the close of June, 1905 (after allowing for land and 
buildings in Java sold during the half year), stood at 
3,765,074/., as compared with 3,721,060/. at the close 
of December, 1904. At the close of June the company 
owned spare cable and other stores to the amount of 
62,3031. The revenue for the first half of this year 
included 2100/. for the subsidy paid in respect of the 
Tasmanian cable, and 2250/. for the subsidy paid for 
the Visayas (Philippines) cable. 

The revenue of the Western Telegraph Company for 
the first half of this year was 283,360/., while the 
working expenses were 116,665/. After provision had 
been made for interest on debenture stock, income 
tax, &c., there remained a balance of 147,412/., in- 
creased to 151,304/. by the reliquat brought for- 
ward from the second half of 1904. Out of the 
free balance for the first six months of this year 
dividends, absorbing 83,172/., have either been paid 
or are proposed to be paid, 60,000/. has been transferred 
to the general reserve fund, and 5000/. to the main- 
tenance ships reserve fund, a final balance of 3132J. 
being carried forward to the credit of the current 
half-year. The Eastern Extension, Australasia, and 
China Telegraph Company and the Western Tele- 
graph Company each paid 775/. in the first half of 
this year for the use of patents. The expenditure 
of the Western Teaneh Commence for the main- 
tenance of cables in the first half of this year was 
41,420/., the charges of the cable steamer Norseman 
having been 13,496/., those of the cable steamer 
Norse, 597/. ; those of the cable steamer Cormorant, 
1760/. ; those of the storeship Norna, 1138/.; and 
those of chartered steamers, 3350/. The cost of the 
cable used was 19,772/., and an allowance of 2590/. 
was made for the depreciation of cable in stock. On 
the other hand, the company received 2055/. during 
the past half-year for the use of its cable-repairing 
steamers by other companies. The reserve funds 
formed by the Western Telegraph Company stood 
at the close of June, 1905, at 1,072,311/. — viz., 
general reserve fund, 1,016,911/. ; maintenance ships 
reserve fund, 55,000/. ; and guarantee fund, 4007. The 
various reserve funds were represented by invest- 
ments to the amount of 753,421/., the balance being 
either represented by spare cable, stores, or cash. The 
expenditure made on capital account stood, at the close 
of June, 1905, at 2,466,042/., as compared with 
2,463,891/. at the close of December, 1904. At the 
close of June, 1905, the company held shares in other 
telegraph companies to the amount of 340,817. 








CATALOGUES. 


WE have received from Messrs. Alexander Ritchie and 
Co., 12 and 13, Upper Thames-street, E.C., their cata- 
logue of soil-pipes and fittings, drain-pipes, and general 
sanitary appliances kept in their London stock. 

Messrs. Drake and Gorham, Limited, 66, Victoria- 
street, S.W., have sent us their illustrated catalogue of 
Nernst lamps. 

Messrs. Horace P. Marshall and Co., Leeds, describe, 
in « booklet they have recently published, their rapid 
economic cupola, which they manufacture in sizes from 
1 to 20 tons per hour ; also their other foundry specialities, 
including core-making machines, sand-mixers, moulding 
machines, &c. 

We have received from Messrs. James Watt and Co., 
Soho Foundry, Birmingham, a leaflet describing the 
**Watt ” suction gas-producer. 

Messrs. John Cherry and Sons, Beckside, Beverley, 
have sent us their catalogue giving data concerning their 
helical centrifugal pumps. ‘These are manufactured in 
nine sizes; the smallest weighs 14 cwt., and discharges 
25 to 45 gallons per minute, the largest size having a 
capacity of over 2000 gallons. Various applications of 
these pumps are illustrated. 

The Lunken Valve Company, 35, Great Dover-street, 
8.E., have sent us a pamphlet containing particulars of 
their improved indicators and fittings. 

We have received from Messrs. Cammell, Laird, and 
Co., Limited, Shettield, their catalogue of tiles and rasps, 
which, besides illustrations and sections of these tools, 
contains views of the shops, showing the process of manu- 
facture from the crucible to the inspection room. 

Messrs. William Douglas and Sons, Limited, dairy and 
creamery engineers, Douglas Wharf, Putney, 8.W., have 
sent us a copy of their pamphlet illustrating their refri- 
gerating and other machines for dairies. Views are 
os showing several of the installations they have put 

own. 

Messrs. W. F. Stanley and Co., Limited, 4 and 5, 
Great Turnstile, Holborn, W.C., have-issued a new and 
enlarged edition of their catalogue. This forms a most 
complete compendium of data on surveying, optical, and 
other instruments. The book is admirably illustrated, 
and contains an excellent index. 

Messrs. Isaac Storey and Sons, Limited, Empress 
Foundry, Cornbrook, Manchester, have published a 
pamphlet on the Wollaston patent water-softener,’ of 
which they are the sole makers. Among the numerous 
ott aay of this type of softener, the makers mention 
besides the small cost of attendance, the automatic re- 
gulation of working, and regularity in the result, both the 
water and the reagents being in exact proportions at 
all rates of feed. 

We have received from Messrs. Siemens Brothers and 
Co., Limited, York Mansions, York-street, Westmin- 
ster, two pamphlets describing their Stafford Works, and 
their continuous-current direct-coupled generators. These 
generators are standardised in about thirty different 
sizes. 

Messrs. E, Reader and Sons, Limited, Phwnix Works, 
Nottingham, have sent us their catalogue, showing the 
steam-engines they build for electric-light installations, 
mills, factories, launches, &c. ese are in a great 
variety of standard types and powers, as evidenced by the 
catalogue proper and the telegraph code it contains. 

We have received from Messrs. Carrick and Ritchie, 
of the Waverley Engineering Works, Edinburgh, a copy 
of their new catalogue of turbines, pelton wheels, and 
other bydraulic machinery. For relatively low heads they 
make a ‘‘mixed flow” pressure wheel, whilst turbines 
of the Girard type are made for heads up to 800 ft. 








Hicu-Duty Coip Saw ror Srret.—A special design 
of high-duty circular saw, with teeth of highs eed steel, 
has been designed in America, and is made by the Tindel.- 
Morris Company, of Eddystone, Pa. It is used for cutting 
steel castings and forgings, structural steel, armour-plate, 
&c., in the cold state. The disc is formed of high-carbon 
crucible steel, and is of sufficient strength to withstand 
any pressure that can be put upon the teeth. The teeth 
are of simple design, are forged in a plain die, and are 
placed in slots on each side of the saw disc. The slots are 
of such a form and at such an angle that the pressure on 
the teeth, when cutting, has a locking effect, and tends 
to force the teeth inwards, so that they do not require 
pinning or otherwise fixing. One advantage of these 
teeth is that they can be made from modern high-speed 
steels, and no machine-work is required to shape or 
set them. A broken tooth may easily be driven out 
| a chisel inserted in a semi-circular recess at the bottom 
of the slot ; and a new tooth may then be puton. In the 
case of a saw, 73 in. in diameter, for an armour-plate 
cold-sawing machine, the blade is 70 in. in diameter 
and 14 in. thick, with thirty teeth on each side, the 
teeth being inclined at 20 deg. back of the radial line, 
and having an outward inclination of 1 deg., so as 
to make a cut 1,5 in. wide. They have an angle of 
60 deg. for their cutting-edges. With such a saw a 
5-in. nickel steel unhardened plate has been cut at 
the rate of 40 in, per hour, while a 44 in. hardened 
steel armour-plate has been cut at the rate of 9 in. per 
hour. The saw was driven by a 50-horse-power electric 
motor, having change-gears giving six circumferential 
—_ of from 10 ft. to 40 ft. per minute. It is stated 
that saws of this type have been in use at the company’s 
works for over three years without any cost for repairs, 
Feeds of } in. to ]}in. per minute are used on castings, 
forgings, bridge- ins, structural steel, and other material 
in which the carbon does not exceed 0.4 per cent. The 
circumferential speed for this class of material is about 
60 ft. per minute. Weare indebted for the above par- 
ticulars to the New York Engineering News. 
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THE INSTITUTION OF CIVIL ENGINEERS. 


Address of 81k ALEXANDER RICHARDSON BINNIE, 
President, delivered on November 7, 1905. 


GENTLEMEN,—In taking this chair for the first time, 
it becomes my duty to thank you for the honour—the 
very highest honour which it is in your power to confer. 
Were, however, the question put to me how it has come 
about that I occupy the position which I do to-night, I 


should find it ex ingly difficult to givea reply. First, 
of course, it is due to the sufferances of yourselves and 
to absent members that the honour has m conferred 


upon me. But behind your kindness to me in the 
matter I find it almost impossible to trace the causes 
which have converted the humble pupil who first attended 
our meetings in May, 1858—when Joseph ke occu- 
pied the chair—into your President of to-night. 

I can, however, in a dim way indicate two main forces 
which have been in operation—namely, inheritance and 
the circumstances which have surrounded my life. From 
my parents I inherited those greatest of all blessings—a 
sound constitution and a domestic training—for which at 
all times I feel the greatest thankfulness and gratitude. 

But in speaking of inheritance I wish you to take it in 
a somewhat wider sense, as the accumulation of all the 
knowledge of our ancestors in the t, which is the 
material out of which is built up what I may call the 
experience of our profession ; and two names stand out 
in this regard of men who directed my attention to the past 
history of our profession ; I mean those old masters under 
whom I served—Terence Wolfe Flanagan, M. Inst. C.E., 
and John Frederic La Trobe Bateman, F.R.S., your Past- 
President. 

But beyond these influences I feel that, outside more 
immediate professional work, I have been largely in- 
fluenced by social surroundings and the teaching of such 
men as Huxley, Darwin, Tyndall, and others who during 
my life-time have altered so largely our conception of 
Nature. 

From the above remarks you will notice that I feel 
largely indebted to the teaching of those great masters of 
scientific thought to whom I have alluded. But I venture 
to hope that in making these personal references you will 
not think that I am actuated by any feeling of egotism ; 
rather that I am of opinion that similar causes must in the 
past have been in operation in building up our profession, 
and moulding the lives and characters of those engineers 
who have gone before us. 

I propose this evening to trace out some of the circum- 
stances which surrounded the lives of our predecessors, 
for we must all remember that, in the widest sense of the 
words, we are public servants, called upon to minister to 
the wants and convenience of mankind. In looking at the 
past, we have to take into account not only the social, 
scientific, and philosophical advancement of the time in 
which our ecessors lived, but also the public welfare 
and the public wealth, out of which latter alone can great 
works be carried on. 

It is not until the eighteenth century that we can say 
that our profession arose in this country, although in 
the preceding century we find great discoveries and great 
names associated with science, which will ever form the 
basis of our work. Need I mention the foundation of the 
Royal Society in 1660, its celebrated secretary, Robert 
Hooke, or the illustrious Newton, whose Principia was first 
published in 1687? Among philosophers and men of 
letters we have Hobbes, John Sengun John Dryden, and 
John Locke. But during the period preceding the year 
1700 the national energies of our country were absorbed 
in establishing the principles of religious toleration and 
political freedom, culminating in the passing of the Bill 
of Rights in 1689, and the abolition of the censorship of 
the Press in 1695. Yet, during the seventeenth century 
and its predecessors we have engineers whose names have 
come down to us with veneration. Sir Hugh Myddleton, 
in the time of Elizabeth and James I., Cornelius Ver- 
muyden, the Dutch engineer, who did so much for the 
reclamation of our fens, and Dudley, who commen to 
manufacture iron by puddling. Yet, if we look back to 
those earlier times, we are struck with the fact that we are 
deeply indebted to foreigners for almost all the arts of 
life. Silk-weaving, pottery. and a host of others came to 
us from the Continent, and 3ven when it was necessary 
to build old Westminster Bridge a Swiss had to be intro- 
duced in the person of Lebelye, in the earlier part of the 
eighteenth century. It was about this period that the 
Newcomen steam-engine was introduced, and Abraham 
Darby worked. 

Although the seventeenth century was not characterised 
by any great engineering works in this country, or, in 
fact, by the application of science in the general sense of 
the word, yet the teachers of that period were laying the 
seeds which afterwards were to bear fruit. There had 
been great workers in the field cf natural science, many 
of them, unfortunately, in opposition to received opinions. 
The long struggle of Galileo and his pupil Torricelli had 
by observation established some of the simplest laws of 
gravitation and physics, which rendered a just interpreta- 
tion to be placed upon the teaching of Keser, and formed 
the basis of the discoveries of Newton. 

_ In another direction the discoveries of William Harvey 
in the circulation of the blood, and of Von Guericke, the 
inventor of the air-pump, were all leading up to a wider 
and a broader view of the laws of Nature ; for it must be 
remembered that up to this period the conceptions of 
Nature were vague in the extreme. Ideas of chance and 
divine interposition led even some of the most brilliant 
thinkers into paths of positive superstition. But between 
1600 and 1650 the great French writer his 
writings and observations, forced upon the minds of 
thinking men the idea of physical law which presumed 
to supersede the chance speculation of the school men. 





Consequently, we gradually see growing up a study of 
the laws of Totes on which afterwards was to be based 
so many valuable and brilliant discoveries. 

Turning, however, to the eighteenth century, we must 
study the matter with a little greater detail. The cen- 
tury opens in our country with the death of William of 
Orange and the accession of Queen Anne. At that time 
there was still living the illustrious Newton in Leicester- 
street, Leicester-square, Sir Christopher Wren, and a 
host of others who were rapidly drawing near the end of 
their career, among whom we notice the diarists John 
Evelyn and Samuel Pepys, who have done so much to 
familiarise us with the age in which they lived, and who 
give us such interesting glimpses of the earlier meetings 
of the Royal Society. 

If we look abroad, we find that Russia was still ruled 
over by the Czar, Peter the Great, and that the Grand 
Monarque, Louis the Fourteenth, was still upon the 
throne of France. We had practically at that time no 
Indian possessions except factories at Bombay, Madras, 
and Calcutta, of the second East India Company; for it 
was not till 1757 that Clive fought the battle of Plassey 
and founded our Indian Empire. ; 

During the preceding century there had been established, 
and there existed in the time we are now considering, our 
American Colonies ; but it was not till 1763 that Canada 
came under the dominion of the Crown. It is needless to 
say that Aus'ralia was unknown. England as we under- 
stand it—England and Wales—was very much less im- 
portant at that period than we now know it tobe. It is 
estimated that in 1714the total population of England and 
Wales amounted to five and three-quarters of a million 
persons only; yet in this small and apparently weak 
country there arose some of those men who have had a 
great effect on the minds of all of us. 

If we look back at the work that was done in this 
country during the i pay century, nothing strikes 
us so much as the small extent of the finances when com- 

with those of modern times. Take, for instance, 
the year 1702—at the death of William of Orange and the 
accession of Anne. The total debt of the country was 
about 12,500,000/., the total income about 8,620,000/., and 
the expenditure 5,010,000. Of that income about 
3,081,000. was devoted to the extinction of the debt. 

Passing from the time of Anne, through the reigns of 
George I. and George II., when for nearly forty years 
this country enjoyed the blessings of a comparative peace, 
we find a great advance in the material prosperity of the 
kingdom. 

At the accession of George III. in 1760 the national 
income had reached 25,534,000/., the expenditure amount- 
ing to 17,993,000/., and the National Debt to 102,000, 000/., 
of which in that year 5,199,000/. were extinguished. 

Passing on to the year 1800, which embraces the wars 
with France, the wars with the revolting colonists of the 
United States, and the commencement of the great wars 
with France under Napoleon, we find that the debt had 
amounted to 470,894,000/., the income to 87,354,000/., and 
the expenditure to 50,990,000/. Of the income in that 
year 25,363,000/. was expended in the extinguishing of 
the National Debt. 

These figures which I have quoted show a great ad- 
vance in the national proeperity, but at the same time a 
large accumulation of debt, which, however, it appears 
that our ancestors extinguished to the best of their 
ability. 

In English literature we have Daniel Defoe, Jonathan 
Swift, Joseph Addison, Richard Steele, Samuel Johnson, 
Alexander Pope, Henry Fielding—names which will ever 
be associated with one of the finest periods of literary 
production. Yet, duringthis period we have to take into 
account that in the earlier times under Marlborough we 
were fighting the battles of freedom on the Continent : 
and it was not until the accession of the House of Han- 
over in 1714 that something like peace was established 
throughout the realm, nor was it without a struggle that 
that dynasty was established on the throne. We had the 
rebellion of the First Pretender in 1715, and the re- 
bellion of the Young Pretender as late as 1745; and not 
until 1746 was the last battle fought at home on those 
a 5 re which we now call Great Britain and Ireland. 

he _ of England and Scotland was only effected 
in 1707. 

When we consider what important results were to 
follow from this Union, which had long been desired by 
all statesmen since the abdication of emus II., we are 
astonished that it had not come at an earller period. By 
bringing the two countries under a common government 
a community of interests was established in place of the 
feuds, the brawls, and the jealousies which existed when 
they were separate kingdoms. By this Act, except in 
sentimental matters, the union of the two peoples was 
accomplished, and nothing, perhaps, has added so much 
to the welfare of Great Britain as the incorporation among 
its ple in one common bond of those born on the 
north and south sides of the Tweed. There was intro- 
duced a sturdy, hard-headed, and industrious class, who 
had enjoyed to a considerable extent the advantages of 
popular education since the time of John Knox; and the 
men so introduced have since distinguished themselves 
in every walk of life—in statesmanship, in the Army, the 
Navy, the Civil Service, and in the various walks of 
scientific and commercial life, and to whom in no small 
measure our profession is particularly indebted. 

Science was brought into note by D’Alembert, Ben- 
jamin Franklin, James Hutton, William Hunter, and 

is more illustrious brother, John Hunter, Hargreaves, 
Arkwright, edgwood, Henry Cavendish, Erasmus 
Darwin, Joseph Priestley, Jacques Bernouilli, Ramsden, 
Lagrange, Sir William Herschel, Galvani, Lavoisier, Sir 
Joseph Banks, and Volta. In philosophy and economics 
we have David Hume and Adam Smith. It is difficult 


to analyse properly the society at the earlier portion of 





the eighteenth century. It was sharply divided into 
classes. The great noble and the country gentleman 

an importance and a dignity which cut them 
off to a large extent from the trading and mercantile 
classes, not to speak of the great mass of people. Luxury, 
elegance, and polite literature were the theme and amuse- 
ment of the great, but the mass of the people was left 
comparatively to itself. Distinctive garbs characterised 
the different handicrafts which were practised, and you 
will see in the portraits of our old Masters, Smeaton 
and Brindley, a proof of this, for they are depic ed as 
wearing & brown coat and the bob-wig which were charac- 
teristic of men below the rank of gentleman. 

Gambling and fashion, drinking and high play were 
rife in the higher classes ; the lower classes were steeped 
in ignorance and brutality. Sports now regarded as de- 
grading were then the common amusement of the vulgar 
—bull-baiting, cock-fighting, and the like, and slavery 
was still upheld even by the Church. 

If we turn to our judicial system at that pericd, we 
find it to be of the most rigorous and savage description. 
Almost every offence was punished either by whip, 
scourge, pillory, or death ; and the miseries of the debtor’s 
prison are too well known to be referred to; and it is 
noteworthy that as late as 1716 superstition in high 
quarters was so prevalent that Mrs. and Miss Hicks were 
hanged at Huntingdon for witchcraft.* 

hen we look at London in the earlier days of the 
eighteenth century, we find it a much smaller place than 
we are accustomed to associate with that name. It did 
not extend westwards farther than Park-lane—what we 
now call the Marble Arch and Hyde Park Corner. Pad- 
dington and Lisson Grove were fields inthe country. On 
the north it was bounded by Portman-square. Maryle- 
bone was a place in the fields, with the celebrated 
Marylebone Gardens, of which tradition tells us so much 
in the earlier years of George III. The houses in 
Tottenham Court-road did not extend beyond Whittield’s 
Tabernacle. Tottenham Court itself was a little village 
in the fields. Camden Town did not exist, its site being 
occupied by open fields. St. Pancras was also a village 
in the country, the northern limit of building extending 
a little northwards of the Foundling Hospital. The New 
River head at Clerkenwell was surrounded by fields, 
and Islington was a long, straggling village. City-road 
appears on the maps of the period as a new thoroughfare 
opened out through the country, and the northern boun- 
dary of inhabited houses on the north-east was Hoxton. 
There were straggling houses down Whitechapel and the 
Mile End-road, but practically London ceased a little 
east of the London Hospital. Between the Mile End- 
road and the river was a large expanse of open country, 
but the river itself was bounded by buildings at Wapping 
and Shadwell. 

In 1705 there only existed old London Bridge; old 
Westminster Bridge was erected about 1740-50, and old 
Blackfriars Bridge about ten years later. On the south of 
the river there were groups of houses at Rotherhithe and 
in the Borough, but the greater portion of St. George’s 
Fields and the Borough-road were in the open country. 
From Westminster Bridge to Lambeth Palace there were 
a few straggling houses, and Westminster was bounded 
on the north by St. James’s Park, and on the south by 
Tothill Fields, there being no buildings south of Horse- 
ferry-road. 

It is somewhat difficult to ascertain what was the popu- 
lation of London in the early part of the eighteenth 
century, but we know that in the year 1801 it only 
amounted to about one million persons. What the life of 
that old London of the time of George I. and George II. 
was like we gather from the life-like pictures of Hogarth, 
which give you an idea of the splendour and grandeur of 
the upper classes, accompanied by the mirery, squalor, 
and vice among the lower orders. But there was always 
this redeeming feature, that between the higher and the 
lower classes there was steadily coming into being the 
great middle classes of the country—the merchants and 
the tradesmen were gradually assuming a position of im- 
portance, which, in a future time, was destined to have a 

reat influence on the welfare of the country. The Church 

ad fallen into a state of apathy which it is difficult 
to understand. Christian teaching had become a routine ; 
but during this eighteenth century there arose a move- 
ment which was destined to be of the greatest advantage 
to the general morality of the country, both by its indirect 
influence on the Church itself, and still more in its direct 
influence on the followers of its great teachers, Whitfield 
and the Wesleys. 

The streets, ill-paved and worse lighted, were receptacles 
of filth and refuse of all descriptions. There were no 

lice, and the City was often the prey of unruly mobs. 
This state of things is one which it is difficult to imagine 
at the present time. Communication with the country 
was carried on by means of wagons—heavy, lumbering 
vehicles—which carried the small produce which they 
could convey at a high cost to the London market. When 
great noblemen came to town, they had to bring with 
them supplies, and to organise means of conveyance for 
their requirements. When, in the time of George II 
the Admiralty buildings were constructed, they included, 
among other domestic conveniences, a brewery in the 
basement. 

At this period a great deal of the small commerce of 
London was aah on by itinerant vendors whose cries 
have been the subject of many and oft-repeated com- 
ments. The commerce, however, of London was carried 
on principally by means of the river, then the all- 
important highway which connected London with the 
outer world, for the roads throughout the country were 
so bad that it was hardly possible, economically, to carry 
bulky goods from Portsmouth, Bristol, or Liverpool to 


* Haydn’s Dictionary of Dates, 
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London ; and it was into this London so situated and so 
surrounded that some of our earlier fathers—Brindley, 
Smeaton, Watt, and others—came, either on the business 
of their profession, or for the purposes of acquiring know- 
ledge. 

Internal communication was in the most primitive con- 
dition. Excepting the great nobles in their coaches and 
eight, no one appears to have travelled for pleasure ; in 
fact, to take a journey of any length generally involved 
the making of a will. The roads not only were dangerous 
in themselves, but were infested with highwaymen ; and 
if you turn to the maps of London as late as 1745, in the 
reign of George II., you will notice a portion of Hyde 
Park, near the Marble Arch, marked off as the place 
where soldiers were shot, a gibbet at Tyburn, another at 
Turnham Green, another at Starch Green, and all our 
main roads out of London were similarly decorated. 

It was in this society there was born in 1716, near the 
High Peak, in Derbyshire, James Brindley, the son of a 
small farmer, who was destined, owing to the caprice of 
a young lady of fashion, Elizabeth Gunning, Duchess of 
Hamilton, to become one of the first of our canal engi- 
neers. Owing to the disagreement between this lady and 
the Duke of Bridgewater the latter retired to his seat at 
Worsley, calling Brindley to his aid, and devoted the 
remainder of his life to the construction of those wonder- 
ful canals which laid the foundation of our inland naviga- 
tion. To trace the life of Brindley is somewhat difficult. 
He was illiterate, could hardly write, ‘and yet with won- 
derful intuition he was able to calculate and to estimate 
in a manner which soon brought him into prominence as 
one of the engineers of his time. To enumerate the 
canals that he constructed would be but to speak of all 
the work of his life, and it is not my object this evening 
so much to detail the works of our predecessors as to in- 
dicate the circumstances and objects which surrounded 
them in their daily life. It is somewhat difficult for us 
at the present time to imagine Brindley, with his uncouth 
diction, demonstrating to a Parliamentary Committee 
the way in which, by kneading up clay into puddle, a 
water-tight canal could be formed. On the one hand you 
see the skill of the artisan, and on the other the ignor- 
ance of the polite and learned classes to whose advance- 
ment and to whose enrichment he was ministering. All 
through the life of Brindley we find one continual 
struggle against difficulties, and yet his name will ever be 
revered as one of the founders of our profession. 

If we review the life and work of Brindley, we find that 
he was called upon, owing to the badness of other modes 
of communication, to construct the canals for the purpose 
of facilitating, in the first instance, the distribution of 
coal in the Midland counties of England; that is to say, 
that by means of his work it me possible to carry on 
manufactures to a larger extent than had hitherto m 
possible when water-power alone was available, and the 
expense of the transportation of goods by road, either in 
the raw or manufactured state, almost prohibitive. His 
life of fifty-six years, extending from 1716 to 1772, was 
well spent in advancing the welfare of our country. 

Let us turn now for a moment to a man of a very diffe- 
rent type indeed—John Smeaton, the father of our pro- 
fession, born in 1724, at Austhorpe Lodge, near Leeds, 
the son of a respectable attorney, practising in that town. 
He was educated at the Grammar School at Leeds, and he 
early evinced a great predilection for mechanical pursuits. 
It is interesting to notice that both Smeaton and James 
Watt were trained as mathematical-instrument makers, 
and both received their training in London. Smeaton was a 
man of very high intellect. If anyone wishes to admire his 
scientific reasoning, they cannot do better than refer to 
the papers which he presented to the Royal Society. 
Take, for instance, the paper on the ‘‘ Power of Wind 
and Water to Drive Mills.” It is, and always must 
remain, a classic among engineers of how to combine the 
mechanical art with reasoning faculty of the simplest and 
clearest nature. Smeaton’s reports, when carefully read, 
are the epitome of the knowledge of the time. He. of 
course, is well known as the constructor of the Eddystone 
Lighthouse ; but in almost every walk of life connected 
with our profession he was engaged by those who knew 
him well, and he was revered by all his contemporaries as 
one of the finest characters and one of the most steadfast 
workers of his time. Itis interesting to notice who were 
the associates of this man. He was brought into con- 
nection with Wedgwood, who was then establishing the 
potteries which bear his name, with Arkwright, with 
Hargreaves, with Priestley ; and that society, which he 
must have enjoyed, must have been one of the most 
delightful that we can contemplate. 

But while we look at the life of Smeaton we must not 
forget that he lived in a different age from our own. 
Chemistry was in its infancy, geology did not exist; and 
it is a great tribute to his genius that he was able with the 
materials then at his command tosee so clearly what were 
the requirements of the time, and what were the limita- 
tions placed upon the conceptions of thinking men among 
his contemporaries. 

I have spoken of the badness of the roads in those early 
years, and it will be found, if we examine the lives of 
Brindley, of Smeaton, and of Watt, that the long journeys 
which they had to make had to be performed on horse- 
back. It was not until this period that road-making was 
properly undertaken, and even as late as the formation of 
the Bridgewater Canal in 1761, the communication be- 
tween Manchester and Liverpool was performed by stage 
coach ~~ | three times a week, requiring six or eight 
horses to draw the vehicle, and a whole day was occupied 
in making the journey, 

In Smeaton we must always regard the pattern and 
example of our profession, a man who carefully studied 
the laws of Nature as far as it was possible in his age 
and time, and who applied them economically and use- 
fully in every work on which he was engaged. In his 








ears, extending from 1724 to 


long life of sixty-eight : 
most every kind of engineering 


1792, he was engaged on 
work, 

These two engineers, Brindley and Smeaton, commenc- 
ing their lives in the reign of rge I., must have lived 
through the various Jacobite struggles which in those 
years assailed the House of Hanover. They lived long 
enough to see the advent of III., whose long 
reign was destined to mark perhaps the greatest advance 
that this country has ever made in its material prosperity 
—second only, I often think, to the wonderful strides 
which we have made during the reign of Her late Majesty 
the Queen. of them, however, from the 


scene before that great convulsion, the French Revolu- | o 


tion, altered the face of Europe. Horrible as were the 
exceesses of that mad period, yet out of it has flowed 
many advantages. To a large extent it modified, if it 
did not extinguish, class prejudices, and certainly gave 
the last blow to that doctrine which had so long troubled 
our own country—namely, the teaching of the divine 
right of kings. 

We now have to consider the life work of another of 
our predecessors. I allude to James Watt. Born in 
1736, in the time of George II., of Scotch parents, at 
Greenock, his father was a teacher of mathematics and 
of the nautical astronomy of his time. His earlier years 
were ‘spent in mathematical-instrument making in the 
University of Glasgow. AsI before remarked, he had 
his early training in London as a mathematical-instru- 
ment maker. After he returned to the college at Glasgow 
he was brought in contact with Professors Dick, Black, 
and Robinson. Watt from the very first was not only 
a skilled handicraftsman, but a mechanical genius of the 
highest order. Being called upon to repair a model of a 
Newcomen engine, he was led to study the whole question, 
and arrived at the conclusion that it was an exceedingly 
wasteful machine. He soon detected that this was due to 
the cooling of the cylinder by the injection of the condens- 
ing water, and inaugurated a new era and a new power in 
the development of manufactures by the introduction of a 
separate condenser. It would be tedious to narrate all 
the improvements which from time to time he applied to 
the steam-engine. At an early period he was brought into 
communication with Wedgwood and Erasmus Darwin, 
and through them made the acquaintance of Dr. Boulton, 
of Birmingham. Priestley also was one of those with 
whom he was acquainted. Out of this grew the partner- 
ship between Boulton and Watt, the establishment of the 
works at Soho, and the et of the steam-engine 
in the state in which, practically, it has come down to us. 
We can hardly appreciate what this meant to the develop- 
ment of the manufacturing industries of the country, 
whether we take it from the mining or the manufacturing 
standpoint. It enabled power to be economically ap- 
plied wherever coal was available, and the canals which 
were then growing up supplied the fuel necessary for 
the purpose. But Watt was not only an _ engineer ; 
he was distinctly a natural philosopher. He studied 
many subjects outside the realm of engineering. His 
papers to the Royal Society alone prove this to be the 
case, and although, as was only natural, he entered into 
controversies and was involved in law suits, he always 
maintained his position with candour, and yet with gen- 
tlemanly forbearance. As an instance of the backward 
state of mechanical science in those times, it is related 
that when he laid before Boulton and Smeaton his pro- 
— for the construction of the steam-engine at Soho, 

meaton expressed his doubt as to whether the mechani- 
cal skill of the country was able to perform with the 
necessary accuracy the work required. 

I have noted above how much in the past we have 
been indebted to foreigners, and it is interesting to note 
that until Cort’s puddling invention was brought into 
use, in the latter end of the eighteenth century, our 
Navy was restricted to the use of iron impo from 
Russia. 

Watt’s life is one that can be read with pat by every 
engineer, and the lessons which it teaches of patient 
industry and a determination to study not only the actual 
details of the work, but also all the allied natural forces, 
which (some of them) appear at first sight hardly to be 
cognate to the profession of an engineer. He educated 
himself in more than one European language, and from 
his training at Glasgow shone as one of the accomplished 
men of his time; and at his death, in 1819, his merits 
were recorded by a statue in Westminster Abbey. 

As the growth of engineering proceeded during the 
eighteenth century, engineers had of necessity to come to 
London to attend the sittings of Parliamentary Com- 
mittees. They were often entirely unknown to each 
other, and were frequently brought into fierce antagonism 
in advocating before Parliament the various schemes on 
which they were engaged. About the year 1760 it was 
conceived that it would be an advantage if engineers, 
during their visits to the Metropolis, could meet, make 
each other’s acquaintance, and discuss professional matters, 
so learning to know each other, and to rub off the rough 
edges of antagonism to which they were all more or less 
liable. This led to the establishment of a small society, 
who dined together once a month during the session of 
Parliament, and known as the Society of Civil Engineers, 
and which still exists in our time under the name of the 
Smeatonian iety of Civil Engineers. Their earlier 
minute-books record the names of most of the engineers 
of those times, and are interesting memorials of frugality 
and good-fellowship which appear to have existed among 
them. Unfortunately, no records of their conversations 
and discussions have come down to us, but we can well 
imagine where men such as those whom I have named 
were associated together that their discussions must have 
been of a highly interesting nature, seeing that they were 
the pioneers and forerunners of a great profession such as 
our own. 





Intimately connected with the Society was John 
Rennie, who was born at the farmstead of Phantassie, 
in East Lothian, on June 7, 1761, the year after the acces- 
sion of George III. Hisfather, and probably before him, 
his ancestors, were small farmers, cultivating a patch of 
what was then called intake and out-take in the Lothians 
—a very different state of affairs to what we now see in 
those fruitful and cultivated plains. At that time through- 
out Scotland iculture was in a very primitive condi- 
tion. The lad John Rennie soon evinced a mechanical 
turn, and worked for one Andrew Meikle, an ingenious 
country mill-wright, under whose tuition he became an 
expert craftsman ; but, determining not to occupy a sub- 
inate position, he to study not only in the 
workshop, but in the University of Edinburgh, where he 
was brought into contact with Professors Black and Robin- 
son, the same who had been so helpful in his youth to James 
Watt. Underthem, in the usual Scotch fashion, he attended 
college during the winter months and laboured as a me- 
chanic during the summer season. He was brought into 
connection with Watt in the construction of the Albion 
Mills in Southwark, and ually developed, with Watt's 
assistance, into one of the engineers of hisday. Road- 
making was improving, and he began to practise as a 
road-constructor and Builder of bridges; and after the 
retirement of Smeaton in 1791, Rennie was consul 
respecting numerous projects of canal undertakings. 
The Kennet and Avon Canal, with its aqueducts over 
the River Avon, still bear testimony to his designs. The 
Rochdale Canal, the Aire and Calder Canal, and many 
others were carried out under his superintendence. He 
also was largely engaged in the drainage and reclamation of 
the fens in Lincolnshire, Cambridgeshire, and South York- 
shire. He was one of the great bridge-builders of his 
time ; he built Waterloo Bridge and the cast-iron brid 
at Southwark—one of the finest monuments of metallic 
bridge construction that has ever been erected. He also 
was en in the construction of the London Docks, 
for although the Thames was the great highway of com- 
merce, the first docks built were those which we know 
as the West India Docks, constructed by Mr. William 
Jessop in 1802.__Rennie constructed the London Docks, 
the East India Docks, was consulted about the improve- 
ment of the Clyde, Holyhead Harbour, the Hull Docks, 
Greenock, Leith, and Southampton, and was also con- 
sulted about the Bell Rock Lighthouse; but his great 
work in this direction was the construction of the Ply- 
mouth breakwater. Towards the end of his life he was 
concerned in preparing the designs of London Bridge, 
which, unfortunately, he did not live to complete, that 
work being accomplished by his son, Sir John Rennie, a 
Past-President of this Institution. 

John Rennie’s life may be said to be co-extensive with 
the reign of George III., and undoubtedly when we look 
back to that period it was one of wonderful advancement, 
notwithstanding the fact that England was passin 
through perhaps one of the gravest trials that ever assail 
her as a nation. Oneof the last scenes in his life occurred 
in 1819, when he took a trip through France with his old 
friend James Watt. This was perhaps one of the last 
years of his active life. After that illness assailed him, 
and he died in 1821 at the age of sixty, and was interred 
in St. Paul’s Cathedral. 

I must now turn to another of our distinguished prede- 
cessors—the founder of this Institution. Thomas Telford, 
the son of a shepherd, was born in Eskdale, in the year 
1757. He practi as a mason in the building of ordi- 
nary houses and cottages in that district, including the 
town of Langholme. From there he migrated to 
London, where, through an introduction to Sir William 
Chambers, the architect of Somerset House, he was 
engaged as a stonemason at ordinary weekly wages in 
the construction of that building. From thence we find 
that he was transferred to Portsmouth as foreman of 
masons. 

Now, during the whole of this time, although Telford 
was working purely in a subordinate position, he devoted 
every spare moment to study, and how hard study must 
have been in these later years of the eighteenth century, 
without any public institutions or technical schools, may 
be well understood. From there he became surveyor of 
the county of Salop, where he was engaged in the usual 
routine of a county surveyor of those times, This was 
about the year 1788. From the position of county sur- 
veyor he became the engineer of the Ellesmere Canals, 
and constructed those splendid aqueducts at Chirk and 
Pont-cysylitan. About this time Telford became the 
great bridge-builder of that era, and constructed bridges 
almost in every part of the country. Excepting the roads 
constructed by General Roy, after the rebellion of 1745, 
there were hardly any proper means of communication 
in the Highlands of Scotland, and Telford was called 
upon, reported, and constructed those beautiful highland 
roads and bridges with which visitors to Scotland are so 
well acquainted. Harbours also engaged his attention— 
Peterhead, Fraserburgh, Aberdeen, and Dundee. He 
was also the engineer of the Caledonian Canal and 
the Birmingham and Liverpool Canal. He, however, 
distinguished himself as the great road - maker of 
his time. The road between Carlisle and Glasgow, 
the great road from Chester to Holyhead, with the 
beautiful suspension bridges over the Conway and over 
the Menai Straits, were works that came from his 
hand. To enumerate the various works in which he was 
engaged would be a tedious repetition of the busy work 
of a long life of seventy-five years. Apparently from 
what we learn of Telford’s life and character he was a 
jovial companion, diligent in all his work, but ready to 
speak and talk with all whom he met on terms of the 
utmost friendship. His amusements, if any, were rather 
of a literary character, and one of his great recreations 
was the writing of poetry. Telford founded this Institu- 
tion in the year 1818, and obtained the Charter in 1828, 
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He died in his house in Abingdon-street in September, 
1834, and was buried in Westminster Abbey. 

Nothing, nas shows so clearly the advance of our 

rofession since the time of Telford as a comparison of 

is note-book, which will be found in his biography, 
— the pocket-book of my immediate predecessor im this 
chair. 

I have now sketched out briefly the times and circum- 
stances of those earlier engineers. I do not pretend to 
have enumerated even by name all the distinguished and 
zealous workers who have done so much for the founda- 
tion of our profession; but glancing back during that 
period, between 1700 and 1834, we are struck, when we 
study the circumstances of the case, with the fact that 
we are looking back to a state of things which has now 
passed away. It comprises a rapid rise in the material 
prosperity of this country, and its advancement to be one 
of the first Powers in European politics, and the greatness 
of the countries which had been established by the 
expenditure of so much blood and treasure was about 
to blossom forth into a new era—an era too recent and 
too well known for me to dilate upon its greatness. It 
has been summarised in the numerous essays and speeches 
which have been delivered on the progress made during 
the reign of Queen Victoria; but suffice it to say that as 
the period before 1832 was the period of road-making, 
canal engineering, and the commencement of docks and 
harbours, so the period which has since elapsed has been 
essentially the railwa: riod. The railway period arose 
out of the necessity of the growing demand for means of 
communication, and under the able hands of George and 
Robert Stephenson, Joseph Locke, and the younger 
Brunel, the whole country was gradually covered with 
railways. Coincident with the advance of railways we 
have had the advance of an entirely new, and by our 
ancestors unthougbt of, engineering work. I allude to 
the progress made during the last fifty years in electrical 
science. I can remember the time when the vaguest 
ideas were entertained of what the electrical telegraph 
meant. As to how it worked few of the outsiders of our 
profession could form the slightest idea. 

This period was also signalised by the development of 
sanitary ee gpa y both in relation to drain and 


water supp 
of micro ife, on which so much of our health and 


cleanliness depends. 

Marine engineering has been developed, and has knit 
“ane all parts of the globe. 

e may therefore say that by railway, ocean naviga- 
tion, and sanitary engineering, civilisation has been 
advanced more rapidly than in any previous age. 

It would ill become me to recapitulate to you, and 
appear to add my feeble voice to the praises which have 
been lavished on those whose portraits adorn this room ; 
but living, as many of us have, during that period, 
some of us may naturally look back and ask ourselves 
to what was due that great advance which we have 
witnessed. 

I have already noticed, in speaking of the lives of the 
earlier engineers, the great advance in material prosperity 
in this country which occurred during the reigns of 
George I., George II., and the early years of George III. 
If we look to those periods, we see that, as compared with 
what preceded, or those years which succeeded them, 
they were years of comparative peace, during which the 
industry and commerce of the country were growing, and 
it was out of the savings of the people that the money 
came to carry out those early works. Again, we see that 
between the years 1832 and our own time there has 
been a wonderful manifestation of wealth and prosperity, 
as compared with the earlier years of which I have been 
speaking. This to my mind is largely due to the long 
peace which elapsed between 1815 and 1854, aided by the 
widening effect of legislation, in removing restrictions on 
trade, and widening out in all directions the avenues of 
possible advancement of the people. Consequently, if I 
am correct, we, as engineers, are largely indebted to the 
blessings and the benefitsof peace. Wienever war occurs 
it means a retraction of the spending power of the nation 
—in other words, to use a common phrase, you cannot 
have yourcake and eat it. There are limitations even in 
the most opulent nation of the spending power of the 
body politic. 

Ihave reviewed what has taken place in the past. We 
have seen that our earlier masters worked under what 
we would call great disadvantages. Science to them was 
a thing almost unknown in our acceptance of the term, 
yet they all of them endeavoured to make themselves 
perfect masters of what knowledge it was possible to 
possess, and to apply it with an energy displayed by few 
at the present day. Chemistry was in its infancy. It 
was not until 1810 that John Dalton, if I may say so, re- 
vivified the Atoms of Lucretius, and showed that they 
combined in definite proportions. The work of William 
Smith, Hutton, and Playfair led to the basis of our geo- 
logical knowledge. They taught hat the earth was not 
formed by a series of cataclysms, but is the result of the 
ordinary laws of Nature operating through long periods of 


time. 

Electrical science during the period that we have been 
reviewing was gradually being brought within the laws of 
Nature by the work of those great masters that I have 
mentioned ; and in more modern times we have the work 
of Faraday, bringing the magnetic and electrical fields 
into common union. 

Due to the work of James Watt, Count Rumford, 
Joule, and Tyndall, we have traced out the relation be- 
tween heat and work, and the recent investigations of 
Dewar and others are opening out new conceptions of the 
behaviour of materials at low temperatures. 

The investigations of recent years into the laws which 
govern the constitution of matter, both on the chemical 
and physical sides, are gradually forming in our minds 


, and the discovery of that wonderful world | y 





ot 4 conceptions as to the structure of all inorganic 
ies. 

The question is often asked: ‘‘ What about the future 
of our profession ; are the coming years to be as fruitful 
as the past?” Seeing how much was done by the limited 
knowledge at the beginning of either the eighteenth or 
the nineteenth centuries, and seeing how much more inti- 
mately acquainted we are with all the laws of Nature, we 
may look to a development as much unknown to ourselves 
as our modern works were to our epee of the 
eighteenth century. But if we, as a body of professional 
men, are to continue to hold that high position which 
this Institution aspires to, it will onl by unity of pur- 
pose. We have seen how, as far as 1760, our prede- 
cessors found it necessary to form the first Society of 
Civil Engineers. We have seen how, as the years ad- 
vanced, Telford saw the necessity of founding a broader 
institution on somewhat similar though advanced lines, 
and in later years the Council have worked zealously and 
continuously in their endeavour to raise the standard of 
mae qualification, and to broaden out the paths 

y which men of all branches of engineering could find in 
ee a common home and a common ground of 
work, 





Roya Instrtutioy.—A Christmas course of lectures, 
adapted to a juvenile auditory, will be delivered at the 
— lnstitution by Professor Herbert Hall Turner, 
D.Sc., F.R.S., on ‘‘Astronomy.” The dates of the 
lectures are December 28 and 30, 1905, and January 2, 4, 
6, and 9, 1906, at 3 o’clock. 





ENTERTAINMENT OF KINDRED INSTITUTIONS BY THE 
INsTITUTION OF ELECTRICAL ENGINEERS.—Arrangements 
have been set on foot by the Council of the Institution of 
Electrical Engineers to entertain next year the kindred 
institutions in Europe and America, who, as it will always 
be remembered, have shown such lavish hospitality to the 
members during their visits abroad. Official invitations 
to visit Great Britain as guests of the Institution have 
been sent to the American Institute of Electrical Engi- 
neers, the Canadian Electrical Association, the <Asso- 
ciazione Elettrotecnica Italiana, the Elektrotechnischer 
erein, the Verband Deutcher Elektrotechniker, the 
Schweizerischer Electrotechnischer Verein, and the 
Société Internationale des Electriciens. The date for 
the arrival of the foreign guests has been tixed for the last 
week in June, 1906, and the visit will probably extend 
over about a fortnight. The programme exists in out- 
line only as yet, but the present idea is to spend about 
one week in London, which will give an opportunity to 
the guests to see the new electrical developments and to 
make excursions in the neighbourhood. It is then pro- 

to make a tour through some of the principal 
industrial centres in the United Kingdom, to visit works, 
and provide local entertainments for the visitors. 





Our Rats ABroaD.—The exports of rails from the 
United Kingdom in September were upon a somewhat 
reduced scale, having only amounted for the month to 
45,181 tons, as compared with 64,945 tons in September, 
1904, and 50,955 tons in September, 1903. There was a 
sharp decline in the shipments of rails to the Argentine 
Republic in September, the exports in that direction 
— amounting for the month to 9692 tons, as compared 
with 22,279 tons in September, 1904, and 3769 tons in 
September, 1903. The demand for rails in South Africa 
was also languid in the extreme in September. Our last 
month’s rail shipments to the four principal groups of 
colonies compared as follows with the corresponding 
exports in the corresponding months of 1904 and 1903 : — 


Colonial Group. Sept., 1905. Sept., 1904. Sept., 1903. 





tons tons tons 
British South Africa 210 6,118 4,519 
British India ae 12,817 11,814 10,306 
Australasia .. 6,237 4,299 2,831 
Canada 4,040 8,260 6,505 


In the nine months ending September 30, this year, our 
rail exports were about maintained at the same level as in 
1904, but they still show a considerable falling off as com- 

red with the first three quarters of 1903, the totals 

ing 414,677 tons, against 411,606 tons and 488,101 tons. 
The Argentine Republic took British rails in the first 
nine months of this year to the extent of 71,485 tons, as 
compared with 63,400 tons, and 28,629 tons in the corre- 
sponding periods of 1904 and 1903 respectively. The 
colonial demand moved on as follows in the first three 
quarters of the last three years :— 





Colonial Group. 1905. 1904. 1993. 
tons tons tons 

British South Africa 24,374 49,188 106,118 
British India os 130,769 113,017 86,194 
Australasia .. 22,454 21 790 43,318 
Canada ee 22,855 39,739 74,907 


It will be observed that the contraction of the South 
African demand has been extremely severe, while the 
deliveries to Canada must also be regarded as disappoint- 
ing, in view of the activity prevailing in Canadian railway 
construction. Thisactivity must have involved a consider- 
able consumption of rails, which must have been provided 
for by American supplies, although a moderate quantity 
of rails has also been made of late in Canada itself. The 
value of the ‘rails exported from the United Kingdom in 
the first nine months of this year was 2,043,900/., as com- 
pared with 2,008,438/7. in the corresponding Bes of 
1904, and 2,613,648/. in the corresponding period of 1903. 





THE USE OF VANADIUM IN 
METALLURGY.* 
By Leon Guriret, D.Sc. (Paris). 
(Concluded from page 606.) 
QUATERNARY VANADIUM STEELS. 
THE principal quaternary. steels which have been studied 
are :— 
Nickel vanadium steels. 
Certain manganese vanadium steels. 
Certain chromium vanadium steels. 
Certain silicon vanadium steels. 
Tungsten vanadium steel. 


N:CKEL-VANADIUM STEELS. 


Certain trials were carried out in April, 1902, on steels 
containing nickel and vanadium ; the vanadium was sub- 
stituted for chromium in armour-plates, and the experi- 
ments were carried still further by keeping the carbon 
percentage constant (0.4 per cent.), and by taking succes- 
sive percentages of nickel, amounting to 5 per cent., 
12 per cent., 15 per cent., and 25 per cent. Varying 

uantities of vanadium were added. The experiments 
showed that nickel-vanadium plates could give almost 
double the resistance as compared with an ordinary plate 
of the same thickness. The experiments were carried 
out systematically, and the details are given in the 
succeeding pages. It will, however, be necessary first to 
recall briefly the conclusions formerly arrived at by the 
author on the subject of nickel steels. 

The structure of nickel steels is summarised below :— 


. Carbon, Carbon, 
Class. Microstructure. 0.12 Per Cent. 0.80 Per Cent. 
I. _ Pearlite ee 0 to 10 Ni Oto 5 Ni. 
IL Pure martensite oe 10,, S7 Mi 5 ,, 15 Ni. 
Ill. y iron .. se .. About 27 Ni About 15 Ni. 


The mechanical properties of pearlitic nickel steels are 
very similar to those of carbon steels; their tensile 
strength is, however, somewhat higher than that of 
ordinary car steels, according as the percentage of 
nickel they contain rises. They are more homogeneous, 
and less brittle. The martensitic steels have very high 
tensile strength and elastic limits, low elongation, great 
brittleness, and extreme hardness. 

The ¥ steels have a very low tensile strength, enormous 

agen, and a remarkable degree of resistance to 
shock. 
In order to study these steels, alloys were prepared at 
the Imphy Steel Works, containing in one case 0.20 per 
cent., and in the other 0.80 per cent. of carbon. In each 
of these two series a pearlitic, martensitic, or y iron steel 
was taken, to which amounts of vanadium ranging from 
0.20 per cent. to 7 per cent. were added. To distinguish 
these steels more easily a notation was employed, in which 
the first figure indicated ten times the approximate per- 
centage of carbon, the figure after the symbol Ni the 
approximate percentage of nickel, and the figure after the 
symbol Va the approximate percentage of vanadium. 

The following table shows the analysis of the different 
alloys employed : — 





TasiE XI. 
! 
area) wm iv | a | as | eB | 
2Ni2Va0.3 0.261 2.32 0.850 0.539 0.111 0.031 0.450 
2Ni2Va0.6 0.151 2.04 0.€00 0.221 0.010 0018 0.445 
2Ni2Va0.7 0.151; 2.00 | 0.750 0.221 06.007/ 0.016 0.412 
2Ni2Val 0.230; 1.92 1.00 0.175 0.011 0.620 | 0.450 
4Ni2Va3 0.473, 2.382 (3.10 0.292 0.036 0.021 0.540 
4Ni2 Va7 0.384 2.64 | 6.90 0.527 0.040 0.018 0.566 
2Ni12 Va 0.2 0.140; 12.24 | 0.250 0.058 0.008 0.032 0.150 
2 Ni 12 Va 0.6 | 0.164 12.20 0.600 0.256 0.007 0.023 0.445 
2 Ni12 Val 0.199 11.76 | 0.900 | 0.221 0.016 0.021 0.486 
3 Ni12 Val 0.258 | 12.16 | 0.930 0.232 0.012 0.020 0.346 
2Ni12Va3 0209!.11.44 | 3.30 0.280 0.012 0.018 0.248 
2Nil2Va7 0.965, 11.96 | 7.35 | 0.469 0.018 0.016 0.600 
2Ni30Va0.3 0.152| 29.84 (0.350 0.198 +o 0.082 0.324 
2 Ni 30 Val 0.242 29.76 (1.05 0.292 = 0.023 0.660 
2 Ni 80 Va 1.2 | 0.242 30.0 1.20 0315 — 0.023 0,154 
8 Ni 30 Va3 0.361 29.56 | 3.030 0.350 Se 0.020 0.378 
3 Ni 30 Va7 0.269 | 30.48 (6.76 0 584 ee 0.023 0.600 
7Ni2Va0.3 0717) 2.120 0.300 0.409 0.017 0.034 0.525 
8 Ni2 Vat 0.856 2.64 145 0.362 0.024 0.031 0 648 
8 Ni2 Va3 0.890; 2.72 2.92 0.397 6.029 0.032 0.612 
12 Ni2 Va7 1.251/ 2.24 7.6 0.607 0.050 0.011 0.700 
7 Ni12 Va 0.2 | 0.697 | 11.60 | 0,290 0.445 0.033 0.016 0.442 
7 Nil2 Va0.7 0.708 | 12.24 0.740 0.504 0.040 0.023 | 0.445 
8 Nil2 Va0.9/ 0.818 12.00 0.950 0.433 0.025 | 0.016 0.180 
8 Ni12 Val 0.880, 12.40 1.350 0.551 0.047 0.048 0.648 
10 Ni 12 Va7 1.004 12.40 7.20 0.527 0.030 0.013 0.833 
7 Ni380 Va0.2 0.70%, 29.44 0.280 0.385 os 0.015 0.453 
7 Ni30 Va0.6 0.701! 30.04 0.600 0.350 °. 0.011 0.180 
7 Ni30Va0.9 0.787 29.80 0.950 0.397 0.019 0.021 0.756 
7 Ni30Val.5 0.685 29.76 1.470 0.409 = 0.031 0.180 
7Ni30Va3 0.680 30.08 3.050 0.562 .. 0.025 0.180 
7Ni30Va7 0.688 30.40 6.85 0.663 0.034 0.360 


I. NorMAL STEELS. 

(a) Micrography, First Series.—Steels containing about 
0.20 percent. of carbon. 

Steels 2Ni2Va0.3 and 2Ni2Va0.6 contain only 

arlite and ferrite, but in the second of these steels the 

errite, after attacking by picric acid, appears discoloured. 
These steels are very close-grained. The same appear- 
ances are seen in the steels 2 Ni2 Va0.7 and 2 Ni 2 Val, 
which reveal no carbide at all. 

Steel 4 Ni2Va7 has all its carbon in the state of 
carbide, but the carbide is uniformly diffused throughout 
the mass. The first investigation brought out a new fact. 
The carbide makes its appearance less rapidly in steels 
containing 2 per cent. of nickel than in those containing 


* Paper read befure the Tron and St el Institnte at 
Sheffield, September 26. 























Novy. 10, 1905. ] 


ENGINEERING. 








639 








none. In fact, in this case, the carbide is only seen with 
a vanadium percentage of about 3, whereas in ordinary 
steels it appears with 1 per cent. of vanadium and upwards. 

Turning to those steels with a medium percentage of 
nickel, 2Ni12 Va0.2 and 2Ni12 Va0.6 contain no trace 
of carbides, and it is exceedingly difficult to discover any 
in the steel 3 Ni12 Val. 

The point of interest is as follows:—In steels 2 Ni 12 Va3 
and 2 Ni12 Va7 carbide is present in proportions as large 
as in steels 4Ni2 Va3 and 4Ni2Va7. Steel 2Ni12Va3 
shows grains of carbide surrounded by troostite, the back- 
ground being martensite ; steel 2 Ni 12 Va7 shows points 
of carbide, specks of troostite, sorbite, and a background 
of martensite. 

Steels with a high percentage of nickel present this 
peculiarity that, other things being equal, they sone to 
contain less carbide than other steels. It must therefore 
be recognised that iron in the 7 state retains carbide in 
solution. Steels 2 Ni30 Va0.3 and 2Ni30 Val do not 
exhibit any carbide; in steel 2.Ni30 Va1.2 a few scarce 
grains may be distinguished. Steel 3Ni30 Va3 shows 
several, although much fewer than 4Ni2Va3, which 
has, nevertheless, the same percentage of carbon and 
van lum. 

Steel 3 Ni30 Va7 contains the carbide in considerable 
quantity, although less than steel 4 Ni2 Va7. 

Second Series.—Steels containing about 0.80 per cent. of 
carbon. 

Steel 7 Ni2Va0.3 is normal. No carbide is found in 
steel 8Ni2Val. Steel 8Ni2Va3 reveals carbide in 
great abundance ; it contains hardly any pearlite. 

Finally, the alloy 12 Ni2Va7 is formed entirely of 
carbide. All steels of this series containing 12 per cent. 
of nickel are exceedingly interesting ; in fact, if one refers 
to the analyses previously given, it will be seen that the 
carbide gradually decreases at the same time as the vana- 
dium. The first steel is martensitic ; it contains a little 
yiron. The second steel contains a few black spicules of 
troosto-sorbite; the third only contains traces, while 
steels 8 Ni12 Va7 and 10 Nil2 Va7 contain none at all ; 
the steel is a y steel, and encloses a few grains of carbide. 

This clearly shows the influence of carbon. The law is 
practically the same as in the case of nickel alone; it 
would appear, however, that, taking into consideration 
the percentage of manganese, slightly less carbon is 
necessary to transform martensite to y iron when the 
steel contains vanadium. 

Steels with a high percentage of nickel display grains 
of carbide, with the exception of steel 7 Ni 30 Va 0.2. 

The quantity of carbide increases step by step with the 
increase in the percentage of vanadium. It is extremely 
abundant in steels 7 Ni 30 Va3 and 7 Ni30 Va7; so far 
as one can judge, the carbide grains are more numerous, 
but less developed, than .in steels 4Ni2Va3 and 
4 Ni2 Va7. 

‘To summarise: the micrographic examination of the 
normal steels reveals the existence of six classes of nickel- 
vanadium steels :— 

1. Pearlitic steels. 

2. Steels with carbide and ferrite. 

. Martensitic steels. 
. Steels with martensite and carbide. 

5. Steels with ¥ iron. 

6. Steels with + iron and carbide. 

The only point which it is of interest to study is that it 
would appear that the presence of vanadium slightly 
lowers the transformation points of one group of nickel 
steels to another. 

Mechanical Properties.—The following table shows the 
mechanical properties of those nickel-vanadium steels 
which have been studied :— 


TasLe XII.—Steels with about 0.200 Per Cent. of Carbon. 


m LO 














Description. T. E.L. Elongation. C. Impact. Soe 
percent. p. ¢ 

2 Ni2Va0.3 66.3 55.2 21.5 57.2 31 187 
2Ni2 Va 0.6 60.3 44.6 20 70 40 170 
2Ni2Va0.7 64.1 494 23.5 69.5 80 159 
4Ni2Va3 72.3 64.0 16 48.2 16 217 
4Ni2Va7 60.8 44.8 17.5 88.4 5 183 
2Ni12 Va0.2 128.0 | 115.2 6 33.4 7 351 
2 Ni 12 Va 0.6 | 135.7 | 120 6 20 12 321 
2 Ni12 Val 142.3 | 121.9 6 25.1 9 340 
3 Ni 12 Val 155.1 | 123.4 6 13.5 8 364 
2Ni12 Va3 91.2) 810 7.5 38.4 10 277 
2Ni12Va7 (1105) ? 5.5 25.1 7” 286 
2Ni30Va0.3 52.6) 82.5 20.5 47.5 43 116 
2Ni30Va0.5 65.2 48.0 25 53.5 45 156 
2 Ni 30 Val 68.2 44.2 25 65.9 40 143 

Ni30Val2 69.4 48.6 20 58.6 35 156 
3 Ni 30 Va3 65.9 44.2 20.5 56.1 22 159 

Ni 30 Va7 59.8 13.0 22.5 47.5 20 134 


These tests show :— 

1. That in pearlitic nickel steels, by keeping the nickel 
and carbon constant, and gradually increasing the vana- 
dium, the tensile strength is gradually raised, so long as 
the percentage of vanadium does not exceed 3 per cent. 
lor higher percentages the tensile strength decreases. 

Herein may be seen a distinct resemblance to vanadium 
steels, but the percentage which corresponds to the 
maximum is higher in this case than in vanadium steels. 
Chis lends confirmation to the results obtained. by micro- 
graphy. From the moment of the ap nce of the | 
carbide, resistance to shock perceptibly decreases. 

2. The martensitic steels are likewise influenced by the | 
p:esence of vanadium, which increases the tensile strength 
without increasing the fragility. 

It is to be noted that even the martensitic steels con- 
taining a little carbide are not extremely fragile; in the 
latter the hardness is not very highly developed, doubt- 
less because the formation of the vanadium carbide has 


localised the carbon, which is now no longer diffused 
ae 4 the mass. 

3. Steels with 7 iron do not have their tensile strength 
appreciably altered by the addition of vanadium; the 
elastic limit is distinctly raised so long as there is not too 
much carbide, but the duaneien and resistance to shock 
are diminished, particularly the latter. 

It is interesting to note that in each class of steels the 
maximum influence of vanadium on the tensile strength 
is obtained with 1 per cent. of vanadium present. is 
is very nearly the same result as was previously found for 
carbon-vanadium alloys. 


TaBpLe XIII.—Sevond Series. Steels with about 0.80 Per 
Cent. of Carbon 


El.nga- ¢ Shock Hardness 

















Descriptioa. T. EL. tion. Tests. Number. 
nati ea SAF, SEER ile 
percent. p.c. 
7 Ni2 Va0.3 95.7 48.0 7 8.3 6 235 
12 Ni2 Va7 89.6 46.1 ll 25.4 6 277 
8 Ni2 Val 96.2 55.4 5 8.5 5 255 
8 Ni2Va3 84.8 54.8 7 12.3 5 235 
7 Nil2 Va0.2 ea faulty casting im 3 402 
8 Nil2Va0.7 81.1 | 43.2 4 0 3 293 
7Nil2Va0.7 79.2 | 48.7 2 4.2 3 269 
8Ni12Va0.9 73.9 52.8 2 0 3 311 
8 Nil2 Val 74.7 | 58.0 8 17.7 18 207 
7Ni30Va0.2 63.7 40.7 25.5 40.1 22 124 
7Ni30Va0.6 62.6 39.5 26 44.0 18 126 
7Ni30Va0.9 69.1 | 42.8 21 42.9 19 149 
7 Ni380 Val.5 | 86.0 | 55.0 20 51.2 19 170 
7 Ni30 Va3 80.2 562.1 21 42.1 13 153 


These tests lead to the same conclusions as in the case 
of steels of the first class. It is to be noted that the 
pearlitic steels do not exhibit a fall in tensile strength 
until the moment when the vanadium exceeds 1 per cent.. 
and that steels containing 7 iron undergo an increase in 
tensile oe on the addition of vanadium. It is also 
to be remarked that the improvement in mechanical 
properties of pearlitic steels with 0.80 per cent. of carbon 
is much less distinct than that of steels of the same 
structure, but with 0.20 per cent. of carbon. Actually, 
the point of interest is to be found in the mechanical 
properties of steels with 12 per cent. of nickel. The 
author has investigated their microstructure, which varies 
under the influence of carbon. This influence is again 
clearly met with in the mechanical pagers. 

To summarise :—If the properties of nickel-vanadium 
steels be compared with those of nickel steels, it will be 
seen that, other things, of course, being equal, the addi- 
tion of vanadium raises the tensile strength and the 
elastic limit, and that this is specially marked in the 
pearlitic steels. This increase is, however, limited by a 
maximum which corresponds to the maximum quantity of 
vanadium dissolved in the steel, without the carbide 
being formed. The influence of vanadium on the elonga- 
tion and upon the resistance to impact shock is not 
apparent except in the case of + iron steels, of which it 
destroys some of the most interesting properties. 

To conclude: the addition of vanadium to nickel steels 
does not appear to possess any real interest except in the 
case of the pearlitic steels. 

This conclusion is borne out by what follows. 


Il. Forcep STerExs. 
Quenched Steels. 


Micrography.—It may be stated at the outset that the 
results obtained on quenching are exceedingly simple, 
and may be deduced from the known results relating 1o 
nickel steels and to vanadium steels. Pearlitic steels 
become martensitic; martensitic steels remain marten- 
sitic, with a tendency towards the development of + 
iron; and steels with y iron remain polyhedric. No 
steels have been observed which become transformed on 
quenching. 

Steels which contain carbon, whether they be pearlitic, 
martensitic, or polyhedric, retain intact their carbide, no 
matter what the temperature of quenching. Some photo- 
micrographs illustrating these features are given. 

Mechanical Properties.—The following table shows all 
the determinations which have been carried out on nickel- 
vanadium steels after quenching from 850 deg. Cent. in 
water at + 20 deg. Cent. 


Taste XIV. 


Shock Hardness 


Stce’s. , 4 EL. Elong. Cc. 











Tests. Number. 
| percent. p. c. 
2Ni2Va0.3 117.0 97.0 8 44.3) 11 387 
2Ni2Va0.6 115.3 96.6 9 43.4 14 811 
2Ni2Va0.7 | 118.3 111.6 9 47.4 14 821 
2Ni2Val 148.8 128.5 6 25.1 6 269 
4Ni2Va3 | 187.0 132.3 4 16.6 6 269 
4Ni2Va7 | 549 40.3 18 39.9 9 156 
2Ni12Va0.2 134.7 110.4 2.5 12.4 4 375 
2 Nil2 Va0.6 150.7 150.7 4.5 20.2 9 840 
2Nil2Val 161.4 148.2 6 81.5 9 321 
8Nil2Val (174.9 157.7 a 33.3 7 418 
2Nil2Va3_ 107.2 100.0 6 38.2 10 262 
2Ni12Va7 ‘103.7 102.4 4 8.3 5 255 
2Ni30Va0.3| 51.3 82.5 28 67.3 46 134 
2Ni80Va0.5 66.8 50.1 24 66.3 62 149 
2Ni30 Val 72.7 63.5 21 | 58.6 48 149 
2Ni30Val.2 69.5 52.0 21 61.9 42 156 
3Ni30 Va3 64.9 45.4 22 53.9 23 163 
3N 63.6 454 20.5 46.9 17 131 


i30Va7 | 


These tests show :— 
1. Quenching at 850 deg. Cent. has a considerable in- 
fluence upon the properties of pearlitic steels ; sometimes 
the tensile strength and elastic limit are more than 
doubled, and this occurs with elongations and resistances 








to shock which are highly remarkable. One may, it is 








true, have a sufficiently notable difference in tensile 
strength before quenching and after quenching, but, in 
general, exceedingly low elongations (2 to 5 per cent.) 
and very low resistance to shock (0.0 to 5 kilogramme- 
metres) are obtained. Numerous examples have been 
instanced in the course of the investigations. 

It is to be noted that steels in which the whole of the 
carbon is in the state of double carbide are, if anything, 
softened. This result corresponds with the micrography 
of these steels. Martensitic steels are slightly hardened 
on quenching, but they are less interesting than the 
pearlitic steels. 

As to the ¥ iron steels, an interesting fact may be re- 
corded. The tensile strength and elastic limit are not 
lowered, as in the case of nickel steels, and resistance to 
shock and elongation are increased. 


TaBLE X V.—0.80 Carbon Series. 


Mechanical Properties. Normal 
Steel. 








Shock Hardness 
Steels. ee a eee ne Test. Number. 
T. E. L. Elong. | ©. 
} percent. p. c. 
7Ni30Va0.2 75.9| 49.5 | 80 47.5 26 153 
7Ni30Va0.6 72.3 | 482 | 27 48.2 40 156 
7Niz0Va0.9 86.5 | 584 | 2%6 61.1) 32 179 
7Ni30Val.56 81.9 | 80.6 21 47.6; 32 | 2U1 
7Ni30Va3 786) 552 | 20.6 | 47.5) 19 187 
7Ni80Va7 64.0/| 54.4 29.5 2 149 


43.1 





Quenching hardens all the 7 iron steels of this series except 
the last two, the whole of the carbon of which is in the 
state of carbide. At the same time it raises the elonga- 
tions and the contractions. 


OTHER TREATMENT. 

Annealing occasions no particular result in these steels ; 
the carbide grains, when these are present, increase in 
volume. The steels are slightly softened, but the elon- 

tion diminishes, and the brittleness increases. The 
ollowing table gives some examples :— 


TaBLE X VI.—Steels Annealed for Four Hours at 
900 Deg. Cent. 
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l 
o, |Shock) Hardness 

















Steels. T. E.L Elong. Tests. | Number. 
per cent. | p. c. 
2Ni 2Va.s 64.5 63.2 19 48.2 20 188 
2Ni 2Va0.7 603, 47.5 21 53.6 17 183 
2Ni12Va0.6 122.5 111.3 4 13.5 5 321 
2Ni30Va0.6 68.2 48.4 18 48.2 £9 116 
8Ni 2Val 92.3 65.3 8 85 | 8 235 
7 Ni30Va 0.2) 62.4 25 17 126 


Cooling and working have the same effects upon come 
of the steels which border on the limit between the poly- 
hedral and martensitic groups as upon the corresponding 
nickel steels—i.e., the polyhedrons become transformed 
into needles of martensite, or of troosto-sorbite ; but the 
phenomena are, perhaps, less clearly defined, and, in 
either case, more difficult to photograph than with the 
nickel steels. 

Cementation occasions nothing unusual, or the effect is 
similar to that obtained with nickel steels; or, if the steel 
contains enough vanadium, and the cementation be suffi- 
ciently prolonged, the formation of grains of carbide 
takes place. In short, with the exception of quenching, 
the results of which are extremely interesting, other 
methods of treatment offer nothing particularly note- 
worthy, and the effects obtained could be predicted from a 
knowledge of what happens in the case of nickel steels 
on the one hand, and in that of vanadium steels on the 
other. 

ConcLusions. 


Nickel-vanadium steels are divisible into six groups, as 
follows :— 

1. Pearliticsteels. 

. Carbide steels. 

. Martensitic steels. 

4. Steels containing martensite and carbide. 
. Polyhedral steels. 

. Steels containing 7 iron and carbide. 

Here a question arises. We know that when, in iron- 
carbon-vanadium =, the percentage of vanadium 1s 
sufficiently high, all the carbon is taken up by the vana- 
dium to form the carbide. If we take a nickel steel 
containing y iron and add vanadium to it, then, when 
this element is present in sufficient proportion, it will 
unite with the carbon, and carbide of vanadium is ob- 
tained ; but at this very moment the percentage of carbon 
falls, and the 7 iron should therefore become martensitic. 
This was the result that was expected would occur; in 
point of fact, it did not do so, and the 30 per cent. nickel 
steels of the first series afford a striking example. There 
would appear to be a certain equilibrium, which the per- 
centage of venndiem is unable to destroy. 

From the point of view of the influence of vanadium on 
the mechanical properties, the following conclusions may 
be drawn :— 

In the normal steels vanadium very distinctly increases 
the tensile strength and the elastic limit of pearlitic 
steels—more rapidly, indeed, than any other element 
except carbon. It diminishes the elongation somewhat, 
and also the contraction, but much less so, other things 
being equal, than other substances. 

The maximum effect is obtained with 0.7 to 1 fer cent. 
of vanadium ; it diminishes when the vanadium pases 
into the state of double carbide. 

Vanadium acts in the same way on the martensitic 
steels, but much less sharply than on the former class, 
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It acts likewise on steels containing 7 iron, in slightly 
raising the elastic limit, but particularly in distinctly 
diminishing the elongation and in conferring brittleness. 

These remarks show clearly that the addition of vana- 
dium to nickel steel is only of interest in the case of 
specimens which are pearlitic. ’ 

An examination of the quenched steels conduces like- 
wise to the same result ; but it is here that the true interest 
attaching to the vanadium steels reveals itself. Vana- 
dium has the characteristic of producing, on quenching 
pearlitic nickel steels, an extraordinary increase in the 
tensile strength (when compared with that of a normal 
steel) ; and this occurs with elongations which still remain 
considerable, and a marked non-brittleness. I do not 
think that these results have been obtained with any 
other elements. 

MANGANESE VANADIUM STRELS. 

The same results have been arrived at in the case of 
steels with manganese and vanadium as for steels with 
nickel and couadiem. It may be recalled, to begin with, 
that my researches have shown that ——— steels 
have the same structure, and very nearly the same pro- 

rties, as nickel steels, but that it requires very mach 
a manganese to produce an equivalent effect. The 
following table shows the micrographical characteristics 
of manganese steels. 


Class. Description. Carbon 0.20. Carbon 9.80. 
I, Pearlite .. oe 0 to 5 per O to 8 per 
cent. man- cent. man- 

ganese ganese 
II, Martensite or troosite .. 5 to 12 per 3 to 7 per 
cent. man- c.nt. man- 

ganese ganese 
Ill. y iron above 12 per above 7 per 
cent. man- cent. man- 

ganese ganese 


In steels averaging about 0.20 per cent. of carbon, those 
of the first class (1 to 5 per cent. of manganese) show a 
tensile strength and elastic limit which increases slowly 
with the percentage of manganese, whereas the contrac- 
tion and elongation diminish but little. These steels 
offer very high resistance to shock. This point is one of 
extreme importance, and to demonstrate it clearly, over 
100 Frémont test-pieces have been broken. The results 
obtained are, in fact, in contradiction with the opinion, 
widely spread amongst metallurgists—viz., that manga- 
nese confers brittleness upon steels. I believe I have 
clearly demonstrated that, on the contrary, manganese 
only induces brittleness in steels when it is in excess, or, 
rather, when the sum, carbon + manganese, is sufficiently 
high to lead to the production of martensite. So long as 
the structure is pearlitic the steel, so far from being 
brittle, is ext:3mely homogeneous, and offers a degree of 
resistance to shock only met with exceptionally among 
carbon steels. These steels possess only slight hardness. 

Steels of the second class (5 to 12 per cent. of man- 
ganese) possess very high tensile strength and elastic 
limit, very low elongation and contraction, and are ex- 
tremely brittle and hard. 

Steels of the third class, which have been described 
since 1888 by Mr. Hadfield, are characterised by pro 
yerties which closely approximate them to steels with a 
high percentage of elcid 5 they have a —_ elongation 
which extends throughout the whole length of the test- 

1ece, 

The mechanical pro 
containing about 0. 
examined. 

It will be seen, to begin with, that the tensile strength 
and the elastic limit both increase in proportion as the 
percentage of manganese rises; then the elastic limit 
decreases, while the elongation and the contraction 
acquire still higher values. 

The demarcation between the first and second class is 
not very clearly seen, but the passage to iron steels is 
very distinctly marked. 

Steels of the first and second classes are brittle; steels 
of the third class are, on the contrary, resistant to shock. 

The hardness of these steels affords some valuabie 
information ; for whereas steels containing up to 7 per 
cent. of manganese are very hard, those containing over 
7 per cent. of this metal give a rather low Brinell number. 

Several manganese steels have been tested, and have 
given the following results :— 


rties of the second series of steels, 
per cent. of carbon, may now be 


COMPOSITION. 





TABLE XVII. 


It may be recalled that Messrs. Sankey and Smith* 
have studied certain chromium steels. Out of the sixty 
samples examined, the two following types may be re- 
served for further consideration :— 


No. 1. No 2. 
Carbon 0.22 0.44 
Chromium 1.02 1.04 
Vanadium 0.17 0.188 
Silicon 0.086 0.173 
Manganese 0.29 0.837 


The first sample had a tensile strength of 76.5 kilo- 
grammes, an elastic limit of 57, an elongation of 24 per 
cent., and a contraction equal to 56.6 per cent. 

The second type is intended specially for the manu- 
facture of springs. The observers referred to examined 
the influence of treatment on these steels. 


SILicon- VANADIUM STEELS. 


The conclusions at which I have arrived respecting the 
silicon steels are as follows :— 

Steels with 0.5 to 5 per cent. of silicon have a pearlitic 
structure. With 5 wd cent. of silicon white patches are 
seen on polishing in bas-relief, and very fine black points 
can be clearly distinguished before any etching. These 
must consist of graphite. After etching these constituents 
are —_ found, together with pearlite, which is found 
outside the white patches. With a higher percentage of 
silicon, but less than 20 per cent., there are only white 
areas, bordered with phite. metimes a few very 
brilliant grains, always in very small number, may be dis- 
tinguished around this graphite. 

In a 20 per cent. steel the hite and two consti- 
tuents can be clearly distinguished, one of which is well 
crystallised. With a very high silicon percentage very 
well-defined crystals, surrounded by a eutectic, are met 
with. They are more important the higher the percentage 
of silicon present. It is only the percentage of silicon 
that has any influence on the constitution of these steels ; 
the carbon has none. The tensile strength and elastic 
limit are higher in the silicon steels than they are in 
ordinary steels containing equivalent percentages of 
carbon. At the same time they do not increase percep- 
tibly with the percentage of silicon once a little of the 
carbon is found in the state of graphite. and the elonga- 
tion and contraction become nil. The resistance to 
shock in the silicon steels is low, and becomes nil once 
there is any graphite formed, 

he author has examined only a few samples of silicon- 
vanadium steels. The composition of the two most inte- 
resting of these steels was as follows :— 


No. 1. No. 2. 
Carbon 0.21 0.65 
Vanadium 0.28 0.32 
Manganese 0.34 0.46 
Silicon 1.96 1.28 


These samples gave the following mechanical results :— 
TasLe XVIII. 








Con- | Hard- 
No. 1 | TS. EL —— trac- oe ness 
ae No. 
percent p. c. | 
Normal .. a --| 704 498 24 64.5 12 | 174 
Quenched in water! 
from 850 deg. Cent.| 176.5 170.4 7 350 
Quenched at 860 deg. 
Cent., and reheated 
at 500 deg. Cent. ..|1123 1004 9 196, 8 | 319 
No. 2. | | 
Normal .. --| 96.4, 624/ 12 22.1 12 282 
Quenched in water! | | 
from 850 deg. Cent.| Test-piece badly cracked | 535 
Quenched at 850 deg.| 
Cent., and rehea | 
at 500 deg. Cent. ..| 145.4 | 123.2 6 10.4 4 436 


These tests, ee few in number, are, nevertheless, 
highly interesting. They show that vanadium exerts a 
very favourable influence on the mechanical properties of 
silicon steels. Unfortunately, it does not relieve them 
of their brittleness at right angles to the direction of 
rolling. Indeed, the shock tests carried out under these 
conditions only yielded 0 to 4 kilogrammetres. 





MECHANICAL PROPERTIES. 
NORMAL STRELS. 








Description. Shock | Hardness 
s Test. | Number. 
a. Mn. Va. Si. 8 P. T. E.L. | Elong. Cc. 
per cent. |per cent 
1 Mn 2 Va 0.2 0,082 2.05 0.27 0.540 0.110 0.011 64.5 48.5 | 24 | 72.5 28 97 
1Mn2 Va05 Fe 0.122 2.32 0.49 0.482 0.025 0.018 70.8 51.3 20 57.2 26 107 
1Mn7 Vao.3 | 0.162 7 01 0.32 0.781 0.010 0.015 125.3 92.8 | 0.3 0 0 477 
1Mn7 Va0.6 .. -.| 0.125 754 | 0.04 0.304 0.005 0.018 138.4 125.0 | 0 0 0 495 
1 Mn 21 Va05.. -.| 0.126 21.03 0.53 0.710 0.015 0.016 92.5 38.9 25 58.3 26 202 
1 Mn 22 Va 0.7 -.| 0.210 22.51) O07 0.501 =i traces 0.010 95.2 40.1 | 26.2 70.3 20 228 
7 Mn 12 Va 0.5 0.743 12.: 0.47 0.840 nal 0.020 90.4 62.4 20.5 24.8 25 223 
7 Mn 14 Va 0.6 0.782 | 14.80 0.67 | 0.730 0.004 OO01L 93.2 63.5 | 20.2 23.° 22 235 


It will be seen that the influence of vanadium is the 
same as in the case of nickel steels. The two first samples 
are pearlitic, the two second martensitic, and the four 
last are iron steels. It is sufficient to refer to the earlier 
paragraph for what has been already said in the case of 
each of these groups (nickel steel) to apply the conclusions 
to the present case. 


CuROMIUM-VANADIUM STEELS. 


I have not, so far, carried out any series of tests on 
chromium-vanadium stee! 


ALLOYS OF VANADIUM OTHER THAN IRON ALLOYs. 

Researches have been carried out on certain alloys of 
vanadium other than those with iron. The tests were 
somewhat disconnected, but it has been thought of in- 
terest, nevertheless, to refer to them here. 

C -Vanadium Bronzes and Vanadium Brasses.— 


It has been announced from time to time that vanadium 
* Proceedings of the Institution of Mechanical Engi- 

neers, 1904, page 1235. 

page 871. 
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yielded extraordinary results when added to alloys 
of copper and tin, copper and aluminium, and copper 
and zinc. The properties obtained have not been pre- 
cisely defined, still less so the analyses. 

In 1896, however, Mr. Helouis declared that an allo 
containing 91 per cent. of copper, 8 per cent. of alumi- 
nium, and 1 per cent. of vanadium had a tensile strength 
of 53 kilogrammes, and an elongation of 32 per cent. 
The improvement is marked. Mr. Baxérts has stated: 
that certain vanadium bronzes yielded 71 kilogrammes 
tensile strength, and 120 per cent. elongation ; but he has 
not given details of its composition. Was this sample a 
bronze or one of the high-tensile brasses sold under the 
name of malleable bronze? 

It is affirmed on many sides that vanadium is largely 
used in the metallurgy of copper and of its alloys. The 
author believes he can affirm the contrary to be the case ; 
he has never been able to obtain a sample that could be 
truly described as commercial. 

Systematic researches have been undertaken on these 
alloys, but they are not sufficiently advanced for the 
general results tobe given. A little attention may, how- 
ever, be devoted to the consideration of the copper- 
vanadium alloy which is used to introduce vanadium into 
different copper alloys. 

Cupro-vanadium can be obtained either by the alumino: 
thermic process or by an electric furnace. Mr. Girod 
exhibited a fine sample at the Liége Exhibition. 

The investigation on cupro-vanadiums, although in- 
complete, have shown clearly the following results :— 

_ 1. When vanadium is added to copper a solid solution 
is first obtained, and the melting-point: of the alloy is 
higher than that of the copper. 

2. In the vicinity of 7 to 10 per cent. of vanadium a 
very hard bluish compound is formed, which has a low 
density and a tendency to rise through the mass, like the 
carbide in steels. When the vanadium is present in suffi- 
cient amount (about 13 to 15 per cent.), it rises through 
the mass and forms a steel-grey layer on the surface, a 
layer which is the more abundant the higher the percen- 
tage of vanadium present, and which can be easily de- 
tached from the mass by a sharp blow from a hammer. 

3. The greyish mass thus obtained is absolutely in- 
soluble in copper (the experiments were only carried to 
a temperature of 1400 deg. Cent.): 

From this fact it may be con¢luded that only those 
cupro -vanadiums should be employed commercially 
which do not contain this greyish-blue compound, the 
composition of which has not yet been determined. It 
cannot as yet be definitely stated whether it is a com- 
pound or whether it might not be a solid solution. 


ALLOYS OF ALUMINIUM AND VANADIUM. 


The observations are based upon a test which yielded 
17 kilogrammes as tensile strength and 7 per cent. elon- 
— for an aluminium “containing 1 per cent. of vana- 

ium. The results are highly interesting, but the condi- 
tions under which the alloy had been prepared were not 
stated. Better results are constantly obtained with rolled 
and annealed aluminium, and sometimes figures as high 
are obtained with alloys cast in chills. Mr. Helouis has 
also stated that with an aluminium-copper-vanadium alloy 
with a high percentage of aluminium he has obtained a 
tensile strength of 42 to 45 kilogrammes per square milli- 
metre. The alloys of tin and vanadium are also stated, 
but without details, to be very interesting. Finally, Mr. 
Herrenschmidt has prepared vanadium-nickel and vana- 
dium-chromium, starting with an alkaline vanadate, to 
which he adds nickel and cobalt salts. These alloys have 
not, as yet, so far as I am aware, received much attention 
in practice. 

CoNCLUSIONS 

It may be affirmed that in all the cases studied, up to the 
present, vanadium considerably improves the mechanical 
properties of metallurgical products. Its effect may be 
characterised as follows :— 

1. On normal steels it produces a very distinct increase 
in the tensile strength and elastic limit, and has no 
influence, or an insignificant one only, on elongation 
and contraction, and upon resistance to shock. Itslightly 
increases the hardness. 

2. On quenched steels vanadium considerably increases 
the tensile strength and elastic limit ; it acts in this way 
with almost as great an effect as carbon ; yet, notwith- 
standing this, it does not increase the brittleness. 

The influence of vanadium in metallurgy is thus, in my 
opinion, of considerable importance. It is undoubtedly 
the element which, together with carbon, acts with the 
greatest intensity in the way of improving alloys of iron 
—that is to say, in very small percent: x 

It is to be specially noted, however, that alloys of iron, 
carbon, and vanadium are more sensitive to heat treat- 
ment and mechanical handling than ordinary steels ; but 
this does not appear to be any longer the case in more 
complex alloys, particularly in nickel-vanadium steels. 

It remains to consider the influence of the addition of 
vanadium upon the cost per cent. of the vanadium con- 
tained. The cost of production of ferro-vanadium is such 
as to readily allow of its addition, and if, at the moment 
of writing, the price of ferro-vanadium is still high (about 
1/. per pound of vanadium contained), this must be attri- 
buted to the scanty demand, which is altogether inade- 
quate, and consequently entails expenses of manufacture 
which are spread over but a very small output, thus con- 
siderably increasing the price. This state of affairs will 
ro when the use of vanadium becomes more wide- 
sp) . It may be concluded that the employment of 
vanadium in the manufacture of special steels is distinctly 
indicated, particularly in the manufacture of quaternary 
alloys such ae iron-nickel-carbon-vanadium. 

It is — that vanadium will give highly interest- 
ing results with copper and its alloys, but no systematic 
study relating to this has yet been carried out. 
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ELECTRICAL APPARATUS. 


20.554. G. C. Fricker, London. Electric-Current 
“Indicators and Con’ ers. |6 Figs.) Sept. 24, 1904. 
Apparatus according to this invention comprises means whereby 
the flow of an electric current to an amount exceeding that for 
which the apparatus is ad d will automatically cause the 
current to follow a path of high resistance, by: means of which the 
amount of flow will be reduced and the apparatus restored to its 
énitial state, so that if the initial conditions then again exist, the 
current will increase, and the operation will be repeated, and so 
on indefinitely. Such aon may be variously constructed. 
1 and 2 are the lower and upper tubes, provided respectively with 
bulbs la and 2a that contain air or gas. The tube 2 extends 
downwardly through the bulb la and into the tube 1, so as to 
leave between them an annular space 3 charged with mercury 4 
that is contained in the lower tube 1, and seals the lower end of 
the tube 2 which dips into it, the two bulb tubes being hermetic- 
ally sealed together at 5. 6 isa low-resistance coil meyer | 
the bulb la, and 7 is a high-resistance coil surrounding the bul 

2a. 8 and 9 are electric contacts of metal wire sealed in the 
lower tube 1, so that normally both of them are in contact with 
the mercury 4, the contact 8 being in connection with one—viz., 
10—of the electric supply conductors 10 and 11 and with one end 
of coil 7, and the other contact—viz., 9—being in connection with 
the other end of coil 7 and with one end of coil 6, the other end 
of which is‘connected to the supply conductor 11. As will be 

















seen, the arrangement, which resembles and acts like a differen- 
tial air thermometer, is such that normally the mercury 4 is in 
‘series with the low-resistance coil 6, so that practically the whole 
of the current will pass through the low-resistance coil 6. Upon 
an excessive current passing through the latter coil, it will heat the 
air or gas in the bulb 1a, and by the expansion thereof cause the 
mercury 4 to descend in the space 3 to a point below the contact 
9 and ascend the tube 2, thereby breaking the circuit through 
the mercury and causing the current to pass first through the 
high-resistance coil 7 and then through the low-resistance coil 6 
to the conductor 11. The strength of the current will thus be 
reduced, but the air in the bulb 2a will be heated thereby, 
whilst that in {the bulb la will be heated to a less extent than 
before, so that it will become cooled and allow the mercury to 
resume its original ition, whereupon the coil 7 will be again 
short-circuited. If the initial conditions which caused the exces- 
sive current then again exist, the current will increase as before 
and the operation be repeated. The coil 7 of high resistance may, 
as shown in Fig. 2, be disposed outside—i.c., away from the 
apparatus, and not around one of the bulbs. In this case the 
restoration of the normal position of the mercury 4 after break- 
ing contact is slower in its action, and depends only upon the 
rate of cooling of the bulb la previously heated by the low- 
resistance coil 6 carrying the full current. (Accepted August 30, 
1£05.) 


11,668. A. Muirhead, Shortlands. Telegraphy. 
(3 Figs.] May 20, 1904.—This invention relates to cable relays, 
whereby any variation of the zero of the relays due either to earth 
currents or to slow changes of the zero line during signalling, 
or to changes in the working part of the relays themselves, is 
automatically corrected. In the specification of Letters Patent, 
No. 11,828, of 1903, there is described an arrangement whereby 
a local battery and a pair of electromagnets inserted between the 
contact tongue and the two sub divisions of the central section 
of the vibrating contact-plate of the relay actuate certain mecha- 
nism designed to operate upon the support of the vibrating con- 
tact-plate, in order to bring the latter into the correct position 
relatively to the contact-tongue. In carrying out the present 
invention use is made of a modified form of the arrangement just 
described. Instead of employing the electro-magnets, which are 
in electrical connection with the two sub-divisions of the central 
section of the vibrating contact-plate, to bring into play appa- 
ratus mechanically attached to the support or base of the vibrat- 
ing contact-plate, use is made of them to actuate an electro- 
motor in connection with apparatus which is adapted to vary in 
strength and direction a current kept flowing through the signal 
coil of the relay to neutralise any slow current due to earth 
currents, and thus prevent any change in the zero of the index 
or contact-tongue, which is attached to the signal coil. This 
regulating or correcting current may flow either through the 
main circuit on the signal coil, or through a separate circuit 
wound on the latter. é@ apparatus may take various forms ; 
but in one convenient arrangement the two armatures t, u of the 
electromagnets r, 8 of the local circuit of the vibrating contact- 
plate g are joined up to the two brushes of a continuous-current 
motor 3 and a local battery 2 in the manner to produce rotation 
in the motor in one direction or the other corresponding to the 
direction in which the contact-tongue f of the relay is deflected. 
Secured on theshaft of the motor 3 is a pulley, over which the 
wire 5 of arheostat 6, 7 is wound or , 80 that on the rotation 
of the shaft the amount of the wire 5 put in a circuit on one side 


or the other of the pulley varies according to the amount of rota- 
tion. Through the rheostat 6, 7 and the signal coil 8 in circuit there- 
with a current is, or may be, kept flowing from a well-insulated 








is held away from the cylinder, and the cooling ‘thereof is ‘facili- 
tated. In the construction illustrated the engine is adapted to be 
carried on a suitable frame ber. The ne may be formed as 
usual except as to its valve arrangements mechanism. In place 
of a valve-operating shaft close in to the engine, a shaft C may be 
employed for this purpose, which is at some distance from the 
engine. This shaft, in some cases, may be required to rotate at 
half the speed of the engiue shaft, and preferably the power is 
taken from this shaft to the driving-wheels. This shaft CO is 
carried in bearings on the cycle frame, or on an extension of the 
engine crank-case, or otherwise, as found convenient. Suitable 
cams are formed upon this shaft, and its bearing, or another 

ber, may carry guides for the valve-operating tappets. These 
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battery 9, and this current is, or may be, varied in strength and 
direction according to the amount and direction of rotation of 
the armature of the motor 3. (Accepted August 30, 1905.) 


6640. C. W. J. Busch, sinncbere and H. Roosen, 
Munchen. Electricity ‘Meter. [1 Fig.) March 29, 1905. 
—This invention relates to improvements in electricity meters, 
and more ly to motor electric meters and dial instru- 
ments of the kind described in the specification of Letters Patent 
No. 5827, of 1905, wherein an auxiliary or shunt conductor is 
arranged parallel to the conductor through which pass the active 
lines of force crossing the armature. In the accompanying 
drawing is shown a diagrammatic representation of an electric 
meter having a disc armature and embodying the present im- 
provements. As shown, a is the coil through which passes the 
working current; } is the iron frame ; ¢ the air | or field in 
which the armature disc rotates; d,d indicate the axis of rota- 
tion of the armature ; ¢ is the iron return-conductor for the lines 
of force crossing or traversing the armature ; / the iron shunt or 
auxiliary conductor for the lines of force which do not traverse 
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or cross the armature ; and g an air-gap which may be provided 
in the said shunt conductor /, if desired. The course and direc- 
tion of the lines of force are indicated by chain dotted lines and 
arrow-heads, After the current has ce: in the coil a, a 
magneto-motive force remaine in the iron frame b, which force 
sends out lines of force through the combination. But also in the 
shunt conductors f there remains a magneto-motive force, which 
produces lines of force in the same direction.* In order to ensure 
a reliable and powerful action of the shunt conductor / it is 
necessary to magnetise or excite the latter aay This cam.be 
effected by directly surrounding the shunt conductor f with an 
exciting coil, which may be in series or in parallel circuit with 
the wire or coil a, so that the whole current to be measured or 
only a part of the same may pass through the said exciting coil. 
Such an exciting coil a! is shown in dotted lines in parallel with 
the coila. The improved field system may also be for dial 
instruments, such as ammeters, volt-meters, or watt-meters, which 
give a direct reading on a fixed scale. (Accepted August 30, 1905.) 


MOTOR ROAD VEHICLES. 


20,598. A. W. Wall, Guildford. Motor-Cycles. [1 Fig.) 
September 24, 1904.—This invention relates to fluid-pressure 
engines, particularly applicable for use on motor-vycles, and has 
for object to simplify the cylinder and crank-chamber construc- 
tion, and, in the case of an internal-combustion engine, facilitate 
the cooling of the valve-chambers, and to enable part of the 
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driving gear to ery the engine controlling devices. Accord- 

ing to this invention, the shaft carrying the cams or the like for 

operating the valve is removed to a convenient distance from the 

engines, and the valves are set at a suitable angle, so that they 

can be operated from this shaft, which is S—— done by em- | 
tol to +e hoa to 








ploying a separate valve-box the cy- | 
in 


er at the required angle in such a way that the valve-box itself | railway line. 


| the valve. 


| By adjusting the tappets 11 the valve 5 may be 


tap may project at an —- towards the head of the cylinder, 
and upon the head of the cylinder may be held a separate valve- 
box Al, so shay and construc’ that when the valve box is 
attached to the cylinder the valves will be arranged at an angle 
to correspond with that of the tappets in such a way that the 
tappets may operate the valvesin a substantially ordinary manner. 
Conveniently the valve-box may be attached to the cylinder-head 
by a hollow neck, which forms a port. Thus the valve-chambers 
are held away from the cylinder, and cooling thereof is facilitated. 
The shaft C may be driven by any suitaole gearing—as a chain 
and gear-wheels D ; and an adjustment of the shaft C may be 
provided towards or away from the engine. In this case adjust- 
ment of the shaft will also adjust the valve tappets ; and to allow 
for this the latter may be formed with enlarged heads, so as to 
always operate the valves, in spite of any change of position of the 
shaft. (Accepted August 30, 1905.) 


12,279. J.P. Hall, Sydenham. Valve Mechanism. 
[6 Figs.| June 18, 1905.—This invention has reference to engines 
of the kind forming the subject of Letters Patent No. 9275, of 
1899, and has reference more icularly to the construction and 
arrangement of the YY and distributing-valves, whereby the 
expansive action of the steam in the working cylinder of the 
engine may be regulated according to requirement. e steam 
inlet 4, the impulse-valve 5, and the steam-driven distributing- 
valve 6 are arranged in steam-chests 5a and 6a communicating 
by ports 7 and 8 with each other, and with the two ends of the 
main cylinder through passages 9, 9a and with the exhaust 

e through a port 10. The impulse-valve may be of the piston- 
valve type. It is actuated by means of tappets 11, which engage 
with a lever 12 worked by the main piston-rod. The distributing- 
valve 6 is circular in form, recessed after the manner of an ordinary 
D valve. Pistons 18* are connected to the valve proper as shown. 
In order that the valve 6 may be pressed against the valve-face, 
and leakage thus prevented, flats or recesses may be formed on 
the back of the valve, so as to be ex to steam pressure. 
14, lda are steam passages throngh which steam passes to the 
ends of the distributing-valve 6, so as to actuate it, and 15, 16a are 
the exhaust s from the ends of the distributing-valve 
chamber. These parts terminate in the impulse-valve chamber 
in ports 15*, which are in line with an intermediate port 16 lead- . 
ing to a passage 17 communicating with the exhaust outlet 18. 
The valve 5 is provided with an elongated recess, which is adapted 
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to place the port 16 in communication with the ports 15° in turn. 
The course of the steam in the engine is as follows, supposing the 
main piston 2 tobe at the top of its stroke, and the steam passage 
14 just uncovered :—It enters at 4, passes in through the port 4a, 
through the passage 14 to the top of the valve 6, which is thereby 
forced down. The enginesteam can now pass through the port 7 
direct across the chamber 6a, between the valve proper and its 
upper piston, to the port 9 and thence to the top of the main 
cylinder. Steam will continue to flow in this path until the down- 
ward motion of the piston 2 causes the lever 12 to move up the 
valve 5 and close the passage 7, thereby cutting off steam to the 
top end of the main cylinder. The valve 5 will continue to move 
until the port 14a is uncovered, and steam thus allowed to enter 
the chamber 6a and force up the valve 6, so as to place the port 9 
in communication with the exhaust-port 10 through the recess in 
Steam now passes to the lower end of the cylinder 1 
through the porte 4b, 8, and 9a until the movement of the piston 
2 has moved down the valve 5 so as to close the port 8. The steam 
is allowed to escape from above and below the distributing-valve to 
the exhaust at the required times through the es 15, l5a, 
recess in the valve 56 and the passage 17 to the exhaust outlet 18. 
made to regulate 
theamount of steam supplied to the cylinder—i.¢., it can act on 
the steam supply so as to fix the point at which cut off shall 
take place, which point may be at any rortion of the stroke of the 
engine. (Accepted August 30, 1905.) 


RAILWAYS AND TRAMWAYS. 


6073. Siemens Brothers and Co., Limited, 
Westminster. (Siemens and Halske Actien - Gesellschaft, 
Berlin, Germany.) Electrical Mercury Switches. (4 
Figs.) March 22, 1906.—This invention relates to an electrical 
mercury switch to be operated by a vehicle passing along a 
The switch is in such a position relatively to the 
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rail that a vehicle passing along the latter determines a flow of 
mercury from one part of the switch to another. When the 
mercury is flowing, it. establishes a series of successive electric 
contacts. For this purpose the piece of metal within which the 
flowing mercury makes contact to complete the electric circuit is 
so situated relatively to the path of the mercury that the stream 
of the latter is separating into ay when it touches the piece 
of metal. In Fig. 2 the vessel a is divided into two compartments 
a), a? connected by a channel ¢, and is pivoted at b. e toe of 
the vessel extends beneath a rising rail e alon e the running 
rail f. When a vehicle passes, the rail e is depressed and the 
compartment a! is in a higher position than partment a?. 
When the vehicle has passed, the vessel returns into the position 
shown, and the mercury flows back through the channel c. The 
contact pin g, one of which extends into each compartment, is 
so placed relatively to the channel ec that each drop of mercury 
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issuing from the latter comes in contact with the pin, and then 
falls away, so that the circuit which is completed through the 
mercury is successively made and broken, while the latter flows. 
The form shown in this figure is described only to illustrate the 
rinciple of the invention ; it is very difficult to construct this 
ioe, and it is not recommended as a practicable construction. 
The form shown in Fig. 1 is similar to the known switch which is 
operated by the bending of the rail, along which the vehicle is 
passing. In this apparatus the mercury, which is pr up 
through the tube 5 by the diaphragm 4, collects in the cup 6, 
ng from which through the tube 8, made of insulating ma- 
terial, it comes in contact with the pin2 and runs back into the 
reservoir 7. By the time the stream of mercury arrives at the 
pin 2 it is separating into drops. An electric current passing 
from lead 10 over the contact-pin 2 through the mercury stream 
to the body of the apparatus is thus completed and interrupted as 
each drop passes the pin. (Accepted August 23, 1905.) 


20,413. J. Heap, J. Bailey, H. Heap, A. Richard- 
son, R. Binlington, J. Haydock, T. 5. Jones, and 
T. Brierle 1. Trolley Wire Hangers. 


.—This invention relates to ears or 
hangers for supporting or holding up electric conductor wires to 
which the wires are secured mechanically by clamping two sides 
of the hanger together without the necessity of soldering the 
conductor-wire thereto. It is designed to provide a hanger and 
ear which will firmly grip and securely hold the wire, which is 
simpler in construction and manipulation, and which can be 
P d at comparatively small cost. The hanger and ear is 
constructed of two parts or jaws A and B, with grooves to receive 
the conductor-wire C, as is customary in what are known or 
described as mechanical — or ears. The jaws may wholly 
or partially grip the wires. e jaws A and B are formed wit 

shanks D, flat on one side, which, when the two parts or jaws A 
and B are brought together, form a shank approximately cylin- 
drical or somewhat conical tapering slightly upwards towards the 
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eriey, 
(3 Figs.] September 22, 1 
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top. Between the shanks an internally screwed socket d is 


formed, t in each shank, to receive the end of the insulator 
bolt G. e insulator bolt G is formed with a flange. Over the 
cylindrical or tapered shank D a collar E is placed, which is 
forced down by the flange of the insulator bolt G over the shanks, 
and compresses the lower edges of the jaws A and B tightly upon 
the conductor-wire C, which fits within the grooves. The insulator 
bolt G also serves to force the two parts of the shank D asunder 
against the sides of the collar E. A dowel, pin, or other projec- 
tion on the jaw A fits into a hole or recess in the jaw B to ensure 
the two jaws being placed together in the correct position. The 
two lower ved edges of the jaws may be connected by a thin 
flexible strip, and the conductor wire C be inserted from above 
the shank D in of being made in two separate parts. In 
order to prevent the jaws falling to the ground when the screw 
is released or when being fixed in position, or should the screw 
become stripped, the jaws may be provided with one or more 
transverse bolts ing through them or through lugs formed 
ereon. (Accepted August 16, 1905.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 
17,960. D. Clerk, Ewhurst, H: N. Bickerton and 
A , Ashton-under-Lyne. Internal- - 
bustion Motors. (2 8.) August 18, 1904.—This invention 
relates to internal-combustion motors of the type described in 
the present patentees’ Patent No. 28,827, of 1902. and has for its 


object, especially when the added charge consists of an inert 
fed, to improve the rapidity of firing of the c' of combus- 


tible. The invention consists in providing two or more igniters 
p Rh 
t , charge 
invention further consists in effecting the ignition as near to the 
e 
y be applied however the charge and added fluid be introd 
ble. 





arran in tandem in the combustion r in such a way 
that the rate of inflammation of the is increased. The 
piston as ble by means of an igniter or of a flame jet so 
a tion of the inflammation of th td. 
aoe Eee back , and does not tend to force mixture into 
the ed inert fluid. It will be seen that these methods of a 
may 

into the cylinder, so long as these be mixed as little as 

In carrying the invention into effect according to one ication, 


in an engine in which the added fluid used is cooled, exhaust pro- 
ducts introduced by way of parts 0, which are over-run by the 

iston p, the combustion space is preferably made in the shape 
of a somewhat long blunt-ended cone, and the charge of air and 
combustible is introduced near its apex by avalve ), the gas and 
air being mixed in the desired proportions and supplied through 
the passage ec. The combustion chamber is provided with two 
spark-igniters e and d, the latter being situated just within the 





h 


region ig the « tible when the piston has completed 
its compression stroke and the former near the end of the combus- 
tion chamber remote from the piston. The igniter d is preferably 
fired slightly before the other. As the mixture is ignited near 
the piston first, the inflammation of the charge takes place back- 
wards, and there is little or no tendency for the mixture to be 
ergs into the inert fluid next the piston. (Accepted August 





McPhail, Wakefield. Superheaters. 
(3 Figs.] October 19, 1904.—This invention relates to apparatus 
for superheating or drying steam, and has special reference to 
superheaters of the kind that are arranged at the back end of a 
steam-generator in a chamber to which the products of com- 
bustion pass from the furnace by a flue or flues, or smoke-tubes, 
through the steam-generator, the said superheaters being 
situated at the sides of or laterally with respect to the outlet 
ends of the flue or flues, or the tubes. When the superheaters 
are arranged in this lateral position—i.e., not directly in the path 
of the furnace gases—-some difficulty has been experienced in 
btaining a sufficiently high temperature for the satisfactory 
working of the superheaters wherefrom high temperature steam 
is required. It is the chief object of the present invention to 
overcome this difficulty by deflecting the furnace gases in the 
aforesaid chamber, so that they will be directed amongst the 
superheater tubes, and thus increase the temperature of the steam 
passing through the tubes soarranged, A is the steam-generator 




















and B, B are the superheaters arranged in the chamber C at the 
back end of the steam-generator. A!, A! are the fire-flues, and 
A2, A? the smoke-tubes of the steam-generator. D is a transverse 
baffle which, according to this invention, is arranged within 
the aforesaid chamber C in such a position that it lies between 
the top of the fire-flues A! and the smoke-tubes A2, or in a 
position between the steam-generator and the back wall of the 
chamber C, the said baffle being of such shape and dimensions 
that it will not unduly impede the passage of the furnace gases 
to the smoke-tubes. Preferably the said baffle is made of angular 
or curved cross-section, as shown, with the curved or recessed 
portion directed towards the furnace gases. The baffle may be 
made in one piece, or may be made in sections suitably bolted 
or otherwise connected together. It may be suspended at its 
ends by rods depending from the upper part of the chamber C, 
within which the superheaters are arranged or otherwise sup- 
ported in position by suitable hangers or brackets, and the con- 
nection of the said baffle with the said rods may be of a pivotal 
nature to permit of the inclination of the baffle to be varied if 
desired. (Accepted August 30, 1905.) 


22,981. J. Dewrance, Southwark, Pressure-Gauges. 
(2 Figs.) October 25, 1904.—This invention relates to pressure- 
gauges of the Bourdon type, and is designed to effect the balancing 
of the internal working parts, so that the pointer will indicate the 

ressure with equal accuracy at whatever angle the gauge may 

fixed. The vibration of the pointer, consequent upon the gauge 
being shaken, is, moreover, avoided. According to the method 
of construction usually adopted, the free end of the Bourdon 
tube is attached, by means of a connecting-rod, to asymmetrically- 
sha) sector, having a toothed edge which engages the toothed 
pinion of the pointer, means being provided for enabling the 





distance bétween the axis of the sector and the point of attach- 
ment of the connecting-rod to be varied for the purpose of 
increasing or diminishing the leverage or the angular move- 
ment of the nter in relation to the movement of the 
extremity of the Bourdon tube. According to the improved 
method of construction, the pointer is bal , the sector a being 
made unsymmetrical, an excess of metal—which may assume 
various forms, such as a prolon , a thickened arm, 
or an attached weight b—being placed on that side of the axis of 
the sector which is the more remote from the extremity of the 
Bourdon tube c. Both the quantity and the position of the excess 
metal are carefully determined, so that when the gauge is placed 





at an angle, the tendency of the unbalanced parts—such as the 
connecting-rod c!, the Bourdon tube c, and the water contained 
therein—to displace the pointer is counteracted. (Accepted 
August 30, 1905. 


11,495. W. Baines, Preston. Tubular Boilers. 
(2 Figs.] June 1, 1905.—The object of this invention is, in hori- 
zontally-tubed boilers for steam road vehicles, to provide that the 
water-level may be within much wider limits in order to guard 
against quick fluctuations, and also that the tubes shall at all 
times be totally submerged. A is a central cylindrical chamber 
forming a large open fire-box, to the upper end of which a central 
fuel-feeding opening C is attached. Surrounding the upper and 
lower portions of the chamber A and suitably ttached. thereto 
(forming between the two shells at the upper end a water space 
and a steam dome, and at the lower portion a watcr jacket), is a 
cylindrical vertical casing or outer shell B, to which, at opposite 
sides, there are attached two horizontal cylindrical casings D, D). 
The chamber A is flattened at its opposite sides to receive the 
horizontal fire-tubes E. Plates L are used to close the outer ends 
of the cylindrical chambers D, and the fire-tubes E connect the 





Smoke-chambers G are 


lates L. 
formed at both the outer ends of the cylindrical chambers D. 
These smoke-chambers are connected together by an outside 
passage or flue in any convenient manner to form a convenient 
uptake by which to carry off the products of combustion ; or 
each of the smoke-chambers may be provided with a separate 


central chamber A with the 


uptake. By forming the outer shell B vertically and the cylin- 
drical chambers D horizontally the water-level in the former is 
relatively high compared with the latter ; and, hence, the water- 
level is well removed from the highest of the horizontal tubes E. 
Thus this arrangement prevents the tubes from becoming un- 
covered owing either to quick fluctuations or to inclinations in 
any plane that the boiler may be subjected to when road gradients 
are being traversed. The inside of the tubes E can be readily 
cleaned by opening the doors H with which the smoke chambers G 
are provided. (Accepted August 30, 1905.) 


TEXTILE MACHINERY 


19,430. T. A. Boyd and J. and T. Boyd, Limited, 
Glasgow. Travellers. (4 Figs.] September 9, 1904.—This 
invention consists in having a traveller, as described below, work- 
ing inside of a short tube or ordinary wet section ring. At the 
upper end of the ring a hook or eye is formed on the traveller for 
the yarn. The traveller passes through the ring and has two feet, 
which pass below the under edge of the ring and are turned up 
around the outside of the lower edge. These feet are sufficiently 
far apart, and rest at the two extreme points of an arc of the ring, 
equal preferably to about one-fourth of its circumference to ensure 
that the traveller will not tilt or lock as it is drawn around the 
ring by the thread. As the traveller is revolved by the thread it 
is carried against the inside of the ring by centrifugal force, and 
thereby the thread is dragged. If, however, the drag becomes 
excessive, or the thread between the traveller and the spindle 
becomes strained, the traveller, hinging around the lower edge of 
the ring, and being free at its upper end, is drawn away from the 
ring, and thus the drag is relieved. In carrying out this inven- 
tion in one arrangement there isemployed an ordinary wet section 
ring 5, which is fixed in a top aw or ring-holder 6 fixed on a 
ring-rail. The ring-holder 6 is hollow on its under side to allow 
clearance for the ring traveller 7. Between the ring-holder 6 and 
the ring-rail 9 is inserted a flat slide 8, with a hole central to the 
spindle. This hole is less in diameter than the ring, but large 
enough to clear the cop or bobbin being spun. The slide is at 
such distance from the under edge of the ring 5 as to keep the 
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traveller 7 in its place, and at the same time to allow clearance 
for its working. The slide 8 is made to move endways for the 
purpose of getting the traveller 7 between the top of the slide 8 
and the ring 5. To work in the ring, above described, is formed, 
of a piece of round steel wire, atraveller7, in form like the letter 
T inverted. The horizontal limbs of the traveller lie between 
the under edge of the ring 5 and the slide 8. The ends of the 
horizontal limbs are pa | upwards soas to embrace the outside 
of the ring 5 at its lower end. The upturned ends are made to 
embrace the ring 5 at two points distant about one-fifth of the 
circumference of the ring so as to prevent the traveller from 
locking as it isdrawn round by the thread. From a point prefer- 
ably nearer to the leading end of the horizontal limb of the tra- 
veller is an upright limb, which is carried to the upper end of the 
ring and turned over to form a hook for the thread. The tra- 
veller does not hook on to the upper edge of the ring, but is free 
to lie against the inner side of the ring or to swing inwards 
towards the spindle. When the operation of spinning is going on, 
the thread draws the traveller around the ring. The centrifugal 
force imparted to the traveller makes it rubon the inner side of 
the ring, thus dragging the thread and causing it to wind on to 
the spindle or bobbin. When, however, the strain on the thread 
becomes excessive the traveller zets drawn from off the ring and 
the strain is partially relieved. The movement of the upper end 
of the traveller nearer to the spindle also assists the thread to 
carry the traveller round the ring. (Accepted August 30, 1905.) 
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WILLIAMSBURG BRIDGE, NEW YORK. 
By Frank W. Skinner, M. Am. Soc. C.E. 
(Continued from page 579.) 

Main Towers.—Each of the 3000-ton main towers 
is an approximately pyramidal riveted steel struc- 
ture rising to a height of 293} ft. from its pedestals, 
which are 23 ft. above mean high tide, on the tops 
of a pair of masonry piers which are over 100 ft. in 
maximum height above their foundation, as pre- 
viously described. Each tower has a rectangular 
cross-section, 40 ft. by 1214 ft., on centres of columns 
at the base, and about 13 ft. by 89 ft. at the top. 
It is symmetrical about vertical planes through 
the transverse and longitudinal axes, and struc- 
turally may be considered in two sections—the lower 
and the upper—each of them made up of two groups 
of primary columns symmetrically arranged in a 
rectangle, to make a single large composite column, 
diagrams of which are shown in Figs. 52 and 53, 
herewith. 

In the lower section, 94 ft. high, the columns 
are vertical, and form two separate 24-ft. by 40-ft. 
towers, united at the top by longitudinal and 
transverse lattice girders and trusses just below 
the roadway level. In the upper section the 
columns are inclined both longitudinally and trans- 
versely, and are connected by top and bottom 
longitudinal and transverse girders. In both 
sections the columns are divided by horizontal 
struts into panels which are cross-braced in each of 
the four faces of the sub-towers by I-shaped struts, 
made with pairs of heavy angles, back to back, 
latticed. All struts are field-riveted to heavy con- 
nection-plates on the columns. 

The columns, which are shown in detail in Figs. 
54 to 63 on our two-page plate, and Figs. 64 to 70 
on page 644, have rectangular closed sections about 
4 ft. square, made with heavy corner angles and 

«double thicknesses of plates. They are riveted 
in lengths of about 24 ft., and their joints are 
spliced with field-riveted double cover-plates on all 
sides. This arrangement allowed the various parts 
to be kept of a reasonable size, which added very 
much to the convenience of handling and operation. 
The lowest section is extended to a width of about 
8 ft. by 8 ft. at the base, which is stiffened with ver- 
tical inside gusset diaphragm plates and angles, 
which may be seen in Figs. 54, 55, 57, and 58. It 
weighs about 48,000 lb., and is seated on a cast- 
steel pedestal made in halves (Figs. 71, 72, and 73, 
page 645), and bolted together with a vertical 
joint. This also weighs, complete, about 48,000 lb. 
The columns are stiffened with }-in. horizontal 
inside diaphragms, 9 ft. apart vertically, through 
which, in two of the columns, there are holes 
permitting the passage of a man from top to 
bottom, for which purpose a manhole and door 
(Fig. 58 on our two-page plate) are provided at the 
pier top, and an inside ladder is furnished. 

The tops of the vertical columns are capped with 
thick horizontal plates, on which bevelled steel 
castings (Figs. 73 to 77, page 645) are set to receive 
the square ends of the inclined upper columns. 
Just below the roadway level there is a pair of 
transverse trusses 14 ft. deep and about 11 ft. apart, 
which support the ends of the stiffening trusses 
and of the shore spans. They are carried by longi- 
tudinal girders passing through the centres of the 
sub-towers, and supported by the transverse cross- 
bracing in the upper panels of the lower section of 
the tower. 

The columns in the lower section of the tower 
are connected outside the trusses by lattice-girder 
portals in the column planes. These portals have 
knee-braces at both ends. Above the roadway the 
lower parts of the columns in the upper sections of 
the tower are connected by similar portal-girders 
and solid-web knee-braces. In the upper section 
of the tower the tops of the columns in each 
group of four are connected by portal struts or 
continuous solid-web curved knee-braces on all 
four faces, and on each column-cap two longi- 
tudinal plate -girders are set, which are web- 
connected to four lines of transverse plate- 
girders. All these girders are 7 ft. deep, with 
thick web-plates and heavy flange-angles, and 
on each side of the tower their top flanges are 
covered by solid horizontal }-in. plates, spliced, 
to make a rectangle about 25 ft. by 42 ft., in the 


centre of which are seated the 7-ft. by 19 ft. 36-ton 
cast-steel saddles which support the cables. These 
saddles, which are shown in detail in Figs. 78, 79, 
are seated on nests of forty solid 


and 80, page 645, 


5-in. rollers 74 ft. long, with beds made of very heavy 
15-in. channels, placed as close together as possible, 
and riveted to top and bottom plates { in. thick. 
Especially accurate workmanship was required for 
the saddle platform girders; their flange angles 
were planed on the backs of both legs and on 
the edges of the vertical legs, and the ends of the 
vertical web-stiffener angles were ground to fit the 
flanges. 

Plate and shape steel was specified to be of acid 
open-hearth manufacture, and to contain less than 
one-tenth of 1 per cent. of silicon, less than eight 
hundredths of 1 per cent. of phosphorus, and less 
than half of 1 per cent. of manganese. It was not 
melted below twelve-hundredths of 1 per cent. of 
carbon, and had a maximum and minimum ultimate 
strength of 68,000 lb. and 60,000 lb. per square 
inch, a minimum elastic limit of 33,000 lb. per 
square inch, and a minimum of 20 per cent. elonga- 
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tion in 8in. All ingots were bottom cast, and 
shapes were rolled from billets of at least sixteen 
times their sectional area. All material less than 
? in. thick was sub-punched, and the rivet-holes 
were reamed to a diameter jin. greater. In thicker 
material the rivet-holes were drilled from the solid, 
and filleted with countersinking tools. Sheared 
edges were planed off { in., and all mill scale was 
removed by sand-blast. 

Erection of the New York Tower.—The tower 
—- were set by the 16-in. by 16-in. 65-ft. 

oom of a floating derrick, and the remainder of 
the steel in the lower section of the tower, includ- 
ing the column sections, weighing from 15 to 24 
tons each, was set by the 34-ft. booms of two 
stationary stiff-leg derricks on the top of the trestle 
falsework provided for the erection of the shore 
_ The base castings were wedged up § in. 
above the granite pedestals, and the spaces under 
were filled with rust-joint cement, tamped with 
steel bars until the pressure on the wedges was 
relieved and they were removed. After the cast- 
ings were set, four 2$-in. anchor bolt-boles were 


diamond drill, which penetrated 2 ft. or 3 ft. in eight 
hours. 

All material was unloaded by the derrick on the 
lighter which deliveredit. This lighter had a 33-ft. 
by 185-ft. hull, 7 ft. deep, and stiffened by fifteen 
transverse trusses and five longitudinal solid bulk- 
heads. The 65-ft. boom, before mentioned, was 
pivoted to the foot of a transverse A-frame 43 ft. 
high, with an inclined longitudinal stiff leg, steel 
wire-rope guys and heavy riveted plate and angle 
connections. Pairs of 10-in. by 1}-in. hook-plates, 
bolted to field-rivet holes in the splices, were used 
for lifting the column sections. The derricks were 
operated by double-drum double-spool hoisting- 
engines, with 30-horse-power boilers set in a power- 
house on the dock at the foot of the tower. Signals 
for handling the lines of the hoisting and topping 
lifts were transmitted from the top of the tower to 
the enginemen by bells of different tones, rung by 
long vertical wires. The hoisting-engine boilers 
were connected to another boiler of the same size, 
and furnished a common supply of steam for the 
engines, a steam-pump, the diamond-drilling ap- 
paratus, and for an air-compressor with a capacity 
of 170 cubic feet per minute at 100 lb. pressure. 
This compressor operated the pneumatic hammers 
for eight riveting gangs. 

After the erection of the lower section of the 
tower was completed, a 32-ft. by 32-ft. false- 
work tower, 200 ft. high, was built on the platform 
at roadway level, clearing the inner columns of the 
steel tower, and surmounted by two special stiff- 
leg boom derricks, by which all the remaining tower 
members were hoisted to place. The tower was 
built with four 12-in. by 12-in. vertical posts ; each 
face was divided in twelve panels by horizontal 
4-in. by 8-in. struts, and the panels were cross- 
braced with 4-in. by 12-in. timbers. The base of 
the tower was extended to about 60 ft. on the front 
transverse side by a long sill, which received the 
feet of two batter-posts, 32 ft. high, each carrying 
a 10-in. by 12-in. vertical post adjacent to the 
corner post, to support the mast of the derrick on 
the top. Extensions below the feet of the vertical 
posts were clamped to the tower girders, and the 
falsework tower was guyed to the tops of the outer 
columns of the steel tower at roadway level by 
l-in. steel cables attached at a height of 70 ft. 
above the sill. The feet of the derrick masts and 
stiff-legs were anchored to the steel-tower girders 
by 18-in. steel cables. 

The tower was built in two sections, part of the 
first of which, 70 ft. high, was erected by the 
derricks on the shore span falsework which had 
previously erected the lower part of the steel tower. 
A gallows frame, 70 ft. high, was set on it at this 
height, and completed the first section, putting in 
place the 25-ton derricks. After the steelwork 
was erected to a total height of about 200 ft., the 
derricks replaced the gallows frame on the top of 
the first section of the tower, and the latter lowered 
the derricks to the roadway level, and proceeded 
to erect the upper section of the falsework tower 
and place the derricks on it. 

The falsework tower was built in two sections 
to avoid at first the use of the excessively long 
derrick tackles, which finally were rove with wire 
ropes 1700 ft. long, exerting a pressure on the 
engine-drums, theoretically, much more than sufli- 
cient to crush them. After the erection of the 
steel tower was completed, and its upper girders 
were set, three four-post transverse trestle-bents, 
18 ft. high, were set on the girders and braced 
together. They supported two longitudinal lifting- 
girders, from each of which a nine-part tackle was 
suspended, by means of which the 36-ton saddle- 
casting was raised about 300 ft. in about 15 minutes, 
lowered so as to rest on skids across the tower 
girders, and slid to place. 

Erection of Brooklyn Tower.—'The Brooklyn tower, 
like the New York tower, was erected in three 
sections, the first one reaching to roadway level. 
The two foundation piers were connected by a 
60-ft. by 50-ft. floor platform supported on seven 
steel and wood Fink trusses, 12 ft. deep, and on it 
the power plant was established, and a falsework 
tower, about 100 ft. high, was erected. The tower 
was about 50 ft. by 60 ft. on the longitudinal and 
transverse faces, and had thirteen 12-in. by 12-in. 
vertical posts, five in each outside bent, and three 
in the centre transverse bent. The posts were 
made in four single-story lengths, with longitu- 
dinal and transverse horizontal 8-in. by 12-in. 
struts at each story. The column-splices and strut- 








bored through each of them into the rock by a! 





connections were made by bolted steel cover- 
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plates which served as jaw-plates to receive the 
pin-connected ends of the diagonal rods in all 
faces which were in pairs. These rods were 1 in. 
square, with sleeve-nut adjustments and loop eyes. 
The arrangement is shown in Fig. 88, page 645. 
The first story of the falsework tower was erected 
by two boom derricks on the pier platform. A 
guyed mast was then set on the top of the centre 
~~ of the tower, and raised the two derrick 
booms and set them in collars bolted to its foot, 
thus ener a derrick, with which the second story 
was erected. Then one of the booms was un- 
shipped and raised by the other to the top of the 
second story, guyed there, and used asa gin-pole 
to raise the other boom and the mast, the latter 
being guyed in position, and both booms connected 


shown in Fig. 89, page 660. 


of the steelwork. 


48 tons, were lifted and set. 





booms, and were used to handle struts and 






to it to erect the third story. This falsework is 


This operation was repeated for the erection of 
the fourth story of the falsework tower, and for 
the erection of the A-frame derricks with 60-ft. 
booms, which were placed on it for the erection 
These derricks are shown in 
Fig. 90. The derrick sills were bolted through 
steel plates to the tower-caps, and their 12-in. 
by 12-in. booms were reinforced with side-pieces 
and rigged with six-part steel-rope tackles, with 
which the connected lower sections of column- 
posts and cast pedestals, weighing together about 

Two lighter masts 


and booms were set midway between the large 
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members, and to unload material from lighters and 
from the service track forming the lower section 
of the shore-span falsework. The large booms 
lifted the 20-ton roadway plate-girders 100 ft. in 
three minutes. As much as 200 tons of steel were 
erected in a single day, and the tower was completed 
up to roadway level in forty working days, in severe 
winter weather. 

This falsework tower was removed, and a second 
39-ft. by 44-ft. tower, 218 ft. high, was built on 
the roadway girders, for the erection of the upper 
part of the steel tower. This falsework tower may 
be seen, four stories high, in Fig. 92, page 660, 
which also shows the upper tower partly con- 
structed. The falsework had two vertical posts at 
each corner and one in the middle of each face, and 
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was made in eight stories from 23 ft. to 30 ft. high, 
with four extra vertical posts in the three lower 
stories. It was built with the materials used in 
the lower falsework tower, and was anchored to 
the roadway girders by sixteen vertical clamp-bolts. 
Two A-frames, 40 ft. high, were erected on the top 
of the tower, braced together and fitted with 60-ft. 
reinforced booms of 15 tons capacity, rigged with 
eight-part topping - lifts and six-part hoisting- 
tackles rove with j-in. steel cables. There were 
also two 40-ft. side booms for lifting the lighter 
members of the tower. The large derrick members, 
frames, and braces were made with 14-in. by 14-in. 
timber, having steel plate and angle connections, 
and pin connections at the feet of the stiff legs. 

The arrangement of the struts and bracing at 
the level of the top of the second bay of the 
upper steel tower is shown in Fig: 91, page 660. 
The tower itself was erected by a mast lashed to 
the centre post, guyed and fitted with a pair of 
derrick booms, and raised successively from story 
to story, as described for the New York anchorage. 
The saddle castings were hoisted in a manner 
similar to that described for the New York tower, 
with two eight-part tackles, each rove with a j-in. 
steel cable, 4000 ft. long, arranged to equalise the 
strain, and having the ends carried to two drums 
of the same engine. Both engines were placed on 
a working platform at the roadway level, and the 
workmen’s stairs, used on the New York tower, 
were here replaced by short inclined ladders, with 
landing-platforms between successive flights. The 
main derrick-tackles were provided with 600-Ib. 
overhauling weights and with 400-lb. clamps, with 
levelling-bars, clevis and U-bolc connections for 
safe attachment to the large members. 

In a power-house on the pier-platform were in- 
stalled three special two-drum four-spool hoisting- 
engines, with separate vertical 50-horse- power 
boilers, connected together to give a common steam 
supply. The air-compressor and receiver were also 
placed here. The engine-drums were used for 
operating the hoisting and topping-tackles and the 
spools for swinging the booms of the large derricks 
by tag-lines led through sheaves at the extremities 
of the sills of the A-frames. Compressed air at 
110 lb. per square inch was carried to the top of 
each side of the tower in a 14-in. vertical pipe, from 
which outlets were frequently taken for flexible 
connections to the six pneumatic rivet-hammers 


used. 
(To be continued.) 








FIRE TESTS WITH CONCRETE AND 
REINFORCED CONCRETE. 

Fo..ow1ne so closely upon the publication of the 
new Fire-Office Rules in respect to reinforced con- 
crete, as commented upon in our issue of October 6, 
the fire and water tests conducted on October 24 
and 25 by the British Fire-Prevention Committee 
are of particular interest, and the more so as they 
appear to fully prove the case of the fire-insurance 
surveyors in requiring special safeguards where re- 
inforced-concrete construction is adopted. 

The Concrete Aggregates Tests.—The first of the 
Committee’s tests was with a floor (22 ft. by 10 ft.) 
comprising seven separate bays of concrete, the bays 
being supported by rege 6-in. rolled iron joists 
encased with concrete. The concrete aggregates 
utilised for encasing the joists were identical through- 
out—namely, a eokethasine concrete (5 to 1)—but 
the bays were each made with a concrete of a diffe- 
rent aggregate for the purpose of obtaining compara- 
tive results. Each bay showed an exposed surface 
of 10 ft. by 2 ft. 7 in. and was 5 in. thick, and 
the bays comprised respectively slag concrete, 
broken - brick concrete, granite concrete, burnt- 
ballast concrete, coke-breeze concrete, clinker con- 
crete, and Thames-ballast concrete. In each case 
there was 1 part of Portland cement to 5 parts of 
other substance. Thus there was 1 part of cement 
to 3 parts furnace slag and 2 parts of sand in the 
slag concrete; 1 part of cement to 3 parts of 
broken brick and 2 parts of sand in the broken- 
brick concrete ; 1 part cement to 3 parts of broken 
granite and 2 parts sand in the granite concrete ; 
1 part cement to 3 parts furnace clinker to 2 parts 
sand in the clinker concrete; 1 part cement to 
3 parts Thames ballast and 2 parts sand in the 
Thames-ballast concrete ; whilst the burnt ballast 
and coke-breeze concrete were of 1 part cement to 
5 parts of burnt ballast and coke breeze respectively. 


The concrete aggregates were put in fairly wet, the 
time allowed for setting and drying was six 





weeks, and the bays were loaded at 2 cwt. per foot 


super. 

Phe test to which the concrete bays were sub- 
jected was the application of fire for a period of 
three hours, gradually increasing in temperature to 
over 1800 deg. Fahr., followed by the application 
of water from a steam fire-engine for two minutes. 

Pending the usual official illustrated and detailed 
reports issued by the Committee, of course only a 
general idea of the result can be recorded ; but 
the importance of the subject is such that even 
this general idea should, to our mind, be published 
immediately. Thus, speaking generally, it has 
certainly been fairly proved that Thames-ballast 
concrete is most unsuitable for fire-resisting pur- 
poses. Of the various bays the Thames-ballast 
concrete bay was certainly the failure, and this 
although, as should be specially remarked, the 
Thames ballast had been passed through a 1$-in. 
ring, whilst, as a rule, Thames ballast, as used in 
concrete, is somewhat larger in size. The concrete 
was broken away, was disintegrated, and the bay 
deflected 2 in. in the 2-ft. 7-in. span, at the same 
time being badly cracked all over. 

The two great successes in the ordeal were, in 
our opinion, the clinker and the coke-breeze con- 
crete. Next in order of success were the broken- 
brick concrete and the furnace-slag concrete, the 
slag being from some iron works in Northampton, 
bought in the ordinary way through a builders’ 
merchant. 

The broken-granite concrete was more successful 
than one would generally anticipate ; but this was 
due mainly to the safeguard that all granite was 
put through a }-in. ring, which practically means 
that the granite was what the trade generally 
terms ‘‘ granite chips.’”” The burnt-ballast concrete 
did not appear at all satisfactory, though by no 
means as bad as the Thames-ballast concrete. 

Ryoshion generally, concrete, as such, has cer- 
tainly scored a very great record in these tests. 
It was well known, of course, that concrete is a 
most useful fire-resisting material if of proper 
aggregate and properly applied, but that it is 
necessary to differentiate nicely between the dif- 
ferent aggregates. But what has, however, been 
particularly proved, further, in respect to these 
concrete aggregates is the great advantage of using 
a first-class cement, and it would thus be well to 
mention that the cement used in all the bays was 
identical, and was cement made by the Associated 
Portland Cement Manufacturers, Limited, known 
as ‘‘ferro-crete” cement. This cement is of 
very fine grinding, the residue on a sieve with 
32,400 meshes per square inch not exceeding 14 
per cent. The minimum of expansion in this 
cement does not exceed 2 millimetres under the 
Chatelier test, and the tensile strength was con- 
siderable, both in the neat-cement test and sand test. 
Had it not been for the excellence of the cement, 
all the bays must have made a worse showing 
under such a severe ordeal of fire and water, and 
no doubt both the Thames-ballast and burnt- 
ballast bays would have collapsed. At a time 
when so many complaints are being heard of 
the importation of foreign cement described 
as Portland cement, and although manufactured 
abroad, actually bearing trade descriptions not 
dissimilar to the English trade descriptions, 
a word of warning should again be particu- 
larly sounded for architects and engineers to 
thoroughly assure themselves that the cement used 
in concrete and armoured concrete building work 
should be British cement of the finest kind, prefer- 
ably made in Kent or Essex. These tests have, 
indeed, gone far to prove the importance of the 
quality of cement for concrete aggregates, and the 
lesson should be appreciated to its full importance. 

The Reinforced Concrete Test.—The Fire-Preven- 
tion Committee’s second test, that was undertaken 
on the 25th ult., was with a reinforced-concrete floor 
on the Coignet system, this special floor attaining 
classification under the Committee’s standard as 
‘* fully protective” (Class A), which means that it 
withstood a test of not less than 2$ hours’ duration 
at temperatures rising above 1800 deg. Fahr., fol- 
lowed by the application of water for two minutes, 
the floor being under a load of not less than 2 cwt. 
per square foot. Asa matter of fact, the test was 
extended to three hours, and the load was some- 
what higher than required under the standard— 
i.e, 24 cwt. per foot. 

The Coignet system is too well known for general 
constructional work to require special description 
here, excepting perhaps to point out that it lends 








itself particularly to fire-resisting construction 
owing-to the strength of the upper members in the 
horizontal beams, a point of considerable import- 
ance when the lower members become affected by 
the impingement of flame. 

The floor covered a testing-chamber measuring 
22 ft. by 15 ft., and was divided into three bays. 
The concrete aggregate was clinker concrete, in 
which the same’ ‘‘ ferro-crete”’ cement was used as 
referred to above, and the cement again being pro- 
vided by: the Associated Portland Cement Manu- 
facturers, Limited, six weeks being allowed for 
setting and drying. 

The theory put forward by those best conversant 
with the subject of the fire resistance of armoured 
concrete, and so recently developed in the Fire- 
Office Rules, was practically demonstrated, for it 
was shown that great care must be taken with the 
protection of steel rods, even if a clinker concrete 
aggregate is used, as was the case here. The Fire 
Office Rules are certainly not too stringent when 
they require 2 in. of protection around the bars of 
lin. thickness and upwards, and a protection equal 
to twice the diameter of a bar for the thinner 
members, the minimum protection being lin. As 
a*matter of fact the minimum protection should 
be 14 in. 

We think it most politic on the part of the 
Coignet management at Paris to have undertaken 
this investigation here in London, for what with 
the miniature private test by the representative of 
another French ferro-concrete system in March, 
1904, and the failure with the Swiss hollow-girder 
ferro-concrete floor tested by the British Fire- 
Prevention Committee some two years ago, it was 
time that a first-class firm should demonstrate that 
if due care be observed in the design, and a proper 
aggregate used, reinforced concrete has a very 
considerable advantage from a fire-resisting point 
of view. If the latest fire-office rules are fully 
observed, we see no reason why the highest classi- 
fication should not be obtained by the Coignet floor 
system—namely, that of the four-hours test, with 
five minutes of water; and such classification would, 
indeed, be valuable to the whole movement towards 
reinforced-concrete construction. 

Generally speaking, the Committee’s recent tests 
with concrete should be considered a boon by en- 
gineers and architects, for they definitely indicate 
the pitfalls that should be avoided in concrete and 
reinforced-concrete construction, and they prove 
why the Fire-Office Rules should be strictly adhered 
to. The tests are, no doubt, only the forerunners 
of further investigations, but the results obtained 
will warn our dock and harbour engineers, as also 
the Roya! Engineers, that they must not allow 
the concrete contractors to neglect the fire ques- 
tion, as has been the case recently in several 
notable instances. The Associated Portland Cement 
Manufacturers and M. Coignet, of Paris, are to be 
congratulated upon the public-spirited way in which 
they have taken up the matter. For first-class 
firms to break down mere traditional opinion and 
rule-of-thumb by proving plain facts, whilst not 
themselves being monopolists, does great credit 
to them. 

As to the conduct of the tests, they were on the 
usual well-known lines, and thus require no com- 
ment, except, perhaps, to mention that the sub- 
committees in charge of the work were carefully 
selected as representative of the technical interests 
involved, and that the attendance at the tests was 
considerable, including many officials from our 
public departments. 

The sub-committee in the first test comprised : 

Mr Max Clarke, F.R.I.B.A. (directing member); 
Mr. J. Herbert Dyer (Vice-President, National Fire 
Brigades’ Union); Mr. Walmisley, M. Inst. C.E. 
(Dover Harbour Board); Colonel Winn, R.E.; Mr. 
E. J. A. Fulkes (Royal Insurance Company) ; Mr. 
Matt. Garbutt, A.M. Inst. C.E. (surveyor, Metro- 
politan Railway); Mr. Dicksee, A.R.I.B.A. (London 
district surveyor) ; Mr. Grellier, F.R.I. B.A. (Lon- 
don district surveyor) ; Mr. Wylson, F.R.I.B.A. ; 
whilst Mr. J. W. Restler, M. Inst. C.E: (deputy 
chief engineer, Metropolitan Water Board), super- 
vised the water arrangements. 

The sub-committee on the second test com- 
prised : — Mr. Ellis Marsland (London district 
surveyor), directing member; Mr. J. Herbert 
Dyer (Vice - President, National Fire Brigades’ 
Union) ; Mr. Garbutt, A.M. Inst. C.E.; Mr. Jaines 
Sheppard, A. Inst. E.E. (North British and Mer- 
cantile Insurance Company); and Mr. Percy 
Collins (insurance expert); whilst Major-General 
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Festing, C.B., F.R.S., and Mr. W. T. Hatch, 
M. Inst. C.E. (Metropolitan Asylums Board), and 
the Chairman of the Executive represented the 
Council of the Committee for the general arrange- 
ments of the testing operations. 








THE BRITISH ASSOCIATION MEETING 
IN SOUTH AFRICA. 


(Continucd from page 610.) 


THe programme of the British Association was 
outlined in our issue of July 28. Before we follow 
the members in their rush across the Colonies, we 
will first refer to what is generally considered the 
real work of the Association—the sectional proceed- 
ings. They were begun, as we already stated, at 
Cape Town, and resumed at Johannesburg on the 
Tuesday, Wednesday, and Friday, August 29 
to September 1. President Darwin’s address, the 
first half of which was delivered at Cape Town, the 
second at Johannesburg, was dealt with in our 
issue of September 8. 


Tue PuHysicaL AND MATHEMATICAL SECTION. 


We begin with the Mathematical and Physical 
Section (A), whose officers were :—Professor A. R. 
Forsyth, F.R.S., of Cambridge (President) ; Dr. 
C. H. Lees, of Manchester (Recorder) ; and Messrs. 
A. R. Hinks and J. H. Jeans, of Cambridge, S. 8. 
Hough, F.R.S., of Cape Town, and R. T. A. Innes, 
of Johannesburg (Secretaries). In spite of the 
total eclipse of the sun, which kept many near the 
Mediterranean shores, astronomers were strongly 
represented at the South African meeting. Even 
the presidential address by Professor Forsyth, 
which traced the line of mathematical develop- 
ment through the last three centuries, referred 
particularly to astronomy. Dr. Backlund, the well- 
known astronomer of the Pulkowa Observatory, 
near St. Petersburg, gave an account of the geo- 
detic and gravitational observations which the 
Russian and Swedish Commissions had conducted, 
under his superintendence, and with great diffi- 
culties, in Spitzbergen, during the years 1899 to 
1902. A remarkable accuracy was obtained, 
although Dr. Backlund himself smiled at the won- 
derful accidental agreement between the final 
Swedish and Russian determinations. The two 
values for a length of 80 kilometres agreed within 
6 centimetres, although the probable error was 
4 metres. The attraction was found normal over the 
shallow sea, but deficient in mountainous regions. 
Sir David Gill’s exhaustive memoir on the geodetic 
survey of South Africa has already been noticed at 
some length.* Mr. H. G. Fourcade described an 
‘‘Instrument for Stereoscopic Surveying,” con- 
sisting of a photographic camera to be mounted at 
the two ends of a base line. Professor Kap- 
teyn, of Groeningen, explained the line of 
thought which had induced him to advance the 
hypothesis that the stars are all moving in two 
great streams; we shall devote a special article 
to this communication, which excited profound 
interest. Dr. A. A. Rambaut, F.R.S., of Oxford, 
communicated a note on Kapteyn’s method of deter- 
mining stellar parallax by means of photography, 
and described a new instrument for measuring 
stellar photographs. 

Dr. A. W. Roberts, of Lovedale, Cape Colony, 
read a long paper on ‘‘Apioidal Binary Star 
Systems.” It has long been recognised that certain 
types of variable stars represent binary systems 
revolving around each other. The light intensity 
of such systems would, of course, appear to vary ; 
but the light fluctuations seem further to support 
the views proposed by G. Darwin and Poincaré, 
that there must be pear-shaped stars. Dealing 
with six stars which he has observed by means of 
a telescope of a peculiar pattern, and with Y Puppis 
in particular, Dr. Roberts concludes that the density 
oi all stars belonging to close binary systems is 
exceedingly small—only 0.13 of that of the sun on 
average, varying between 0.00002 and 0.36 in this 
case; that the component stars of the systems 
move in almost deades (scarcely eccentric) orbits ; 
that their figures are all prolate ; and that there is 
evidence of a rythmical change of figure. In the 
luteresting discussion which followed, Professor 
I).rwin accentuated the influence of rotation on 
the shape of star masses, whilst Mr. J. H. Jeans, 
o! Cambridge, who had just accepted a call to the 
United States, thought that gravitational forces 


* See ENGINEERING, page 560 ante. 








would also lead to star figures resembling eggs, 
pears, and dumb-bells. In a most interesting: dis- 
course on the ‘‘Theory of Algol Variables,” Mr. 
Jeans dwelt on the equilibrium of binary satellites 
or dumb-bell systems, pointing out also that very 
small satellites cannot continue to maintain their 
ellipsoidal shapes if nearer than 2.44 radii to the 
centre of their planet ; this constant of Roche’s, 
who left a very important but incomplete memoir 
on the subject in 1848, has been mathematically 
confirmed by Mr. Jeans. 

In a report on the ‘‘ State of the Double-Star 
Astronomy in the Southern Hemisphere,” Mr. R. 
T. A. Innes briefly recapitulated the work done in 
the discovery and measurement of double stars 
in the southern hemisphere. Struve originated 
systematic search for double stars ; Sir William 
Herschel first catalogued the double stars, and, 
like his son John, who worked at the Cape from 
1834 to 1838, he used a reflecting telescope. 
Observations are now carried on at many spots, 
particularly by Aitken and Hussey at the Lick 
Observatory, but with the aid of refractors. Since 
John Tebbutt abandoned this work, and Mr. Innes 
had to give it up at the Cape Observatory, no 
double-star observations have been conducted in 
the southern hemisphere. The meeting fully agreed 
with Mr. Innes and Sir David Gill that it was of 
the utmost importance to take up this survey in the 
southern hemisphere again with the aid of a re- 
fractor of 24 in. or 27 in. aperture. The section 
could not, as Sir David suggested, pass a resolution 
to recommend this celestial survey to the Colonial 
Government ; but when the very well-equipped 
Johannesburg Meteorological Observatory was 
visited, of which Mr. Innes is now chief, the 
astronomers from all parts of the world strongly 
urged the desirability of such work on the High 
Commissioner, the Earl of Selborne. If the new 
observatory is built, as is projected, close to the 
Meteorological Observatory, it will be at an eleva- 
tion of 5996 ft., in an atmosphere which very nearly 
always permits of accurate work. Travellers prover- 
bially meet with exceptional conditions, and it will 
not be surprising, therefore, that the nights were 
hardly favourable for observations during the week 
of the meeting. Without committing the Govern- 
ment to any financial assistance, Lord Selborne 
assured the astronomers of his fullest sympathy, 
and we may state that the building of the desired 
observatory is practically certain. 

The two other communications which Mr. Innes 
resented will be noticed on another occasion. Mr. 
nnes also read a paper by Mr. E. N. Nevill on the 

‘* Vulue of the Secular Accelerations of the Moon 
Derived from the Early Eclipses of the Sun,” in 
which the author dwells on the extreme difliculty 
of identifying and interpreting the scanty references 
of ancient history to eclipses. Professor Ernest 
W. Brown, F.R.S., of Haverford College, Penn- 
sylvania, read a paper on ‘The Present State of 
the Lunar Theory and the Formation of a New 
Set of Lunar Tables.” The Earl of Rosse, in his 
communication on ‘‘ Lunar Radiation,” referred to 
former and recent heat measurements taken by him- 
self and Boeddicker during lunar eclipses by means 
of thermopiles, and emphasised the importance of 
simultaneous observations in different seasons all 
over the world, at different latitudes and longi- 
tudes, and under different atmospheric conditions ; 
he also showed that such work could be carried on 
with simple apparatus. 

As regards radiation, Dr. M. Blieden presented 
a communication on ‘‘ A Restatement of the Second 
Law of Thermodynamics, and its Bearing on our 
Views of Heat and Radiation,” and Mr. S. H. 
Burbury, of Cambridge,: read a paper on ‘‘ The 
Foundations of the Kinetic Theory of Gases.” Dr. 
J.T. Bottomley described his resumed experiments 
on ‘‘ Radiation at Low Temperatures,” and ‘‘ A 
Simple Form of Gas Thermometer.” He suspends a 
hollow sphere of copper, 5 centimetres in diameter, 
thinly coated with lampblack or silver, the latter 
very highly polished—an important point—within 
a copper sphere which is also covered with lamp- 
black or silver on its inner surface ; the air between 
the two spheres is evacuated to a very high degree. 
The whole apparatus is immersed in liquid air, and 
afterwards in boiling water, and the radiation de- 
termined by means of thermo-couples, first from 
the inner sphere, which is originally at ordinary 
temperature, to the enclosure, and afterwards in 
the opposite direction. The experiments concern 
the emissivity of the unit surface at different tem- 
peratures. Although extreme care has been applied, 





the data do not confirm Stefan’s law that the radia- 
tion is proportional to the fourth power of the 
absolute temperature. 

Lord Kelvin had sent in a pa 
Kinetic and Static Equilibrium of Ether on Pon- 
derable Matter at any Temperature.” He imagines 
two small spheres—say, thermometer bulbs—the 
one coated with black cloth, the other with white 
cloth, in space at the distance of the earth from the 
sun, and he shows that we cannot, with our present 
knowledge, say which of the two spheres will be- 
come warmer, since we have to consider both the 
different receptivities of the two surfaces (black 
and white) on the halves exposed to the sun, and 
the different emissivities of the other halves. He 
discussed the problem, however, and gave the 
results of some preliminary experiments which 
Dr. Chree had, on his suggestion, conducted at the 
National Physical Laboratory. Dr. Chree exposed 
two ordinary thermometers, wrapped one with 
black and the other with white cloth in several 
layers, to the daylight, in direct sunshine, and on 
cloudy days. The black thermometer was always 
warmer, up to 3 deg. Cent., in direct sunlight, and 
up to 0.6 deg. on very cloudy days. This difference 
under varying conditions of insulation, Lord Kelvin 
regards as only moderate ; yet he points out that 
on a starlight night the differences in temperatures 
would not be perceptible, unless we employed the 
most delicate bolometers. 

Dr. Lees gave a very suggestive discourse on 
the ‘‘ Experimental Foundations of the Theory of 
Heat Conduction.” 

The résumé, by Mr. A. Wood, of Cambridge, on 
the ‘‘ Radioactivity of Ordinary Matter,” had 
particular reference to the work done in the 
Cavendish Laboratory. 

Professor J. C. Beattie, of Cape Town, spoke 
briefly on the ‘‘ Magnetic Survey of South Africa,” 
which he started in 1897 in conjunction with Pro- 
fessor Morrison, and conducted, as Sir David Gill 
remarked, during their vacations. There are 380 
stations distributed all over the Colonies, but 
permanent stations are needed, and local mag- 
netic anomalies abound. The publication of 
isogonic and isoclinic maps has now commenced. 
The British Association made a grant in support of 
this work. Professor Beattie further discussed the 
‘Daily Variations of the Northerly and Easterly 
Components of the Magnetic Intensity at Cape Town, 
St. itenn, and Mauritius,” and he also presented 
an account of ‘* Observations on Atmospheric 
Electricity in South Africa,” in which research 
Mr. J. Lyle (of Bloemfontein), Mr. Logeman, 
and Mr. Fincham have co-operated with him. 
Elster-Geitel instruments and a Kelvin portable 
electrometer are being used. The observations 
agree, on the whole, with those reported from 
Europe, but the effect of dust does not appear to 
have been noticed. Mr. Fincham, in another paper, 
dealt with ‘‘The Effect of the Sun-Spot Period on 
the Daily Variation of the Magnetic Elements at 
the Cape of Good Hope.” Meteorological contri- 
butions were offered by Dr. H. R. Mill on ‘*A 
Comparison of the Periodicities of the Meteorolo- 

ical Records at London and Cape Town,” and by 

r. Rendall on ‘‘ Meteorological Notes from the 
Natal Observatory.” The observatory is situated 
on a range of hills near Durban, about two miles 
from the sea. It is a great pity that the excellent 
and laborious meteorological and also astronomical 
observations which Mr. J. R. Sutton is carrying out 
during his spare hours near Kimberley, in a 
meteorologically most important and neglected 
district, receive no official recognition whatever. 
Mr. Sutton is in the employ of the De Beers Com- 

any. 
' We can only mention the report of the Seismo- 
logical Committee, by Mr. John Milne, F.R.S., 
though it was as interesting as ever; and his 
remarks on ‘‘ Recent Advance in Seismology.” 
We must also pass also over the other reports and 
the mathematical papers. Professor John Perry, 
F.R.S., raised a discussion on ‘‘The Teaching of 
Elementary Mechanics.” 

It will be acknowledged that the proceedings of 
Section A can well bear comparison with previous 
years. 


r on ‘* The 


THe CHemicaL Section. 


We can only deal briefly with the proceedings of 
the Chemical Section (B). The officers were :— Presi- 
dent, Mr. G. T. Beilby ; secretaries, Professor G. 
G. Henderson, M.A., D.Sc. (Recorder), Dr. M. O, 
Foster, F.R.S., Ch. F. Juritz, M.A., and W. A, 
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Caldecott, B.A. More stress had been laid on the , however, that the discussions received that sup-, H. N. Beilby, on ‘‘ The Influence of Phase Changes 
discussion of subjects of particular interest to the port from British members which colonial chemists on the Tenacity of Ductile Metals at the Ordi- 
country, agriculture and gold extraction, than upon | were entitled te expect. nary Temperature and at the Boiling Point of 
strictly chemical communications, and excellent With Mr. Beilby’s presidential address, and a Liquid Air.” we have already dealt in our 
reports had been prepared. It cannot be said, subsequent paper by himself and his son, Mr. issues of September 22 and 29. The report 
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by Mr. A. D. Hall, M.A., of the 
Rothamstead Experimental Station, 
Herts, on ‘‘ Some ent Developments 
in Agricultural Science,”’ fully deserved 
the warm compliments it called forth. 
He spoke in particular on the fixation 
of atmospheric nitrogen, systematic soil 
analyses, and also on acclimatisation and 
cross-breeding. Dr. Horace T. Brown, 
F.R.S., of London, followed with an 
equally excellent communication on 
‘**Recent Researches on the Assimila- 
tory Processes in Plants,” describing, 
amongst other things, his novel method 
of determining the assimilative power 
of leaves under normal conditions. 
Dr. E. F. Armstrong, of London, spoke 
on the ‘‘Réle of Enzymes in | Plant 
Economy.” Of the colonial members, 
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Professor Hahn, Dr. Juritz, Dr. Tietz, and Mr. H. | tecture,” with the aid of lantern slides. 


Mr. 


Ingle contributed most to the discussions. Dr. Hahn C. W. Methven, M. Inst. C.E., now of Durban, 
read a paper on ‘‘A South African Mineral Spring,” | discussed the difficulties which the South African 


a thermal chalybeate spring of high order found 
at Caledon ; Mr. Juritz advocated the ‘‘ Need for 
Organised Chemical Research in Cape Colony ;” 
Dr. Tietz spoke on ‘‘ An Important Characteristic of 
Cape Wines” (they are not sour, as is often 
asserted) ; and Mr. Ingle discussed the ‘‘Soils of 
the Transvaal,” and ‘‘ Pretoria Rains and their Con- 
tents in Combined Nitrogen,” which he finds ab- 
normally high. Mr. E. H. Croghan directed atten- 
tion to a ‘*Fuelof the Midland Districts of South 
Africa ;”" the sheep’s dung, which accumulates 
under the peculiar local conditions of stock-raising, 
is used as fuel, and, as it is exceptionally rich in 
p>tash, the ashes should be utilised. 

As regards the gold industry, Mr. 8. H. Pearce 

discussed, in his ‘‘ Notes on Economic Problems in 
Metallurgy on the Rand,” matters of considerable 
importance in a very able way, from the economic, 
scientific, and technical standpoints, on the ground 
of personal experience. We should mention in this 
— that the paper which Mr. A. Aiken brought 
vefore the Economic and Statistical Section (F) 
on The Cost of Living on the Rand,” gave 
rise to a long and animated discussion, and that 
Mr. A. C. Sutherland presented ‘‘ Statistics of the 
Mineral Industry of the Transvaal” to the same 
section. Mr. H. F. Julian, of Torquay, in a paper, 
‘*How Oxygen Assists and Retards the Disso- 
lution of Gold in Cyanide Solutions,” attempted 
to show, on the ground of galvanometer experi- 
ments, that free oxygen does not assist the solu- 
tion, as is usually assumed, at least not pri- 
marily, while Mr. H. A. White spoke on the 
‘** Solubility of Gold in Thiosulphates and Thiv- 
cyanates.” This solubility is high in the case of 
thiocyanates, particularly in the presence of ferric 
salts ; and as these substances are present in the 
cyanide lyes used on the Rand, the presence of gold 
in mine reservoirs and under exposed dumps would 
be explained. Inthe dumps the thiocyanate alone 
seems to be concerned in dissolving the gold, not 
the cyanide nor the less stable thiosulphate. Mr. 
H. S. Stark has based a dump residue treatment on 
the action of thiocyanates, whose gold-dissolving 
properties were known ; but they had rather been 
recommended for analytical purposes than for tech- 
nical extraction. r. R. L. Cousens reported 
that he had discovered a radioactive substance in 
a certain Transvaal ore which does not contain 
uranium ; this would be of interest, as the sources 
for radium are limited. 

Professor H. B. Dixon, of Manchester, contri- 
buted two papers on ‘*The Atomic Weight of 
Chlorine,” and on ‘* The Propagation of Explosions 
in Gases.” Our readers have heard of his sound 
wave theory of propagation and of the experiments 
which he is now pursuing with the object of deter- 
mining the specific heats of gases at high tempera- 
tures, 

Dr. A. Findlay, of Birmingham, dealt with 
the ‘‘ Viscosity of Mixed Liquids at their Boiling- 
Points; Dr. J. Moir with the ‘*‘ Law Governing 
the Solubility of Zinc Hydroxide in Caustic Al- 
kalies ;” and Mr. G. W. Williams discoursed in 

eneral on the ‘‘ Functions of the Metallurgical 
enters” and on the defects of the training 
which English universities now impart. 

The usual reports on wave-lengths and on various 
chemical compounds were taken as read. ~ 


Tue Enaineertne Section, 


Colonel Sir Colin Seott Moncrieff, K.C.S.L., 
K.C.M.G., R.E., LL.D., presided over the Engi- 
neering Section (G) whose officers were Mr. W. 
Bayley Marshall, M. Inst. C.E., of Birmingham 
(Recorder), and Mr. W. T. MacCall, M.Sc., of 
London, Professor Henry Payne, and Mr. E. 
Williams (Secretaries). ‘ir Colin Moncrieff for 
his presidential address, delivered at Cape Town, 
selected one of the most vital problems for the 
Colonies—irrigation, briefly reviewing what had 
been done in this field all over the world. We 
reserve a notice of this address for another occa- 
sion. Most of the communications brought be- 
fore the section were of too detailed or too his- 
torical a character to allow of more than a brief 
mention. Mr. C. D. H. Braine spoke on ‘ Irri- 
gation in South Africa” essentially from the 
farmer’s standpoint, hardly touching on engineering 
problems. Mr. W. Lucas dealt with the ‘* Archi- 
tectural Problem in South Africa,” and Mr. C. 
H. Smith discoursed on ‘*Colonial Dutch Archi- 


| 





harbours offered to engineers, with special reference 
to the treatment of sand-bars, and he illustrated 
an able survey of the whole question, with which 
long experience has made him thoroughly con- 
versant, by many square yards of excellent dia- 
grams. The design vf harbours constitutes con- 
fessedly one of the most difficult branches of civil 
engineering. Mr. A. M. Tippett had one whole 
morning at his disposal for his comprehensive paper 
on ‘Cape Government Railways.” Mr. Tippett is 
chief engineer to the Cape Government Railways, 
and he gave a splendid account of the origin and 
progress of this railway system. A good apprecia- 
tive discussion followed. A cognate paper on ‘‘ The 
Development and Working of the Railways in 
Natal’ was brought before Section F by Sir David 
Hunter. 

Mr. Elston Dew spoke on ‘*‘ Water-Power Plants,” 
and Mr. R. Hammond, M. Inst. C.E., M.I.E.E., 
on ‘Electric Power Distribution on the Rand.” 
Within a radius of about 25 miles of Johannesburg, 
Mr. Hammond said, about 150 shafts had been 
diiven into the gold-bearing banket—the Dutch 
name for the conglomerate—in which 1,074,464 
tons had been hoisted last April, 898,871 tons of 
which had been milled in 6532 mills. Those figures 
were likely to be surpassed, and a wider adoption 
of electric power and winding would cheapen the 
working if a large central power station were 
created. The use of compressed-air drills, supplied 
from the surface, was wasteful, and the ventilation 
problem should be dealt with in connection with the 
compressed-air supply. Power might be drawn 
from the Victoria Falls, but he gave particulars 
for a distribution scheme, selecting Vereeniging, 
about 35 miles from the Rand, as an example, 
where ample water could be stored. Mr. Hammond 
went fully into the cost, having studied the con- 
ditions at the various mines, and his scheme, his 
load factor, and depreciation allowance were dis- 
cussed and criticised by Messrs. Sidney Jennings, 
G. Henning, A. P. Rathbone, Alexander Siemens, 
and Spengel. 

Professor J. Perry brought his communication 
on ‘The Strength of Winding-Ropes in Mines” 
before Section A—in which he dealt more with the 
mathematical part of the research—and Section G. 
The mathematics, although involving many assump- 
tions, have so far received more attention than the 
engineering features. When a cage is being lowered, 
he said, and the rope at the winding-drum is sud- 
denly stopped, the pull is enormous, and fracture 
must occur, and would occur more frequently if 
sudden stoppages were not rare. Sufficient yield- 
ing could not be secured by the aid of springs in 
the attachment of the rope to the cage. Professor 
Ferry proposed that the rope, instead of being 
taken from the winding-drum direct to the pit- 
head, should be passed round a pulley loaded by 
springs, with the smallest possible amount of 
inertia. This pulley should never lift except when 
the accident happened, when it would stop the 
motion of the cage with anearly constant pull. Mr. 
A. M. Robeson described some experiments of his, 
made at the Village Deep Mine with ‘‘ Dust-Fuel ” 
firing in various furnaces. The experiments had 
finally been successful, and he considered that the 
efliciency of the dust-furnace firing could be much 
raised. 

Professor Biles had sent a scholarly paper on 
** Ocean Turbine-Boats ;” it was not illustrated by 
diagrams, and was read in abstract by Professor 
Hudson Beare. Mr. Alfred T. Hennessy spoke 
on the practical results of ‘‘ Motor-Car Con- 
struction in South Africa,” touching upon many 
detailed points and recommending the internal- 
combustion car as most likely to stand the rough 
usage to which cars are, indeed, exposed in South 
Africa. Mr. T. W. How, of the Empire Roller- 
Bearings Company, Westminster, had contributed 
a very good descriptive paper, entitled ‘‘ Roller- 
Bearings,” on the latest developments in this branch 
and their various applications ; the communication 
was read by the Recorder, Mr. Bailey Marshall, 
and duly discussed. Sir W. H. Preece, F.R.S., 
discoursed on the progress made in ‘* Wireless Tele- 
graphy,” and Mr. J. H. Ronaldson described the 
** Copper Deposit of Little Namaqualand.” 

To the other sections we can only refer in a few 
words. The British Geologists and Physio- 


graphists, reinforced by a strong contingent of 
foreign scientists, were probably in a position to 





make the best use of their time. Arriving well 
prepared by home study, they found that the Cape 
geologist, Mr. A. W. Rogers, had provided every 
facility for exploring the country. The botanists 
also had a very instructive time; but they were 
hardly so well represented, though they had an 
expert of the first rank in Professor A. Engler, of 
Berlin. That due emphasis was laid in Section I— 
Physiology—-on diseases more or less characteristic 
of South Africa, has already been pointed out in 
our columns, when we spoke of the sleeping sick- 
ness and fly-borne diseases.* The Geographical and 
Educational Sections attracted good audiences. Dr, 
Haddon, of Cambridge, struck a pathetic note in his 
most interesting presidential address to Section H— 
Anthropology. He is a sincere friend of the native, 
and he pleaded hard and, let us hope, not in vain, for 
funds and sympathetic volunteers — difficult to 
secure—to study the habits of some of the doomed 
African races which are now fast disappearing, if 
not extirpated already—the Kattea, or Vaalpens, the 
Bushmen, and the Hottentots. The famous temples 
and ruins of Zimbabwe, about which so much has 
been fabled, are probably remnants of buildings 
due to the same races which still inhabit South 
Africa, and the recognition of such facts should 
influence us in our dealings with the natives. 


(To be continued.) 


LITERATURE. 


The Steam-Engine and Other Steam-Motors: A Text-Book 
for Engineering Colleges, and a Treatise for Engineers. 
In two volumes. Vol. I. The Thermodynamics and 
the Mechanics of the Engine. By Rosert C. H. Heck, 
M.E., Assistant Professor of Mechanical Engineering, 
Lehigh University. London: Kegan Paul, Trench, 
Trubner, and Co., Limited. [Price 14s. net.] 

As stated in the preface, ‘‘ the objects of this book 
are to set forth clearly the fundamental principles 
of the steam-engine, to give a broad description of 
constructive practice, to explain fully the working 
of the machine in its several departments, and to 
show how to find its efficiency in performance.” It 
will be seen that the programme is ambitious, and, 
as might be expected, has only been partially filled 
in respect of those portions of the subject dealt 
with in the volume under review. With the 
exception of some matters that appear to us to 
be original, and to which we will refer later on, 
the greater portion of the book consists in the 
usual explanations and descriptions to be found in 
all similar text-books on the subject. Numerous 
numerical examples are given which are un- 
doubtedly a great help to the student ; but many 
of them are of forbidding aspect, owing, as it seems 
to us, to the arithmetical calculations being given 
in too great detail, and carried to a degree of 
accuracy which in reality does not exist. 

As mentioned in the preface, the ‘‘ primary 
theory of the heat engine with a perfect gas is first 
built up from the simplest statements to the estab- 
lishment of the ideal thermodynamic process in 
the Carnot cycle.” Undoubtedly this is a not un- 
usual method of procedure in text-books, although, 
in the opinion of the reviewer, it is not the best 
method ; but, at any rate, it should be very clearly 
pointed out that the Carnot cycle, and its corres- 
pondingly high thermudynamic efficiency, is utterly 
unattainable in practice, when the working sub- 
stance is a gas. No hint of this is given in the 
book ; on the contrary, there is a numerical ex- 
ample comparing what purports to be an actual 
heat engine, in which the working fluid is a gas, 
with the corresponding ideal Carnot engine. 

The book is divided into three main sections. 
The first deals with the thermodynamics of recipro- 
cating steam-engines, the second with the steam 
jet, and the third with the mechanics of the engine. 
In the first chapter there is a general description of 
a steam-power plant, including the engine, boiler, 
and accessories, and their various relations are well 
explained and clearly exhibited by means of a 
diagram. The elements of the engine itself are 
then described and illustrated by a series of figures 
giving various sectional views, all in a very distinct 
manner ; specially we notice a good description of 
the ordinary D slide-valve. Chapter ILI. deals 
with the generation and the properties of steam, 
and an apparently very accurate formula is given 
for calculating the water heat, but the important 
experiments by Grindley and others are not re- 
ferred to. The ideal steam-engine is stated to be 
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an engine which follows the Carnot cycle ; it is a 
surprise to us that such an erroneous view should 
be put before students, especially after the lengthy 
discussions that have taken place on the subject, 
and the adoption by the Institution of Civil 


Engineers of the Rankine engine as the standard of | 
Although the Rankine cycle is not | 


comparison. 
mentioned by name, it is referred to by the author, 
and called ‘‘ cycle B.” Tables of the steam con- 
sumption, both for the Carnot cycle and for cycle 
B, are given, the figure for the latter being less than 
that for the former. This paradoxical result is, of 
course, due to the fact that, owing to adiabatic 
compression, less heat is conveyed from the 
‘*source,” in the case of the Carnot cycle, to the 
engine per pound of feed than in the case of 
cycle B, and therefore the weight of feed is greater. 

In Chapter IV. the author discusses the measure- 
ment of the steam consumption, and after very 
briefly stating the methods used for making actual 
tests, he says :—‘‘In any case, a test of this sort 
involves a great deal.of work, and some easier way 
of, at least, estimating pretty closely the steam 
consumption of the engine is very desirable.” He 
then proceeds to develop a method which is based 
on calculating the steam shown by the indicator, 
to which he then adds an amount due to cylinder 
condensation. He gives a formula for this conden- 
sation, which includes two coefficients, and these 
he evaluates by means of thirty-six economy trials 
by various experimenters, such as Barrus, Goss, 
Jacobus, and Willans. The result is not very 
satisfactory, possibly owing to no account having 
been taken of leakage. The author himself says 
the data set forth are insufficient, but he thinks 
that, after an extensive application of the formula, 
the estimated and the measured value of the steam 
consumption ought not to differ more than 10 per 
cent. It does not appear probable, therefore, that 
the method will displace engine-testing. 

The steam-jet is investigated in a thorough 
manner in Chapter V., and this chapter will well 
repay careful study. The effect of the shape of 
the nozzle on the jet is investigated on the basis 
that, when discharged into a perfect vacuum, the 
‘‘limit of curvature is reached when the centrifugal 
force of the stream, on account of the curved path, 
just equals the expansive pressure which pushes it 
away from the centre line.” A graphical construc- 
tion for the profile of the steam-jet is given, and is 
applied to the design of nozzles for various pur- 
poses. There follows a description of the applica- 
tion of the steam-jet to various practical purposes, 
and the theory of the injector is given in a clear 
manner, elucidated by a numerical example, in 
which it is shown that the thermal efficiency of 
the injector has the very low value of 0.00146. 
Chapter VI. is an elementary description of en- 
tropy diagrams for steam ; but the subject is not 
a in such a manner as to make it practically 
useful. 

The remainder of the book deals with the 
mechanics of the engine, and is, in our opinion, the 
most satisfactory portion. The forces acting on 
various parts of the machine, such as on the con- 
necting-rod, the engine-bed, &c.,. are obtained 
graphically in a distinctly neat. manner. Then 
follow the usual velocity and acceleration diagrams, 
from which the turning effort on the crank is 
obtained. This is applied to the determination of 
the weight of the fly-wheel. Some interesting dia- 
grams are given, from which the pressure on the 
crank-pin at various points, the guide-bar pres- 
sures, the bearing pressures, &c., can be ascer- 
tained graphically. The last few pages of the book 
are devoted to the ‘‘counterbalancing ” of engines, 
but the matter is‘not treated in an exhaustive 
manner ; the author develops a method of radial 
analysis of the “shaking” force which he states to 
be original. < 





Nautical Technical Dictionary ; English-French-German 
and Italian, and French-English-German and Italian. 
Vol. IT, _First Part, A toK. Published by the Editor 
«oe Mitteilungen aus dem Gebiete des Seewesens. Pola, 

”. 


Tats forms a valuable addition to the set of Pola 
technical dictionaries. It gives the equivalent in 
German and Italian of both the English and French 
words and terms, the latter being arranged alpha- 
betically in sequence. The work has been com- 
piled, with the assistance of a number of Austrian 
officers, by E. von Normann-Friedenfels, retired 
corvette-captain of the Austrian Navy, and director 
of the 8th Division of the Austrian Nautical Tech- 





nical Committee, and examined and completed by 
J. Heinz, a retired rear-admiral of the Austrian 
Navy. Admiral Sir Richard Ed. Tracey, K.C.B., has 
assisted with regard to English technical words and 
expressions, the French and Italian portions of the 
work having found contributors in the persons of 
several well-known naval officers of the French and 
Italian Navies. The book has 1355 pages, and, as 
its title implies, is mainly intended for facilitatin 

technical literary work with reference to nautica 
questions. But, like the preceding volumes, it is 
of a very comprehensive nature, and deals also with 
metallurgical, mechanical, and electrical terms and 
expressions, and this will largely extend the scope 
of its usefulness. It is admirably printed, and the 
alphabetical sequence followed above, as referred to, 
and which is also a feature of the preceding Italian 
and German set, greatly facilitates researches. 





The Removal and Disposal of Town Refuse ; with Special 
Supplement exhaustively dealing with the Latest Practice 
in Refuse-Destructors and Power Production, embodying 
the Latest Developments and Working Results in all 
Branches. By Witt1AmM H. Maxwe t, Assoc. M. Inst. 
C.E. London: The Sanitary Publishing Company, 
Limited. [Price 15s. net.] 

Tue first thing to be noted regarding this book 
is that only the supplement at the end of the 
volume is new. When the work originally appeared 
in 1898, refuse-destructors were comparatively novel, 
and little was publicly known of their qualities and 
efficiencies, so that there was room for a text-book 
dealing with the problem of refuse-destruction and 
giving the results actually obtained by the use of 
destructors in different places. Since 1898, how- 
ever, much has been done in extending this branch 
of municipal work, so that to-day the position is 
altered. Mr. Maxwell, however, does not in this 
volume issue a new and revised edition of his work, 
omitting the more elementary portions of the old 
text and introducing new matter ; he has left the 
original text untouched, but has added a supple- 
ment dealing with the latest practice in refuse- 
destructors. We do not know whether the pub- 
lishers are issuing this supplement separately ; but 
it seems to us that it would have been well, in 
fairness to those who have already purchased the 
original work, to do so. 

The supplement contains four chapters. The 
first deals with present-day practice in the disposal 
of town refuse and gives some interesting informa- 
tion regarding results obtained by using destructors 
in combination with electricity-generating stations. 
It is satisfactory to find that the author does not 
exaggerate the value of such a combination, as is 
too often done, but is content to show that a de- 
structor may be a useful adjunct to a power-station, 
while its real purpose is for something quite 
different. The second chapter deals with accessory 
plant and apparatus used for utilisation of the heat 
produced in the destructors. Chapter III. gives a 
description of some recent destructors, while 
Chapter IV. gives the results of tests of perfor- 
mances of various destructor installations. There 
is much useful information in the volume. 
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Erratum.-—On page 433 ante we gave the price of 
‘**Practical Electric Wiring for Lighting Installations ” 
as 9s. net. This should read 5s. net. 








Mitan Exarsition.—In a circular to the Associated 
Chambers of Commerce, Sir Albert K. Rollit, M.P., 
expresses the hope that the various Chambers of Com- 
merce will do all in their power to ensure a good repre- 
sentation of British manufactures at the Milan Exhibi- 
tion, so that the section may be in every way successful. 
Sir Albert K. Rollit has visited the Exhibition Buildings 
at Milan, which are on a very large scale. He adds that 
the Italian authorities are most anxious to extend com- 
mercial relations with Great Britain. A list of classes of 
exhibits and of openings for British trade can be had on 
application at the offices of the British Commission, 
1 and 2, Oxford-court, Cannon-street, F.C. 
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THE “IRIS” 


TOURING MOTOR-CAR. 


CONSTRUCTED BY MESSRS. LEGROS AND KNOWLES, ENGINEERS, LONDON. 
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In a recent issue* we illustrated and described a 
small motor-launch fitted with a petrol-engine by 
Messrs. Legros and Knowles, of Cumberland Park, 
Willesden Junction. As stated in our former notice, 
this boat performed admirably under the very trying 
conditions present during the Motor- Yacht Club's re- | 
liability trials of this year. This 30-ft. boat, the Iris, | 
has, however, givea a more striking, though perhaps | 
not more crucial, proof of the trustworthy nature of | 
her machinery by making a non-stop run from South- | 
ampton to the Thames, The start was made from 
Southampton Pier at mid-day on October 25, with only 
one person on board, who therefore had to act both as | 
navigator aniengineer, As, however, the machinery | 
ran without attention throughout, the office of the | 
latter was a sinecure; and the boat was ultimately 
— off Grays because there was no more petrol 
on rd. A great part of the run was made during 
fog, the time occupied between Southampton and the 
Chapman Light, in Sea Reach, being about 26 hours. 
We refer to this performance of a marine engine by 
Messrs. Legros aly Knowles as it illustrates in a ver 
practical way the trustworthy character of the petrol. | 
motors they manufacture. 

Our illustrations on pages 648 and 649 and the 
present page show the chdssis and machinery of an 
‘* Tris” car made by this firm. Fig. 1 is a longitudinal 
elevation, and Fig. 24 plan. Figs. 3 and 4 are photo 
graphic views of the eagine. The remaining illustra 
tions show details of construction, to which reference 
will be made in the course of our description. The 
‘*Tris” car has been desigaed to meet the demand for 
a touring car of what is now considered moderate 
power ; although the 30 brake horse-power, which its 
engine wil] develop, would have been considered ex- 
cessive for a touring car not longago, There are some 
interesting and novel features:about this car, and we 
may say at once that it bears evidence of having been 
designed by engineers. As will be seen from Figs. 3 
and 4, page 648, the engine is of the vertical, four- 
cylinder type, and works on the Otto cycle. The 
cylinders are 4} in. bore by 5} in. stroke. They are 
cast in pairs, and the valves are\placed on one side of 
the engine, so that they are worked from one cam- 
shaft, the valves all ing interchangeable. The 
crank-chamber is of aluminium and is in two parts, 
the lower part being detachable, as shown in Fig. 3. 
The main bearings are carried by the top half of the 
crank-chamber, so that the lower t, which simply 
forms an oil bath, can be removed Podily without dis 
turbing the rest of the engine. In this way the big 

















* See ENGINEERING, page 588 ante. 
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Fig. 


ends of the connecting-rods are easily exposed for 
examination or adjustment. 

The valves are on the near side of the engine, and 
the cam-shaft is held in an aluminium casing attached 
to the crank-chamber. This casing can be easily 


” | detached, it being only necessary to remove six nuts, 


when it comes away with the valve-gear. At the back 
of the crank-chamber there are -sized inspection- | 
doors, which are easily detached, so as to enable the , 











19. 


cranks to be examined. We call attention to these 
details because they are characteristic of this engine. 
The designers have evidently laid to heart the wise 
saying that ‘‘ accessibility is a measure of durability, 
and durability of working is a cardinal virtue in 4 
motor-car engine. Accessibility of nuts to a spanner, 
with plenty of room to get the jaws round, is another 
feature that has not been overlooked. Such details 
are, as every engineer knows, the common place of 
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CONSTRUCTED BY THE NEW ARROL-JOHNSTON CAR COMPANY, LIMITED, ENGINEERS, PAISLEY, N.B. 










THE ARROL-JOHNSTON 24—30-HORSE-POWER MOTOR-CAR. 


(For Description, see Page 655.) 
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machinery design; but motor-car machinery is, of 
course, not always designed by engineers. Another 
detail that comes under the same —- the large 
bearing surface provided, the main bearings and 
crank-pin bearings being allotted an area which gives 
a mean pressure of under 100 lb. to the square inch. 
The inlet-pipe is in one with the cylinder casting, and 
is brought abet each pair of cylinders. In this 
way the carburettor can be placed on the side of the 
engine opposite to that on which the valves are 
situated—another detail that conduces to accessibility. 

The carburettor is not automatic, but by an annular 
valve device a positive variation in the explosive mix- 
ture is obtained in accordance with the —_ at which 
theengine runs. The mechanism controlling the ratio 
of petrol vapour to air is connected with that which 
regulates the time of sparking, so that when the engine 
is running slowly there is a rich mixture and retarded 
ignition; on the other hand, when the engine is 
accelerated a more dilute mixture is employed and the 
ignition is advanced. This arrangement, naturally, 
affords the needed condition for starting ; and the 
control generally has been found to give a nearly con- 
stant turning moment through a wide range of revolu- 
tions, varying from 90 to 1300 per minute. The single 
nandle for actuating the mechanism which governs both 
the mixture and the sparking is placed in the steering- 
wheel. 

High-tension ignition is employed, with single coil 
and high-tension distributor and accumulators, a dy- 
namo being used for charging the batteries. 

The arrangement of the commutator is shown in 
Figs. 5 to 8, page 649. Fig. 5 is a longitudinal section ; 
Fig. 6 is an end view, with the cover removed ; Fig. 7 
is a plan showing the end-cover and the glass cylinder, 
which encloses the mechanism, in section ; and Fig. 8is 
an end view showing the contact-pieces, the revolvin 

art being removed. Taking the figures in order, it wil 
be seen that the low-tension current from the battery 
is introduced to the insulated metal column A; from 
thence it passes to the two brushes B, shown in Figs. 
Gand 7. The shaft C, which runs at half the speed 
of the engine, has mounted upon it an insulating disc 
marked D, Figs. 5 and 7, carrying four radial metal 
arms E, which are in electrical contact with the shaft. 
When these arms, in revolving, make contact with 
the brushes B, B, the primary circuit of the coil is com- 
pleted through earth, and the high-tension current pro- 
duced is brought by a heavily insulated lead to the 
annular insulated contact-piece I, Figs. 5 and 8. The 
shaft C also carries an insulated metal shoe G, Figs. 5 
and 8, which, as it rotates above the annular plate F, 

asses over the four equidistant contact-pieces H, 
Pigs. 6 and 8, which are in connection with the four 
tgp ay of the engine. A shower of sparks is 
thus caused to pass from the annular plate F through 
the shoe G to each of the contact-pieces H in succession. 
Ihe sparking is advanced and retarded by rocking the 
whole apparatus about the shaft. The illustration 
(Fig 9) will perhaps make the arrangement clearer, 
as it shows diagrammatically the connections, the 
same lettering being adopted. ° 

It will be seen that by this system of distribution 
the following advantages are obtained. The bulky 
and expensive quadruple coil ordinarily used is re- 
placed by a na coil. Synchronisation of the firing 

int of the four cylinders is absolutely maintained, 

cause there is but a single brush and single trembler. 
The general arrangement is neat, the glass cylinder 
allowing of immediate inspection, and preserving the 
mechanism from dust oat dete} it is also easily 
removed if necessary. 

There is a switch on the dashboard which will put 
the dynamo in connection with either of the two 
batteries that it is required to charge, the other 
battery carrying on the duty in the meantime. Cur- 
rent is also used for lighting purposes. This switch is 
situated on the face of the oiler, and a projection at its 
back engages with the oil-cock, the arrangement being 
such that it is impossible to start the engine without 
setting the lubrication service in action, whilst the 
action of stopping the engine shuts off the supply of 
lubricating oil. In this way there is no fear that 
forgetfulness on the part of the driver will lead to 
cylinders being flooded with oil or that the engine 
will be run dry. 

The pump circulating the cooling water is of the 

ear type, and is situated in vhe base of the radiator. 
fe is positively driven by a a from the spindle of 
the half-time gear - wheels. rom the engine the 
drive is taken to the gear-box through a multiple- 
dise clutch, which is entirely enclosed and runs in oil. 
The plates are positively released when the clutch is 
disengaged. The change gear, of which a perspective 
view is given in Fig. 10, page 649, gives three speeds 
forward and one reverse. Fig. 11 is a side eleva- 
tion of the gear-box, Fig. 12 a front view, Fig. 13 
a sectional hee and Fig. 14 a back view. The top 
speed is a direct through drive, the pinion to the left 
meshing with the internal toothed wheel shown in 


Fig. 13. The second and third speeds and the reverse 
can easily be traced by means of the illustrations. The 
change-gear in these cars is a very nice piece of work. 


The shafts are of nickel steel and are of ample strength 
and stiffness. The gear-wheels are of 5 per cent. 
nickel steel, and the teeth are cut to the required 
contour by special machines in the Willesden works 
of the firm. The curves have been designed to give a 
silent running gear. Ball-bearings are fitted through- 
out. The gear-box consists of an oil-tight aluminium 
casing, which is suspended from the frame at three 
points. 

The drive is taken from the gear-box to the back 
axle through a tail-shaft ; and this brings us to one of 
the most interesting features in the design. The 
usual Hooke joint is superseded, the makers con- 
sidering that the various joints in that device are some- 
times a considerable source of annoyance, owing to 
lack of lubrication, and wearing of rubbing sur- 
faces. The inaccessible position of the universal 
joints certainly makes oiling difficult, and the loose 

rts cause noise. The device substituted for the 

ooke joint is shown in Figs. 15 and 16 on page 649. 
They are respectively a side view and an end view. 
The arrangement consists essentially of four octagonal 
frames, or plates, cut from spring steel ,y in. thick. 
An end-piece of mild steel is bolted to the flange of 
the tail-shaft, and this is riveted to the first octagonal 
plate or frame. To another corner of the plate is 
riveted the square end of a link or connecting-rod, 
which is § in. in diameter in the round. This rod 

asses across the centre of the plate, its opposite end 

ing attached to the corresponding corner of a second 
plate, so that these two plates are attached at opposite 
corners. Another link connects up a third plate in a 
similar manner, whilst a fourth plate is also connected, 
and is attached to an end-piece, as shown. It will be 
seen that, although the joint is stiff to resist torsional 
stress, the thin spring steel plates will bend to allow 
for the vertical movement that takes place between 
the frame and the axle. 

The bevel-wheel drive and the back axle with the 
differential gear are shown in Figs. 17 and 18 on page 
652. The latter comprises a central casing of alumi- 
nium, into the ends of which steel tubes are inserted 
and clipped tight in position, the considerable length 
of overlap giving a strong joint. The tubes and 
the aluminium casing thus form a continuous girder, 
supported by the two road-wheels. The car-springs 
arej pre te | to the tubes, as shown in Fig. 19, 
pase 652, and the weight of the car is thus taken 

them and the casing. Inside the latter are 
placed the two driving-bevels and the differential 
ear. The rotary motion for turning the road-wheels 
is transmitted from the differential by means of two 
nickel-steel shafts which are contained within the 
tubes before mentioned, there being an annular space 
between the shafts and the tubes. The ends of the 
shafts are keyed into the hubs of the road-wheels, the 
keys being milled from the solid. It will be seen that 
by this arrangement the bending moment due to the 
weight of the car and passengers is provided for by the 
steel tubes, whilst the torsional stress for driving the 
car is taken up by the internal shafts. The reduced 
risk of broken driving-axles with this arrangement 
will be apparent. 

In regard to other points in the design, it may be 
pointed out that all four wheels run on 2 tie ; 
in fact, as will be seen by the illustrations, ball- 
bearings are used wherever they can be applied. The 
front axle is a straight solid-drawn steel tube, having 
a core of creosoted ash driven into it. The frame is of 
pressed mild steel of 5 in. maximum depth, and ,, in. 
thickness. All the frame members are quite straight in 
plan, so that no sub-frame is needed. There are two 
independent systems of brakes, both of which act on 
drums secured to the back wheels ; and both systems 
are fitted on the improved modern plan, with a com- 
pensating bar gear, so that the braking effort is equal 
on each wheel. One system is applied by a foot-pedal, 
and the other by a hand-lever. The steering-gear is a 
four-thread worm, with sector, and is mounted on ball- 
bearings, both radially and for thrust. The whole 
control of the engine is brought to a small hand-lever 
above the steering wheel, and owing to the flexibility 
obtained by the interconnection of the carburettor and 
the ignition—a feature already mentioned—speeds 
from 3 miles per hour to 45 miles per hour can be 
obtained on the top gear. 

The engine now described gives 25 brake horse-power 
at 750 revolutions per minute, and over 30 brake horse- 
power at 1000 revolutions per minute. Messrs. Legros 
and Knowles also manufacture a car with an engine 
having cylinders of 5.in. bore by 5}-in. stroke. This 
gives 35 horse-power at 750 revolutions per minute, 
and over 49 brake horse-power at 1000 revolutions per 
minute. The need for so much power for a touring 
car an be questioned by some. If roads were always 
of good surface, and without steep gradients ; if there 
were never an adverse gale of wind to drive into; if 
cars were never overladen, and, above all, if owners 
were never in a hurry, then, doubtless, powers such 
as those named would not be wanted. As a matter of 
fact, the driving of a motor-car induces a tempera- 
ment that ill-brooks a check. Those who begin with 





modest requirements and firm dependence on their 





stock of patience find that to be pulled up bya hill, or 
a head wind, or a heavy road, or all three combined, 
soon becomes intolerable, supposing, of course, there 
is the possibility of procuring a more powerful car. 
There is nothing in motoring so exhilarating as to 
skim up a steep hill on the high gear, the big powerful 
car going as if it enjoyed the effort. Of course, we are 
supposing the hill to be steep enough to keep the car 
within the legal limit. 








THE LATE MR. ROBERT WHITEHEAD. 


At Beckett Park, near Shrivenham, Berks, on 
Tuesday last, at the advanced age of eighty-two, there 
passed away, after a long period of ill-health, one 
whose name, through the irony of fate, will ever be 
connected with that most deadly instrument of naval 
warfare, the torpedo, yet who was no lover of war, 
and whose kind nature endeared him to many friends. 
We refer to Mr. Robert Whitehead, who, though the 
inventor of the weapon referred to, believed that it 
would rather tend to prevent war than to provoke it. 

Born at Bolton-le-Moors, in Lancashire, on January 
3, 1823, Mr. Whitehead was educated at the local 
grammar school near his home, and was in 1837 taken 
as an apprentice at the engineering works of Messrs. 
Richard _wemeee4 and Sons, Aytoun-street, Manches- 
ter, his uncle, Mr. William Swift, being manager 
there at the time, This ——?- becoming soon 
after manager of Messrs. Phillip Taylor and Sons’ 
engineering works at Marseilles, Mr. Whitehead, 
when his apprenticeship was ended, went there also, 
but in three years’ time removed to Milan, and started 
business on his own account. There he was chiefly 
engaged in the manufacture of machinery for weaving 
silk. He, however, left Milan when the revolution 
of 1848 took placc, and settled for some time in 
Trieste, but from there he went to Fiume, where he 
undertook the design and construction of engines for 
several ships of the Austrian Navy. 

It was while he was at Fiume that Mr. Whitehead 
made the acquaintance of Captain Luppis, of the 
Austrian Navy, who appears to have given him his 
first ideas with regard to turpedoes, and in 1866 he 
made the first of these weapons himself. This one 
was lost at sea, and a new one was made in 1868, and 
was accepted by the Austrian Government. Not long 
after this the subject of torpedoes was taken up by 
the British Government, who carried out trials at 
Sheerness, other nations following in the same line 
soon after. In 1890 branch works were established 
near Weymouth, chiefly to supply the British Govern- 


ment. 

Mr. Whitehead was a man of great mechanical 
ingenuity, and possessed, even up to a very few years 
before his death, great skill as a mechanical draughts- 
man. Although during the earlier years of his career 
he was engaged on general engineering work, his 
attention through the greater part of his life was de- 
voted to the improvement of torpedoes, and the ad- 
vance made during the lifetime of the inventor is 
shown by the fact that in 1868 a torpedo travelled at 
the rate of about 8 knots for a distance of 800 yards, 
while now the speed is about 36 knots and the range 
4000 yards. 

By all who knew him, Mr. Whitehead was esteemed 
an upright, kindly, and straightforward man. He 
was married in 1846, and leaves several children. His 
eldest son became chief manager of the works at 
Fiume in 1904. 

Readers of ENGINEERING may remember that in 
vol. Ixxii., page 398, we gave a full account of the 
works at Fiume, together with a portrait of Mr. 
Whitehead, and a brief sketch of his career. 








“Roya Navy List anp Navat Recorper.”—We 
have received the October quarterly issue of the ‘‘ Royal 
Navy List and Naval Recorder,” issued 4 Messrs. 
Witherby and Co., of 326, High Holborn, and can only 
repeat the commendations we have formerly expr 
regarding this work. Not only is a complete list of 
officers given, with a record of their active service, but 
there is added a very comprehensive review of the current 
progress in the Navy, and incidental information regard- 
ing the work now in course of execution. There is, too, 
a very complete bibliography of naval literature, which 
is handy for reference. 





Great AmericaN Fioatinc Dockx.—A contract has 
been placed by the United States Navy Department 
with a Providence (Rhode Island) firm for installing 

werful towing appliances on the colliers Cwsar and 

rutus, at the Norfolk Navy Yard, and the collier 
Glacier, at the Boston Navy Yard, these vessels being 
about to be employed in towing the great American 
steel floating-dock to Olongapo. It has been found 
necessary also to purchase eight wire hawsers of 2 in. 
diameter and 200 ft. in length each, as well as eight 
Manila hawsers of y in. a — — 
will be equi with a wireless-telegraph outfit, and a 
system of 5 oh communication will also be installed 
on the floating dock. It is expected that the voyage 
will be commenced about December 15. 
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RAILWAY ECONOMICS. 


Tue expenditure on capital account made by the 
Great Northern Railway Company in the first half of 
this year was 168,873/., or 45,627/. less than the 
original estimate. Of the amount expended 40,000/. 
related to the Great Northern and City and the Great 
Northern, Piccadilly, and ge tube lines, leav- 
ing 128,000/. paid out upon Great Northern lines 
properly so-called. The capital expenditure for the 
current half-year is estimated at 134,000/., of which 
6000/. relates to the underground station of the Great 
Northern, yeas A and Brompton, at Finsbury 
Park, 31,000/. to subscriptions to certain joint lines, 
and 97,000/. for new lines and additional working stock 
for the Great Northern Railway properly so-called. 
The ratio of the working expenses to the traffic receipts 
upon the Great Northern Railway, exclusiye of joint 
lines, in the first half of this year was 65.57 per cent., 
as compared with 64.85 per cent. in the corresponding 
period of 1904. This adverse result was due to the 
fact that in the first six months of 1905 the decline in 
the traffic receipts appreciably outstripped the reduc- 
tion effected in the working charges. The number of 

engers carried in the first six months of this year 
y the Great Northern Railway showed a falling-off 
of 211,000. Of these, 14,000. were first-class, 16,000 
second-class, and 181,000 third-class. The number of 
season-ticket holders increased to 50,280 in the first 
half of this year, as compared with 49,141 in the first 
half of 1904. The receipts under this head fell off, 
however, 2267/. In connection with season-ticket busi- 
ness, it should be noted that 53 per cent. of it was 
represented in the first half of this year by third- 
class ticket-holders, while the corresponding propor- 
tion in the first half of 1904 was only 45 per cent. In 
Yorkshire, owing to further extensions of electric tram- 
lines and cars, the Great Northern Railway carried 
354,000 fewer passengers in the first half of 1905. 
Electric trams also affected short-distance passenger 
traffic in the London district, the result being a falling- 
off of 150,000 passengers. Notwithstanding this, how- 
ever, the number of suburban passengers carried 
between suburban stations and King’s Cross and the 
City showed an increase of 400,000 in the first half of 
this year. As regards working expenses, maintenance 
ard renewal of permanent way showed an increase of 
3500/. in the first half of 1905. This was probably due 
to more materials having been used inthe up-keep of the 
permanent way. The cost of locomotive power was re- 
duced in the first half of this year to the extent of 
12,7441., accounted for largely by a reduction of 152,234 
miles in the distance run by goods and mineral trains. 
A decrease of 8500/. occurred in the first half of this year 
in the expenditure made in connection with the repair 
and renewal of carriages and trucks. That the Great 
Northern Railway has made every effort to secure a 
thoroughly good grip upon metropolitan business is 
shown in the fact that the company has now a route 
by the North London Railway to Broad-street, by the 
Metropolitan Railway to Moorgate-street, and by the 
Great Northern and City Railway to Finsbury Pave- 
ment, The company will further have shortly, by 
means of the Great Northern, Piccadilly, and Bromp- 
ton Railway, another line, which will afford access to 
the West-end of London. Finally, the Great Northern 
Railway is about to secure a connection with the 
line of the City and South London Railway, which 
is being carried to St. Pancras and Euston. 

The South-Eastern Railway reports a decrease in 
the number of passengers carried in every class of 
carriage, but in the first half of this year it received 
14,000/. more from first and second-class passengers 
than it obtained in the corresponding period of 1904. 
The number of third-class passengers decreased in the 
first half of this year by no less than 1,439,000, and 
the receipts were 13,000/. less, This was due to the 
competition of electric tramways, which drew a large 
number of short-journey passengers from the South- 
Eastern Railway system, the districts in which the com- 
pany principally suffered being Brixton, Peckham, and 
neighbouring stations. Season-tickets showed an in- 
creased revenue in the first half of this year of 2727/. 
The Continental traffic of the South-Eastern Railway 
exhibited favourable results in the first half of 1905, 
20,000 more passengers having been carried. As 
regards goods traffic, the South-Eastern Railway carried 
a considerably reduced quantity of bricks and building 
materials in the first half of this year. The coal traffic 
also fell off, the company having received less coal 
Irom the north for carriage to the south; one ex- 
planation of this is the tendency of the large gas 
companies to use-more oil than they formerly did. A 
reduction of 2000/. was effected in maintenance 
of way in the first half of 1905; this reduction 
was not, however, due to any tendency to starve 
renewals ; on the contrary, the company relaid nearly 
three miles more line in the first half of this year than 
in thecorresponding period of 1904; it alsostrengthened 


4 greater portion of the system. The number of engines | ? 
renewed in the first half of this year was the same as 
in the corresponding period of 1904, old engines havin 

been “ scrapped,” 


and replaced with more powerfu 








ones. During the first half of this year the company 
placed two more turbine steamers upon its Continental 
service, and its experience of turbine-steamers is that 
not only do they give greater comfort to passengers, 
but that they also work economically as compared 
with paddle steamers of the old type. The turbine- 
steamer Onward, which came into thecompany’s service 
during the past half-year, was running for a month 
between Calais and Dover, and her average time was 
564 minutes between pier-head and pier-head. She is 
now on the Folkestone and Boulogne service, and has 
made the passage in 67 minutes. Negotiations have 
been pending of late between the South-Eastern Rail- 
way Company and the Dover Harbour Board for 
improving the commercial pier at Dover, so that ocean 
traffic may be dealt with more satisfactorily. If an 
arrangement is arrived at with the Dover Harbour 
Board, the South-Eastern Railway Company may 
guarantee any deficiency in interest upon the amount 
required to carry out the improvements contemplated. 
Two motor-cars have been running during the past 
half-year upon certain portions of the South-Eastern 
system ; they have worked satisfactorily and economi- 
cally, and the directors propose to place six more 
motors upon some of the branches, 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, November 8. 

Among the new orders for structural material placed 
within a few days, there is one for 12,000 tons of 
bridge steel for the construction of a bridge across the 
Ohio at Tronton, Ohio. This contract was taken by 
the American Bridge Company, which placed in addi- 
tion 32,000 tons of structural material for use in build- 
ings to be erected in Pittsburg, Cincinnati, and 
Chicago. The railroads have also been placing large 
contracts, the orders for the past week footing up 
50,000 tons. There are inquiries and negotiations 
now pending for additional lots, aggregating 70,000 
tons. The railroad companies are surprising the rail- 
makers by the orders they are placing for rails for 
next year’s delivery. The Delaware, Lackawanna, 
and Western Railroad have just closed a contract for 
11,500 tons, and a railroad in Mexico has contracted 
for 10,000 tons. In addition to these large orders, a 
number of smaller orders aggregate not less than 
10,000 tons. The International nk of Pittsburg 
will be in the market next week for 8000 tons of steel ; 
smaller buyers are making every effort to place orders 
for material to be delivered at dates varying all the way 
from December 1 to next July. The demand for steel 
for Lake boat work and for steel ca-s is considerably 
in excess of the manufacturing capacity, particularly 
for delivery between January and July 1. This 
overcrowded condition is becoming more intensified 
by the developments of business from unexpected 
quarters. It is unnecessary to say that the tone 
of the market is exceptionally strong. In all lesser 
branches of the iron and steel industry there is a 
rush of business which will tax the producing capa- 
city of mills for several months to come, But the 
mill-owners are endeavouring to keep as much space 
left for emergencies as is possible for the accommoda- 
tion of their old customers. The bar iron mills have 
been obtaining better prices for iron for quick delivery, 
although taere has been no official advance in prices. 
In fact, the entire market outside of steel rails is 
moving upward in the way of charging premium prices. 
Our greater engineering plants are finding it almost 
impossible to make satisfactory delivery dates for a 
good deal of work that is crowding in. The electrical 
plants are also extremely busy, and the percentage of 
work for the generation of electrical power for delivery 
abroad is steadily increasing. The larger foundries are 
enjoying a like activity, and the demand for wheels, 
forged work, stoves, and heavy hardware is crowding 
every branch of this industry. Heavy and light hard- 
ware is selling rapidly, and particularly that branch 
of hardware Fe has to do with the building trades. 
A great deal of pipe-line work is also being hurried 
along, much of it for the transportation of oil from 
the oil-fields to convenient points of distribution. 
Pipes and tubes are over sold, and in the tube branch 
especially there is more work than can be comfortably 
taken care of. The Baldwin locomotive works of 
Philadelphia are now averaging nine completed loco- 
motives per day ; most of them engines of large size 
and capacity. 





AGRICULTURE IN Spatn.—In the draft of a Bill which 
the Spanish Home Office deposited on the table of the 
House of Representatives in Madrid, on the 3rd inst., the 
formation of agricultural societies for furthering the 
agricultural interests of the country is urgently recom- 
mended. The facilities the societies are to receive from 
the Government are enumerated, among which would be 
the refunding of the duty on agricultural machines and 
implements imported by the members from abroad, sub- 
ject to a declaration to be addressed to the Ministry, 
establishing the quality and general usefulness of the 
articles so imported. The societies would also be able to 
use, free of charge, all machines and apparatus the State 
might acquire. 





THE ARROL-JOHNSTON MOTOR. CAR. 
(Concluded from page 619.) 


THE company adopt in their larger cars the four- 
cylinder vertical engine in preference to the horizontal 
double-piston engine which we have described in con- 
nection with the 12-15-horse-power car. This is 
because of the difficulty of producing a satisfactory 
horizontal motor for the higher powers. If more than 
two cylinders are employed, the space occupied becomes 
a matter of inconvenience in view of the limited dimen- 
sions of the chéssis, and the claim for symmetrical 
design; while if the two cylinders are increased in 
diameter beyond the present standard of 4}-in. bore, 
the explosion might be too violent, and there is diffi- 
culty in connection with the compression when starting 
the engine. The four vertical cylinder arrangement 
has, therefore, been introduced for touring cars as well 
as for omnibuses and all commercial vehicles ; but 
the company have endeavoured to incorporate in the 
vertical motor the good points of the horizontal 
design, even although they have necessitated some 
departure from conventional lines followed in motor- 
car practice. 

e reproduce on page 653 an elevation and plan of 
the chdssis of the 24-30-brake-horse - power car 
(Figs. 13 and 14). The over-all length of the chdasis is 
13 ft.; the wheel-base, 9 ft. 6 in.; and the tread, as 
in all the company’s cars, 4ft. Gin. Generally speak- 
ing, the design follows the lines adopted for the 
12 - 15-horse - power car, the distinctive difference 
being in the motor, and of this we give sectional draw- 
ings on page 656 (Figs. 15 and 16). The cylinders of 
the engine are cast separately, and are of even section 
throughout. The water-jacket andcombustion-chamber 
are separate from the p meproed proper. The jacket is 
a solid-drawn copper tube, corrugated to give elasticity. 
It is recessed in each case into a projecting flange of 
the cylinder at the bottom, and at the top forms the 
joint between the combustion-chamber and the cy- 
linder-head ; it is perforated in this joint to form ports 
for the water circulation. The combustion-chamber 
has the inlet and exhaust-valves on one side of the 
cylinders, the inlet being placed over the exhaust. 
The inlet valve-seat is a separate casting from the 
combustion-chamber, but is attached thereto by means 
of two nuts holding down a bayonet-joint flange. This 
casting carries the brackets for the fulcrum-pin of the 
rocking-lever of the mechanically-operated inlet-valve. 

The sparking - plug and ignition -lever are of the 
same type as those fitted to the 12-15 horse-power 
car. ‘The points of both where contact is broken 
are platinum-tipped, and experience has shown that 
with efficient cooling the plug seldom requires re- 
newal, The cam-box, cam-shaft, and valve-lifters are 
fitted together and form an independent part of the 
engine, which is fixed to the engine-casing by means 
of studs, and can be removed without disturbing any 
other part. Two cams are fitted for each cylinder, 
one operating the exhaust-valve while the other 
actuates both the inlet-valve and the make-and-break 
of the low-tension ignition. The form of make-and- 
break adopted is of the trip type, similar to some forms 
of Corliss gear. The object is to ensure rapidity 
of break, so that no great speed is necessary to give a 
good spark when starting the motor. The firing-point 
is fixed when the car is running, but is retarded auto- 
matically when the engine is being started. This is 
accomplished by the starting-handle striking a lever 
upon its being ws home into its clutch-gear. The 
ignition to each cylinder is adjustable, so that the 
explosions may be arranged to act independently. 

he aluminium crank-casing is split horizontally 
through the centre of the crank-shaft, the bottom 
portion acting as an oil-reservoir. The crank-shaft is 
suspended to the upper half, which has independent 
main bearing covers for this purpose. By removing 
the under part of the crank-casing the engine can be 
easily got at for inspection or repair, and the arrange- 
ment of working parts is such that without removing 
the cylinder from the casing the piston can be with- 
drawn, after the connecting-rod bush has been re- 
moved. The casing is so designed as to absolutely 
enclose every working part, including the gear-wheels. 
All these working parts are lubricated by a force-feed 
system, whereby a high efficiency is obtained and wear 
is minimised. 

The crank-shaft is of the four-throw type, the cranks 
being set as shown in Figs. 15 and 16, page 656. It is 
supported by three bearings. The material used is solid 
forged nickel steel], having a tensile strength of 45 to 
50 tons per square inch, with an elongation of 26 to 30 
per cent. in 2in. The connecting-rods are stamped 
of ]}-section, and are connected to the crank-pin by a 
gun-metal bearing, and to the piston by a gun-metal 
bush working on a hollow, hardened, and ground 
gudgcon-pin. This latter is tapered, and is fixed in 
position by a pinching-screw. The piston, which is 
4} in. in diameter, has a conical head to reduce the 
compression space to the required capacity for a pres- 
sure of 80 lb. per square inch. The lubrication of the 
gudgeon-pin is by means of a steel tube attached to 
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illustrated on page 621 ante, the four forward — 
being 10, 20, 30, and 40 miles per hour, and the 
reverse speed 10 miles per hour. The other details of 
the car follow more or less the design of the 12-15- 
horse-power car, and it is scarcely necessary to refer 
at length to the incidental differences. There are, 
however, one or two important details which we 
promised in our previous article to illustrate and 
describe. 

Of the combined spring and universal joint on the 
rear axle, detailed illustrations are given in Figs. 17 
to 19, page 653. This special joint has been intro- 
duced owing to the sudden and severe strains to 
which some careless drivers may subject the tyres and 
the various running parts of the car, and there is no 
doubt that the introduction of a spring drive between 
the engine and the road wheel will be a satisfaction 
even to good drivers. It will be seen from Fig. 17 that 
there is fixed on the end of the Cardan shaft a hollow 
sleeve, to the outside of which are two diametrically 
opposed Projecting arms, to which are attached square 
bushes. The hollow sleeve is intended to keep the 
shaft central with the centre line of the driving pinion 
of the hind axle, and to this end it is fitted with a 
split concave bush, while on the bevel-pinion shaft a 
corresponding bush of convex section is secured, the 
whole forming a free universal joint, giving a-radius of 
action of 15 deg. round the centre line. The arms, with 
the square bushes attached, fit into a flat flange, having 
projections to receive the bushes. These projections 
also form buffers, against which the spring acts and re- 
acts. To the bevel-pinion shaft a flange is keyed, and 
to this is bolted a casting with a projection forming an 
abutment, against which the other end of the spring 
acts. It will therefore be seen that the crank-shaft is 
tree to rotate through an angle of 45 deg. without 
imparting motion to the road wheels. The result is 
that, on the one hand, should the wheel meet with an 
obstruction on the road, the shock caused by such 
‘bstruction is not imparted to the vital part of the 
engine ; while, on the other hand, the impulse due to 
the high initial pressure on the piston is not trans- 
mitted direct to the road wheel. urther, should the 
clutch be allowed to engage too fiercely, the strains 
caused thereby are much minimised. 

The general arrangement of the brakes is illustrated 
in Figs. 21 to 23, above, and is common to all the 
Arrol-Johnston cars. The brakes are of the internal- 
expanding type. The brake-blocks are all inter- 
changeable, and are easily removable. The method 


ot operating, which has just been patented, has for | 
‘ts main object ready accessibility for adjustment to 
compensate for wear and to secure the distribution 
of equal pressure to the shoes when the car is 
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moving forward or backward. In the interior of 
the drum there are two semi-circular brake-blocks, 
marked respectively A and A! on the drawings re- 

roduced, Figs. 21 and 22. These brake-blocks are 
ree at their lower end upon a pin B projecting 
from the spring-carrier C, and are held from the drum 
by means of springs. For operating the brake there 
is an arm D, which at one end is fulcrumed on the 
spring-carrier, the other end projecting between the 
upper extremities of the brake-blocks A. An operating 
lever E is arranged so that its extremity bears upon 
the upper extremity of the other shaft A’. This lever 
is fitted at a point near its extremity to the free end 
of a link F, which is also oe upon the spring- 
carrier C. An adjustable stop G is provided, and ex- 
tends between the arm D and the link F. The result- 
ing action is that when the operating lever E is moved, 


the link F is forced over, and through the medium of |, 


the adjustable stop causes the extremities of the arm 
and operating lever to move in opposite directions, 
whereby the shoes are expanded with equal pressure 
and produce a braking action upon the drum. 

One of the features of the car is the clutch. It is 
constructed on the Hele-Shaw principle, and consists 
of a series of coned friction-discs engaging alternately 
with the driving and driven members of the clutch. 
It is shown in section in Fig. 24, above. The fly- 
wheel and case are formed in one piece, and the arms 
of the flywheel are inclined, so as to act as a fan for 
cooling the engine. The clutch-case has teeth formed 
on its inner surface, which engage with and drive 
the outer set of friction-discs, while the inner set of 
discs engage with a central core on which similar 
teeth are formed. This core transmits the power 
through the clutch-shaft to the gear-box. It will be 
seen that the cover of the clutch-core supports the 
shaft and the operating presser. In this cover springs 
are placed, which act on the sliding presser, and so 
compress the friction disc forming the clutch. 

The clutch is normally in engagement, and an ordi- 
nary foot-pedal operates it. In order to facilitate the 
changing of gear, a small brake comes into action at 
the extreme out position of the clutch, The clutch- 
core forms a receptacle for oil, so that all the parts are 
constantly lubricated. 

Another feature of the Arrol-Johnston car is that 
it is entirely of British manufacture, and with the 











B 


exception of what might, perhaps, be termed special 
items, such as tyres, lamps, &c., it is entirely con- 
structed, with the bodies, at the works of the com- 
pany at Paisley. The works, which cover an area of 
64 acres, with 44 acres of covered-in buildings, are 
> geen J equipped for the manufacture of cars ; and in 
the organisation considerable care and research has 
been applied, not only to ensure prompt and efficient 
work, but to achieve economy. 








Dutox ARTILLERY. — The Dutch Government has 
adoptrd for the new armanent of its field artillery the 
Krupp gun, with hydraulic brake, spring recuperator, 
and shields. The gun is similar to that already adopted 
by Switzerland. Its initial velocity is, however. a little 

reater than that of the Swiss meos of 1700 instead of 1590 
oot-seconds), while the projectile is a little less (13.2 lb. 
instead of 13.9 lb.). The material ordered comprises 204 
pieces and 408 caissons. In addition, 200 caissons, de- 
stined for use in the ammunition parks, will be obtained 
by the ulteration of —s carriages still fit for service. 

is last operation, as well as the manufacture of a part 
of the ammunition, will be carried on in the Dutch 
arsenals. The total outlay will be 560,000/., a fifth of 
which will be expended at home. 


Tae Royat Agricuttural Socrety.—The town of 
Derby is showing commendable energy and foresight 
with regard to the Royal Agricultural Society’s show 
which is to be held there next year, for on Thursday in 
last week a meeting, presided over by the Duke of Devon- 
shire, was held there for the purpose of making local 
arrangements for the event, as well as for the purpose of 
inaugurating a fund which is required by the Society to 
cover certain local expenses. It is now twenty-five years 
since the Royal Show was held at Derby, and it was one 
of the occasions (which have not been too frequent) when 
the Show was a financial success. We trust that next 
year may see a like happy result, and that the event may 
mark the turning point in the fortunes of the Society. 
Derby is well situated for the holding of such a Show, 
being the centre of a great manufacturing district, where 
many railways converge, and where no little interest in 
agriculture is, or at any rate was, at one time taken. A 
very good start appears to have been made towards local 
help in the shape of an offer made by the Midland Rail- 
way Company to provide a site, which has been examined 
by the Society’s representatives, and is considered by 
} Bo to be very satisfactory. It is expected also that 








about 20002. will be raised in the district. The hope was 
expressed by the chairman that the large attendance at 
the meeting augured well for the success of the Show, 
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ROYAL METEOROLOGICAL SOCIETY. 


THE opening meeting of this Society for the present | 
session was held on Wednesday evening, the 15th inst , 
at the Institution of Civil Engineers, Westminster; Mr. 
Richard Bentley, President, occupied the chair. 

Sir John W. Moore, M.D., communicated an interest- 
ing paper on ‘‘ The Rainstorm of August 24 to 26, 1905, 
in Counties Dublin and Wicklow,” which, in the absence 
of the author, was read by the Secretary. The atmo- 
spheric disturbance which caused the torrential rainfall 
was near the shores of Kerry and Cornwall on the 24th, 
and the next morning it was near the Scilly Islands. 
Thence it travelled slowly northwards up St. George’s 
Channel, its centre passing near Dublin early on the 
morning of the 26th. At this time the system suddenly 
changed its course, crossing the Channel eastwards to 
Wales, and finally passing over central England and 
out to sea at the mouth of the Humber in a north- 
easterly direction. It appears that the rainfall on the 
25th ex 3 in. at all stations in the counties 
Dublin and Wicklow, while it rose above 4 in., and 
even 5in., at stations near the Dublin and Wicklow 
Mountains. 

Sir John Moore is of opinion that this remarkable 
downpour was brought about by the co-operation of the 
following factors:—(1) A chill antecedent to the arrival 
of the rain-bearing depression ; (2) the slow progress of 
the depression ; (3) the fact that the counties Wicklow 
and Dublin lay to the westward of the cyclonic centre, 
and so received its north-easterly and northerly winds ; 
and (4) the physical configuration of those counties an 
their coast-line. As the result of this remarkable rain- 
storm, a destructive flood occurred over the low-lying 
parts of the Bray Urban District, near the mouth of 
the Bray River. At Little Bray the water rose to a 
height of 4 ft. in the streets, flooding houses, destroying 
domestic animals and fowls, wrecking furniture, and 
yee og floors, yards, and gardens with a thick alluvial 

eposit. 

A paper by Dr. W. B. Newton was also read, describing 
“The Aquameter.” This is a new instrument for accu- 
rately measuring the amount of aqueous vapour present 
in the atmosphere. 








Contracts.—The directors of the Argentine Great 
Western Railway Company have placed an order for 
several steam-coaches with Messrs. Kerr, Stuart, and Co., 
Limited, of Stoke-on-Trent. The same firm has also 
an order for a number of powerful six-wheeled coupled 
freight locomotives for the same railway. — Messrs, 
Clarkson, Limited, Chelmsford, bave received orders for 
fifteen more of their steam omnibuses for London, which 
employ paraffin instead of petrol for fuel.—The Paterson 
Engineering omens, Limited, Amberley House, Nor- 
folk-street, Strand, W.C., have recently received orders 
from home and abroad for six of their water-softening 
and purifying plants, the capacity of which range from 
2,000 lb. to 70,000 Ib. hourly. 





Sin W. G. ArRmstronc, WuitwortH, anp Co., 
Liwitep.—The Parliamentary Committee of the Man- 
chester Town Council has been considering an applica- 
tion from Sir W. G. Armstrong, Whitworth, and Co., 
Limited, for a concession in connection with a scheme 
for extending the company’s Openshaw works. Hitherto 
a considerable amount of business has been sent to the 
company’s works at Newcastle-on-Tyne because there 
are not the necessary space and resources at Manchester. 
To remedy this defect the company has secured 14 acres 
of land on Ashton Old Road, o; ite its present works, 
for the purpose of erecting additional shops. This will 
enable it to dispense with the aid of Newcastle, and will 
add, of course, to means of employment at Manchester. 
In order to have a free communication between the old 
and the new works the compeny requires power to con- 
struct a railway across the highway, along which two 
lines of tramway now run. The Parliamentary Com- 
mittee, being anxious to facilitate any scheme: which 
promises additional employment for the working classes 
of Manchester, has decided to reccommend the Town 
Council to accede to the company’s request, the company 
undertaking to bear all expenses in obtaining the assent 
of Parliament to the proposal. 


Tur Tyrnz.—At the last meeting of the Tyne Improve- 
ment Commissioners a payment of 2000/. on account was 
ordered to be made in connection with the reconstruction 
of the North Pier. The total Apr for work done to 
the present date was returned at 302,423/. It was re- 
ported that as the time named in the contract between 
the Commissioners and Sir John Jackson, Limited, for 
the reconstruction of a portion of ‘the North Pier had 
expired, the consideration of the contractors’ liability for 
non-fulfilment of the terms of the contract must of neces- 
sity stand over until the works were completed. It was 
ee that contracts should be entered into with Sir 

ohn Jackson, Limited, for the construction of a light- 
house on the head of the north pier, and with Messrs. 
Barbier, Benard, and Turlune for a lantern and optical 
apparatus for the lighthouse. The number of vessels 
launched on the Tyne in the first ten months of this year 
was returned at 106, of an aggregate burthen of 161,457 
tons. The quantity of coal and coke shipped from the 
Tyne during the ten months ending October 31, this year, 
was returned at 13,439,841 tons of coal and 242,243 tons of 


NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—There was a firmer tone on 
the pig-iron market last Thursday morning, and Cleveland 
warrants rose from 5ls. 104d. to 528. 14d. cash, while 
forward warrants advanced from 52s. 3d. to 52s. 64d. one 
month, and to 53s. three months. The turnover was 
15,000 tons, and also 1500 tons of hematite, which was 
also firmer, at 693. 44d. one month, and 693. 9d. two 
months. At the close Cleveland warrants were quoted 
by sellers at 523. 2d. cash and 52s. 7d. one month. The 
tone was irregular in the afternoon, and 7500 tons of 
Cleveland warrants were done at 523. to 523. 2d. to 52s. 1d. 
cash, 52s. 3d. to 52s. 24d. eight days, 52s. 63d. to 52s. 7d. 
to 52s. 6d. one month, and 533. 14d. three months. 
Sellers’ closing quotations were 4d. less than in the 
morning. Hematite was again firmer, and 1500 tons 
changed hands at from 693. 9d. to 693. 104d. one 
month. Sellers’ cash closing price was 69s. 44d. The 
market improved on Friday morning, and Cleveland war- 
rants advanced to 52s. 4d. cash and from 52s. pn to 
52s. 8d. one month, and to 53s. 5d. three months, closing 
with sellers at 52s. 34d. cash and 52s. 84d. one month. 
One lot of hematite was done at 693. 3d. cash, and the 
total business amounted to 8000 tons. At the afternoon 
session the tone was strong, and Cleveland warrants 
advanced to 52s. 64d. cash, 533. one month, and from 
523. 5d. to 523, 8d. seven days. The turnover was 9000 
tons, and the closing quotations were 52s. 74d. cash and 
533. O}d. one month sellers. Hematite—1000 tons— 


d | changed hands at 69s. 11d. and 703. one month, and closed 


with sellers at 693. 9d. cash and 70s. 3d. one month. 
A brisk business was done on Monday, and prices im- 
proved considerably. In the morning Cleveland cash 
warrants jumped from 52s. 104d. to 53s. 3d., and one 
month warrants from 53s. 6d. to 53s. 9d., while three 
months’ iron was done round 54s. 54d. The closing 
quotations were firm at 53s. 5d. cash and 53s. 9d. one 
month sellers. Hematite was also up, and was done at 
703. 14d. cash, 70s. 6d. one month, and at 70s. 74d. 
twenty-five days, closing with sellers at 70s. 7d. one 
month. The total turnover was 20,000 tons. The settling 

rices were :—Scotch, 58s. ; Cleveland, 53s. 44d.; Cum- 

rland hematite, 70s.; and Standard foundry iron, 
51s. 6d. A fair business was done in the afternoon, and 
Cleveland warrants advanced to 53s. 7d. cash, with closing 
sellers at that figure. Forward warrants were done up to 
53s. 10d. one month, with closing sellers at 54s., and three 
months warrants realised 54s. 74d. One lot of hematite 
changed hands at 70s. 74d. one month, and the total turn- 
over amounted to 12,000 tons. Standard foundry iron was 
quoted 52s. 6d. cash sellers. On Tuesday morning the 
market was firm, and 13,000 tons of Cleveland warrants 
were dealt in at 533. 74d. cash, 54s. thirteen days, and 
up to 54s. 14d. one month, and with some dealings at 
54s. 8d. for February, At the close sellers quoted 53s. 8d. 
cash and 543. 1d. one month. Hematite advanced in 
price, und 2000 tons were done at 71s. and 71s. 14d one 
month, closing with sellers at 71s. one month. In the 
afternoon the only business was 8000 tons of Cleveland 
warrants. Prices reacted a little, and the transactions 
were at 53s. 44d. to 53s. 5d. cash, 53s. 74d. twenty-three 
days, and 53s. 6d. six days. At the close sellers quoted 
53s. ay. cash and 53s. 104d. one month, and for hematite 
703. 6d. cash and 71s, one month. Renewed activity was 
evident in the market to-day (Wednesday), and 17,000 
tons of Cleveland warrants changed at the morning 
session at firm prices. Cash warrants were done up to 
533. 7d., and forward warrants up to 53s. 11d. one month 
and 54s. 6d. three months. Hematite changed hands at 
70s. 74d. to 703. 104d. one month and 71s. 14d. two 
months, the amount being 1500 tons. Scotch iron—500 
tons—realised 58s. 3d. cash, and 1000 tons of Standard 
foundry iron were done at 52s. 84d. one month. In the 
afternoon 1000 tons of Scotch iron changed hands at 
58s. 34d. five days. Cleveland warrants were firm, 
and the dealings were at 53s. 9d. and 53s. 94d. cash, 
53s. 104d.‘five days, 54s. to 54s. 24d. to 54s, 2d. one month, 
and at 54s. 9d. three months. The turnover amounted 
td 12,000 tons, and at the close sellers quoted 53s. 10d. 
cash and 54s, 24d. one month. The tdliowing are the 
market quotations for makers’ (No. 1) iron:—Clyde, 67s. 6d.: 
Calder and Gartsherrie, 68s. ; Summerlee and Langloan, 
70s.; Coltness, 76s. (all shipped at Glasgow) ; Glengarnock 
(shipped at Ardrossan), 68s.; Shotts (shipped at Leith), 
68s. ; Carron (shipped at Grangemouth), 70s. 


Sulphate of Ammonia.—The sulphate of ammonia 
market is at present rather quiet, and the price has eased 
to 12. 15s. per ton for prompt business. The amount 
exported from Leith last week was 475 tons. 


Scotch Steel Trade.—The steady tone in the local steel 
trade remains practically unaltered. New business has 
been rather more plentiful of late, and prices all round 
are firmer, although no change has been made in the 
official list of minimum selling rates. Makers are, how- 
ever, unwilling to sell at these prices, as they can easily 
command much higher values for their manufactures. A 
few days ago makers were quoting angles at 6/. 15s. 
per ton, less 5 per cent., or 53. over the official 
minimum, while the inquiries for plates for the 
recently ordered steamers has again strengthened their 
hands, and their quotations are now from 7/. 5s. to 
7l. 7s. 6d. per ton. This is 7s. 6d to 10s. above the 
present fixed minimum, and some venture to think that 
even higher prices will shortly be obtainable. The great 
advance in steel material for shipbuilding purposes has 

le a big increase in the price of new steamers, and 





coke. These totals showed an increase of 579,299 tons in 


the coal shipments, and a decrease of 51,841 tons in. the 
coke shipments, as compared with the corresponding 
period of 1904, 





shipbuilders are now quoting about 6/, 10s. to 6/, 12s. 6d. 
per ton dead-weight ca ag ey ee ae. 
| This price is roughly about per ton higher than what 
| it was previous to the present boom. 








Scotch Hematite.—The makers of Scotch hematite are 
at present exceedingly busy, and it is reported that 
within the past few days several large lots have been sold 
to local consumers at 74s. per ton, for delivery during the 
first half of next year. So great is the local demand just 
now for hematite, that large quantities of it have to be 
brought in here from the English producing districts. 


Tube Prices again Advanced.—Another alteration has 
just been announced in the price of tubes. The discount 
of boiler tubes has been shortened by 24 per cent. on the 
gross, which is equal to an advance of nearly 27s. 6d. 
per ton. 


Shipbuilding. — Messrs. William Simons and Co., 
Limited, Renfrew, have received orders to construct a 
1000-ton powerful bucket hopper dredger, two hopper 
barges, and a steam-tug for the Port of Alexandria, 
Egypt.—Messrs. Gourlay Brothers and Co., Limited, 
Dundee, have secured an order for a powerful cargo 
and passenger steamer for French owners.— Messrs. 
Russell and Co., Port Glasgow, have contracted to build 
a steamer of 7000 tons carrying capacity for Messrs. 
Crawford and Rowatt, shipowners, Glasgow.—The Clyde 
Shipbuilding and Engineering Company, Port Glasgow, 
are reported to have contracted to build a small coasting 
steamer for Messrs. Duncan and Jamieson, Wick. 








British Fire - PREVENTION ComMitTrTEE.—The pam- 
phlets, Nos. 100 and 103, issued by this committee, give 
particulars of two fire tests with a steel rolling shutter- 
door known as the ‘‘ Kinnear” door (U.S.A.), and with a 
floor constructed on the Bremer system. The former test 
illustrated the advantages of light steel revolving shutters 
in large openings for checking the spread of fire where 
iron doors would be heavy and cumbersome; it lasted 
ninety minutes, and at no time did the flame pass 
through the shutter or around the sides, but only over 
the top. The Bremer floor tested was girderless, fire- 
resisting, of semi-porous terra-cotta blocks, with a rein- 
forcement of metal rods, over an area of 22 ft. by 10 ft. 
The test lasted over 24 hours, and the temperature 
reached 1840 deg. Fahr.; the fire and water did not pass 
through the floor. 





SEAHAM Harpour.—The magnitude of the Seaham 
Harbour i may be inferred from the fact that 
the water space enclosed in the new harbour is 41 acres, 
against 12 acres in the old. The new works were designed 
by Mr. H.H. Wake, M. Inst. C. E., of Sunderland, who has 
had experience in the constructionand maintenance of dock 
and harbour works ; and the estimated cost of the works 
was 378,000/. For this amount a contract was entered 
into with Messrs. S. Pearson and Son, Limited, and the 
contractors began the work in March, 1899. The main 
features of the new harbour are two protective piers to 
shelter the approach from the sea, and a 10-acre deep- 
water dock. This dock is 1000 ft. long and 450 ft. wide, 
with a depth of water at high tide of 27 ft. 6 in., and the 
walls of the dock are 35 ft. high above dock bottom level. 
The area of the new dock embraced the old south dock 
and tidal basin, and the sites of these were deepened 
12 ft. into magnesian limestone rock by the aid of steam 
navvies and blasting. The walls are constructed of con- 
crete faced with masonry above water-level, and finished 
off with a cope of Norwegian granite. The entrance to 
the dock is 65 ft. wide, with a depth of water on the sill 
of 25 ft. Gin. There are two pairs of gates, constructed 
of Karri wood, from Western Australia, and each leaf 
weighs about 90 tons. These gates when closed are 
locked by struts, and the outer pair are for use as 
storm - gates. They are worked by hydraulic rams, 
supplied with water from an hydraulic installation 
working at 700 lb. per square inch, as are also two 
5-ton capstans fitted at the entrance. The approach 
channel has a depth of 24 ft. 6 in. at high water of ordinary 
spring tides, and has been deepened by a powerful 
dredger. A system of gravity coal staithes is provided 
along the west side of the new dock, so arranged that full 
wagons run down by gravity from the storage sidings, and 
pass over shoots, the empty wagons passing away to low- 
level sidings. On the south side of the dock there is 
ample quay space for the discharge of timber and other 
imports. The dock will offer accominiodation for vessels 
up to about 5000 tons, and all the appliances for the 
loading and dispatch of ships are of the most approved 
description. The new piers enclosing the harbour are 
1383 ft. and 878 ft. in length respectively on the north 
and south sides, and lighthouses are at present being 
erected on each. They are built up of concrete blocks 
weighing up to 28 tons, and faced with masonry. To set 
the blocks a Titan crane was obtained by the contractors 
at a cost of 6000/., capable of lifting 30 tons at 60 ft. 
radius. Subsequently an air-compressing plant was pro- 
cured for working a diving-bell. Tend on the north side 
of the harbour was reclaimed for use as a block yard for 
the construction of the concrete blocks, and for moving 
and stacking them a 30-ton steam Goliath crane was used, 
with a span of 100 ft. The north pel started with the 
root walls enclosing the mass of rock on which stands the 

resent lighthouse ; the inner half has a width at coping 
evel of 25 ft., and the outer half is widened out to 30 ft. 
as the depth of water increases. The south pier is 20 ft. 
and 25 ft. wide respectively at its inner and outer ende. 
The foundations of both piers are on magnesian lime- 
stone, and there is a subway running through each to 
give access to the lighthouses in stormy weather. The 
entrance for the of vessels between the piers 1s 
280 ft. wide, and the distance from this point to the new 
dock entrance is about 300 yards. The whole of the work 
was carried out under the supervision of Mr. P. W. Meik, 
M. Inst. C.E., of Victoria-street, Westminster. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
The Steam-Turbine.—Over a well-attended meeting of 

the Sheffield Society of Engineers and Metallurgists, on 
Monday night, Mr. W. H. Ellis, M. Inst. C.E., presided. 
Professor Ripper, M. Inst. C.E., delivered an interesting 
lecture on ‘Some First Principles of Steam-Turbine 
Design.” He said that enormous advances are being made 
in turbine engineering in the two great departments of 
electric-power generating and marine work. In these 
departments for high powers the turbine appears to 
be rapidly — | the reciprocating engine. Thus, 
for example, during the past year the total horse-power 
in marine steam engineering alone is no less than 600,000 
horse-power, either delivered orin hand. The Admiralty 
have adopted the turbine system for all classes of ships, 
including the newest and most powerful battleships. The 
leading engineering and shipbuilding firms in this country 
have taken out licences to manufacture steam-turbines 
on the Parsons, Curtis, and other systems. Professor+ 
Ripper gave a technical and detailed description of the 
points connected with steam-turbine design, 4 
nozzles and blades, and described the design of De Laval, 
Curtis, Westinghouse, and Riedler turbines. 


The Hull Coal Trade.—The returns of the coal trade 
with Hull for the month of October are satisfactory. 
There were received 367,456 tons, as compared wit 
355,248 tons a year _—- increase of 12,208 tons. 
During the ten months the imports into Hull amounted to 
3,126,016 tons, against 2,966,264 tons in the year 1904—a 
difference of 159,752 tons. This year is only the second 
in the history of the port that over 3,000,000 tons have 
been received in ten months. The previous occasion was 
in 1900, that phenomenal year wherein all records were 
broken, and when 3,479,360 tons were delivered into the 
port. It isa fact that the Hull business accurately reflects 
upon what is passing in other ports of the district with 
which its trade is done. The exports from Hull created 
an absolute record for October. Altogether 197,704 tons 
left the port, as against 169,244 tons in the corresponding 
month of the previous year, and the previous best of 
197,310 tons in 1899, and 190,570 tons in 1900. This state 
of things is very largely due to the extensive deliveries 
that have been made to North Russian ports, no less than 
65,380 tons having gone to these ports, as against 36,074 
tons a year ago. 


The Iron and Steel Trades.—Orders for Bessemer and 
Siemens steels continue to be placed, —— by no means 
so freely as when prices began to move. Consumers then 
bought in sufficient quantities to meet their requirements 
for some little time. Specifications are now being fur- 
nished, and works are well employed. There is a fair 
demand for all kinds of Swedish irons and steels, and 

rices remain very firm. Encouraging reports are being 
urnished of improvement in the general engineerin 
trades of the city. Most of the works are better situate 
now than at any time during the year, and inquiries are 
numerous. There is quite a run on steel steam mains, 
shaftings, pulleys, and other colliery requisites, as well 
as for all kinds of labour-saving machinery required in 
the local trades. In many of the lighter industries fuller 
employment is being found. Some excellent orders have 
come to hand for cutlery from India, Australia, and 
South America, and in silver and plated wares business is 
on the move. 


503. 3d. Middlesbrough warrants closed 553. 94d. cash 


buyers. 


_. Manufacturcd Iron and Steel.—In pretty nearly all, 
if not all, branches of the finished iron and steel 
industries there is very great activity. Firms are full 
of work, some of them having contracts which will 
keep them fully employed throngh next year. There 
are plenty of orders still in the market, and, as a 
matter of fact, there have been offers to buy ship- 
building material for delivery in 1907. Under these 


circumstances the recently advanced rates are well main- | 


tained, and there is great confidence in the future. 
Common iron bars are 7/.; best bars, 7/. 10s.; pens 
iron, 6/.; iron ship-plates and iron ship-angles, each 7/. 5s. ; 
iron ship-rivets, 8/.; steel bars, 6/. 15s.; steel ship-plates, 
7l.; steel ship-angles, 6/. 12s. 6d.; steel sheats (singles), 
7l. 10s.; steel sheets (doubles), 8/.; and steel joists, 
6l. 7s. 6d.—all less the customary 24 per cent. discount. 


Heavy sections of steel rails are 5/. 103.; and cast-iron ; P® 


railway chairs, 3/. 12s. 6d.—both net cash at works. 


Coal and Coke.—Very little change can be reported of 
fuel. We are now at a season of the year when the con- 
- oy mary of gas coal is at its fullest, with the result that 
the t qualities are being well taken up on running 
contracts, and supplies beyond such contracts are very 
m Best Durham gas coal is 8s. 6d. to 9s. f.0.b. A 


h | 00d demand for bunker coal is reported, but the supply is 


a and unscreened Durhams remain at 83. to 
83, 3d. f.o.b. Manufacturing and coking coal are steady, 
with a decided upward tendency on forward account. 
There are complaints by shippers of coal that freights are 
too high. Demand for household coal is hardly up to the 
average for this time of year. Coke is steady. The 
local consumption is heavy, but there is now little or no 
buying for early delivery, Business over periods next 
year has been done at 16s. 6d. for average blast-furnace 
qualities delivered here, but 17s. is also quoted. For 
export coke the price is from 16s. 3d. upwards f.o.b. 








THE Tramways AND Licht RatLways ASSOCIATION. 
—The official circular of this Association for the present 
month contains a reprint of the paper on ‘ Roller Bear- 
ings,” read by Mr. Thomas W. How, C.E., F.R-G.S., 
at the meeting held on the 25th ult. In this paper Mr. 
How in review a large number of tests made in 
different’ works and by various railway and tramway 
companies to show the reduction of work and tractive re- 
sistance due to the use of roller bearings, and the saving 
and advantges that accrue theraby. A lively discussion, 
- eS Professor Carus Wilson, M.A., M. Inst. E.E., 
ollowed. 





Our Locomotive Exports.—Our locomotive exports, 
which have been moving on well for some time, experi- 
enced a certain check in October, the value of the ship- 
ments for the month having only amounted to 130,305/., 
as compared with 185,556/. in October, 1904, and 215 795/. 
in October, 1903. The decline observable in the exports 
would have been much more serious than it actually was 
but for the activity prevailing in the South American de- 
mand, British locomotives enjoying a more or less decided 
preference in Argentina. The Indian and colonial de- 
mand was unmistakably languid in October, the value of 
the shipments for the month comparing as follows with 


South Yorkshire Coal Trade.— Although there has been | 5993 


no increase in the demand during the week, pits are 
running good time, and prices remain steady. In house 
coal there is more doing, the demand being for better 


sorts. The ironand steel works are taking large ages — 
hem 


of manufacturing fuel, and there is a prospect of t 
doing so for some time to come. Coke is in good request, 
and prices have advanced. 








NOTES FROM..CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Yesterday there was a 
fairly numerous attendance on ’Change here, the market 
was very cheerful in tone, and buyers came forward in 
very satisfactory faSHion. Thus, as had been antici- 
pated, the lull in mincncpeal gaye of short duration. 
American accounts were good, and there were capital 
inquiries from the Continent, whilst customers at 
home were considerably in evidence, so that it was not 
at all surprising to find quotations going up. Some 
disappointment was expressed at the shipments so 
far this month, but they are certainly not bad, and they 
are expected to improve. No. 3 g.m.b. Cleveland pig 
‘anged hands at 53s. 3d. f.o.b., but by the close that 
‘vas more a buyer’s than a seller’s price, and there was little 
be had at that figure. East t hematite pig was in 
vod demand, and a large business might have done 
i producers had been in a position to book the orders 
ered ; but they have as much as they cap do to satisfy 
ustomers who have already bought. “The output is 
«together inadequate, and would, no doubt, be increased 
nmediately if — of good x of Spanish ore 
ere more easily obtained. ixed numbers were firm at 
Os. for early clivery, whilst No. 1 was 70s. 6d., and 
0. 4 forge, 65s, ubio ore (50 per cent. quality) 
was 188. 9d. ex-ship Tees for early delivery, and 193. to 
“Js. On forward account, To-day the market showed 
further im rovement so far as Cleveland pig was con- 
cerned. Hematite was firm, but unaltered in price. 
‘0. 3g.m.b. Cleveland became fully 53s. 6d. f.o.b., and 
‘ome makers asked more. (Quotations for all other quali- 
ties were raised. No. 1 went up to 56s.; No. 4 foundry, 


- 


amt 





02s. ; grey forge, 51s. 3d. ; mottled, 50s. 6d. ; and white, 


= corresponding value for October, 1904, and October, 


Oct., 1905. Oct., 1904, Oct., 1903. 








Colonial Group. 
£ & 
British South Africa oe 497 24,064 70,446 
British India a -. 15,355 91,357 41,436 
Australasia .. ee os 4,574 26,923 25,076 


The value of the locomotives exported from the United 
Kingdom to October 31 this oy was 1,900,878/., as com- 
pared with 1,570,362/. in the corresponding period of 
1904, and 1,981,148/. in the corresponding period of 1903. 
Here, again, we are confronted with much the same 
features—an excellent demand for our locomotives in 
Seuth America, but unfortunate depression so far as South 
Africa and Australasia are concerned, although there has 
been a market this year for British railway engines 
in British India. The value of the engines exported to 
South America to October 21, this year, was 513,237/., as 
compared with 283,998/. in the corresponding period of 
1904, and 190,9997. in the corresponding period of 1903. 
-— colonial and Indian demand has moved on as 
‘ollows :— 





Colonial Group. 1905. 1904. 1903. 
£ 2 % £ 
British South Africa ee 63,144 442,745 - 531,224 
British India ée -. 725,834 447,420 482,330 
Australasia .. oe oe 23,056 86,109 346,780 


The falling off in the South African demand is explained 


NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam-coal trade has been quiet, with 
occasional concessions in prices; the best cs descrip- 
tions have been quoted at 12s, 6d. to 12s. 9d. per ton, 
while secondary qualities have ranged from 11s. to 12s. 3d. 
per ton. Quotations for small steam coal have been well 
maintained. In the house-coal trade prices have also 
been supported with firmness ; but the demand for ship- 
ment has not been active in consequence of the scarcity 
of small tonnage. The best ordinary qualities have made 
13s. 6d. to 15s. Ee ton, while secondary descriptiups have 
ranged from 10s. 6d. to lls. per ton; No. 3 Rhondda 

has made 13s. 6d. to 13s. 9d. per ton. Patent fuel 
and coke prices have shown steadiness; foundry coke 
has brought 18s. to 18s. 6d. ton, and furnace ditto 
16s. 3d. to 16s. 6d. per ton. 8 regards iron ore, Rubio 
has made 17s. 6d. to 18s. per ton, and Almeria 17s. to 18s. 
r ton upon a basis of 50 per cent. of iron, and charges, 
including freight, insurance, &c., to Cardiff or Newport. 


South Wales Coal and Iron.—The shipments of coal 
from the six principal Welsh ports—Cardiff, Newport, 
Swansea, Port Talbot, Neath, and Llanelly—in October 
were 2,115,642 tons, as compared with 2,054.749 tons in 
October, 1904. The shipments (foreign) in October were 
1,736,082 tons and coastwise 379,562 tons. The ship- 
ments of iron and steel from the six ports in October 
were 5032 tons ; of coke, 10,143 tons ; and of patent fuel, 
94,584 tons. The shipments of coal from the six ports 
in the ten months ending October 31 this year were :— 
Cardiff, 13,990,928 tons ; Newport, 3,246,368 tons ; Swan- 
sea, 1,806,940 tons; Port Talbot, 857,395 tons; Neath, 
265,595 tons ; and Llanelly, 279,227 tons. Theshipments 
of iron and steel for the ten months were :—Cardiff, 
55,985 tons ; Newport, 62,235 tons ; Swansea, 21 778 tons ; 
and Port Talbot, Neath, and Llanelly, nil. The ship- 
ments of coke were:—Cardiff, 52,211 tons; Newport, 
15,735 tons; Swansea, 9248 tons; Port Talbot, 13,536 
tons; and Neath and Llanelly, nil. The shipments of 
patent fuel were :—Cardiff, 357,524 tons; Newport, 
57,688 tons: Swansea, 448,107 tons; Port Talbot, 91,885 
tons ; and Neath and Llanelly, nil. 


Dowlaiz.—The Goat Mill had a large output last week 
of heavy section steel rails, weighing 100 lb r yard, 
and made for the Buenos Ayres and Pacific Railway. 
The Goat Mill has also been engaged upon billets tor 
stock and sale. The Big Mill has again been running 
without interruption ; the yield has included fish-plates 
and short colliery rails, but a large quantity of steel 
—— has also been turned out for shipment to South 

rica. 


The Swansea Vulley.—The demand for home-rolled 


steel for tin-plate purposes has been in excess of the 
supply. The coal trade has continued quiet, and, upon 
the whole, inactive. 


Barry Graving Dock, &c., Company, Limited.—The 
directors of the Barry Graving Dock and Engineering 
Company, Limited, in their sixteenth annual report to 
the shareholders, to September 30, 1905, state that the 
net profits for the year, after payment of interest on de- 
bentures, amount to 13,906/., which, with a balance 
brought forward from last year of 13,093/., leaves 27,005/, 
at the credit of profit and loss. From this amount an 
interim dividend was paid in May last amounting to 
6593/., leaving an available balance of 20,4112. This 
balance the directors recommend should be applied to 
the payment of dividends at the rate of 5 per cent. per 
annum upon the preference shares and 8 per cent. per 
annum upon the ordinary shares, leaving 13,817/. to be 
carried forward. 








Coat IN ALAska.—Anthracite coal is reported to have 
been discovered in large quantities in the Matanuska dis- 
trict, Alaska, by mining- experts connected with the 
Alaska Central Railroad. 





PersonaL.—The Midland Manufacturing Company, 
Limited, who have madew specidlity of the manufacture 
of engineers” andgontractors’ tools, have opened new 
works in Savile-street East, Sheffield. — Chatwood’s 
Patent Safe and Lock Company, Limited, notify their 
removal from 76, Newgate-street, E.C., tu 56, Grace- 
church.street, and 18, Talbot-court, E.C. 





Eneingerinc Stanparps Commitree: GLow-LAMP 
Makers’ Conrerence.—We are informed that a con 
ference of glow-lamp makers will be held at the Institu- 
tion of Civil Engineers on Friday, November 24, at 11 a.m 
The subject, which is now von dealt with by the sub- 
committee on Physical Standards, presided over by Dr. 
Glazebrook, the director of the National ae Labora- 
tory, has recently come under the notice of the Incorpo- 
rated Municipal Electrical Association, with the result 
| that Mr. C. D. Taite, of Salford, and Mr. George Wil- 
| kinson, of Harrogate, have been appointed to represent 
the association on this committee. A circular dealing 
very completely with the various questions affecting the 
standardisation of carbon filament glow-lamps has lately 





by the severe depression which has prevailed of late in| been issued to the manufacturers, and we understand 
Cape Colony, Natal, &c. The weakness in the Austral-| that very valuable information has been placed at the 


asian demand for our engines is attributable, to some 
—e, to American competition, and also to the in- 
c attention which is being given to Australasian 
locomotive manufacture. There has some inquiry 
this year for British locomotives in Spain, the value of the 
engines shipped to that country to October 31 having 
been 45,902/., as compared with 19,405/. in the corre- 
sponding period of 1904, and 32,9607. in the corresponding 
period of 1903. 


disposal of the committee, In view, however, of the 
many difficult questions involved, the Sub-Committee on 
Physical Standards have decided that, before formulating 
any recommendations to be put before the Electrical 
Plant Committee for transmission to the Main Com- 
mittee, the interests of all concerned would be best 
served by convening a conference, and in a friendly 
manner discuss those points which appear to be somewhat 
| difficult from the point of view of standardisation, 
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THE WILLIAMSBURG BRIDGE OVER THE EAST RIVER, NEW YORK. 
MR. L. L. BUCK, M. AM. SOC. C.E., M. INST. C.E., ENGINEER. 
(For Description, see Puge 643.) 





























Fic. 89. Tor or Fatsework Tower on Mat Pier. Fic. 91, Connections or Cross-Bracine. 
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Fic. 90. First Section or TOWER FINISHED, SHOWING FALSEWORK. Fic. 92. Sreconp Stace or Fatsewokk Tower 1x Urrer Position. 
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THE SIZE OF WAR VESSELS. 


Tue fact that the Japanese naval authorities 
have decided to build in Japanese dockyards two 
battleships of 18,000 tons and three armoured 
cruisers of 14,000 tons is not without interest. 
The nation will regard the news with mixed feelings. 
We shall regret the loss, which is foreshadowed, 
of a most welcome customer for ships and engines ; 
not only on account of the money gain that their 
orders brought, but equally—if not to a higher 
degree—because of the straightforward and satis- 
factory manner in which all business with Japanese 
naval officials was carried on. Although they never 
spared themselves—or, for that matter, the con- 
tractors—in seeing that their country received full 
value for money spent, they were eminently 
reasonable in interpreting open questions of detail, 
and never tried to obtain advantage by an unfair 
reading of a debatable point. One of the most 
profitable features in a Japanese contract—as com- 
pared to some other contracts—was that there were 
no unreasonable delays in settling details of construc- 
tion. The Japanese officials throughout were masters 
of their business, and were trusted in their respec- 
tive spheres. 

The excellent moral effect due to the execution 
of Japanese orders is not the least of the benefits 
we have gained by our friendly relations with this 
great nation. All this, however, is somewhat apart 
from our present subject ; but it was evidently 
inevitable from the first that a people so enlight- 
ened and so enterprising would not very long con- 
tinue to depend on a foreign source, however 
friendly, for its primary guarantee of continued 
national existence. 

In building 18,000-ton armourclad vessels the 
Japanese are but following the lead we have set in 
the design of our latest battleship, the Dread- 





665 | nought ; but they have the advantage, which no 


other nation with a strong fleet , of prac- 


666 | tical experience with very big ships of the line in 


an important contested battle ; and it is for this 
reason that the decision of Japan carries excep- 
tional weight. Germany appears also to be pro- 


4 fiting by the lessons of the late war in the Far 


East, it being stated that the new German battle- 


eco | Ships will have a displacement of 18,000 tons, 


whilst the new cruisers that are to be built will 
each displace 15,000 tons. According to the 
Cologne Gazette this heavy displacement is felt by 
the German authorities to be necessary owing to 
the lessons taught by the Battle of the Sea of Japan. 

The ever-increasing size and cost of warships is 
inevitable so long as there are warships and engi- 
neering science progresses ; it is useless, therefore, 
regretting what is inevitable. The old Dread- 
nought—the re-designed Fury, and one of the 





earliest of the mastless ironclads—was 325 ft. long, 
10,820 tons, and 8210 indicated horse-power. Her 
speed was a little over 14 knots, and she was 
considered a marvel of size and power in her day ; 
so much so that to many it seemed as if almost the 
final word had been said on ironclad construction— 
at any rate, that we had reached a type that might 
remain effective for as long a period as the wooden 
three-deckers, which had then not long become 
entirely obsolete. The cost of this remarkable 
vessel was not very much over half-a-million—under 
600,000/. 

That was the Dreadnought of thirty years ago 
—she was completed in 1875 ; but what the Dread- 
nought of to-day will cost is not yet revealed ; we 
only know that over 400,0001. are to be spent on 
her this year as a commencement. The total will 
hardly be less than three times that of the older 
vessel, seeing that the King Edward VII., of 16,350 
tons, cost a million and a half. A few years after the 
completion of the older Dreadnought, a discussion 
arose, in the course of which the Admiralty autho- 
rities were roundly taken to task for deficiencies in 
certain elements of attack and defence in some of 
their designs. The criticisms upon official proce- 
dure caused some searching of hearts at Whitehall, 
and the higher: powers were inclined to ask those 
by whose advice they had to act why everything 
was not exactly as the outside critics would have it, 
in regard to armour, armament, speed, and other 
elements of design. Asa reply, it was pointed out 
that a warship must be a compromise: she could 
not be supreme in every detail. The professional 
officers got out a design in which the most impor- 
tant demands of the critics were incorporated, and 
it was found that the cost of the vessel would be 
no less than 1,800,000/. This was considered at 
the time a sufficient answer to those who asked for 
a perfect warship ; the price of the compromiseless 
ship would be so absurd as to put it Cotend the 
pale of possibility. 

Now, after the lapse of another twenty years, 
our experience leads us to look on this ‘absurd 
price” as something quite within the bounds of 
practical politics ; only another quarter of a million, 
or perhaps less, and we shall have reached the once 
‘*impossible” figure. It is a question, however, 
whether the Japanese have not already reached it, 
for a leading Tokio journal states that naval experts 
have decided that in future battleships must dis- 
place 22,000 tons, that they must have an armament 
of fourteen 12-in. guns, and must reach a speed 
of 20 knots. No one is better qualified than 
Japanese naval experts to know what is likely to 
be needed in future naval wars. In addition to 
the practical experience to which we have referred, 
they have intimate knowledge of our own practice 
and that of foreign nations, for they have had 
ships built in all the private yards of importance 
in most of the chief nations of the world. Up to 
now full details of their war experience are only 
known to themselves ; but doubtless more — 
information will be spread abroad in the fulness 
of time ; for the present we | look on Japan as 
the centre of authority on naval design. 

Although it- may be supposed we are within 
measurable distance of the 1,800,000/. set down 
over 20 years ago as the figure at which ——- 
in battleship design would disappear, it need hardly 
be said we are not within sight of the compromise- 
less ship ; and, indeed, a few minutes’ consideration 
will show that such a vessel must be as much a 

hantom ship as the craft of the Flying Dutchman. 

hat is compromiseless to-day will be compromised 
to-morrow. We throw econoniy to the winds this 
year and go to 18,000 tons, with ten 12-in. guns ; 
but Japan—it might have been another nation— 
caps our design by 4000 tons additional, and 40 
per cent. more 12-in. guns. But even here the 
Japanese authorities have to make some com- 
promise in getting out their design, for—accord- 
ing to present information—they propose to give a 
speed of but 20 knots to their new vessels, 
whilst our Dreadnought is to be engined for 21 
knots.* 

In saying that a compromiseless ship is a 
phantom, it will be seen that we take the future 
into account, for it would naturally be quite pos- 
sible, were funds unlimited, to build a Vessel that 
would excel all existing fighting ships. That, how- 
ever, is not the practical question, for we can no 
more avoid the future than we can cancel the past. 
An American naval officer has, however, recently 


* See ENGINEERING, vol. lxxix., page 675. 
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written a brief but suggestive article* in which he 
sets forth the points to be observed in designing 
what he styles ‘‘compromiseless ships.” Com- 
mander Bradley A. Fiske, U.S.N., the author in 
question, had advocated very large battleships of 
high speed in the Prize Essay of the Naval In- 
stitute which he wrote this year. He has been 
taken to task by some critics who point out that 
in every ship there must be a compromise. Com- 
mander Fiske tells us that he laboured for 
several weeks in endeavouring to arrive at some 
law by which, for any given size of ship, the best 
combination of speed, armour, and armament could 
be obtained. ‘It is a problem that other naval 
officers have attempted to solve on more than 
one occasion, but it is, as we have before pointed 
out, one that is indeterminate, for the reason 
that Commander Fiske now gives for his failure— 
namely, that the conditions undér which a ship may 
have to fight are so various that what would be 
the best combination at one time would be not the 
best at another; in fact, the possibilities are too 
numerous, and the probabilities are too well 
balanced. 

Foiled in his endeavour to evolve a perfect com- 
romise, Commander Fiske cuts the knot by saying 
is ship ‘‘ must be compromiseless.” To get such 

a vessel he would need a constructor’s capital of 
20,000 tons, with armour distributed along the 
water-line, and over widely-separated turrets. The 
speed would be 18 knots and the vessel ‘‘ would 
carry many torpedoes of sufficient range to keep an 
enemy 4000 yards away.” She would ‘‘carry a 
considerable number of the largest guns that have 
yet been built, and could carry such thick armour 
on the water-line, turrets, and conning-tower as 
to be practically invulnerable beyond torpedo range 
to any guns yet built, or building, for use afloat.” 
Later on he says:—‘‘Ships of 20,000 trial-dis- 
placement tons seem to be what we (the United 
States Navy) need. They would be compromiseless, 
and have no off-setting disadvantages, strategical, 
tactical, or economical.” 

It will be noticed, first of all, that in this com- 
»romiseless ship her author has compromised what 

always been considered one of the leading ele- 
ments of designs—speed ; for he is contented with 
half a knot lower than our King Edward VII., of 
3650 tons less displacement, to say nothing of the 
21 knots of our new Dreadnought, of 2000 tons less, 
or the 20 knots of the proposed Japanese vessels of 
2000 tons greater displacement than his design. 
This is a very important matter. 

In return for this short-coming in speed, he offers 
‘‘torpedoes of sufficient range and speed to keep 
an enemy 4000 yards away ;” for the armour is only 
invulnerable beyond that range. Putting on one 
side the draft he here makes on the future—for he 
says it is not ‘‘ the torpedo as it is to-day” he has 
in mind, but ‘‘ the torpedo as it will probably be 
by the time the ships next appropriated for shall 
be completed "—putting this aside, and supposing 
‘* the torpedo as it will probably be” to have arrived, 
we find Commander Fiske compromising a proved 
valuable quality —speed—for an element of defence 
which has never yet proved its value-in warfare, 
either real, or, so far as we are aware, make- 
pretend. The torpedo is a weapon of immense 
possibilities, as we have pointed out times out of 
number, and its moral effect is ever present, but 
that has always been in connection with its use 
from torpedo craft. The sacrifice of two or three 
knots—or more when on the ratio of displacement 
—-would enable the Dreadnought to select her 
position in attacking Commander Fiske’s supposed 
vessel, so that the numerous torpedoes might be 
practically out of action, and the battle left for 
guns and armour to decide. Beyond this, the tor- 
pedo, looked on as a projectile, is very bulky and 
exceedingly costly. The number carried must be 
limited. 

Although we feel sure the majority of British 
naval officers will not agree with Commander Fiske 
in his distribution of the elements of attack and 
defence in battleship design, there are many who 
will support his main contention for big ships ; and 
that his views are accepted by those in authority, 
both at home and abroad, is sufficiently proved by 
the naval programmes now put forward. It may 
be noticed, however—and we confess we do so with 
some surprise—that opposition to these views comes 
from an authority who has, by his writings, done 


* Proceedings of the United States Naval Institute, 
vol, xxxi,, page 551. 





more to gain the ear of the English-speaking public 
than any other man. We refer, of course, to 
Captain Mahan, of the United States Navy. This 
gifted author has certainly put Great Britain under 
a great debt of gratitude by helping to impress on 
us the need for keeping our Navy in a state of 
efficiency needed for the safety of the nation. We 
say ‘‘helping” advisedly, for the indiscriminate 
eulogy of some writers would lead one to suppose 
that before ‘‘ The Influence of Sea Power upon His- 
tory’ was published England was oblivious to her 
need for a navy, that Campbell had never written 
his stirring lines, or that the popular agitation for 
a strong navy had not arisen before Captain 
Mahan’s book appeared. Captain Mahan is not, 
however, pace on for the extravagances of his 
injudicious admirers, who make claims for him 


which we are sure he would be the last to advance. | 
Captain Mahan, writing in an American publica- | 


tion, dwells on the attack made by Admiral Togo 
on the Russian line, when the enemy was thrown 
into disorder, which ‘‘ the Japanese were enabled 
to improve by being numerically much superior in 
armoured vessels, on the whole, though with fewer 
battleships.” He adds: — ‘‘Indeed, the larger 
numbers of the Japanese increased much their 
ability to combine to advantage; for the possi- 
bility of combination increases with numbers.” 
That is undoubtedly true ; but it does not solve 
the problem, for in the big ship combination or 
concentration of force—one of the most important 
canons of land and sea tactics—is already effected, 
and the question still remains whether the, say, 
two strong ships or three weaker ones is the 
better disposition. Captain Mahan evidently leans 
to the latter view, for he says that ‘‘this (the 
ability to combine) if accurately inferred from the 
instance before us, sounds again the warning, con- 
tinually repeated, but in vain, that in distributing 
fleet-tonnage regard must be had to numbers, 
quite as readily as to the size of the individual 
_ * 

he —— is guarded, but the conclusion 
Captain Mahan would have us draw is evident, 
although he confesses that there is a paradox. 
‘*This I say,” he adds, ‘‘fully conscious of the para- 
dox, that an amount of power developed in a 
single ship is more efficient than the same amount 
in two.” We need here a definition of the word 
‘*power.” The standard by which ship-design 
should be judged is money. The true question is 
whether for a given sum for first cost and upkeep 
one ship or two had better be built. However, 
Captain Mahan’s conclusion is :—‘‘In part, the 
present Japanese success has been the triumph of 

reater numbers, skilfully combined, over superior 
individual ship power too concentrated for flexi- 
bility of movement.” 

The conclusion to be drawn from the lesson of 
the battle here turns on the expression ‘‘ skilfully,” 
for if Captain Mahan had added, in the above 
quoted sentence, after ‘‘superior individual ship 
power,” the words ‘‘ unskilfully used,” he would 
more accurately have represented the conditions 
that were present, though he would have spoilt his 
argument. 

n justice to a gallant but unfortunate fleet, we 
wish to add that the unskilfulness which we have 
suggested was at that time not a fault of the 
Russian Admiral or those in command of Russian 
ships. It is true that Togo outmanceuvred his foe 
from the first; and, indeed, the result of the 
battle was as much a foregone conclusion before 
Rojhdestvensky left the Baltic as was the Battle of 
Trafalgar when Nelson was watching Toulouse. 
The Russian Admiral was set an impossible task. 
Commander Fiske does not fail to notice the weak 

rt in Captain Mahan’s argument. ‘‘ Flexibility,” 

e says, ‘‘has great value when we wish to apply 
many small forces at many points, as the Japanese 
did when they prtvadcee | the Russians, and pre- 
vented them from escaping, after the Russians had 
been whipped.” 

The battle of big ships versus little ships has often 
been fought, on paper; naturally, it has always 
been a drawn battle. In the Sea of Japan, where 
the main issue was decisive enough, nothing was 
settled in this ct, for the forces were too un- 
equal in everything but physical courage. The 
old weapons of the controversialist—concentration 
for the big ships, flexibility for the little ones—- 
will be used again and again ; but it appears to us 
that in the present case Commander Fiske’s argu- 
ments in favour of big ships have not been upset 
by Captain Mahan; and the former certainly has 


the responsible authorities on his side so far ; but 
we wish he had not placed so much confidence in a 
broadside of torpedoes at 4000 yards. 








THE LONDON COUNTY COUNCIL 
POWER SCHEME. 

Two weeks ago we discussed, at some length, the 
report of the Highways Committee of the London 
County Council ‘recommending that the Council 
should promote a Bill next session to obtain powers 
for the supply of electric energy in London and the 
surrounding districts. We had occasion then to 
pass somewhat severe strictures upon this report, 
which asked the Council to accept without inquiry 
a scheme which had yet to be formed, and of which 
the best that could be said by its authors in its 
favour was that they believed it was ‘‘ quite prac- 
ticable to put forward a satisfactory scheme;” and 
we added that we should await with interest the 
remarks of Lord Welby, chairman of the Finance 
Committee, on this proposal. The report of the 
Finance Committee has now been published, and 
the general discussion of the Highways Committee's 
Report by the whole Council has taken place this 
week ; it is, therefore, possible now to consider the 
deliberate decision of the Council. There are some 
matters raised by that decision which deserve close 
attention. 

The report of the Finance Committee is a very 
striking document, and contains ample proof that 
every word of our criticism of the proposals made 
by the Highways Committee was fully justified. 
Indeed, parts of that report might have been taken 
bodily from our article, so close is the resemblance. 
The Finance Committee point out, as we did, that 
the Council is not provided with any details of the 
scheme it is asked to adopt, and they add that 
‘they are strongly of opinion that in a matter of 
this magnitude, raising financial issues of the 
greatest importance, the Council should, before 
committing itself to the undertaking, have before 
it a definite and carefully worked-out scheme.” 
The report then goes on to consider what grounds 
there are for thinking that the enterprise would 
be self-supporting ; and as the Highways Committee 
supplied no data to work upon, the Finance Com- 
mittee base their conclusions upon the estimates 
put forward last year by Mr. Merz for the Adminis- 
trative County of London Power Bill. It is not 
without humour to find this committee arguing 
upon estimates which the County Council only six 
months ago was trying its best to ridicule. How- 
ever, the conclusion arrived at, even upon these 
estimates, is not encouraging to the Council, for 
the Finance Committee show that, taking the capital 
at 3,000,000/., ‘‘there must be a long period during 
which the capital would be unremunerative,” and 
that there is no precedent for allowing to a muni- 
cipal body the power proposed to be taken by the 
promoters of last year—to pay interest out of 
capital at 3 per cent. up to a maximum of 310,000. 
This interest would, therefore, have to come out of 
the rates, and during the construction of the works 
would amount to 380,000!. ‘* This,” says the 
report, ‘‘is a consideration which they do not 
think the Council has sufficiently appreciated in 
the past.” The ultimate debt charges would amount 
to 180,0001. a year. A very pertinent remark is 
added that, until some information is given as to 
the amount of support which the Council would be 
likely to receive from existing undertakers, it is, 
in the opinion of the Committee, undesirable for 
the Council to commit itself. 

All these remarks are wise, but still more im- 
portant are the conclusions of the Committee on 
the question of the position of the Council with 
the investing public, and the effect which would 
be produced by issues of stock for such a scheme 
| when the general conditions of the money market 
| are unfavourable. The following extract from the 
| report deserves to be written in large letters above 
| the door and in prominent positions within the 
| Council chamber :—‘‘ The time has, in fact, arrived 
‘when the Council must, in their judgment, select 

from the objects of expenditure, which it is being 
| pressed to undertake, those which are necessitated 
|by its present statutory duties, in order that its 
— financial position may not be prejudiced. 
'They are, moreover, of opinion that the Council 
should be further guided in this matter by its 
financial position, and that it should not largely 
, extend its financial engagements during the next 
| few years beyond those already entered into.” 

| It is significant of the deplorable condition of 
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and lack of business management displayed by, the 
London County Council that it should be necessary 
for any one to tell it, in this grave and solemn 
manner, to guide its affairs by taking heed of its 
financial position: but nothing could afford more 
abundant proof of the reckless extravagance of the 
Council, and its utter disregard for the public purse, 
than the fact that this warning was absolutely 
disregarded by the whole Council at Tuesday’s 
meeting, and a resolution was adopted, by 79 votes 
to 36, approving of the introduction of a Bill, and 
rejecting an amendment which proposed to refer 
the matter back to the Highways Committee with 
an instruction that the Council was unwilling 
to promote any Bill which was not based upon 
agreements with existing undertakers, or upon 
estimates which would enable the Council to 
judge of the financial responsibilities to be incurred 
by the ratepayers. It is true that under pressure 
from the Finance Committee, the recommendations 
of the Highways Committee were modified to some 
extent, and itis now agreed that ‘‘ before the intro- 
duction into Parliament of any Bill, opportunity 
shall be afforded for full discussion in the Council of 
its provisions, especially as they affect the financial 
consequences of the scheme ;” but the most impor- 
tant thing to notice is that the Council has, by an 
actual vote, refused its assent to the proposal that 
the Council should not promote any Bill which is 
not based upon estimates which would enable the 
Council to judge of the financial responsibilities to 
be incurred by the ratepayers! After that, one 
need not be surprised at any action of the London 
County Council. 

All this is sufficiently disappointing to any one 
who has some conception of business management, 
and, still more important, of public duty. But what 
words can adequately express the feelings of such a 
person when he finds that the Finance Committee, 
whose weighty decisions upon the whole matter 
have been quoted above, refused to support the 
amendment just referred to, and actually voted 
against it and in favour of the proposal to promote 
a Bill? Itseems past comprehension, and we leave 
it to others to explain. Consider the position of 
atlairs. Here is a body of persons reporting 
solemnly that ‘‘the time has arrived when the 
Council must select from the objects of expenditure 
which it is being pressed to undertake those which 
are necessitated by its present statutcry duties, in 
order that its general financial position may not be 
prejudiced.” Can anyone say that electric power 
supply, or even the ordinary supply of electricity, 
is one of the ‘‘ present statutory duties” of the 
County Council? Everyone knows the reverse to 
be true. If, then, the report of the Finance Com- 
mittee means anything at all, it means that if the 
Council should promote now a scheme of this nature, 
involving a very heavy capital expenditure, it will 
prejudice its general financial position. Yet when 
it comes to be a question of action, and not of 
words, this same Committee has not the courage 
of its convictions. We admit that to preach com- 
mon-sense in the forum of the London County 
Council to-day requires courage, but we look for it 
in vain in the action of this:Committee. The 
spokesman of the Committee (Sir F. Mowatt) 
actually seeks to justify their position in voting 
against the amendment by foolish talk about ‘‘ the 
danger that London would be in if saddled with a 
private monopoly,” adding that ‘‘ if the Council did 
not obtain a footing at the present time, their chance 
of interference in the future would be very largely 
minimised.” How can he reconcile these words 
with those we have given above from their report ? 
ous this seems an impossible ta:k. Even Lord 
Welby, who seems to have remained silent till 
towards the close of the discussion, contented him- 
sell with saying that when they had the Bill before 
them, they would be prepared to offer some useful 
“iclsms upon the scheme, although, to be con- 
sistent, he ought, it appears to us, to have sup- 
p ted his report, and to have shown how the 
fiusocial responsibilities of the Council demand 
li ‘tation of their energies to the performance of 
' present statutory excuses. His silence is all 

more remarkable, even inexcusable, as he had 
‘ been listening to a speech from the chairman 
.e Highways Committee (Mr. McKinnon Wood), 
which that gentleman actually attempted to find 

ments for his scheme in the report of the 
Fi nce Committee itself, when he said that “if 
tl © Council spent the sum of money the Finance 
lutttee put down as the cost of the scheme, 
they only needed 180,0001. to safeguard the rate- 


Lar | 


_ 


the 
ju 
OT 
in 
ar 


Co 





payer from loss.” That isa gross travesty of the 
position set out in the report of the Finance Com- 
mittee, as this 180,000/. was there shown to be the 


probable annual charge to meet the bare cost of land, | — 


buildings, and machinery, without taking into con- 
sideration at all possible deficits upon working in 
the early years of the undertaking ; yet Lord Welby 
allowed the remark to pass without criticism, though 
in his report he said they must assume that the 
interest on the capital raised would have to be 
defrayed out of the rates. 

What is the hidden meaning of all this? We 
confess we are entirely in the dark. One speaker 
showed that there is something behind it all when 
he spoke of ‘‘several documents,” marked ‘‘ private 
and confidential,” which have been circulated 
among members. If the Highways Committee has 
any proposals to make of a more definite character 
than those contained in its original report, why 
should they be kept from the public, who have to 
become sureties for the payment of annual charges 
and repayment of capital? In a matter of this 
kind public criticism is most .desirable, and ample 
time should be allowed for such criticism ; but it 
appears that no opportunities are to be given. 
One thing, however, is now certain. The County 
Council will not be alone next Session in promoting 
a Bill for power supply in London; report says 
that the Administrative County scheme is again to 
be brought forward, and that other quite new 
schemes will also be before Parliament. In such 
a position of affairs we are glad to think that the 
County Council scheme, if one be promoted, 
has little chance of success, for Parliament will 
take greater care of the interests of London 
rate-payers than the London County Council 
has shown any desire to do, and this report 
of the Finance Committee should go far to 
bring about the rejection of any scheme which 
the Council may bring forward. We regret, of 
course, that public money should be spent need- 
lessly on promoting a scheme which is contrary to 
the public interest, and in opposing others which 
can secure better results without pledging the public 
credit to the extent of one penny ; but if the result 
should be to teach the County Council a much- 
needed lesson and to rouse the public to put a 
check on this reckless expenditure, the money 
may not be spent in vain. 








THE PETROLEUM FIRE IN CORNHILL. 

Tae remarkable fire which occurred in Cornhill 
on October 16 deserves attention. On that day a 
steam-driven lorry, belonging to the Anglo-American 
Oil Company, and containing 700 empty petrol cans 
and 100 full cans, was driven from the company’s 
dépét in Hammersmith to the City. On reaching 
Cornhill the driver had to bring his engine aud van 
to a standstill, and was kept waiting between two 
omnibuses and among other traffic for the space of 
afew minutes. Suddenly there was a slight explo- 
sion in the van, and in a very short time the whole 
van and contents were ablaze with fire. The flames 
rose to a great height, and the firemen, who were 
summoned to the scene, found it necessary to pro- 
tect the neighbouring buildings by putting up tar- 
paulins. Sand and water were thrown on the 
flames, and, finally, but only with much difficulty, 
the fire was overcome without injury to life or 
to property, other than the van and its contents. 
The fire occurred after six in the evening, and the 
van was at the time carrying lights. 

It is obvious that the mere possibility of such a 
fire taking place in the midst of the traffic on the 
London streets is a very serious matter ; and when 
it has actually occurred, a full inquiry into the cir- 
cumstances is most desirable. Fortunately, in the 
City of London machinery exists for such an 
inquiry, as by the City of London Fire Inquests 
Act, 1888, the City Coroner is empowered to hold 
an inquest to find the cause of any fire which 
appears to demand investigation, even though there 
be no loss of life. The result of the inquiry must 
be reported by the Coroner to the Lord Mayor and 
to the Home Secretary. In exercise of the powers 
conferred by this Act, Dr. F. J. Waldo, J.P., City 
Coroner, held an inquest in the City on October 27, 
and to the reports of the evidence there given we 
are indebted for the facts above stated and for those 
which follow. 

The most important point requiring notice is 
that the fire occurred after sunset, al at a time 
when vans and other vehicles are required to carry 
lights. There was conflicting evidence regarding 


the presence or absence of a tail-light on the van, 
but the jury appear to have been satisfied on 
this point, as their verdict was given in this form : 
‘*The jury are of opinion that the fire was caused 
by spirit leaking from a can, and coming into con- 
tact with an improper lamp.” They added a rider 
that ‘‘ the jury consider the carriage of petroleum 
through the streets should be regulated by the 
Petroleum Acts.” Some witnesses suggested that 
the cause of the fire must have been a cigarette-end 
or lighted match thrown from the top of an omni- 
bus into the van ; others maintained that escaping 
spirit might have come in contact with the coke 
fire in the engine, and although the possibility of 
this happening was denied by some, Captain J. 
Thomson, Chief Inspector of Explosives, expressed 
doubt if any motor-van could be constructed which 
would be free from such danger in carrying motor 
spirit. Whatever may have been the source of 
flame by which the spirit was ignited, the real cause 
of the fire, of course, must have been a leakage of 
a from its containing vessel, which must either 

ave been defective or left insecurely stopped. 
The danger of such a leakage is a risk which must 
be faced, and, therefore, the point deserving public 
attention in connection with this fire is that to which 
the coroner’s jury refer in the rider to their verdict 
—the absence of regulations for the carriage of petro- 
leum through the streets. When Captain Thom- 
son was asked what the law was on this point, he 
answered that the only thing he could say was, 
‘**There is no law,” and that there was no power 
at present to make any regulations. 

‘his is a surprising statement, but an examina- 
tion of the Petroleum Acts shows that, with a slight 
qualification to be noticed later, it is true. These 
Acts contain provisions requiring harbour authori- 
ties to make by-laws regulating the landing and 
storage of petroleum brought by ships; and rail- 
way companies also have power to make by-laws 
regulating the carriage of these explosive and 
inflammable oils on their lines. Both in har- 
bours and on railways, therefore, abundant pre- 
cautions are taken to prevent fires from such a 
source ; but although such oils must frequently be 
carried through the crowded streets of towns, there 
are no statutory provisions expressly regulating 
such carriage, except those of the Petroleum 
(Hawkers) Act, 1881, which relates to the hawking 
of petroleum for sale in the streets. Under that 
Act a person is to be deemed to hawk petroleum 
‘*if by himself or his servants he goes about carry- 
ing petroleum to sell, whether going from town to 
town or to other men’s houses, or selling it in the 
streets of the place of his residence or otherwise, 
and whether with or without any horse or other 
beast bearing or drawing burden” It is fairly 
clear that it would be difficult to bring the Anglo- 
American Oil Company, and their van which took 
fire in Cornhill, within this definition, but it is also 
clear that a very slight extension of the definition 
would be sufficient to produce this desirable result. 
If the definition were made to read :—‘‘ If by him- 
self or his servants he, in the course of business 
conveys petroleum through the public streets, or 
goes about carrying petroleum to sell, &c.,” it 
would cover such a case as that we are considering, 
and would probably meet the majority of cases of 
carriage of pepe in quantities. Of course, the 
clause might be altered in many ways, and we do 
not even suggest that the insertion we have made 
is the best amendment. What we do wish to 

int out is that a mere amendment of this clause 
in the Act would go very far towards a complete 
removal of the present difficulty, for the Petroleum 
(Hawkers) Act lays down very clear rules as to the 
precautions to be taken in the carriage of that oil 
through the streets, and makes the non-observance 
of such precautions a punishable offence. 

The following is a brief summary of the pro- 
visions of the Act on this point :—No more 
than 20 gallons are to carried in one carriage 
at one time. The petroleum must be conveyed 
in closed vessels so constructed as to be free 
from leakage. The carriage conveying these vessels 
must be so ventilated as to prevent any evaporation 
from the petroleum mixing with the air in or about 
the carriage in such quantities as to produce, or be 
liable to produce, an explosive mixture; and it 
must be so constructed or fitted that the petroleum 
cannot escape therefrom in the form of liquid, 
whether ignited or otherwise. No fire, or light, 
or article of explosive or highly inflammable 
character may be brought into, or dangerously 





near to, the carriage conveying the vessels con- 
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taining petroleum. Finally, it is provided that all 
due precautions shall be taken for prevention of 
accidents by fire or explosion, and for preventing 
unauthorised persons from having access to the 
vessels containing the petroleum ; and every person 
concerned in hawking the petroleum is required to 
abstain from any act whatever which tends to cause 
fire or explosion, and is not reasonably necessary 
for the purpose of such hawking. In these rules 
the word ‘‘ carriage” includes ‘‘ any carriage, 
wagon, cart, truck, vehicle, or other means of 
conveyance by land, in whatever manner the same 
may be drawn or propelled.” 

If these rules were made applicable generally, 
and not only to the case of hawking, there would 
be little risk of such a fire as that in Cornhill. It 
is obvious at once that the motor-wagon there con- 
cerned did not satisfy the requirements here laid 
down. A lighted match could be dropped into it, 
and among the petroleum vessels, from a passing 
omnibus; oil leaking from these vessels could 
escape from the carriage in liquid form, and in so 
doing could, acccording to the verdict of the jury, 
come in contact with an open lamp upon the tail- 
board. In all these respects it failed to satisfy 
what would be required of an ordinary hawker’s 
cart, limited to a load of 20 gallons, though it con- 
tained 100 cans full of petrol. Indeed, reliance for 
safety was placed prc on the stopping of the 
vessels, and even if we accept the evidence that 
none of the screws of the 900 cans were loose when 
they were placed in the van at Hammersmith, it is 
clear that at least one of the screws must have been 
defective, or a can, or cans, leaky. 

We are not fond of the idea of allowing different 
local authorities each to make different sets of by- 
laws and regulations in a matter of this kind. It 
is much better to have uniformity ; indeed, this is 
almost essential, as a conveyance may in the course 
of its journey pass through the areas of several 
distinct authorities. In expressing the hope, there- 
fore, that effect may soon be given to the rider 
attached to the verdict of the coroner’s jury, we 
also hope that this may be done by one geueral set 
of statutory regulations, and not by enabling local 
authorities to make regulations for themseives. It 
is for this reason that we have dealt at some length 
with the provisions of the Petroleum (Hawkers) 
Act, as they seem to show the easiest manner of 
carrying out the desired legislation. Provision 
could, of course, be made in any extension of that 
Act to allow of more than twenty gallons being 
conveyed at one time in one carriage, if this were 
thought desirable. 

The other Petroleum Acts do not provide the 
same ready means of attaining the desired end, but 
in the absence of more precise legislation, there is 
one section of the Petroleum Act, 1871 (the 
principal Act), which seems to us of importance. 
According to that Act, a licence is required to keep 
petroleum, except where it is kept for private use, 
or for sale, in separate glass, earthenware, or metal 
vessels, each of which contains not more than one 
pint, and is securely seppet, and the aggregate 
amount kept, supposing the whole contents of the 
vessels to be in bulk, does not exceed three gallons. 
These exceptions are of little importance ; other 
exceptions are found in the.case of storage of 
petrol for use by owners of motor-cars—a case 

rovided for by the regulations made under the 

ight Locomotives on ean Act ; but in all 
material cases, to which our present discussion is 
directed, a licence is required. Now Section 9 of the 
Act of 1871 expressly provides that there may be 
annexed to any such licence conditions as to mode 
of storage and other matters, and one of these 
other matters specially mentioned is ‘“‘the mode 
of carrying such petroleum within the district 
of the licensing authority.” It appears, there- 
fore, that although there are no powers given 
by statute to make general regulations governing 
the conveyance of } rgpeccae os the authorities grant- 
ing licences may do something towards the same 
end in an indirect manner by attaching to these 
licences conditions as to the mode of carriage 
of this inflammable liquid within their area. 
We do not know if this power has ever been 
exercised in such a manner as to cover such a 
case as that of the Cornhill fire. Of course, 
such conditions would only be operative in the 


-area of the licensing authority, so that the London 


County Council, for example, would have no con- 
trol over a van, loaded with petroleum, which 
belonged to someone in, say, West Ham, and 
holding a licence there. But the authorities 





might agree among themselves on this point, and, 
in any event, any vehicle, setting out from the 
premises of its owner in the area governed by the 
authority from which he held his licence would 
be subject to the conditions of that licence while 
in that area, and there would be little probability 
of any of the required precautions being removed 
when the vehicle crossed the boundary into the 
area of another authority, unless the load were 
transferred to another conveyance. This section 
of the Act does not go far enough to give all that is 
necessary in the matter of regulating the carriage 
of explosive and inflammable oils ; but until further 
legislation on the lines we have indicated has been 
obtained, it might possibly be turned to good 
service. 

If we should be wrong in our reading of this 
section, then Captain Thomson’s statement, that at 
present there is no law on this subject, and no 
power to make regulations, is true without qualifica- 
tion ; but even if we are correct, and local autho- 
rities have an indirect means of doing something to 
prevent such accidents as that we have been con- 
sidering, the position of affairs is still unsatisfactory, 
and the whole question requires the early attention 
of Parliament. 








TRADE UNIONS AND PARLIA- 
MENTARY REPRESENTATION. 

A question of particular importance to trade 
unions, and indirectly of importance to employers 
of labour throughout the country, was recently 
raised by the refusal of the Registrar of Friendly 
Societies to register a proposed rule of the Railway 
Clerks’ Association. It appears that it was pro- 
posed to enumerate, amongst the objects of this 
association, the following :—‘‘To publish a service 
newspaper, and to secure Parliamentary represen- 
tation.” On an application being made to register 
the rules, these words were struck out by the 
Registrar on the ground that the objects mentioned 
did not come within the definition contained in 
Section 16 of the Trade Union Act, 1876. That 
section defines the powers or objects of a trade 
union to be ‘‘ Regulating the relations between 
workmen and masters, or between workmen and 
workmen, or between masters and masters, or for 
imposing restrictive conditions upon the conduct 
of any trade or business.” Although he objected to 
registering any rule to the above effect, the Regis- 
trar made the following statement :— 

‘*There is nothing, however, in the Trade Union 
Act to prevent a union from employing its funds 
in any way the members think fit, and therefore it 
is competent for the union to subscribe for any such 
pus vse, and the Registrar would not interfere 
unless the purpose is, in his opinion, an illegal 
one.” _ This decision created much disturbance in 
trade-union circles; and it was at first thought that, 
in the opinion of the Registrar, no union could be 
registered which included amongst its objects the 

yment of members, but it has since transpired 
that what the Chief Registrar objected to was the 
inclusion amongst the objects of the union of the 
— for the payment of a contribution to 

arliamentary purposes, instead of making it the 
subject of a — rule. Shortly after the appli- 
cation and refusal above mentioned, the Registrar 
accepted a special rule submitted by the National 
Amalgamated Union of Labour, containing the 
following provisions :— 

(1) The —— of a penny per member per 
quarter for ur representation purposes. 

(2) Payment out of the sum so provided of a 
contribution to the National Representation Com- 
mittee. 

It follows from this that if the anion officials are 
careful to make the rule up». the subject  sufli- 
ciently definite, they may obtain registration of 
their rules. 

The question of providing for Parliamentary 
representation has long been a plank in the trade- 
union platform. 

It appears that in 1903, at a special general 
meeting of the Amalgamated Society of Railway 
Servants, it was decided to make it compulsory on 
members to subscribe to the Parliamentary levy. 
“The result was,” said Mr. Bell, M.P., according 
to the Chronicle (October 25), ‘‘ that thousands of 
our members refused to pay—they were just like 
the passive resisters. The executive decided to 
take the opinion of counsel on the subject, and we 
have here the joint opinion of Sir Edward Clarke 
and Sir Robert Reid—two men equally eminent as 





lawyers, and yet diametrically opposed in political 
opinions. Now, as to the rule of 1903, that was 
not made constitutionally. The executive was in 
too great a hurry, and it was not duly submitted 
to the members, so that under that rule it was 
illegal for the society to compel members to pay. 
But at our last meeting, held at Sheffield, another 
similar rule was duly submitted and adopted, with 
only three disséntients ; and it will shortly be sub- 
mitted to the Registrar for his sanction. If the 
Registrar's decision is upheld [he was here referring 
to the decision in the Railway Clerks’ case], the only 
thing will be to get a clause-inserted in the Trades 
Disputes Bill;” ‘* but,” added Mr. Bell in con- 
clusion, ‘‘I have always been against coercing 
members into this business, and in favour of 
persuading them, and cultivating the desire for 
Parliamentary representation. If they are as keen 
about it as some people say, they will surely pay 
3d. a quarter towards it, whatever the Registrar’s 
decision may be.” 

By the Trade Union Act, 1871, the term ‘trade 
union” was defined to mean such combination, 
whether temporary or permanent, for regulating 
the relations between workmen and masters, or 
between workmen and workmen, or between 
masters and masters, or for imposing restrictive 
conditions on the conduct of any trade or business 
as would, if that Act had not been passed, have 
been deemed to have been an unlawful combina- 
tion by reason of some one or more of its purposes 
being in restraint of trade. This definition was 
repealed in 1876, and the term ‘trade union” was 
restricted to ‘‘any combination, whether temporary 
or permanent, for regulating the relation between 
workmen and masters, or between workmen and 
workmen, or between masters and masters, or for 
imposing restrictive conditions on the conduct of 
any trade or business, whether such combination 
would or would ngt, if the principal Act had not 
been passed, have been deemed to have been an 
unlawful combination by reason of some one or 
more of its purposes being in restraint of trade.” 
It is to be noted that a trade union need not 
necessarily be registered ; but if a union is not 
registered, members are subject to serious dis- 
abilities. If a union is registered, the rules must 
also be registered, and must not contain provision 
for the exercise of any powers except those which 
are conferred by the Act. 





NOTES. 
THe Massacuusetts Institute or TECHNOLOGY. 


In a letter which the President (Henry S. Prit- 
chett) of the Massachusetts Institute of Techno- 
logy, Boston, has addressed to the former students 
of the Institute, he announces that the proposed 
combination of interests with Harvard University 
for the joint formation of an Institute of Applied 
Science has now been finally disposed of bya recent 
decision of the Supreme Court of Massachusetts. 
We referred previously (see ENGINEERING, May 12, 
1905) to the negotiations which for some time have 
been carried on hétween the governing bodies of 
the two educational centres, and which culminated 
in terms of agreenierit, subject, before becoming 
operative, to the legal obstacles being overcome. 
As the proposed arrangement contemplated the 
removal of the Institute, the disposal of the Boyl- 
ston-street property, on which some of the build- 
ings stand, was rendered necessary. By the deci- 
sion of the Court this has been made impossible, and 
no further steps are, therefore, to be taken towards 
an amalgamation. The fairness and courtesy 
with which the authorities of Harvard had joined 
in the effort to solve the difficult problem has won 
the appreciation of all friends of the Institute. This 
decision not only sets aside the possibility of union 
with the University, but incidentally prevents the 
alternative plan of the removal of the Institute to « 
more capacious site outside the limits of the city. 
There was necessarily much division of opinion as 
to the a which had been taken by the Corpora- 
tion of the Institute towards amalgamation, but 
now that there is no longer anything to promote 
partisan feeling, a united attempt will be made to 
solve the difficulties which the great increase in the 
number of students has thrown upon the manage- 
ment. 

THe ImprriaL Japanese Mint. 


The report of the Director of the Imperial 
Japanese Mint, at Osaka, for the year ending 
March 31, 1905, which is just to hand, shows that 
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that institution is maintaining its high standard of 
efficiency and usefulness. ome of our readers 
will remember that its first director was Major 
Kinder, and that Professor William Gowland, now 
of the Royal College of Science, London, was for 
many years connected with it. Mr. Hasegawa, the 
present director, evidently feels that he has not 
only to maintain the high reputation of the Mint 
in the past, but also to keep it in touch with all 
the improvements which are being made in similar 
institutions in other countries in the world, and he 
acknowledges his indebtedness to the re 
his foreign colleagues at Washington, ndon, 
Paris, Brussels, and Utrecht. The Japanese make 
it a point to keep themselves acquainted with the 
latest scientific work which is done in all countries, 
and all matters connected with currency and 
finance have received their special attention. The 
coinage of the financial. year under review 
consisted of gold and silver only. The amount 
of coinage was much greater than in the pre- 
ceding year, being 31,166,111 pieces of the value 
of 72,503,151 yen, against 13,316,571 pieces of the 
value of 25,801,086 yen of the previous year. In 
addition to these, 6,970,843 pieces of silver yen 
were manufactured during the year. The medals 
struck during the year amounted to 139,658 pieces, 
being considerably below the number of the previous 
year. The report gives details of the work done, 
and these, no doubt, will be studied carefully by 
those who are specially interested in such work. 
Tables are given of the weight, number, and value 
of the different kinds of coins produced at the 
Mint from its commencement (December, 1870) 
up to the end of March, 1905, which show the 
immense amount of useful work done by the insti- 
tution. Tables and diagrams showing the varia- 
tion in weight and fineness demonstrate that a very 
high standard of excellence has been attained. 
The assays of ores and metals made at the Mint 
for the public increase in number year by year, 
owing to the progress of mining and metallurgical 
industries, so that it is serving a very useful 
purpose, apart from its main object. The work 
of the Mint is a very instructive object-lesson, 
both to foreigners and Japanese, as to the pro- 
gress made in Japan in the mechanical and 
chemical arts, visitors to the number of 17,681 
having been admitted during the year to view the 
processes, and of these 456 were foreigners, prob- 
ably mostly travellers who were making themselves 
acquainted with the most important developments 
inJapan. During the year experiments were made 
on the electrolytic refining of impure gold bullion. 
The process was found easy of execution, and 
yielded gold of a very high degree of purity. More- 
over, besides iridosmine, all the platinum contained 
in the impure gold can be reclaimed, and the value 
of this by-product, if contained in the proportions 
of over 0.4 part per mille, would alone offset the 
cost of refining bullion. The process should be 
particularly applicable to institutions in which 
there is not available sufficient of silver-containing 
materials required by the ordinary sulphuric acid 
process. The only drawback with the electrolytic 
process, as applied to the necessities of the Mint, 
seems to lie in the circumstance that it does not 
admit of exact stock-taking of the gold as readily 
as in the sulphuric acid process, in which all the 
gold remains in a compact solid state, and can be 
readily collected and melted into ingots. 








_ InstrTuTE OF Marine EnGINgERS.—At the last meet- 
ing of this Institute, held at Stratford, Mr. H. Leas 
gave a lecture on photo enlargement. A letter was also 
read from the American Society of Civil Engineers, 220, 
West 57th-street, New York, to the effect that this 
Society will always be glad to receive visits from the 
members of the Institute of Marine Engineers, and to 
place at their disposal its reading-room aol When. 


- 


_.Xtnc’s Couuece Encingers’ Dinner. — The annual 
dinner of the t and present students and friends of 
the King’s College Engineering Faculty is to take place 
on Saturday, November 25, at the Hotel Cecil, Strand. 
“ir Alexander Binnie, M. Inst. C.E., the President of 
‘he Institution of Civil Engineers, and Sir Arthur 
Rucker, F.R.S., the Principal of the University of 
London, have promised to attend, and Professor A. K. 
Huntington will occupy the chair. This is the twelfth 
annual dinner, and, as the numbers of those attendin; 
have steadily grown each year, it is to be hoped that all 
past students will write to the honorary secretaries of the 
College and will endeavour to attend. There will be a 
ef ecial souvenir menu, which will remind visitors of the 
werk of Wheatstone, Daniell, Clerk-Maxwell, and Dr. 
John Hopkinson at King’s College, London. 








SHEAR IN BRIDGE GIRDERS. 
To THE Eprtor OF ENGINEERING. 

wa meg ng | to Professor Lilly’s article on the 
above subject in ENGINEERING of the 10th inst., page 614, 
the principle he employs is well known to engineers, and 
is to be found in the literature of the subject. 

As a simpler graphic treatment of the problem is 
sometimes preferred, Figs. 1, 2, and 3 show the method 
employed by the students in Leeds University. 

ig. 1 shows the conditions of the problem, and need 
not be described. 

Fig. 2 shows the division of the span into five equal 


rts of | Parts 


Fig. 3 shows the determination of the sheariug stresses. 
AC is made equal to 4 wl, w being the load per foot— 
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namely, 14 tons. The point D, in which B C intersects 
the vertical through cross-girder No. 3, is next obtained, 
and through it is drawn D E to meet the vertical at the 
abutment in E. Then the point F, in which B E cuts the 
vertical through G, the first point of division, into five 
equal —_ ~~ by its =. above A B the maximum 
shear due to the live load. The same construction applies 
to each bay. 

To obtain the total shear, the fixed load stresses are to 
be added, and the shaded area shows the final result. 

The figures are reproduced from a drawing that has 
been made by a student in the ordinary course. 

I am, Sir, your obedient servant, 
Leeds, November 12, 1905. J. GILCHRIST. 





To THE EpIToR OF ENGINEERING. 

Sir,—With regard to the solution for the maximum 
shear in the bays of lattice-girder bridges, due to a 
uniformly distributed travelling load, communicated to 
the current number of ENGINEERING by Professor Lilly, 
may I point out that a similar solution was published in 
ENGINEERING of January 3, 1902, in a letter written by 
Mr. F. C. Lea, of the Central Technical College. 

Mr. Lea gave a simple graphical solution which divided 
the span into (nm — 1) parts, n being the number of the 
bays, and further showed how to determine the maximum 
shear in the bay, and drew a stepped diagram similar to 
that drawn by Professor Lilly. 

Although the parabola was not drawn through the 
points in Mr. Lea’s original communication, yet such a 

rabola has been drawn by the students of the Central 

echnical College for several years in connection with a 
design of a lattice-girder bridge, and such a parabola is 
drawn by Mr. Lea in his paper on lattice-girder bridges, 
published in vol. clxi. (page 285, and also Fig. 10, Plate 5) 
of the Proceedings of the Institute of Civil Engineers. 
In this paper the construction is deduced from the 
influence-line. On e 281 of this paper Mr. Lea 
remarks: ‘‘If a uniformly distributed load is used at all, 
it should clearly be considered to be in the position for 
maximum shear, and the method illustrated in Fig. 10, 
Plate 5, should be used to determine the shear,” and 
points out the considerable error that may arise by 
calculating the shear on the ordinary assumptions. 

I am, Sir, yours faithfully, 
JosePH W. Haywarp. 
Central Technical College, South Kensington, 
November 14, 1905. 





THE FUTURE OF THE GAS-TURBINE. 
To THE EprTor OF ENGINEERING. 

Sir,—In the article on “The Future of the Gas 
Turbine,” in your issue of November 10, I notice that 
the writer severely criticises Mr. Clerk’s statement 
that there must be a very = loss by conduction 
when a hot gas expands through a nozzle. After ad- 
mitting that the rate of communication of heat from 
the gas to the nozzle is not accurately known, he states 
that a “fair analogy can drawn from the rate at 
which heat is communicated from furnace om to 
boiler-plates.” This he proceeds to do, entirely ignor- 
ing the fact—deduced from the theory of fluids b 
Professor Osborne Reynolds thirty years ago, and whic 


I have often verified—that the rate of communi- 
cation of heat to a surface from a fluid flowing over it is 
practically proportional to the velocity of the fluid, if the 
range of temperature between the fluid and the surface 
is kept constant. Now in these two cases the velocity 
through the nozzle is certainly many hundred times that 
of the furnace gases, so that if the range of temperature 
were the same, the heat communicated per unit of surface 
of the nozzle would be many hund times that com- 
municated to the boiler-plate. Of course, we may be 
sure that the range of temperature would not be the 
same—i.e., the temperature of the nozzle would approxi- 
mate nearer and nearer to that of the gas flowing through 
it. There can be no doubt, however, that the loss of 
heat would remain very considerable, and I venture to 
think that Mr. Clerk’s statement was not ‘ misleading” 
or ‘‘demonstrably wrong,” but, on the contrary, per- 


fectly correct. 
Yours ae 
. E. Stanton. 


(Just as we go to press we have received the letter from 
Dr. Stanton, published above. The writer seems to 
forget that the average velocity of flow through the 
nozzle, dealt with in our article, is about twenty times 
as = as that of the through a locomotive flue, 
and not many hund times as great, as he asserts. 
Hence, even if the rate of transmission of heat is pro- 
portional to the velocity, the loss should only be about 
we per cent. of the total energy theoretically available. 

e cannot go into the matter further at present, but 
me) deal with it more fully at a subsequent date.— 


To THE Eprror oF ENGINEERING. 

S1r,—I have much pleasure in acceding to your request 
for further information. 

My views, however, are so completely at variance with 
those of your leader-writer, both as to physical fact and 
as to interpretation put by him on the substance of my 
presidential address, that it would serve no useful pur- 

for me to enter into a discussion. I may say, 
owever, that your leader-writer appears to me eB 
out to confuse problems which are i> a means similar : 
such as steam-turbine and air-compressor ; general effi- 
ciency and hydraulic efficiency ; and heat flow through 
boiler surfaces with heat flow through nozzle walls. A 
few words with regard the latter case may not be out of 
place. In my view no quantitative deduction can be 
drawn from boiler-furnace experience as to rate of heat 
loss in small pang, or even in gas-engine cylinders. 
For example, the heat flow through the walls of a gas- 
engine cylinder of even small dimensions often reaches 
as much as 50,000 British thermal units per square foot 
per hour for a mean temperature of about 1000 deg. Cent.— 
a figure five times as great as that used in the statement 
considered by your leader- writer to constitute a demonstra- 
tion ; but even this figure of 50,000 British thermal units per 
square foot per hour is not applicable to any case of cooling 
where the distance between the cooling surfaces is rela- 
tively small. This question of dimensions exercises an 
enormous effect on the rate of cooling, as every gas engi- 
neer knows who has attempted to build a compound guas- 
engine. Further, noallowance has been made for increase 
of density—a factor which recent experiments of my own, 
which I hope soon to publish, has shown to have an 
unexpected effect upon the quantitative law of cooling. 
I quite agree with your leader-writer that little is known 
as yet of the quantitative laws of cooling under circum- 
stances which I have mentioned ; but you will pardon me 
if I prefer to retain my own view as to the probable heat 
loss, seeing that I have had much experience during the 
last thirty years in providing against the losses incurred 
by the use of flame in very various circumstances, both in 
gas-engine and gas-furnace arrangements. 

So much for my presidential address. 
with the question of the Forrest Lecture. 

With regard to the pre-ignition diagram, Fig. 17 of the 
Forrest Lecture, I have already stated in your paper, 
through my partner, Mr. M. A. Adam, B.Sc., that in 
preparing the original wall diagram, from which your 
illustrations were made, the draughtsman had misunder- 
stood the lines of the indicator card handed to him. This 
mistake was rectified in the subsequent diagram sent to 
you, and accordingly the diagram as it at present appears 
may be taken by you as correct. 

It may interest you to know that these pre-ignition 
diagrams were taken by myself while experimenting with 
an engine of 10 in. diameter by 18 in. stroke. The pre- 
ignitions were due to the fact that, for experimental 
purposes, I had attached a block to the piston. After a 
long run with rich mixture the engine became much 
overheated, and pre-ignited continuously to such an 
extent, indeed, that the brake load had to be released in 
order to prevent the engine stopping. With the block 
removed from the piston, pre-ignition ceased entirely. 

On this question of pre-ignition, I may say that it is, 
euhetmatae, a phenomenon familiar to all gas-engine 
designers, especially when working with experimental 
engines, possibly overloaded. For the information of 
young-engineers, as to whose welfare you are so rightly 
solicitous, I may say that one rapidly becomes familiar 
with the peculiar sound caused by pre-ignition, and there 
is no mistaking it when it does occur, even without the 
aid of the indicator diagram. 

our leader refers to some other diagrams which 
occur, I think, on 34 of the Forrest Lecture. 
quite with you that these diagrams are imperfect ; 
but their interest is historic, and more perfect diagrams 
are shown on page 33. The diagrams on page 34 are, 
I believe, the first diagrams taken in England with the 
Hospitalier-Carpentier instrument, illustrating the effect 
of spark and throttle variation in a petrol-engine, They 


I now deal 





were taken by me, as you will find from Appendix I., in 
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October, 1903, from a four-cylinder petrol-engine, having 
cylinders 44 in. in diameter by 5} in. stroke, running at 
900 revolutions per minute. No diagrams showing these 
operations in a high-speed petrol-engine had been taken 
before that date to my knowledge, and I was much 
interested in getting them, and to notice how truly the 
indicated the relative effect of spark and throttle contro 
In the Hospitalier-Carpentier manograph, as used by me, 
there were certainly marked defects, and I noticed, of 
course, the loop to which you refer. This loop, and some 
other peculiarities, were discussed by me in a paper which 
I read before the Automobile Club on October 22, 
1903. Icould not discover the cause of the loop. It 
did not ap to be leakage, because the engine pulled 
its full load of 30-horse with great ease, and it is unlikely 
that the exhaust-valve would leak between the full-load 
and light-load trials. It —— to me to be due to 
some want of correspondence between the motions of the 
piston of the engine and the imitated motion applied to 
the reflecting mirror through a long flexible shaft. This 
appears o ble from inspection of the upper two dia- 
grams, where the expansion line is plainly distorted. 

You refer to adiagram with a suction line above the 
exhaust line. I presume you refer to the second diagram 
from the topon page 34. This and the next lower diagram 
were taken with throttle partly closed. Consequently, 
the lower part of the diagram became somewhat unintel- 
ligible, owing to the breadth of the light spot making a 
broad tracing on the photographic pee It is plain, 
however, from both these diagrams that the compression 
is reduced during throttling, and that is the main point 
of interest. 

While I was at work with these experiments, Professor 
Callendar was also at work with a manograph, which he 
succeeded in correcting. Figs. 21 on page 33 are all Pro- 
fessor Callendar’s diagrams. He succeeded in getting a 
much narrower light beam, and altogether the diagrams 
on Fig. 21, even at 2000 revolutions, are superior to 
those taken by me (Fig. 4 - Here, however, you will 
notice imperfections of the lower lines. It seems impos- 
sible at present, with the Hospitalier instrument, to get a 
quite straight atmospheric line. You may take it from 
me that both sets of diagrams, notwithstanding the im- 
perfections of the first set, equally truly show the effect of 
retarding the spark, and they seemed sufficiently inte- 
resting to me to insert in the Forrest Lecture. 

Per! 4 I should tell you that originally I intended to 
discuss both sets quite fully in the lecture ; but the main 
5 peery had developed to unwieldy dimensions, and I 
did not discuss, as I ~r have —, these diagrams at 
all. At the same time I still think them sufficiently in- 
teresting to leave as a matter of record in the print. 

May I say that I thoroughly sympathise with you in 
your care for the younger engineer; and if I can assist 
any young engineer, or, indeed, any engineer, interested 
in work which I have done, I shall be only too pleased. 
I would say, however, that I have invariably avoided in- 
discriminate discussions on the subjects of my work, even 
in journals of high standing, such as ENGINEERING ; and 
I have broken through this rule on this occasion only in 
answer to your direct appeal. I have no intention of em- 
barking upon a general discussion with any member of 
the public, nor with your staff; but if any communica- 
tion be addressed to me directly, or through the Institu- 
tion of Civil Engineers, or the Junior Institution of 
Engineers, + by engineer genuinely interested in my 
work, I shall be only too glad to make a convenient ap- 
pointment and supply him with any information what- 
ever within my power. 

I am, Sir, yours faithfully, 
DuGatp CLERK. 
18, Southampton-buildings, Chancery-lane, 
London, W.C., November 14, 1905. 

[We trust that the confusion to which Mr. Clerk refers 
does not exist in our article, wherever else it may be 
found. We certainly endeavoured to distinguish clearly 
between the turbine and the rotary compressor, and in 
the other cases to state as definitely as possible what was 
to be understood in each particular case by the word 
‘‘efficiency,” and we hope we succeeded in making our 
meaning evident to most of our readers. We must admit 
that we have apparently failed to convey to Mr. Clerk 
the precise point of our “demonstration,” but on re- 
reading the article we cannot agree that the responsibility 
for the failure rests with us. This ‘* demonstration” was 
not that the loss of heat was any precise figure, but that 
it was small. Mr. Clerk’s own figures prove this, since 
even if we double these and take the rate of heat trans- 
mission as 100,000 British thermal units per square foot 
per hour, the loss by conduction throngh the nozzle walls 
would only be about 1} per cent. of the theoretical work 
due from the jet. With respect to the effect of the 
density of the gas on the rate of transmission of heat, it 
should be noted that the dense gas acts on only a very 
small fraction of the total area cf the nozzle, since at the 
throat itself the pressure has already fallen to little more 
than one-half that in the reservo:r. 

Turning to the question of the diagrams at the James 
Korrest Lecturé, we would ask those interested to com- 

re the pre-ignition diagram put forward at the lecture 
with the amended form substituted for it seven weeks 
later. Mr. Clerk’sexplanation as tothe manner in which 
the cards were taken does not aepees to us to affect the 
question. The cards are reproduced side by side in 
ENGINEERING, vol. Ixxviii, page 95, and if we admit it 

ible fora draughtsman to ‘‘ misunderstand the lines ” 
so completely as to make a difference of 90 1b. in initial 
pressure between the first and second tracings of a card, 
what faith can we put in any other of the diagrams. 

If Mr. Clerk had discussed the diagrams in his lecture, 
as he says was his original intention, and stated clearly 
chat they must not be taken seriously on account of the 
combined effects of a faulty indicator and an incompe- 





tent draughtsman, it would have been unnecessary for us 
to criticise them. There is, however, no hint given in the 
lecture that they are pm ta but true representations of 
what occurred on the cylinder ; in fact, Mr. Clerk implied 
himself that they were reasonably accurate by using them 
for purposes of calculation. Failing time to explain that 
the diagrams did not and could not represent actual occur- 
rences, we think their ‘‘ interest” hardly warranted them 
being put forward without a warning to that effect. 

The paper before the Automobile Club referred to by 
Mr. Clerk is particularly interesting, as it contains the 
diagrams in question with the lengths of the ordinates 

iven—it will be remembered that in the James Forrest 
ture these dimensions were omitted. On checking 
the mean pressures given for the respective diagrams 
we tind that in two distinct cases the addition has been 
made wrongly, and the resulting errors reappear in the 
Proceedings of the Institution. This cannot be laid to 
the charge of the manograph. We fail to see how a 
‘agge J closed throttle could cause the suction pressure to 
above that of the exhaust, or how any unintelligibility 
of the lower part of the diagram could mislead a draughts- 
man, who knew anything about the subject, into such an 
obvious error. Even if the draughtsman hlundered, how 
came it that Mr. Clerk did not detect, in preparing a 
lecture on such an important occasion, the very numerous 
errors of which, even now, he does not seem to adequatel 
appreciate the importance? We think that anyone moos f 
ing the lecture will admit that we have understated, 
rather than exaggerated, the case.—[Ep. E.] 
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COMPOUND LOCOMOTIVES ON THE GREAT 
WESTERN RAILWAY. 
To THE EprTor or ENGINEERING. 

S1r,—I have been greatly interested in this correspon- 
dence, and to endorse Mr. Goodyear’s remarks on 
the efficiency of Mr. Churchward’s newest engines. The 
performances he quotes are splendid. 





I may, perhaps, be allowed to give my experiences on 
the “Cornish Rivera Limited” in August last. Briefly, | 
these are as fullow: — Leaving Paddington 55 seconds | 
late, we were stopped for 20 seconds, after being checked | 
at Westbourne Park, but despite this we nama Reading | 
in 38 minutes 36 seconds (38 minutes 16 seconds net) ; | 
Swindon, 75 minutes 55 seconds (75 minutes 35 seconds | 
net); and Bath, 102 minutes 53 seconds (102 minutes 33 
seconds net). At Twerton we were again checked, and | 
finally noone toa stand for 67 seconds. Starting afresh, | 
we ristol East Junction in 119 minutes (117) 
minutes 33 seconds net); from Paddington to Exeter in 
194 minutes 5 seconds (192 minutes 38 seconds net). Ply- 
mouth was reached in 264 minutes 40 seconds (263 minutes | 
13 seconds net). In addition to the signal stops, we were 
checked no less than eight times, the most serious one 
ae just before Exeter. The engine was a 4.6.0., 

‘No. 177.” 

On the up train the engine was ‘‘ No. 172, Quicksilver,” 
one of the “Atlantic” type. We left Plymouth 25 
seconds late, and passed Exeter in 69 minutes 2 seconds. | 
At Pylle Hill Junction we encountered a severe check, | 
and were stopped for 2 minutes 10 seconds. From Exeter 
to Paddington the time was 196 minutes 8 seconds (193 
minutes 58 seconds net), from Bath 100 minutes 50 
seconds, from Swindon 69 minutes 20 seconds, and from 
Reading 32 minutes 58 seconds. The net running time 
was 263 minutes, and we were checked five times. 


Of course, the weight of the ‘‘ Limited” cannot compare | p 


with the figures given by your correspondent, but from a 
locomotive point of view the runs I have given are very 
fine performances, and are a great credit to these Swindon- 
built engines. 





I am, Sir, yours faithfully, 
Artur H. Tompkins, 
Member, Railway Club. 
11, Grosvenor-road, Rugby, November 12, 1905. 





To THE EprTor oF ENGINEERING. 

Sir,—In reply to your correspondent, Mr. W. B. 
Thompson, I may state that the boiler-barrel diameter 
quoted in my article on the above subject is the mean 
internal diameter. . 

I would also take this opportunity of correcting a mis- 
take which occurs in the table of dimensions. The weight 
on the coupled wheels, given as 38 tons 10 cwt., should 
read 36 tons 10 cwt., the total weight therefore being 
71 tons 8cwt. These figures are correctly shown on the 
outline plan of engine printed on thesame page. 

ith regard to the speed attained by the French com- 
pound—namely, 81.3 miles per hour—I ought, perbaps, 
to state that no yey = was made to attain a high speed 
down the banks, and the fact that 80 miles an hour was 
reached on several oceasions was due entirely to the free 
running of the engine, the regulator in every case being 
eased off on the downhill stretches. __ 

Tam, Sir, yours faithfully, 
A. G. Rosrnys. 





LONDON AND SOUTH-WESTERN RAILWAY 
FOUR-CYLINDER LOCOMOTIVE. 
To THE Epitor op ENGINEERING. : 
Sir,—The sectional drawings of the above engine, 
published as a supplement in the current issue of ENat- 
NEERING, show that Mr. Drummond recognises to the 





full the absolute necessity of providing not only as large 
a total heating surface as possible, but also of disposing 
the area exposed to heat to the greatest advan é 

The success of modern locomotives designed for maxi- 
mum service on our main lines, depends primarily upon | 
the ability of the boiler to generate steam in sufficient 


volume to meet the exacting demands of the large size 
cylinders which have now become indispensable; and 
when the engine is working under the most stringent 
conditions, the question of boiler power becomes at once 
of mount importance. 

t will be noticed that Mr. Drummond restricts the 
length of the fire-tubes to 14 ft. 44 in., and provides over 
one hundred cross water-tubes in the Seater. In this 
way he turns to useful account a much greater percentage 
of the heat values from the furnace gases than would be 
possible if he went in for long boiler-tubes and omitted 
the fire-box water-tubes. 

_ The ample size of the boiler barrel, which has a mean 
internal diameter of 5 ft. 6}}in., provides adequate space 
for storing steam when the engine is running under 
normal conditions, and the spark-arresting and fuel- 
economising device in the smoke-box further adds to the 
general efficiency of the boiler. This is practically the most 
powerful locomotive in Great Britain. The cylinder capa- 
city is equal at least to that of two cylinders of a diameter 
of 22 in. and a piston stroke of 24in. The heating surface 
is larger than that of any other home-built locomotive 
used on a British railway (although the latest de Glehn 
compounds on the Great Western Railway have 2755.7 
square feet, as ey with the 2727 square feet of the 
present engine), whilst the grate area of 31.5 square feet 
18 strictly in proportion with the fire-box capacity. The 
adhesion weight of 514 tons distributed over the six- 
coupled wheels of 6 ft. diameter, in combination with the 
high-cylinder capacity and boiler power, render the engine 
at once all that can be required from a weight-pulling point 
of view. Of course, nothing is gained in the way of steam 
expansion by employing four cylinders—fed direct from 
the boiler—instead of two of the same total capacity ; 
but an advantage is obtained by distributing the work 
done on the pistons over four cranks instead of two, and 
consequently over two axles, each driven by a pair of 
comparatively small-sized cylinders, in p!ace of one axle 
driven by two large-sized cylinders. The question which 
will occur to many students of locomotive practice when 
considering this design is whether—having decided upon 
employing an unusually large cylinder capacity—it might 
not be advisable to resort to compound working, so as to 
obtain the same power output combined with the advan- 
tages of multiple-expansion, thereby ensuring a less strin- 
= demand — the steam-generating capability of the 

iler, especially when the engine is working—as it must 
not infrequently do—at something near its maximum 
capacity. 

Yours obediently, 
Cuar.es S. Lake. 
London, W.C., November 10, 1905. 








THE POWER OF LOCOMOTIVES. 
To THE Epitor or ENGINEERING. 

Srr,—In connection with correspondence called forth 
by Mr. Robin’s article on the Great Western Railway’s 
compound locomotives, and the vague statements which 
one so often sees as to some particular engine being, or 
not being, the ‘‘ largest” yet Built, it may be as well to 
point out how exceedingly difficult it is to compare the 
“*size” of different engines. Taking only the boilers of 
the three locomotives mentioned in the discussion—viz., 
the Great Northern Railway’s very numerous “251” 
class, the new London and South-Western Railway’s four- 
cylinder engine ‘‘ No. 330,” and the latest Great Western 
ailway’s compound ‘‘ No. 103”—it is scarcely feasible 
to make a comparison of any value. The Great Northern 
boiler has considerably the largest external dimensions, 


| being 5 ft. 6 in. in diameter by 16 ft. long. The heating 


surface of 2500 square feet is obtained by means of a 


| moderate number of comparatively large tubes (2 in.), 
| spaced fairly widely. It may be said that these boilers 


have been multiplied to a total of forty-three, and are 
doing work which it is not easy to find equalled. The 
London and South Western Railway boiler, which is not 
so large in over-all dimensions, nevertheless obtains a 
greater nominal heating surface of 227 square feet by the 
use of water-tubes in the fire-box, while the Great 
Western Railway compound has a considerably smaller 
boiler, 5 ft. by 14 ft. 21n., and obtains its large nominal 
heating surface of 2755 square feet by using Serve tubes. 
There are thus three different methods of obtaining 
heating surface on the three boilers it was attempted to 
compare. 

While, on the one hand, the heating surface obtained 
by the use of fire-box water-tubes is of greater value per 
square foot than the average of that obtained by the 
fire-tubes, on the other hand it would seem that the heating 
surface reckoned up from Serve tubes is of considerably 
less value than a corresponding quantity obtained by 
ordinary tubes. Again, much depends on the diameter 
of the latter, as by the use of small-diameter tubes placed 
close together a t nominal surface can be obtained 
with a positive oes of efficiency. Therefore heating 
surface is an exceedingly false standard from which to 
attempt comparisons. It need hardly be pointed out 
that mere weight is at least equally unsatisfactory, the 
aim of a good locomotive-designer being to reduce as tar 
as possible all weight not uired for adhesion, so that 
excessive weight may be evidence, not of corresponding 
power, but inefficient design. 

There seems at — no standard by which the rela- 
tive proportions of locomotives cen be rendered compar- 
able; and it is to be hoped that such general expressions 
as ‘‘the largest” or ‘‘the most powerful” locomotive may 
be given a well-earned rest. Apologising for intruding at 
such length on your space, 

Tam, Sir, yours faithfully, 
L. A. FULLAGAR. 

Caius College, Cambridge, November 13, 1905. 
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THE INSTITUTION OF ELECTRICAL 
ENGINEERS. 


Abstract of Inaugural Address of Joun Gavey, C.B., 
President, delivered November 9, 1905. 


In tendering my thanks for the high honour you have 
conferred on me, may I say that I fully recognise that I 
have been selected as a representative of the great body 
of Telegraph Engineers, the original founders of this 
Institution, as well, perhaps, as a representative for the 
time being of the new and growing telephone industry, 
rather than because of any merits of my own. Under 
the circumstances, and in view of the fact that these 
industries have not been reviewed recently, I —, 
with your permission, to attempt that task in my address. 


TELEGRAPHS FOR SPECIAL REQUIREMENTS. 


Under this heading, one of the most important of the 
applications of telegraphy is that of directing and con- 
trolling the movements of trains on railways. For this 
purpose a modification of the old semaphore telegraph was 
introduced in the early railway days, mainly for the pro- 
tection of traffic at stations and crossings. By this means 
the range of the signals was extended so as to cover the 
whole length of a section, and this led to the practical intro- 
duction of the block system of working traffic. Lately, 
definite advances have been made in two directions in 
this field of applied electricity. In the first, complete 
electrical systems of actuating points and signals , 
been introduced, the apparatus providing interlocking 
gear and indicators, which give the signalman positive 
information as to the position of every point and signal ; 
the working baing easy, rapid, and apparently relistle in 
so far that every eventuality and cause of trouble appears 
to have been foreseen and provided against. Thismethod 
admits of working points and signals at distances far in 
excess of the manual system ; such distances, in fact, only 
being limited by considerations of safety and convenience, 
and the heavy and cumbersome lines of levers that, under 
old methods could, in many cases, only be worked by the 
full exertions of the signalman’s strength, can now be re- 
placed by miniature levers, which only need intelligence 
to work them. 

In another direction automatic methods have been de- 
signed for working outdoor signals directly by the action 
of the train itself, its entry, continuance in, and exit from, 
a section being faithfully followed by the appropriate 
movements of the semaphores. 

Automatic signals appear to meet a definite want on 
certain classes of railway, although no doubt the day is 
far distant when the trained signalman will be dispensed 
with at complicated junctions and stations. It is not too 
much, however, to say that without the various methods 
of electrical control that have been devired and which are 
in general use, it would be utterly impossible for the 
great railways of the world to carry one-haif the traffic 
they are now dealing with daily with safety and despatch. 
In this branch of electr cal work steady progress is being 
made, and apart from the question of haulage, the ex- 
tension of the me‘hods of electrical control will probably 
be considerable in the immediate future. 

Fire-alarm signals have within the last few years 

assumed a position of considerable importance, owing 
to the growth of great cities, the increasing height of 
commercial buildings, and the large quantities of com- 
bustible material necessarily stored in the great centres of 
population. 
_ For the purpose of transmitting defined, but limited, 
items of information, for special instructions, or for 
making demands, innumerable electrical appliances have 
been designed ; but there is a general tendency to replace 
such apparatus by telephones, which simply extend the 
range of speech, the natural method of intercommunica- 
tion, to any distance, and which render these subsidiary 
aids unnecessary. 


ORDINARY TELEGRAPHS. 


Telegraphic statistics have been furnished on previous 
uccasions In presidential addresses and in papers presen- 
ted to the Institution, and it may not be amiss here to 
compare former figures with those now available. 

Mr. Gavey then he comparative tables showing the 
growth of telegraphic and telephonic facilities during 
recent years. Between 1879 and 1904 the mileage of rail- 
way telegraph wire had increased in round figures from 
62,000 to 162,600 miles, and the number of railway tele- 
phone instruments from nil to 28,000 ; this, as he pointed 
out, illustrating the readiness of the railway companies to 
avail themselves of every means of protecting their 
tratfic, and no doubt accounting largely for the compara- 
live absence of serious railway accidents in this country. 
The Post- Office telegraph system now had 338,000 miles 
of wire as against 114,000 miles in 1880, while the tele- 
phone system had in the same time increased from 
40 iniles to 254,000 miles. 

As tothe amount of capital expended on telegraphs 
and pelepnanee, the full facts are not forthcoming, as so 
much of the plant has been provided by the various 
Governments, which do not keep ordinary commercial 
Cypital accounts ; but it certainly amounts to hundreds of 
mulions of pounds sterling. A consideration of these 
facts, however, tends to show that whether in capital 
invested, in plant provided, in staff engaged, or in com- 
mer ial activity, both the ae gn and its daughter, the 
telephone, show no signs of lagging behind the other 


an hes of electrical engineering ; and so far as the tele- 
Phone 1s concerned, notwithstanding the progress it has 
thine up to the present date, there is every reason to 
4 ink that we have only seen the commencement of its 
evelopment in the United Kingdom. Much of its 
uture success depends, however, on the action of local 
orities, who will have to show a more accommodating 


auth 





spirit than many of them have done in the past, unless 
t ~ | desire that the constituencies that they represent 
shall lag behind the remainder of the world in the en- 
joyment of the facilities for intercommunication that 
science has placed at their disposal. For these bodies to 
insist that all telephonic connections shall be laid under- 
ground, without regard to the number of wires to be pro- 
vided, to the capital cost involved, or to the fact that 
long telephone trunk-lines must, in the present state of 
our knowledge, be provided by means of overhead wires, 
is to place an insuperable bar to the provision of a cheap 
and efficient service. In its own interest, and for the 
good of the service which it controls, a telephone adminis- 
tration will always place its wires underground where it 
is either possible to work its circuits satisfactorily, or it 
is not absolutely uneconomical to do so; but for local 
authorities to insist on this method being followed in 
every case simply means either the stifling of the industry 
or its provision at a cost beyond the reach of the ordinary 
user. When a corporation has to provide the capital 
expenditure for public undertakings, it takes good care 
to see that no waste of funds takes place ; but when the 
cost has to be provided _ others, there is a tendency to 
make demands that would not be considered in carrying 
out its own works, the authorities appearing to be obli- 
vious of the fact that the expenditure must be ultimately 
met in some form by those whom they represent. 

If we now consider the actual apparatus by means of 
which commercial telegraphy is effected, perhaps the 
most surprising fact that strikes the observer is the pre- 
dominance of the use of the ordinary Morse code and 
Morse apparatus throughout the world. At first it seems 
surprising that, notwithstanding the innumerable in- 
ventions of printing, writing, and drawing a 
the original system—of course, much improved—still 
holds the field generally, notwithstanding the partial use 
of the Hughes and Baudot printing systems on the con- 
tinent of Europe. On consideration, however, it will no 
doubt be seen that, in comparing Morse with other 
systems that at first would appear to be superior, its 
simplicity, its relative freedom from trouble, electrical or 
mechanical, the ease with which its alphabet is learned 
and a skilled telegraphist is trained, and its adaptability 
to high-speed or multiplex working, all help to maintain 
it in the forefront, and undoubtedly will for a long time 
prevent, or en its general replacement by other types 
of instrument where the speed - working that is necessary 
is not greater than can be achieved by an operator manipu- 
lating a key. Where high-speed automatic Morse appa- 
ratus, however, is in use, the want of a means of automatic 
transcription, which would save the labour and delay of 
manual transcription, has long been felt, and extremely 
Goins systems have been devised whereby the pro- 

lem has been solved in two different ways. In one, 
which was recently illustrated in a paper read before the 
Institution, a perforated slip is used for transmission, as 
in the ordinary Wheatstone system, but instead of the 
signals being received in Morse characters at the far end, 
a second a? is perforated, the exact counterpart of the 
original; this is placed in an automatic typewriter, 
which prints the message in ordinary type. Two dif- 
ferent methods of applying this system are now under 
the consideration of the Post Office. In others the 
transmission is effec by means of a perforated tape, 
the message, however, being printed by the receiving 
instrument, either by a direct impression from a type- 
wheel, or in one case by a photographic reproduction of 
each letter as the type-wheel revolves. 

In submarine cable work the same progress may be 
noted as in other branches of telegraphy. The growth 
in half a century is represented by the difference between 
the 87 nautical miles laid in 1852 and the 212,894 miles in 
1902, and it goes on without interruption. 

Types of submarine cable have in practice not been 
materially changed, with the one exception of the air- 
spaced submarine cable designed for telephone pur- 
i , Mr. Willoughby Smith, one of which was laid 

y the Post Office between Nevin, in North Wales, and 
Newcastle, in Ireland, in the year 1892. The problem of 
devising submarine cables for long-distance telephones is, 
however, still to be solved. The longest telephone cable 
of the old Paris type was laid by the Post Office in the 
year 1902, for communication between London and 
Brussels. It is 47 miles in length, and this is about 
the practical limit of distance over which satisfactory 
telephonic speech is possible under existing conditions, 
when allowance is made for the addition of the connecting 
land lines and of the local subscribers’ plant. 


WIrecess TELEGRAPHY. 


Wireless telegraphy so-called has attracted a great 
deal of intermittent attention for many years past. The 
various possible methods of communication between two 
localities not directly connected by wire may be divided 
under five heads :— 

1. Leakage across the earth or water between two 
parallel wires erected on opposite sides of a position 
which has to be bridged. 

2. Electro-magnetic induction between coils placed 
vertically or horizontally. 

3. The combination of the two above systems by the 
erection of two parallel overhead wires connected to earth 
at their extremities. 

4. Electrostatic effects from vertical conductors. 

5. The Hertzian system. 

Many attempts have been made to establish communi- 
cation across rivers, arms of the sea, &c., by the first 
method, and they have met with varying success, but the 
system is one the application of which has a limited 


scope. 
The second method has but a limited range; it has 





only been rendered — by the use of telephones, but 
inasmuch as the effective energy available for signals 


diminishes as the cube of the distance between the coils, 
the limit beyond which no signals can be received is very 
rapidly ne ey 

he third method which, prior to the invention of the 
Hertzian method, was fully investigated by the Post 
Office, has met with a certain measure of success, and at 
the present time there are two installations still at_work 
inthis country. One of them connects Rathlin Island 
with the mainland at Bally Castle. the parallel wires bein 
at an average distance of 8 miles apart. The secon 
instance is an installation establishing communication 
between the Skerries, a series of rocky islets off the coast 
of Holyhead, with the telegraphic service on Holyhead 
Island itself. The parallel wires are at an average distance 
of three miles apart. The latter installation is worked 
telephonically—i.e., the wires are fitted with telephone 
transmitters and receivers, and telephonic speech is 
actually transmitted from wire to wire. 

The fourth system of communication by purely electro- 
static effects, without the emission of free waves, has not 
been developed on a practical scale. 

The fifth, or Hertzian, system has created world-wide 
interest, and its development in the course of the last few 
years has been very marked. As is well known, the 
method is based on the classical researches of Hertz; it 
was made possible in the first place by the original inven- 
tions of the coherer by Branly, improved later by Lodge, 
and finally develo into a practical system by Marconi. 

It may be of advan to briefly review the gradual 
development of the art from the date of Marconi’s early 
work. It will, no doubt, be remembered that after a 
period of experiments, first in Italy, then in this country, 
a crucial trial was made in the year 1896, under the 
auspices of the Post Office, across the Bristol Channel, 
from Lavernock Point, first to the Island of Flatholm, 
and then to Breamdown, near Weston-super-Mare. At 
that period, what has by some been termed the ‘‘ Whip- 
Crack” method only had been tried ; that is to say, a 
powerful spark coil was connected, one terminal to the 
vertical conductor, the other to the earth. This arrange- 
ment emits a very powerful impulse, which is damped 
down almost immediately, and it is probably the first 
single impulse alone which affects the receiver at a dis- 
tance. icmvetery attempts at tuning were made by 
various experimenters during this period, but the art was 
not sufficiently developed to admit of any really useful 
results being obtained. The coherers were probably far too 
sensitive, and the difficulty experienced in the early days 
was rather due to their not decoherering than to their 
failing to respond to the electrical waves. In course of time 
this difficulty was remedied by the use of an oscillating 
transformer in the receiving circuit which admitted of 
the use of less sensitive coherers, and excellent results 
were obtained ; but owing to the fact that every receiver 
within a certain definite range of a given transmitting 
apparatus responded to each impulse, and all receivers 
were affected by all transmitters within range, it appeared 
at first as though Marconi’s attempt to increase the effec- 
tive limit of his apparatus would tend to restrict rather 
than to extend the use of the system. He and others inte- 
rested in wireless telegraphy, therefore, turned their atten- 
tion to the establishment of syntony between the transmit- 
ting and the receiving apparatus, and a marked degree of 
success has attended their efforts. This syntony is usually 
effected by connecting one or more closed oscillating circuits 
to the source of energy and coupling these either direct or 
through an oscillating transformer with the vertical 
antenne, the closed oscillating circuit and the vertical 
antenne being in unison—#.e., having the same fre- 
quency. A closed oscillating circuit includes a capacity 
and an inductance, and therefore for each primary impulse 
a train of waves is generated. The first portion of the 
wave has not such an amplitude as when the Whip-Crack 
method is used, but this is more than counterbalanced by 
the effect of the long train of oscillations, which results in 
restricting to a great extent the visible effect to receivers 
tuned in harmony, other receivers not so tuned not re- 
sponding when a certain critical distance is passed. In the 
next place, by a judiciouscombination of oscillating circuit~ 
with antenne of suitable capacity, the amount of energy 
that can be utilised for the transmission of signals may be 
increased from the small limitsim when an ordinary 
induction coil is used to practically any given amount— 
an utter impossibility with the original method of work- 
ing. Of course, where a very powerful exciting systema 
is in use, the radiating surface must be increased propor- 
tionately, and the well-known method of multiple an- 
tenn has been designed to achieve this end. At the 
receiving station the tuning is effected by the addition 
either of inductance or of capacity, the receiving instal- 
lation being brought into as perfect syntony with the 
transmitter as is possible. In addition to this, special de- 
vices have been introduced in the receiving circuit for the 
elimination of waves of other periodicities, so that even 
Whip-Crack transmission can to a great extent be elimi- 
untel. The effect of having the transmitting and the 
receiving apparatus in harmony was shown in an ad- 
mirable manner by the Post-Office experiments, recently 
carried out and described by Messrs. Duddell and Taylor, 
which gave graphical measurements of the energy received 
under both conditions. 

The receiving apparatus has undergone many modifica- 
tions since the original filings coherer was invented. 
There is, for example, the single-point contact, consisting 
of a pointed carbon lightly resting on a slightly oxidised 
steel surface ; the Brown radioscope, consisting of a lead 
electrode resting lightly on a surface of peroxide of lead ; 
the Lodge Muirhead revolving disc, touching lightly on a 
mercury surface; the Schaffer so-called anti-coherer, 
consisting of a fine razor slit across a silvered glass 
surface; the Italian Navy coherer, in which one or more 
globules of mercury are enclosed between carbon and steel 





contacts—all of which are dependent for their action on 
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imperfect contacts; the bolometer and electrolytic 
methods claimed by different inventors; and finally, 
Marconi’s electro-magnetic receiver. Many of these have 
been associated with variations in the original method of 
combining the different electrical elements of each circuit, 
and have been denominated ‘‘Systems.” I will not, 
however, enter the thorny path of attempted discrimina- 
tion between those that may be considered as systems and 
those that can only be described as methods. ° 

A great deal has been said by rival inventors as to the 
possibilities of wireless yey og A and some exaggerated 
claims have been made on their behalf which have led to 
counter-statements by some interested in other methods 
of communication. Whilst, on the one hand, it may 
fairly assumed that wireless telegraphy is not, under any 
circumstances, likely to supplant, or even to compete 
seriously with, inland methods of intercommunication, 
there is no doubt that there is a very distinct and im- 
portant sphere of utility awaiting its further development. 
For intercommunication between ship and shore, and 
ship and ship, much has been done, although much re- 
mains to be done. For intercommunication between 
neighbouring coasts there is also a ible future ; but 
this depends almost wholly on the further development 
of the methods of syntony, or tuning. There appears to 
be no doubt that in cases in which the wave-lengths 
used on two systems differ to a considerable extent, a 
very marked degree of success has been obtained in 
the avoidance of mutual interference. ere the 
wave-lengths, however, are not very widely apart in 
frequency, there is in each case a definite range within 
which interference arises, and simultaneous working is 
impossible. That the tuning methods will be improved I 
think there can be very little doubt. The progress that 
has been made between the year 1896, when it took a week 
to receive a few elementary signals-over a distance of 
nine miles, and the present time, when such remarkable 
results have actually been obtained, is so great that it 
does not imply the possession of an unduly sanguine dis- 
position if one ventures to predict further improvements, 
which may be expected to increase the freedom from 
mutual interference, the speed, and the reliability of this 
method of communication. It does not appear to be very 
probable that it will seriously compete with the highly- 
developed cable communication in the near future, 
although it may in many instances supplement that 
service. 

CONSTRUCTION, 


No marked changes have taken place in the methods of 
overhead construction, beyond the general tendency 
towards the wholesale substitution of hard-drawn copper 
for iron wire for overhead conductors. 

In underground telegraphs something approaching a 
revolution is in progress. It is a curious and instructive 
fact that in this country two of the great telegraph 
companies started with the idea of laying telegraphs 
underground, and very long lengths of gutta-percha 
wire were laid in wooden casing, some of which is re- 
covered from time to time, and is even now found to bein 
excellent condition. Owing, however, to the high cost 
of gutta percha, and to its great specific inductive capa- 
city, the extended use of this material did not commend 
itself to the English Government, except, of course, in 
large towns where underground work was imperative. 
The introduction of the modern multiple cable, insulated 
by dry paper and enclosed in lead sheath, has gone a long 
way in the direction of overcoming both these difficulties 
—viz., the financial difficulty of cost and the electrical 
difficulty of high static capacity. 

In cables of this type relatively large conductors, 
weighing from 100 Ib. to 200 lb. per mile, can be provided 
with a static capacity of 0.1 microfarad per mile, and 
where a large number of wires have to be provided, at a 
total expenditure not very unduly in excess of that neces- 
sary for overhead wires. As soon as this type of cable 
became available for use, the Post Office took the initial 
step in the construction of a line containing 76 wires 
enclosed in a 3-in. iron pipe from London to Birmingham, 
a distance of 117 miles. This line was commenced in 
1897 and completed in 1899, 

The general result was admirable from every point of 
view, and the steadiness of working, and the freedom from 
interference by atmospheric or other causes, was so great 
that the Postmaster-General subsequently decided to ex- 
tend the London-Birmingham line to Glasgow. The 
question of the type of cable to be carried forward then 
eame up for consideration. From London to Birmingham 
there were thirty-eight pairs of wires. 

It was finally determined to continue the London- 
Birmingham section northwards by the laying of a cable 
containing thirty seven pairs of the ordinary paper-insu- 
lated wires as a core surrounded by twenty-nine copper- 
screened single-wire conductors. Again, it has mn 
proved that between London and G w, by the use 
of a repeater at Preston or Warrington, a speed of 200 
words per minute can be obtained on these wires with 
Wheatstone apparatus, so that it will be observed that 
a great step has been made by the substitution of a 
moderately economical system of underground work, 
susceptible of working at high rates of speed, for the 
old costly and slow methods which the use of gutta- 
percha involved where land telegraphy was concerned. 

The main underground line from London to G Ww 
will be completed by March or April, 1906, and other 
important sections of main line, notably a section from 


z London to Chatham, are in hand. 


Here, perhaps, I may fitly state that the Post Office 
and the general public owe a debt of gratitude to our 
British manufacturers of electrical plant for the energetic 
and able manner in which they meet all requirements, 
however onerous, made upon them. They spare neither 
time, trouble, nor expense in an endeavour to meet the 
most difficult specifications, and it is not too much to say 





that without their assistance this record of modern pro- 
gress could not have been realised. I render this tribute 
all the more willingly because it has lately become the 
fashion for irresponsible writers in the public Press to 
decry the British manufacturer as old-fashioned, not up- 
to-date, and not ready to meet modern requirements. I 
can truthfully say I have nowhere met reputable firms 
exhibiting this spirit. : 

A few specimens of seeguent telegraph cables, which 
illustrate the gradual development of those now in use, 
are placed on the table, and members may wish to inspect 


them later. 
(To be continued.) 








MISCELLANEA. 

Tue report for 1904-5 of the work of the Department of 
Technology of the City and Guilds of London Institute 
has now been issued. The examinations of the depart- 
ment include seventy-one branches of technology, in 
addition to other examinations for teachers in manual 
training. In addition to written papers the candidates in 
these examinations have, in most cases, to undergo a 
practical test of their craftsmanship. 


Referring to the decision of the New York and New 
Haven Railroad to adopt single-phase traction, and to 
oe its trains with electric locomotives in place of 
the multiple-unit system, Mr. Frank S e declares 
that an error is being committed, and that the well-tried 
continuous-current system, with a third rail, as adopted 
on the New York Central Railroad, should be adhered 
to. Dr. Louis Bell, on the other hand, declares that the 
adoption of some system permitting of a high voltage in 
the line wire is essential to the working of main-line 
electric railways, and that it would not at all sur- 

rising if the third-rail system adopted by the New York 

mtral Railroad were not rapidly Sonseniee obsolescent. 


The United States Navy Department is considering the 
use of superheated steam on the American battleships 
South Carolina and Michigan ; and it is probable that it 
will be adopted as a result of an investigation of the 
system recently made by naval engineers on one of the 

ke steamers, as m | as the fact that the British 
Government will use superheated steam on the latest type 
of British battleship. The amount of superheating sur- 
face to be installed in the boilers of the new American 
battleships will probably be about 15 per cent. of the 
heating surface of the boilers, which will furnish, it is 
estimated, a superheat in the steam amounting to from 
75 deg. to 100 deg. 


The Manchester Association of Engineers has this year 
celebrated. its jubilee, and on Saturday last Mr. Thomas 
Astbury, Past President, read a paper giving an historical 
sketch of the development of the society. The associa- 
tion was founded in 1856, the meetings being held at the 
Merchants’ Hotel, Oldham-street, Manchester, on Satur- 
day evenings. Three years later the number of members 
was 45, and thereafter steadily increased, till it now 
numbers 547. Mr. Astbury, in his paper, gave a com- 
= list of the papers read before the society since 1860. 

rom their titles a number of these should be interesting 
reading at the present day. The first president of the 
association was Charles Litster, then a foreman at 
Messrs. W. and J. Galloways. 


The Monthly Circular for the present month, issued by 
the British Chamber of Commerce in Paris, states that 
a member of a British Chamber of Commerce, going 
over a German mill where solid woven driving belts were 
being made, saw these belts being marked every two 
metres with the words ‘‘ Warranted English Make.” On 
asking the reason of this, he was told that these goods 
were intended for the Russian trade, and could not be 
sold without this mark. The circular states also a number 
of cases in which purely English names and phrases are 
given to German manufactured goods, the words 
“* Trade Mark ” being also used, never the words “‘ Schutz- 
marke” or ‘‘Waarenzeichen,” although the latter are 
the officially recognised words. Examples of practically 
similar practice followed by other Continental countries 
are also placed on record. 


In a paper read before the American Society for Testing 
Materials, Dr. C. B. Dudley advocates the practice of 
drilling a hole through the driving axles of locomotives. 
He states that one large railroad puts a 2-in. hole through 
every driving axle more than 8 in. in diameter. The 
reason given is the risk of cavities in the steel due to 
careless heating of the blooms. If a cold bloom is put 
into a hot furnace, the outside layers get hot before the 


inside ones, setting up strains due to differential ex- | 4), 


pansion, sometimes sufficient to cause a rupture of 
continuity, which is signalled by a report like a pistol- 
shot, though it is impossible to say which, out of the 
several blooms in the furnace, is the culprit. When forged, 
the rupture thus arising may be re into a large 
cavity, capable, in one case noted, of holding more than 
half-a-pint of water. The company referred to, which 
drills its axles as stated, finds about 2 per cent. defective 
in the above manner. 


It appears that though the original natural-gas fields 
in Pennsylvania, Ohio, and Indiana are almost exhausted, 
yet a sufficient number of new fields have been discovered 
to make the output in 1904 the highest yet recorded. 
The figure reached was 256,645 million cubic feet, mea- 
sured at a pressure of } Ib. per square inch. Nearly one- 
half of this total was furnished by Pennsylvania. The 
pipe-lines by which it is distributed are stated to have an 

te length of 29,600 miles. The t main is 
35 in. in diameter, and the smallest 2 in., but most of it 
is 8-in. or 10-in. pipe. According to the Jron Age, the 
line pressure in the smaller sizes runs up to 400 Ib. per 





square inch, but for diameters above 20 in. it is usually 
less than 3001b. per square inch. Originally the pressure 
of the gas as delivered from the wells was sufficient, but 
of recent years it has m found necessary to instal 
powerful Pumping plant. The average price at which the 
gas is sold is 8d. per 1000 cubic feet, which, in view of 
the very high calorific value of the gas, appears to be 
very low. 


_In a publication in which he reviews the existing facili- 
ties for B src traffic in Berlin, Mr. Petersen, chief 
of the Continentale Gesellschaft fiir Electrische Unter- 
nehmungen, of Niiremberg, calls attention to the fact that 
the number of inhabitants in Berlin has more than doubled 
during the last thirty years, whereas the passenger traffic 
is now twenty times greater than it was in 1875. He fore- 
sees a further and steady increase in traffic during the 
next few years, an increase with which it will be difficult 
to cope with as regards the tramways in a number of 
streets. The object in view in establishing a new system 
for rapid nger service should be to open up different 

é of the town for dwelling purposes ; and seeing that 

itherto the Berlin mger traffic has mostly taken an 
east-westerly direction, the best solution of the problem, 
according to Mr. Petersen, would be to build a north- 
south line with termini outside the circular railway, at 
Gesundbrunnen and Britz, running through those parts 
of the town in which the population is the most dense. 
For this line, Mr. Petersen recommends an overhead rail- 
way, similar to the one in service between Barmen and 
Elberfeld. 


In a recent issue of the Electrical Review (New York), 
we find a description of the Hulett electrically-operated 
unloading machines installed at the docks of the Lorain 
Steel Company, Ohio, by the Wellman-Seaver-Morgan 
Company. The grab bucket handled by these machines has 
a spread of 18 ft. when open, and lifts 10 tons of ore at one 
load. The bucket is attached to the lower end of a vertical 
leg, which in turn is suspended from the overhanging 
‘*walking beam” of the unloader. The motions of the 
bucket are controlled by a man who rides at the lower end 
of the vertical leg to which it is attached, so that he has a 
full view of the bucket at all times. The grab delivers its 
charge into hoppers, from which auxiliary bucket cars are 
fed by gravity. These distribute the ore either into cars 
or on toan ore pile. The electric connections and switches 
are arranged so that the motors operating the machine 
are automatically converted into generators as the limit 
of travel for the corresponding motion is neared. This 
device provides an excellent brake, which is supplemented 
by band-brakes, which come into operation as the motion 
nearly stops. Automatic devices prevent the current 
being switched on to the motors too rapidly, whilst 
providing at the same time that the acceleration shall be 
near the safe maximum and quite independent of the 
skill of the operator. Similarly, if the load on the motor 
exceeds the desired limit slowing or stopping it, resist- 
ances are automatically cut in preventing the Sasning out 
of the armature circuits. 








Curtis Turpines.—The British Thomson - Houston 
Company, of Rugby, have already delivered in this 
country turbo-units aggregating 11,750 kilowatts, and 
have in hand orders for ten 1500-kilowatt sets, four 1000- 
kilowatt sets, and four 750-kilowatt sets. In America 
the General Electric Company, of Schenectady, have 
received orders for an aggregate of 454,886 kilowatts, of 
which 237,775 kilowatts have been delivered. Amongst 
the units in hand are four rated at 8000 kilowatts each, 
which are thought to be the largest turbo-generator units 
yet es Thirty 5000-kilowatt units are already at 
work. 





ARMAMENT ARTIFICERS.—The War Office issues a 
memorandum for the information of candidates for enlist- 
ment as armament artificers into the Machinery Artificers’ 
Section of the Army Ordnance Corps. The artificers are 
to be appointed for duties connected with the repair and 
maintenance of war matériel, such as guns, carriages, and 
mountings ; steam, hydraulic, and other ee pay ; and 
position-finding instruments. Vacancies will be filled by 
civilians specially enlisted, and by soldiers duly qualified. 
The memorandum states the particulars as to appoint- 
ments and emoluments. Civilian applicants are to apply 
to the Commandant, Ordnance College, Woolwich. 





Spinnine-MiiLis.—Homer-Orrice Ruries.—Dvtigs oF 
Occurrers,—After January 1, 1906, the following parts of 
every self-acting mule shall be securely fenced as far as is 
reasonably practicable, unless it can be shown that by 
eir position or construction they are equally safe to 
every person employed as they would be if securely 
fenced. (a) Back-shaft scrolls and carrier pulleys and 
draw-band pulleys; (+) front and back carriage-wheels ; 
(c) faller-stops ; (d@) quadrant pinions; (e) back of head 
stocks, including rim-pulleys and taking-in scrolls; (/) 
rim pore fo psig | pulleys, other than plate-wheels, 
connected with a self-acting mule erected after January 1, 
1906. Duties of persons employed: It shall be the duty 
of the minder of every self-acting mule to take all reason- 
able care to ensure—(a) That no child cleans any part or 
under any part thereof, whilst the mule is in motion by 
the aid of mechanical power; (b) That no woman, young 
person, or child works between the fixed and traversing 
parts thereof whilst the mule is in motion by the aid of 
mechanical power; (c) that no person is in the space 
between the fixed and traversing parts thereof, unless the 
mule is stopped on the outward run. No self-acting 
mule shall be started or re-started except by the minder 
or at his express order, nor until he has ascertained that 
no person is in the space between the fixed and travers- 
ing parts thereof. 
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LATHE FOR THE MANUFACTURE OF ZINC SHAVINGS. 
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Fie. 3. 


Tue lathe illustrated in Figs. 1 to 3, above, has 
been designed specially for the rapid production of 
zinc shavings, which are required in considerable quan- 
tities for the manufacture of hydrogen gas and other 
purposes, particularly in connection with the recovery 
of gold in the cyanide process. The headstock contains 
no gearing, two broad steps on the cone giving all the 
speed variation that is required, and giving the smooth 
drive that is essential for fine continuous shavings to be 
turned off at high speed. The zinc cylinder that is to 
be reduced to shavings is mounted on a mandrel, and 
cramped up against the face-plate by a nut. This can 
be done without removal of the mandrel. The slide- 
rest carries two cutting tools of high-speed steel, 
each with eight serrations in the cutting edge, and 
set at an angle relatively to the work, as shown in 
Figs. 1 and 2. The leading screw runs centrally 
along the interior of the bed, and its nut is connected 
to the slide-rest by a rod on each side of the bed. An 
adjustable ratchet motion drives the leading screw, 
and enables different thicknesses of shavings to be cut 
according to the feed set. 

An automatic knock-off motion, which can be set to 
act at any position of the slide-rest, is provided. Its 








action will be understood from Fig. 2. The slide-rest 
strikes a stop in the usual way and throws a clutch, 
which disconnects the ratchet motion at the back from 
the leading screw. The clutch may also be thrown in 
or out by the lever handle at the end of the head- 
stock. The cabinet leg is used as a tank to contain 
the lubricant for the cutting-tools, which are supplied 
by a pump belt-driven from the headstock. A re- 
movable tray collects the spent lubricant and returns it 
to the tank. 

The lathe is made in two sizes, one capable of pro- 
ducing from 254 lb. to 75 lb. of shavings per hour 
according to the fineness required, and the other from 
54 lb. to 220 1b. per hour. The makers are Messrs. 
Pollock and Macnab, Limited, of Bredbury, near 
Manchester. 








INDUSTRIAL NOTES. 


PERHAPS no more pathetic scene was ever witnessed 
in any part of the world than the procession of the 
wives of the unemployed workmen of London which 
accompanied the deputation of women to the Prime 
Minister last week. Thousands of women were 





there, and van-loads of children from all parts of 
London, but mainly from the East End; Poplar 
alone, it is said, sent 1500. On the Thames Embank- 
ment the men assembled, but did not form part of 
the procession or deputation. It represented the 
workless of all classes, but more especially the un- 
trained and unskilled labouring ulation of London, 
casual labourers, odd-job men, and, doubtless, street- 
corner men. It is well known that tens of thousands 
of skilled men have been out of work more or less 
for a long time past ; those of the better class, the 
more thrifty section, have drawn their unemployed 
benefit from the various trade unions to which they 
belong ; some, indeed, have drawn as much as the 
rules permit, but are still workless. The worst of it 
is that such men unconsciously drift into the ruts 
of the out-of-works after a long spell of idleness, 
others have a long leeway to make up before they 
can regain, if ever, their former position. It is a 
sad blot upon our civilisation that willing workers 
should be workless when there is so much that 
requires doing. Whether the organisation of the 
unemployed is likely to solve the problem remains 
to be seen; upon this point there are differences 
of opinion. If all those who compose the army of 
unemployed were really able and willing to work, to 
ive value for money, the problem would not be so 
difficult ; but this is not the case. There are loafers 
and casual men, there are the thriftless and the ne’er- 
do-wells, and these dull the edge of charity, and the 
really deserving suffer more acutely in consequence. 
The speakers selected to address the Prime Minister 
had an easy task to perform. The cry of distress had 
bien hearu for some time past, and they had but tu 
— to indisputable facts to justify their presence. 
overty and privation have been the experience of the 
East End of London for some time, and there seems to 
be no indication of any such revival in trade as to en- 
courage the hope of a speedy end to the distress which 
prevails. But the Prime Minister’s reply must in all 
fairness be read in the light of the claims of those who 
want State employment for ar and not only 
for the unemployed. Mr. Balfour, as his brother, Mr. 
Gerald Balfour, had done previously at a great meet- 
ing in the North, declared that he could not propose 
any measure which meant State employment for all. 
Both of them, in their own way, threw the burden 
of the petitions for work upon the charitable—- 
voluntary help for those in distress. But they both 
forget that the original intention of the Poor Law 
was to find work for the workless, so that they 
should earn the bread they eat. The Poor Laws of 
to-day recognise the same thing. The question 
is, how to adjust the Poor Laws to present circum- 
stances. The Socialists have complicated the ques- 
tion by their demands. If there is a lack of work, 
and people are starving, it has been a rule in 
every civilised country to provide temporary work 
for the workless. It is cheaper than Poor Law relief 
at the outset, and the results may be remunerative ; 
at least, the community would be the better off by 
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clean streets and roads and pavements, even if the 
work was not otherwise remunerative. But if the 
organisers seek to exploit the workless in order to 
obtain State employment on Socialistic lines, they, 
and not the Prime Minister or the President of the 
Local Government Board, are at fault. It is pitiable 
to think that non-employment and distress are to be 
exploited in connection with a General Election, and 
yet this seems to be the intention of those engaged in 
the agitation—on both sides. 


The report of the Amalgamated Society of Car- 
penters and Joiners gives little indication of any real 
improvement in the building trades. The total mem- 
bership was 69,509, of these 4523 were on unemployed 
benefit, 1590 on sick benefit, and 1788 on superannua- 
tion benefit, But the report says :—‘‘ The unemployed 
returns from our various branches do not indicate any 
improvement compared with a year ago. . . we may 
derive some satisfaction from the fact that while only 
five branches describe trade as ‘good,’ an increased and 
increasing number report trade as ‘moderate.’” In the 
United States and in Canada there is an almost entire 
absence of members on the unemployed list. In South 
Africa the members are suffering. There has been an 
influx of carpenters and joiners, so that reductions in 
wages are the result. It isstated that those who were 

ood trade unionists at home, or in other countries, 

ad become non-unionists in South Africa, so that 
wages and the conditions of employment not only did 
not improve, but deteriorated. The attempt of the 
Amalgamated Society to establish boards of concilia- 
tion appears to be progressing very favourably. Em- 
ployers’ associations seem to be — to join, with 
the result that instructions are given for establishing 
local boards in all centres when the two parties agree. 
It appears that the Operative Masons and the Opera- 
tive Bricklayers have also agreed to join. This will 
be the inauguration of more peaceful methods in the 
building trades—a branch of industry formerly in the 
foremost ranks of labour bodies where strikes and 
lock-outs were prevalent. The need for peace is 
shown by the necessity for extra levies to bring the 
funds up to the amount stipulated in the rules. The 
balances of the union stand to-day 37,000/. short of 
the required amount. 

The report of the Iron-Founders’ Society states 
that trade continues to improve, but the improvement 
is less marked than in the month previous. There 
was an all-round decrease on the funds of 98, of whom 
62 were unemployed and on donation benefit. The 
total on the various funds was 2731 ; previous month, 
2829. Of those on benefit the totals were :—Donation 
benefit, 925—decrease, 62; sick benefit, 427—-decrease, 
24; superannuation benefit, 1257—increase, 16 ; other 
unemployed, 116—decrease, 29; dispute benefit, 6— 
increase, 1. But as regards this last item, shops are 
closed to members in 21 districts, the number of shops 
varying from one to several. The cost of benefits was 
847/. 18s. 8d., or about 1s. 0}d. per member per week. 
The cash balance at date was 87,700/. 14s. 5d., show- 
ing an increase of 1787/. 4s. 2d. in the month. The 
total membership was 18,312, showing a decrease of 101, 
due to exclusions for arrears at the end of the quarter. 
The returns as to the state of trade show fluctuations. 
There was an increase from 27 to 33 in the number 
of places where employment was described as “ ver. 
good ;” a decrease from 35 to 27 described as ‘‘ good ;” 
and an increase from 26 to 32 described as ‘‘ mode- 
rate.” There was a decrease from 11 to 6 where trade 
is said to be very bad; the number marked ‘bad ” 
is 12—same as last month. There was alsoan increase 
from 3 to 7 where trade was improving. On the 
whole, the figures are encouraging. ‘The report 
announces that some of the levies are no longer needed, 
which is a good sign. Directions are given to mem- 
bers to find the new offices in Manchester, which 
were formally opened on Saturday last, November 11. 
The members have decided by a majority of 1411 
— the appointment of an organiser, and in favour 
of a conference of collateral trades to extend unionism, 
by a majority of 2001. Those members who are 
neglectful enough to risk losing their benefits by 
being too much in arrears are cautioned that they may 
run out of benefit, and this, it is pointed out, would 
be very disastrous in the winter months. The benefits 
are too large to be thus lost. 

The Amalgamated Engineers’ Monthly Journal is 
able to announce an increase in membership, and a 
decrease in the number of unemployed members. The 
trend of trade has been favourable from the beginning 
of the year, but the chart line shows how slowly the 
improvement has been. Starting about level with 
1904 as regards the total of unemployed, the number 
has gone on decreasing, except in July and August, 
when the numbers were about equal; it has nearly 
‘reached the low-water line of 1 in the months of 
July and August of that year, and the decrease of 
unemployed goes on slowly towards the lowest level 
of that year. Members are notified that there will be 
vacincies at Ruskin College at the end of the year, 





and branches are asked to send in the names of suitable 
students. The engineers are earnest supporters of the 
college, and are voting another levy of a penny per 
member to it, which will realise a very handsome 
sum. The Journal points out the difficulty of the 
Operative Bricklayers’ Society in estimating the 
number of unemployed, as it has no out-of-work benefit. 
Trade returns em to be given, but they are of so 
general a character that little information is afforded 
to the members. There are ‘‘ Co-operative Notes” 
which give to the members some idea of what is being 
done in the co-operative world. The ‘‘ Notes” by 
A. E. Fletcher are general, political, and literary. 
The writer has the ear of labour men owing to his out- 
spoken socialism of a mild type, but he is too well read a 
man to endorse extreme doctrines. The literary articles 
enerally, such as those on Lord Gran- 
ville; ‘‘M ife,’ by Alfred Russel Wallace; and 
Charlotte Bronté, with illustrations. The technical 
series on the development of the steam-engine is 
valuable to the members, for it gives an historical 
survey of that now familiar object. 


are of value 


The report of the Operative Cotton-Spinners is the 
most encouraging for a long time past. The Associa- 
tion has increased in numbers, so that it has attained 
to the highest numerical level recorded in its his 
tory. The increase in the month was 117, for the 
son 582, of full members. The united membership 

as reached 15,934—a total gain of 1709 in the year. 
The number on the out-of-work fund fell to 2.78 per 
cent.; in the month previous it was 461 per cent.; 
same month a year ago, 17.47 per cent. These figures 
indicate general prosperity in the cotton trades. The 
number of dispute cases dealt with by the officials of 
the Association in the month was 36; previous month, 
23; same month a yearago, 19. The matters in dis- 
pute were settled by negotiation between the parties 
affected, or through their representatives. There were 
36 accident cases reported by the various branches ; 37 
in the month previous, and 23 in the same month a year 
ago. The claims for compensation to injured members 
sent into the employers were 20; previous month, 15 ; 
same month a year ago, 14. These claims are dealt 
with by the officials and by the employers affected ; if 
these cannot agree, the dispute is referred to the Joint 
Committee. Generally claims are settled without re- 
course to the Law Courts. The details connected with 
each case of injury are given in the monthly reports, 
together with the amount of compensation claimed, 
and the ultimate payment agreed upon; so that all 
concerned are. able to judge of the fairness of the 
claim and settlement. Special treatment by the 
Association doctor is given in cases where such treat- 
ment is deemed to be necessary. The financial opera- 
tions of the month are regarded as satisfactory, for 
they resulted in a net gain to the funds of 1034/. 0s. 8d. 
After a long spell of bad trade, heavy expenditure, 
and decreasing funds, the turn of the tide must be 
most welcome to the officials of the union, and satis- 
factory to the whole of the members. 


The ition of the iron and steel trades in the 
Midlands is still encouraging ; firmness prevails in the 
enhanced prices, and in some instances more money is 
asked for deliveries. At the same time it is said that 
higher prices have checked the demand which was 
growing. The disposition seems to be to go steadily 
and not to run any =a advancing rates too rapidly. 
Some firms, it is reported, find a difficulty in executing 
orders taken at low rates, as material has gone up in 
price. Pig iron is said to be scarce; some say that 
the supply has not been so short for years. Sheet 
makers are full of orders, and complain that they 
cannot get steel or puddled bars fast enough. A 
further advance in marked bars is rather anticipated. 
Altogether the situation is regarded as fairly satis- 
factory, and the outlook is brighter than for a long 
time past. 


There was a fair attendance on the Manchester Iron 
’Change last week ; but there was a slightly quieter 
feeling, although the — was regarded as 
thoroughly sound in all departments. Finished iron 
maintains the advanced rates firmly all round. There 
Ag to be a strong demand for boiler and tank 
plates, and for girder and bridge material. Users of 
iron and steel are getting busier week by week, so that 
there is every probability of further advances in rates 
at no distant date. 


It appears that the members of the Amalgamated 
Society of Engineers on the North-East Coast are far 
from satisfied with the reply of the employers regard- 
ing the advance in wages asked for some time ago. 
It seems likely that a conference will shortly be called 
somewhere in the district, at which the Steam-Engine 
Makers and the United Machine-Workers’ Unions will 
be invited to send representatives, with the view of 
presenting to the employers a united demand for an 
advance. In the event of another refusal the con- 
ference will endeavour to obtain united support, if it 
is thought necessary to take further steps to secure 





the advance sought for. Doubtless the Conciliatior, 
Board will be called together to consult, if events 
require it. Every effort will probably be made to 
avert any stoppage of work at this critical time. 


The death of Mr. William Parrott, M.P., is not only a 
great loss to the Yorkshire Miners’ Association and to 
the National Federation of Miners, but to the House 
of Commons, to which he was elevated on the death of 
his predecessor in office-—the late Benjamin Pickard. 
This is the third loss by death within a few months of 
each other—Mr. Cowey, Mr. Pickard, and now Mr, 
Parrott. The miners can ill afford to lose such men, 
who were of sterling worth, of high character, and 
generally esteemed by the mine-owners with whom 
they came into frequent contact, and sometimes into 
conflict. Some of the best labour leaders that this 
country has ever known won the respect of the 
employers by reason of their fairness when a solution 
of difficulties could only be found by concessions. 
The trade-union official has had often to contend 
against great odds, the suspicion of his own members 
being mostly a thorn in his side. It requires a strong 
and honest man to steer clear of the dangers which 
beset his path, not only from opponents, but from 
“* friends.” 


The threatened dispute in the Nottingham lace 
trade may be said to be closed. The executive of the 
union had before them the result of the recent ballot 
of members, by which, by a small majority, the 
members refused to accept the arbitrator’s award. 
The Council considered that in view of the under- 
taking by the men themselves they were bound to 
accept the award, and to carry it out. The Council 
was unanimous on this point, and it instructed the 
secretary to write to Mr. Askwith informing him of 
the decision. The society was bound in honour to 
accept the award, said the members of the Council. 
It is in such circumstances as these that trade-union 
officials and labour leaders have to show their pluck 
and good faith, in spite of grumblers outside the 
Council of the union. 


The storm in a teacup over the Chief Registrar’s ob- 
jection to the inclusion of Parliamentary representa- 
tion as an ‘‘ object” in trade-union rules sent to him 
to be certified has been got over by a special rule or 
rules as a means to secure the object aimed at by the 
union. The two following rules have been certified by 
him for the National Amalgamated Union of Labour :-- 
**(1) The payment of a penny per member per quar- 
ter to labour representation purposes ; (2) Payment 
out of the sum provided of a contribution to the 
National Representation Committee.” This, indeed, 
is all that is needed, if the thing is required. 


The staff at Kew Gardens are agitating for an ad- 
vance in wages. The trained gardeners, it is said, are 
paid less than the unskilled labourers. This seems 
absurd ; but strange things are done in State depart- 
ments, stranger than in private firms. Yet some think 
State employment is the beau ideal of life. 


The operatives in the Regent Flour Mills of the 
Scottish Wholesale Co-Operative Society, Limited, 
are agitating for improved conditions, as follows :— 
Shorter hours, increase in wages, and longer holidays 
in the year. 


At several collieries in Lanarkshire there have been 
disputes as to deductions for dirt for some time. Some 
of the mine-owners have tried by consultation with 
the men’s representatives to arrive at an arrangement. 
Some of the managers, however, it is said, do not 
favour the proposals. This may end in a dispute, for 
the miners seem determined to get concessions. 


The gun-makers at the Small Arms Factory at 
Sparkbrook, Birmingham, are dissatisfied with the 
distribution of orders ; they complain of Enfield. Not 
long ago Enfield was complaining of Birmingham. But 
just now the complaint is general that the Government 
are lessening the number employed in many depart- 
ments of the public service. ' 








Pic wy Germany.— The production of pig in the 
Zollverein in September was 953,780 tons, as compared 
with 833,578 tons in September, 1904. The aggregate out- 
put of pig in Germany in the third quarter of this year was 
ith 2,532,556 tons in the 


2,865,008 tons, as compared with 


corresponding period of 104. 

Water Power In New Zeatanp.—The New Zealand 
public works statement shows that the total amount o! 
water power readily available in New Zealand may be 

ut down at about 550,000 horse-power in the North, and 

450,000 horse-power in the South Island, or, in round 
figures, 4,000,000 horse-power (estimated as brake horse- 
power on turbine shafts) for the whole colony. But this 
total is not regarded as by any means exhaustive or final. 
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THE INFLUENCE OF NICKEL AND 
CARBON ON IRON.* 


By G. B. Warernovse (Buffalo, N.Y.). 


Tue following paper is based on an investigation con- 
ducted in the metallurgical laboratory of the School of 
Mines of Columbia University, in the City of New York. 

The author has much pleasure in acknowledging the 
seady counsel and aid of Professor Howe, who has revised 
the paper critically, and of the members of his staff ; but, 
above all, he has to thank Professor Bradley Stoughton, 
under whose immediate direction the work of investiga- 
tion was carried out. 

Thanks are also due to Dr. J. A. Mathews, of the 
Research Department of the Crucible Steel Company of 
America, for superintending the making of the steels ; to 
Mr. Albert Ladd Colby, assistant to the President of the 
International Nickel Company, for his gift of pure elec- 
trolytic nickel ; and to Professor J. A. Woolson, of the 
Mechanical Engineering Department, Columbia Univer- 
sity, for allowing the mechanical tests to be made in his 
laboratory. 


OxBJECT OF THE INVESTIGATION. 


The object of the following research is to help in the 
study of the ternary alloys of iron, carbon, and another 
metal or metalloid, by considering a series of steels of 
constant nickel with varying carbon percentages. The 
other elements, which are present of necessity, were 
kept as low and constant as possible, 

Historical.—The influence of carbon on iron has, up to 
the present, held the foremost in research work 
relating to steel. This is natural, considering the ~ 
importance of the subject. The work of Professor J. O. 
Arnold! is especially valuable in this connection.+ He 
experimented with 50-1b. crucible ingots of great purity. 
The special importance of this classical research lies in 
the fact that it constitutes a base-line of knowledge, com- 
pared with which the influence of the other elements 
found in steel can be studied and estimated. 

The properties of the binary alloys of many elements 
with iron have been studied in some detail, notably by 
Mr. R. A. Hadfield. There still remains, however, a 
wide field open for research. 

The earliest experimenters with nickel were Faraday 
and Stodart, who, in 1820,3 in the laboratory of the 
Royal Institution, made small amounts of many alloys, 
using wrought-iron nails, and metals such as silver, gold, 
platinum, and nickel. Their two nickel alloys contained, 
by calculation, 3 and 10 per cent. of nickel respectively. 
The small laboratory ingots worked down well, and 
proved capable of taking a high polish, yielding promise 
of future usefulness for mirrors. 

Probably the next work was that done by Sir Henry 
Bessemer in 1862.4 He melted metallic nickel and 
wrought iron containing much sulphur and phosphorus 
cone in a crucible. The resulting ingot was badly 
red-short, and as Sir Henry was very busy at the time 
overcoming the prejudices against his new steel, the 
experiment was not followed up. 3 

In 1887 Mr. Marbeau was working on the subject in 
France, and took out several patents. As a consequence 
a Glasgow company became interested, and commissioned 
Mr. James Riley to investigate the subject. After going 
to France and examining the new steels, he was so favuur- 
ably impressed that, on his return, he ran twelve heats 
of nickel steel in a 10-ton acid open-hearth furnace. The 
composition of the resulting steels was very variable, the 
nickel rising from 1 to 50 per cent., the manganese being 
very high, and the carbon fairly high. All the steels 
forged well. 

The results, when presented to the Iron and Steel In- 
stitute in 1889°, aroused great interest. There was an 
animated discussion, during the course of which it trans- 
pired that Mr. James F. Hall, of Sheffield, had been 
quietly and successfully working on the subject for some 
time, 

This paper, and the discussion attending it, directed the 

attention of the iron and steel world to the new material, 
and its manufacture was especially followed up in 
America. The reason for this may be mentioned briefly. 
In 1890 the United States Naval Bureau was endeavouring 
to find the best material to use as a protection for its 
battleships. Several Continental firms supplied experi- 
imental armour plates, consisting of carbon steel, compound 
wrought iron and steel, and nickel steel. During October 
and November, 1891, the famous armour-plate trials at 
Intian Head took place.6 Quoting from one of the 
reports: ‘* Further light was thrown upon the question 
of the relative merits of the all-steel and nickel-steel 
uvimour, and any doubt which may have remained was 
finally set at rest. The nickel-steel plates proved to be 
far superior to the Harveyed steel plates, notwithstanding 
ie advantages that it may have derived from the special 
treatment.” As a consequence, the Naval Bureau decided 
that the new cruisers should be protected by nickel steel 
containing 3.25 per cent. nickel. 
_ Although this provided the first and most important use 
for the new steel, it is constantly finding new applica- 
tions, and has been very successfully employed for boiler 
and ship plates, shafting, forgings, hydraulic cylinders, 
«nd structural beams and shapes, 

With higher percentages of nickel the alloys are less 
corrodible, and are now being employed for boiler tubes ; 
and, on’account of the low coefficient of expansion, for 
‘urveying instruments, chronometer springs, pendulums, 
and weights and measures. All these commercial steels 


* Paper taken as read before the Iron and Steel Insti- 
tute at Sheffield. 

t The reference numbers in the text refer to the Biblio- 
grap y given in the Appendix. 








contain a considerable quantity of manganese, masking 
the influence of the carbon and nickel. 

Present Condition of Our Knowledge.—Probably the 
largest amount of work has been done on nickel steels by 
Mr. L. Dumas, whose monograph appeared in the Annales 
des Mines.’ It is divided into the following sections :— 

1. Steels with nickel alone, no chromium, and carbon 
and manganese very low. 

2. Nickel steels with carbon, chromium, and manganese ; 
‘subdivided into :— 


a. Nickel steels with carbon ; 
b. ” ” chromium Hi 
¢. om * manganese. 


3. A rapid review of the properties of very high nickel 


alloys. 

Mr. C. E. Gillaume has studied the alloys of iron 
and nickel with regard to their expansion with heat, and 
their magnetism, elasticity, density, and electrical re- 
sistance. The whoie of his alloys, together with many 
others prepared at Imphy, making a total of 113, were 
examined by Mr. Dumas. 

In sub-division a of the second division, which deals 
with the question which we are studying, the properties 
of 19 nickel steels with carbon are given. They are 
divided into six grou in each of which the carbon 
varies, while the nickel is fairly constant. The first and 
second groups contain about 30 per cent. of nickel, and the 
percentage then drops to the sixth group with about 
10 per cent. 

his is the lowest percentage which he studied, and 
there are only two samples in the group, one containing 
0.1 per cent. carbon, and the other 1.37 per cent. carbon 
and 2.71 per cent. manganese. 

A table of mechanical tests of forgings has been issued by 
the Bethlehem Steel Company, which, as it shows the in- 
fluence of nickel with the lower percentages of carbon, 
may be reproduced here. The steels were made by the 








open-hearth process, and so contain 0.5 per cent. of 
manganese. 
TABLE I.— Nickel Steels made by the Bethlehem Steel 
Company. 
gis 
Elastic Limit | 3 |34¢ 
os 2 Tenacity per oe 
Carbon. Nickel. ew Square Invh S s= 
a as 
percent. percent. tons Ib. tous Ib. per | per 
| cent. cent. 
0.2 _ 12.50 28,000 24.80 55,000 34 €0 
02 3.60 21.40 48,000 | 37.90 85,000 2 55 
0.3 - 16.60 37,000 | 33.50 75,000 30 50 
0.3 8.50 | 26.80 60,000 42.40 95,000 22 | 48 
0.4 oe 19.20 43,000 | 37.90 85,000, 25 | 45 
0.4 8.50 | 82.20 72,000 49.20 100,000 18 40 
0.5 ee | 21.40 48,000 42.40 95,000 21 40 
0.5 3 £0 37.90 13 | 82 


A 85,000 | 55.80 125, 

There are also a great many results published showing 
the difference that the addition of about 3.4 per cent. 
nickel makes in the mechanical properties of a low carbon 
steel made by the open-hearth process. large number 
may be found in the discussion oniing reading of 
Mr. Wiggin’s paper,® and in papers by D. H. Browne,® 
and by F. L. Sperry,’° whilst others are found scattered 
through the various technical magazines.*." By taking 
the tests given on steels of closely related composition 
and treatment, and taking averages, Table II. was arrived 
at. This shows the comparative properties of low-carbon 
— — in the acid open-hearth with and without 
nickel. 


TaBLE II.—Comparison of Low-Carbon Open- Hearth 
Steels. 








™ Elastic Tenacity 82 § 4 
an- | yx; Limit per | per Se Ss 
Carbon. ganese. Nickel Square Square fn g & 
Inch. Inch, | Se | Ye 
ra] ro) 
Ro & 
per per per (tons Ib. tons, Ib. per per 
cent. cent. | cent. | cent. cent. 
0.25 0.58 es 16.1 | 86,064 28.69 64,260 26.63 58.20 
0.24 0.66 3.43 25.6 [57,946 39.09'87,661 23.20 54.40 
Mr. F. L. Sperry also gives particulars in his paper'’ 


of an interesting series of eight steels made in a small 
open-hearth furnace. The carbon rises from 0.16 to 0.91; 
but the nickel is by no means constant, varying from 2.05 
to 493. Owing to adverse conditions it was found 
‘*impossible to make steel of a uniform grade, or show 
the degree to which a definite percentage of nickel in 
steel would be influenced by varying percentages of 
carbon, and vice versd.” 

From the averages given in Table II., representing the 
work of many experimenters, we see that in the case of 
mild open-hearth steels which have teen thoroughly 
examined, the addition of about 3.4 per cent. nickel 
increases the tenacity from 30 to 50 per cent. ; whilst the 
ductility is only lowered 10 to 20 per cent. As the carbon 
rises the increase in tenacity due to the presence of nickel 
is not so great. Still, in the highest sample of the 
Bethlehem Steel Company’s table, containing 0.5 per 
cent. of carbon and 3.5 per cent. of nickel, the tenacity is 
raised 31 per cent., whilst the ductility is lowered about 
33 per cent. 

An important point in connection with the tenacity is 
that the ratio of the elastic limit to the ultimate strength 
is greater than that of ordinary commercial steels. Mr. A. 
L. Colby gives the following figures, based on his ex- 
perience at Bethlehem on steel forgings :— 








Per cent. 
Mild stee! ratio 46.40 
Medium hard steel ... 46.20 
Medium hard nickel steel 58.70 


These steels were made by the acid open-hearth process, 
and contained about 0.5 per cent. of manganese. 

In 1894 Professor Arnold!? microscopically examined 
an alloy containing 1.51 per cent. of nickel, the other 
elements being very low. It showed ferrite in smaller 
crystals than usual. Dr. Mathews'* found the same 
result with his low-carbon iron and nickel alloys. In 1898 
Mr. Osmond! pnvesiienied the series prepared by Mr. 
Hadfield.” He divides the alloys into three groups, 
according to their nickel percentage, as follows :— 

_1. From 0.0 to 8.0 per cent. of nickel the structure is 
similar to that of the carbon steels, but with smaller 
crystals, 

2. From 12.0 to 15.0 per cent. nickel the structure 
consists of rectilinear fibrous sheafs, parallel in three 
directions, showing the characteristics of quenched steels, 

3. From 25 to 50 per cent. nickel the structure is purely 
that of white allotriomorphic crystals. 

Mr. Léon Guillet has contributed some very important 
papers on this subject. His work was performed on 
three series of very pure steels, each consisting of nine 
samples. The carbons in these three series is respectively 
about 0.12 per cent., 0.25 per cent., and 0.8 per cent., and 
the nickel rises in each group from about 2.0 per cent. to 
30.0 per cent. He has represented his results diagram- 
matically in Fig. 1, page 672, of which a brief description 
may be given. 


The co-ordinates represent carbon and nickel percent- 
ages. Considering a case with 0.5 per cent. carbon and 
increasing nickel wil!l help to make it clear. With up to 


7 per cent. nickel the steels are pearlitic, and similar to 
ordinary steels, Above 7 per cent. nickel a martensitic 
structure is seen, and with 9 per cent. nickel the whole 
field is martensitic. When the nickel has increased to 
17 per cent. white polyhedrons of austenite begin to 
appear, and increase in volume until, with 20 per cent. of 
nickel, they occupy the whole field. 

By examining his three series the points were found 
where martensite began to show, where the whole field 
was martensite, and similarly with regard to the white 
polyhedrons of austenite. 

These points, when joined, divided the tield into tri- 
angles, as shown, because they converged to a point where 
the material contained 1.65 per cent. carbon. The two 


-| small unshaded triangles are transition areas between the 


triangles that correspond to Osmond’s three classes. 
Guillet says :— 

**Micrographic study clearly shows that the consti- 
tuents of these steels are :— 

_ “1, Ferrite, pearlite, and, of course, sorbite and troos- 
tite. 

**2. Martensite. 

**3. Acicular crystals, sometimes, with no apparent 
reason, white and sometimes black. 

‘**4, White polyhedrons.” 

The diagram has only been tested with steels containing 
up to about 0.8 = cent. carbon. 

Some results have been obtained with regard to the re- 
calescence of nickel steels. In the paper on ‘‘ The Influ- 
ence of Elements on Iron,”’!? Professor Arnold found that 
the alloy containing 1.51 per cent. nickel gave arrests in 
the heating curve at 702 deg. Cent., 733 deg. Cent., and 
808 deg. Cent.; and that, on cooling, points were found at 
742 deg. Cent. and 645 deg. Cent. He observes that 
nickel somewhat lowers Arl on heating, distinctly on 
cooling. Ar 2 is singularly constant throughout; while 
Ar 3 is lowered to or below Ar 2. 

Osmond thermally examined the alloys of iron and 
nickel of Mr. Hadfield. He found that with increasin 
nickel the critical points were constantly lowered, until 
with 24.51 per cent. of nickel the recalescence was not 
complete at ordinary temperatures. Alloy E containing 
3.82 per cent. nickel, 0.19 per cent. carbon, 0.65 per cent. 
manganese, and 0.20 per cent. silicon, gave critical points 
on heating at 680 deg. Cent. and 740 deg. Cent. ; and on 
cooling at 645 deg. Cent. to 635 deg. Cont. and 565 deg. 
Cent. to 550 deg. Cent. Dr. Mathews, in his pa re- 
sented to the Iron and Steel Institute in 1902, had 
three alloys of iron with nickel ranging from 1.07 per 
cent. to 5.35 per cent. The one containing 3.37 per cent. 
nickel and 0.163 per cent. carbon gave tentative deter- 
minations of the critical points at 870 deg., 710 deg., and 
630 deg. Cent., which were the arrests observed in the 
cooling curve. In the present paper this steel was re- 
examined, and gave the following points :—On heating at 
702 deg. to 714 deg. Cent., and at 754 deg. Cent.; and 
= cooling at 702 deg. to 690 deg. Cent., and at 619 deg. 

nt. 


r. 


EXPERIMENTAL METHODS AND LINE Or RESEARCH OF 
THIS PAPER. 

The materials employed by the author in preparing 
the steels were puddied bar iron, known as “‘ muck-bar” ; 
wood charcoal, and an especially pure sample of electro- 
lytically-deposited nickel. The nickel was melted in a 
crucible, thoroughly mixed, and shotted to get it in a 
form suitable for weighing. It was decided to make a 
series of nine ingots, with the nickel constant at about 
3.5 per cent., and the carbon rising from 0.40; er cent., 
which was the lowest possible, using graphite crucibles, 
to about 1.60 per cent. 

The muck-bar, as may be seen in the chemical section, 
compares very favourably with the best Swedish iron; 
89.5 Ib. of it were charged into the crucible together 
with the calculated amount of charcoal. The furnace 
was a Siemens regenerative one, gas-fired. When clear- 
melted, 3.5 lb. of the shotted nickel were added. Before 
teeming. 0.5 oz. of aluminium was thrown in, the steel 
pcured into a sccund hot crucible to ensure mixing, and 
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then into a 4}-in. square mould. When topped, the 
ingots showed no signs of blowholes or piping, and the 
surface was good and smooth. . 

The fractures were so different from those of ordinary 

steel that they quite deceived the inspector, who usually 

es the steel very accurately. After topping, the 
ingots were reheated, hammered down to 1}-in. square 
billets, and finally reheated and rolled to 1 in. diameter 
round bars. 

An extremely interesting point was the entire absence 
of any difficulty due to a thick and clinging scale, This 
scale is mentioned by Mr. E. Windsor Richards in the 
discussion following the reading of Mr. Wiggin’s paper. 
He considered it to be one of the great difficulties attend- 
ing the use of nickel steel, which was then a new material, 
and in the case of plates it produced a rough surface. 
Mr. F. W. Paul, speaking in the same discussion, had 
experienced the same difficulty, especially with plates over 
= thick. Mr. J. G. Eaton, of the United States Navy, 

ad also noticed the same phenomenon, the rolling in of 
the scale producing a series of ridges on the under surface. 
The ee has not been met with much in America, 
owing probably to the high manganese contents of the 
steels. As will shown later, the series of steels 
examined in this research are very low in manganese. It 
is interesting to find that a small amount of aluminium 
has taken the place of the manganese, and that, without 
~~ special precautions, the steels rolled —-- 
he plan of research was to take the prepared in 
the above manner and to examine them thoroughly. 
first obtaining their complete chemical analyses, an 
then testing them mechanically under several conditions 
of heat treatment. Micrographic analyses under these 
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The only impurity in large amount is the iron, which is 
of no consequence. 

The analysis of the muck-bar is given in Table ITI. 

Before the ingots were worked drillings were taken 
from them ata depth of 1 in. near to the top. The carbon 
was estimated, and the results, which were obtained at 
the works at Syracuse, are given in the first column 
of Table III, e other results are those found by the 
author in the metallurgical laboratory, Columbia Uni- 
versity, on drillings taken from three to five places in the 
rolled bars, and well mixed. They are arranged in order 
of ascending carbon. Through an error at the mill, O 
and P were mislettered, so that they do not come in 
alphabetical order. 

t is gratifying to notice the low sulphur. In the case 
of a coke-fired furnace it would not have been lower than 
0.025 to 0.030 per cent., even with the best coke, because 
the steels were in the furnace for an average of 44 hours. 

The carbon in the upper members of the series existed 
in two forms—combined and graphitic. The percentages 
are given in Table [V. 

For the definitions of the treatment the steel has 
undergone reference may be made to the mechanical 
section. 

The graphitic carbon of these steels corresponds to the 
temper carbon of Professor Ledebur,!’ now known as 





DIAGRAM OF MECHANICAL TESTS. 


heated under oxidising conditions; and so meets Pro- 
fessor Ledebur’s three requirements for temper carbon. 

The carbon was carefully estimated in duplicate by dry 
ee. . 

e temper graphite was estimated by digesting three 
grammes of the drillings with 1.20 meilie yom = nitric 
acid at a temperature of 90 deg. Cent. en the steel 
was dissolved, the residue was filtered, washed, dried, and 
ignited as before. 

The nickel was estimated volumetrically by means of 
potassium of cyanide. The iron was separated by means 
of the Swartzenberger separation method given in 
Brearley and Ibbotson’s ‘ Analysis of Steel Works 
Materials.”!* 

The following table shows how these results compare 
with those obtained electrolytically by the chief chemist 
of the International Nickel Company. 


TABLE V. 
Method. [K/L MN PLO/QAIR is [Tt 
Electrolytic... 3.82) 3.83 3.78 3.86, 3.81) 3.78) 3.86] 3.90| 3.90|3.85 
Volumetric --| 3.79 3.79 3.76 3.81) 3.79) 3.75) 3.81) 3.82) 3.92/3.79 





The remaining elements were estimated by the methods 
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Gold ar ns 24° 25° 22° 
[20 soa no |80 60 80 120150 1a0|20 50 80 110 #10 |40 70 10080 «0190220 _ |20 50 80 | {0.50 80 10 4019000 20" 320 350 
(sor.a) Seconds Seconas Seconds Seconds Seconds Seconds 
TABLE ITI. 

Mark of Steel. | Muck- Bar. K. L. M. N. P. 0. Q. R. 8. T. 
Carbon in ingot.. ea . ee 0.40 0.49 0.61 0.82 0.93 1.00 1,23 1.46 1.62 1.83 
Total carbon in bar 0.12 0.41 0.51 0.63 0.79 0.92 0.97 1.24 1.54 1.64 | 1.82 
Nickel ae - 3.7 3.79 3.76 3.81 3.79 3.75 3.81 3.82 3.82 | 38.79 
Silicon . 0.065 0.102 0.103 0.133 0.129 0.126 0.095 0.117 0.144 0.151 0.133 
Manganese trace 0.086 0.054 0.05 0.051 0.047 0.058 0.057 0.054 0.047 0.051 
Sulphur .. 0.008 0.013 «0.014 (0.014.014 0014.14 (0.015 (0.015 | 0.014 == 0.016 
Phosphorus 0.007 0.007 0.008 0.008 0.008 0.008 0.008 0.008 0.007 0.009 0.009 
Aluminium ‘ , | 0.01 0.01 0.009 = 0.01 0.009 0.011 0.009 0.01 0.01 | 0.01 
conditions were also made, and the heating and cooling Tasie IV. 
curves determined. The results may be convenientl —— a ee —_——_——— 

. “ Sant 9 66 = ’ 
classitied under the heads Chemical, Mechanical, I it caltiten'te Submitted to 
Microscopical,” and ‘* Pyrome*rie. Rolled. Treatment A. Treatment B. 


CHEMICAL, 
On analysis the nickel gave the following figures :— 
Per Cent. 
Nickel ... ; : . 99.47 
Cobalt .. ; ; trace 
Silicon .. i : 0.015 
Manganese trace 
Tron ee ‘ 0.437 
Copper ... 0.025 
Arsenic | 
Antimony / ° 0.028 
Sulphur... — ... fase trace 
Oxygen (by difference) ; a 0.025 





Total ae ae * 160.00 











- 

£ — Graphitic —. Graphitic a |Graphitic 
Zz Carbon. | Carbon. shen Carbon. Carbon. Carbon. 
Q 1.24 * 1.24 as 1.24 | 

R 1.48 0.04 1.21 0.31 0.50 1.02 

8 1.13 0.51 0.93 0.71 0.21 1.43 

T 1.02 0.80 | 0.91 0.91 





temper graphite ; it is insoluble in boiling hydrochloric 
or nitric acid. It is distinct from ordinary graphite, 
use the microscope shows it to occur in an amorphous 


Degrees Centigrade. 
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age in Professor Arnold’s ‘* Steel Works Ana- 
ysis.”!" 
MECHANICAL. 

Definitions—Treatment A.—Pieces of each bar, 12 in. 
long, were placed in a gas-fired muffle, and raised to 1000 
deg. Cent. They occupied 1 hour 25 minutes in reaching 
this temperature. For 25 minutes they were maintained 
at this heat, then removed, and cooled in air. The object 
of this procedure was to re-crystallise the steels and to 
remove any distortion or strain produced during the roll- 
ing. The treatment corresponds to the ‘normalising ” 
used by Professor Arnold in his researches, so that the 
results given in this paper are comparable with his. _ 

Treatment B.—The bars were packed in a wrought-iron 
tube, placed in anannealing furnace at 500 deg. Cent., 
and brought to a temperature of 870 deg. Cent. to 880 
deg. Cent. in 54 hours. They were kept at this tempera- 
ture for three hours, then the tube was withdrawn, and 
cooled in a pit with many other filled pipes, and the 
whole covered with ashes. In 24 hours the pipes were 
emptied, the steel being at about 150 deg. Cent. 

or tensile-testing the bars were turned down to a 

diameter of 0.564 in., giving an area of 0.25 square inch. 
Through the kindness of Professor J. A. Woolson, of 
the Department of Mechanical Engineering, Columbia 
University, the testing was carried out in his laboratory. 
The ts are given in Table VI., and also diagram- 





condition. According to Dr. Mathews, there is slightly 
more in the 1}-in. square billets than in the rolled bars, so | 
that it shows a tendency to re-combine with the iron when | 


matically in Fig. 2. 
MICROSCOPICAL. 
Transverse sections have been made of the bars in the 
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TABLE VI. 




















| 


| Elastic Limit | Ultimate | Klong | Reduc- 
No. | Ni. | C.C. |Gr C.| per Square | Strength pe Ocat’in pots FRACTURE. 
Inch. Square Inch. 2 In ” 
| |} 2In, per Cent. 

. ae tons| Ib. | 

KA* | 3.79 | 0.41 -. | 21.68 | 48,563 | 40.28 90,246/ 26.0 44.75 | Light grey granular ; silky edges ; half cup and cone. 
KB* | 3.79 | 9.41 | .. | 20.74| 46,469 | 31.94 71,559 28.0 49.4 x re rs * 

LA | 3.79 | 0.51 | .. | 2252) 50,469 | 4424) 99,109 21.0 39.05 <3 “e 3 

LB | 3.79 | 0.51 | .. |1866) 41,812 |34.75| 77,861| 25.5 46.78 va = 2 a 

MA | 3.76 | 0.63 .. | 25.01 | 56,041 | 51.62 115,421 16.5 26.27 Finely crystalline, and serrated edges 

MB | 3.76 | 0.63 .. | 1883) 42,209 | 39.0 | 87, 23.5 41.45 Grey granular ; tendency towards cup and cone. 
NA | 3.81 0.79 .. | 20.84 »850 | 60 55 | 135,194 14.0 21.27 | Finely crystalline, with serra ges. 

NB | 3.81 | 0.79 .. 11779) 39,875 41.21) 92,313 175 39.11 Grey granular ; crystalline near the edge. 

PA | 3.79 | 0.92 .. | 35.04 | 75,000 | 69.42 155,502 8.0 1408 | Crystalline ; radial furrows ; serrated edges. 

PB 3.79 | 0.92 x 17.71 39,688 | 46.45 104,068 15.0 22.61 | Fine crystalline ; serrated edges. 

OA | 3.75 | 0.97  .. | 35.76) 80,120 | 70-01 | 156,827, 7.5 8.39 | » even surface. 

OB | 3.75 0.97 +s 17.87 41,035 | 46.46 103,187 13.0 22.43 | Crystalline, with granular centre. 

QA 3.81 | 1.24 of 45.44 | 102,030 | 75.31 168,697 3.50 3.20 Fine crystalline ; very level fracture. 

QB 3.1 | 1.24 .. | 18.38 41,186 | 50.74 113,673 11.0 17.21 Rather coarsely crystalline ; little glistening flakes. 
RA | 3.82 | 1.21 | 0.31 | 29.25 | 65,530 | 65.01 145,642 10.5 13.9 } Crystalline, but grey incolour; serrated edges. 

RB | 3.82 | 0.50 | 1.02 | 17.84) 98,847 | 46.84 104,934) 14.5 20.96 | ts a s 

SA 3.92 | 0.93 | 0.71 | 30.18 67,605 60.19 135,734/ 11.5 17.86 Very dark grey nular ; uneven surface. 

SB 3.92 | 0.21 | 1.43 | 17.81 | 39,910 | 29.34 65,732 27.5 46.89 “ racture ; almost cup and cone. 

TA 3.79 | 0.91 0.91 | 29.66) 66,440 58.76 131,612 12.0 13.92 wad granular ; edges slightly silky and 

| deeply serrated. 


treatment B. 


rolled and other conditions, and also of K, P, and Q, 
which contained respectively 0.41, 0.92, and 1.24 per cent. 
carbon after they had been through the following treat- 
ment :—They were placed in a Sauveur platinum resist- 
ance furnace, which was then luted up. In 10 hours they 
had reached 800 deg. Cent., and in 9 hours more | 
were at 1080 deg. Cent. The voltage was then lowered, 
and in 24 hours from the commencement of the operation 
the furnace was at 680 deg. Cent. For 22 hours the tem- 
perature very slowly fell to 650 deg. Cent., and then the 
current was cut off. The steels were removed after 
another 22 hours, being then at 100 deg. Cent. The fur- 
nace temperature was controlled by a Le Chatelier 
thermo-electric pyrometer. : 

The sections were rubbed down on six emery papers cf 
successively finer surface, and finally polished with wet 
rouge. In most cases they were then etched with a 5 per 
cent. solution of picric acid in alcvhol, and examined. 
Several were photographed unetched. In photographing, 
arc-light illumination was u in connection with a 
yellow screen and orthochromatic plates. 

Separation and Analysis of Carbide.—On the advice of 
Professor Stoughton, the composition of the carbide of 
these nickel steels was determined, in order to ascertain 
whether the nickel replaces the iron atom for atom. 

A sample of O in the condition after treatment B was 
taken for electrolysis, the method being that recommended 
by Arnold and Read.” By means of a resistance in the 
circuit, the current was kept at one ampere for 94 hours, 
when the piece was removed. The carbide was mostly 
attached to the bar. When removed, it appeared as a 
grey sludge with a silvery sheen. The sample weighed 
originally 178.265 grammes, and lost 31.23 grammes by 
the operation. On analysis, the figures given in Table VII. 
were obtained. 


TasLe VII.—Analysis of Separated Carbides. 





Carbide Carbide 
from OB. from QA. 
per cent. per cent. 

Carbon 6.52 10.07 
Nickel... 1.86 2.79 
ee 91.71 71.61 
Silicon 0.05 0.41 

Total 100.14 84.88 


The same treatment was tried on a sample of Q in the 
condition after treatment A. During the electrolysis 
there was a continuous liberation of gases from the piece, 
some of which were undoubtedly hydrocarbons, judg- 
ing from their odour. The carbide appeared as a joe 
coloured amorphous powder, and had the analysis given 
in Table VII. The result will be discussed under a later 
heading. 

PYROMETRIC. 


The temperatures in this section were all obtained with 
a Ie Chatelier thermo-couple consisting of wires of 
platinum and platinum alloyed with 10 per cent. iridium. 
A delicate dead-beat mirror-galvanometer made by Car- 
pentier was used, and the deflections observed by means 
of a scale and lamp in the usual manner. 

For calibration the boiling-points of water (100 deg. 
Cent.), naphthalene (218 deg. Cent.), and sulphur = 
deg. Cent.); and the freezing-points of tin (232 deg. 
Cent.), zine (420 7. Cent.), aluminium (655 deg. Cent. ), 
and copper (1084 deg. Cent.) were used, plotting tempe- 
ratiires and the galvanometer readings as co-ordinates. 
Che critical points were determined by taking pieces of 
the steels 1} in. long, and drilling a ;‘;-in. hole § in. 
deep. Into this a fireclay couple cover just fitted, bring- 
ing the thermo-junction in the centre of the piece. The 
arvingement is shown in Fig. 3, page 672. The piece was 
backed in well-ignited asbestos in a crucible, and the 
— ings eee a a — 1 naan furnace. 
. Lhe results obtained on heating an i iv 
in Table VIII. . weap latin 

The heating and cooling curves of the first three 
members of the series are day in Fig. 4. They, espe- 
= y that of M, are typical of the curves of the whole 
eries, 

On the advice of Professor Howe, Fig. 5 was prepared, 
which shows the relation of the critival wales the 





cooling of these steels containing about 3.80 per cent. 


* “A” after the number of a steel signifies subjected to treatment A, while ‘‘B” signifies subjec ed to 
(See previous page.) 


TasLe VIII.—Recalescence Results. 








| | : ; 
| Heating. Cooling. 
.0.| Gr | Ni . ° 
Mark. | per | per | per 
| Cent. | Cent. /Cent. 4.o3 | act. Ars2| Arl. 
Deg. C. | Deg. C. Deg. C. | Deg C. 
KA | 0.41 | 3.79 744 | 704-714 653-638 | 608-598 
LA |051| |. | 379 738 | 699-714| 640 | 615-605 
MA |0e3| |. | 376 .. |702-717' .. | 610-600 
NA |070] |. | 381 | 7u3 718 612 602 
PA | 0.92| .. | 379 | 691-706 | 612-602 
oa | 097| |. | 375 | 701-716 | 612-602 
QA | 1%! 2. | 881 688-68 | 620-610 
RA | 1.21] 031 | 3.82 683-693 | 621 611 
SA | 0.93) O71 382 700-710 | 623-613 
TA | 0.91| O91 3.79 696-711 627-606 
RB | 0.50| 1.02 382) .. | 696-711 615-605 
SB | O21! 143 382| 727 | 697-712 
| | 


| 626.606 


nickel, to thoxe of the pure carbun steels of the Roberts- 
Austen diagram. 


COMPARISON OF THE CRITICAL POINTS WITH THE LOWER 
Part or ROBERTS-AUSTEN’S D1aGRAM. 

Consideration of Results.—Examining the table of the 
mechanical tests, and its accompanying Radha it is seen 
that the action of carbon and nickel on iron is very similar 
to that of carbon alone. In the steels after treatment A, 
the tenacity, as shown by the elastic limit and ultimate 
strength, rises to a maximum with about 1.20 per cent. 
carbon. Above this amount the tenacity drops in part, 
because some of the carbon is in the graphitic form. 

The effect of the nickel is clearly shown by the great 
tenacity p these steels as com with 
carbon steel. To illustrate this the tests given by two 
similarly treated steels of Professor Arnold’s series may 
be given. 

TasLe [X.—Comparison with Carbon Steels. 


ls | 











| © |8,/8 

¢ | = | Elastic Limit. | Ultimate Strength.! © ¢ | 3s | =? 

3/4 | as | pa | 5 

21s —=s \ £8/ 3s 

62 a™ |mco | es 

tons Ib. tons Ib. per | per 

| | | cent. | cent. 

0.38) .. 17.95 40,208! 29.94 | 67,055 | 60.2 | 34.5 | 56.3 
0.41/3.79| 21.68 48,563} 40.28 90,246 | 53.7 | 26.0 | 44.7 
1.20| .. | 35.72 80,012| 61.65 | 188,096 57.8| 80/| 7.8 
1.24/3.81/ 45.44 102,030 | 76.31 | 168,607 60.3| 3.5| 3.5 


| 


The elastic ratio, or the ratio of the elastic limit to the 
ultimate strength, is not greatly raised by the addition 
of the nickel, and, in the lowest member of the series, is 
slightly below that obtained from the carbon series. There 
is no doubt that in commercial nickel steels the elastic 
ratio is decidedly raised, which may be due to the large 
amount of manganese that they contain. 

Corresponding to the increase in tenacity with the rise 
in carbon, there is a decrease in the ductility as shown 
by the elongation and the reduction of area. At about 
120 per cent. carbon the ductility reaches a minimum, 
aud then rises as the total carbon increases, which in- 
crease is accompanied by the separation of graphitic 
carbon. 

The tensile properties are not greatly different from 
those of the pure carbon steels, and the influence of the 
nickel has been to increase the tenacity without lowering 
the ductility to any large extent. 

The weakening effect of the separated temper graphite 
is well shown by the steels QA and RA, the tests of 
which are i in Table VI. They contain respectively 
1.24 and 1.21 per cent. of combined carbon. 

The influence of treatment B has been very marked, as 
may be seen in Fig. 2. The ultimate strength has been 
greatly lowered. It steadily rises with the increase in 


carbon until the latter is about 0.9 per cent., then rises | ce’ 


slowly, attaining a maximum at about 1.2 per cent. The 
separation of the graphitic carbon is marked by a drop 
in the curve. 

The elastic limit of the steels after treatment B is 
singularly uniform. It was determined in all cases by 





an extensometer, which, on account of its superior sensi- 
tiveness, gave its indications before the drop of the beam, 
to which, however, it closely corresponded. This inte- 
resting point will be solaned to later. The ductility of 
the steel has been increased by the treatment B. It does 
not greatly decrease after the carbon has reached 0.90 per 
cent., and shows a rapid increase with the appearance of 
the graphitic carbon. 

In the case of Mr. Hadfield’s nickel-iron alloys, anneal- 
ing did not have much effect, and he says :—-‘* The an- 
aealed cast bending-bars, forged bending-bars, and forged 
tensile bars show very little difference from the unan- 
nealed specimens, apparently showing that the annealing 
is of very little, ifany, benefit.” Heexpresses the wonder 
whether this would hold good with high-carbon nickel 
steels, a question answered by these results in the nega- 
tive. 

The microscopical section shows that these steel belongs 
to the first class of Osmond, and the pearlitic of Guillet, 
which is natural, because they lie wholly within the 
pearlitic area of Diagram I. The constituents are 
those of carbon steels—namely, pearlite with ferrite 
as the excess substance in hypo-eutectoid or unsaturated, 
and. cementite as the excess in the hyper-eutectoid 
or supersaturated steels. Graphite is also present. 
In the case of the rolled steels and those given treat- 
ment A, the free ferrite diminishes with increasing 
carbon, until P and O, containing 0.92 and 0.97 per cent. 
of carbon respectively, consist entirely of pearlite. Above 
this percentage cementite is found. In the steels which 
have been given treatment A, the pearlite is of a sorbitic 
structure. In the higher members of the series the 
separated carbon has so lowered the percentage of com- 
bined carbon that the structure is mainly pearlite. The 
separated carbon is in small globules in the interior 
of the pearlite, and is surrounded by a thin layer of 
ferrite. 

The annealing given in treatment B has had such an 
effect that the pearlite has separated into its constituents 
ferrite and cementite, and graphitic carbon is present in 
the higher members. In sample OB, containing 0.97 
per cent. carbon, the carbide contains 1.86 per cent. 
nickel, and the ferrite has 1.89 per cent. in solid solution. 
It would appear that the uniform elastic limit of these 
steels, and the fact that they are all chiefly ferrite and 
cementite, have a direct bearing on each other. The 
three specially annealed steels are particularly interest- 
ing. e lowest carbon steel has separated into ferrite 
and cementite ; the one with 0.92 per cent. carbon has 
well-developed pearlite with meshes of cementite, show- 
ing that this composition is above the eutectoid ratio ; 
while the highest member, with 1.24 per cent. carbon, 
has a large excess of cementite. 

In the steels given treatment the cementite has the 
following composition :— 


Per Cent. 
Carbon és et co 6.25 + 12 = 0.54 
Nickel es oo pee 1.86 + 55 = 0.034 
Iron ... ‘“ .. 9171 + 56 = 1.63 


The percentages, divided by the atomic weights, give the 
ratios in the last column. That of the carbon to the 
nickel and iron is 0.54: 1.664, which equals 1 ;: 3.08, so 
that the formula of the cementite is Fe(Ni)s.osC., or, 
writing it simply, Fe(Ni)sC. 

In the steels which have been given treatment A, the 
finely-divided, almost emulsified, cementite of the sorbitic 
pearlite suffers decomposition under the method em- 
ployed for its separation, a moderate amount of hydro- 
carbons being given off, and free carbon also being pro- 
duced. This makes it impossible to say what the analy sis 
of the carbide is in the rolled steels and those given treat- 
ment A. 

The results of the recalescence experiments show that 
the Arl point has been lowered 20 deg. Cent. for each 
1 per cent. of nickel; and that the eutectoid ratio has 
been lowered by the nickel to about 0.70 per cent. carbon. 
This receives support from the three micrographs 25, 26, 
and 27, particularly 26, where the amount of free cemen- 
tite shows the steel to more than the eutectoid 
amount of carbon. It is only in the steels that have been 
given the special treatment in the electric furnace that 
the eutectoid ratio appears to be about 0.70 per cent. 
In the rolled steels, and those subjected to treatment 
A, it appears to be about 0.95 per cent., while treat- 
ment B was so drastic that the pearlite was broken up 
into its constituents, and time allowed for them to 
segregate. 

CONCLUSIONS. 

The following conclusions may be drawn from the 
results :— 

1. Nickel decidedly raises the tenacity without mate- 
rially lowering the ductility. The elastic ratio, in pure 
nickel-carbon steels, is only slightly greater than that of 
carbon steels. 

2. Annealing has a marked influence; it lowers the 
tenacity without greatly raising the ductility. 

3. The constituents of steels with a low percentage of 
nickel in the unquenched state are: ferrite, pearlite, 
cementite, and graphitic carbon. 

4. The pearlite of these steels shows a great readiness 

ate into its constituents—ferrite and cementite. 
5. In this condition the cementite has the formula 
Fe(Ni)3C. 

6. The eutectoid ratio in these steels appears to lie at 
about 0.70 per cent. carbon ; but in the rolled steels no 
free cementite shows until the carbon reaches about 1 per 


to 


nt. 
7. Nickel lowers the transformation points Ar 3.2 and 
Ar 1 about 20 deg. for every 1 per cent. of nickel. 


8. The cementite of these steels is very liable to pre- 
— its carbon as “‘tem 
he paper is accompanie 


r graphite.” 
by five diagrams, from which 
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TABLE I.—GENERAL DIMENSIONS AND PARTICULARS OF SUCTION-GAS PLANTS ENTERED FOR TRIAL. 
— | PLANTS OF ABOUT 20 BRAKE HORSE-POWER CAPACITY. PLANTS OF ABOUT 8 BRAKE HORSE-POWER CAPACITY. 
The Acme The Industria) The National The Indusiria]) The National 
pc Engine Com- pA voy oo Engineering Gas-Engine Messrs. “ae Engineering Gas Engine Messrs. 
Exhibitor pany, Company Openshaw, Company, Company, Tangyes, Ltd., Couapany Company, Company, Tangyes, Ltd., 
Shettleston, Halifax. Mandhester Hyde, near Ashton-under- Birmingham. Tialifax. Hyde, near Ashton-under- Birmingham. 
Glasgow. f * Manchester. Lyne. Ks Manchester. Lyne. 
Declared capacity of gas-producer plant, B. H.-P. | 25 18 24 25 20 21 8 10 10 12 
Price of gas-producer plant (complete) .. ..| 942, 108, 1054. sol. 721 807. 90I. 80l. 601, 651. 581. 
Total weight of plant .. Je “s . cwt 35 25 45 2 25 23 25 15 20 17, 
General description of engine - ... * Acme.” Campbell. Crossley “ Acme.” ** National.” Tangye. Campbell. * Acme.” ** National.” Tangye. 
Declared brake horse-power of engine ~ 22 18 16 22 20 19 8 13 8 74 
Diameter of cylinder .. 6 4 in. 10 94 8h 10 10 10 7 at 7 a 
Stroke .. 66 os ee es 9 17 18 20 17 18 19 12 14 15 16 
Revolutions per minute (declared). . 220 200 200 220 190 190 230 230 220 220 
Price of engine (complete) .. a3 és ale 1302, 126i. 1101. 1302. 1201. 1311. 80l. 75l. 80/. 90. 
Weight of engine oe - es -. owt. 60 66 54 60 73 69 29 25 40 40 
Price of producer plant and engine (complete) 2247 10s. 2301. 1902. 2021. 2001. 2211. 1601. 135/. 1451. 118 
Space taken up by complete plant—producer, y 
engine, &. .. +e ie . -. #q. ft 144 225 240 238 225 225 160 2s 225 160 








the figures in the text have been prepared. There were 
twenty-five micro-photographs exhibited at the meeting. 
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SUCTION GAS-PRODUCER PLANTS. 


Report on Trials of Suction Gas-Producer Plants carried 
out at the Glasgow Show, 1905, of the Highland and 
Agricultural Society of Scotlend. 


Tue chief object which the directors had in view in con- 
ducting these trials was to afford members of the High- 
land and Agricultural Society and others an opportunity 
of becoming better acquainted with the combination of 
the “suction” gas-producer and gas-engine as a cheap and 
convenient source of power, and at the same time to 
demonstrate that the suction gas-producer is a practical 
and simple appliance. 

The Society reserved the right to test the power and 
working of each engine and plant as considered desirable, 
also to make notes and observations of the same for incor- 
poration in an official report of the trials. 

The Society provided space in the showyard, free of 
charge, to exhibitors submitting plants for trial. 

No awards were made, and the trials were arranged so 
as to test the plants as nearly as possib!e under their 
ordinary working conditions, 








On the Microstructure of Alloys of | 





TABLE II.—Tarats or Pcants or apout 29 Brake Horse-Power Capacity. 


Exhibitor 
t Halifax. 


{ The Campbell Gas- Messrs. Crossley 
re Engine Company, 


The National Gas- 
Engine Company, 
Ashton-under -Lyne. 


Messrs. Tangyes, 
Limited, Birming- 
ham. 


Brothers, Limited, 
Manchester. 


Fuuii-Loap TRIAL. 

















Declared brake horse-power at full working load 18 16 20 19 
Duration of trial e me i .. hours 10 8.12 10 10 
Circumference of brake wheel (effective). . ft. 17.44 14.49 18.46 17.07 
Load on brake .. ae se ee i. oa 225 197 195 206.75 
Spring-balance reading - fs «“ “ 24 12.2 4.5 11.60 
Effective load on brake oa . os 201 184.8 190.5 195.15 
Revolutions per minute (mean) 3 192.4 189.2 193.0 197.9 
ehorse-power .. oe - 20.44 15.35 20.57 19.93 
Diameter of cylinder .. in. 9.5 8.5 10 10 
Stroke “ om ois = a 18 20 18 19 
Mean effective pressure - Ib. per sq. in. 82 73.6 83.7 72 
Explosions per minute (mean) a a 76.8 86.5 85.4 86.4 
Indica‘ horse-power by - 23.73 18.25 25.54 23.45 
Mechanical efficiency .. per cent. 861 84.1 80.6 85.3 
Total coal used .. ee -_ ee os ae 190.0 96.5 165.75" 166 
; Coal per brake horse-power per hour... ” 0.93 0.77 0.80 0.83 
Hatr-Loap TRIAL. 
Duration of trial - ia a -» hours 10 19 10 10 
Circumference of brake wheel (effective)... _—ft. 17.44 14.49 18.46 17.09 
Load on brake .. “ 7“ vs ‘ b} 127.25 136.76 133 106.0 
Spring balance reading ne os es " 24.10 32.50 24.5 | 1.8 
Effective load on brake - a en oo 103.15 104.25 98.5 1042 
Revolutions per minute (mean) és he 196.1 198 190.3 198.7 
Brake horse-power_ .. a = me 10.69 9.06 10.48 10.72 
Mean effective pressure es lb. per sq. in. 75.6 77.8 8.6 77.9 
ee per minute (mean)... +s “ 53.1 58.3 61.3 49.7 
Indicated horse-power so 6 ‘ 15.12 13 11.76 14.59 
Mechanical efficiency . per cent. 70.7 69.7 71 73.5 
Total coal used. . - oP ae oan Ib.! 98 9 87.25 100.25* 116 
Coal per brake horse-power per hour... »» 0 92 | 0.96 0.95 1.08 
Average coal consumption per brake horse. 
power per hour on full and half-load trials 
combined ca eae, xed sae 0.93 0.86 0.86 | 0.92 
Capacity of preducer per declared brake horse- 
power .. ee oe =< = cub. ft. 0.232 | 0.270 0.295 | 0.124 
‘| Completed both|Did not complete yo ee full-load | Completed both 
trials without a| full-loadtrial owing) trial withoutastop | trials without a 
stop. to failure to obtain) Stopped for eight} stop. 
gas through want of} minutes during 
water in the pro-| half-load trial, due 
ducer; there -_ a to carbon deposit 
: plentiful supply at, on igniting points. 
Remarks on trials .. teeenin. eed on 
brake was relieved 
during half - load 
trial. Thespeed was 
somewhat . under; 
normal during full- 
| load trial. 





* 10 Ib. and 7 Ib, added to observed consumption for presence of clinker at end of full and half-load trials respectively. 
Total clinker and ash collected at end of the three load trials = 20 lb. 


It was suggested to intending exhibitors that each firm 
should submit for trial two complete plants, consisting in 
each case of gas-producer, scrubber, &c., and gas-engine 
of suitable power. 

The plants were to be of the following capacities :— 

(a) Capacity, 15 to 20 brake horse-power at full working 
load. 

(b) Capacity, 5 to 8 brake horse-power at full working 
oad. 

No restriction whatever was imposed upon the exhi- 
bitors with regard to the size and capacity of the gene- | 
rators. 

Ten complete plants, exhibited by six firms, were sub- | 
mitted for trial. The chief particulars of these plants 
are given in the table above. : , 

All the engines, with one exception, were fitted with | 
indicator gear, and provided with revolution and explo- | 
sion counters. : | 

The indicators used throughout the trials were of the | 
M‘Innes- Dobbie external spring special gas - engine | 
type, supplied by Messrs. Dobbie, M‘Innes, Limited, | 
Ghee. The d ms obtained were uniformly good 
and reliable, and show an entire freedom from vibration. | 
At the conclusion of the trials, the indicators were care- | 
fully examined and found to be in perfect condition—the | 
pistons moving freely and the parallel 
out shake at any of the points. . 

Scotch anthracite ‘‘ peas” from Gartshore Colliery, 





supplicd by Mr. James Cunninghame, 12, Waterloo-street, | working it from the top with a poker, 


motions being with- | 


and | 


a. was used throughout the trials. This coal cost 
9s. 3d. per ton delivered in the showyard ; it was of good 
quality, and none of the plants appeared to experience 
any difficulty in using it satisfactorily. 

The coal was filled into bags from a truck, each bag con- 
taining approximately 1 cwt. 

Every effort was made to have the coal thoroughly well 
mixed, so that each plant should be using coal of equal 

uality. Samples of the coal as supplied to each pro- 
ucer were taken, and found to be as nearly as possible of 
the same calorific value. . 

Previous to the commencement of each trial the pro- 
ducers were charged with sufficient coal—which was not 
weighed—to bring them up to their proper working con 
dition; and the plants were required to be ready and 
working steadily for 30 minutes before the time of starting 
the trials. ; 

In each of the power tests the time of starting was 
taken when the producer was filled with fuel to a pre- 
determined level, the ashes and clinker as far as possible 
having been previously cleaned out, and the engine work 
ing steadily at the stated load. At the end of the test 
the producer was brought as nearly as it was possible to 
judge to the same condition as to fuel, &c., as at the star’, 
and the fuel consumption determined from the amount 
introduced into the producer during this period. , 

At the beginning and end of each test the mass of fue! 
in each producer was consolidated as much as possible by 
in order to break 
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TABLE III.—Triars or Piants or anout 8 Brake Horse-Power Capacity. 


Exhibitor 


{ 








The Campbell Gas- The Industrial Engi-| The National Gas- 
Engine Company, 





| neering Company, | Engine Company, a al 


; Hyde, near Ashton under- Sool 
Halifax. Manchester. Lyne. Birmingham. 
Futt-Loap TRIAL. 
Declared brake horse-power at full working load 8 13.5 8 7.5 
Duration of trial F oa a .. hours 10 10 10 10 
Circumference of brake-wheel (effective).. _ ft. 13.33 18.57 14.26 15.19 
Load on brake .. oe “ a a6 Ib. 98.75 £9.3 126.1 95.25 
Spring baiance reading as 10.90 5 23.5 14.50 
Effective load on brake oe = pas 87.85 84.3 102.6 80.75 
Revolutions per minute (mean)* .. 232.5 204.9 219.8 224.4 
Brake horse-power .. oe = = 8.25 9.72 9.74 8.34 
Diameter of cylinder .. . inj 7 8.5 7 7 
Stroke on ee és oa a oo 12 14 15 16 
Mean effective pressure he Ib. per sq. in. 77.8 on 83.8 75.8 
Explosions per minute (mean) <a be Ae 106.4 97.2 92.1 
Indicated horse-power ; ae a 9.66 11.88 10.86 
Mechanical efficiency .. per cent. 85.4 82 76.8 
Total coal used .. - - - Ib. 100.75 110.25 82.0* 100.5 
Coal per brake horse-power per hour oe 1.22 1.13 0.84 1,25 
Hatr-Loap TRIAu. 
Duration of trial es es os -. hours 10 8.43 | 10 10 
Circumference of brake-wheel (effective) ft. 13.33 18.57 14.26 15.19 
Load on brake .. ee os we ol Ib. 56 87.6 63 48.5 
Spring balance reading ms 9.7 2 7.1 4.1 
Effective load on brake ae pa 46.3 35.6 55.9 44.4 
Revolutions per minute (mean 236.8 217.4 | 222 225.4 
Brake horse-power_ .. - os + ° 4.43 4.36 5.36 4.57 
Mean effective pressure + Ib. per sq. in. 76.2 - | 76.3 80.6 
Explosions per minute (mean) és roo ‘ol 72.1 = | 62.7 59.7 
Indicated horse-power me a 6.41 ae | 6.97 7.49 
Mechanical efficiency .. per cent. | 69.1 * | 76.8 61 
} a 
Total coal used .. oe ee ee Ib. 4.5 56.75 49.0* 67.5 
Coal per brake horse-power per hour 2 0.94 1.55 | 0.91 1.48 
Average coal consumption per brake horse-| | 
power per hour on full and half-load trials; 
combined 3 a. ae oe ‘<r 1.12 1.26 0.87 1.30 
Capacity of producer per declared brake horse-| 
Ma. & «fa Fe 0.282 0.161 | 0.872 0 212 
Completed full-load|\Completed full-load Completed both Load on brake re- 
trial without a stop.| trial without astop.| trials without a lieved for 9} minu- 
During the half-| Did not complete) stop. This engine, tes on full - load 
load trial the load) half-load trial. Un-| unlike the rest, was trial due to r 
| on the brake was| certain as to cause| not provided with gas; engine did not 
relieved for two| ofstoppage. Thisis| water-tanks, and stop. Completed 
Remarks on trials .. minutes, so that the| a larger engine than| obtained its cooling half-load trial with- 
| engine might be| the one originally; water direct from out a stop. 
stopped for a few] entered for e the main. 
seconds to replace] trials. 
a pin on ignition | 
\| gear. | 








* 6 1b. and 3.5 lb. added to observed consumption for presence of clinker at end of full and half-load trials respectively. 
Total clinker and ash collected at the end of the three load trials = 12 Ib. 


down any arches that might have formed in the lower 
part of the producer. 

It is a well-known fact in connection with suction gas- 
producers that after a few hours’ run, clinker forms in the 
generator, and, unless broken down by bars from the out- 
side, it is apt to cause a hollow space in the fuel bed. 
Great care had to be exercised in removing the ashes, 
and any clinker from the back of the fire, to prevent the 
main body of the fuel in the producer from coming down. 
In those producers which were provided with two or more 
doors on the grate level this difficulty was not so serious. 

Some designers of suction plants hold that the anthra- 
cite in the lower part of the producer should be disturbed 
as little as possible; but with a low-class quality of fuel 
liable to clinker, it is obvious that some adequate provi- 
sion should be made for readily removing the clinker, &c. 

Any unburnt fuel that was unavoidably extracted while 
clinkering, was carefully picked out and returned to the 
producer. In spite of every precaution that could be 
taken, it was felt that certain errors of measurement with 
regard to fuel consumption were possible, and on that 
account the results given should be taken as tentative. 

Each plant was required to undergo a full and half- 
power trial of not less than ten hours’ duration, also a 
light-load trial for a period of five hours. 

It was also stipulated that not more than two men 

wou!d be allowed to look after and attend to each plant 
(producer and engine). 
_ By making the duration of each power trial ten hours, 
it was considered that any error in arriving at an estimate 
of the fuel consumption would be minimised ; at the 
same time, in view of the very small amount of coal used 
in the majority of the plants, it is necessary to draw 
attention to the fact that the fuel consumption obtained 
may be slightly under the true value, though the degree 
of error cannot be large. 

Iu the light-load test the coal consumption was not 
Measured, as the object was rather to ascertain the 





of clinker formed during the triais was practically the 


same in each plant. The amount was very small, and | P 


did not appear to have any disadvantageous effect on the 
working of any of the plants. 

In arriving at an estimate of the coal consumption of 
the National Gas-Engine Company’s plants, it was felt 
that owing to the clinker not having been removed from 
the producers at the end of the full and half-load trials, 
a certain amount should be added on to the observed 
consumption. This has been done. The efficiency of the 
plants is in no way detracted from by this. 

After the producers had been emptied and allowed to 
cool, a further test was made to ascertain the length of 
time required to get up to full working load, —— 
with the producer empty and cold. The time occupi 
was taken from the moment of inserting the firewood 
until the engine was carrying the same load as during 
the full-power trial, and this load it was required to sus- 
tain for 20 minutes. 

The average time required for this test seemed to be 
about fifteen minutes. A tabulated list of the times 
taken by the various plants is given in Table IV. 

Two of the plants—the Acme — Company and the 
Industrial Engineering Company (arse plant)—were not 
subjected to any complete tests. This was, no doubt, due 
to the fact that the engines had not been properly tested 
before being erected in the test-shed, and in consequence 
they stopped running on several occasions owing to de- 
fective ignition and other causes. So far as could be 
ascertained the stoppages in these two plants were not 
due to any defect in the gas-producer. ; 

The plant supplied by Messrs. Cros-ley Brothers did 
not complete the full-power trial owing to the producer 
failing to supply gas, and it was compelled to stop at 
the end of 8.12 hours. This is greatly to be tted, 
as the plant was doing work, and no doubt it could 
have completed the trial satisfactorily but for an error 
of judgment on the part of the attendant with regard to 


The small plant exhibited by the Industrial Engineer- 

satisfactorily completed the 
led to stop on the half-load 
his was attributed 
to the presence of moisture on the igniting points in the 
engine, but it was practically impossible to arrive at any 
Considering that 


ose | this plant completed the full-power and light-load trials 


without a stop, it is not likely that the stoppage, on the 


There were momentary stoppages on some of the other 


cap. ilities of the producers to supply gas to the engines | the manipulation of the plant. 
when running mart er any load. All the plants that 
were tested ia peers this light-load trial satisfactorily. | ing Company, after havin 

Lf they desired, exhibitors were allowed to remove any | full-power trial, was com 
ashes or clinker from the producers in the course of, and | trial after running for 8.43 hours. 
at end of, the full and of the half-load trials. This 
wa’ done with all the producers except the Dowson pro- 
du s. which were worked by the National Gas-Engine | satisfactory conclusion on the matter. 

Company, and which were not cleaned out till the c 
of the third teat. 

A: the end of the power and light-load trials all the | occasion referred to, was due to any defect in the pro- 
proc.cers were thoroughly emptied, and an examination | ducer, but rather to a want of proper attention to the 
mace for clinker. It was originally intended to weigh | working of the engine. 

a: -es and clinker, but, unfortunately, on account of an | 

CCl i 

O 


‘ent this became impracticable. 





a the whole, it was considered that the total amount | 


plants, mainly caused by engine troubles, but they could 
not be looked upon in a serious light. 


With the above-mentioned exceptions, none of the 
plants experienced any real difficulty in running for the 
specified period of 10 hours; in fact, there is no doubt 
that they could easily have worked quite well for a much 
longer time. 

e amount of attention which these plants require ig 
remarkably small, very little labour being necessary for 
cleaning and stoking. Working under ordinary condi- 
tions—not a test—it is not considered that it would have 
been necessary to clean out the ashes and clinker except, 

rhaps, at the end of each day’s run; this, in any case, 
13 @ simple operation, which can be performed in a few 
minutes, and does not require the presence of a special 
attendant. 

All the producers were provided with doors fur remov- 
ingens accumulation of ash and clinker. 

n the whole the results of the trials were most satis- 
factory, and the economy, efficiency, and simplicity of 
working of the suction gas-producer plant was demon- 
strated beyond question. 

On the combined trials at full and half load (twent 
hours altogether) the wr coal cousumption for all 
the plants was about 1 lb. of coal per brake horse-power 
per hour, costing about one-twentieth of a penny—coal at 
93. 3d. per ton. 

This is a remarkable result ; it means that an engine 
developing 20 brake horse-power can be run at a cost of 
about 1d. per hour. 

Considering the manifest difficulties in arriving at 
strictly accurate results, no attempt has been made to 
place the various plants in any order of merit. For the 
combined trials the coal consumption for the large engines 
is practically the same forall plants. The greatest varia- 
tion is to be seen in the coal consumption of the small 
plants—0.87 lb. to 1.30 lb. per brake horse-power per 
hour. This was to be expected. 

A rather curious point occurs with regard to the results 
as obtained from the trials of the Campbell Gas-Engine 
Company’s plants. The coal consumption per brake 
horse-power per hour is less on the half-load than on the 
full-load trial. This is obviously the opposite from what 
should be the case, and it may be due to the fact that the 
fires in the producers in these two plants were not 
lighted until the morning of the firat test, whereas the 
other plants had their producers in working order the 
night previously. This would naturally mean that a 
quantity of fuel was expended in heating up the walls of 
the producer. It is also possible that a difference in the 
degree of ‘‘clinkering” in the two trials might to some 
extent account for the discrepancy. No ether explana- 
tion seems to be available, as all the weights of fuel used 
were very carefully checked. 

It would be unjust to draw any invidious distinctions 
between the various plants. Without exception, they are 
simple in construction, and every detail, both in engine 
and -producing plant, has evidently been carefully 
considered with a view to giving the best results. The 
Committee feel that they have performed the task which 
they undertook—viz., of demonstrating publicly the 
<r d and workability of the suction gas-producer 

nt. 

Ee pie of the various trials are given in Tables IT. 
an : 


TaBLeE 1V.—Trial to Ascertain the Time Required to Get 
up Each Plant to Full Working Load, Starting with the 
Gas-Producer Empty and Cold. 








“a Declared lenis 
Exhibitor. Capacity Remarks. 
of Plant. Taken. 
The Campbell Gas-En-, B.H.-P. minutes 
gine Company.. 18 13 
* Do. do. 5 174 
Messrs. Crossley Bros. .. 24 154 
The Industrial Engi 
neering Company 10 Started, but was 
compelled to stop 
through water be- 
ing shut off at 
main. 
The National Gas-Engine 20 48 Excessive time 
Company | caused by defec- 
| tiveignition. More 
than two men were 
employed to start 
engine. 
Do. do. 10 15} 
Messrs. Tangyes, Limited 21 16 
Do. do. 12 12} 


! 


JONATHAN MIDDLETON, Steward. _ 
R. Stanrievp, M. Inst. C.E., Engineer. 








Bo.ivia.—Argentine capitalists have obtained from the 
Bolivian Government a concession of a railway from 
Santa Cruz, Bolivia, to the Paraguay, a distance of 250 
miles. The company to be formed will build docks and 
wharves, and will run steamers direct to Buenos Ayres, 
down the Paraguay and the Parana. 





IRRIGATION IN InDIA.—The area of land irrigated by 
major irrigation works in British India at the close of 
March, 1904, was 13,007,677 acres. The gross revenue for 
1903-4 was 2,789,978/., while the working expenses were 
893,880/., leaving a net revenue of 1,896,098/. The ex- 

mditure of capital to the close of March, 1904, was 
26,513,078/., and the charge for interest for 1903-4 was 
994, 2350. The area of country irrigated by minor irriga- 
tion works to the close of March, 1904, was 2,187,992 
acres. The gross revenue for 1903-4 was 307,139/., and 
the working expenses were 98,711/., leaving the net 
revenue at 208,428/. The capital expended to the close 
of March, 1904, was 2, 466, 325., and the charge for interest 





for 1903-4 was 91,519/. 
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LAUNCHES AND TRIAL TRIPS. 


On Monday, the 30th ult., the s.s. Anglo-Peruvian, 
lately completed by Messrs, Short Brothers, Limited, 
shipbuilders, Sunderland, to the order of Messrs. Lawther, 
Latta, and Co., for the Nitrate Producers’ age og Com- 
pany, Limited, London, left the Tyne fully laden for her 
official trial trip. Her dimensions are:—Length, 434 ft.; 
breadth, 54.4 ft.; and depth, moulded, 30 ft. 10in. She 
carries a dead-weight ca of 8650 tons on a moderate 
draught, and has been built to the highest class in Lloyd’s 
rules. The machinery has been built at the Central 
Marine Engine Works of Messrs. William Gray and Co., 
Limited, West Hartlepool, and is of the quadruple expan- 
sion, inverted, direct-acting, surface-condensing type, 
having the four cylinders in line fore and aft, working on 
four independent cranks. The diameters of the cylin- 
ders are in., 36in., 52 in., and 74 in. respectively, 
and the stroke is 54 in, The boilers are to be regularly 
fed by four main feed-pumps, worked direct from the 
levers of the main engines, each at about half the stroke 
of the usual practice where there are only two feed-pumps, 
and in this way it is ho to reduce the wear and tear 
on the valves, both in the feed-pump valve-box and on 
the valve-chest on the boiler. There is also one reserve 
independent feed pumping-engine, equal to the fullest 

wer of the engines. During the trials practically 3000 
indicated horse-power were obtained from the engines 
and boilers. Graded measured-mile runs were under- 
taken over the Whitley measured mile, and these gave 
very satisfactory results, the average mean speed over the 
mile being over 12} knots. 


On Tuesday, the 7th inst., the steamer Taurus, built by 
the Flensbu peas Comemny to the order of 
the Leith and Flensburg Shipping Company, Limited, 
Leith, left the Flensburg harbour for her official trial 
trip. Her chief dimensions are:—Length over all, 250 ft. ; 
length between perpendiculars, 241 ft. 6in.; breadth, 
extreme, 35 ft. 34 in.; depth, moulded, 16 ft. 10in.; carry- 
ing capacity, about 2000 tons. The vessel is built to 
German Lloyd’s, 100 A 4 L. class, and is fitted with 
triple-expansion engines of 650 indicated horse-power, 
which are capable of B vn we the ship at a speed of 
9 knots when laden. The trials were in every way satis- 
factory. 





The Fairfield Shipbuilding and Engineering Company, 
Limited, launched on Saturday, the 11th inst., the twin- 
screw steamer Empress of Britain, the first of two vessels 
being built at Fairfield to the order of the Canadian 
Pacific Railway Company, for their mail and passenger 
service between this country and Canada. The sister-ship, 
Empress of Ireland, is well under way and will be launched 
in January. The Empress of Britain is 569 ft. in length 
overall, 65 ft. 6in. in breadth, 40 ft. in depth to upper deck, 
14,500 tons gross, and about 20,000°tons displacement. 
There are nine water-tight bulkheads, all extending to the 
level of the upper deck. Accommodation has been pro- 
vided for 310 first-class, 470 second-class, and 500 third- 
class passengers, all on and above the main deck, and for 
270 steerage passengers on the lower deck forward. There 
are in all eight decks. On the boat-deck, at the fore end, 
there is a spacious deck-house for the accommodation of 
the captain and officers, with chart-house and wheel-house. 
The lower and a promenade-decks amidships are en- 
tirely devoted to the accommodation of first-saloon n- 
gers. On the upper promenade-deck amidships is the first 
saloon entrance, having a broad handsome staircase lead- 
ing to the lower promennde-deck, and from there to the 
shelter-deck. On each side of the lower promenade and 
upper promenade-decks amidships there is a clear pro- 
menade of 18 ft. 6 in. wide for the first-class passengers, 
with recesses in the deck-house forming sheltered corners 
for passengers using deck-chairs. The lower promenade- 
deck extends right aft to the stern of the ship, and forms 
a splendid open promenade for the use of first and 
second-class Eeetcons. The first-class dining-saloon 
measures 58 ft. long by 62 ft. wide, and can dine the 
whole complement of saloon passengers at one sitting. 
The second-class apartments are on the shelter-deck— 
viz., dining-saloon, social hall and smoke-room, with two 
large entrances, with Sours leading to the upper and 
main decks. The dining-saloon is capable of seating 
about 300 persons. The third-class passengers are on the 
main deck forward, in cabins accommodating from two to 
six persons, and there is a large dining-saloon having 
revolving-chairs, &c., capable of dining over 300 persons. 
From stairways in eac a the passengers 
can reach the promenade on the upper deck, which is 
covered, or to the open promenade on the shelter-deck. 
The propelling machinery consists of two setsof quadruple- 
expansion engines, each set having four —— working 
ing on four cranks, balanced on, the Yarrow - Schlick- 
Tweedy system. The boilers for generating steam are 
nine in number, in two water-tight compartments, with a 
large coal-bunker between. There are six double-ended 
and three single-ended boilers of the ordinary multi- 
tabular type, arranged to work with Howden’s forced 
draught. In working out the design of the vessel the 
utmost consideration has been given to the experience of 
the latest vessels that have been built for the Atlantic 
trade, in order that the new vessels of the Canadian 
Pacific Railway Company shall embody everything that 
can be conceived for the safety and comfort of the 
l , the Fair- 
fiel 1 Com pany’s naval architect, and the building of the 
vessels has been under the direction of Mr. Arthur Piers, 
the manager of the ian Pacific Railway Company’s 
ateamship lines, assisted by Captain Mowatt, the marine 
superintendent at Liverpool, and Mesars. J. Gillies and 
T. H._ Baird, as resident overseers at Fairfield, 





COMBINED AIR AND CIRCULATING PUMPS. 


CONSTRUCTED BY MESSRS. J. H. CARRUTHERS AND CO., LTD., ENGINEERS, GLASGOW. 








THE illustration above represents a combination of 
steam-driven air and circulating pumps, which is 
worthy of notice both on account of its great com- 
pactness and the extreme accessibility of its working 
parts. A very small amount of floor space is occupied, 
and yet the design is in no way cramped, the arrange- 
ment allowing all rods and joints to be in full view, 
and all pistons and valves to be withdrawn for in- 
> agree with little trouble. The illustration shows 
the design .so clearly that very little description is 
necessa The steam-cylinders at the top are 5 in. 
and 10 in. in diameter respectively, with an 8-in. 
stroke, and are arranged for superheated steam. The 
framing is of the open marine type, the standards and 
front columns being carried by a table casting, in 
which are formed the three estals for the crank- 
shaft. This table is supported by six distance columns 
from the pump-casing beneath, the weight of which 

ives stability to the entire machine. The pumps are 

riven by rods coupling each engine crosshead toa 
corresponding crosshead on the pump-rod beneath it, 
each pair of rods being set diagonally, so as to clear 
the crank-shaft. The air-pump is of the Edwards 
type, 12 in. in diameter, and the circulating-pump is 
9 in. in diameter, and double-acting, both, of course, 
having a stroke of 8 in.—the same as that of the 
engine. Both pump-buckets can be readily with- 











drawn by disconnecting the pump-rods from their 
respective crossheads and removing the pump-covers. 
All valves of both the pumps are of the metallic 
‘* Kinghorn ” type. 

The heavy fly-wheel allows a high ratio of expansion 
in the steam-cylinders, and a governor driven from the 
end of the crank-shaft prevents the engine running 
away in case the load should be accidentally taken off 
the pumps. The lubricating arrangements are very 
complete, all joints, &c., being fed by pipes running 
from an oil-box in front of the entablature. Pumps 
similar in design are built for vacuum only, the circu- 
lating-pump being then replaced by another air-pump. 
We understand that a considerable number of these 
pumps are at work with most satisfactory results. 

The makers are Messrs. J. H. Carruthers and Co., 
Limited, Polmadie Iron Works, Polmadie, Glasgow. 








Tue Junton INSTITUTION OF ENGINEERS.—As the annua! 
dinner of the Institution of Electrical Engineers has been 
fixed for Friday, December 8, it has been decided to post 

me the reading of the paper on ‘‘ Electrical Mains for 

ower Transmission Work,” by Professor John T. Morris, 
M. Inst. E.E. (Member), to the following-Friday, Dec- 
ember 15. In connection with the paper a visit has 
heen arranged to Messrs. Johnson and Phillips’s works at 
Charlton un Saturday morning, December 16. 
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ee” eee PATENT 


ComprLep sy W. LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS OF 1883—1902. 

The number of views given in the Specification Drawings is stated 
oa ans where none are mentioned, the Specification is not 
illust 

Where inventions are communicated from abroad, the Names, 
&c., of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent One Sale 

ranch, #5, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 8d. 

The date of the advertisement of the ance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the adyertisement of the ance of a Complete Specification, 
give notice at the Patent Ofice of opposition to the grant of a 

Patent on any of the grounds mentioned in the Acts. 


ELECTRICAL APPARATUS. 


5680. The St. Helens Cable Company, Limited, 
and F. Kenyon, W: m. Cable-Drums. [2 Figs.) 
March 17, 1905.—This invention relates to drums or reels for 
cables. It has been designed in great measure to enable the 
battens or lagging to be fastened on the drum without nails or 
screws, and to prevent them in great measure being lost or used 
up for firewood. In carrying the invention into effect the drum 
flanges A are made of three-ply wood, with the inner ply recessed 
back or stopped short of the circumference of the others to make 
a ledge a for the battens or lagging B to rest on. The battens or 
lags B, instead of being separate, as hitherto, are strung together 
by means of steel wires O, there being just enough of these 
battens strung together as will go round the drum and form a 
covering for the cable. Some of the battens are provided with 
slots D of suitable length, placed longitudinally of the batten, 
and, for strengthening pu es, each of said slotted battens has 
on its face a metallic plate E fastened thereto, which is slotted to 
correspond with the slot D in the batten. Each slotted batten 
has at its under face a groove in line with the slot D, and through 
holes in the flanges opposite each of these grooves bolts H are 
passed. The bolts have one of their ends bent at right angles, 
or formed with a head, so as to engage in the ends of the slot D 
in the batten and plate. In some cases a sheet metal plate J is 
placed outside the cable in the drum and concentrically inside 
the battens B. The mode of action is as follows :—A cable having 
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been wound on the drum or reel between the flanges A, a string 
of battens B is placed all round, with their edges resting on the 
ledges a in the inner face of the flanges. The screwed end of the 
bolts H are now thrust through the holes in the flanges A and the 
nuts K screwed on and tightened up, so that the flanges A are 
drawn tightly against the ends of the battens B, and the latter 
are locked in position. The battens B therefore cannot possibly 
separate from the flanges A, but are held on firmly without having 
to use any nails or screws, as has been the case hitherto. To 
remove the battens B all that is necessary is to unfasten the nuts 
K, slide the bolts H inwards until they clear the holes of the 
flanges, and the string of battens B are then free to be removed. 
It will be seen that by this invention nails and screws for fastening 
on the battens are entirely obviated, and, furthermore, the 
battens being all strung together, instead of being separate, are 
not so liable to get lost or used up for firewood, as has too often 
been the case hitherto. On large drums a long string of battens 
is very unwieldy, and therefore it is generally preferred to string 
together the battens by the wires C in short lengths. In a large 
drum, therefore, two or more short lengths of battens are placed 
round the drum, and each length coupled together by couplings 
L,w hich comprise arms on one part engaging s:aples on the other 
part. Each length is coupled together by sliding the arms on 
one length into the staples on the adjacent length. (Accepted 
September 6, 1905.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


23.280. E. F. Bradley, London. Carburettors. 
{1 Fig.) October 28, 1904.—The present invention consists of an 
unproved carburettor for use with internal-combustion engines. 
According to this invention, only so much air (or less than that 
amount) as is needed by the engine when taking its minimum 
quantity of mixture under running conditions is allowed to pass 
by the passage @ to the spray-jet A (the part of the passage at 
os Jet constituting a first mixing-chamber), the hydrocarbon 

eing injected from the said jet to form the required mixture, 
and all such additional air as may be required in variable quan- 
tities is drawn independently through an atmospherically- 
operated valve B controlling an opening between the chamber C, 
open to the atmosphere, and the second mixing-chamber D in 
th. h a way that the said additional air subsequently mixes with 
the already carburetted air. Provision is made for varying the 
effective areas of the orifice in the spray-jet A from a mini 


which the air passing the spray-jet A is enriched with hydro- 
carbon in accordance with the extent to which it will subse- 
quently be diluted by the additional air admitted to she second 
mixing-chamber D of the carburettor from the ber O 
through the valve B. The interconnected devices which control 
the hydrocarbon feed through the spray-jet A, and the admission 
of the additional air from the chamber C through the valve B to 
the second mixing-chamber D, are so arranged that the orifice 
through the spray-jet A is never quite cl , but just sufficient 
hydrocarbon is allowed to pass through it for properly enriching 
the minimum charge when the additional air-valve B is quite 
closed. The connection of the valve B with the valve E, which 
controls the supply of hydrocarbon through the spray-jet A, is 
shown as being effected by passing the spindle of the valve E 
through the stem of the valve B and fixing it by a pinching-nut L?. 
These interconnected devices are further fitted with a suitable 














any “hunting” taking place. The 
preferred valve employed for controlling the hydrocarbon feed 
through the spray-jet A consists of a -end or needle which 
enters the spray-jet, in which it is free to slide longitudinally, the 
said rod-end or needle being so shaped that the required variations 
of the area of the passage between it and the inner sides of the 
spray-jet A are obtained to suit each and every position that it is 
made to by the additional air admission valve B. e air 
which passes through the passage a and around the spray-jet A is 
= warmed and dried. It may be drawn from the neigh- 

urhood of some convenient heated portion of the engine, or the 
said passage a may be surrounded by a jacket g through which the 
exhaust gases from the engine are passed. The level of the 
hydrocarbon (when a liquid) that finds its way to the spray-jet A 
is preferably maintained at a constant height in relationship to 
the said spray-jet. (Accepted September 6, 1905.) 


23,843. Mather and Platt, Limited, and A. E. L. 
Chorlton, Salford. Internal-Combustion Engines. 
(2 Figs.) November 4, 1904.—This invention relates to improve- 
ments in and relating to internal-combustion engines, and is espe- 
cially applicable to engines of the two-cycle type. It is well known 
that in engines as at present constructed, especially when of 
large size and working with combustible gases of high calorific 
value, difficulties occur owing to pre-ignitions in the combus- 
tion-cylinder during the compression stroke, and the object of 
the present invention is to obviate such difficulties by mixing 
with the combustible gases a proportion of inert gas in the cylin- 
der itself. The combustion-cylinder 1, in which moves the piston 
2, has its exhaust ports 3, which communicate with the exhaust 
exit 4, situated at the middle. Opening into the cylinder 1 are 
two ports 5, one towards either end, which, when both are left 
open by the piston 2 at mid-stroke in the course of its travel, as 
shown in Fig. 1, place the two ends of the cylinder 1 in com- 
munication through the by-pass and cooling arrangement. 
This cooling arrangement may consist of pipes through which 
the gases pass, surrounded by water either in communi- 
cation with the general water-cooling arrang ts of the 
engine, or separately supplied, and may be conveniently arranged 
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on the top of the cylinder, as shown in Fig. 1, or towards the side, 
as in Fig. 2; or the by- and cooling arrangement may 
obviously be separate from the cylinder, but connected there- 
with by pipes opening from the ports 5. The ends 7 of the 
piston 2 are inclined or curved in such manner as to deflect the 

ucts of tion ping from either port 5 into the 
middle of the charge in the cylinder 1. In the position shown 
in Fig. 1, the piston 2 is at mid-stroke supposed moving t rd 
the left hand, in which case, the ports 5 both being open, the 
gaseous products of combustion from the last explosion in the 
right-hand end of the cvlinder 1 will escape through the cooling 











to 4 maximum, and thus the enrichment of the comparatively 
Small volume of air which passes the spray-jet from the passage a 
can be varied. The said passage a is not controlled by any valve 
- equivalent device, and therefore has a constant area. The 
: mospherically-operated valve B, which admits the additional air 


they second mixing-chamber of the carburettor, is normally 
sed by gravity, but under the suction of the engine (the 
passoze to which is c ted to the ing d) opens to 





a required extent to maintain an approximately constant 
oe emge in the second mixing -chamber D, the said valve B 
the = 80 mechanically connected with the device which varies 

effective area of the orifice in the spray-jet A that the 


mixture supplied to the 


proper degree of richness of the 
engine is at all times maintained 





arrang ut, wherein their temperature is reduced, into the 
charge of mixed combustible gas and air in the left-hand end of 
the cylinder 1, thus reducing the activity of the combustible gas 
and at the same time increasing the degree of compression of the 
charge for the next explosion without the expenditure of addi- 
tional power. As the piston 2 moves further towards the left, it 


| closes the port 5, and later on opens the port 3 to the exhaust. 
| On the return stroke towards the right after the next explosion, 
| the piston 2, after closing the port 3, will again open 5, and t 


he 
products of combustion will then pass from the left-hand end of 
the cylinder 1 to the right-hand end. (Accepted August 30, 1905.) 





J. A. Torrens, Coleraine. Carburettors. [3 
Figs.) November 19, 1904.—This invention relates to carburettors 


by varying the degree to' for internal-combustion engines using a combustible mixture of ‘ through the pipe / to an apparatus i, wi 


oil or spirit and air. The carburettor consists essentially of an 
aspirating or suction nozzle of substantially a double-cone shape, 
the actual shape preferred being as shown in the drawings. It is 
preferably constructed in two parts, of which the upper part a 
consists of an inverted trunca cone 5) walls which are 
outwardly flared at the upper end, while the lower part b is pre- 
ferably bell-shaped, having walls which are concave inwards, at 
least as regards the portion near the constriction. The two 
paris are suitably connected at their constricted ends, as b 
screwing, to form a gas-tight joint, and the bell-mouth end is 
bolted to the vaporiser if the hydrocarbon used is petroleum, 
or directly over the cylinder admission valve if petrol or other 
spirit is used. An oil iolet-pipe c leading from the bottom of the 
fuel-tank, is attached to the suction nozzle and connects with 
the constricted part thereof through a channel d. To distribute 
the oil supply. a number of such inlet-pipes and passages may 
be arranged radially round the nozzle, or an annular space may 
be formed round the nozzle in the plane of its constriction, the 
ed placing the oil-supply pipe in communication with the 
said annular space. A vertically adjustable conical plug f serves 








to vary the cross-section of the air aperture at the plane of ccn- 
striction. The outer or air-admission end of the cone is closed 
by a wire-gauze filter g secured by a cap or collar A fitted 
on the end of the cone and serving also to support adjusting 
and locking nuts. In addition to the oil-supply pipe c, a water- 
supply pipe k communicating with the narrow part of the rozzle 
or with the annulus is also provided, through which may be 
drawn a small quantity of water, the function of which is to assist 
the vaporisation of the hydrocarbon, to soften the explosion, 
and by disintegration at the high temperature of the cylinder 
due to the combustion of the hydrocarbon, and subsequent com- 
bustion of the disintegrated elements, to raise the working pres- 
sure during the latter part of the stroke. The oil and water inlets 
are both provided with needle valves (not shown in the drawing) 
for the convenient regulation of their supply. When a mixture 
of petroleum and petrol or other combustible material, or when 
for lubricating purposes lubricating oil is required to be drawn 
into the cylinder, an inlet pipe, such as ¢ or k, is provided for 
each of the components which go to make up the charge, or for 
the lubricant. (Accepted September 6, 1905.) 


189. Belliss and Morcom, Limited, and J. Jude, 

. Oil-Engines. (2 Figs.) January 4, 1905.— 

This invention is adapted to promote the attainment by the 
heavier oils, such as crude petroleum, of a spheroidal condition 
when exposed to a hot vaporising surface, and thus avoid the 
acquirement of a decomposing temperature by any of its mole- 
cules whilst in the liquid condition. The method ‘by which this 
effect is obtained is by incorporating with the heavy oil another 
liquid which is ready to assume the spheroidal condition and form 
a buoyant atmosphere which will suspend the petroleum particle 
out of contact with the hot plate, but subjected to a sufficiently 
high temperature to effect its entire evaporation. In the drawing, 
ais a tank containing a supply of oil to be vaporised. It flows 


Fig. 1. 





toa rotary pump ) by the pipe c past a gauze screen, which is 
inte to arrest solid ——— a hand-regulated valve c2 
and an automatically-controlled valve d, the area of opening 
through which may be regulated by the speed-governor of the 
engine. When the speed limit is reached, an arm d! is caused to 
press on the end of the spindle of the valve d, and close it more 
| or less completely against the force of a spring The liquid 
for mixing with the oil—i ¢., water — is shown as being taken from 
the water-jacket at the upper end of the motor cylindere. On 
| its way to the rotary pump by the pipe / the water also passes an 
automatically-controlled valve f constructed and arranged simi- 
| larly to the valve d. From the _—. the mixed fluid flows 
rein by violent agitation 
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the mixed fluid is beaten into fine fragments, the particles of 
which, being interspaced more or less perfectly between each other, 
retain their divided condition for a sufficiently long period to 
serve the purpose of this invention. From the apparatus i the 
emulsion is forced through the pipe j into a chamber above a 
valve m, which is normally retained against its seat by the action 
of aspring. Leading to the chamber above the valve there is 
also provided a e from the atmosphere. Beneath the valve 
m is the vaporising ceomber o, from which .a mixture of air and 
vapour is drawn into the motor cylinder through the opening o! 
on the suction stroke of the motor. During the period between 
two suction strokes the emulsion will collect on the surface of 
the valve m, and partial vaporisation will take place there, and 
when the valve opens by the partial vacuum produced below, the 
emulsion will be carried by the entering air as a finely-divided 
conical sheet of spray. By forming an upturned edge at the 
periphery of the valve the spray condition will be promoted. The 
temperature at which the metal of the valve m and vaporiser 0 
may be advantageously retained will depend on the ch ter of 
the oil to be-vaporised. (Accepted September 6, 1905.) 


LIFTING AND HAULING APPLIANCES. 


23,384. R. Waygood and Co., Limited, London, and 
H. €. Walker, Brockley. Hydraulic Lifts. (5 Figs.) 
October 29, 1904 —This invention relates to improvements in 
hydraulic lifts and hoists with the object of (ae soca | the cage 
creeping away from the landing when the enclosure door or its 
equivalent has been left open, in the event of there being any 
leakage of water, and it consists in providing means, operated by 
any such spontaneous movement up or down of the cage, to 
actuate an auxiliary valve connected preferably with the main 
controlling valve, to restore equilibrium. 1 is a solenoid or electro- 
magnet which is connected with the contact switch of the lift 
enclosure door on each landing, so that the circuit is only com- 
pleted when all are closed e plunger 2 of the solenoid is 
pivotally connected to an arm 3 fast on a revoluble spindle 4, to 
which latter is also fast a second arm or lever 5 connected with a 
two-part clutch 7, 8, the one 7 to which the lever 5 is con- 
nected being laterally slidable upon a spline or feather on a 
revoluble shaft 10 mounted in bearings 10a, whilst the other part 
8 of the clutch is loose on the shaft 10 and carries a sprocket 
wheel 11. The sprocket-wheel is connected by means of a chain 
or the like with the lifting gear of the cage, so that any movement 
of the cage in either direction causes a movement of the shaft 10, 
when the two parts 7, 8 of the clutch are in engagement. This 
move t of the spindle 10 operates an arm or lever 14 connected 
with the valve rod of an hydraulic auxiliary valve 17, the ports of 
which communicate by any suitable pipe connections with the 
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main controlling-valve, whereby the auxiliary valve 17 is caused 
to slowly open and so regulate the flow of water as to compensate 
for any leakage, and bring the cage of the lift to rest by thus 
restoring equilibrium. The above-described operation is arranged 
to take place only when the main valve is in its “ off” or mid- 
position, and where the lift is electrically controlled the circuit 
of the controller which permits of the main valve being moved is 
not completed until the solenoid or electromagnet isin its normal 
position with the clutch disengaged from the spindle as shown. 

his result is attained in the present instance by connecting the 
main valve rod with one end of a lever that is pivoted to the base- 
plate. The other end of this lever carries a roller 22 which, when 
the main valve is in any other position than its mid-position, 
bears on its lower side upon an arm 23 fast to the revoluble 
spindle 4, and on its upper side against a guard-plate 25 fixed 
conveniently to the base-plate of the device, so that neither the 
arm 23 nor the spindle 4 can move, thus keeping the two parts of 
the clutch out of engagement. The arm 23 has a depression 26 
formed in it, and when the main valve is in its mid-position the 
roller 22 is brought by the movement of its pivoted carrying-lever 
immediately over or in unison with the depression 26, whereby 
the arm 23 and spindle 4 and the arm 3 attached to the plunger 2 
of the solenoid are freed, and on the descent of the latter the 
slidable part 7 of the c'uch is moved into engagement with 
the t 8 thereof to operate the auxiliary valve 17 and restore 
equilibrium. (Accepted September 6, 1905.) 


22,899. Sir W. G. Armstrong, Whitworth, and 
Co.,, Limited, and Sir A. Noble, Newcastle-on-Tyne. 








Ammunition Hoists. [3 Figs.) October 24, 1904.—This 
invention relates to improvements in hoists such as are described 
in the specification of Letters Patent No. 16,373, of 1903. Accord- 





ing to that specification, the buckets were arranged so that the 
clips which held the ammunition in place during the upward 
movement of the hoist were worked by cams. According to this 
invention, these clips are worked by the weight of the shot, cart- 
ridge, or other article being hoisted. The advantage of this 
arrangement is that the diameter of the thing hoisted may vary 
within certain limits, and this is particularly important with 
ammunition when the diameter of the cartridge is often consider- 
ably greater than the diameter of the shot. The arrangement is 
such that the weight of the thing hoisted pushes forward the 
clips, and will continue to push them forward until they bear 
against the thing itself. Thus the pressure of the clip against 
the thing hoisted depends on its weight, and is never excessive. 
In the arrangement illustrated, there is a movable base a, to 
which is attached rods ) for operating the clips c, which are 
pivoted atc). The rods have inclined planes 4! cut in them, with 
which the tail ends of the pivoted clips engage. Springs d are 
attached to the rods b to hold the movable base a up until the 
weight of the thing hoisted presses it down. When a shot, cart- 
ridge, or other article is placed on the hoist, the movable base 
@ is pressed downwards, compressing the springs d, and the in- 
clined plane b! turns the clip ¢ about its pivot cl, and forces it 
against the article. At the top of the hoist, just as the bucket 
is turning over the upper sprocket wheels, the weight of the 
thing hoisted, on account of its horizontal position, is taken off the 
movable base. The springs d then force the movable base a 
forward, and withdraw the clips c, the thing hoisted is then 
free to leave the bucket, and is deposited on a tray ready to 
receive it on the top of thehoist. (Accepted September 6, 1905.) 


RAILWAYS AND TRAMWAYS. 


4173. Edgar Allen and Co., Limited, Sheffield. 
(P. A. Hyde, Pretoria.) Couplings. [2 Figs] February 28, 
1905.—In railway rolling-stock, when the couplings of some of 
the vehicles are of the American standard pattern, whilst others 
are of the central buffer pin-and-link type, it becomes necessary 
to provide some means whereby vehicles of the former class may 
be properly coupled to those of the latter class. In a case of this 
sort the knuckle of the American coupling is usually provided 
with a socket and a pin fitting therein, to which the link of the 
pin-and-link coupling may be connected. It then becomes neces- 
sary to provide'a temporary buffer-head, upon which the central 
buffer of the next vehicle may bear. The device usually employed 
for this purpose is a metal plate bolted to the buffer-beam of the 
vehicle having the American coupling, bulged outwardly at its 
centre to cover the coupling horn, the adjacent buffer bearing 
upon this raised part. A rectangular hole is cut through the plate 
for the passage of the coupling-link. The above-described device, 
however, is extremely unwieldy and troublesome to fix or detach, 





(4173) f 


and the object of the present invention is to provide an effective 
means for the same end which is easy to handle, and may be 
attached or detached with a minimum of labour. The improved 
ar buffer-head is constituted of a metal plate a curved 
laterally in the usual . It is attached to the aut tic 
coupling b by means of two horizontal top and bottom ears c, 
having holes ‘corresponding with the holes in the knuckle d, 
through which the coupling-pin e is passed, the said pin thus 
serving CED Peat. to act as a coupling-pin for an 
ordinary link, and also to carry and secure the head-plate. The 
internal distance between these ears is approximately the height 
of the front of the coupling. The plate takes its bearing directly 
upon the knuckle d of the coupling and upon the smaller horn / 
through an extended lug g, the end of which is forked to embrace 
the point of the smalier horn f. In the centre of the plate is an 
os h preferably rectangular, through which the link of the 





upon counte! inclined faces D attached to suitable founda- 
tions. The planes of the bearing faces are such that they pass 
through the coincident axes of shaft and casing, and their inclina- 
tion and distance apart are thus so proportioned that the increase 
in the distance of the bearing faces on the casing, under the 
influence of expansion, lowers the casing bodily on its supports 
(the counterpart inclined faces on the foundation) an amount 
exactly equal to the increase, due to expansion, of the height of 
the axis of the casing above its bearing faces. It is clear that the 
desired result will be achieved by making the planes of the bear- 
ing faces radial to the coincident axes of shaft and casing, and 
that these bearing faces may be arranged at any symmetrically 
opposed points in the circumference of the casing, but it is in 
practice most convenient to arrange them below the axes. It is 
essential to ensure that no lateral movement of the casing A can 
take place, and to this end vertical guides for the casing must be 
provided. In the example shown in the drawings these guides 
consist of grooves cut in a projecting vertically-faced part F of 
the turbine casing A, and an abutting ‘and like vertically faced 
projecting part G, formed on the bearing pedestals H at each 
end of the turbine. A feather engages both grooves, and forms 
the guiding device. Itis, however, obvious that various means for 
vertically gaiding the casing may be employed. (Accepted Sept- 


ember 6, 
MISCELLANEOUS. 


1215. A. C. Rowson, Southwark. Hand-Trucks. 
[5 Figs.] January 21, 1905.—In a hand truck, according to this 
invention, arms are pivoted to the frame so as to extend forwardly 
and rearwardly thereof, and the arrangement is such that when 
pressure is applied to the rearward ends the forward ends of the 
arms are caused to move inwards towards the centre line of the 
truck and grip and hold goods placed there-between. Pressure 
is preferably applied to the rearward ends of the arms by means 
of a foot-actuated lever that extends rearwardly of the truck, 
and is so placed that the man can press down on it with one foot, 
and thus more easily move the truck from a vertical to a sloping 
position. The arms are held in their gripping position by means 
of rack and pawl mechanism connected to the rearward ends of 
the arms. On the underside of the truck-frame 1 at a little dis- 
tance above the travelling wheels 2 is secured a plate 3 that 
extends transversely of the frame parallel to the axle of the wheels 
and beyond the side members of the frame. The projecting ends 
of this plate are rece: or cut away at the central part, and the 
projections thus left are formed with holes, through which can be 
passed a bolt to form a pivot for an arm 6 that extends forwardly 
and rearwardly of the frame. The forwardly-extending arms are, 
beyond their pivots, cranked or bent downwardly, and are also 
bent so as to extend forwardly. The extreme ends of the for- 
wardly-projecting portions of the arms 6 are formed with teeth 
and the ends of the arms are bent at right angles so as to extend 
towards the centre line of the vehicle, as shown. The rearwardly- 
extending portions of the arms 6 are connected together by a 
coiled spring 10, and each is formed at its end as a pivot, on which 
is loosely mounted one end of a link 11, the other end of which is 
connected to a bar 12 that extends longitudinally of the truck. 
This bar is capable of endwise movement and is moved in one 
direction by a foot-actuated lever 13, and in the other direction 
by the coiled spring 10 through the links 11. The lever 13 is 
pivotally mounted on the plate 3 and is connected to the lower 
end of the bar 12, the upper part of which is formed as a rack, 
with which engages a spring pawl that is arranged within a 
pawl-box 15 carried by a second transversely arranged plate 16 
secured to the truck-frame as shown. This pawl-box is so formed 
that the bar 12 extends therethrough and is guided thereby. The 
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t is such that the spring 10 tends to draw the rear- 





acent coupling is passed, to be attached to the coupling-pin e. 
(Accepted August 30, 1905.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


750. J.G. Dunlop and T. Bell, Clydebank. Steam 
Turbines. (3 Figs.) January 14, 1905.—This invention relates 
to steam-turbinés of the Parsons or other types in which rotors 
revolve within casings carrying stators, and in which the clear- 
ances between the rotatory and stationary members are com- 
paratively small. When such turbines are of comparatively large 
size difficulties have arisen with them in that the expansion of 
the casing, when it is heated by the steam used or by other causes, 


Fig.d. 7 ™ 












































causes the shaft, the bearings for which are carried in supports 
not exposed to like heating influences, and casing to become out 
of alignment to a serious extent. This invention has for object 
to support the shaft independently of the casing, and, at the 
same time, to so support the casing that the axial coincidence 
with the shaft when once adjusted is maintained, notwithstanding 
variations in temperature between the casing and the shaft-sup- 
ports. In carrying out this invention, the casing A is provided 
upon its underside with inclined bearing faces B, which bear 


art 4 

ward ends of the arms 6 towards each other and so move the 
forwardly-extending ends of the arms away from each other. 
When it is desired to use the truck, the truck is placed with its 
frame 1 vertical and against the goods to be moved. The lever 
13 is then pay by the foot of the user. This moves the bar 
12 downwards and causes the rearward ends of the arms 6 to move 
outward, and the forward ends of the said arms inwards to grip 
the goods to be lifted. As the bar 12 is moved downwards, its 
rack portion moves over the paw! which holds it and “ey 
coil spring 10 acting to move the bar 12 upwardly. By this 
means the arms 6 are held with their forwardly-extending ends 
in the gripping position. To release the arms 6 from the grip- 
ping position, a cranked lever 18 is pivoted on the pawl-box 15, 
and one of its arms extends within the box and is adapted to 
be moved into en ment with the pawl and move the same out 
of engagement with the rack when the other arm of the lever is 
dep d is d ion of the second arm of the lever may 
be effected by a handle 19 that is connected thereto by a link 20. 
The end of the lever arm that engages with the pawl is normally 
held in pet yap position by a spring 21, which may be con- 
nected to said link and the truck-frameas shown. Pivotally and 
loosely connected to each of the side frames of the truck is or may 
be a bar 22 that is arran to extend downwardly and forwardly 
of the truck and is loosely connected to the forwardly-extending 
portion of the arm 6 on the same side of the truck. The bar 22 
extends so far forward that its end rests on the ground when the 
truck is vertically, as shown in the drawin; The ends of 
the two 22 which rest on the ground are bent or cranked 
inwards so as, when the bars are moved inwards by the corre- 
sponding movements of the forwardly-extending arms 6, the bent 
or cranked ends will be forced below the goods to be lifted. It 
will be understood that, when the man has depressed the lever 15 
with his foot to grip the goods, it will extend rearwardly from the 
truck in such direction that he can apply pressure thereto w ith 
his foot at considerable advan , and that this will enable him 
to turn a heavily-laden truck from a vertical to a rearwardly 
sloping position with greater ease than is the case when he has 
to press with his foot on the axle of the travelling wheels. 








(Accepted September 6, 1905.) 
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THE TESTING OF ELECTRIC GENE- the advocacy of what may be termed indirect tests, 


based on the separate measurement of the losses. 

RATORS AND MOTORS. Notwithstanding: all that has been written on the 

By Dr. CHarves V. DryspDALe. | Subject, however, the writer has always held and 

Iv the testing of both generators and motors |acted upon the opinion that for any reliable test 
two classes of measurements require to be made—| of a generator, or motor, the input and output 
electrical and mechanical. Both of these require should be directly measured under normal running 





| conditions ; and the correctness of this opinion was 
Ut: to a great extent upheld in the discussion on | 
Uidlllddddedddllit brakes before the Birmingham Section of the Insti- 
tution of Electrical Engineers last session. Two 
important sources of error in all indirect tests are | 
in the non-allowance for losses in commutation, or | 
om in the difficulty of making such allowance, and in| 
the fact that the contact resistance of brushes may 
be very different under testing and running condi- 
tions. This latter effect was noticed by the writer 
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2. Determination of electrical input or output, 
and calorimetric measurement of the losses. 

3. Electrical methods (Hopkinson, &c.). 

4. Direct measurement of electrical power, and 
of mechanical power by dynamometer. 

Of these methods the indirect tests have already 
been condemned, although they are most valuable 
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Fig.6. CONNECTIONS OF SWITCHBOARD FOR 8 K.W. 
WESTINGHOUSE GENERATOR FOR MOTOR 
TESTING TABLE. 
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difficulty in measuring electrical power of any| ‘7 
amount or kind, direct current or single or poly- 





Fig. 7. CONNECTIONS OF MOTOR AND 
GENERATOR TESTING SWITCHBOARD. 
DC 180 
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phase alternating current, with any required degree | some little time ago, and reference has recently been | as accessories to a direct test. ’ The second, in the 
of accuracy. The measurement of the mechanical | made to the same effect by Mr. Creedy, in his paper | form of Professor Threlfall’s air-calorimeter test, is 


power, though at first sight a much more simple | 


read before the Institution of Electrical Engineers. | no doubt excellent for large machines, where no 


problem, presents many more difficulties when any | Broadly classifying the methods of testing, we| other test is available, but can hardly be récom- 
attempt is made to secure accuracy ; and that this | have :— mended in general testing work. As to the Hop- 


has been to a certain extent recognised is shown by| 1. Indirect methods. |kinson test, there is no doubt that its convenience 
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TEST CURVES OF VARIOUS ELECTRIC MOTORS. 
(For Description, see Page 679.) 


Fig 6. jnpure. rw CURVE FOR E.C.C. DIRECT-CURRENT Fig.9. CURVES FOR E.C.C. SB.H.P. DIRECT CURRENT MOTOR. Fig. 10. curves For DIRECT CURRENT MOTOR. 
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Fig.12. CURVES FOR HEYLAND & B.H.P,SINGLE PHASE . CURVES FOR 4B.H.P, HEYLAND SINGLE 
OTOR RUNNING AS AN 
CHR ;_ GENERATOR. 


























Fig. 10. HEYLAND DIAGRAM FOR KEYLAND 
4B.H.P,5INGLE PHASE MOTOR. 
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Fig. 16. CURVES FOR AEG 8PHASE 3B.H.R MOTOR s 
RUNNING AS A MOTOR. Fig.77.curves FORA-E 438 1.P3PHASE MOTOR, RUNNING AS 
: AN ASYNCHRO Ni ENERATOR. 
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would make it the best of methods were it reliable; 
but in the first case it requires two identical 
machines, which are not always available, and, 
secondly, it assumes the equality of their losses, 
which may be far from the truth. But the most 
serious difficulty with the Hopkinson test, and one 
which does not seem to be generally recognised, is 
that with small machines—even if they are of equal 
efliciency at the same load—the conditions under 


the writer’s opinion the Hopkinson test is of little 
value with machines below 90 per cent. efficiency, 
aud he considers that the proper sphere for this 
test is confined to machines of a capacity of over 50 
horse-power. For small machines we are therefore 
thrown back on the measurement of the input and 
output. In the case of motors the mechanical out- 
put may be measured either by a transmission 


dynamometer or brake, while for generators the | 


range of load and speed. Numerous fairly con- 
venient brakes are in use, and may be divided into 
two classes: (a) band-brakes, and (6) those in 
which a pure terque is exerted, as in the Prony 
brake. Most of the former types of brakes appear 
to be unsatisfactory for accurate work, principally 
because in loading a considerable side-pull may be 
exerted on the shaft, increasing the bearing fric- 
tion, and possibly also slightly displacing the arma- 
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SLIP-TORQUE CURVE FOR 3 8.H.P 


Fig. 20. 3 PHASE MOTOR. 
















































which the two machines are running when under | 


‘est are so unequal as to make the allotment of the 
‘usses impossible. The usual practice seems to be 
‘ find an average efficiency for the combination, 
«nd to take the square root of it as the efficiency of 
each machine ; but in machines of less than 5 horse- 
power the output of the generating-machine may 
not be much more than half the motor input, and 
itis absurd to assume the efficiencies as equal. In 














transmission dynamometer is alone available. There 
is, of course, the option of a ‘‘ calibrated” gene- 
rator or motor; but this is a pure begging of the 
question, as the calibration of this machine must 
be carried out by a dynamometer or brake, and 
cannot be regarded as constant. 

Coming to dynamometers, it cannot be said that 
any transmission dynamometer has yet: heen devised 


| which is satisfactory and accurate over any great 
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ture. The writer has used a great number of band- 
brakes, but has never found one which can be relied 
on tw give consistent results within 1 or 2 per cent. 
on successive tests of the same machine, under the 
same conditions. Torque brakes of the Prony form, 
or of the eddy-current type, devised by Dr. D. K 
Morris and others, are probably by far the most 
satisfactory ; but in the case of the former it is 
usually necessary to cut special brake-blucks for 
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each machine tested, or to have a special pulley 
for fixing on shafts of various sizes. Furthermore, 
all absorption brakes suffer from the serious defect 
of. wasting the power of the machine under test, 
necessitating a large expenditure of energy, and 
the artificial cooling of the brake. This becomes 
serious when we consider that a heating test of a 
machine implies a six hours’ run at full load; and 
also that to get the true efficiency the machine 
should be run for some time before the test, in 
order to reach its normal temperature. An addi- 
tional source of trouble with nearly all friction 
brakes is in variations of friction, causing unsteadi- 
ness in reading, and necessitating periodic adjust- 
ment of the brake. 

About four years ago the writer was desirous of 
making some arrangement for the laboratories of 
the Northampton Institute, whereby small motors 
of different types, powers, and speeds could be 
rapidly and accurately tested. So many difficulties 
had been experienced in getting reliable and con- 
cordant results with ordinary brakes, as to lead him 
to consider whether some arrangement could not be 
devised whereby any desired motor could be coupled 
to some standard brake of good design. Friction 
brakes of all kinds were considered, but rejected on 
account of irregularity in friction and trouble in 
cooling. Fluid brakes in the form of the Froude 
brake, or of a centrifugal pump working against a 
variable pressure, were at one time thought of ; but 
these would have been troublesome, expensive, and 
of little range. A water-cooled eddy-current brake, 
with a squirrel-cage armature rotating inside a vari- 
able field, was considered, and could have been made 
in a very light and convenient form ; but this would 
have involved special design and construction, and 
was practically equivalent to employing an ordinary 
generator, with body free to rotate and loading the 
armature. The final step was to obtain a generator 
permitting of a very wide range of speed and exci- 
tation, to mount it with its body free to rotate, 
and to vary the excitation until the machine could 
be switched into parallel with the 100-volt direct- 
current mains of the Institute. Any increase of 
the excitation loaded the generator, and hence the 
motor coupled to it, by sending the current back 
into the mains without waste or heating; while if, 
on the other hand, the excitation was reduced, the 


load could be reduced to zero or become negative, 


the brake becoming a motor and driving the 
machine to be tested as a generator, either direct- 
current or synchronous, or asynchronous, as the 
case might be. As an alternative, the idea was 
considered of mounting the machine to be tested 
upon a table swinging about a horizontal axis, but 
this was obviously less convenient. 

With this prefatory explanation the construction 
of the testing plant will be clear. The generator 
employed, G (Figs. 1, 2, and 3, page, 679), is a 
four-pole 8-kilowatt Westinghouse direct-current 
machine, specially designed to give 100 volts at any 
speed between 750 and 1600 revolutions per minute. 
This machine was provided with ball races B, B, cut 
on the outside of the bearings and supported on 
}-in. balls from a rigid bed-plate. To measure the 
torque two gun-metal arms A, A were fitted to 
the sides of the motor, with knife-edges, from which 
weights could be hung. Each of these arms has 
two knife-edges K, K, one at a distance of 314 in., 
or 2.625 ft., from the axis, and the other at 71.4 
centimetres, or 28.1 in. When the shaft is run- 
ning at 1000 revolutions per minute, a weight of 
2lb. on the outer knife-edge represents 1 horse- 
power, while a weight of 3 ib. 
edge is equivalent to 1 kilowatt. By having knife- 
edges on both sides, powers of either ‘positive 
or negative sign can measu with either 
direction of rotation. Connections are made by 
flexible conductors from the machine to a switch- 
board, to be afterwards described. 

As the axis of this machine is necessarily fixed, 
provision had to be made for bringing the motor 
M to be tested in line with it. This was done by 
putting down a cast-iron table T, of the dimensions, 
3 ft. 6 in. by 3 ft., which could be raised or lowered 
from a pit by screw gear S, as shown in the engrav- 
ing. The surface of this table is slotted, and has 
two slide rails R, R on it, which can be adjusted 
to any position by screwed dogs. Any machine to 
be tested is slid on to the rails, raised to the 
proper height, and approximately brought into line 
in a quarter of an hour. 

The coupling of the machines was another diffi- 
culty, as shafts differ so much in diameter and 
length. For this purpose the balanced generator 


on the inner knife- |i 





was provided with a telescopic shaft T S, allowing 
of a variation of length of about a foot, and on 
the end of this shaft is fixed an American self. | 
centering jaw-chuck C, taking any shaft up to 2 in. | 
in diameter. This arrangement has proved entirely 
satisfactory, not the slightest trouble having been 
experienced with it. To facilitate the final lining- 
up of the motor, which must, of course, be done 
with the greatest possible accuracy, the end of the 
telescopic shaft is provided with a conical point 
which fits into the countersink on the shaft of the 
test machine. The sleeve of the telescopic shaft 
runs through a ring r, bolted to the floor, which 
just clears the shaft by 3 in. all round when the 
shaft is properly centred. By pushing the tele- 
scopic shaft up until its cone enters the coun- 
tersink of the shaft of the test machine it is 
instantly seen, by inspecting the clearance of the 
ring, in what direction it is out of position, and 
this can be quickly rectified. This ensures that 
one end of the shaft of the test machine is on the 
axis, but not the other; and to enable this to be 
accurately set, a simple optical device was em- 
ployed. A mirror was fixed on the end of a tube 
(Fig. 4), which could be slipped over the end of 
the shaft, the mirror being adjusted by means of 
four adjusting screws until reflected objects ap- 
peared stationary while it rotated. A telescope ¢, 
with cross-wires, and right-angled prism p (Fig. 5), 
was fixed to a bracket on the opposite wall, and 
adjusted until the centre of its object-glass, as seen 
by reflection in the mirror, and the centre of the 
coned shaft appeared simultaneously at the inter- 
section of the cross-wires. This telescope was 
then permanently fixed in position ; and it is now 
only necessary to see that the countersink on the 
near end of the machine tested is on the cross- 
wires for the machine to be completely lined-up ; 
an operation which usually only takes a few minutes. 

In order to adjust the sensitiveness of the 
arrangement, a rod was tapped into the eyebolt 
socket of the machine, and a weight fixed which 
could be raised or lowered to adjust the centre of 
gravity. Stop-screws are also provided on the bed 
to limit the rotation of the body. 

Coming now to the electrical arrangements, the 
connections of the swinging generator may next be 
described. The main and shunt terminals of the 
generator are connected up to a special switchboard 
(Fig. 6, page 679) constructed to our specification by 
Messrs. Nalder Brothers and Thompson. The direct- 
current mains from the Institute generating plant 
are connected to two single-pole switches, the 
negative switch when closed completing the exciting 
circuit of the swinging generator through a re- 
versing switch, ammeter, and two resistance frames 
of large range, and at the same time coupling to 
the negative side of the armature. By putting the 
reversing switch over to one or other position, the 
machine may be run with either direction of rota- 
tion. The positive main switch is of the throw- 
over type, the centre being connected to the 
positive pole of the generator armature through a 
resistance short-circuiting switch, ammeter, and 
overload circuit-breaker ; while the right-hand con- 
tact is joined to the positive main and the left hand 
to the negative armature terminal. A voltmeter is 
joined across the armature leads, and a detector to 
assist in paralleling. It is clear that with this 
arrangement the generator may be run up by the 
motor tested and switched straight into parallel, or 
run up on its own resistance, while the loading of 
a motor under test can be either effected by running 
in parallel and increasing the generator excitation, 
or by absorbing current from the generator on the 
resistance. The former course is the more de- 
sirable, and is usually adopted ; but in the case of 
very slow-speed machines, where the E.M.F. of 
the generator would be insufficient for paralleling, 
it can be loaded on the resistance or any other 
convenient load. 

Turning next to the electrical arrangements for 
the machine under test, we have over the rising 
table a switchboard carrying eight switches and four 
terminals, Fig. 7. Six of these switches couple the 
terminals to the single, two, or three-phase supply 
running round the laboratory, and are labelled 
with the phase angle of the circuits, while the 
remaining two are used for direct-current supply. 
It will be seen from the diagram that these 
switches put the required supply mains into com- 
munication with the four switchboard mains, A, B, 
Cand D. Of these, A and B convey the current 
through two ammeters and the two main coils of a 





double wattmeter. The conductor C is simply pro- 


vided with an ammeter, while D makes direct 
contact from the main to the fourth terminal. Of 
the two wattmeter shunt coils, one is connected 
between A and C, while the other is connected to 
B, and by a-two-way switch either to C or D. In 
the former case the wattmeter reads DC, single- 
phase, or three-phase power indifferently, while in 
the latter two-phase power is directly measured. 
The voltage between any two lines is given by a 
hot-wire voltmeter provided with a multiple-contact 
switch connected as shown ; the last pair of contacts 
connecting the instrument in parallel with the 
standardising bench, and allowing of an immediate 
check at any time during the observations. The 
ammeters and wattmeter can also be checked at any 
—_ by switching the leads on to the standardising 
table. 

Speed and frequency are also read on the switch- 
board, the former by an A.E.G. electromagnetic 
speed-indicator, the generator of which is connected 
to the shaft. This indicator is provided with a 
switch, enabling the range to be doubled by inserting 
a series resistance. For frequency measurements a 
Hartmann and Braun frequency meter, with trans- 
position circuit, giving frequencies accurately of 
from 20 to 100 periods per second, is employed. 

It was hoped that the arrangement as above 
described would have been sufficiently sensitive, as 
the mounting of a machine on ball-bearings had 
been described as satisfactory by several workers. 
A few trials were, however, sufficient to show that 
the sensitiveness would not enable tests to be made 
with an accuracy much within 5 per cent. To 
increase the sensitiveness, therefore, recourse was 
had to the swinging of the generator on knife-edges 
in a manner similar to that employed in a testing- 
machine. Referring back to Figs. 1 and 2, it will 
be seen that the generator is suspended from the 
girders above by a length of 2-in. gas barrel, ter- 
minating in a screw and hand-wheel, enabling the 
support to be raised and lowered. The bottom of 
the screw carries a cross-piece with hardened steel 
hooks, on which turn two cast-iron balance-beams 
with knife-edges. From the outer knife-edges 
on these beams four vertical rods hang, which sup- 
port the generator by knife-edges projecting from 
the body. In order to adjust the load between the 
knife-edges, each of the rods is provided with a right- 
and left-hand coupling with lock-nuts ; while the 

osition of the motor axis can be very closely ad- 
justed by six pushing-screws, acting on the cross- 
piece supporting the balance-arms. A bracket fixed 
to the wall carries three arms, on each of. which is 
an index mark ; while from the balance-arms and 
motor body-pointers project, enabling the balance 
to be observed from each side or from the front of 
the machine. With these arrangements it is possible 
for the generator to rest normally in its ball-bear- 
ings, but whenever accurate observations are being 
made a fraction of a turn of the hand-wheel suffices 
to raise it off the balls and to increase its sensitive- 
ness many times. The sensitiveness under these 
conditions was found to be satisfactory, but a 
difficulty was still experienced with instability of 
balance. This was traced to attraction between 
the feet of the generator and the cast-iron bed, due 
to leakage flux,and was got rid of by cutting off 
the feet of the machine and substituting gun-metal 
projections for the stop-screws to work on. With 
these modifications the arrangement has proved 
very satisfactory. 

In using the arrangement, care has to be taken 
in the first case that the generator is in balance, 
with no torque. This may be done by clamping 
the sliding adjusting weights which are provided 
on the arms A, A, so that the pointers are at zero 
while the generator is swinging freely. A very 
sensitive check on this balance is obtained by run- 
ning a small motor light on the bed, and observing 
the wattmeter reading. On coupling up to the 
generator and balancing with no load on the knife- 
edges, the wattmeter reading should be the same ; 
and this check is always applied before and after a 
test. No variation has, however, been detected. 

The control of the load is made with the most 
remarkable ease and convenience. After runnirg 
up and switching into parallel, the load is put cn 
the knife-edges, and the brake is balanced almost 
instantly by regulating the excitation. Further- 
more, when this balance has been secured, the 
motor can be left running for almost any length of 
time with little attention ; as, if the motor and brake 
are connected to the same source of supply, anv 
small alteration of the supply pressure affects both 
machines equally, and the balance is but little 
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affected. In this way a motor may be kept running 
for six hours or more at any load desired, without 
any trouble with cooling, or more than an occasional 
slight regulation, and without wasting any power 
beyond that required to supply the losses of the 
two machines. Furthermore, by simply regulating 
the brake excitation, the motor may be unloaded or 
made to act as a generator ; and this has enabled 
many interesting investigations to be made. 

As an example of a few of the tests which have 
been made with the arrangement, Figs. 8, 9, and 10, 
page 680, show some tests made on a 4-pole, 5 brake- 
horse-power E.C.C. direct-current motor, which was 
tested between the limits of nearly 8 brake horse- 
power as a motor, and of 6 kilowatts as a generator, 
without shifting its brushes. Fig. 8 shows the 
relation between the mechanical and electrical 
input and output of the machine, while Figs. 9 and 
10 show efficiency curves, &c., for the machine 
running as a motor and a generator respectively. 
It will be noticed that, in this case, the efficiency as 
a motor considerably exceeds that obtained with it 
running as a generator, which is probably attribut- 
able to the brushes being set over to the motor 
position. A similar test made with the brushes 
moved over into the generator,position gave differ- 
ent results ; emphasising the importance mentioned 
at the outset of direct as compared with indirect 
tests of efficiency. The difficulty of brush-contact 
resistance, too, is well shown in this machine. Tests 
of the armature resistance, including brush-contact 
resistance taken by fall of potential with consider- 
able care, gave a value of 0.28 ohm, which, at a 


current of 40 amperes, corresponds to a loss of 


448 watts. The test at this current gave a total 
loss of 650 watts, of which 520 was the loss with 
no current. The extra loss due to resistance 
heating was, therefore, by test only 130 watts, 
against nearly 450 indicated by the resistance. 
Owing to this discrepancy, the resistance of the 
armature without the brush-contact resistance was 
taken, and found to be only about 0.075 ohm, 
corresponding to a loss of 120 watts, or very closely 
that found from the direct test. This would indi- 
cate that the contact resistance was very much 
lower when running than when tested with the 
armature stationary. 

Fig. 11 shows an input-output curve for a 4-brake- 
horse-power Heyland single-phase motor ; while in 
Figs. 12 and 13 are given efficiency and other curves 
for this machine running as a motor, and above 
synchronism as asynchronous genéfator. Fig. 14 
is a portion of the Heyland circle, plotted from the 
observations. In Figs. 15, 16, and 17 we have 
performance curves for a 3- brake - horse - power, 
three-phase motor, both as motor and asynchronous 
generator. Fig. 18 shows the Heyland circle, while 


Fig.18. HEYLAND DIAGRAM FOR 3 8.H.P, 
3 PHASE MOTOR. 
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Fig. 19, page 681, gives the relation between starting 
torgue and current, and Fig. 20 the relation be- 
tween torque and slip when running. The points on 
all these curves are from single observations only, 
Without repetitions or omissions. The arrangement 
lends itself excellently to the determination of 
Starting torques; as all that has to be done is to 
short-circuit the generator by putting the throw- 
over switch to the left-hand side. On now passing 
the starting current through the motor tested, the 
tor jue is transmitted to the generator, which, how- 
eve’, is only able to crawl round owing to the 
Currents generated in it. The torque can be 
balanced on the brake arms, and a much more 
coriect average result can be obtained in this way 
than with a stationary armature. 

For the measurement of the slip, a direct reading 


slip indicator, which has just been described else- 
where,* was employed. This consists simply of a 
conical roller revolving with the motor under test. 
A disc rests on this motor, and is illuminated with 
an are or glow lamp from the alternate-current 
supply. A point can be found on the roller where 
the disc rotates synchronously, and the percentage 
slip is directly read on a scale. 

In concluding this article, the writer would like 
to make a few suggestions as to the practical test 
ing of machines based on the experience obtained 
with the arrangement jetted, which may be 
termed a universal regenerative dynamometer. 
There seems no reasonable doubt that this method 
is superior in almost every respect to any other ; and 
it would seem that every test-room, where motors 
or generators of various types are frequently tested, 
should have some such arrangement, which would 
be to the electrical engineer what the testing-machine 
is to the civil or mechanical engineer. Its utility 
for accurately testing steam or internal-combustion 
engines or turbines is also obvious. The arrange- 
ment'as above described is, however, defective in 
one special respect, due to the balance-arms being 
mee afterwards—i.e., in the generator being 
suspended from these arms while the load is 
applied on a lower level. In consequence, the 
brake load tends to move the axis of the machine 
slightly, and to throw out the alignment, which some- 
times introduces a small amount of vibration. In 
Figs. 21 and 22, page 681, are shown diagrammati- 
cally the arrangement which would appear to the 
writer to best meet all requirements. It will be seen 
that, in this case, a standard generator of any re- 
quired capacity is mounted on knife-edges from 
balance-arms in the same way as before described ; 
but that, in addition, the vertical rods supporting 
the machine are continued downwards and connected 
to a second balance-beam beneath the machine. In 
this way the axis of the machine is perfectly fixed, 
and no trunnions or ball-bearings are necessary. 
This generator may be used under ordinary con- 
ditions, for purposes of general supply, by being 
bolted down to non-magnetic footsteps, with 
parallel plates interposed. By removing the bolts 
and parallel plates the machine would be set free at 
any time for tests. 

To relieve the knife-edges from the strain of 
supporting a heavy generator, and to further 
increase the sensitiveness, the weight of the gene- 
rator might be compensated to any desired extent 
by springs ; or, preferably, by standing it on a raft 
floating on water or other liquid, the bottom of the 
raft being a segment of a cylinder with axis coin- 
cident with that of the generator. It should be 
mentioned, however, that no injury appears to 
have been caused to the knife-edges in the present 
arrangement. 

To balance the load a sliding weight would be 
employed, as in an ordinary testing machine, with 
verniers reading on four scales, reading directly 
(a) torque in foot-pounds, (6) horse-power at 1000 
revolutions, (c) torque in metre-kilograimmes, and 
(d) kilowatts at 1000 revolutions. 

The testing-table for carrying the machines to be 
tested would vary in design according to the average 
magnitude of the machines to be tested, but might 
for most purposes be raised or lowered by four 
screws geared together in pairs, enabling the shaft 
to be exactly levelled. Sor larger machines the 
table might be removed and the test machine 
supported by slide rails raised by a pair of screws 
at each side, as in Figs. 23, 24, and 25. 

For supplying current for test, a double-current 
generator or rotary converter might be used with 
convenience ; and in the cases of machines of large 
size this generator would not have a resultant output 
of more than 20 to 30 per cent. of the output of the 
machine tested. If the double-current generator has 
slip rings for both two and three-phase currents, 
and is provided with a bank of transformers and a 
testing switchboard like that above described, the 
same arrangement will serve for testing direct cur- 
rent, single-phase, and polyphase motors and gene- 
rators of considerable range, with great economy, 
and without the necessity for the large resistances 
commonly used. It may be added that the cost of 
the swinging attachment and rising and falling 
table is by no means heavy, especially in view of the 
saving of time and power in each test. 

The writer wishes to express his acknowledgments 
to his senior demonstrator, Mr. Jolley, for sug- 
gestions in connection with this arrangement, and 
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for valuable assistance in the setting-up and testing 
of it. He is also indebted to his assistants, 
Mr. Martin, Mr. Dowse, Mr. Gerrard, and Mr. Ellis, 
for assistance in the construction and tests. The 
brake arrangements and the rising and falling table 
were made by Messrs. G. Wailes and Co., of 
London. 

Fig. 26, page 681, shows the regenerative dynamo- 
meter and testing switchboards in the electrical 
engineering laboratory of the Northampton Insti- 
tute, with a three-phase motor under test. 





THE BRITISH ASSOCIATION MEETING 
IN SOUTH AFRICA. 
(Continued from page 650.) 
LecrurREs AND RECEPTIONS. 

Havine briefly surveyed the sectional work of 
the Association, we have to mention the lectures. 
So far as the over-sea party was concerned, the 
lectures commenced in the shape of one ‘or.two 
informal discourses a day, introductory to matters 
of interest in store for the visitors, delivered on 
the outgoing vessels, and these discourses were 
resumed on the way home, being then in the nature 
of instructive retrospects. Two evening discourses 
are the established rule for the ordinary meetings. 
In this instance lectures had been arranged for 
all the towns at which a fairly long stay was 
made. Most of them were crowded, thanks to 
the lively interest displayed by the Colonials, 
who may on some ocvasions have felt rather dis- 
appointed. Mr. C. Vernon Boys, F.R.S., in his 
lecture at Cape Town, on ‘‘Some Surface Actions 
of Fluids,” had the satisfaction to find an able 
assistant for his interesting experiments in Mr. 
Parkinson, an old pupil of his, now engaged 
in irrigation works south of Kimberley, one of 
the very few of South Africa. British members 
were more prominent at the receptions and 
garden parties, given by the governors, mayors, 
municipalities, and citizens, whenever time could 
be found, than at the evening lectures. Rain some- 
what spoiled the ‘‘at-home” of the Governor of 
Cape Colony, Sir W. Hely-Hutchinson, the recep- 
tion by the Mayor of Cape Town, Mr. Liberman, 
and the garden party by Sir Benjamin Greenacre, 
at Berea, the beautiful suburb of Durban. It rained 
again a little at Johannesburg on the day when the 

igh Commissioner for South Africa, the Earl of 
Selborne, and the Lieutenant-Governor of the 
Transvaal, Sir Arthur Lawley, welcomed the visitors 
at Sunnyside. Several of the mornings at Johannes- 
burg were rather raw, as one might — during 
the spring at an altitude of nearly 6000ft. But on 
the whole the weather eine the guests, and 
they left duly impressed with the constancy of the 
South African climate. 


Tuer JouRNgeY across SoutH AFRICA. 


The arrangements for the ‘great continental ex- 
cursions, which were outlined in our issue of July 28, 
must have severely taxed the time, endurance, and 
patience of the organising committees. They were 
so numerous that we can single out only the chair- 
man and the honorary secretary of the Central 
Organising Committee for South Africa—Sir David 
Gill and Dr. J. D. F. Gilchrist—both of whom dis- 
played an astounding capacity for work. The 
names of the general officers of the Association are 
known to our readers. Mr. Silva White, the assis- 
tant secretary, nearly broke down under the strain. 
The Rev. W. Flint, D.D., should be mentioned as 
joint editor with Dr. Gilchrist of the hand-book 
and review ‘‘ Science in South Africa,” which had 
been prepared expressly for this meeting. It con- 
sists of a series of monographs written by experts, 
excellent on the whole; it contains papelstion 
statistics, but does not give any information about 
the areas. Good hand-books had also been pre- 
pared in other parts, notably in the Transvaal. 

Cape Colony, in the wider sense, now comprises 
Cape Colony proper, with the various territories 
annexed at different periods—West and East 
Griqualand, Pondoland, Transkei, British Bechu- 
analand, and also the Bechuanaland Protectorate 
and Walfish Bay—a total of 277,151 square miles, 
with a population (census of 1904) a 2,409, 804 
inhabitants, made up of 579,741 Europeans, or 
whites ; 15,682 Malays, 91,260 Hottentots, 310,720 
Fingoes, 1,114,067 Kaffirs and Bechuanas, and 
298,334 of other tribes. The Bechuanaland Pro- 
tectorate, not reckoned in these figures, adds 386,200 

uare miles, with 1004 whites and 119,772 natives. 
The first census of 1865, concerning Cape Colony 
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EXHIBITS AT THE OLYMPIA MOTOR-CAR SHOW. 


(For Description, see Page 701 ) 
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proper only, gave 496,381 inhabitants, with 181,592 
Europeans ; the enormous increase of the native 
tribes is noteworthy. The Colony of Natal has an 
area of 36,700 square miles, with 1,108,754 in- 
habitants, made up of 97,109 whites, 100,918 East 
Indians, 79,978 natives in service, 824,063 natives, 
and 6686 people of mixed tribes. In 1859 Natal 
counted 11,580 Europeans and 150,000 Zulus. 
The Transvaal has an area cf 106,642 square miles 
and a population of 1,354,200, of whom 300,255 
are whites, 1,030,029 Africans, and 23,946 ae 
counted as other coloured races; about 50,000 
Chinese should also be added. In 1891 there were 
85,000 whites. The Orange River Colony has an | Fic. 4. BRaKE OF THE 
area of 49,950 square miles and a population of | 

143 419 whites and 241,626 natives; a total of | inhabitants, there being 12,623 whites. Thus the 
385,045. Basutoland has an area of 10,293 square | population of the whole of British South Africa, 
miles and a population of 895 whites and 347,953| apart from Northern Rhodesia, sums up to 
natives ; a total of 348,848 inhabitants. The whole | 1,135,016 whites and 5,198,175 natives—altogether 
of Rhodesia’ covers an area of about 759,000 square | 6,333,194 people; a very scanty population. As 
miles. The population of Southern Rhodesia, in regards the future developments, it should be borne 


itself 143,830 square miles, is estimated at 605,764 in mind that very few people desire that the 


~ 


‘* Grose” Moror-Car. 


natives, who form an overwhelming majority all 
over, and who are the exclusive inhabitants of 
many districts, should be raised to a really higher 
level. This means that the wants of the natives 
will remain few. 

Valuable minerals abound in the Colonies, but 
only gold and diamond mining have, so far 
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been developed. Galena, pure zinc blende, peg-| utile) is a small tree, whose very hard timber is 
matite (tin ore) veins, copper, and other ores are| imperishable in the ground. The Clan William 
found chiefly in the Transvaal. North of the| cedar (callitris arborea), now confined to a very 
railway to Delagoa Bay enormous layers of pure| small district, gives a very valuable wood of lasting 
hematite have been discovered in close proximity | fragrance. Except this last, all the African timber 
to coal and limestowe. Good coal is plentiful in| trees are difficult to propagate, so that many trees 
many parts. But want of railway facilities and of | have been introduced. The earlier settlers brought 
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heavy. Double-deck overhead trolley-cars are the 
| Tule in South Africa. Electric tramway services 
were further met with at Durban and Pietermaritz- 
burg ; at Johannesburg electric tramcars are being 
introduced ; at Kimberley steam-carsare used. At 
Cape Town the sewer mains proper, up to 4 ft. 6in. 
in diameter, which have a sea outfall, are separate 
from the storm-water mains, up to 9 ft. in diameter, 
which have several outfalls along the sea front. 
The potable water is taken from three reservoirs : 
the Molteno Reservoir, of 50 million gallons; the 
Woodhead Dam, which impounds 215 million 
| gallons; and the Hely-Hutchinson Dam, 200 mil- 
lion gallons. The two latter are situated on Table 
Mountain, the outflow levels being 2404 ft., and 
2454 ft. above sea-level; the Hely-Hutchinson 
| Dam has a length of 1739 ft., and a maximum 
depth of 109 ft., and the reservuir a depth of 50 ft. 
In building his dam, Sir John Woodhead had to 
|make use of a cable-way of 5290 ft. horizontal 
| length. About 3 million gallons are consumed pér 
| day at Cape Town, equal to from 23 to 30 gallons 
per head per day for all purposes. 


Natat, Dursan, PietermMaritrzpuRG, COLENSO, 
AND LADYSMITH. 


From Tuesday morning, August 22, till Thurs- 
day morning, August 24, the party stayed at 
Durban, a neat town of 68,850 inhabitants, with a 
municipal electricity supply, 50 miles of high- 
tension mains for lighting (8d. per unit to con- 
sumers), and 9 miles of motor mains, overhead 
| trolley-cars, and the Shone sewage system. The 
| screened sewage is discharged into the harbour 
|channel at ebb tide; the sludge and refuse are 

burnt in a destructor. There are also storm-water 
drains. The chief water works are on the Umbilo 
River, 9 miles from town, where a reservoir of 35 
million gallons capacity was created in the ‘eighties, 
| and on the Umlaas River, 18 miles distant, which 

stores 160 million gallons of filtered water. The 
| European death-rate is 13.8. The terrible floods of 
| May 31-June 1, when 17 in. of rain fell in one night, 
| came down the Umbilo and Umgeni Rivers, a little 
|north of the town ; the wind blew at 66 miles an 
| hour, and“hundreds of people were killed. There is 
| one sugar-refinery at Durban, but most of the sugar 
| is not yet refined inthe country, Sugar-cane seems 
| to be indigenous to the country. The sugar exports 
| Trom Natal ini 1904 over-sea were valued at 82,U00I. ; 


suitable labour conditions seem to prevent the de- | stone pines, oaks, &c., with them, and various) over-land, at 263,000/.; 37,0001. have to be added 
velopment of metallurgical industries which would | fast-growing eucalyptus are now the most common | to these figures for re-exports ; the imports reached 
completely change the economy of the Colonies. | forest trees. The Australian wattles (acacia|a value of 116,000/.; and of the total sugar con- 
lhe concentration of capital and energy in the gold- | saligna and others) make good firewood and yield| sumption of South Africa, Natal supplies about 
mines has had deleterious effects. The bulk of the|/a tanners’ bark which has become an important | 600,000/. worth. The coal exports alone rank 
population depend upon agriculture, stock-raising, | export article. All the Colonies have their forestry higher than the sugar exports, the total output of 
and trading. | departments and Government nurseries. In Cape| 1904 being 858,000 tons. There are a few iron 
Good timber is very scarce in the Colonies. Colony much is also done by the Government for | foundries. 


The two yellow woods, the large and the small, | viticulture at Groot Constantia, and elsewhere. 
podocarpus elongata and thunbergii, formed the 
chief timber of the early settlers, and the indi- | Care Town. 

senous forests of these trees yield excellent rail-| The South African ports will be dealt with in 
way sleepers and flooring boards. The rare|a special article, and some features of Cape Town 
stinkwood (ocotea bullata) furnishes beautiful fur-| have already been noticed. The Corporation elec- 
niture ; the black iron wood (olea laurifolia) is| tricity works, which were visited by members, 
very hard and good for wagon-making, but not | date from 1895, and supply consumers at 1s. per 
durable in the ground. The sneezewood (pteroxylon | unit. The gradients of the electric tramways are 





The excellently fitted Government railway work- 
| shops at Durban were the first place visited. The 
short line, Durban-Point, opened in 1860, is the 
| oldest South African railway ; Cape Town-Welling- 
| ton followed in 1863. The Natal Government rail- 
ways have now 4 length of 7764 miles ; all, except 
a few miles near Durban, single track, of the 
3-ft. 6-in. standard South African gauge. In 


| crossing the Drakensberg Mountains, which rise to 
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12,000 ft., an altitude of 5520 ft. is reached, and 
only 10 per cent. of the main-line track is level. 
The railways employ 4825 Europeans, 3739 natives, 
and 2979 coolies. The members of the British 
Association will carry with them a high apprecia- 
tion of the trains of the Natal Government, and also 
of those of Cape Colony, and will remember their 
fine engines of the Dubs, Reid, and Hendrie types ; 
the traffic is worked on the electric staff system. 
Excursions were made from Durban to the Harbour; 
to Lower Umkomaas, a favourite seaside resort, 
which is reached after a 30 miles’ ride on the 
beautiful South Coast Railway, which winds along 
the coast through wild banana and bamboo jungles, 
and through fields of sugar-cane, tea, tobacco, &c. ; 
and to the sugar mills at Mount Edgecombe, 
situated on the North Coast line. The bridge over 
* the Umlaas River, on the South Coast line, is the 
longest in the colony—1160 ft. in length. 

On Thursday morning, August 24, the party left 
for Pietermaritzburg, where they reached by noon. 
The railway almost at once begins to climb up the 
Jacob's Ladder, and, skirting the hills in serpentine 
curves, rises in 71 miles to 2215 ft., at which level 
the capital of Natal is situated. The native name 
of the chief’s kraal, Ungunguhlova (the place of 
the elephant) and the elephant have been embodied 
in the city arms. The town is very regular and 
neat ; the buildings, the Parliament Houses, the new 
town hall, and the new post-office, are almost too 
grand for so small a town, of 30,000 inhabitants 
(half European), and so small a State. The visitor 
can hardly believe that rhinoceros, elephants, 
leopards, lions, &c., roamed about all the countries 
they passed through not many yearsago. By special 
invitation of the municipality, Mr. H. D. Ferrar, 
B.A., once a schoolboy in Setesuiastiaivens. lectured 
on ‘* The Antarctic Regions, and the Journey of the 
Discovery;” he was the geologist of the expedition. 
His fellow explorer, Mr. L. C. Bernacchi, who had 


charge of the extremely important magnetic obser- | p 


vations, had addressed the Geographical Section at 
Cape Town in an equally interesting lecture. Visits 
were paid to the Government on Farm at 
Cedara, and tothe well-equipped Government Labora- 
tory for Preventive Medicines ; snake ‘venoms are 
being studied there. Snakes are still frequent, but 
are not feared. The most popular feature of the 
programme was the excursion to the Native Location 
at Henley, where at least 500 natives, representing 
three tribes, numbering 20,000 people, took active 

rt in three war dances before the Governor, Sir 

. E. McCallum, the whole being arranged by the 
Native Commissioner. A grand marriage ceremony 
concluded the performance. The scenes were dig- 
nified and weird, but not savage, and it was dificult 
to conceive that these splendid, good - natured 
looking men, and also women, with their strikin 
regard for harmony in gesture and song, coul 
delight in aimless slaughter. 

On Saturday the party proceeded to Colenso, 
where the night was spent in the trains, as there 
are only a few scattered houses, and to Ladysmith, 
to view the battle-fields ; everywhere the ground 
was grimly dotted with white graves and crosses, 
all well cared for. Then the journey went on as 
before, the mountains with round tops and kopjes, 
crowned with Kaftir kraals, alternating with miles 
of plane veldt, covered with stones or scanty scrub, 
and with picturesque kloofs. Of the grandeur of 
the Drakensberg the main party saw very little, 
as they were crossed at night-time. Johannesburg 
was entered on the morning of Monday, August 28, 


(To be continued.) 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

AN ordinary general meeting of the Institution of 
Mechanical Engineers was held) on Friday last, the 
17th inst., at the Institution House, Storey’s-gate, 
Westminster, the President, Mr. E. P. Martin, 
occuping the chair. 


Attoys Resgarca. 


The business of the evening was the reading of 
the ‘* Seventh Report to the Alloys Research Com- 
mittee: on the Properties of a Series of Iron- 
Nickel-Manganese-Carbon Alloys,” the authors 
being Dr. H. C. H. Carpenter and Messrs. R. A. 
Hadfield and Perey Longmuir. This report we 
commence to print in full, together with the illus- 
trations, in the present issue. 

The President, before opening the discussion on 





the paper, which he described as a very important 
one, representing an enormous amount of work, 
proposed a vote of thanks to the authors, which 
was carried by acclamation. He then called upon 


Dr. Carpenter to add any remarks that he might | 
, and had had them tested at liquid-air temperature. 


think desirable. 

Dr. Carpenter, in response, said that as the 
photographs given with the paper had been con- 
siderably reduced, and had thereby lost clearness, 
he would throw them on the screen. The lights 
were then lowered, and the micro-sections in ques- 
tion were shown by means of the lantern. 

Mr. R. A. Hadfield was next called upon by the 
President. He said that having been concerned in 
what must be considered a very important research, 
he would like to take the opportunity of paying a 
tribute of admiration to the excellent work done by 
Dr. Carpenter and Mr. Longmuir. Although their 
work was founded upon the speaker’s own alloys, it 
was to them that the credit of the research was due. 
He did not accept all the theoretical conclusions 
stated in the paper. This was quite natural, for in 
a research of this kind, covering so much ground, 
there were necessarily very many conclusions to be 
drawn. As was stated in the report, the work had 
been carried out at the National Physical Labora- 
tory, Dr. Glazebrook having assisted in every 
possible way. The work done was a proof of the 
excellent manner in which the operations of the 
National Physical Laboratory were carried on, and 
he could bear testimony to the fact that it was an 
institution of which all might feel proud. The 
series of nickel alloys was of considerable interest, 
owing to the fact that the conditions in regard to 
the percentage of carbon were unusual. As Dr. 
Carpenter had pointed out, there had been previous 
researches, but none of them had included this 
particular percentage of carbon, the variation being 
from 0.4 per cent. to 0.52 per cent. Mr. Hadfield 
alluded to the fact that sitting near him on the 
latform was a distinguished steelmaker (Mr. Hoyle, 
of Sheffield), and the speaker thought he would 
allow that it was not a very large variation in 
percentage of carbon for such a considerable series 
of samples, comprising from eight to ten different 
casts. He hoped it would be considered that they 
had, at the Hecla Works, done their utmost to 
keep this important element as fairly constant as 
possible. 

In the percentage of carbon there was a great 
difference from that in his own series, of which he 
had given full particulars in his paper read before 
the Institution of Civil Engineers. In his experi- 
ments the carbon was about 0.2 per cent. He was 
not aware of any previous series on which experi- 
ments were made that gave such results as were 
obtained from the cast material. In these remarks 
the speaker was referring to the data contained in 
Table XVII., in which figures were given relating 
to tensile results obtained from cast steels after 
cooling from 800 deg. Cent. In the reading of the 
paper the part referring to cast material had been 

assed over, although he was sure there was no 
intention to ignore it. He was especially inte- 
rested in steel in its cast condition, and he con- 
sidered the tests to be very remarkable. He had 
never seen before the extraordinary tenacity of 
75 tons obtained from material which had not been 
forged or treated mechanically. The specimen 
marked ‘‘G” in the table, it would be seen, had a 
tensile strength of 74 tons; in ‘‘J” the tenacity 
was over 76 tons. As Dr. Carpenter had pointed 
out, there was quite an appreciable elongation, 
varying from 4 to 6 per cent., a fact which showed 
that cast material was not entirely wanting in duc- 
tility. Dr. Carpenter had referred to the peculiar 
iron-manganese-nickel alloy ; this alloy he (the 
speaker) had described in full elsewhere. In pass- 
ing he might remark that one of the peculiar 
features of the alloy was that it offered the highest 
known electrical resistance, and was, of course, 
equally bad as a conductor of heat. 

It might be claimed that the report supported 
the allotropic theory, and he wished to dis- 
sociate himself from that view. He could not 


countenance any theory that involved the — 
e 


tion of the adamantine state of pure iron. 
did not think that Dr. Carpenter intended the 
adjective ‘‘ hard,” which he had used, to convey 
such an interpretation; if he did, however, the 
speaker was not in agreement with him. He had 
had a letter from his friend, Mr. Osmond, on the 


subject ; but he did not think that Mr. were ‘i 
a 


research could be considered in the particu 





‘alloys existed, and if s 


be material alterations in the particular form of 
the iron, produced by mechanical work ; but he 
could not think that it would altogether bear that 
interpretation. Since the research had been started 
he had prepared specimens from all the samples, 


No doubt the majority present would be aware 
that he had presented a report on this subject ; 
but at the time that he prepared his material the 
ermeage specimens mentioned were not available. 

aking Specimen B of the National Physical 
Laboratory series—the lowest of all in nickel—a 
tensile strength of 41 tons was shown, with an 
elongation of 21 per cent. When the same 
material was tested at the temperature of liquid 
air, the very remarkable increase of tenacity 
to 75 tons was shown, with a_ considerable 
diminution in elongation—namely, 74 per cent. 
Specimen C rose to 95 tons, with 13 per cent. elon- 
gation ; and Specimen J, containing about 6.42 
per cent. of nickel, rose to the extraordinary tena- 
city of 144 tons per square inch, with 24 per cent. 
elongation. This was, indeed, a remarkable result. 
Still more remarkable was another specimen, which 
the speaker denoted as ‘‘G,” containing 15.98 per 
cent. of nickel. The tenacity of this material at 
ordinary temperature was 80 tons, with 5 per cent. 
elongation ; whilst at liquid-air temperature the 
remarkable tenacity of 144 tons was obtained, with 
24 per cent. elongation. Specimen K had 19.9 per 
cent. of nickel, and gave a tenacity of 44 tons. At 
liquid-air temperatures this specimen rose to 157 
tons per square inch, with an elongation of 15} per 
cent. The latter specimen was particularly remark- 
able, there being an extraordinary diminution of 
tenacity at ordinary temperatures, as compared 
with Specimen J—namely, from 80 to 44 tons; 
whilst the elongation increased from 5 to 55 per 
cent., the material being more ductile than iron. 
He thought everyone would admit that that was a 
very remarkable result. He would be pleased to 
add further details of this research if it were 
thought of interest. 

Sir William White, as chairman of the Com- 
mittee, pointed out that the report before the 
meeting was the seventh of the series, but although 
the work had been done at the National Physical 
Laboratory, it was a great honour to the Institution 
that had undertaken its prosecution. When he 
became chairman of the Alloys Research Com- 
mittee, some years before, he remembered speaking 
to the late Sir William Roberts-Austen about the 
desirability of transferring the work from the Mint 
to the National Physical Laboratory when that 
institution should be constituted. Sir William 
Roberts-Austen was very desirous of that being 
done, but he believed he, the speaker, was right 
in saying that before the change was actually 
completed, Sir William Roberts-Austen’s death 
occurred. It was in his mind, however, that an 
important section of the work at the National 
Physical Laboratory would be the prosecution of 
research such as he (Sir William Roberts-Austen) 
had initiated. The Council of the Institution, 
recognising the importance of the work to engi- 
neers, had assisted by the grant of an annual 
sum of money to the National Physical Labora- 
tory. Referring to the authors of the report, 
the speaker would point out that Mr. Hadfield’s 
work, having gone before, had indicated many 
important directions for the inquiry to take. He 
was sure Dr. Carpenter would say that Mr. 
Hadfield’s association with the report, not only 
in regard to the provision of specimens, but his 
actual co-operation in the work done, had been of 
immense value. Mr. Longmuir had been recom- 
mended to Dr. Glazebrook by Professor Arnold, and 
therefore there was the satisfaction of knowing that 
Professor Arnold would be heartily with the work. 
If the report were studied, it would be seen to be 
remarkable in the way in which it had supported 
the conclusions of previous investigators into the 
question of nickel-steel alloys. Speaking as a user 
of steel, he would say that it was of the greatest 
interest to see the possibilities which the steel- 
maker might offer to the constructive engineer in 
the future. Naturally, some of the alloys would, 
at any rate for the present, hardly come within the 
domain of practice on the score of cost; but these 
ial materials were required 
for special purposes, the user would know where to 
look for them. 

The investigation had been pursued along very 
efinite lines. Mr. Hadfield had spoken of the 


acceptance that Mr. Osmond claimed. There might | almost constant percentage of carbon that was 
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maintained, and in the report allusion had been 
made to the comparatively small alterations in the 
content of manganese, the endeavour being to 
vary the nickel, and keep the other constituents as 
constant as possible. Such was the true method 
of research—not to vary different ingredients 
simultaneously ; otherwise it would be impossible 
to determine what the individual changes might 
produce. If the investigations were carried further, 
he would like to see nickel steels tested with varia- 
tions in manganese. He had seen a good deal 
of iron and steel made and tested, and he felt 
quite sure that it would be found possible to 
obtain valuable results, for certain purposes, 
with less cost than at present. Referring to 
the question of corrosion, which was a very 
important one in the branch of the profession with 
which the speaker was connected, he pointed 
out that the tests in the research had been made 
under certain definite conditions, and these were 
stated clearly. He would remark that, from the 
point of view of the user, there was not much 
practical result to be obtained by expressing losses 
in percentages of total weight. Corrosion was a 
surface process; and what was wanted in any 
structure was to know how it would wear from the 
surface. If Dr. Carpenter would translate the 
results into surface wear, and if he would add com- 
parative tests—-not very difficult to make—of similar 
sized pieces of ordinary mild steel, similarly treated, 
it would afford information of a highly useful 
nature. The claim for freedom from corrosion in 
nickel steel had been made with very great per- 
sistence, and no doubt it was true in some degree ; 
but what was wanted to be known was the extent 
of advantage obtained by nickel steel. Sir William 
White called to mind that some years ago, in con- 
nection with water-tube boilers, it was advanced 
that the difficulty in regard to the tubes might be 
got over by using nickel steel. Some tubes of this 
material were therefore ordered and delivered. The 
makers of the tubes were confident of success, but 
as the tubes were found to be rusted when unpacked, 
the boiler-maker was not of the same opinion. 
Lastly, he would like to say a word upon heat treat- 
ment. He had for long been looking forward to 
the time when steelmakers would reach, by chemical 
and physical means, the condition that was now 
obtained by mechanical work. He had every con- 
fidence that such a thing would come to pass, and 
if it were done, little short of a revolution would be 
brought about in the formation of many structures. 
No one going through the paper could fail to see 
how nearly the ideal of steelmakers had been already 
approached, when a comparison was made between 
specimens treated in the very simple manner de- 
scribed and those which had been mechanically 
treated, and largely reduced in sectional area by 
forging. In conclusion, the speaker said the work 
was creditable to all concerned in it, and the report 
would prove a standard reference for information 
for many years to come. 

Professor Thomas Turner remarked that the 
paper was very full of information, but there were 
three things in the conclusions set forth that 
appeared to him of particular importance; and 
although the points were not altogether new, know- 
ledge upon these matters had been amplified and 
made more definite by the report. In Fig. 2, 
which gave, for tensile tests, the elongation, reduc- 
tion of area, and twisting angle, it was shown that 
there was a “‘ brittle zone ” with nickel alloys. The 
position of that zone depended upon the proportion 
of carbon. Corresponding to that “ brittle zone ” 
there were represented in the photo-micrographs 
three characteristic structures, plainly shown. 
Chirdly, there was the remarkable effect on the 
position of the arrest-points in heating and cooling, 
as shown on the diagram. As the proportion of 
nickel increased, so the point of arrest was lowered, 
until there were obtained the remarkable result 
that ultimately it appeared at below 100. That 
liad been taken advantage of by the authors in 
their treatment of these special steels, which were 
so hard to cut and difficult to machine. It had 
»een noticed more than fifty years ago—it might 
even be one hundred years—that certain high- 
carbon steels could be partly tempered by plung- 
ing into boiling water. e speaker was not aware 
a any accurate information, similar to that 
brought forward that evening, had been available to 
show the arrest-point so low and, at the same time, 
with so great a difference of arrest-point on heating 
aud on cooling. 

Continuing his remarks, the speaker said that 


he hoped, if future work of this kind were carried 
on, that larger quantities of material would be used 
for the test. He understood that the weight of the 
ingots employed was about 45 lb. ; and though the 
experiments had not suffered materially from short- 
ness of metal, still, in some cases, it would have 
been an advantage to have been able to make 
duplicate tests. There was another aspect of the 
question to which he would draw attention. A 
large amount of skilled work of an analytical, 
microscopical, and physical nature had been de- 
voted to these comparatively small quantities of 
metal, and it would be a great advantage if 
there were three times as large a quantity. If 
the Institution could retain a certain quantity of 
the metal, so that, if at any future time the 
research were continued, or new methods of re- 
search were introduced, there would be a supply 
of that actual material which had been investi- 
gated with the highest scientific knowledge and 
skill of the present time. Some little time ago 
this course was followed in the case of an Inter- 
national Committee on Chemical Tests, and 
there were available in this country samples of 
steel of known composition, of which the speaker 
was the custodian. These British Association 
standards often proved very useful in questions of 
appeal, or in working out new processes. The cost 
would be extremely small. 

A method of testing hardness was given in the 
report, and this was also a matter in which the 
speaker was interested The first plan employed 
was by means of scratching ; a process which he 
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make a standard scratch, and then compare it with 
other scratches made in various ways. The speaker 
illustrated his meaning by sketches on the black- 
board, which we reproduce in Figs. 1 and 2. Sup- 
posing, for instance, it were required to take the 
relative hardness of two samples prepared in the 
same way. First, a scratch was made with a 
known weight; then, on a similar piece of steel, 
or other metal, a number of scratches were made. 
Say, 100 grammes, 50 grammes, or 10 grammes 
were put upon the diamond point, there would 
then be selected from that number of scratches the 
one most nearly corresponding with the standard 
scratch. Standard records of that sort had been 
prepared on platinum and other metals, and had 
been in existence over twenty years. 

He was very glad to see that the authors had 
reported the range of solidification of the alloys, 
as a great deal of information might be derived 
from that method of recording. Much had been 
heard in times past of the melting-points of the 
various substances, such as slags and alloys. In 
regard to slags, he was convinced that there was 
no definite melting-point, but they had a melt- 
ing range. It would be noticed by the report 
that even a pure metal, like nickel or iron, 
had a certain range; as, however, more nickel 
was used the range increased. It would be 
interesting to compare these results with others 
which had been recently published for man- 
ganese; in that case there were curves for 
manganese and iron corresponding to those for 
nickel and iron. To illustrate this, Professor 
Turner made a sketch on the blackboard, which 
we reproduce in Fig. 3. The upper curve shown 
was for manganese-iron alloy, the manganese 
melting-point being 1247 deg. That was the 
liquidus curve, whilst the solidus curve would be 
the lower one. These curves would be interest- 
ing for comparison with the figures given by the 
authors. The speaker would also suggest tho ad- 
visability, in connection with researches of. this 
kind, of investigating the dilatation at tempera- 
tures considerably above those employed. The 
dilatation experiments given in the paper were 
really most interesting, and showed variations that 
were unexpected, as had been pointed out in the 
report. It was, however, very important to take 
dilatation in cast material at and just below the 
melting-point, because there were certain metals, 
such as some kinds of steel, which began to con- 





tract on solidification, and contracted considerably ; 
































































































Fig. 6g t¢------——-—~, CARBON STEELS --------- >. NICKEL STEELS 
§ 5 Annealed 800*--—--------------—----> J 
& 5 E 650 
: ; .-Elongation x Retinetion of Area fepreventing Duchy 
8 a A Cc D / a 
301 60% SS A L es = 
mph a oe 
7 C-0:254 0-468 0-470 : Pting ‘on. 042 0-41 osse 
Mi.0-1 90 0160 | 0-95 0-86 082 103 0-86 0.512 
1 215 425 495 19-91 2-950 
hal TABLE 4 ole TABLE if —----- TABLE ¢.-» 
faved <-6™ ALLOYS REPORT -- L ---=------------ 7™ ALLOYS REPORT > 


had used for about twenty years, employing a 
special instrument. The authors had made a scratch 
with a uniform load, and had attempted to measure 
the width by the use of a dividing-engine. He had 
never known any microscopic method for deter- 
mining the width of the scratch to prove satisfac- 
tory. If the weight of a piece of metal were 
required to be known, the information could be 
obtained by drawing wire of a uniform length 
and measuring the diameter; but a better way 
was to draw the wire out to a uniform size and 
measure the length. In the same way with 
scratching, he did not claim that his method was 
microscopically accurate, but he thought it was of 





great practical utility ; the simplest way was to 





on the other hand, there were others, like lead, 
which contracted very little. Moreover, there 
were some which expanded at the moment of 
solidification, and expanded again at different 
stages below the point of solidification. This the 
speaker illustrated by another sketch on the black- 
board, which we reproduce in Fig. 4. Volume was 
expressed by the vertical ordinate, the horizontal 
distances indicating time. It was found that 
ordinary metal passing into a state of solidifica- 
tion gave the lower curve, which was the usual 
curve of copper, lead, tin, or most of the ordinary 
metals. If, however, a piece of cast iron were 
taken, very remarkable diflerences would be shown, 
the result being as given by the upper curve in 
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Fig. 4, which, it would be seen, never came down to | character, the dilatations at high temperature were 
the lower point of the other curve, but was always worthy of attention. 

higher. The upper break in the curve corresponded| Captain H. Riall Sankey was the next speaker. 
to the separation of graphite, the next one to the| He said that although at present there might be 
phosphorus, and the next to the separation of | only one or two points that were of real practical 
pearlite. The way in which the curve was obtained | interest, he felt convinced that in time to come the 
was explained by another sketch, Fig. 5. A bar | report would be a valuable source of information to 
was fixed at one end, the opposite end actuating | those whose business it was to improve nickel 
ape a tus, as shown in the sketch. |steels. Among other points he would like to call 
. his considera y magnified the dilatation, and so | attention to the fact that the normalising tempera- 
t . curves to which reference had been made were ture in these researches was 800 deg. Cent., whereas 
obtained. In metals, especially those of a complex in the Sixth Alloys Report the temperature was 


| be the practical range. 


| 34 per cent. 










































































620 deg. Cent. He was not, however, quite sure 
that the term ‘‘ normalising” was the right one for 
800 deg. Cent.; but he would not like to give an 
opinion. He wished to call attention to the very 
small size of the tensile pieces, which were only 
2 in. in diameter ; he understood this was due to 
only a 10-ton machine being available. The elon- 
gations on 2 in. ought, however, to be corrected, so 
as to be brought back to the standard agreed upon 
by the Standardisation Committee, which he thought 
was } in. in diameter and 2 in. in length ; this 
would make the elongations figure somewhat higher. 
He considered the most salient feature in the paper 
was the sudden change after 4} per cent. of nickel. 
It would seem that from 0 per cent. up to 
2 per cent. there was not very much differ- 
ence in the quality of the steel, the improve- 
ment in tensile strength not being very great, 


| After 2 per cent. and up to 4 per cent. there was 
| considerable improvement ; but directly there was 


4 per cent. the danger zone was reached, and there- 
fore 2 per cent. to 4 per cent. of nickel seemed to 
As a matter of fact, the 
nickel steels of commerce were from 3 per cent. to 
He would like to ask the authors if 
they had any information as to the uniform dis- 
tribution of the nickel in a large ingot, because if 
the nickel were not uniformly distributed in a steel 
with, say, 34 per cent. of nickel, there might be 
certain portions with over 4} per cent. In that 
case there would be a piece of brittle nickel steel, 
and that might happen to come in a part of the 
machine which was fhighly stressed, when disaster 
would follow. He had prepared a diagram (which 
we reproduce in Fig. 6, page 687) to show graphically 
the tensile tests of these steels compared with some 
others. The maximum stress was expressed in tons 

r square inch, The elongation was on 2 in. 

e chart also gave the na ae wt of area, and 
the elongation multiplied by the reduction of area 
would give the ductility to a certain extent. The 
example on the left of the diagram represented 
the carbon steel of the Sixth Alloys Report, con- 
taining 0.25 per cent. carbon. A represented 0.468 
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per cent. carbon, and therefore compared, in re- 
gard to carbon, with the pure carbon steel used by 
the authors. Apparently the manganese was con- 
siderably greater, and it might be that this was the 
cause of the increased strength of the steel dealt 
with in the report; but there was rather less 
elongation. C represented nickel steel of 2} per 
cent. ; this showed an increase instrength. D was 
4} per cent. ; it was very much stronger, but had 
Jess elongation. Then came the sudden jump to E, 
which was shown pretty clearly to be rather brittle 
material. Next there was the remarkable alloy K, 
which gave a very fat diagram. Lastly, there was, 
on the extreme right, the nickel steel referred to in 
Table IV. in the paper, which contained practically 
0.3 per cent. of carbon, about 0.3 per cent. of nickel, 
with only about 0.5 per cent. of manganese. If 
the diagram on the extreme right were compared 
with that on the extreme left, an improvement 
would be seen. If, however, diagrams D and C 
were compared, D appeared the better diagram. 
This might be due to the difference of carbon 
content, or annealing at a lower temperature. 
Captain Sankey would further point out that in 
the report there was yet another method of 
making impact tests, with a machine which seemed 
to him to be excellent in design, although it 
would probably be more useful for research 
work in a laboratory than in a workshop, and 
was no doubt intended for laboratory work. 
There were now existing five or six different ways 
of making impact tests, all of which were not com- 
parable in respect to results. For instance, the 
impact tests of the report before the meeting were 
not comparable with those of the Sixth Report. It 
seemed to the speaker that the time had arrived 
when an attempt should be made to standardise 
these impact tests ; and he would venture to sug- 
gest, for the consideration of the Council, that a 
committee might be appointed to go into this 
matter, and settle it. He had had quite recently 
one or two cases in which the tensile test gave no 
information, while the impact test gave the data 
needed. 

Mr. F. W. Harbord said that everybody would 
agree that the authors deserved to be most heartily 
congratulated on their very able report, in which 
they had gone so thoroughly into details, and had 
confirmed results by so many various methods of 
research, There were one or two little points to 
which he would like to call attention. In the first 
place, with regard to the mechanical test, he would 
suggest—the point was a minor one—that the 
authors should give a column in the table showing 
the ratio of elastic limit to the maximum stress. 
This was often specified by engineers, and if given 
would save a little mental arithmetic. With nickel 
steels containing 0.20 per cent. carbon and 3 per 
cent. nickel—from ‘results obtained from various 
sources—such steels were found to give an elastic 
limit equal to the ordinary maximum stress of 
0.2 per cent. carbon steel without nickel ; that is to 
say, an elastic limit of about 28tons. In the series 
of steels experimented with by the authors, which 
contained 0.4 per cent. instead of 0.2 per cent. 
carbon, it would be seen that the breaking stress 
was 38 tons, and nowhere in the series was an 
elastic limit obtained anything like approaching 
that; the highest was 33 tons, and even with 
this the brittle zone was reached. Taking the 
alloys all through, the ratio of elastic limit to 
maximum stress was about 55 per cent., although 
in one case 60 per cent. was reached just before 
passing into the brittle zone. Referring to the 
results with forged alloys, the mechanical tests 
of which were so completely confirmed by the 
other tests to which the material had been sub- 
jected, he thought the results showed that this 
particular set of alloys were not likely to be of any 
practical use, as the same results could be obtained 
by increasing the carbon, which would cost less ; 
and, consequently, however valuable nickel might be 
when alloyed with 0.2 per cent. carbon, so far as 0.4 
ved cent. carbon steel was concerned, there seemed 
ittle, if any, advantage to be gained by its use. 
By varying the carbon we might, of course, obtain 
other very valuable nickel alloys. An exception, per- 
haps, should be made in the case of alloy K, which 
certainly possessed very extraordinary properties. 
He would like also to inquire whether the authors 


had been able to take stress-strain diagrams with 
their machine ; if they had, there was one point 
which they might obtain from the diagram which 
would be of the greatest interest, and, he believed, 
of considerable importance. 


He alluded to the 








‘amount of stretch, or elongation, on the sample 


before the local elongation commenced; it was 
rarely recorded, but he thought it was of great 
practical importance. He believed that Mr. Wick- 
steed, who had had exceptional experience, was of 
the same opinion. He had quite recently had 
occasion to go into the matter in connection with 
some tests which he had been making, and it 
seemed to him that far more information was 
obtainable about the quality of the materials if 
the stretch before local elongation were recorded ; 
this would especially be so with short lengths like 
2 in., where the local elongation affected the results 
so much. Passing to the drop tests, the authors 
state that ‘‘the fact that the whole of the steels 
have not broken probably imparts a greater value 
than if fracture had occurred in each case,” &c. 
He would point out that this was a disputable 
statement, and metallurgists were by no means 
agreed upon it. He had lately had some corres- 
pondence with M. Frémont, a French metallurgical 
engineer of great experience, who, in all his tests, 
insisted that to get accurate results every piece 
should be struck by such a blow as would fracture 
it, in the same way as was done by Captain Sankey’s 
machine. M. Frémont, however, supported the 
pieces on two bearings, just as the authors had 
done, but used a vertical drop testing-machine. He 
entirely agreed with Captain Sankey that the time 
had come to standardise these tests. The speaker 
had a whole series of bars, which had been treated 
in various ways, machined all ready for drop-testing 
by each known method, and if Captain Sankey’s 
suggestion were carried out, he would be very 
pleased to place the results he had so far obtained 
and his samples at the disposal of the Committee. 
The theoretical interest of the paper was ex- 
tremely great. The question of the change pro- 
duced by cold working was not only one of much 
interest, but of great importance. Ever since 
he had had anything to do with steel he had 
always believed that there had been some mys- 
terious change taking place on cold working. 
It was known that there was a change; but 
whether it was allotropic, or what it was, was 
unknown. The authors’ experiments, however, 
offered something detinite to work upon. The 
extraordinary K sample led to the hope that 
ultimately something would be arrived at which 
would help in discovering the nature of the extra- 
ordinary changes induced in steel, not only by 
forging and cold working, but during reheating, 
cooling, and quenching. 

Mr. H. H. West said that there had been one or 
two remarks made in the discussion to which he 
would like to refer. Mr. Hadfield had spoken 
about the remarkable increase of tensile resistance 
at the temperature of liquid air. That did not 
appear to him to be a practical point, although 
it would be interesting to sone whether at interme- 
diate temperatures the increase of tensile resistance 
was regularly progressive. In the early days of 
steel the makers suggested what was called a 
‘*temper test.” This consisted of raising a sample 
to cherry heat and quenching it in water. There 
was a little difficulty about what the temperature 
of the water should be. He had always had a 
shrewd suspicion that the steel-makers invented 
the test with a view to producing a state of things 
that would be favourable to the steel that was going 
to be tested. He had a feeling himself, and this 
had been fortified by a great deal of practical 
experience, that the process of heating and quench- 
ing in water was really an annealing process which 
made the steel more ductile under the bending test. 
What was the exact reason of this he would not 
pretend to say; but it had occurred to him that 
the sample parting with the whole of its heat at 
a constant temperature, at or about the boiling- 
point of water, might explain the annealing effect 
obtained. It had been his duty to ask the late 
Dr. Kirk to test steel for shipbuilding purposes 
in that way, and Dr. Kirk had asked why it 
was nece to make such a test ; for the last 
thing in the world that anybody would want to 
do with a ship would be to make it red-hot 
and then plunge it into water. Dr. Kirk considered 
it an academic test, and this appeared to the speaker 
to be a very good name for it. However, it was 
his duty to apply such a test, and he therefore in- 
sisted upon it. Sir William White had spoken 
about corrosion. This, the speaker thought, was 
an important feature in all structures, but more 
especially in regard to ships, for they were exposed 


to great corrosive influences, both internally, from ! 








special cargoes and damp conditions, and externally, 
from sea water, in cases where the paint, through 
any accidental abrasion, was destroyed. On this 
question, however, he held the opinion, which was 
shared by many other persons, that the thickness 
of the plates affected the surface corrosion. He 
accounted for this by the fact that in a structure 
subjected to vibration and shocks, a subtle move- 
ment was going on which continually exposed 
new points and new surfaces to the action of 
corrosive influences. Thick plates would, mani- 
festly, not be exposed to the same vibration as thin 
ones would be. It was well known that thin plates 
corroded far more rapidly than thick ones ; this point 
had a practical bearing on the steels referred to 
in the report. If a very high-tension steel were 
used, and it were thought wise to reduce the scant- 
ling on account of the increased resistance to stress 
secured by such a steel, there would come eventu- 
ally a thickness to which it would not be wise to 
trust. Nickel steel had been used more in the machi- 
nery than in the structure of ships. Mr. West said 
he had been a very strong .advocate of the use of 
high-tension steel, taking the view that if the steel 
were strong, it should not be condemned because it 
was too strong. The Admiralty drew two limits—- 
one high and the other low—saying that the steel 
must not have a tensile strength above or below 
these respective limits. Lloyd’s Registry took 
much the same view. For his own part he had 
taken the view that the steel might have as high a 
tensile strength as could possibly be obtained, pro- 
vided that, accompanying its high tensile resist- 
ance, there should be ductility and ability to bend 
without liability to fracture. Dr. Siemens had 
agreed with this opinion. Latterly he (Mr. West) 
had somewhat modified his view, thinking it was 
extremely undesirable to have two or more dif- 
ferent strengths of material in the same structure. 
The wiser course was to decide what strength of 
material was most desirable, and adhere to that as 
nearly as possible through the whole structure. 

Mr. C. E. Stromeyer spoke of the value of the 
report, and said that the admirable methods which 
Mr. Hadfield had shown in his previous papers had 
gained value by the further work now set forth. 
He would like to suggest a few additions to the 
test, but these he would indicate in writing, as the 
hour was late. Mr. West had spoken of the un- 
practical nature of the cold test made under condi- 
tions of extreme cold; the speaker did not agree 
with what Mr. West had said. Now that cold 
temperatures could be produced, tests showing how 
various materials would behave when subjected to 
extreme cold were much wanted, as they would 
help to overcome difficulties that might arise later. 
So far as he could remember, temper tests were 
introduced in order to guard against too high per- 
centages of carbon in steel ; steel of such a kind 
was apt to break after it had been incorporated 
in a structure. The Admiralty and Lloyd’s Re- 
gistry considered that this test was the only one 
available for the purpose of keeping out of ships 
and boilers steel that would crack when used. In 
regard to what Mr. West had said about Dr. Kirk’s 
remark that no ship would be put to sea red-hot, 
he would point to the case of the Persian Monarch 
which caught fire in New York Harbour. The 
fire was extinguished by the aid of a hose, which 
had the natural effect of tempering the plates. 
Afterwards, when the ship was in mid-ocean, certain 
cracks developed, some of them very suddenly, one 
in particular being about 7 ft. long. The event, 
however, was not one which would frequently occur, 
but it illustrated a case in which it was desirable 
that the material should have been less of a tem- 
pering nature. : 

The President here adjourned the discussion 
until the next meeting, when he hoped that Pro- 
fessor Arnold would be the first speaker The next 
meeting will take place on December 15. 











ALASKAN TELEGRAPHY.—A party of 30 men is con- 
structing a military telegraph line between Rampart and 
Fort Gibbon, Alaska. The new construction is on high 
ground, will do away with a loop through the low, 
marshy, and dangerous ground of the Lower Tanana, and 
will obviate difficulties experienced in maintaining com- 
munication between the two points. A military telegraph 
line between Valdes and Fort Egbert, a distance of 422 
miles, was interrupted during the past month for only 
five hours. This is considered a remarkable record, in 
view of the character of the country traversed. The 
United States cable ship Burnside is now at Tacoma, 
a a to lay a short cable between Forts Lawt.)n and 
Ward. 
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WATERWAYS IN GREAT BRITAIN. 


Ar the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, November 14, Sir Alexander 
R Binnie, President, in the chair, the paper read was 
‘‘On Waterways in Great Britain,” by Mr. John Arthur 
Saner, M. Inst. C.E. The following is an abstract of 
this communication :— 

The paper bagins with a short historical sketch, giving 
dates of inception of some of the earlier navigations, and 
also describing such improvements as have been made in 
recent years. ’ 

The author then goes on to discuss the comparative 
advantages of waterways and railways, and their main 
differences of construction and use. He points out that 
where up-to-date canals are owned by independent com- 

anies they can in many cases show a reasonable profit ; 
Put where the railway companies own them the profits 
appear to be much less. : 

He next deals with the difficulty of working through 
traffic on account of variations in gauge, and shows how, 
if a standard gauge could be fixed upon, the means of 
communication would be vastly improved. The question 
of a standard gauge is discussed, and the author gives his 
opinion as to the best standard to adopt, in view of the 
existing arrangements in this country. 

In this connection longitudinal sections, showin 
mileage and heights above sea-level, are given o 
following main routes :— 

1. Hull to Liverpool. 

2. Liverpool to Midland District. 

3. Briatol to Midland District. 

4, Hull to Midland District. 

5. London to Midland District. 

There are also tables showing the necessary measures 
for, and giving the probable cost of, improving the connec- 
tions between the main ports and the Midland District. 

Water supply and towing are then considered, the 
various means now available being described, and reasons 
for and against different proposals being given. The 
relative merits of railways and waterways as to speed of 
travel are also discussed. 

The author then deals briefly with the question of tolls 
and charges, and the cost of upkeep, showing how difficult 
it is to compare the costs of different systems. 

Finally the paper describes the best routes for ship- 
canals across country, and concludes by discussing the 
different ways of raising the necessary money for recon- 
structing the waterways. 

In the preparation of the paper the author has obtained 
replies to certain questions from engineers and secretaries 
of different waterways. This information is detailed in 
an appendix, with information from other sources neces- 
sary for the purposes of the paper. The paper is also 
accompanied by a large ae of waterways, with refer- 
ence tables giving the navigable dimensions. 
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American Routine Stock.—The New York Central 
and Hudson River Railroad Company has placed orders 
for 25,009 freight-cars, involving an expenditure of about 
25,000,090 dols. This order exceeds that recently placed by 
the Pennsylvania Rui!road Company, which until now 
was the largest order for equipment ever placed by a rail- 
road company in the United States. The New York 
Central Railroad orders are for delivery all through 1906. 
The cars will be manufactured as follows :—Pullman 
Company, 10,000; Messrs. Haskell and Barker, 7500 ; 
the Pressed Steel Car Company, 3000; the Western Steel 
Car and Foundry Company, 2000; and the American Car 
and Foundry Company, 2500. The order placed with the 
last-named company is in addition to other orders re- 
cently entrusted to it by the New York Central Rail- 
road Company. 





Dominton Iron AND Steet Company.—At the annual 
meeting of the Dominion Iron and Steel Company at 
Montreal, the President said he believed that the corner 
had been turned, and that the company was on the high- 
way to prosperity. During the last four months its 
earnings had averaged 73,000 dols., while the monthly 
interest charge was 56,000 dols. Mr. Graham Fraser, the 
general manager, has resigned. He stated at the Mon- 
treal meeting that the open-hearth furnaces are now doing 
their work efficiently. During the past five months they 
have turned out 10,000 tons each, an increase of 37 per 
cent. over the previous five months. He assured the 
shareholders that they might look forward with confidence 
to an output of from 800 to 1000 tons of rails per day 
of 24 hours. The rod mill is producing 250 tons per 
24 hours at the present time. 





Postic Works in New ZeaLAND.—The New Zealand 
public works statement for 1905-6 provides for 300,000/. 
for the North Island Main Trunk line, and 30,000/. for 
the Helensville line northwards. At the northern end 
the rail-head has been advanced to Owhango, 190 miles 
from Auckland, _ The formation is complete for 4 miles 
further, and is in hand a little beyond Pukerimu, 198 
miles from Auckland. The works on this section are 
rather heavy, and include two tunnels. Beyond this 
point the service road is in course of construction. The 
formation has already reached the edge of the Wai- 
marino plateau. The construction of a service road 
to connect the worke at the Auckland and Wellington 
ends will be proceeded with during the ensuing summer. 
The expenditure on the North ed Main Trunk Rail- 
wer last year amounted to 154,436/.—viz., 136,372. out 
of the ordinary construction vote, and 18,064/. out of a 
vote for permanent-way materials. A large expenditure 
w ill be required this year, and a vote of 3 0007. is, 
therefore, asked for. New baths at Rotorua are to be 


built at on i 
(on 25,0000 tender having been let to an Auckland 





THE DAVEY-PAXMAN SUCTION-GAS 
PLANT AND GAS-ENGINE. 


MANy years ago the late Sir Frederick Bramwell 
predicted that the steam-engine would ultimately be 
ousted by the internal-combustion engine. This state 
of affairs has not yet been reached, but no one can 
question the growing popularity of this form of prime 
mover. As a natural consequence, most of our leading 
firms of steam-engine makers are now finding it advis- 
able to extend the field of their activities so as to 
make it cover the construction of gas and oil-engines. 
Even those firms, whose reputation as steam-engine 
makers has been the highest, have not thought it 
prudent to ignore the new movement, and amongst 
them we note that Messrs. Davey, Paxman, and 
Co., Limited, of Colchester, steam-engine builders, 
have now entered this field, and are making a gas- 
engine and suction-producer, which, after a pro- 
longed course of testing in the operation of their own 
works, they now consider worthy to rank as prac- 
tical and efficient machines with the steam-engines on 
which the deservedly high reputation of the firm has 
been built. 

In Fig. 1 we show the general character of the 
gas-engine, rated at 34 brake horse-power, made by 
this firm ; whilst in Figs. 2 to 11, pages 688 and 689, we 
show some details of its construction. The cylinder is 
16 in. in diameter, with a 21-in. stroke, and is fitted 
with a loose liner, as shown in Fig. 2. This liner 
is secured by bolts to the breech casting, but at the 
other end is free to slide in the cylinder casting, 
the joint there being made good by means of a pack- 
ing-ring. In this way the cylinder is relieved of 
all strains such as may arise from unequal expansion. 
The breech end, which contains the combustion- 
chamber, is a separate casting from the cylinder 
proper, to which it is secured by bolts, as shown. 
These bolts have to make tight one joint only in place 
of two, as in some other arrangements of breech ends 
for gas-engine cylinders. It should be noticed that 
the bolts connecting the liner and the breech end pass 
through lugs only, and not through a continuous flange, 
so that free communication is established between the 
water-jacket of the cylinder and the water space of 
the combustion-chamber through the spaces between 
the lugs. These are clearly shown in Fig. 3. 

All the valve-seats are independent castings, fitting 
into spaces in the breech end accurately bored to 
receive them. The seats are fitted into these recesses 
by accurately-ground joints, and can be easily removed 
with their valves whenever desired. The exhaust- 
valve is arranged at the bottom of the combustion- 
chamber, but is removable through a cover at the top, 
and not from below, so that it is very accessible, and 
it is, of course, unnecessary to remove the exhaust- 
pipe to get at this valve. The cover through which it 
is removed is fitted with a plug F, Figs. 2 and 3, by 
varying the size of which it is possible to alter the 
clearance space, and thus increase or diminish the 
compression, so as to adjust it to that giving the best 
result with the gas used in any particular case. All 
the valves are of steel. The gas inlet is at A, Figs. 
3 and 5, and the air inlet at B; the space C, 
Fig. 3, is a portion of the water-jacket. The air and gas- 
valve seatings have perforated walls, so that the air 
and gas can pass through them. It will be seen that 
the gas does not enter the cylinder direct by passing 
through the po but proceeds through the holes 
in the seat of the latter to the air-valve, and enters the 
cylinder through the latter, the direction being that 
of the arrow in Fig. 6. A regulating-grid is provided 
on the air inlet, so that there is no difficulty in adjust- 
ing wrod and airsupply as required. The engine is 
governed by a combination of the ‘‘ hit-and-miss ” 
and ‘‘ regulation-of-mixture” principles. As will be 
seen from Fig. 5, the striker for the gas valve 
does not actuate this valve direct, but through a 
stepped block /, Fig. 5, which is raised or lowe by 
the governor, pd. 421 asa larger or smaller supply 
of gas is required. With the highest step in the line 
of the striker, as shown in the figure, the valve re- 
ceives its greatest opening, and a full charge of gas is 
drawn in. If the governor lifts the block so thata 
lower step comes into the path of the striker, the valve 
is opened less widely, and the charge admitted to the 
cylinder is correspondingly reduced ; and, finally, if 
the block is raised so high that it completely clears the 
striker, the valve remains closed, and no gas enters 
the cylinder. 

The cooling water enters by a 2h-in. pipe at the 
bottom of the breech casting, and is delivered through 
the opening shown at the top of the cylinder in Fig. 2. 

The piston and connecting-rod of the engine are 
illustrated in Figs. 8 to 15, page 689, which also shows 
the method adopted for lubricating the trunk and small 
end of the rod. The oil from the cylinder. lubricator 
enters a little basin P, Figs. 8, 11, and 12, from each 
corner of which oil grooves take off, as shown, to the 
central plane of the trunk. A j-in. pipe near the 
centre of this basin leads the oil to the cross-head pin, 
as indicated in Fig. 8. In order to prevent the pin 


this Pipe is not quite flush with the bottom of the 
basin, but projects jy in. above it. The rod ends 
are of the marine type, and it will be observed that 
the bolts are reduced in the body, so as to avoid the 
localisation of strain at the bottom of the thread, 
which occasionally leads to failure. The piston, liners, 
guides, and all similar wearing parts of the engine 
are of hematite iron, which the firm have long used 
exclusively for equivalent parts of their steam-engines, 
believing the greater durability thus secured as well 
worth the extra cost involved in the purchase of the 
iron and in machining it. 

The ignition of the charge is effected by a Sims- 
Bosch igniter, to which Messrs. Davey Paxman, and 
Co. have added a timing device, which is clearly 
represented in Fig. 17. This enables the sy of 
ignition to be retarded at starting, thus avoiding any 
possible risk of a back-fire; whilst as soon as the 
engine is fairly under way, the point of ignition can 
be advanced to that found to give the best results as to 
engine economy. The method of working is as follows : 
—One end of the presser-rod X is pivoted on a small 
crank driven by the side shaft of the engine. The other 
end is carried on an eccentric disc working in a slot 
formed in the presser-rod. This disc is carried on a 
pin screwed into the back of the cylinder. As the 
side shaft revolves, the end of the presser-rod travels 
through an ellipse, catching the trip lever on its way, 
and thus pushing back the striking-rod. The instant 
the presser-rod leaves the trip-lever, the spring on the 
magneto causes the striking-rod to fly back, hitting 
the contact lever Z, which breaks the electrical con- 
tact which has been made inside the cylinder. By 
slightly turning the eccentric disc which works in the 
slot, the moment of release of the trip-gear lever is 
advanced or retarded, thus allowing the ignition to be 
adjusted with the utmost nicety. An indicator diagram 
from this engine is reproduced in Fig. 19. 

To start the engine, compressed air, supplied from a 
receiver at a pressure of about 125 lb. per square inch, 
is made use of. The engine, having been put on its 
‘*explosion stroke,” the air at the pressure stated is 
admitted to the cylinder through the valve L and 
three-way cock H, Fig. 17, shown on page 689. As soon 
as the piston begins to move, the three-way cock is 
closed, and the air, which has then entered the cylinder, 
gives an impulse to the piston sufficient for the engine 
to make two revolutions, On the next in-stroke of 
the piston this air is exhausted, and on the subsequent 
revolution made by means of the energy stored in the 
fly-wheels the charge is drawn in, compressed, and 
fired in the ordinary way. The receiver, when pumped 
up, contains sufficient air to make four or five starts of 
the engine. It is replenished by putting the three- 
way cock into the position shown in Fig. 17, when on 
each explosion some of the burnt gases will be driven 
into the receiver through the valve M. When the 
pressure has reached 135 lb. or so, the three-way cock 
is moved so as to completely close the opening to the 
cylinder. 

The crank-shafts fitted are very rigid. An interest- 
ing point about them is the machine on which the 
pins are turned. This machine is of the type lately 
introduced by some well-known tool-makers as a 
novelty, in which the tool revolves and the crank is 
stationary. The machine at the works of Messrs. 
Davey, Paxman, and Co. affords a fresh instance of the 
truth of the saying that there is nothing new under the 
sun. It was built many years ago to the design of 
one of their foremen, and has done much hard service 
since it was first erected. 

The engine has two fly-wheels, but these are not 
counterbalanced, the makers preferring to bolt the 
counterbalance-weights direct to the crank-slabs in 
place of casting them on the fly-wheel rims. Ring 
lubrication is employed for the crank-pin bearings. 

A general view of the producer is represented in 
Fig. 23, page 692, whilst sections of plans showing 
its construction are given in Figs. 20 to 22, where 
A represents the generator and B the scrubber. The 
generator consists of an iron shell lined with fire- 
brick, behind which comes a backing of sand. The 
sand takes up any difference in the expansion 
between the firebrick and the shell, and also serves 
as a non-conductor of heat. The coke or anthracite 
is supported by a firegrate C, which is mounted 
on a pivot, around which it can be rocked by a 
handle extending outside the casing. In this way 
any clinker can be broken up if formed. Doors, as 
shown, give access to the’grate and ash-pit respectively. 
The fire-door has as a sight-hole cast in it, through 
which the condition of the fire can be inspected. It is 

rotected from the direct action of the heat by loose 
Frebrick, as marked in the figure. The boiler or vapo- 
riser D is mounted above the firebrick, as shown in 
Figs. 20 and 21. It is of cast iron. In working it is 
kept half full of water, and the air, drawn into the 
generator by the engine, passes over the surface of 
this water on its way to the fire-grate, and thus gets 
charged with vapour. The fuel is fed into the gene- 


rator through a “‘lock” E, Fig. 20. The top cover being 
removed, the hopper can be filled with fuel, and, the 








robbing the trunk ‘to too great an extent, the top of 


cover being replaced, this fuel can be let into the gene- 
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SUCTION-GAS PRODUCER. 


CONSTRUCTED BY MESSRS. DAVEY, PAXMAN, AND CO., LIMITED, ENGINEERS, COLCHESTER. 
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fairly started, the door J is closed, and about 70 1b. to 
100 lb. of fuel is turned into the furnace through the 
| feeding hopper, the fan being kept going the whole 
time. A try-cock is fitted near the gas outlet, and when 
| the gas lights here, and burns with a steady blue flame, 
| the engine can be started. The fan-blast is, of course, 
| kept going until the engine is fairly under way. 

| We give below some figures showing the results 
| obtained in a trial of a 34-horse-power engine, having 
a cylinder 14 in. in diameter, with a stroke of 19 in., 
and designed to run at 190 revolutions per minute. 
The fire was lighted at 10.15 a.m., when 170 lb. of 
coal was put into the producer. At 11.15 a.m. 18 lb. 
more was added, and at 1 p.m. 34. lb., making a total 
of 272 lb. At the end of the test, which lasted 
4} hours, the coal weighed out of the producer was 
1324 1b., leaving a balance of 1394 lb. consumed in 
running the engine. The average brake horse-power 
was 33.8, so that the coal consumption was 0.926 lb. 
per brake horse-power hour. The fuel was anthracite, 
which at Colchester costs now about 26s. per ton. An 
| analysis of the gas produced is as follows :— 




















CO, .. ‘ ss ; . 7.2 
O ; 2 me ~~. = 0.6 
oo. = 186 
CH .. = 1.6 
eS. = 17.4 
| oon = 64.4 

100.00 


The calculated calorific value is 134 B.T.U. per 
cubic foot. 
| Messrs. Davey, Paxman, and Co., Limited, have had 
|a similar plant in use for some months, driving the 
|machinery in their pattern-shop and foundry, where 
| it replaces asteam-engine previously used. The latter 
' required the consumption of 5 tons of steam-coal per 


| week, costing between 15s. and 16s. per ton, whilst 
racite per 


rator by opening the lower door. Thus no leakage of | out through the central pipe H, which leads direct t» | the new plant consumes but 18 cwt. of anth 
gee takes place when feeding the furnace. A funnel the engine. The scrubber is provided with doors | week, the cost of which is 26s. per ton. The load 


* directs the fuel into the centre of the furnace. | giving access for cleaning. 


taken by this engine is a very variable one, but this 


The scrubber’ B is filled with coke, kept damp by In starting up the generator, a wooden fire is lighted has given rise to no trouble with either engine or pro- 


water dripping from a sprinkler G. The gas leaving in the grate, access to which is gained by opening the ducer. 
4 ey ; oto 4 as key day. The stand-by consumption, from 6 p.m. to 


When the fire is | 6 a.m., is but 5 Ib. of fuel, 


the top of the generator passes down the side pipe door. A draught is produced by m 
shown, and thence upwards through the scrubber, and driven centrifugal fan, shown at k. 





The latter requires attention three times 4 
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| Plate service of South American owners.—Messrs. William | Interest on debenture stock, 
| Denny and Brothers, Dumbarton, have contracted to provision for interest on debenture stock accrued to 


NOTES FROM THE NORTH. 
Gtascow, Wednesday. 
w Pig-Iron Market.—-When the market opened 
last Thursday the tone was inclined to rather easier, | 
and prices declined a little. Cleveland warrants were — 
done at 533. 7d. to 53s. 84d. cash, but closed with sellers 
at 533. 74d. cash, while forward warrants ranged from 
54s. to 54s. 14d. one month, closing at 543. sellers. Other 
dealings were :—53s. 10d. eight days, and 533, 8d. fourteen 
days, and the turnover was 10,000 tons. Hematite iron 
was firm at 70s. 11d. twenty-two days, and 71s. one month, 
and the dealing amounted to 2000 tons. In the after- 
noon the tone of the market was weak, and the busi- 
ness consisted of 12,000 tons of Cleveland warrants | 
at 533. 5d. cash and eight days, 533. 6)d. seventeen | 
days, and at 533. 11d. to 533. 8d. to 533. 8d4d. one month. | 
Closing sellers’ quotations were 533. 44d. cash and 53s. 9d. | 
one month. On Friday morning the market was flat, 
and Cleveland warrants declined from 53s. 1d. to 53s, 
cash, and from 53s. 6d. to 53s. 44d. one month. Dealing 
also took place at 533. 34d. twenty-six and twenty-one 
days, and S000 tons were done at 54s. 1d. three months, 
with buyers over. The total turnover was 15,000 tons, 
and closing sellers quoted 53s. 04d. cash and 533. 5d. one 
month. Hematite was neglected. The settling prices 
were:—Scotch, 57s. 9d.; Cleveland, 53s.; hematite, 
70s. 4d.; and Standard foundry iron, 523. 3d. per ton. 
At the afternoon session 21,000 tons of Cleveland war- 
rants changed hands at declining prices. Cash iron 
was done down to 52s. 8d., and forward iron to 53s. 04d. 
one month, and 533. 94d. three months. At the 
close sellers quoted 52s. 9d. cash and 53s. 14d. one 
month, On ee sd morning prices recovered, and 9000 
tons of Cleveland warrants were done at 533. 4d. cash, 
and 533. 74d. to 53s. 9d. to 533, 64d. one month, closing at 
533. 4d. cash and 533. 8d. one month sellers. About 1500 
tons of hematite were done at 70s. 44d. twenty-three days, 
and 71s. three months. The tone was weak in the after- 
noon, and Cleveland warrants lost the ground gained in 
the morning. Cash iron poe gee to 523. 9}d., and one 
month iron to 533. 24d., and sellers’ closing quotations 
were 523. 10s. cash and 53s. 2d. one month, buyers bein 
at 1d. less in each cise. The turnover was 8000 tons. 
firmer tone prevailed on Tuesday morning, and the 
transactions in Cleveland warrants were 500 tons 
at 533. cash, 2500 tons at 533. 8d. two months, and 
5000 tons at from 543. to 53s, 104d. three months. 
Closing sellers quoted 52s. 11d. cash and 53s. 3d. one 
month. In the afternoon about 5500 tons of Cleveland 
warrants were done at 52s. 11d. and 53s. cash and six 
days, 53s. 34d. and 533. one month, and 533. 10d. three 
months, and at the close the quotations were 52s. 11d. 
cash and 533. 3d. one month sellers. Hematite—1500 
ie age: un hands at 71s. to 70s. 9d. three months, 
closing sellers quoting 703. 64. one month. To-day 
(Wednesday) the market opened firm, and Cleveland 
warrants advanced from 53s. 14d. to 53s. . cash, 
with buyers over, and from 533. 6d. to 53s, 74d. one 
month. Dealing also took place at 53s. 2d. twelve 
days, and some 2000 tons were done at 53s. 9}d. 
two months, while buyers of three months iron offered 
543. 1d.; but sellers quoted 543. 34. Cash iron closed 
at 53s. 3$d., and one month iron at 53s. 8d. sellers. 
Hematite—1000 tons—was done at 703. cash, and the 
total turnover was 10,000 tons. At the afternoon session 
the tone was strong, and Cleveland warrants realised 
53s. 4d. cash and five days, also 53s. 2d. five days, 53s. 7d. 
to 53s, 84d. one month, and one lot at 54s. 3d. three 
months, with buyers over. The business amounted to 
nearly 20,000 tons, and at the close sellers quoted 53s. 44d. 
cash, and 53s. 9d. one month. A large business was 
done in options. Hematite was quoted 70s. 6d. one 
month sellers. The following are the market quotations 
for makers’ (No. 1) iron :—Clyde, 67s. 6d.; Calder and 
orton tail 3 s ee and aoe, Hee ; Colt- 
ness, 763, shipped at Glasgow) ; Glengarnock (ship) 
at Ardrossan), 68s.; Shotts (s ipped at Leith), ne 
Carron (shipped at Grangemouth), 70s. 


Sulphate of Ammonia.—The sulphate of ammonia 
market is dull, and prices are almost unchanged, and are 
round 12/. 15s. per ton for prompt business, Glasgow or 
— Shipments from Leith last week amounted to 
783 tons. 


Scotch Steel Trade.—No change in the position of the 
Scotch steel trade falls to be reported this week. Makers 
in all branches of the trade are well employed, although 
new inquiries have not been quite so plentiful of late. 
Prices remain firm, and raw material continues dear. 


Advance in the Prices of Galvanised Shects.—At the 
end of last week the | makers of galvanised corru- 
gated sheets made another advance in their prices of 5s. 

rton. The minimum selling price is now 12/, per ton, 

ut enced (ag can easily be commanded. Makers are 
all reported to be very busy and to be well booked ahead. 


West of Scotland Iron and Steel Institute.—On Friday 
last a lecture was delivered under the auspices of the 
West of Scotland Iron and Steel Institute, in the rooms 
of the Institute, Glasgow, by Mr. P. N. Cunningham, 
of the Clydesdale Iron and Steel Works, Mossend. The 
subject was ‘‘ Notes on a Visit to the United States and | 
Canada,” and the lecturer described, in a most interesting | 
manner, the ae of several of the large iron and steel 
works in both districts. Inveresting sketches, photo- 
graphs. and drawings were shown, as well as many ex- 
cellent lantern slides. The lecture was greatly 44 
ciated, and a hearty vote of thanks was accorded to Mr. 
Cunningham. 

Shipbuilding.—Messrs. Bow, McLachlan, and Co., 
Limited, Paisley, have contracted to build and engine 
two twin-screw steamers, each 210 ft. long, for the River | 


G 








| 6042. 18s. 6d.; dividen 


build a new steamer for the Glasgow, Liverpool, and 
Rangoon trade of Messrs. P. Henderson and Co., Glasgow 
The vessel will be a duplicate of the Tenasserim, built in 
the same yard, and will have a gross tonnage of 5100, and 
will be 410.5 ft. by 52.2 ft. by 28 ft.—Messrs. Gourlay 
Brothers and Co., Limited, Dundee, have secured an 
order to build a cargo steamer of 5000 tons register 
for London owners. She is to be 380 ft. in length, and 
have engines of 2500 horse-power.—Messrs. Scott's Ship- 
building and Engineering Company, Greenock, have con- 
tracted to build two steamers for the coasting trade of 
Messrs. G. and J. Burns, Glasgow. 

Institutionof Engineers and Ship'uilders in Scotland.— 
The second general meeting of the forty-ninth session of 
this Institution was held in Glasgow on Tuesday even- 
ing, with the president, Mr. James Gilchrist, in the 
chair. A discussion took place on the paper at the 


last meeting by Mr. E. M. Speakman, on *‘ The Determi- d 


nation of the Principal Dimensions of the Steam-Tur- 
bine, with Special Reference to Marine Work.” There 
was a large attendance of members. 


New High-Speed Mine-Pump.—Some interesting trials 
of the new Oddie-Barclay high-speed pumps have been 
shown this week by the makers, Messrs. Andrew Barclay, 
Sons, and Co., Limited, Kilmarnock. The pumps have 
controlled suction-valves, but the delivery-valves are un- 
controlled, except that they are loaded with springs. 
The control of the suction-valve admits, of course, of 
high s' , and the average ram speed used is 300 ft. 
per minute, though the tests have shown that higher 
speeds are perfectly practicable and satisfactory. One 
pump already working in an East Coast colliery has 
mt rams by 2-ft. 4-in. stroke, and delivers 2000 
gallons at 64 revolutions per minute. Those tested this 
week are of the differential type, with rams 6 in, and 
4} in. by 5 in. stroke, and deliver 75 gallons per minute 
against 1000 ft. head when running at 160 revolutions per 
minute. One, a twin-ram pump for the Tarbrax Oil Com- 
pany, Limited, has 8 in. rams, and delivers 600 gallons 
per minute at a pressure of 225 1b. per square inch. The 
trials have shown the excellent pump efficiency of 86 per 
cent. to 874 per cent., the absence of gearing accounting 
partly for this high efficiency. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Yesterday there was only 
a moderate attendance on ’Change, the market was 
rather dull, and few transactions in Cleveland pig 
were recorded. Genuine traders, however, regar 
the lull as what was to be expected, and makers did 
not particularly force iron on the market. Second 
hands offered No. 3 g.m.b. Cleveland pig at 52s. 9d. f.o.b., 
and some business was done at that price; but many 
of the leading producers would not name below 53s. 
East Coast hematite pig was steady and firm. The 
—- was reported insufficient to satisfy requirements, 
and makers showed little disposition to avail themselves 
of opportunities they had to k orders well ahead, be- 
lieving that quotations are likely to advance before long. 
Prices were the same as have ruled for a week ortwo. For 
early delivery of mixed numbers 70s. was the figure; whilst 
No. 1 remained at 703. 6d.; and No. 4 forge at 65s. These 
rates were for early delivery. Forward prices were quite 
half-a-crown higher. Spanish ore was none too plentiful, 
and it showed an upward tendency. Rubio of 50 per 
cent. quality was 183. 6d. ex-ship Tees for early delivery, 
and for business over next — 19s, 6d. and upwards was 
named. To-day a marked change for the better was shown 
so far as Cleveland pig was concerned. Buyers came 
forward pretty freely, a fairly large business was done, 
and quotations moved upwards. In the early part of the 
day a few parcels of No. 3 g.m.b. changed hands at 53s., 
but by the close the ruling quality was firm at 53s. 3d. 

rompt f.o.b., with 53s. 6d. asked for a month forward. 

0. 1 was 54s. 9d.; No. 4 foundry, 523.; grey forge, 51s. 6d.; 
mottled, 503. 3d.; and white, 50s. 


Manufacturcd Iron and Steel.—Excellent accounts con- 
tinue to be given of nearly all branches of the manufac- 
tured iron and steel industries. Works are very busily 
engaged, and most of them are likely to keep so right 
through next year. Many orders for both shipbuilding 
and railway material have been placed, and quotations 
for the latter have been raised. Market rates stand :— 
Common iron bars 7/. ; best bars, 7/. 10s.; iron ship-plates 
and ship-angles, each 7/. 5s. ; iron ship-rivets, 8/.; steel 
bars, 6/. 15s. ; steel ship-plates, 7/.; steel ship-angles, 
6l. 12s. 6d. ; steel boiler-plates, 8/.; steel joists, 6/. 7s. 6d.; 
steel sheets (singles), 7/. 10s. ; and steel sheets (doubles), 
8/.—all less the customary 2} per cent. discount. Cast- 
iron railway chairs are 3/. 15s. ; heavy sections of steel 
rails, 1 od 15s.; and steel sleepers, 6/. 17s. 6d.—all net cash 
at wor 


Annual Reports.—Several annual reports are issued this 
week. The profits for the year of the Cargo Fleet Iron 
Company are put at 49,555/. 163., which, with balance of 
2682/, 183, brought forward, makes a total of 52,238. 143., 
which has been appropriated as follows :—Income tax, 
of 1s. per share, paid August 
last, 31,4547. 16s.; in reduction of suspense account, 
20,1782. 193. 6d. The South Durham Iron and Steel Com- 
pany have made their financial year end September 30, to 
coincide with those of the Associated Cargo Fleet and 
Weardale Companies. For the nine months ending 
that date they show a profit of 103,123/. 8s. 1d., which, 
with 3444. 8s. brought forward, makes 106,567/. 16s. 1d. 
The directors recommend the appropriation as follows :— 





. | cumulative preference shares for eighteen months paid to 


aid June 30 last, 67502. : 
September 30 last, 3375/.; dividend of 6 per cent. on 


June last, 27,0007. ; provision for dividend on 6 per cent. 
cumulative preference shares accrued to September 30 last, 
4500/.; interim dividend on ordinary shares to J une 30 of 1s. 
per share paid July last, 12,500/. ; dividend on ordinary 
shares to cer 30 last of 1s. per share, payable Nov- 
ember 30, 1905, 12,500/.; income tax, 517/. 133.; trustees 
for debenture stock-holders’ remuneration to September 
30, 2367. 5s.; directors’ fees to September 30, 937/. 10s.; 
depreciation, 35,000/.; leaving to be carried forward, 
3251/7. 8s. 1d. The report of Messrs. Dorman, Long, and 
Co., Limited, rev a very unsatisfactory state of 
affairs. The profit for the year on manufacturing 
account after crediting dividend on the shares in Messrs. 
Bell Brothers, Limited, is 10,923/. 13s. 5d., which, with 
23521. 14s. 7d., balance from last year, makes 13,2761. 8s. 
Interest on debenture stock requires 30,440/. 0s. 8d., and 
irectors fees 1000/., leaving a debit balance to carry 
forward of 18,163. 123. 8d. During the year 52,2141. 4s. 6d. 
had been spent in further remodelling the Britannia Iron 
Works, which are now thoroughly up todate. A pro- 
tracted strike also hampered the firm. 


Coal and Coke.—Fuel does not alter much. Durham 
gas coal is now in very full demand on running contracts, 
and best qualities are 83. 6d. to 83. 9d. f.o.b. Bunker 
coal is in good request, but very plentiful, and unscreened 
kinds still - from 8s. to 83. 3d. f.0.b. Coking coal is 
rather firm. There is no buying of consequence for early 
delivery of coke. The forward value for average blast- 
furnace kinds delivered here over periods next year is 
between 16s, and 17s. 








NOTES FROM SOUTL. YORKSHIRE. 
‘ SHEFFIELD, Wednesday. 

Midland Iron Company.—The directors of the Midland 
Iron Company in their annual report state that, having 
regard to the fact that the works were practically stand- 
ing for five weeks for replacement of engines, and that 
the selling price of iron had been lower than in the 
previous year, they consider that the results of working 
are rere and they regard the outlook as more 
satisfactory. The profit, after providing for debenture- 
stock interest and all other charges, is 6143/. 14s. 9d., and 
there was a balance brought forward of 240/. 103. 11d.— 
making a total of 6384/. 5s. 8d. They recommend a 
dividend equal to 5 per cent. on the ordinary shares ; the 
setting aside 3332/. 5s. 11d. for depreciation of plant, being 
half the amount expended during the year, and the 
carrying forward a balance of 614/. 9s. 9d. The directors 
reported that a vacancy on the board, caused by the 
death of Mr. F. Brightmore, had heen filled by the 
appointment of Mr. W. H. Micklethwait. 


The Iron and Steel Tradcs.—There is still a steady 
demand for almost all classes of iron, and prices are well 
maintained. In fact, makers are so fully booked that 
they are not likely to make any downward movement 
until they have cleared off some of the orders on hand. 
The consumption of steel in various branches of industry 
at the —- time is very large, and steel houses are 
generally running full time. The demand for railway 
material of all kinds continues to improve. With the 
heavier traffic on the home railways, companies are order- 
ing more freely, and excellent lines are coming in from 
abroad, particularly from India and South America. In 
the engineering and moulding trades there are orders on 
hand for heavy forgings, chilled rolls, and castings of all 
kinds. There are also better orders for special classes 
of machinery coming in both from Russia and Japan. In 
the lighter industries business is just now at its best. 
There has been quite a rush of orders for cutlery and 
silver and plated goods of the best quality, and every 
effort is being made to execute them in time for distri- 
butors to make a display in their windows in the coming 
season. 


South Yorkshire Coal and Coke Trades.—The principal 
topic of interest in the local coal trade just now is the 
railway contracts for next year. The railway companies 
have sent out tenders earlier than usual, and the coal- 
owners of South Yorkshire have met to consider them. 
They are quite united in asking for an advance on pre- 
sent terms. In the expiring contracts the price is 8s. 3d. 
per ton; and owners have decided to ask for 8s. 6d. per 
ton for the first six months of next year, and ‘s. per ton 
for the second half of the year. They consider, havin 
regard to the increased cost of working and the genera 
improvement in trade, that this is a very moderate ad- 
vance to ask. The demand for house coal keeps up re- 
markably well, and generally pits are making full time. 
There is no change to note in the coke trade. The de- 
mand keeps at its maximum, and prices are firm. 








NOTES FROM THE SOUTH-WEST. ; 

Cardiff.— Quotations for large steam coal have remained 
without quotable change ; but stocks are increasing on 
the sidings, and the general tendency has been weak. 
The best large steam coal has made 12s, 3d. to 12s. $d. 
per ton, while secondary qualities have brought 11s. 6d. 
to 12s. per ton. The small-coal trade has been firm. The 
market for household coal has also been vey 4 the best 
ordinary qualities have made 13s. 6d. to 15s. per ton, 
while secondary qualities have been quoted at 10s. 6d. to 
cag mgd ton; No. 3 Rhotidda large has brought 13s. 6d. 
to 13s. 9d. per ton. Coke and patent fuel have shown 
scarcely any change ; foundry coke has been quoted at 
188, to 18s. 6d. per ton, and furnace ditto at 16s. 3d. to 
16s. 6d. per ton. As regards iron ore, Rubio and Almeria 








have been quoted at 17s, 6d. to 18s. per ton upon a basis 
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of 50 per cent. of iron, and charges, including freight, 
insurance, &c., to Cardiff or Newport. 

The Swansea Valley.—There has been a satisfactory 
output of pig at Llandore. The demand for steel bars 
for tin-plate manufacture has continued active. The tin- 
slate mills have for the most part been fully employed. 
Earge orders for all classes of sheets and black plates are 
reported to be on hand. The local coal trade has shown 
signs of improvement. 

Sharpness Docks.—The half-yearly meeting of this com- 
ny ees held at Gloucester on Thursday, Sir W. H. 
Marling presiding. The chairman, in moving the adop- 
tion of the report and the declaration of the half-year’s 
dividend upon preference stock ‘‘ A,” the full year’s divi- 
dend upon stocks ‘* B” and ‘‘ C,” and a dividend of 1 per 
cent., free of income-tax, on the ordinary stock, said that 
grain imports had increased by 17,881 tons, and timber 
imports by 5365 tons. Unfortunately, however, there was 
a falling-off of 9186 tons in sundries, which was, to a con- 
siderable extent, accounted for by the fact that sugar 
imports had shown a decline, use the continental 
beet crop of 1904 was a bad one. With regard to the 
Avonmouth docks, which in a couple of years would be 
completed, he thought the Gloucester Canal Company 
should be able to hold its own, and not be seriously 
injured by an undoubtedly important new work. 


Dowlais.—After a recent stoppage the Big Mill has had 
an excellent output. The Goat Mill was not working all 
last week, but while it was in activity it effected a large 
output of heavy steel rails, almost entirely for exporta- 
tion. The collieries have suffered from a scarcity of 
trucks. 

Welsh Coal for Italy.—A special commission has been 
appointed by the Italian Admiralty to take charge in 

reit Britain of the supply of the Italian Navy with 
Welsh coal. It is understood that the commission will 
have an office at Cardiff. 

Swansea and the Great Western Railway.—Rapid pro- 

3 is being made with the construction of a loop line 
at Landore, which will enable all through trains on the 
Welsh part of the Great Western Railway system to be 
run in and out of Swansea. It is expected, at the present 
rate of progress, that the work, which was started in 
May by the contractors, Messrs. Muirhead, Greig, and 
Matthews, London, will be finished early in the new 
year; but the actual running of trains into and out of 
Swansea will not be then commenced. The new line will 
have to be consolidated A the running of mineral trains 
over it; and, apart from this, considerable alterations and 
extensions of the Swansea High-street Station will be 
neceszary before the traffic can be accommodated. The 
loop-line is 51 chains, or five-eighths of a mile, in length, 
and may be described very simply as connecting the main 
line and the Swansea branch together by a curve about 
a } mile west of Landore. Mr. H. B. Ferguson has 
been resident engineer for the Great Western Railway 
Company. 





PeRsONAL.—Messrs. A. Edmeston and Sons, engineers, 
have removed to new and more commodious premises at 
Springfield Engineering Works, Patricroft.—Mr. A. K. 
Baylor, Northampton Park, Canonbury, N., has formed a 
new company, called the Consolidated Supply Company, 
Limited, which has taken over his business, patents, &c. 
The new company, of which Mr. Baylor has been 
appointed chairman and managing director, has also 
taken over the works, plant, patents, and business of the 
Consolidated Electrical Company, Limited, at Canon- 
-ury, London, N.—Messrs. Clarke, Chapman, and Co., 
Limited, Victoria Works, Gateshead-on-Tyne, have 
arranged to entirely devote their extensive shops, which 
are at present engaged in general work, stich as cranes, 
capstans, hauling-engines, &c., as well as winch and 
windlass work, to winches and windlasses alone, and 
they are building large shops for the purpose of manu- 
facturing the general work asenumerated. They hope in 
the near future to be able to build from sixty to seventy 
winches a week, and about sixty windlasses per month. 





Daury Lane Taeatre.—The management of the 
Theatre Royal, Drury Lane, have adopted a system of 
warming and ventilation which, we hear, gives complete 
satisfaction. The plant consists of a boiler, 14 ft. long 
by 5 ft. in diameter, requiring about 5 cwt. of coal per 
hour; four large centrifugal fans, the aggregate weight 
of which amounts to about 3 tons; four electric motors, 
representing a total of 33 horse-power ; two air-filtering 
Screens revolving in water, having a total filtering area 
of about 400 square feet ; two separate sets of heating 
apparatus for raising the temperature of the air to the re- 
quired degree, containing from 3 to 4 tons of cast-iron and 
steel tubing ; and combined with th a large number of 
ducts for conveying the warm air. These ducts are'so 
constructed that every part can be periodically examined 
and kept clean. Fresh air in large volume is continuously 
being drawn through the filter-screens and over the heat- 
ing apparatus by means of the electrically-driven fans, 
which discharge the warmed and filtered air through the 
various ducts into the theatre in such a way that it has 
the effect of raising the coulpeentons of the whole house, 
thus securing the comfort of visitors without —s 
them to direct currents of air. One set of fans is u 
for pumping fresh air, warm or cold, into the theatre, 
and the other set is employed in extracting air from the 
building, the result being that within a very short time 
the whole of the air in the theatre is entirely replaced by 
fresh, filtered, warmed, or cooled air. e work has 
heen carried out in accordance with the London County 
Council’s requirements by Mr. R. Hancock, engineer, 
Charing Cross House, Charing Cross-road, London, W.C. 





MISCELLANEA. 


Tue Sydney Morning Herald for Tuesday, September 
26, published an illustrated supplement to commemorate 
the opening of the New South Wales railway system. 
The work carried out in the ‘forties and ’fifties by Sir 
Charles Cowper, who has been styled the ‘‘ Father of the 
New South Wales Railways,” and by the Hon. Charles 
Kemp, in their advocacy of a railway system for the 
Commonwealth, is passed in review, as is also the work of 
the engineering pioneers, one of whom was the late John 
Whitton. Views are inserted showing the first Sydney- 
Parramatta train, which commenced running on Sept- 
ember 26, 1855 ; also one illustrating the present-day Mel- 
bourne express. Among the portraits is one of Mr. E. M. 
G. Eddy, the first non-political Commissioner, thanks to 
whose efforts the New South Wales railways ‘*‘ were eman- 
cipated from political influence and control.” The series 
of articles published in the supplement form an interest- 
ing history of the New South Wales railway system. 


The Statistical Department of the London County 
Council has issued a report on the improvement and 
development of British and Continental ports. The 
scheme for enlarging the port of Antwerp is first reviewed. 
We descri this scheme in detail in one of our former 
issues (see page 386 ante). According to the report, the 
tonnage of the total shipping which entered the port of 
London in 1904 was:— Foreign trade, 10,788,212 tons; 
coastwise, 6,285,240 tons; or a total of 17,073,852 tons, The 
foreign trade of Antwerp in the same year was 9,400,335 
tons. Antwerp has practically no trade coastwise, but 
has a very considerable trade by canal ; and while a larger 

roportion of the Antwerp shipping enters in ballast, a 
arger proportion of the London shipping clears in ballast. 
The total growth of the London foreign shipping in the 
six years from 1899 to 1904 has been 1,350,448 tons; if 
the coastwise shipping (435,952 tons) be added, the total 

wth for London is 1,786,400 tons. The Antwerp 
oreign shipping has increased during the same time by 
2,984,834 tons. The total increase for Hamburg was 
2,257,614 tons, and for Rotterdam 1,906,314 tons. In the 
same period the Liverpool foreign shipping increased by 
1,816,130 tons, and the coastwise shipping showed a 
slight falling off. In 1904 the total shipping which en- 
tered Liverpool was :—Foreign trade, 7,986,584 tons ; and 
coastwise, 3,097,272 tons ; or a total of 11,083,856 tons. 


For the week ending Saturday, the 11th inst., the 
Thames steamboats carried 28,806 passengers, and the 
amount to be credited to the steamboats’ account was 
1652. 17s. 6d. From the 15th inst., and until further 
notice, the Council’s steamboats do not call at the Ham- 
mersmith town and bridge piers ; these piers, the Council 
state, are at present comparatively little used, and 
having regard to the distance between Putney and Ham- 
mersmith, it is expected that considerable economy will 
be effected in the working expenses of the service by not 
continuing it during the winter above Putney pier. The 
expenditure on repairs and improvements to the steam- 
boats amounts to a total of 71601. 133. 11d., of which the 
Council’s chief engineer states that 3386/. 1s. 1d. is pay- 
able by underwritera, 2529/. 5s. 11d. is my by the 
Council, and 1245/. 63. 11d. isto be claimed from the con- 
tractors who built the boats. As regards the latter sum, 
the whole question of charges for extras, &c., on the 
construction of the boats, is to be submitted to the arbi- 
tration of Mr, Yarrow. The Council further state that 
the expenditure involved in the payment of the accounts 
can be met out of the provision made in the estimates 
passed on May 23 last on account of working expenses of 
the service. Some of the work is in respect of improve- 
ments to the boats, and the Council are advi that 


about 2200/. of the total amount of 71602. 14s. 2d. should | be 


be charged to capital account. They will, however, not 
be in a position to submit a recommendation on the sub- 
ject until after arbitration. 


A further demonstration of the uses of the acetylene 
blow-pipe described in our issue of July 14 last was given 
at the Linde Oxygen Works, Digbeth, Birmingham, last 
week. By meansof this blow-pipe a temperature as high 
as over 7000 deg. Fahr. has obtained, as compared 
with from 3600 deg. to 4500 deg. Fahr. in the case of the 
oxy-hydrogen flame. Furthermore, 1 cubic metre of 
acetylene will develop about 57,000 British thermal units; 
whilst a cubic metre of hydrogen will only develop about 
12,000 British thermal units. The temperature of the 
oxy-hydrogen blow-pipe is limited to the dissociation 
temperature of steam ; whereas in the acetylene blow-pipe 
the temperature is only limited by the dissociation tem- 
perature of carbon monoxide, which is much higher than 
that of steam. Acetylene is an endothermic consist- 
ing of hydrogen and carbon, and in a properly regulated 
blow-pipe splits up, or dissociates into its constituent 
elements at the base of the flame, the carbon only taking 
part in the burning owing to the fact that hydrogen 
will’ not combine .with oxygen’ at the temperature 
at’ which carbon will. he hydrogen consequently 
remains free, and forms a protection to the small cone at 
the nozzle of the blow-pipe, where the carbon is burning, 
and which is the point of maximum temperature. Until 
a few years ago it was impossible to ey acetylene 
under pressure, owing to an Order in Council which pro- 
hibited the compression of acetylene beyond 100 in. of 
water pressure. The advent, however, of dissolved 
acetylene removed this difficulty, and at once furnished 
the means of using acetylene in conjunction with oxygen 
in a blow-pipe. Theoretically, and in order to ensure 
the complete combustion of oxygen, 2.5 volumes of oxygen 
are required for each volume of the acetylene; but in 

ractice it is found that the proportions vary from about 

.5 to 1.8 of oxygen to 1 of acetylene, according to the 

urity of the oxygen used. The purer the oxygen, the 

ess is required, which is, of course, a point to con- 


| geovet in ee commeunions application of } process. 
© oxy-acetylene blow-pipe flame possesses the property 
that it nf be rendered oxidising, neutral, or selndion at 
will. Welding by means of the oxy-acetylene flame has 
been employed now for some time on the Continent on 
an extensive scale, and is particularly suitable for the 
economical ites together of thin plates of all gauges 
up to about 4 in. thick, for the manufacture of pipes and 
tubes, and for the repair of open seams, splits, flaws, and 
other faults in tank or boiler plates, bicycle and motor-car 
frames, vehicle tyres, and other classes of work too 
numerous to detail. As regards the time required to 
weld up various thicknesses of plates, the following autho- 
ws information is published by the Bureau Veritas 
of Paris :— 


Thickness of Aqgeeninate Quantity Approximate Time 
Plates in of Acetylene Con- per Running Foot. 
Millimetres. sumed per Hour. 
Cubic Feet Minutes 
1 3 2 
2 E 23 
3 1.2 3 
4 2.3 6} 
5 36 84 
6 53 10 
9 13.0 15 
10 16.1 16} 
12 26.2 20 
15 43.8 263 
20 $4.0 334 
30 252.0 60 








Tne MILAN INTERNATIONAL EXHIBITION OF 1906,— 
The Italian Ministry of Public Works is making exten- 
sive preparations for an official exhibit at Milan next 

ear. In the Gallery of Architecture there will be shown 
arge and minutely-finished models of the new Palace of 
Justice in Rome, and of the great monument to Vittorio 
Emanuele. This latter will occupy an area of about 
2500 square feet, and will be an accurate reproduction in 
every detail. Some pieces of the actual size will be shown 
by the model to give an idea of its magnificent propor- 
tions. The Department of Roads and Bridges will make 
a very complete exhibit of Italian roads, the ditferent 
types of construction, and of the materials employed. 

he Hydraulic Department will show many drawings and 
models, notably those illustrating the great hydraulic 
works of the Trevere, and the Department of Ports and 
Harbours will have a good collection of models and 
exhibits connected with lighthouse illumination. This 
large and varied collection will be under the control of 
Signor Pozzi, the Under Secretary of the Public Works 
Department. The Directorate of the Italian State Rail- 
ways will make a very extensive exhibit in the railway 
building. 





GRADUATES’ ASSOCIATION OF THE INSTITUTION OF 
MECHANICAL ENGINEERS.—At the meeting of this associa- 
tion, held on the 13th inst., a paper was read by Mr. 
Edward Barrs, Graduate, of London, on ‘‘ Boiler- House 
Practice and Design.” The author dealt with the import- 
ance of selecting a suitable site from the point of view of 
water and coal supply, andcommented on the inad visability 
of dividing the plant into units of too small a size. The 
question of mechanical coal-handling, as against manual 
labour, was brought forward, and various figures discussed, 
the general opinion being that for boiler-houses up to, say, 
four boilers, 400 H.P. each, manual labour was the cheaper, 
but that provision must be made for coal-hoppers should 
future extensions be expected. Flue-building and design 
were discussed, and the relative efficiencies of induced 
and natural draught entered into. The isolated and ring 
systems of piping received much attention, general opinion 
ing in favour of the latter for small boiler-houses where 
capital could not be readily found for the extra units 
required by the first system. Mr. H. F. Donaldson, 
Member. of Council, occupied the chair. The following 

raduates took part in the discussion :—Messrs. E. J. 
Stevenson, M. G. Duncan, A. O. Laird, H. Northcoat, 
P. Petrie, D. D. Stanley, and Charles Walker. Mr. 
Barrs replied, 





New Wear Brivcr.—A difference between the Sun- 
derland Town Council and the Southwick District 
Council with respect to an approach road to the new 
Wear Bridge on the north side having been settled by 
arbitration, it is expected that the work of construction 
of this great link between the West End of Sunderland 
and Southwick will now proceed quickly. The bridge is 
intended to be a double-decker, on the principle of the 
High Level Bridge between Newcastle and Gateshead. 
The total length of the new bridge will be about 14 miles. 
The main river span will be 350 ft. in length, and the 
headway above high-water level of ordinary spring tides 
will be 85 ft. clear. On the south side of the river there 
will be one side span of about 220 ft., and on the north 
side, extending over shipbuilding yards, there will be 
two side spans of 220 ft. each, the remainder of the 
length being made - of 16 arches, with banking. The 
main girder span will abzorb from 2500 to 3000 tons of 
material—the girders being of the lattice type—with a 
total depth of 42 ft. The two main girders will be placed 
at a clear distance of 26 ft. apart, which represents the 
width of the roadway, which will have a headway of 
18 ft. A double line of railway will be carried on trans- 
verse girders, supported on the main lattice members at 
about 20 ft. above the bottom boom. Outside the main 
girders there will be footpaths 7 ft. wide; while, at the 
extreme end of these cantilevers, provision will be made 
for carrying gas and water mains. It is required that 
there shall at no time be any obstruction in the fairway 
of the river, so that the large spans will have to be erected 
by over-hanging. When completed, the bridge wiil re- 





present an outlay of 300,° 000. 
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FRIDAY, NOVEMBER 24, 1905. 
SINGLE-PHASE V. CONTINUOUS CUR- 

RENT FOR TRACTION PURPOSES. 

A GREAT discussion has lately arisen in the 
American technical journals in connection with the 
order for thirty-five single-phase locomotives which 
the New York, New Haven, and Hartford Railroad 
has placed with the Westinghouse Company, and 
which are to be utilised for hauling trains into 
the Grand Central terminus in New York. Some 
time ago, as our readers are doubtless aware, 
and mainly in consequence of the accident which 
happened in the tunnel leading into New York 
station, the New York Central Railway Company 
were forced to the adoption of electricity for haul- 
ing all their trains entering that terminus. The 
result of this necessity was that they decided not 
only to apply electricity to that particular purpose, 
but to adopt it generally for hauling the whole of 
their suburban traffic as well. 

At the time that this decision was come to, there 
were only two tested and practical methods of 
applying electricity for traction purposes; these 
were the continuous-current system and the three- 
phase system. Of the latter we do not propose to 
speak in this instance, as we have already, in a 
previous issue, had occasion to refer to it. Suftice 
it to say that, on mature consideration, and aided by 
the advice of the Board of Advisory Engineers, 
the New York Central decided to adopt electric 
traction on the ~continuous-current system, and 
at once placed the order for the complete equip- 
ment, not only of their terminus, but of their 
whole suburban system, the order being probably 
one of the largest which had up to that time been 
placed. 

Since that time, matters in connection with 
electric traction have progressed very rapidly, and 
the single-phase motor, which was only in the 
experimental stage at the time when the New York 
Central had to come to a decision, has been so much 
improved as to cause it to be adopted in many cases, 
not only in America, but also in Europe. The 
production of-a satisfactory single-phase motor 
has done more than anything else to bring nearer 


03|the day when we may hope to see electric traction 


adopted for the haulage of all suburban trains on 
our big railways. 

The merits of the single-phase motor should 
appeal even more to American than to European 
~— al engineers, as the former are more ready to 
adopt innovations if there is the probability of 
improvement in traffic and receipts, even at the 
cost of incurring what would be considered on this 
side of the water grave risks and large expendi- 
ture. It is, therefore, the more curious to note 
that it is American engineers who are inveighing 
against the recent action of the New York, New 





Haven, and Hartford Railroad. In this connection 
it may be mentioned that this decision can in no 
way be disadvantageous to the New York Central, 
because, as is well known, it is quite possible to 
arrange a single-phase motor in such a way that it 
can be operated over continuous-current circuits. 

The conservatism of European railway engineers 
has probably resulted in greater attention being 
paid in Europe than in America to the design of 
the single-phase railway motor. This is because 
the majority of British and Continental railway 
men are opposed to the adoption of the third rail, 
and will not consider any system which cannot be 
worked thoroughly and efficiently with a compara- 
tively small overhead conductor, and yet give at 
least as good results as regards acceleration and 
economy as the continuous-current motor as at 
present developed. 

Under these circumstances it may, perhaps, not 
be out of place to consider the alternative merits 
of a well-designed single-phase system as compared 
with the continuous-current system, which, up to 
date, has been so generally adopted both in this 
country and abroad. At the same time it may be 
possible to clear up certain misunderstandings 
which have been created in the minds of those 
who are not fully acquainted with the most recent 
developments in single-phase traction by the various 
articles to which we have already referred. 

The subject of electric traction has received con- 
siderable attention at the hands of the International 
Railway Congress, at their last quinquennial meet- 
ing at Washington, this summer, and papers on the 
subject were read by French, Belgian, Italian, and 
American railway men, all of whom had consider- 
able experience with third-rail and continuous-cur- 
rent systems, and therefore cannot be said to be 
prejudiced in favour of a new system. But, not- 
withstanding this, the consensus of opinion would 
seem to have been in favour of the adoption of the 
single-phase system. 

It is claimed by those who favour the third-rail 
system that the third and fourth rail, and the 
necessary cable connections, are cheaper, and the 
capital cost is smaller than that involved by a 
thoroughly sound and reliable overhead construc- 
tion. The figures given in the papers at the Railway 
Congress certainly do not endorse such an opinion ; 
and from information which we have before us, it 
would appear that there is little to choose between 
the cost of overhead conductors and third and 
fourth rails. As regards the cost of maintenance, 
the same thing would appear to apply, though, if 
anything, this should appear to be in favour of the 
overhead. As regards reliability in operation, there 
is quite sufficient experience available to enable the 
latter to be constructed in such a way as to be at 
least as reliable as a third rail; and the structure, 
if properly designed and erected, can be niade 
quite as good an engineering job. 

It appears to be held by some American engi- 
neers that the single phase system is only applicable 
in cases where the stops are infrequent, and rapid 
acceleration is consequently not required ; and they 
therefore do not consider it suitable for the electri- 
fication of the suburban lines of our big railways in 
this country. This may possibly be the case with 
some of the American motors, which have been de- 
signed primarily with a view to working to the 
best advantage on the continuous-current: system, 
but at the same time to be able to operate with 
alternating current on the country sections of the 
line. From data supplied by the courtesy of the 
Allgemeine Elektricitats Gesellschaft, comparative 
results are available of the most up-to-date 
continuous-current traction motors, and of the 
single-phase motor which they have constructed to 
operate the trains on the suburban system of the 
Prussian State Railways in Hamburg. These 
experiments refer to some trains worked under 
similar conditions, and running over the. same 
distances, and equipped as far as possible with the 
same total motive power. The curves show that, 
whereas with the continuous-current motor it took 
nearly 37 seconds to reach a speed of 254 miles an 
hour, with the single-phase equipment 25.9 miles 
were reached after 224 seconds. 

The acceleration in the case of the continuous- 
current motor is fairly high and constant for about 
half the total period of acceleration, after which it 
rapidly falls off. In the case of the single-phase 
motor the acceleration is practically constant 
throughout the whole period of acceleration, the 
result being that_whilst the average efficiency for 
single phase was 74.2 per cent. and the wati-hours 
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per ton-mile were 63, the efficiency of the continuous | 
current was only 73.6 per cent. and the watt-hour 
consumption was nearly 68. Therefore, on this 
point, which is one of the most important which 
has to be considered in suburban railway traction, 
the single-phase motor, if properly designed, is 
superior to the continuous-current motor. 

It had been urged against the installation of the 
single-phase system that utilising the rails for the 
return circuit would seriously dislocate the telephone 
and telegraph services ; but the experience of the 
German single-phase lines, which have been 
operated for some considerable time, has shown 
that this is not the case. Under any circumstances, 
if metallic returns are provided for telegraph wires 
as well as telephone circuits, and proper precaution | 
taken in the laying-out of the system, little or no) 
trouble need be anticipated in this direction. As) 
regards the reliability of the single-phase motor, 
the design of the latter is practically identical with 
that of the continuous-current motors which have 
proved so satisfactory ; and there is no reason to 
anticipate any less favourable results than those 
which have already been obtained so far with 
continuous-current equipments. 

The reasons which have led the majority of 
British railway engineers to decide against con- 
tinuous-current systems have already been men- 
tioned in a previous article in ENGINEERING of 
May 26, 1905.* But even if these objections did 
not exist, the single-phase motor offers so many 
advantages that these alone would suftice to cause 
its adoption as far as heavy railway work is con- 
cerned. The principal points of superiority may 
briefly be summarised as follows :— 

1. The capital cost of the complete installation is 
smaller for single-phase than continuous-current 
systems. 

2. The working expenses are smaller in the case 
of single phase. 

3. Troubles due to electrolysis are far less likely 
with single phase than with continuous current. 

It has been suggested in some quarters that the 
single-phase motor equipment must necessarily be 
much more costly and also heavier than the con- 
tinuous-current one. For the present this is true, 
but the difference is very trivial; thus, in the 
case of a motor-coach equipped with four motors, 
and weighing in all from 37 to 40 tons, the differ- 
ence in weight between a coach equipped with 
single-phase and with continuous-current motors 
respectively would not be much over a ton. It 
may be claimed that a transformer is required in 
the case of single-phase equipment on the car, and 
that there will be losses in this; but there are no 
resistances required, as is the case with continuous- 
current equipments, and the losses in the latter are 
certainly not less than those in the transformer. 

With ordinary suburban systems, such as are to be 
met with in this country, it is generally found that 
the current can be generated and economically dis- 
tributed directly at the pressure at which it can be 
utilised in the overhead conductors. This is not the 
case with continuous-current motors, and the usual 
method is to generate three-phase current at high 

ressures, which have afterwards to be first trans- 
ormed to the low pressure at which they enter the 
rotary converter, and then to be transformed into 
continuous-currents. These losses are such as to 
necessitate a considerable increase in the total out- 
a at the generating-station over that which would 
sufficient in the case of single-phase lines ; and, 
consequently, the capacity at the power - station 
would have to be larger than would the case if 
single-phase traction were in question. But besides 
the additional current output required by the con- 
tinuous-current system, the cost of the current 
itself, due to the additional cost of working and 
maintaining the sub-station, would be very consider- 
ably increased over that for the single-phase system. 
The importance of this increared output, as well as 
increased cost of current, will be appreciated when 
it is realised that the electrical energy represents 
about one-half of what may be called the locomo- | 
tive costs per train-mile of an electrically-operated 
system. Then, of course, the sub-station plant itself 
entails a very great additional capital expenditure, 
which in some cases may even be found to equal, if 
not exceed, the total capital expenditure involved 
in the generating plant. 

The above remarks should show that there is at 
least a great deal to be said in favour of the decision 
of the New York, New Haven, and Hartford Rail- | 
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* See page 660 of our last volume. 


way to electrify on the single-phase system their 
lines entering New York. And this would appear 
to be the opinion of the Prussian State Railways, 
who, after the most careful investigation, have 
decided to adopt the single-phase system of the 
Allgemeine Elektricitats Gesellschaft for operating 
their suburban lines round Hamburg. 








ENGINEERING SCHEMES IN 
PARLIAMENT. 

In view of the fears expressed in some quarters 
that the present Parliament will come to an un- 
timely end in the first quarter of the ensuing year, 
it was generally expected that the number of 
private Bills would be much below the average. In 
view of the enormousand unreasonable cost of such 
Bills, promoters must be impelled by considerations 
of great urgency, or be exceptionally pugnacious, to 
venture their money, with every chance of repeat- 
ing the unfortunate experience of the Administra- 
tive County of London Power Scheme last session, 
when the Bill, in spite of the most persistent lobby- 
ing on the part of certain public authorities, passed 
an unusually strong Committee of each House, only 
to fail at length through effluxion of time. Public 
authorities, of course, having the rates to fall back 
on, have less need to worry about monetary con- 
siderations, and hence little surprise need be felt 
at the efforts of the London County Council to 
extend still further the scope of its, as yet, unsuc- 
cessful industrial speculations. In accordance with 
our annual custom, we commence this week our 
detailed account of the projects which have ap- 
peared in the various Gazettes, and we begin with 
the railways. 

Railway Bills, so far as at present announced, 
are generally unimportant or of a non-contentious 
description. This, however, can hardly be said 
of the many Bills promoted in different quarters 
for the supply of electric power in the London 
district. Some of the tube-railway schemes also 
appear to clash with each other, and it is perhaps 
an open question whether these tubes can be 
profitable in view of the motor-omnibus competi- 
tion now in course of development. 

By far the most important Bill is that authorising 
the Great Central Railway to absorb the undertak- 
ing of the Lancashire, Derbyshire, and East Coast 
Railway. In this connection it is proposed to con- 
struct certain junctions between the existing or 
authorised lines of the companies at Sutton-cum- 
Duckmanton, in Derbyshire, and also at Beighton, in 
the same county. None of these junction lines is 
of any considerable length or special engineering in- 
terest. Another Bill, in which the Great Central 
Railway Company is concerned, is promoted by the 
Hull and Barnsley Railway Company, and provides 
for the transfer to the Great Central Railway of the 
powers obtained last session for the construction of 
the Rotherham, Maltby, and Laughton line, which 
will be worked by a joint committee of the two 
companies. In the same district the Sheftield 
and District Railway Company are seeking powers 
to build a new branch, 1} miles in length, to 
the Tinsley Park Colliery, and are also desirous 
of making a junction at Freeton with the Great 
Central Railway's Freeton Colliery branch. Work- 
ing agreements, covering the supply of rolling-stock 
and the interchange of traffic, are proposed with 
the Midland, the Lancashire, Derbyshire, and East 
Coast, the North-Eastern, the Great Central, the 
Hull and Barnsley, and the London and North- 
Western Railways. 

The London, Brighton, and South Coast Com- 

ny propose station-widenings at Sutton and Tun- 

ridge Wells. The Epsom line is also to be widened 
between Sutton and Cheam. On the other hand, 
the company propose to abandon the line at Ber- 
mondsey, of which the construction was authorised 
in 1901. A point of interest to Continental tra- 
vellers is that the company in their Bill take 
powers to make extra charges for special passenger 
accommodation in their steamboats. In common 
with a number of other railway companies, the com- 

ny propose to institute services of motor-buses. 

The South-Eastern and Chatham Railway Com- 
— are presenting a Bill of which the principal 

eature is a proposal to abolish Rochester Common 


‘and Rochester Central stations. It is proposed to 


effect here junctions between the London, Chat- 
ham, and Dover main line and the South-Eastern 
Rochester branch, the idea being that the existing 
South-Eastern Railway station shall be enlarged to 
accommodate the traffic of both lines. The Hastings 





and Ashford line is to be widened through Ore Sta- 
tion, near Hastings, and the companies also seek to 
take over the undertaking of the Crowhurst, Sidley, 
and Bexhill Railway Company, which will give them 
access over their own metals to Bexhill, to which 
they have already the short2s! route from London ; 
though the shortest time in which they do the 
62 miles from Londor Bridge is at present 1} hours, 
against 1 hour 46 minutes taken by their competitor, 
the London, Brighton, and South Coast Company, 
which has to run over a course 8 or 9 miles longer. 
The companies further seek to abandon the con- 
struction of the Tenterden Railway, authorised in 
1899, and to sell a portion of the Gravesend and 
Rochester Canal between Gravesend and Higham. 

The Metropolitan Railway Company propose a 
deviation at Marylebone, apparently with a view to 
obtaining better communication with the Baker- 
street and Waterloo Railway in Upper Baker- 
street. They also seek to convert their present 
‘*Halte” at Ickenden, on their Harrow and 
Uxbridge branch, into a regular station. The most 
noteworthy and controversial clause of their Bill is, 
however, that providing a penalty of 40s. for the 
use of a workman’s ticket by others than a bond fide 
workman. This is the first attempt we have 
noted on the part of a railway company to deal 
with an admitted abuse. It is on record that 
workmen’s tickets have been tendered by ladies 
in evening dress. Parliament, with all its enthu- 
siasm for vicarious philanthropy, certainly never 
meant to include within the scope of other people’s 
compulsory charity individuals of the class in ques- 
tion. The problem of deciding who is and who is 
not a bond-fide workman is, however, we fear almost 
unsolvable. 

In conjunction with the Rhymney Company the 
Great Western Railway is promoting a Bill for 
the construction and working by the two com- 
panies of a series of short junctions on the borders 
of Glamorganshire and Monmouthshire in the 
neighbourhood of Caerphilly. These junctions 
will link up the Cardiff and Caerphilly Railway 
with the London and North-Western Sihowy line 
near Nine-Mile Point Station, and with the Penll- 
wyn tramway of the same company at Mynyd- 
dislwyn. Another junction in the same locality 
will connect at Machen Upper, near Risca, with 
an intended deviation of the Great Western Mon- 
mouthshire Western Valleys line. This deviation 
is to be about half a mile in length and near Cross- 
keys Station. 

The principal feature of the Bill promoted by 
the Midland Railway Company is a proposal for a 
loop to their existing Derby and Birmingham line, 
to be obtained by constructing a new line, appa- 
rently about 4 miles long, between Kingsbury and 
Water Orton. This loop will considerably improve 
the company’s access to Birmingham. The only 
other new work is a short deviation at Hudders- 
field of the Huddersfield Railway, authorised in 
1899. In conjunction with the Great Western 
Railway the company propose to take over the 
Halesowen Railway in Worcestershire. A consider- 
able amount of station improvements are also pro- 
jected. In England, at Hellifield, Leeds, Chester- 
field, Pinxton, Mansfield, Kirby, Redditch, and 
Bristol ; in Wales, at Landwicke and at Pontar- 
dawe ; whilst in Ireland it is proposed to convert 
into a station the ‘‘Halte” at Muckamore, in 
Antrim, and other work is scheduled for execu- 
tion at Whitehead, Portrush, and at Londonderry. 
In conjunction with the Great Northern ([reland) 
Railway Company, the Midland Railway have alsoa 
Bill for taking over the Donegal Railway. * 

The new lines proposed by the Great Northern 
Railway Company include only a branch to the 
works of Messrs. Clayton and Shuttleworth at 
Lincoln, and a new line in the Doncaster district 
joining up the West Riding and Grimsby line at 
ea Ai with the South Yorkshire extension line 
of the Hull and Barnsley Company at Moorhouse. 
Many station improvements are proposed, includ- 
ing important work at Letchworth (Garden City). 
The company also seek authority to contribute to 
the cost of the Great Northern and City generat- 
ing station at Poole-street, Islington ; whilst a 
further extension of time is demanded for the con- 
struction of the long-delayed loop between Enfield 
and Stevenage. 

The principal feature of the Bill promoted by the 
Metropolitan District Railway Company is a new 
line from Earl's Court to Shepherd’s-bush Green, 
where it pro to tap the tramway trafic now 
taken mainly by the Central London line. Doubt- 
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less the greater purity of the atmosphere on the 
District Railway since its electrification will have 
a strong attraction for passengers. On the other 
hand, the station stops on the District Railway at 
present appear to be three or four times as long as 
they are on the Central London Railway, being 
frequently over 60 seconds instead of under 19. 
These long waits at the stations are very trying to 
passengers. Possibly matters may be improved in 
this direction when the steam trains have been 
entirely withdrawn. At St. Mary’s, Whitechapel, 
the company propose an additional junction with 
the Bow and Whitechapel Railway, and propose at 
Old Brentford, on the west side of the Metropolis, 
short junctions between their line there and their 
other lines at Acton and at Ealing. 

The London and North-Western Railway Com- 
pany include in their plans proposals which may 
conflict with those of the Rhymney and Great 
Western Railway Companies, previously described. 
They seek powers to construct a junction between 
their railway at Nine-Mile Point and the metals of 
the Rhymney Company at a point close to Caer- 
philly. Tunnel. Another line is to connect Nine- 
Mile Point with the Barry Railway at Penrhos 
Lower Junction. In the same district the com- 
pany further propose a loop to their Sirhowy line 
between Argoed Station and Nine-Mile Point. In 
North Wales a junction, to be known as the 
Denbigh Curve, is to be effected at Denbigh be- 
tween the Vale of Clwyd line and the Mold and 
Denbigh Railway. In the Loughborough district 
the company propose a few miles of new lines con- 
necting their Charnwood Forest branch at Shep- 
shed with the Great Central Railway at Lough- 
borough. The only other new work proposed by 
the company is a light line, 14 miles long, from 
their existing station at Dyserth, in Flintshire, to 
Newmarket, vid Pandy Mill and Grove Mill. 

The Lancashire and Yorkshire Railway Company 
propose no new work beyond widenings at Ludden- 
denfoot and Pontefract. 

A new scheme, which is apparently designed to 
connect up all the railways on the north of the 
Thames with the London and India Docks, is put 
forward under the style of the ‘‘ London and Outer 
Circle Railway.” This is to commence in junctions 
at Feltham with the London and South-Western 
Railway, and skirting round the north of London, 
will terminate at West Ham in junctions with the 
dock lines. It will have junctions with the Great 
Western Railway at Southall and Norholt; at 
Wembley with the Metropolitan, Great Central, 
and London and North-Western Railways. The 
Midland Railway will be tapped at Hendon, and 
the Great Northern Railway at Finchley and South- 
gate. The Great Eastern Railway will be joined up 
with at Tottenham, Edmonton, and East Ham, and 
at the latter place there will also be a junction with 
the metals of the London, Tilbury, and Southend 
Company. Presumably the line is intended mainly 
for goods traffic, and if exclusively devoted to this, 
could probably be built and operated at a sub- 
stantial saving on the cost involved in constructing 
a line suited to passenger traffic. 

Coming to the tube railways, we note that the 
Baker-street and Waterloo Company seek authority 
to deviate from the route laid down for their 
authorised line, so as to obtain access by subways 
= the existing stations at Paddington and Praed- 
street. 

The Hammersmith, City, and North-East London 
Railway Company are promoting a Bill for the con- 
struction of a line from Chiswick to Hammersmith 
and through Kensington to Piccadilly, and thence 
on to Gracechurch-street, whence a branch will con- 
nect up to a terminus on the south side of the river 
near Guy’s Hospital, and, on the north side, to Tot- 
tenham and Southgate, passing under Kingsland- 
road. At Coventry-street, near Leicester-square, a 
branch will connect up with the authorised North- 
West London line in the Edgware-road, which under- 
taking is to be transferred to the new company. 
The sites fixed for the generating stations are three 
in number; one being close to Hammersmith 
Bridge, another on the site of the old filter-beds of 
the Southwark and Vauxhall Water Company at 
Lambeth, and the third on the Regent’s Canal, close 
to the bridge carrying the Kingsland-road over this 
water-way. Powers are taken to construct subways 
connecting the proposed line with all the stations 
of other companies lying near it. 

; The Watford and Edgware Company have a Bill 
‘or extending the time allowed for construction in 
their Act of 1903, and authorising a deviation, about 





1} miles long, at Bushey, of the line as fixed by that 
Act. It is also sought to take over the powers 
obtained in 1902 for constructing the Edgware 
and Hampstead Railway, and it is further desired 
to enter into an agreement for a transfer of the 
undertaking to the Underground Electric Railways 
Company, or a working arrangement with the same. 

The North-West London Railway Company seek 
powers to alter the levels of their line as fixed 
by the Act of 1899, and to build a new line from 
their authorised line, near Oxford-terrace, Maryle- 
bone, to Vauxhall Bridge-road, passing down 
Grosvenor-place. In Vauxhall-road it is proposed 
to connect up with the County Council trams ; and 
at Cricklewood to connect in a similar way their 
authorised line with the trams of the Middlesex 
County Council. 

Many are the schemes proposed for supplying 
electric power to the Metropolitan district. The 
extraordinary reduction in capital expenditure, 
which was last session shown be possible by the 
adoption of large turbo-units, has brought upon 
the Administrative County of London Power Com- 
pany a host of competitors. No details have yet 

een tabled of the London County Council scheme, 
but we note that in those Bills, of which abstracts 
are already published, extensions of time are sought 
by the Council for the carrying out of a number of 
important public improvements, which are presum- 
ably to be postponed so as to give the Council an 
opportunity of entering into industrial speculations 
on a still more extended scale. We believe we are 
correct in stating that this body has not yet re- 
ceived from its present speculations a single penny 
in relief of the rates. It is probable that, having a 
monopoly in so populous a district, the tramways 
may ultimately pay, even in spite of amateur con- 
trol ; but how great a handicap such control is 
becomes obvious when it appears that not a single 
one of the municipal lighting undertakings in this 
country was last year able to contribute a penny in 
relief of the rates, although such undertakings have 
now in many cases been in existence for several 
years. 

Moreover, it is by no means certain that the 
Council’s tramway monopoly is secure, since it is 
at least an arguable point whether the motor-bus 
may not prove a most formidable rival to the electric 
tramway. Certainly, in those provincial towns in 
which much of the lines are laid as single track 
these buses can provide an infinitely superior ser- 
vice. With double-track lines the advantage for the 
present lies with the tramway, but it is as yet 
uncertain as to whether this will remain so in the 
future. 

Awaiting details of the Council’s proposed specu- 
lation for further comment, the other schemes 
are, as stated, numerous, and it is greatly to be 
hoped that the various promoters will not in Com- 
mittee bid against each other to such an extent as 
to jeopardise the financial success of their projects. 
If we mistake not, something of this sort took 
place a few years back in connection with a pro- 
posed and badly-needed railway line in Kast 
London. Amendment after amendment, urged by 
short-sighted local authorities, was accepted, and 
the sum of the concessions made became finally 
so great that though the Bill passed, the cepital 
could not be raised to carry out the scheme. 

Two entirely new schemes are announced. With 
one, that promoted as the ‘‘ Additional Electric 
Power Supply (London) Bill,” we deal at length 
in another column, and we need, therefore, only say 
here that the proposal is to establish the generating 
station near St. Neots, on the Ouse, Huntingdon- 
shire, and to convey the current on over-head wires 
to Enfield, along the Great Northern Railway ; at 
Enfield three cables will be substituted for the 
overhead conductors. Of these, one will follow 
the line of the River Lea into East London; a 
second, the Great Northern Railway to Finsbury 
Park, and thence along the Regent’s Canal; the 
third will follow the railway to King’s Cross, and 
thence by the roads to the same canal. All three 
cables will terminate on this canal, and act as 
feeders to a distributing main laid under the tow- 
path of the latter. Thesecond novel proposal is to 
generate current at the Kent Collieries, near Dover 
—which it is sanguinely hoped will soon be in 
operation—and to convey the current thence along 
the railways to the Metropolis. 

In addition t> these projects the Charing Cross, 
West End, and City Company are promoting a 
Bill covering much the same area as the scheme of 
the Administrative County of London Company, 


;and to this end to greatly enlarge their existing 
generating station at Lambeth. ‘The Bill also pro- 
vides that the scheme outlined may be constituted 
as a separate company. 

The City of London Electric Lighting Company 
are less ambitious, but are also seeking to extend 
their limits of supply and to have powers to supply 
current in bulk to railway and other companies, and 
to local authorities, even though much of the energy 
made be utilised outside of the existing limits of 
supply. 

Another Bill is one brought forward to authorise 
the existing London companies to supply each other, 
and local authorities, railways, &c., and to com- 
bine to erect a joint station, if desired ; and further 
to enter into an agreement for bulk supplies with the 
Kent Electric Power Company, the North Metro- 
politan Company, and any other similar undertak- 
ings, either existing now or which may come into 
existence later on. A Bill of a very similar char- 
acter is being promoted by the West London 
Electric Undertakers’ Association, which includes 
the og companies :—Westminster Electric 
Supply, St. James's and Pall Mall Electric Light, 
Kensington and Knightsbridge Electric Lighting, 
Notting-hill Electric Lighting, Metropolitan Elec- 
tric Supply, Chelsea Electricity Supply, and 
Brompton and Kensington Electricity Supply Com- 
panies. In this case powers are taken to erect 
new generating stations on the Thames at Fulham, 
to the east of Townmead-road, and at Pimlico, 
near the pier. It is also sought to transfer to the 
St. James's and Pall Mall and Chelsea Companies 
the interests of the London Electric Supply Cor- 
poration in Westminster and Chelsea. 

The Metropolitan Electric Supply Company seek 
to extend the limits of their oage so as to include 
Ruislip-Northwood, in Middlesex, the Rickmans- 
worth and Chorley Wood district, in Hertford, 
and in Buckinghamshire to take in Beaconsfield, 
Slough, Eton, and Marlow. In Berkshire a supply 
is to be given to Windsor, and further extended to 
Chertsey, in Surrey. Some of the mains will be 
laid along the Grand Junction Canal. 








A NEW ELECTRIC POWER SCHEME 
FOR LONDON. 

fAs noted in the preceding article, the rival 
schemes for the aa of cheap electric power in 
the London area, which are to come before Parlia- 
ment in the forthcoming session, are now being 
disclosed by the depositing of Bills and the pub- 
lication of statutory notices. It might be thought 
that, after the great fight of last year, there would 
be little chance of anyone finding at this date an 
entirely novel scheme, distinct from any that have 
yet been proposed ; and that the most we could 
expect would be a number of variations of schemes 
which have already been before Parliament. But 
the unexpected often happens; and while some 
of the schemes for power-supply now being pub- 
lished are lacking in freshness, as being re-issues 
or modifications of old schemes, there is one at 
least which is distinctly original, and owes nothing 
to any of its predecessors. We shall probably 
have occasion to discuss all the different schemes 
from time to time, but for the present we shall 
confine our attention to this novel scheme, which 
commends itself to us by its many attractive fea- 
tures. Let us first give a bare outline of the 
scheme, as set forth in the Additional Electric 
Power Supply (London) Bill, and afterwards dis- 
cuss the main points in it. 

The promoters propose to erect their generating 
station, notin London or the immediate neighbour- 
hood, but near St. Neot’s, about 50 miles from 
London. Power will be transmitted thence by 
overhead lines erected on lands belonging to, and 
alongside, the railway lines of the Great Northern 
Railway Company, as far as Enfield. At points 
where the railway lands do not allow suflicient space 
for this purpose, a détour will be made, and in such 
cases the lands to be used are scheduled. At 
Enfield the overhead lines cease, and underground 
cables begin. There will be three distinct sets of 
cables from this point: the first will follow the 
bank of the River Lea ; the second the Great Nor- 
thern Railway towards Finsbury Park, and thence 
by roads to the Regent’s Canal ; and the third will go 
along the Great Northern Railway to King’s Cross. 
Each set leads to the banks of the Regent’s Canal, 
which is thus reached at three separate points at a 
considerable distance apart, and the supply mains 





will be laid under the towpath. In this way access is 
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obtained to any point in North and East London, 
from Paddington to the East India Docks. Access 
to the interior of London and to the south of the 
Thames is to be obtained by laying cables along 
existing railway lines intersecting the Metropolis. 
A glance at a railway map of London will show the 
numerous avenues of this character available for 
this purpose. Except in the case of supply to 
railways, tramways, and similar undertakings, for 
which existing supply authorities are not competent 
to cater, the promoters only seek powers to supply 
to authorised distributors ; but in order to ensure 
that the benefits of cheap supply will not only be 
obtained by these authorities, but will be handed 
on by them to the public, it is proposed to make it 
a condition of supply to the distributors that they 
shall not charge more for supply to the public than 
a price giving them a woeaces. | profit after meeting 
cost price and distribution charges. 

The first point which attracts attention in this 
scheme is that the main generating station will be 
over 40 miles distant from London, and the trans- 
mission of electric energy to London will be by over- 
head lines. Such a proposal at once raises various 
questions. It is obvious that the distance of the 
generating station from the area of supply is 
limited by the consideration that the cost of gene- 
ration and transmission, taking into account all 
losses and standing charges, must not exceed—and 
should, if possible, be less than—the cost of bring- 
ing fuel to the area of supply and generating on a 
site within, or close to, that area. If underground 
cables were used for transmission, this economical 
distance between point of generation and point of 
supply would be necessarily low, but with overhead 
lines jt may become large, as the cost of installation 
is very much reduced, and voltages may be 
used for transmission which are out of the 
question in the case of cables. Cables may 
be constructed whose insulation will withstand 
a pressure of from 15,000 to 20,000 volts ; but such 
cables are very costly, and the consequences of a 
breakdown in the insulation may be serious. But 
with overhead lines the dielectric is the air, which 
costs nothing ; and as the space between conductors 
can be arranged to suit the conditions, voltages 
higher than 20,000 may be freely used. In America 
yma of 40,000 up to 60,000 volts are in use ; 

ut the atmospheric conditions prevailing in this 
country are different, and make the use of such 
very high pressures impracticable. A pressure of 
30,000 volte, however, is quite practicable, and 
that is the figure proposed for the scheme we are 
now considering. The promoters propose to have 
their generating station near St. Neot’s, on a piece 
of'land possessing great natural advantages, as it 
is bounded on one side by the River Ouse and on 
the other by the Great Northern Railway. Their 
coal will be brought from Nottinghamshire and 
Derbyshire collieries, distant from 40 to 75 miles, by 
the Great Northern Railway, at specially low rates 
The land which is to form the site of the generating 
station belongs to the railway company, and a 
prominent factor apparent in the whole scheme is 
the hearty co-operation of the directors of the 
3reat Northern Railway with the promoters. This 
is satisfactory from every point of view, and to us 
it indicates shrewd foresight on the part of the 
directors. We do not know what agreements 
actually exist between the railway company and 
the promoters, but we can readily see that the 
grant of cheap land for a generating station, and of 
wayleaves for transmission lines at a low rent, 
though these may not produce any considerable 
revenue in themselves, may be abundantly repaid 
by the increased mineral traffic on the company’s 
lines, through carrying the vast tonnage of coal that 
will be.required every year ; and also by fresh 
business brought to the company by the industrial 
development of the districts near this great source 
of cheap power. 

The use of overhead travsmission lines on a 
large scale is, of course, a novelty in this country, 
but to the general principle there can be no ob- 
jection, and criticism is largely disarmed in this 
particular case by the fact that the lines will 
not be along public roads and streets, but carried 
on steel poles erected on the private lands of 
a railway company, to which the public has no 
access. The pressure adopted—30,000 volts—is 
high, but the Board of Trade has already indicated 
that it does not intend to veto overhead trans- 
mission ; so that all that would be required in this 
present case would be to draw up a suitable set of 
regulations for the protection of fife and property. 











We can see no reason for anticipating objection to 
the scheme from official quarters on the ground 
of the high pressure proposed; on the contrary, 
having re ok to the more generous policy of the 
Board of Trade in recent years, we should imagine 
that this scheme would be welcomed by it, as 
affording an excellent opportunity of testing the 
advantages of overhead transmission in this country 
under peculiarly suitable conditions. The cost of 
the bare copper conductors used for transmission 
is but small compared with that of cables with high 
insulation, and eve is the further great advantage 
that there is practically no depreciation in the con- 
ductors throughout their life. 

The promoters of the Administrative County of 
London Power Bill estimated that they would get 
their coal igto bunker at 8s. 6d. per ton. We 
understand that the corresponding estimate for 
this new scheme is from 5s. 6d. to 6s. per ton; 
but the promoters have based their estimate of 
profits on a much higher figure per ton, which 
allows a large margin of safety. Even at this 
figure they expect to be able to supply at a maxi- 
mum charge of $d. per unit. A year ago, estimates 
of this character would have been regarded with 
suspicion in many quarters ; but the fight over the 
Administrative County scheme has altered the 
situation very considerably. In spite of strong 
opposition to that scheme, Mr. Merz’s estimates 
were never proved to be erroneous. If they be 
accepted as reliable, we see no reason why the pro- 
moters of the new scheme, with their special 
advantages in the matter of coal supply, cheap 
land, and overhead transmission, should not be 
able to improve upon them. 

The arrangements made for the underground 
part of the system are equally striking. In almost 
all these power schemes, the crux of the situation is 
found in the extent to which the streets are likely 
to be interfered with. Parliament, no doubt, 
would authorise a scheme which it considered 
necessary for the welfare of the public, even if 
that did involve interference with public thorough- 
fares; but a tremendous advantage is gained 
when it is found to be possible to secure the 
same benefits for the public without such inter- 
ference. Promoters have always to face the fact 
that the streets are vested in the local authori- 
ties, and that..these bodies resent very strongly 
any proposals which would, if carried out, give 
to others than themselves the right to break up 
the streets. Such objections may not always 
be founded on reason, but they are none the less 
troublesome, for the local authorities in the London 
area are numerous, and have a certain amount of 
influence in Parliament, so that obstruction is 
encountered at every step. In the present case, 
however, there is absolutely no ground for objec- 
tions of this character. The Lea River gives a 
direct line of communication between Enfield and 
the East End of London ; while the Regent’s Canal 
connects East, North, and West by a line which 
mare through a dense industrial area, divided up 
or the purpose of electricity supply among several 
distinct local authorities and supply companies. The 
laying of electric mains along the river bank and 
canal tow-path need not interrupt the traffic which 
uses these ways ; and so long as agreements can 
be made with the owners, no other person or corpo- 
ration need be considered. Then, as regards com- 
munication through London from North to South, 
the only authorities concerned are the railway 
companies, and if ‘they are willing to grant way- 
leaves on their private lands, we have at once a 
complete scheme for supply of “veg at any desired 
point in the London area, without, so far as the 
power supply company is concerned, breaking up 
or interfering with any street. 

With regard to this question of wayleaves from 
the owners of London railways, there are goo 
reasons why the proposal should be favourably 
received by them. The desirability of introducing 
electric traction on London and suburban railways 
is, we believe, recognised by everyone, yet until 
now the railway companies have not done much 
beyond considering the question. The cause of 
the delay is to be found in economic considerations, 
in which the initial cost of generating stations, and 
of sites for them, bulks very largely. But if these 
——— have at their disposal on their own lines 
an abundant supply of electrical energy at low cost, 
this great objection is removed, and there is little 
to prevent the immediate introduction of electric 
traction. We believe, therefore, that the railway 
companies directly affected will welcome the pro- 








posal, as offering them a happy solution of a diffi- 
culty which has caused them . ~ Ae concern. 

We now come to the last point calling for special 
notice at this time—namely, that the only powers 
of supply asked for, apart from that to railway 
companies and similar undertakings, are such as 
will enable the power company to deliver electrical 
energy to authorised distributors. The scheme 
is thus one for supply in bulk, and this fact 
draws a sharp distinction between it and that 
set out in the Administrative County of London 
Power Bill of last session. It will be remem- 
bered that much of the strenuous opposition 
which was offered to Mr. Merz’s scheme arose from 
the fact that his company, if authorised, would 
have been a competitor with existing supply 
authorities, and might possibly, in the course of 
time, have swamped some of the weaker ones. 
Under the new scheme such a state of affairs is 
quite impossible. There will be no competition 
and no compulsion. Existing authorities may go 
on in future as they have done in the past, and 
need not purchase a single unit from the power 
company ; but as supply will be available at lower 
cost and in greater quantities than they can hope 
to obtain from their own stations, they will, no 
doubt, find it to their advantage to become cus- 
tomers of the power company, and thus be enabled 
to meet the demand for power which has been 
shown to exist in their areas. They will have the 
further advantage of netting a profit on every unit 
taken from the powercompany, and sold by them 
to consumers. 

The proposal to limit such profits is a natural 
and proper one, as otherwise there might be a 
temptation to distributors to take advantage of the 
cheap supply without giving a proportionate ad- 
vantage to the public: thus increasing unduly, at 
the expense of the consumer, the amount available 
for dividends in the case of private companies, and 
for the relief of the rates in the case of local 
authorities. There will, however, be a margin of 
profit allowed, after meeting cost of distribution 
and other proper charges, which should be sufficient 
to satisfy all parties. It will give the distributing 
authority a good return for its labour, and yet 
allow the public to obtain supply at a low figure. 
In the course of time the authorities now supplying 
electric light may find it profitable to take their 
main supply from the power company, and use 
their own generating stations as a stand-by for times 
of peak load. 

We have thought it worth while to work out 
an estimate of the benefit to some of the 
authorised distributors which would be obtained 
by taking power merely for the existing load 
at the price of $d. per unit. For simplicity, 
we will consider only the case of local authorities 
owning electricity stations. The last returns 
published by the London County Council show 
that in the year ended March 31, 1904, these 
local authorities sold, including public lighting, a 
total of almost 28,000,000 units. Assuming that 
these had been purchased at $d. per unit, the cost 
to the local authorities would have been 58,333:. 
Now the returns show that the actual cost of coal 
and fuel alone amounted to 81,7911., while ‘‘ other 
generation expenses ” amounted to 56,403/.—almost 
as much as the total figure we have arrived at 
above. The total actual expenses of generation 
thus amount to 138,1941., or over 2} times the cost 
of taking supply at the price named. Taking the 
remaining charges as they are given in the returns, 
we have the following :—Distribution of current, 
14,422].; maintenance of public lamps, 15,6581. ; 
special expenses, 1061/1. Adding these to the 
58,3331. above, we find that the total cost 
of obtaining the present supply, and of distri- 
buting it, would be 89,474/. This does not exceed 


d| by 80001. the present expenditure on coal and other 


fuel, and it works out at, roughly, 0.75d. per unit 
sold, instead of 1.45d. per unit sold. Rates and 
taxes at present cost 0.13d. per unit sold, _and 
management expenditure 0.27d. The latter item 
would, of course, be greatly reduced if generating 
stations were finally dispensed with ; but accepting 
the figure as it stands, we have a final total ex- 
penditure of 1.15d. per unit sold, instead of 1,86d. 
Of course, whether local authorities cease to use 
their generating stations or not, they must repay 
the capital spent on these stations, and pay interest 
on what remains unpaid. In the returns which we 
are considering, the interest on loans amounted to 
93,0191., and payments for redemption of loans 
to 50,028/., or a total of 143,047/. It will be seen 
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at once that, whereas this large sum had to be 
obtained entirely from revenue, more than half 
of it would be obtained by the saving of nearly 
80,0001., effected in dispensing with generation ex- 
nses. 

ae estimates only take into account the pre- 
sent load of the stations, practically a lighting load 
only ; but with a day power-load, such as would be 
obtained by supplying at a low figure made possible 
under this scheme, the units sold would be enor- 
mously greater; while the distribution charges 
would not be increased in anything like a propor- 
tionate degree. The net result would be a very 
large swelling of the surplus available at the end 
of the year, and the annual charges, which at present 
form such a heavy burden on these undertakings, 
would be easily met. It is worthy of special note 
that interest and sinking-fund charges at present 
represent 1.23d. per unit sold. This must be taken 
into account in fixing the price of supply ; and as 
the supply of power on a large scale would involve 
great and costly extensions of existing generating- 
stations, and, consequently, heavy additions to these 
same annual charges, it is clearly impossible to look 
to such undertakings for the supply of cheap power. 
But if they can have an abundant supply brought 
to their boundaries at low cost, and need then only 
concern themselves with its distribution, selling 
always at a profit, the importance of the present 
standing charges is enormously reduced, and the 
column in the returns headed ‘‘ Contribution from 
or in aid of local rates,” and showing that not one 
local authority made any contribution in aid of 
rates last year, while two borrowed from the rates 
to the total extent of 7242/., may be given a much 
more cheerful appearance. 

We have not yet had an opportunity of consider- 
ing in detail the provisions to be put before Parlia- 
ment, but the main features of the scheme are as 
we have described themabove. They are sufficiently 
striking and ingenious to attract special attention, 
and they appear to us to reflect great credit on the 
engineers responsible for the scheme—Messrs. 
Kincaid, Manville, Wallerand Dawson, and Messrs. 
Harper Brothers. As Mr. Philip Dawson, who has 
been entrusted with the electrification of the 
London lines of the London, Brighton and South 
Coast Railway, to be equipped on the single-phase 
system, is a member of the first-named firm, we 
can foresee the probability of at least one railway 
company making use of this power-supply scheme, 
if it should be sanctioned by Parliament. 

The situation is certainly made more interesting 
than ever by the appearance of this Bill, and the 
discussions on its provisions before Committee 
should be highly attractive. 








THE OLYMPIA MOTOR-CAR SHOW. 

Durine the present week two exhibitions of 
horseless vehicles are being held in London. They 
were both opened on Friday last, the 17th inst., 
and do not close until to-morrow evening. The 
largest and most important of these two shows is 
the one at Olympia, which has been promoted by 
the Society of Motor Manufacturers and Traders, 
and claims the distinction of being recognised by 
officials of the Automobile Club. As becomes its 
distinguished patronage, and the select neighbour- 
hood in which it is situated, it is a much more 
magnificent affair than the second show, held at the 
humbler northern suburb, known to our forefathers 
as ‘Merrie Islington ;” and it therefore claims 
precedence in our report. 

The present Show at Olympia is the fourth of the 
series, and is larger than any of those that have 
preceded it. In an announcement made by the 
executive, it is stated that there are over three 
hundred exhibitors, as compared with two hundred 
and forty-eight at the last exhibition. To judge 
by the catalogue, there appear to be two hundred 
and sixty-four stands, that being the number of 
the last on the list. It is also stated that no less 
than fifty-one foreign firms are exhibiting, either 
personally or through agents. Over a hundred 
firms are showing motor-cars, thirty-five exhibit 
commercial vehicles, and twenty-six exhibit in the 
notor-boat section. For the latter 10,000 ft. addi- 
‘ional space have been provided in the Annexe, 
Ww hich has been rebuilt for the purpose. 

The fine show of British-built motor-cars at 
Olympia is certainly a pleasant sight, and the 


_continuance of demand is a cheerful matter for 


those makers who are already embarked in the in- 
dustry. 


In a speech made after the luncheon given 





at the opening of the Show, the Hon. A. Stanley, 
M.P., stated that at a moderate computation the 
value of motor-cars in the United Kingdom was 
15 millions sterling, and that the estimated output 
for the next twelve months would be 2 millions. It 
has also been estimated that the value of works 
established amounts to. another 15 million pounds. 
In spite of these large figures, the home works are 
unable to supply the demand, and it is estimated 
that about 30 per cent. of the cars in this country 
are imported ; at any rate, the Government returns 
show that the importation of cars into Great 
Britain is increasing considerably year by year. On 
the other hand, we have exported some cars, but 
not nearly to so large an amount as to balance our 
imports. 

The chief of our imports have been in the more 
elaborate high-priced cars, whilst for the smaller 
and cheaper vehicles we appear to be in a better 
position to compete ; a fact which has been taken 
to indicate that the French makers are superior to 
us as motor-car engineers. This, however, by no 
means follows. To manufacture a large high- 
powered car for a wealthy purchaser who will not 
stint expense, may not, and probably will not, in- 
volve such an amount of engineering capacity as to 
produce low-powered cars at a very low price. For 
the latter an elaborate plant, comprising a number 
of intricate and costly machine-tools, is needed, 
and the whole works must be arranged on a highly- 
organised plan, involving thought and experience. 
Ingenious labour-saving appliances, standardisation, 
gauge, template, and jig work, special tools, and a 
complete labour organisation—in fact, all those 
features which denote the modern engineering fac- 
tory of the most approved type, are needed to pro- 
duce the light cheap car, whichhas to be sold in its 
hundreds to make it pay. No doubt these features 
will extend in time to the manufacture of larger 
and mure powerful cars, when the demand is suf- 
ficient for the purpose, and designs get more per- 
manently settled. 

We have already illustrated and described in 
former issues several of the chief cars shown at 
Olympia ; notably the admirable “Iris” car, made 
by Messrs. Legros and Knowles,* the Brotherhood- 
Crocker car,t the Kriéger petrol electric car,{ the 
Arrol-Johnston car,§ and the Siddeley car.|| 

On the stand of the London and Parisian Motor 
Company, of 58a, Southampton-street, W., there 
is shown a 35-horse-power chdssis, made at the 
Hotchkiss Gun Works, St. Denis, Paris, the price 
of which is 7301. The most notable feature in this 
exhibit is the very beautiful finish of the work. 
How far this is what is known as ‘‘ show finish” we 
cannot say, but if it may be taken as an example 
of the ordinary work done by the firm, it seems a 

ity that it should be covered up by a car-body. 

he Hotchkiss Company are making for the coming 
year but one type em which is to be of 35 brake 
horse-power. Fig. 1 on page 684 is a view of the 
chassis taken from beneath ; Figs. 2 and 3 are details. 
There is a four-cylinder engine, the cylinders being 
cast in pairs. The diameter of the cylinders is 115 
millimetres (4.5in.), and the stroke 120 millimetres 
(4.72 in.). The normal speed of running is 1200 
revolutions a minute. All the valves are mechanic- 
ally operated, and are interchangeable. The ex- 
haust valves are placed on the left-hand side, and 
the inlet valves on the right, the cam-shaft on each 
side of the engine being attached to the crank- 
chamber. The crank-shaft has five main ball- 
bearings. The water service for cooling the cylin- 
der is maintained by a centrifugal pump driven by 
a cam-shaft, it being geared up so that the pump 
runs at the same rate of turning as the crank-shaft. 
A honeycomb radiator is provided. 

The carburettor is of new design, and is entirely 
automatic, the supply of air and gas being regu- 
lated by the speed of the motor, so as to give 
at all times the proper mixture. From the motor 
the power is transmitted to the gear-box by a 
leather-faced cone-clutch. There is fitted here a 
large universal joint for the purpose of ensuring 
that the clutch-cone will be entered accurately 


in line, irrespective of any twisting that the chassis’ 


may be subjected to through inequalities of the 
road. This is a special point in the design, and 
has been introduced to overcome a fault common 
to some clutches, which may engage first on one 





* See 652 ante. 
+ See ENGINEERING, vol. Ixxix., page 146. 
+ Ibid., vol. lxxix., page 453. 
§ See 618 and 655 ante. 

See ENGINEERING, vol. lxxix., page 180, 





side only, thus causing the leather to be destroyed. 
This part of the mechanism is illustrated in Fig. 3. 
The clutch-leather is fitted with several small 
springs at the back, so that if the clutch is let 
in sharply, the drive may be taken up easily and 
gradually, thus avoiding the unpleasant chattering 
of the toothed wheels common with many auto- 
mobiles when starting. 

Either high or low-tension magneto ignition can 
be fitted. The gear-box has four speeds and a 
reverse, the changes being effected by three sliding- 
sleeves. This arrangement enables the length 
of the gear-box to be considerably decreased, and 
the shafts, being therefore short, are not liable 
to spring, the latter being a circumstance which 
often leads to chattering of gears. The change- 
speed sector is what is known as the ‘‘ gate” type ; 
the lever being a simple rod, and being fitted 
with neither button, catch, nor spring. The first 
or fourth speeds can be taken without passing 
through those intermediate. There is a stop which 
prevents the reverse-gear from being put into 
operation unless it is released by means of a small 
pedal worked by the heel of the driver. From the 
gear-box to the back axle the drive is taken by a 
shaft fitted with two universal joints, as shown in 
Fig. lon page 684. The foot-brake works on a large 
drum immediately behind the gear-box, and the 
surfaces are protected from grease by a flange on 
the drum. The connecting - rod from the brake- 
pedal has a compensating arrangement which 
allows it to be adjusted for length by means of a 
right and left-hand threaded nut; and there is a 
nut-locking arrangement to prevent the nut turning 
when not required todoso. The back axle is shown 
in Fig. 2. The joint in the differential gear-case, 
not shown in Fig. 3, is placed horizontal instead of 
vertical, as is often the practice. There is a bevel 
drive with ball-bearings, as shown, and the whole 
is of ample strength. The arrangement of the differ. 
ential gear-box enables the gear to be inspected 
without taking the axle down. The axle itself runs 
in a tube which takes the weight of the car, whilst 
the turning moment of the drive comes on the 
internal axle. Thus there are two separate members, 
one for the vertical stresses and the other for the 
torsional stresses. The side frames are of pressed 
steel, and the outside springs are of considerable 
length, so as to give smooth running on bad roads. 
Ball-bearings are fitted throughout, including the 
crank-shaft, as already stated. 

On another stand the same firm exhibit the 
** Vulcan” car, made by the Vulcan Motor Com- 
pany, of Southport, Lancs. There, a four-cylinder 
30-horse-power chdssis is shown, the cylinders being 
cast separately. Mechanical valves are fitted, and 
are placed on opposite sides of the engine. High- 
tension magneto is used for ignition, and the 
carburettor has a hand-adjustment for air admis- 
sion in accordance with atmospheric conditions. 
The gear is of the Mercedes type, there being three 
speeds and a reverse,- with direct drive on the top 
speed. The arrangement of the back axle is the 
chief point in which the design of these cars has 
been altered. The weight of the body is taken 
by a tubular case, the drive being by the axle 
inside the tubes, as in some other designs. The two 
tubes are joined’by the differential gear-box, so as 
to make a continuous bearing from one road wheel 
to the other. The two lengths of internal axle 
can be withdrawn through the wheel, so that the 
differential gear can be lifted out bodily, whilst the 
weight of the car rests on the wheels. On the 
same stand is also shown a 20-horse-power car, and 
a 14-horse-power car, both having side entrances. 
There is also a 10-horse-power tonneau car and a 
10-horse-power chdssis. The 30-horse-power chdssis 
is priced at 5501., and the 10-horse-power chdssis at 
2101. 

The Hitchon Gear and Automobile Company, 
Limited, of Church, Accrington, have an exhibit of 
‘*Globe” cars fitted with the Hitchon transmission 
gear. This is a sliding gear, devised to secure 
ease in changing gear, it being so arranged that 
the toothed wheels of one gear shall not go 
out of mesh until the other wheels commence 
to mesh. The way by which this is secured is 
through a combination of sleeves and a roller clutch 
on the second motion shaft. The arrangement is 
ingenious, and doubtless secures the end in view, 
but it is too complicated to describe without the aid 
of sufficient drawings. ‘The foot-brake on these 
cars works by means of a toothed pinion and two 
short racks on the end of the brake band, as shown 
in Fig. 4, the pinion being shown separately. By 
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turning the latter, the band is either tightened or 
loosened on the drum in accordance with the direc- 
tion of motion. The back wheel brake is also shown 
in the engraving. It will be seen that the internal 
part—that illustrated—takes the form of a casting 
which consists of a double ring with a bridge piece 
carrying the centre by which the part is mounted 
on its shaft. In the gap on the left the cam, shown 
in the foreground, is placed flat-wise, but when this 
is turned, the gap is opened and the ring naturally 
expands, thus making contact between the two 
elements of the brake. Power is transmitted to 
the driving axle by a worm pinion and worm wheel. 
The worm wheel forms the periphery of the dif- 
ferential gear-casing, and makes a neat arrange- 
ment. For steering worm-wheel gear is used, as 
shown, the wheel being preferred to the more ordi- 
nary segmental rack, as it enables a fresh part to 
be brought into use when the teeth become worn. 

One of the largest exhibitors, if not the largest, 
at Olympia is the firm of J. I. Thornycroft and Co., 
Limited. They have stands in the pleasure car 
section, the commercial motor vehicle section, and 
two stands in the aquatic department. We give 
on page 685 two perspective views of the motor- 
car engine they are exhibiting. Fig. 5 is a per- 
spective view, and Fig. 6 shows the top of the 
engine with the valve arrangement. This engine 
has been brought out to meet the demand for a 
lighter and less expensive car than the 24 horse- 
power car, which is one of the standard designs of 
the company. In a former issue* we illustrated the 
20-horse-power chdssis of this firm, and in a future 
number we propose illustrating the chdssis of this 
car. 

The engine shown in Figs. 5 and 6 is of the vertical 
Otto cycle type, having four cylinders of 3? in. in 
diameter and 3}-in. stroke. The output is 14 horse- 
power, but the engine is capable of considerable 
acceleration. The pistons, piston-rings, and working 
parts generally are similar in design to those usually 
manufactured by this firm. The crank-shaft, made 
of special steel, is in one piecg, and the fly-wheel is 
not keyed on, but is bolted to the flange on the 
shaft. The crank-chamber is of aluminium, and is 
provided with side doors and a bottom cover, to 
enable examination and adjustment to be made 
without disturbing the engine. The valve arrange- 
ment is well shown in Fig. 6. Both inlet and ex- 
haust valves are on the same side of the cylinder, 
being placed side by side, as shown. All valves are 
mechanically operated, each by a separate rocking 
lever, and are all interchangeable ; in fact, all parts 
of the valve mechanism, as well as the valves them- 
selves, are interchangeable. The valves are placed 
in the tops of the cylinder-heads, and open directly 
into the combustion-chamber. The springs, it will 
be seen, are all outside, and are easily accessible. 
_ The valve levers are actuated by tappet-rods worked 
by cams ; the cam shaft revolves in a casing bolted 
to the top of the cylinders. Adjusting-screws are 
fitted in each rocking-lever, so that the lift of the 
valves can be adjusted as may be necessary. The 
cam-shaft is rendered easily accessible, as, by re- 
moving the end cover of the casing, the whole shaft 
with its bearings can be drawn out; the long 
cover shown on the front of the engine enables the 
cams to be examined whilst in position. The way 
in which the cam-shaft is driven through bevel 
gearing will be gathered from Fig. 5, the vertical 
shaft being shown. 

A system of forced lubrication for all bearings is 
used, the pump for this purpose being driven from 
the lower end of the vertical shaft, which drives the 
cam-shaft, as already stated. The bottom cover of 
the crank-chamber can be removed, together with 
the pump, without any of the gearing being dis- 
turbed. The bottom of the crank-chamber is sloped 
towards the pump end, so as to secure a steady 
flow of lubricant to the pump. The water-cir- 
culating pump and the magneto—the latter not 
appearing in the illustration--are placed on the 
forward end of the engine, and are on either side of 
the vertical shaft, from which they are driven 


through bevel gearing. This gearing is enclosed | 


within the crank-case, so that it is well lubricated ; 
but the couplings for the magneto and the circulating 
pump are placed outside the casing, so as to be 
readily disconnected. In our illustration the 
governor is not in place ; it is of the spring-loaded, 
cross-link type, and is worked by the vertical 
spindle. It is not enclosed, so as to be readily 
accessible, and acts on the throttle-valve on the 


* See ENGINEERING, vol. lxxvii., page 220. 





inlet-pipe. Either high-tension ignition with coil 
and battery, or low-tension magneto-ignition is 
used. The low-tension ignitors are placed on the 
sides of the combustion-chambers, so that rocking- 
levers actuating the strikers can be conveniently 
operated by the cam-shaft. The make-and-break 
contact is in the cylinders. There is a rocking- 
control rod placed below the cam-casing for varying 
the timing of the spark. This is regulated by a 
wire led to the control-box on the steering-wheel. 
When the high-tension system is fitted the sparking- 
plugs are placed in similar positions ; an arrange- 
ment followed in order that both high and low- 
tension systems can be fitted without one inter- 
fering with the other. Messrs. Thornycroft have 
designed a combined low-tension commutator and 
high-tension distributor, which is driven from the 
cam-shaft and placed on the dashboard in view of 
the driver ; a single coil only being needed. The 
carburettor is enclosed within a hot-water jacket. 
On the same stand as the engine just described 
are shown a 24-horse-power chdssis with a four- 
cylinder engine, price 625/., a 24-horse-power car 
with a Victoria body, a 14-horse-power chdssis, price 
4251., with a four-cylinder engine, a 14-horse- 


- 





surface for this purpose has been arrived at after 
a good deal of experimental work. It will be 
seen that with this arrangement no external 
vaporiser is needed. A small additional tank is 
fitted for the purpose of holding the quantity of 
petrol needed for starting up. Referring to the 
illustration, it will be seen that the valves are 
combined, the exhaust-valve being seated upon 
the hollow tubular inlet valve. The exhaust pass- 
ing through the latter heats it, as already stated, 
and then emerges through the ports at the bottom 
of the valve, and out at the exhaust connec- 
tion. The incoming charge, as it impinges upon 
the hot valve, is vaporised only as it enters the 
cylinder. When using paraffin there is no vaporisa- 
tion in the carburettor, and therefore no addi- 
tional heat is required for it, as in the case of 
the ordinary paraffin vaporiser. Naturally, in 
this case there is no subsequent re-condensation 
in the pipes between the carburettor and the 
inlet-valve. Both valves are mechanically ope- 
rated by separate cams, but the inlet-valve, owing 
to the large area, has only about half the lift of 
exhaust. Amongst other noticeable points there 
is only one valve-chamber and one cam-chamber, 





Fic. 8. Tse Rouis-Royce E1rent-Cytinper Moror. 


power car fitted with a landaulette body ; and parts 
of engines and mechanism. These parts and the 
general arrangement of the chdssis display those 
qualities which would be anticipated from the high 
engineering reputation the firm has secured in the 
past. The work is notable for that sound design 
which directs each part to its useful end in the 
simplest manner that can be associated with ade- 
quate strength and efficiency. 

In the heavier vehicle section Messrs. Thorny- 
croft show an omnibus chdssis, fitted with a stan- 
dard 24-horse-power engine, aud an omnibus with 
a 36-seat double-deck body. There are also a 3-ton 
petrol lorry, with a platform body, having a speed 
of 10 miles per hour; and a delivery-van chdssis, 
with a four-cylinder engine. The speed of the van 
would be 15 miles per hour with a load of 15 ewt. 
to 25 cwt. The exhibits shown by this firm in the 
aquatic section we will deal with later. 

In the Marine Department at Olympia the 
Parsons Motor Company, of Southampton, exhibit 
a boat-engine which they manufacture. On page 
685, in Fig. 7, we give a sectional view of the 
cylinder of this engine, showing the special valve- 
gear for petrol, heavy oil, or alcohol ; this forms 
the distinguishing feature of the engine. If it 
is needed to run with paraffin, the engine is started 
on petrol for the purpose of raising the parts to 
the necessary temperature for the heavier oil, the 
same carburettor being used in both cases. The 
arrangement is as follows :—The exhaust gases are 
caused to pass through the hollow inlet valve 
shown, which is thus heated up, so as to form a 
vaporising surface for the incoming charge. A 
temperature is obtained which is not so hot as 
to ‘‘crack” the charge, and the use of petrol, if 
desired, may be continued. The correct heating 





whilst a single spring and cotter keep both valves 
closed, the engine in this respect being particularly 
simple. Other features in the design may be 
noticed, such as the heavy fly-wheel and the large 
bearing surface. All the gear-wheels are enclosed, 
and the crank-chamber may be taken apart without 
disturbing the crank-shaft. A universal joint 
is provided for connection to the propeller shaft, 
so that a vertical engine may be used, although 
the shaft is inclined. Automatic lubrication is 
fitted. In some recent trials a 28-{t. boat supplied 
with one of these engines ran over two days upon 
paraffin fuel, the consumption being less than one- 
tenth of a gallon per horse-power-hour. Petrol 
was only used for a few minutes at starting each 
morning. 

An interesting example of a petrol-driven motor- 
car is shown by Messrs. C. S. Rolls and Co., of 
14 and 15, Conduit-street, W. The vehicle is of 
the type known as a landaulet, and is somewhat 
similar in appearance to the electrically-driven 
carriages now seen in London. One of the chief 
features in the general arrangement is that the 
petrol-engine is placed under the foot-board of the 
driver, the object being to remove the motor as far 
as possible from the passenger accommodation 
without adding to the length of the vehicle by the 
addition of the usual bonnet. This position involves 
the use of a shallow engine, and in order to econo- 
mise height it was determined to incline the cy- 
linders in the manner shown by our perspective 
view, Fig. 8. The cylinders, which are 3} in. in dia- 
meter by 3}-in. stroke, are inclined 45 deg. from the 
vertical, but the valves are vertically arranged, as 
shown. The eight cylinders naturally give a more 
equal turning moment to the crank-shaft, and 
vibration is therefore reduced ; whilst the exhaust, 
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being more divided, is quieter. The position of 
the engine prevents the steering-column being 
carried through in the usual way, so that a shaft is 
introluced which leads backwards at right angles 
to the stzering-column and is actuated by bevel 
gear. 

~ Lubrication is effected by means of a gear-driven 
pump, which supplies oil under pressure to the 
main bearings. The oil is then carried to the 
crank - pin through passages in the crank - shaft 
and crank-webs. The surplus oil returns to the 
oil reservoir to be used again. Another advan- 


tage claimed for the eight-cylinder engine is that}. 


its ‘‘ flexibility” enables it to be run without the 
necessity of frequently changing gears ; in fact, it 
is only on very steep hills that it cannot be driven 
direct. One type of car sold by this firm, and 
having the eight-cylinder engine, is designed to 
maintain a constant speed of 20 miles an hour, 
either up-hill, down-hill, or on the level, without 
changing gear. In this vehicle the engine is placed 
under a tonnet in the usual position. 

Messrs. 8S. F. Edge, Limited, of 14, New Bur- 
lington-street, W., have, as usual at these shows, a 
very fine exhibit of Napier cars. The most notable 
object on the stand is the six-cylinder 40-horse- 
power chdssis. The cylinders are cast in pairs, and 
are bolted to an aluminium crank-case, the inlet 
and exhaust-valves being all operated from one 
crank-shaft by a system of tappet rods and levers. 
The exhaust-valves are fitted immediately under 
the inlet-valves, and are actuated by plungers. 
The frames are made of pressed steel, with the deep 
part in the centre, and at the point where they 
turn inwards the top and bottom flanges they are 
widened to nearly double their normal width, so as 
to give additional strength where it is most needed 
to take the strain of the clutch. There are the 
usual pressed-steel transverse members, the engine 
being bolted directly to the side frames. The car- 
burettor is fitted with an hydraulic automatic air- 
regulator with a cylindrical throttle-valve, actuated 
by the governor, the latter being attached to an 
extension of the water-circulating pump spindle. 
This arrangement has been introduced so that 
in the event of the pump stopping, the fact 
would be at once apparent by the governor ceas- 
ing to work, and the engine racing. The pump 
is driven by chain from the crank-shaft. 

In order to secure synchronous ignition for all 
the cylinders there is a special distributor coil, 
together with a high and low-tension circuit- 
distributor. These distributors are driven from 
a vertical spindle, taking its motion from the 
engine cam-shaft. With this arrangement only one 
coil is necessary, and the distribution is regu- 
lated by mechanical means, so as to give correct 
firing at all speeds. The clutch is automatically 
lubricated, so that the surfaces, before coming into 
contact, have to squeeze out a film of oil, and in 
this way sudden grip of the clutch is avoided, and 
the car can be started, if desired, at top speed. 
The clutch itself is of aluminium, the clutch contact 
ring being of cast steel, so arranged as to be easily 
refitted. A Napier car fitted with this clutch has 
been driven from London to Brighton and back, 
from London to Coventry, and from Brighton to 
Edinburgh, at the top speed throughout. The 
axles are of { section, and are of special steel. 
The change-speed gear is in an aluminium case, the 
shafts running on ball-bearings. Ball-bearings are 
also fitted to the shafts of the differential gear. 
Three forward speeds are provided, the direct- 
driven top speed being by means of a dog clutch. 
There are three brakes, all of the metal-to-metal 
type. Lubricating is effected from a large tank 
fitted inside the bonnet, a number of tubes leading 
to the different rubbing surfaces. Oil is forced 
through the tubes by means of pressure from the 
engine exhaust. The price of this chdssis is 10501. 

A Pullman type of Limousine-body car fitted 
to the six-eylinder 40-horse-power chdssis is also 
shown. This carriage will carry seven persons— 
five inside and two on the driver's seat; it 
1s very luxuriously fitted up, and the price com- 
plete is 14001. “Another six-cylinder 40-horse- 
power car has been designed for tourist purposes. 
The body is what is known as the ‘‘ Roi des Belges ” 
type, and consists of a very light wooden frame 
covered with aluminium panels and mouldings. The 
whole body can be slid. off the chdssis, so as to 
facilitate cleaning, examination, and lubrication of 
the working parts. The boxes for stowing luggage 
and travelling appliances fitted to this car are 
designed to provide accommodation for the needs 





of passengers on the road, the arrangements being 
very well thought out. The back wheels are fitted 
with tyres of 135 millimetres (5.2 in.)—the largest 
size possible—-whilst the front wheels have 120- 
millimetre (4.72 in.) tyres. The wheels themselves 
are 36 in. The price of this car complete is 14501. 
Another vehicle shown on the same stand is an 
18-horse-power landaulette, fitted with cee springs. 
This is considered particularly suitable for city 
purposes, as the suspension checks vibration of the 
car. The price is 9501. 


(To be continued.) 








NOTES. 
THe Stanitey SHow. 

An exhibition of cycles is being held at Islington 
in the Agricultural Hall. Some of the chief stands 
are occupied exclusively by the parent foot-pro- 
pelled machines, now generally described as ‘* push- 
bikes,” or, more familiarly still, as ‘‘ pushers,” in 
contradistinction to the motor-bicycle. Whether 
it is that the original bicycle has reached perfec- 
tion, or that all inventive ingenuity has been 
absorbed by the wider field of the motor-bicycle, 
we cannot say ; but so far as we could see there 
was not at the Agricultural Hall a single novel 
feature of importance in connection with the foot- 
power machine. This was, however, more than 
compensated for by the originality shown in the 
design of many of the motor-bicycles; some of 
them, indeed, being more marked by originality 
than adherence to the conventions of mechanical 
design. In the lighter two and three-wheeled 
vehicles at Islington, as in the larger motor-cars 
proper at Olympia, the most notable advance seems 
to be in the direction of more cylinders. Tri-cars 
that last year had but one cylinder have now two, 
and the same may be said of bicycles ; in fact, we 
should judge that the majority of the latter shown 
were fitted with twin-cylinder engines, whilst one 
ambitious designer has no less than four. It is 
surely a bold undertaking to put a four-cylinder 
engine on a pair of wheels that will not stand up 
unless held. We hear, however, that the boldness 
is quite justified by the result. Ina fuiure issue we 
shall illustrate and describe some of the novelties 
of the Show. For the present, the Olympia Ex- 
hibition has monopolised our space. 


TURBINE-DRIVEN CunarRD LINER ‘‘ CARMANIA,” 


Considerable importance attached to the speed 
trials during the past week of the new Cunard liner 
Carmania, as she is the largest ship yet completed 
with steam turbines for propulsion purposes. The 
machinery in this case marks a very large step 
from any preceding turbines for marine work, the 
largest unit in the Carmania—the low-pressure tur- 
bine—being more than four times the weight of any 
of the earlier turbines, while for the huge 25-knot 
Cunard liners, now under construction, the increase 
in weight will only be about 25 per cent. It will, there- 
fore, be understood that many problems had to be 
solved in connection with the design of the details 
of the Carmania’s machinery, and Messrs. John 
Brown and Co., Limited, of Clydebank, who built 
the ship and constructed the machinery, tackled 
these problems in the most business-like manner, 
erecting a complete triple set of turbines with 
which to test every detail and to investigate 
every question which might enable the efficiency of 
the larger turbines to be determined. The conse- 
quence was a large measure of certainty in estimat- 
ing the results, and now the Carmania on trial has 
established still further the advantages of the Hon. 
Charles A. Parsons’ great invention. The Car- 
mania, which is a vessel of over 30,000 tons dis- 
placement, having an over-all length of 678 ft. 
and a beam of 72 ft., is a sister-ship to the 
Caronia, completed at the same works for the 
Cunard Company some months ago, the only dif- 
ference being in the machinery. Consequently, it 
is possible now to compare the trial performances, 
and later on to institute direct comparison between 
the economy in service of the two methods of driv- 
ing the screw-propellers. On the speed trials just 
terminated, the Carmania attained a speed of one 
nautical mile in excess of that achieved by the 
Caronia under corresponding conditions ; and the 
Carmania’s sea speed, with clean hull and normal 
load, will be over 20$ knots, against the 19 knots 
guaranteed in the contract. The boilers worked 
more easily, suggesting that less coal was being 
burned ; but on this question there will later be 
reliable data from Atlantic voyages. Although 





the Caronia, with her quadruple and balanced 
engines, proved a very steady ship, the Car- 
mania excelled, as it was scarcely possible to per- 
ceive any motion in the inhabited quarters of the 
vessel. The steering was easier, and altogethor the 
results give every promise of marked superiority 
on the Atlantic. We have thus dealt briefly with 
the ship this week, because in next week’s issue 
we intend to publish a series of special illustrations 
and a comprehensive description, not only of the 
building of the hull, but of the machinery, with an 
analysis of the results of the long series of experi- 
ments undertaken by Messrs. John Brown and Co., 
Limited, which are of great value to the engineering 
profession. 


Locomotives oN HigHways. 


A case which was heard on November 1 in the 
Divisional Court involved the discussion of an 
interesting question as to the liability of the owner 
of a traction engine for damage occasioned to water- 
pipes. The facts of the case were very simple. 
The plaintiffs (the Mayor, &c., of Chichester) were 
the owners of the water works at Chichester, and 
as such own the water mains under the roads. 
The mains were laid many years ago in soil without 
concrete, and at a depth which left about 20 in. be- 
tween the crown of the main and the crown of the 
road. A traction engine, belonging to one Foster, 
the defendant, weighing upwards of 10 tons, in 

assing along a road under which the mains were 
laid, broke them. The engine was, by reason of 
its weight, likely to damage pipes constructed and 
laid as the pipes in question were laid. There was 
no negligence or want of reasonable skill or care on 
the part of the owner of the engine, or his servants, 
as regards either the construction or the user of 
the engine, the mains being, broken solely by the 
great weight of the engine. The mains were, at the 
date when they were broken, sufficiently strong and 
well laid to withstand the pressure of the ordinary 
traflic of the district, and there was no neglect by 
the plaintiffs in their duty as road authority. 1t 
was held, upon the facts, the plaintiffs were entitled 
to recover from the owner of the engine for the 
damage to the mains. The County Court Judge 
found that the plaintiffs were guilty of no negli- 
gence: unless it is to be held that it is the 
duty of bodies in their position to take steps 
from time to time to strengthen, or re-lay, their 
pipes so as to enable them to withstand any 
increased pressure arising from the use of any 
new and heavier vehicles: a duty for which 
the learned County Court Judge said he could find 
no warrant. The case was substantially decided 
upon his finding of facts. The Lord Chief Justice 
in giving judgment, said :—‘‘ No doubt it is con- 
venient for the defendant to haul three trucks at 
one time, and to use this heavy engine in doing sb ; 
but there is no suggestion on his behalf that there 
is any necessity to use such a heavy engine. A 
person exercising a right in a way in which damage 
may be caused to other people’s property must 
show that the exercise of the right in a particular 
way is necessary to enable him to enjoy the right. 
No evidence has been given that there was any 
necessity for the defendant to use such a heavy 
engine as the one which caused the damage.” This 
dictum of Lord Alverstone places a very important 
limitation upon the scope of the judgment. At 
first sight it might — that any person using 
any traction engine is liable for all the consequences 
which ensue ; but it is clear from the reasoning of 
the Lord Chief Justice that if it can be shown that 
the engine was not too heavy, and was of aclass with 
those ordinarily used on the highway in question, 
culpable negligence would not be presumed from 
the mere fact of a breakage of water-pipes. The 
case, however, points the moral that the use of an 
engine which is able to haul three heavy trucks is 
not justifiable on every road. 








Tue NuremBerGc Gas-ENGINE.— With reference to our 
description of this engine, on page 586 ante, we are asked 
to state that Messrs. R. White and Sons, of Widnes, 
Lancs., are the agents of the Nuremberg Company for 
the Midlands and the North of England. 





Fire Extinction in THE Metroro.is.—The Metro- 
politan Water Board have decided that the restrictions 
which have hitherto prevented an extended use of the 
London Hydraulic Power Company’s supply of high- 

ressure water for fire extinction will be waeowe. In 
uture it will be possible for anyone to have hydraulic 
pressure apparatus fitted, subject to the domestic water 





used being passed through a meter. 
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DETAILS OF SIX-COUPLED FOUR-CYLINDER COMPOUND LOCOMOTIVE. 


CONSTRUCTED BY MESSRS. SCHNEIDER AND CO., ENGINEERS, CREUSOT. 






Fig.6. 
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| laminated springs of the — wheels are placed 


Fig 10. 


below the axle-boxes, the weight being distributed, in 
the usual manner, over all the coupled wheels by means 
of compensating levers. 

The bogie springs, of which there are two, are situated 
between the plates of the bogie beam, the ends resting 
upon the top of the boxes, also in the usual manner. 
The bogie centre, which is of spherical form, is bolted 
to the bottom of the low-pressure cylinders, and rests 
in a cup-shaped bearing attached to a sliding-box 
free to move a distance of 34 millimetres (1.33 in.) 
on each side of the engine. It will be noted, on 
referring to the detail views of the bogie (Figs. 
6 to 9), that the faces upon which the sliding-box 
moves are inclined at an angle to the horizontal 
(15 deg.), and also that sling-rods are provided at the 
front and back of the centre to counteract any unusual 
displacement. 

he engine is equipped with the Westinghouse- 
Henry brake, blocks being provided on all the wheels, 
those of the bogie included. The Gresham steam 
sanding apparatus is in use, the sand-box, with pipes 
right and left of the engine, being carried on adtoctcier 
between the frames in front of the second pair of 
coupled wheels. A Flaman speed-indicator and re- 
corder is attached to the platform. 

The following are the leading particulars :— 



































Boiler pressure... ... 16 kg. (235 Ib. . in.) 
Grate area ... pa .. 8 8q. m. (32. . ft.) 
Heating surface: fire-box 15.42 sq. m. ( 160 sq. ft.) 
+ He tubes... 205.75 ,, (2215 ,, ) 
” ” total eos 221,17 ” (2380 ” ) 
Tubes (Serve), number of 138 
je external 
diameter of oak a 70 mm. (2.75 in.) 
Distance between tube- 
plates... ie ee 4m. (13 ft. 14 in. 
Height of the boiler centre 
above rails 260... (8. th a} 


Height of top of the chim- 





type. The links are of box form, those of the high- | or lowered{at will by the driver, so decreasing or in- 8 ney above ae +» 4.260 ,, (13 ,, 118 », ) 
——— motion being driven by cranks from the inter- | creasing the annular space between it and the pipe, roy ed a 1.500 (4,, 11 ) 
= “ ~ axle. A Detroit sight-feed lubricator is used | and consequently ‘‘ sharpening” or ‘‘ softening” the Thickness of barrel-plates | 17 mm.( 66 in.) 
od a : cylinder and valves, and this is situated in | blast. cover-plate... eae Be os | 
“The . The frames are of mild steel, 28 millimetres (1.10 in.) uA saddle - plate 18” 70). ) 
2. ihe exhaust steam from the low-pressure cylinder | in thickness, and securely connected transversely by vs door-plate ... =. 47,, ) 
Pa pied pee. h a vertical blast-pipe, terminating in a | cast-steel stretchers, by the low-pressure cylinders, and > smoke - box 

onical nozzle fitted with a plug, which can be raised | bv a steel->late box at the back of the engine. The tube-plate oe aes 20, ( .78,,) 
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Thickness of copper tube- j 
plate... ag ae 25 mm. (_ .98 in.) 
Thickness of fire - box 


plates... Pre i. ues: £ a) 
Diameter of high-pressure 


cylinders... to bas 340 ,, (13.38,, ) 
Diameter of low-pressure 

cylinders... 3 kid 510 ,, (21.26 ,, ) 
Stroke ; sal 650 ,, (25.59 ,, 


Thickness of tyres 
Breadth of tyres ... 


) 

) 
» (2.9,, 
Diameter of journals of 


75 
149 ,, (5.51,, 


coupled axles... sy 6. (88, ) 
Length of journals of 

coupled axles ... ee. 6 ., (984,, ) 
Diameter of journals of 

bogie axles Be “as 155 ,, (6.10,, ) 
— of journalsof bogie 

axles ei a ee 370 ,, (10.63 .,, ) 
Fixed wheel-base ... 4.780 m. (15 ft. 8 in.) 
Total 8.530 ,, (27 ,, 112,, ) 


Total length of the engine 

over buffers... is SR es aan) 
Width over foot-plate ... 2.900,, (9,, 6 ,, ) 
Height of foot-plate above 

rails me = anne (bette? 
Diameter of the piston- 

valves, high-pressure ... 200 mm. ( 7.87 in.) 
Diameter of the piston- 


valves, low-pressure ... 280 ,, (11.02 ,, ) 
Travel of the high-pres- 

sure valves eam és eS... (aa. 
Travel of the low-pres- 

sure valves pat aa is . (48%.,.) 
Weight of the engine 

empty... si oot 64.17 tons 
Weight of the engine in 

working order ..,. ie 69.6 i 


Adhesive weight ... 63, me « 


This locomotive is exhibited without its accom- 
panying tender, of which, however, we append the 
following particulars :— 

Water capacity 

Coal capacity 
Number of axles ... 
Diameter of wheels 
Total wheel-base ... ; 
Total length over the 


20 cu. m. (4400 gallons) 
. 3.500 cu. m. (123 cu. ft.) 
3 


1.200 m. (47.25 in.) 
4.190 ,, (13 ft..9 in.) 


buffers...  ... 8.900, (294, B,, ) 
Weight of the tender 


empty... ih ba 19.1 tons 
Weight of the tender in 

working order ... eas 42.42 ,, 
Total weight of engine 

and tender empty i 83.27 ,, 
Total weight of engine 

and tender in full work- 

ing order... 112 tons 


In conclusion, we have to thank the Paris, Lyons, 
and Mediterranean Railway Company for the draw- 
ings from which the engravings published with this 
article have been prepared, and also Messrs. Schneider 
et Cie., the builders, to whom we are indebted for 
particulars and for the photograph. 








INDUSTRIAL NOTES. 

EmpPLoyMENT, according to the returns of the Labour 
Department of the Board of Trade, was better dur- 
ing the past month than the previous month. Those 
returns cover a large field, including all the chief 
groups of industries. They were 4793 in number-— 
namely, 3515 from employers or their associations, 
1190 from trade unions, and 88 from other reliable 
sources. All the iron, steel, and tin-plate industries 
were brisk ; there was also an improvement in both 
the pon eae and shipbuilding groups of trades. 
The cotton and woollen trades continued to be very 
busy. The coal-mining industry was also busier, 
apart from the usual seasonal improvement at this 
time of year, owing to the greater activity in the iron, 
steel, engineering, shipbuilding, and other trades, 
As compared with a year ago, there was a general 
improvement in all the principal industries, except 
the building trades. 

In the 270 trade unions specially reported on there 
was an aggregate of 585,228 members; of these, 
29,560, or 5.1 per cent., were reported to be unem- 
ployed, as compared with 5.3 per cent. in the month 
previous and 6.8 per cent. a year ago. 





Employment in the coal-mining industry showed an 
improvement over the previous month and over a year 
ago. It is now up to the average of the past ten years 
— 1895-1904. The average time worked per week was 
5.32 days; previous month, 5.13 days; the same 
month a year ago, 5.16 days. The improvement was 
shown in connection with house, manufacturing, and 
anthracite coal. 

In ironstone-mining employment continued good— 
about the same as a year ago. At the 117 mines and 
open works reported on, the average time worked per 
week was 5.85 days; previous month, 5.87 days; 
same month a year ago, 5.90 days. In this industry 
there has been an almost continuous activity, while 
other branches of trade have been dull or slack. 

The pig-iron industry continued good, being better 





than in the previous month, and much better than a 
year ago. Returns relating to the works of 108 iron- 
masters show that 331 furnaces were in blast, employ- 
ing about 23,700 men—five more than in the previous 
month, and 27 more than a year ago. ‘The total 
number of furnaces now in blast is greater than in 
any month since November, 1900. 

The iron and steel trade continues to improve ; it is 
now brisk—better than a month ago, and considerably 
better than a year ago. The number employed in the 
199 works covered by the returns is greater by 810 
than a month ago, and by 7448, or 8.6 per cent., 
than a year ago. The shifts worked, multiplied by 
the number employed, were 2 per cent. greater than 
in the previous month, and 11.8 per cent. greater 
than in the same month a year ago. 

The tin-plate industry continues good—about the 
same asin the previous month, and much better than a 
year ago. The total number of mills in operation was 
423—a larger number than in any month for ten years. 
In 1900, the maximum year in the decade, the average 
was only 384 mills. 

cen Se nae in the engineering oo of trades con- 
tinued to improve, and was regarded as fair generally 

—better than a month ago and much better than a year 

ago. The proportion of trade-union members unem- 
ployed was 4.1 per cent.; in the month previous, 4.6 
per cent.; a year ago, 8 per cent. 

Employment in the shipbuilding trades was better 
than a month ago and much better than a year ago. The 
proportion of unemployed union members was 11.9 per 
cent.; previous month, 13.7 per cent.; same month a 
year ago, 16.1 per cent. Still, 11.9 per cent., or close 
upon 12 per cent., is a very large percentage of the 
whole of the members. 





In the cotton trades employment was very good— 
very much better than a year ago. Returns from firms, 
employing 130,043 operatives, showed a decrease in the 
amount of wages paid of 0.5 per cent. compared with 
the previous month, but an increase of 7.7 per cent. 
over a year ago. 

Employment was very good in the woollen trades 
—better than a month ago and a year ago. In firms 
employing 19,050 operatives there was an increase of 
2.6 per cent. in the wages paid over the previous 
month, and of 3.8 per cent. over a year ago. 

In the worsted trade employment was moderate, 
but was considerably better than a yearago. In firms 
employing 39,476 rg poet there was ‘no. material 
change in the amount of wages paid, compared with 
the month previous, but an increase of 5.4 per cent. 
over a year ago. 

The linen trade was fairly prosperous on the whole ; 
the number of the unemployed was about the same as 
a@ month ago, and less than a year ago. In firms 
employing 45,753 workpeople there was an increase of 
0.4 per cent. in wages paid, and of 2.9 per cent. over 
a year ago. 

Employment in the jute trade was rather better than 
a month ago, but not su good as a year ago. In firms 
employing 19,980 workpeople there was an increase 
in the wages paid of 0.6 per cent., but a decrease of 
3.5 per cent. compared with a year ago. 

In the silk trades there was a slight improve- 
ment over a month ago, but employment was only 
moderate. In firms employing 10,267 workpeople, 
there was an increase of 1.1 per cent. in the number of 
spindles working, but a decrease of 1.1 per cent. com- 
pared with a year ago. The number of looms at 
work showed an increase of 2.2 per sent., but a de- 
crease of 0.5 per cent. compared with a year ago. 

Employment in the hosiery trades was fairly good 
—better than a month ago and a year ago. In firms 
employing 18,818 persons there was an increase of 
3 per cent. in wages paid, and of 5.1 per cent. com- 
pared with the same month a yearago. The textile 
trades generally show improved prospects. 

In the bespoke branches of the tailoring trades 
employment was good in London—much better than a 
month ago and a year ago; in the provinces it was 
fair. In the ready-made branches it was only mode- 
rate, but was better than a year ago. 

In the boot and shoe trades employment continued 
quiet, but was better than a year ago. In 457 firms, 
employing 63,838 operatives, and paying 60,350/. in 
weekly wages, the increase in amount was equal to 
1 per cent., and of 4.3 per cent. over a year ago. The 
other leather trades were quiet—slightly better than 
a month ago, and considerably better than a year ago. 


In the printing and bookbinding trades there were 
variations, but 5 per cent. were unemployed; the 
previous month, 5.4 per cent. ; a year ago, 4.7 per 
cent. The paper trades were fairly good. 

The building trades generally were dull, but with 
slightly better prospects in Lancashire. The furnish- 
ing and woodworking trades were fair on the whole 
— better than a year ago. 

In the pottery trades there was some improvement, 
and employment was fair on the whole. The glass 





trades were dull; the brick and tile trades were 
moderate. 

Employment in agriculture was fairly regular ; dock 
and riverside labour was only moderate. 

There were nine new disputes in the month ; month 
previous, ten; same month a year ago, fifteen. The 
total number of workpeople affected was 9506. The 
time lost. was equal to 176,000 working days. The net 
result of changes in wages was a gain of about 610/. 

r week. The principal gainers were coal-miners in 
Somerset ; ironstone miners in Cleveland ; quarrymen 
and blast-furnacemen in South Wales and Scotland. 
All the changes in wages, except two, were effected 
under sliding scales, by conciliation boards, or by per- 
sonal negotiation between the parties concerned. The 
two disputes causing stoppage of work only affected 
1200 — This shows great progress in peace- 
ful methods, 





The report of the boiler-makers and iron - ship- 
builders is more encouraging. There was a decrease 
in the number of unemployed of 729. Nevertheless, 
the total number on the funds was 8252, as against 
8845 in the previous month. Of the total 2058 were 
on sick benefit and 1330 on superannuation benefit ; 
the former increased by 143, the latter decreased by 
seven. The remainder were unemployed. The com- 
plaint is that repairing work is very slack, whereas 
new work is fairly busy. There is a hint that even 
where work is plentiful there is still a demand for 
out-of-work benefit. The expenditure for the month 
was 10,908/. 0s. 81., which was a decrease of over 
150/. per week compared with the previous month. 
There was, however, a decrease in the funds during 
the third quarter of 4342/. 14s. 5d.; in the first 
quarter a decrease of 9591/. 7s. 8d. ; second quarter, 
of 8289/. lls.; so that the drain on the funds is 
getting much less. The total balance at the close of 
last quarter was 335,833/. 15s. 7d. A rather serious 
defect is noticed in connection with donation bencfit : 
it is said that men employed on piecework in the 
repairing districts earn more wages during the year 
than those in steady employment at a weekly wage, 
and yet the piecework men in those districts draw 
house donation when temporarily idle. It is suggested 
that the rules in this respect should be revised. Atten- 
tion is called to the large aggregate arrears due— 
9926/. 6s. 4d.—and the auditors are instructed to see 
whether the arrears due are deducted from donation 
benefit when claimed. This union has a large amount 
of money invested in first-class securities, the dividends 
of which help to pay the costs of administration and 
of benefits. Reference is made to the recent action of 
the Chief Registrar of Friendly Societies as regards 
Parliamentary representation as ‘‘a  trade-union 
object.” It is pointed out that there is no objection 
raised to the creation of such funds as a means of 
attaining the legitimate objects of a trade union. 


The report of the Associated Blacksmiths is again 
encouraging. It says that the returns from branches 
show a considerable improvement. It appears that the 
outlook is more and more satisfactory, especially consi- 
dering the time of year. There was a further decrease 
of 66 on idle benefit, and of 15 signing the vacant-book 
—total decrease, 81 in the month. There was a further 
increase in the balance of income over expenditure, so 
that the aggregate funds amounted to 24,078/. 17s. 7d. 
In addition to the gain on the month there was voted 
251. to other unions engaged in disputes. The union 
boasts of a higher average balance per member than 
most other unions in the kingdom. This society, like 
others of the same class, complains of the large amount 
of arrears due by members, and the report suggests 
personal visitations to those in arrear. If this were 
done in a kindly spirit, without threats of any kind, 
the results would be beneficial alike to the member and 
to the union—to the former by keeping him within 
benefits, as per rule ; to the latter by keeping up the 
numerical strength of the union. In times of stress 
and strain, with long spells of depression, member+ 
forget or omit to pay up their contributions ; ther 
they find that they are out of benefit. At the recent 
conference of representatives of the society and of the 
Dundee Shipbuilding Company, with respect to the 
application for an advance in wages of Is. per week to 
shipsmiths on time wages, it was mutually agreed 
to suspend action in this matter until it came up 
again for further consideration. The council of the 
union complain that certain sections engaged in a large 
firm at Barrow accepted the new system of recording 
time when the smiths were negotiating with the firm, 
But the new system, as explaired, is not intended to 
be disadvantageous to the men. 





The Trades and Labour Gazette has been passing 
through a somewhat severe ordeal. It was suppose! 
to be the organ of the London Trades Council, but it 
now appears to be quite unofficial, though conducte:! 
by the secretary, and reports its proceedings at some 
length. But as regards “Industrial Notes” the 
Gazette is used for the information it gives, without re- 









































Nov. 24, 1905. ] 


ENGINEERING. 





707 








spect to itsownership, It does give labour reports from 
the provinces and from aaa such as are not other- 
wise available, apart from its London reports and edi- 
torial comments and leaders. It is strongly Socialistic 
in tone, it is not favourable to the Liberal Party, and 
it sneers at Free Trade and its apostles. These 
things are as nothing to the public so long as its news 
is authentic. The animus displayed in its ‘‘ Notes 
and Comments” is often most distressing, for, after 
all, labour cannot with we attack all other 
sections, and gu itself unscathed. Friends of labour, 
as well as its foes, come in for general chastisement 
in the 7'rades and Labour Gazette. In its own way 
it advocates labour; but then it denounces capital, 
which is but the savings of labour. In this number it 
falls foul of the Postmaster-General, Lord Stanley, 
whose expressions in the House of Commons gave 
umbrage to the postal employés of all sections, cer- 
tainly all below what is officially called ‘‘ the staff.” 
The special leader in this issue is ‘‘A Reply to Mr. 
Arnold White,” on the unemployed problem. He is 
described ‘‘as a more interesting critic than as a 
physician.” But the prescriptions of the Labour 
Gazette are even more doubtful than those of Mr. 
Arnold White. Indeed, just now we have nostrums 
enough, and more than enough, on this question. 





The position of the iron and steel trades in the 
Midlands is better than for a long time past, and 
prices are hardening. The attendance at last week’s 
market was good, and there were plenty of inquiries ; 
Lut the actual business done was not large, as producers 
were not able to guarantee early deliveries ; indeed, 
they could not promise for some time to come, as the 
whole of the output of the mills and forges for this 
year has been disposed of, and in some cases far into 
the first quarter of 1906. Consumers who have con- 
tracts running at old rates complain of difficulties in 
obtaining supplies, as producers prefer to execute 
orders which are more remunerative. In all branches 
the workers are more regularly employed thar. for a 
long time past. Marked bars are in demand at the 
enhanced rates, and common bars are being produced 
in larger quantities to supply the demand. Galvanised 
sheets have been advanced another 5s. per ton ; the 
standard now is 12/ delivered at the ports. Orders 
for both black and galvanised sheets come in briskly, 
and makers have plenty of work on hand. Steel is in 
active demand at late rates, but makers have, it is 
said, closed their books, except to large orders at 
more profitable prices. The puddlers are expecting 
an advance in wages when the Wages Board meet, as 
prices have been steadily advancing. As the sliding- 
scale basis has not yet been finally agreed upon, the 
Board will follow the ruling of the North of England 
Board on the usual lines. ‘The returns to the Labour 
Department of the Board of Trade show that the 
engineering trades in the Midland districts are steadily 
improving. The proportion of unemployed had fallen 
to 2.8 per cent.; previous month, 3.8 per cent.; same 
month a year ago, 6.1 per cent. At Wolverhampton 
both electrical and general engineers were steadily 
employed ; the motor trade was busy, and the cycle 
trade had improved. On the whole, Birmingham was 
similarly situated, though reports say that trade was 
moderate. Inthe miscellaneous trades employed in 
the iron, steel, and metal industries there has been 
general improvement. 





The Iron "Change at Manchester last week was 
fairly attended, and the position of the iron and steel 
trades was deemed to be as strong as ever, prices being 
well maintained. Finished iron was in good demand, 
and steel was said to be active, there being every pro- 
spect of a continued demand for steel and steel pro- 
ducts, so that makers are quite indifferent as to orders 
for future delivery, There would appear to be a good 
demand for bars, boiler, and tank-plates, for mate- 
rial for bridge and girder-work, and for locomotive 
and other engine-work ; also for general purposes in 
those and other branches of trade. There is a steady 
decrease of unemployed in most of the Lancashire dis- 
tricts, though less in some than in others. In the 
Manchester, Salford, and Liverpool districts, the pro- 
portion of unemployed in the engineering group of 
trades was 3.8 per cent, ; previous ath 4.2 per 
cent. ; Same month a year ago, 9.7 per cent. In the 
Oldham, Blackburn, lton, and Burnley districts 
‘he proportions respectively were 3.3 per cent. ; pre- 
vious month, 3.2 per cent. ; a year ago, 12 per cent. 
{1 the Manchester district employment continued to 
‘mprove, overtime being pretty general, except in the 
textile machinery shops. In the Blackburn, Bolton, 
Durnley, and Oldham districts most sections are busy; 
at Preston they are moderate. Spindle and flyer- 
makers are well employed. Machine, engine and iron 
grinders and glaziers are very busy ; but at Crewe and 
\orwich the men were, at date of report, again on 
Short time. Since then there has been improvement. 
Employment with iron-founders has improved gene- 
rally, but not in all districts. There was a slight 
improvement at Barrow. 


A very important, amicable arrangement has been 
come to by the representatives of the Shipbuilding 
Employers’ Federation and the Boiler-Makers and Iron 
Shipbuilders’ Society as to the use of pneumatic tools 
in shipyards. A system of percentage deductions 
has been agreed to, which comes into force on the) 
first full-pay in December. The settlement of this 
question is likely to have a good effect, as the larger | 
firms have been awaiting a settlement in order to| 
Sa their yards on the most modern and effective 
plan. 


The pattern-makers’ strike on the Clyde has cost 
the United Pattern-Makers’ Union about 8000/. The 
executive state that no strike of the same magni- 
tude and duration was ever carried through with so 
little burden to its members. Most of the engineer- 
ing trades in federation offered financial assistance, one 
union offering 5000/. as a loan without interest, which 
was accepted. 


THE INSTITUTION OF ELECTRICAL 
ENGINEERS. 


Abstract of Inaugural Address of JOHN Gavey, C.B., 
President, delivered November 9, 1905. 


(Concluded from page 668.) 


TELEPHONES. 

Not the least remarkable of the modern developments 
of electrical engineering is the extraordinary growth of 
the telephone service throughout the whole of the world. 
The invention and development of the modern paper- 
insulated air-space cable, with its low electrostatic capa- 
city, led to the general adoption of the one main factor in 
satisfactory telephone working—viz., the use of well-insu- 
lated metallic circuits so constructed as to be free from 
cross talk. This opened the door to the use of the very 
best types of ror die eae transmitter, and paved the way 
for the successive improvements in exchange plant that 
are so marked a feature in modern systems, and that have 
led to the extraordinary increase in telephone statistics 
that has taken place in the last ten years, 

The tendency to reduce the operators to a species of 
intelligent automaton naturally suggests the possibility 
of the entire elimination of the operator, and the intro- 
duction of suitable automatic apparatus at the exchange. 
Several very ingenious methods of attaining this end have 
been devised, and one system has achieved a certain 
measure of success in America, several exchanges of some 
magnitude having been equipped with apparatus of this 
type. Two or three small automatic switches have been 
installed in Europe, but no European telephone adminis- 
tration has yet faced the problem of establishing an ex- 
tensive automatic system for the use of towns in which 
large exchanges are required. 

One word may here be added as to the magnitude of 
the plant required for modern exchange working. 

There appears to be an occasional tendency to look 
upon telegraphs and telephones as a little apart from 
serious engineering undertakings ; but when modern tele- 
phone practice is considered, it will be found that in the 
complexity of the system, the amount of electrical — 
a for the purpose of signalling, and the extent of the 
works undertaken, a telephone system regarded from the 
engineering standpoint is in no degree behind any other 
electrical enterprise. As an illustration, it may be stated 
that in carrying out the preliminary arrangements for 
serving about one-third of the Metropolitan area the 
Post Office has already excavated 565} miles of trench, it 
has laid 1251 miles of duct, it has provided 162,210 miles 
of wire, and the weight of copper buried in the London 
streets amounts to 2200 tons; and this apart from the 
work carried out by the National Telephone Company in 
the same districts. 

The secondary cells used for sqnting and common 
battery speaking at the Central Exchange have a capacity 
of 5500 ampere hours, and the number of glow-lamps in 
use on the existing Central Exchange for signalling pur- 
poses is 25,000. Itmay be added, however, in illustration 
of the growth of the system, that the first contracts for 
the Post Office system in London were entered into on 
February 24, 1900, and the first exchange was opened on 
February 24, 1902, with 169 subscribers, the ultimate 
capacity being 14,000 subscribers. Its growth was so 
rapid that within two years of its being opened it became 
necessary to commence the installation of a second ex- 
change, which is being constructed within the same 
building, and which will shortly be opened, with a 
further capacity of 20,000 subscribers, a corresponding 
enlargement of the general appliances in the building 
being involved 

The most important adjunct to the Local Exchange 
system is the trunk line, or long-distance service, as it is 





variously called. In 1896 the Post Office acquired, by | 


purchase, such of the trunk lines as had been erected by 
the National Telephone Company, and not only did it at 
once erect such additional wires as were necessary to 
provide a comprehensive service covering the whole 
country, but it has been eng: year by year in erecting 
additional trunks. Such is the favour with which the 
trunk service generally is regarded that it is difficult to 
keep with the demand for additional wires. The 
annual growth is represented by the fact that on March 
31, 1896, there were only 165 circuits, amounting to 17,500 


miles of wire, in actual use, while on March 31, 1905, 


there were 1604 circuits, and 112,744 miles of wire. 

The determination of the distance over which tele- 
phonic speech is possible on various types of telephone 
circuits is a question of the or theoretical and prac- 
tical interest, and it is one th _ has received much careful 





| are prepared, and the 





consideration. The theoretical investigations of Clerk 
Maxwell, Kelvin, Oliver Heaviside, G. A. Campbell, 
a and others have done much to elucidate the 
roblem under consideration, and we are now, I think, 
airly well acquainted with the various factors that 
govern and limit the range of possible s h, and the 
methods by which these limits can, under favourable 
conditions, be extended ; such, for example, as the partial 
neutralisation of the effects of static capacity by the addi- 
tion of self-induction. 

On comparing a large number of results obtained over 
Post-Office lines of different character, the following 
rough empirical formule were designed to meet ordinary 
cases. As will be seen further on, these were found to 
give fairly concordant results within certain limits. 

Aerial lines of 100 lb. copper and upwards :— 


— 
M = 210 V. n® 


For unloaded paper cables— 


M = 85 l 
KR 
where M = limits in miles. 

When an electrical impulse is started in a conductor, if 
the latter had neither resistance, capacity, nor self-induc- 
tion, and if the insulation were perfect, the wave would 
move on without attenuation or distortion. The effect of 
resistance or of uniformly-distributed low insulation, how- 
ever, results in a definite attenuation, which increases with 
the length of the circuit, and, further, the effect of capa- 
city is to cause the wave to spread out, both forwards and 
backwards, this ‘‘tailing,” as it is termed, not only 
increasing the attenuation by lowering the amplitude, but 
causing distortion of the wave itself and also of the neigh- 
bouring impulses, with which it interferes. This distor- 
tion eliminates the higher notes and harmonics, and in 
extreme cases causes the voice to lose its characteristic 
tone, and ultimately to become inarticulate. 

As the result of many trials, it is found that with long 
circuits free from external disturbance, such as under- 
ground wires, the actual practical limit is fixed by the loss 
of amplitude of the waves; in other words, by the dimi- 
nution of volume rather than by the loss of articulation; 
although when these limits are approached, it is found 
that articulation begins to suffer, and when the line is 
still further increased, the tones become low and hoarse, 
and speech ceases to be practicable. This points to the 
fact that in actual practical work attenuation, due partly 
to resistance and partly to electrostatic capacity, is the 
dominant factor, and this attenuation, when combined 
with disturbance from neighbouring electrical conductors, 
actually determines the limits of speech. This view is 
supported by a comparison of the results obtained by 
calculation and those obtained by actual experiment. 

As a preliminary to the determination of the limits of 
speech, it is necessary to ascertain the degree of volume 
and articulation, or, in other words, the audibility, which 
may be accepted as satisfactory, and, further, to establish 
standard circuits with well-known constants of R L and 
K, to which all lines may be reduced either by calculation, 
by experiment, ‘or, preferably, by both. For this purpose, 
both in America and England, one of the types of ordinary 
lead-covered paper-insulated cables, in which the above 
constants are measurable, has been selected, and the 
dimensions of the English standard cable, which agree 
closely with American figures, are as follow :— 








; he awh : 
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efile = Sa pe 3 
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si | om | Se | 5S =BE | 2 
o ail a” a~ im”? ld = 
Ib. 
English 20 20 36 88 0.056 | 0.001 | 200 


In considering this question from the practical point of 
view, it is necessary to take into account the variable 
conditions under which long-distance s h is frequently 
held. Again, the human element a te affects the 
result ; indistinct and muffled speech, disregard of regu- 
lations in the use of apparatus, partial deafness, apparatus 
in noisy aad unsuitable localities, all tend to limit long- 
distance s h, and to render the application of very 
accurate determinations difficult. In fact, it may be 
said that the limits of error in calculation, whether the 
empirical or the more accurate formula referred to later 
are used, are less than the limits of variation in practice, 
and that, as in all ey matters, there must be a 
considerable factor of safety to ensure satisfactory inter- 
communication. Telephone administrations have care- 
fully considered what are the extreme limits of effective 
commercial speech under the last-named conditions, and 
it is generally considered that from 42 to 46 miles of the 
above-named standard cable is the effective commercial 
limit, although conversations have been held by experts 
over 60 miles of such a cable. 

This being accepted, two methods can be adopted for 
determining the limits of speech on various types of tele- 
phone circuits. 

In the first ~~ the attenuation is calculated for 
various types of cable, say by Pupin’s formula, in which 
the insulation R is so high that attenuaticn by leakage 
can be neglected, or by Campbell’s formula for overhead 
wires, when leakage must be assumed. By the use of 
these formule, tables of ratios which express the relative 
equivalence of each type of circuit to the standard cable 

limit of commercial speech havin 

been fixed in miles of standard cable, the limit on al 

— types of conductors is a simple matter of calcu- 
tion. 

The second method, of course, consists in a direct com- 
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parison of all existing types of line with a standard 
cable. A lengthy series of experiments has been made 
on all classes of Post. Office conductors—overhead, under- 
ground, and submarine—and they have been balanced by 
means of a stardard apparatus to their equivalent lengths 
of actual standard paper cable. The equivalent lengths 
have also been calculated by Pupin’s and Campbell’s 
formulw, and the following table shows the degree of 
concordance in the results, as also eng ar weg tigures 
based on calculations} made by means of the empirical 
formule already referred to :— 


| to 21.34 ohms per mile by the addition of the coils. The 
| equivalent range of speech was, however, increased from 
| 66 to 176 miles. In the Post-Office experiments on its 
long-distance lines, so far, the use of iron in any portion of 
the coils has been found to be deleterious as compared 
with coils without iron cores. True, the volume of sound 
was always materially raised where iron was used, but at 
the cost of articulation, whilst a judicious addition of self- 
induction without iron always improved both the volume 
and the articulation. 
Very satisfactory results have, however, been obtained 


TABLE OF EQUIVALENTS BASED ON ATTENUATION AND EmprRicAL FoRMULZ RESPECTIVELY. 


Tests made with the Standard Apparatus described in the Schedule to 
Office and the National Teleph 


the Agreement, dated 1905, between the Post 
CO vv. 


iad 





Number of Miles of 


ConsTANTS PER MULE OF | 
Loop. | 


Tyre or Linz. 


| to 1 Mile 20-Lb. Cable 


Limiting Distance; 


Various Types of on 8 | Ptentes Limiting Distance 
| — peech | Limiting | 
} cao pe need Limit of 43 Miles | Distance | Bary be 
Eq ransmission | Standard Cable Based on | ‘a 


(Calculated from | Empirical | Standard Cable. 











. (Calculated from oe lp ~s Observed Experi- 
R. K. L. | Pupin’s and Camp- oe | Formule. | “mental Values. 
Ohms. M.F, | Henries.| — pell’s Formule). Oolumea). 
Underground A.S.P.C. Cable miles miles 
10lb. cable .. —.. .| 175.64 | 0.07 0.001 | 0.61 2 | 25 26 
ws 0.055 | 0.001 43 43 43 
gi 42 | 0.056 | 0.001 1.47 63 | 66 63 
m~ 25 | 0.068 | 0.001 1.83 79 72 ae 
100 17 | 0.068 | 0.001 2.45 105 91 ~ 
150 | 1.7 0.065 | 0.001 2.95 127 113 127 
200 4, eo a 8.75 0.07 | 0.001 3.5 | 151 150 — 
Submarine Cable 
160 Ib. Cu. and 300 Ib. G.P. | 
per knot oe a --| 129 0.12 0.00165 | 2.3 99 97 88 
G.P. Quad. 
40 Ib. Cu. per mile 43 0.128 | 0,001 0.95 41 36 39 
Aerial Wires. 
100 Ib. Cu open 18 0.00808 0.0039 8.45 363 | 387 o 
ogi gaat 11.9 | 0.00839| 0.00376 11.7 503 490 | 473) Means 
Rs tes 9 | 0.00882] 0.00366 | 14.7 632 | os | 626| of 
300 ,, bie 6 0.00893 | 0.003545 | 21 903 844 } 903 { several 
400, 4.5 | 0.00919| 0.00344 | 26.1 1122 | 1056 1075) trials 
oa 2.97 | 0.00958 | 0.00331 | 36.8 1582 | 1448 1582 
2.25 | 0,00087| 0.00322 | 45.8 1969 | 1804 Not determined 


It will be observed that the calculated limits of speech 
based on attenuation agree absolutely with experimental 
results on all the underground eables. There are, how- 
ever, variations in the calculated and observed results 
obtained on overhead lines, and these are, no doubt, due 
to variations in insulation and to slight disturbancos 
which affect the audibility materially when approaching 
the limits. 

Another method of investigating the problem of tele- 

honic transmission has been undertaken at the Post 
Dftice, and although the experiments are not complete, I 
pro’ to attempt to show some of the results which 
exhibit graphically the attenuation which, in practice, 
takes place under varying conditions. Two circuits have 
been selected, one consisting of a mile of the standard 
cable already referred to, and the second consisting of 20 
miles of similar cable. A Duddell’s oscillograph has 
been used for observing simultaneously the curves due to 
the action of the induction coil at the transmitting end 
and the corresponding curves at the receiving end of the 
circuits. A number of letters, both vowels and conso- 
nants, have been rapidly spoken into the transmitter, 


and the respective transmitted and received curves for 
each have so recorded in the usual photographic 
manner. 


It is, of course, obvious that any marked improvement 
in the normal types of telephone apparatus will tend 
extend the ranges given in the tables. Further, it will 
be observed that these ranges are on a 43-mile 
limit of standard cables, although under favourable con- 
ditions, and with expert users of the telephone, much 
longer distances are practicable. These limits also pre- 
suppose that the telephone is joined directly on to the 
line, and they have to be cut down, when the exchange 
apparatus and the subscriber’s line are added, by an 
amount equal to their equiyalent mileage. 

Such. tables as these admit of a determination of the 
pauge and type of conductor necessary to serve any given 

ity, it a borne in mind that to provide an efficient 
and economical service it is necessary to make a careful 
study of the country as a whole, and to lay out the trunk 
lines in such a manner as to deal with the maximum 
traffic with the minimum weight of copper, and to provide 
for general inter-communication by the shortest possible 
lengths of trunk circuit. 

It will, of course, be borne in mind that the wey 
remarks apply te unloaded circuits—i.e., those not ted 
with artificial inductances. 

Mr. Gavey then showed a set of curves to represent 
measurements made with a seeohmmeter on various types 
of loop, and they illustrate ve-y graphically the fact that 
on short lengths the self-induction predominates largely 
over the capacity. As the length of circuit increases, the 
curve first rises; but as the capacity effects increase more 
rapidly than the inductances, the curve reverses and falls 
until a point is reached in which the self-induction and 
the capacity neutralise one another. 

The Post Office took up the subject at an early date in 
connection with its main underground lines, and a marked 
measure of success has already been obtained. In one 


case, that —_ be taken as an illustration, a cable con- 
taining 56/100 lb. conductors, was léaded by the insertion 
of coils at intervals of a mile; the original factors were 


R = 17 ohms, K = 0.053 microfarads, L = 1.4 milli- 


to | problems which await solution. First, the invention of an 


jowing to disturbanve 


in America and in Germany by the use of ring coils with 
extremely fine iron cores, and further progress in this 
direction may be anticipated. 

Experiments with overhead conductors have not proved 
so satisfactory as with underground cables, and opinions 
as to the future or open wire loading appear to be some- 
what divergent. 


UNSOLVED PROBLEMS. 


Finally, there are the unsolved problems in connection 
with electrical methods of communication to consider. 
A means whereby telegraphic» messages can be received 
at high rates of speed in type or written characters, ready 
for immediate issue to the public or the Press, appears to 
be one of the desiderata of the future. I have reason to 
hope, however, that we are now within a measurable 
distance of a satisfactory solution of one branch of the 
problem just referred to. - 

Next, in wireless telegraphy, there is the difficult 
_ of perfect tuning, which will obviate all mutual 

isturbances between different wave-lengths ; and in addi- 
tion it can, I think, be said that we are even now far from 
having a thoroughly effective or reliable receiving arrange- 
ment, if we compare the reliability of wireless with that 
of telegraphic or telephonic communication. 

Then in telephony there are at least two fundamental 


effective telephone relay or repeater; and, secondly, a 
method of extending the range of communication in sub- 
marine cables. 

Until recently all attempts to design a satisfactor 
telephone relay bad failed ; but the American Telegram 
and Telephone ues have now under trial an instru- 
ment termed an Exalter, which, when placed in a suitable 
position on a long line, materially improves the communi- 
cation. 

Notwithstanding the very great advances made in the 
modern switchboard, the problem of affording inter- 
communication between very large numbers of subscribers 
is by no means finally solved. The largest multiple that 
can be fitted in tice on one does not exceed 
20,000 lines; and. not only in London, but in several 
American towns,- provision is being made in one building 
for numbers varying from 40,000 to 60,000 telephones, two 
or three separate exchanges being provided in one build- 
ing. That this duplication and triplication of exchanges 
is the final solution of the problem, no one would, I think, 
venture to predict ; and, as I have already hinted, there 
are indications that the difficulty may be met in another 
manner. 

The submarine-cable problem, for telephonic use, is not 
an easy one, as gutta-percha, which, so far as our present 
experience must be used in some form, has such a 
relatively high electrostatic capacity that it has not been 
found practicable to use it for really long cables, and the 
problem of loading, which at first sight would appear to 
offer a solution of the difficulty, has not yet been met in 
a satisfactory manner. ; 

Finally, I have little doubt that the | of electri- 
cal means of inter-communication will in the future go on 
unchecked, and that those associated with, and respon- 
sible for, such progress will in the course of the next few 
years bring about such developments that they will be in 
@ position to compare in no unfavourable manner the 
advance of these particular branches of our work with 
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Seventh Report to the Alloys Research Committee : On th; 
Properties of a Series of Iron-Nickel-Manganese- Carbon 
Alloys.* - 


By Dr. H. C. H. Carpenter, Mr. R. A. Hapriz.p, 
and Mr. Percy Lonemurr. 
ConTENTs OF RxpPort. 

Introductory Note. 

General Introduction. 

Preparation and Mechanical and Heat Treat- 

ment of the Alloys at the Hecla Works. 
| Heat Treatment of the Alloys at the National 
Physical Laboratory. 
Table of Chemical Analyses. 


The Mechanical Properties of the Alloys. 


Introduction. 
Heat Treatment of Test-Pieces. 
Tests with forged material :— 
Bending Tests. 
Tensile Tests (Yield-Point, Stress, Elonga- 
tion, and Reduction of Area). 
Torsion Tests (Yield - Point, Twisting 
Moment, Angle of Twist). 
Compression Tests. 
Modulus of Elasticity. 
Shock Tests. 
Hardness Tests. 





General Summary of the Mechanical Tests, 


with Key Table of Properties. 
Alternating-Stress Tests. 


Alternating-Stress Testing- Machine. 


Properties of the Cast Alloys— 
Maximum 
Stress, Elongation, Reduction of Area). 


The Physical, Chemical, and Metallographical 
Properties, Including — 

The Resistivities. 
The Permeabilities. 
The Specific Gravities. 
The Dilatations. 
The Corrodibilities—in water. 

%9 ” —ia sulphuric acid. 
The Ranges of Solidification—of the alloys. 

as oa eS —of pure nickel. 
The Critical Ranges on Cooling. 
The Cast Alloys. 
Pure Nickel. 
The Forged Alloys. 

The Critical Ranges on Heating. 
Cast Alloys. 
Pure Nickel. 
The Reversibility of the Critical Ranges on 
Heating and Cooling. 
Some Properties of Nickel. 
The Metallography of the Alloys. 
Introduction. 
A. The Cast Alloys, cooled from 900 deg. 
Cent. (1652,deg. Fahr.) 


Mechanic: 


B. The Forged Alloys. 

C. The Forged Alloys, cooled from 800 deg. 
Cent. (1472 deg. Fahr.). 

D. The Cast Alloys cooled to — 100 deg. Cent. 
(— 148 deg. Fahr.). 

E. The Structure of Alloy K upon which 
mechanical work of various kinds has 
been done. 

F. Subsequent Heat Treatment of K. 

Concluding Remarks. 


Introductory Note.—The original scheme of the follow- 
ing research was drawn up by Dr. H. C. H. Carpenter 
and Mr. B. Keeling. j 

In seeking a subject of research which appeared likely 
to yield results of both industrial and more purely scien- 
tific importance, and while paying due regard to the 
recommendations of the National Physical Laboratory 
sub-committees, it’ appeared to the authors that Mr. 
R. A. Hadfield’s research on the alloys of nickel and 
iron} opened up more than one field of profitable inquiry. 
In particular, his opinion as to the function of nickel in 
triplex alloys of iron, carbon, and nickel, put forward in 
the mentions 4 mentioned, ‘suggested the desirability of ex- 
perimenting on a sitnilar series of alloys containing more 
notable amounts of carbon. Mr. Hadfield agreed to join 
in the research and to prepare a series of alloys of the de- 
sired composition. The alloys investigated are thus in 
every respect comparable with his previous ones. A study 
of M. H. Le Chatelier’s article, ‘‘ Les Aciers Spéciaux 
Industriels,” shows that the whole range of steels of the 
type about to be described are being studied in French 
steel works at the present time. _ f i 
Under pressure of other work in the National Physical 
Laboratory, Mr. Keeling had to relinquish his share in 
the research before the alloys arrived. His place has 
been taken by Mr. Longmuir. The research has been 

* Read before the Institution of Mechanical Engineers, 
November 17, 1905. First Report, see ENGINEERING, 
vol. lii., pages 548 and 579 ; Second Report, vol. lv., pages 
629, 659, and 686; Third Report, vol. lix., pages 742, 775, 
and 811; Fourth Report, vol. lxiii., pages 220 and 253; 
Fifth Report, vol. lxvii., pages 210, 259, and 294; Sixth 
Report, vol. lxxvii., es 138, 170, 205, and 239. _ 

+ Proceedings of the Institution of Civil Engineers, 
vol. exuxviii. 














henries, and the total added inductance per mile 
amounted to 40 millihenries, the original RK being raised 





that which we can foresee in all other branches. 





+ Revue de Metallurgie, 1904, pages 574 to 590. 
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carried out by the authors jointly, with the assistance of 
various members of the staff, to whom a detailed refer- 
ence is made in the concluding section of the paper. 

General Introduction.— Although the literature of the 
manifold alloys of iron and nickel is considerable, the 
number of experimental researches bearing on the investi- 
gations about to be described is by no means large. The 
authors have endeavoured to correlate their experimental 
results with those obtained by other workers in the same 
field, but, speaking broadly, only two other series of re- 
searches come under this head. 

1. The Prussian Society for the Encouragement of 
Industry,* as far back as 1892, inaugurated a series of 
investigations on nickel-iron alloys. In the course of a 
decade six reports were issued, of which practically only 
the last overlaps, and then only in a few places, the 
ground cov: in the present research. These reports 
deal only with the mechanical and working properties of 
the alloys. 7 : : 

2. In 1903 M. Guillet} published the results of experi- 
ments, in which the mechanical and working properties 
were correlated to the structurés, with three series of 
nickel steels, in each of which the nickel varied from 2 to 
30 per cent., and the carbon was 0.12, 0.22, and 0.82 per 
cent. on an average per series. These series, although 
low in manganese, are in other respects comparable with 
the authors’ series, and offer points both of comparison 
and contrast. 

The resources of the National Physical Laboratory 
have enabled the authors to investigate an unusually 
wide range of the properties of their alloys, which may 
be grouped under (a) mechanical ; (b) physical Ts 
metallographical),.and (c) chemical heads; and wit 
respect more particularly to” physical qualities, it has 
been possible to compare and contrast results with those 
obtained, notably by M. Osmond and M. Guillaume in 
the same field. 

The literature of the so-called ‘‘ Theory of the Nickel 
Steels,” which is almost exclusively a product of modern 
French thought, and which at the present time endea- 
vours to account for the properties of these steels on the 
basis of allotropic modifications both of iron and nickel 
hardly comes in the same category as the work descri 
by the authors. Nevertheless, they venture to think that 
their experimental results, more especially in the physical 
section of the report, may have interesting theoretical 
consequences. 


Preparation of the Alloys by one of the Authors, 
at the Hecla Works, Sheffield. 

The series of nickel-manganese-carbon-iron alloys, 
A-K, whose properties have formed the subject of inves- 
tigation of this research, has been prepared in the fol- 
lowing manner :— 

The base of the material used was Swedish charcoal 
iron of special purity. This was melted along with the 
necessary ingredients—nickel and Swedish white iron. 
By these means approximately uniform percentages of 
carbon and manganese were obtained, the nickel varying 
from nil to 20 per cent., as aimed at. The series may 
taken as showing satisfactory products, as the carbon 
percentages were on the whole uniform. ‘They vary 
from 0.40 to 0.52, 0.45 being the figure aimed at. The 
nickel percentages showed very little loss. The man- 
ganese percentages show a variation from 0.79 to 1.03. 
This element is notoriously difficult to obtain constant in 
any series of alloys. The exact loss on melting is shown 
in Table I., column 7. 














TaBLe I. 
ai Percentages Percen- 
Hecla | y E tage Loss 
Works Fhe Nickel | of Man- 
lark. "| Alloy. | Man- | Sanese in 
| Nickel. 'Carbon. ganese. Melting. 
ae 3. 4, Sb we -2 
1798 Aye! 39 A Nil | 047 | 0.95 4 
1798 Bix) 40 B 1.20 048 | 0.79 29 
1798 O/;| 41 © 215 | 0.44 | 083 | 36 
1798 Djs} 42 D 4.25 | 0.40 | O82 | 40 
1798 I..| 48 b 4.95 | 042 | 103 | 31 
1798 J..) 44 F 6.42 0.52 0.92 | 36 
1798 E..| 45 G 7.95 | 0.48 0.79 42 
1798 F/;, 46 H 12.22 041 | 0.85 45 
1798 G), 47 J 15.98 0.45 0.83 46 
1798 H/s, 48 K 19.91 0.41 0.96 28 





The original series did not include alloys E and F, 
column 3. These were prepared some months after the 
research been in progress, when it had become 
evident that more alloys were necessary to fill in the gap 
between 4 per cent. and 8 per cent. nickel, in which range 
the properties of the series underwent a profound change. 

The reference marks in Table I., column 1, are those of 
the Hecla Works; in column 2 they are those of the 
National Physical Laboratory. 

The reference letters in column 3 will be used through- 
out the report. 

The materials pre , together with the thermal and 
mechanical treatment they received at the Hecla Works, 
w “y as follow :—Ingots 24 in. by 2¢ in. by 2} in. were 
Half the cast ingot was forged down to a round bar, 
!| in. in diameter, and from 4 ft. to 5 ft. long. A 10-in. 
length of this was rolled down to 4 in. diameter round, 
giving about a 4-ft. length.t (This was not done in the 
case of A, the nickel-free alloy.) The two series of bars 


1 


" Berichte des Sonderausschusses fiir Eisen-Nickel- 
Leqierungen, 1892-1902. 
__| Bulletin de la Société d’ EB 
-Vutionale, May, 1903. 

+ G and H cracked slightly under this treatment. 





ent pour l Industrie 


be | able. 


were sent in this condition to the National Physical | 
Laboratory. From the 1}-in. diameter bars nearly the 
whole of the materials in the various tests— 
mechanical, physical, chemical, and metallographical— | 
were machined, after the resistivities had been measured. 
The 4-in. diameter rods were prepared primarily for the 
measurements of coefficients of dilatation. 
The other half of the cast ingot was machined (by the 
use of slotting tools in the case of the harder a. 80 as 
to give eight pieces 1} in. square and 5in. long. Of these, 
the first four alloys, A to D, were sent to the National 
Physical Laboratory, four each unannealed and four 
oa annealed at 750 deg. to 770 deg. Cent. (1382 deg. to | 


| 
| 
| 


1418 deg. Fahr.). The remaining six alloys could not be | 
machined without a eens softening process, which | 
is summarised in Table II. 


Taste II. | 


Ni - 
Alloy. Ni. Softening Treatment. 





per cent 
4.95 | Annealed at 750 deg. to 770 deg. Cent. (1382 
Fahr. ) 


E 
F 6.42 | . to 770 deg. Cent. (1382 
| deg. to 1418 deg. Fahr ). 

Annealed at 750 deg. to 770 deg. Cent. (1882 

deg. to 1418 deg. Fahr.), then reheated and 

cooled slowly from 700 deg. Cent. (1292 deg. 
| Fahr.). 

Annealed at 750 deg. to 770 deg. Cent. (1382 
deg. to 1418 deg. Fahr.), then at 700 deg. 
Cent. (1292 deg. Fahr.), afterwards at 650 
deg. O. (1202 deg. Fahr.), and finally very slow 

| . treatment at 560 deg. Cent. (1040 deg. Fahr.). 

15.98 | Annealed at 750 deg. to 770 deg. O. (1382 deg. 
| to 1418 deg. Fahr.), then at 620 deg. Cent. 

(1148 deg. Fahr.), afterwards slow treatment 

at 590 deg. Cent. (1094 deg. Fahr.), and 

finally treatment at 450 deg. Cent. (842 deg. 


G 7.95 


12.22 


r. 
19.91 | Annealed at 750 deg. to 770 deg. Cent. (1382 
deg. to 1418 deg. Fahr.). 





With reference to the special heat treatment necessary 
in the case of G, H, and J, the temperatures which gave 
the best results are in the neighbourhood of the critical 
ranges of the alloys on heating. 

e softening treatment given the forged bars at the 
National Physical Laboratory was based in the first 
instance on the experience gained with the cast ingot at 
the Hecla Works. Later, when the critical ranges on 
heating and cooling, and the types of structure of the 
series had been thoroughly investigated, some further 
experiments were made. 

he four hardest alloys F, G, H, and J have a mar- 
tensitic structure; on the one side they are bounded by 
alloys—viz., A to D,with a 
quite easy to machine ; on the other side by alloys with a 
polyhedral structure, of which K is an instance, which 
are also soft, and up to a certain point +7; | machin- 
Attempts were accordingly made to so heat-treat 

the bars that— . o 

(a) Either they passed into the pearlitic class by a very 
slow cooling ; 

(b) Or they were arrested in the polyhedral stage by a 
very quick cooling. ‘ cs ; ‘ 

One experiment to realise the condition described in 
(a) was very successful. After the treatment at 450 deg. 
Cent. (842 deg. Fahr.) a foot length of alloy J was kept for 
fifty hours at temperatures varying between 150 deg. Cent. 
(302 deg. Fuhr.) and 130 deg. Cent. (266 deg. Fahr.) [which 
ure very near the end of the critical range on cooling 
(see Table X XT., in a future issue)], and then very slowly 
cooled to the ordinary temperature. After this treatment 
it was machined with great ease. No separation of carbon 
in the form of graphite or temper carbon was thus caused. 
G and H were accorded a similar low temperature an- 
nealing, the former being kept for 120 hours between 
160 deg. Cent. (320 deg. Fahr.) and 120 deg. Cent. (248 deg. 
Fahr.), the latter for 100 hours at 90 deg. Cent. (194 deg. 


Tape III.—Chemical Analyses. 











arlitic strueture—which are | Th 





Ni Con- | w; Man- _ ..); Sul- Phos- 
Alloy. dition. Nickel. | Carbon ganese. Silicon. phur. phorus. 
A Cast Nil | 0.47 0.95 0.17 0.04 0.02 
- 1.20 0.48 0.79 0.18 0.02 0.02 
C { Cast jf 2.15 0.44 0.83 0.14 0.03 0.02 
Forged || 2.17 0.47 0.86 0.13 0.03 0.01 
D Cast 4.25 0.40 0 82 0.14 0.03 0.01 
E ne 4.95 | 0.42 168 016 | 0.03 0.01 
F 2 6.42 0.52 0.92 0.10 0.02 0.01 
G pan 7.95 0.43 0.79 0.17 0.02 0.02 
H it 12.22 | 0,41 0.85 0.17 | 0.01) 0.01 
J Forged, 15 98 0.45 0.83 0.08 | 0.02 0.02 
K Cast 19.91 0.41 0 96 0.13 0.02 0.01 


The values for nickel, carbon, and manganese are the mean of | 
those obtained in the chemical laboratories of the Hecla Steel | 
Works and the National Physical Laboratory: the values for 
silicon, sulphur, and manganese were determined only at the 
latter place. 

Alloy C was analysed in the cast and forged condition; the 
results of the two series differ only slightly from one another. 


Fahr.)—75 deg. Cent. (167 deg. Fahr.); but the bars, 
although machinable, were still quite tough. 

No success was reached in realising the condition de- 
scribed in (b). A 5-in. length of ingot strip H was heated 
to rather above 1000 deg. Cent. (1832 deg. Fahr.), and then 

uenched in water at 4 deg. Cent. (3 92 deg. Fahr.). No 
) > ma in either the hardness or the structure of the 
alloys could be detected. This result was confirmed in a 
second experiment. ; 

The chemical compositions of the alloys are shown in 
Table III, 








Tue MecHANIcAL Properties or NIcKEL STERL. 


Introduction.—The present report embodies an exhaus- 
tive examination of the mechanical properties of a series 
of nickel steels containing an average of 0.44 per cent. 
carbon and 0.88 per cent. manganese. Before detailing 
the results obtained it may be well to briefly note some 
of the work already done in this field. 

That certain of the nickel steels are of high value is a 
fact well known to all engineers. Commercially the 
presence of nickel in, say, a.structural steel is regarded 
as tending to raise the elastic limit and ultimate stress 
without seriously impairing the ductility. As types of 
commercial steels the following, Table IV., may be 
quoted from a recent paper* read before this Institu- 








tion :— 
Taste IV. 
j 
Analyses. ’ Maxi- 
N Yield | mum |Elonga- 
— Point. | stress, _ tion. 
Ni. Cc, Mn, Si. 
tons per tons per percent 
sq. in. sq. in. jon 2 in. 
46 2.950, 0.320 0.512 0.052 21.7 39.3 34.0 
47 | 8.610, 0.280 0.516 0.123 21.9 39.2 32.5 
48 4.175 0.310 0.625 0.112 33 7 50.4 21.5 


\ 
No, 46. Annealed at 600 deg. Cent. (1112 deg. Fahr.) to 
650 deg. Cent. (1202 deg. Fahr.) 
No. 47. Sheffield steel, bably annealed. 
No. 48. German steel oil-tempered as supplied. 


Other results could be quoted ; the foregoing are, how- 
ever, bf pee of commercial products 9 are of recent 
date. It will be noted that in two of them the content 
of nickel is approximately 3 per cent., the content of 
carbon is fairly similar, and in each case manganese 
is present in decisive quantity. 

Ithough these steels are a regular commercial product 
of fairly well-defined properties, the influence of varying 
contents of nickel is still a subject offering wide oppor- 
tunity for research. 

In an earlier paper} one of the authors published an 
examination of the effect upon iron of gradually increas- 
ing amounts of nickel, the latter element ranging from 
0.27 to 49.65 per cent. ; the average content of manga- 
nese being about 0.81 per cent., and that of carbon 0.17 
per cent. The necessity for the presence of manganese 
was indicated in the paper, and its effect evidenced on 
the steels by the fact that they were all sound and 
readily forgeable. The ‘‘ Key Table VI.” on 710, 
extracted from the paper quoted, gives at a glance the 
properties of the various alloys. 

ese results show that an increase in the content of 
nickel raises the maximum stress and lowers the extension, 
us 0.27 per cent. nickel gives an ultimate stress of 
31 tons per square inch and an elongation of 35 per cent.; 
whilst 15.48 per cent. nickel gives 94 tons and 2 per cent. 
elongation, both alloys being in .the fo: unannealed 


condition. Further increments -of nickel tend to lower 
the maximum stress and increase the ductility. Thus 
38 tons 


29 F aed cent. nickel & maximum stress o 
and an elongation of 33 per cent. The most characteristic 
feature of these results is found in the presence of a 
‘brittle zone,” members of which high tensile 
strength and low ductility. Alloys on either side of this 
zone are comparatively ductile. 

Though these results are familiar, their inclusion in 
this report is necessary for comparison with others sub- 
sequently described. 

err Rudeloff in 1896{ published the results of an 
examination of the properties of cast nickel-iron alloys, 
a summary of which appeared in the earlier paper on 
** Alloys of Iron and Nickel.” Later Herr Rudeloff§ 
examined the properties of nickel-iron-carbon alloys in 
the cast, Band omy and rolled conditions. Two of these 
alloys bear somewbat on the present work, in that whilst 
low in manganese, they are otherwise fairly comparable 
with two of the steels included in the series subsequently 
described. Theanalyses are as follow :— 








TaBLe V. 
| | 
, Ni and : . 
No. C. Mn. Co. si. | P. 8. Al. | Cu. 
p.c. pe. p.c. .C. pc | pa! pc. pc. 
0 41 0.06 8.07 0.05 trace 0.01 0.07 v.08 
21 0.43 0 03 813 0.04 o 0.01 | 0.05 0.06 


lt will be noted that aluminium has been used as a 
deoxidiser, and it is of interest to note that some of the 
steels were ‘‘ red-short.” The mechanical properties of 
Nos. 3 and 21 in the rolled and hammered condition are 
“—— in Table VII. (page 710). 

o. 3 lies between C and D of the authors’ series, 
whilst No. 21 is near toG. It may be remarked in pass- 
ing that the tensile results vbtained by Rudeloff from 
his No. 21 are, in comparison with the authors’ G, high 
in ductility and low in ultimate stress. 

M. Guillet, in his recently-published ‘‘ Les Aciers 
Spéciaux,” gives results obtained from three series of 
steels, containing respectively 0.12, 0.22, and 0.82 per 


* “ Heat-Treatment Experiments with Chrume-Vana- 
dium Steels,” by Captain Sankey and J. Kent Smith, 
December, 1904. 

+ ** Alloys of Iron and Nickel.” Proceedings of the 
Institution of Civil Engineers, vol. cxxxviii. 

t Verhandlungen des Vereins zur Befirderung des 
Gewerbfleisses. 

§ Sechster Bericht des Sonderausschusses fiir Eisen- 
Nickel-Legierungen. 
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TABLE VI.—ALLOYS OF IRON AND NICKEL.* BY R. A. HADFIELD. 
TensiLe Tests ; Foraep MATERIAL. Compression Tests. | Benpina Tests. Ea jis 
aaenS Br we Se sie |2 
J Forged Cast ast ast orge Forged 285 | > 
ANALYSES. Unannealed. Annealed. Unannealed. Annealed. |Unannealed. Annealed. Unannealed. Annealed. Bas fs 
Mark in -.3|/° 3 
| Elonga- : Elonga- : Shorten- Shorten- Sth | oh 
- Maxi- |; Reduction y; Maxi sap Reduction y; P old. i D te ae 
Yield- num 410m. Per, ot area Yield-| mum tion. Per of area Yield- ing. Per Yield- ing. Per! Bent to Bentto  Bentto  Bentto £52/% P 
Point. Cent. on | per Gent Point. Stress Cent. on Per © Point. Cent. at Point. Cent. at BES | 8c 
Ni Co. Mn. Stress. 2 In. so e 21 100 Tons. 100 Tons. § & 
: tons tons 7 tons tons tons tons “i 
A 0.27 0.19 0.79 19 81 3 «6| ~~ ~=«(66 20 28 37 52 22 50 “ a 18deg. 154 deg Double Double .. | 7.691 
B 0.51 0.14 | 0.75 = 20 30 so | @. 21 27 41 63 22 50 - re > . 80 4, By = a ea 
C | 095 O13 0.72 | 25 33 81 53 20 27 41 63 20 49 a : atc o. 2 3.93 | 7.785 
D 1.92 0.14 0.72 26 84 83 | 55 22 3L 36 53 27 47 - - 150 ,, Double * , ~ ae 
7 | $82 0.19 0.65 28 87 30 54 25 33 35 55 28 41 3 i 2 ,, 100 deg. 90 deg ce 295 |7.777 
F § 681 0.18 0.65 28 4 27 =| «40 28 37 33 51 40 37 2 és 11, 71 4, Double 9 * — 
7 | 765 0.17 0.68 31 49 26 42 30 45 26 41 40 33 i i Nil i. deg. | deg. | 277 | 7.743 
iH 9.51 0.16 0.86 42 85 9 18 32 56 2 2 70 3 iiel a 1 2 deg S w TS S vs on et 
I (11.89 0.18 0.93) 65 94 12 24 45 89 12 26 100 1 { AbT ABS : ‘ r% ae ee. 2.60 
J (15.48 0.23 0.93 55 94 3 2 68 1 80 1 a Ss 2 aS No test made. . 12758 
K |19.64 0.19 0.93 | 47 91 7 6 45 87 5 4 80 3 2 vs 3 4, 18deg. | 17 deg. a. 
L | 24.51 0.16 | 1.00 32 13 | 14 25 78 14 8 50 16 12 10 ,, No test made. 1.33 7.810 
M (29.07 0.14 0.86 = 25 38 33 44 16 87 43 51 20 41 163 ,, 64 ,, Double | Double | 1.47 | 8054 
N 49.65 0.16 1.08 No test made. 15 36 49 No test made. |, 3 « 19 4, No test made. ory ee 
a pene * “ Alloys of Iron and Nickel.” Proceedings of the Institution of Civil Engineers, vol. cxxxviii. 
Tasie VII. _ Fig. 1. senoine resrs. ‘- 
ba iederaeincl 180) : TENSILE TESTS. 
Compres- Fig.3. YIELD POINTS. 
ion at r 
7 Maxi- Modulus | -* E 
? " ial Yield longa- 71.8 Tons 150 : 
No. Condition. Point, | @um tion. yang per 
J: Square 
Inch. 
vit tons per tons per percent lb. per yer cent. 
sq. in. eq. in. | sq. in. 100 aed 
8 | Rolledand 21.9 $1.5 19.9 28,945,840 30.3 
hammered 4 
21 ~ Annealed 29.5 60.5 14.4 27,807,920 8.1 3 b = 
cent. carbon, nickel in each series varying from 2 to 30 a J 
per cent. Table VIII. (below) embodies these results, Bi 
and it may be noted that the carbon of each series repre- [ : 
sents an average, whilst the content of nickel is expressed E Fig. 4.maximum STRESSES AND 
to the nearest whole number. The three series are, how- r TWISTING MOMENTS. 
ever, very comparable, and show clearly the influence of é P g 125 — 
nickel on steels of varying carbon content, and containing a a a = : 


only traces of manganese. 

These results are very instructive. However, for the 
present attention may be confined to the following 
features :— 

a. Each series contains a brittle zone. 

b. In the firat series—0.12 per cent. carbon—the lowest 
ductility is found at a content of 15 per cent, nickel. 

c. In the second series—0.22 per cent. carbon—the 
lowest ductility occurs at 10 per cent. nickel. 

d, In the third series—0.82 per cent. carbon—the lowest 
ductility is found at a content of 7 per cent. nickel. 

In concluding this introduction, reference must be 
made to a manganese-iron-nickel alloy previously de- 


Tascie VIII. 


| 
Series I. | 
| 


Series II. Series III. 


Average Content of|Average Content of Average Content of 




















.; Carbon = 0.12 per | Carbon = 0.22 per Carbon = 0.82 per 
s cent. } cent, cent. 
=) | 
z ; erm “7 Pp 
3 e | | ge | § s | § 
e . = = | i=] ee = eer 
$ st £8 & lod £8) & of / EF & 
§ S£ 45 § |\S2\a8\8 B2\88 8 
Oo & a? wie a? | aie =" 1 
pc. tons tons p.c. | tons tons | p.c. tons | tons p.c. 
2 188 228) 2 | 19.4 265 | 21 28.9 | 67.6 , 15.7 
6 123 260; 2 | 229 81.6 | 20 37 64.2 10 
7 M2; 26; 21 | 36.3 20 57 57 0 
10 33.4 414 8 | 628 67.3 3.5 67.4 | 67.4 3 
12 39.1 61.0 3.5 | 56.5 78.8 4 62.7 | 62.7 9.5 
6 64.6 | 62.2 0.5 | 45.1 72,4 5.5 | 21.5 | 28.9 4 
20 62.5) 760 15 | 562 808 | 4.5 | 233 | 36 9.5 
25 30.0 61.6 6 | 182 34.7 | 20 24.2 | 47.7 | 22 
30 18.7 | 28.6 20.5) 21.1 35.6 | 32 30.5 | 506 32.5 








Tanie IX.—Manganese-Iron Alloy Containing Nearly 
7 per Cent. of Manganese. 


' 
Maxi- Elonga- 

















Analysis. Reduc- 
Mark Treatment. mum tionon tion of 

as Stress. 8In. Area. 

( Mn. 

Sis we | eS 

| cent. | | eq. in, * ent. 

4D 0.52 6.95 [Forged into test 25.43 1.5 
| bar and no further 
| treatment 





scribed by one of the authors.* In Table VI. Shore 
the high tensile strength and low ductility of alloy 
(15.48 per cent. Ni) will have been noted. A similar 
brittle product, but of much lower tensile strength, is 
obtained from iron alloyed with manganese to the extent 
of about 7 per cent., as shown in Table IX. 


* Engineering Conference. Proceedings of the Institu- 
ivil Engineers. Supplement to vol. cliv. 


tion of 


aod nating dogo 


> 1 
Nickel per cert. 


TENSILE TESTS. 
, Reduction of Area, 














(290834) 


man. 


are of much interest. 





Analysis. 
Mark. Treatment. 
Ni. ©. Mo 
pc. pc. pec 


1109D 14.55 0.60 5.04 Bar as rolled 
1109D 14.55 0.60 5.04 Unannealed, 
not toughened 
1109D 14.55 0.60 5.04 Quenched in 
water from 
1100 deg. C. 
(2012 deg. F.) 
3417 F 14.55 0.60 5.04 As forged 


8418 F 14.55 |0.60 5.03 Quenched in 
water from 
1100 deg. C 
(2012 deg. F.) 





5 rane 
Nickel per cent. 


| 











. 
BE. 
— | = 8 
i=] =—@ 
= | ee 
& a2 
» 
tons | tons 
per | per 
8q. in. sq. in 
27 54 
ee 56 
18 50 
27 56 
20 52 








TaBLE X.—Manganese-Nickel-Iron Alloy. 


Elongation 
on 2 In. 





iv] 
ae Be 88 


Ona 8 in. 
p.c. 32 
57 


Reduction 
of Area. 


| 
3| 


cent 


28 


- 
~ 


42 


| 


These results indicate some of the possibilities of 
manganese-nickel-iron alloys, an ultimate stress of 50 tons 
and an elongation of 75 per cent. forming a distinct record. | 

The series of alloys investigated in the research about Nickel-Legierungen. 
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A most singular feature, discovered by the author | to be described are practically alloys of iron, carbon, 
quoted, lies in the fact that the simultaneous presence of 
ganese and nickel in the foregoing amounts confers 
extremely high ductility, and the results, given in Table X., 


nickel, and manganese, the latter element being, how- 
ever, comparatively low, and varying within only small 
limits throughout the series. The results are therefore 
not comparable with the foregoing ones ; still some fairly 
exceptional properties are recorded in one instance, as 
reference to the various tests of K will show. 

Mechanical Properties.—The tests outlined in the annual 
report of the National Physical Laboratory for 1903 were 
selected with a view to determine a wide range of pro- 
perties. Owing to the many test-pieces required to cover 
this range duplicate determinations could not be made in 
the majority of cases. But although individual tests 
were not repeated, the concordant results obtained from 
different methods of testing enhance the value of any 
one result. For instance, if the results obtained from 
bending, tensile, torsion, and elasticity tests are com- 
pared, coincident properties will be noted. This agree- 
ment carries a far higher value when obtained by four 
different methods of testing, and is certainly more con- 
vincing than quadruple tests by one method. 

In order to obtain strictly comparative conditions all 
the tests have been conducted on ‘‘ material” that has 
been heated to 800 deg. Cent, (1472 deg. Fahr.). Refer- 
ence to the heating curves will show that a temperature 
of 800 deg. Cent. safely clears the critical ranges, and this 
temperature was therefore selected as most suitable for 
normalising a series of steels of very dissimilar critical 
ranges, A similar “annealing temperature” was selecte:! 
by Herr Rudeloff.* In the present work the above 


* Sechster Bericht des Sonderausschesuss fiir Eisen- 
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TABLE XI.—PROPERTIES OF THE SERIES OF ALLOYS. 
800 DEG. CENT. (1472 DEG. FAHR.). 


| 
| 
| 
| 
| 
i 
| 






























































TIARDNESSs TESTS. 


CONDITION OF MATERIAL ; FORGED AND COOLED FROM 


Corrosion TEsts, 




















| j 
aians TorRsION Ss | 2y Zu ae 
NALYSES. N TS. = ap 3 s i 
ANALY TENSILE TES Tests. i. . Snock Tests. sais 2 2 53 PERCENTAGE Loss, 
anne | #2 | ses |a 
: ‘ 3 : INDENTATIONS BSG FZ 2S 3 s% 

e } d $63 at | 3 s : IN yasa IN. b25 8S »% & 55 8 § len 
Ni ’ e b | 6 ee; s | & | a" Se ad 8 a° “ = ha 
Alloy z es | = 2 g's ba Bae A 2 |— S23 SS jsf 3 ws = 5 bod 

1 ne (Maximum! S | g |S legigh| & [seis ) < | «| 6 Age\Se Sgig 2824 | 4s |Ass 
Ni C. Mn to Yield-Point. Stress. |3 | 3 t | s5 | $2 £ 2 to : atell | Q@e\-2..2.\/8 ee eh 
= Bi Pam Ba ee ek & |88/Bg & | 87 | 8° lsSesigosig4|/ 3S jsn™ S| Se lane 
- ef/2/)8 |ee\is| € a & | & |g8ig 2552 p35 G03 g¢ 373/53 | 56 [388 
aa | . 6 | i $s EF Eas! is S$e22\ fe | 23 |ScF 
a a ma? | 3 HH <= g* a £5 Ps} a ae B ighTs gse DR al a" °° <* Sa qi & 
L. 2 3. 4 5. 6. 7. s. | o% | 10 | 1. ] 12 | om ais “= Tris 19 20. | 21. | 22 | 23. | 24. | 25. 26. 
— | ——_ i SO — | — —_ a —— ————— | ae 
p.c. | pc. p.c. Bent tons per sq. in. tons per | p.c. | p.c. in.-Ib.| deg. | p.c. | lb. persq.| in. in.-Ib.| deg | | 
to q. in. | \ } | | 
y ee 0.47 0.95 180° U 21.00 38.19 25 51.73 4277 ee 36.98 32,100,000 13.23 451 18 7.2 15 202 | 7.880 ).126@ .. 20.3 | 0.15 -- | 080 
B | 1.20, 0.48 | 0.75 |180° U 23.93 40.93 | 21 | 4280 5077 405 | 36.21 | 30,700,000 13.05 428, 17 6.4 | 14.5 7 | 7,800 0.1267 | 11.22 22.6 | O11} 0.23 | 1.10 
C 2.15 0.47 0.86 180° U 23.67 41.52 24.5 | 61.83 5609 |621 37.54 | 30,500,000) 13.67 454 16.5 7 19.5 212 | 7.884 (0.1268! 11.12 | 24.8 | 0.10 | 0.26 | 0.72 
D 4.25 0.40 0.82 180°U 29.16 47.86 |20 | 33.06 5071 |468 31.13 | 29,900,000, 13.92 460 14.5 | 6 12.3 217 | 7,867 9.1271 11.86 29.1 | 0.11 | 0.26 | 0.71 
E 4.95 0.42 1.03  30°B 33.95 60.09 2 | 3.71 6429 |177 6.64 | 29,500,000! 13.67. 217 Broken O} 4.2 8.7 821 | 7.876 0.1270| 12.07 | 39.3 | 0.12 | 0.24 | 0.66 
F | 642 0.52 0.92 | 10°B| None detected | 110.57 | Nil | Nil 7497 | 42.6 | 5.73 | 28,000,000) 13.67 16 a | 25 | 6.5 5%2 | 7.885 0.1263/ 12.23 | 42.8 | 0.12 | 0.93 | 0.58 
G 795 0.43 0.79 5° B, ~ 77. » | » 7938 | 20.1 8.57 | 27,300,000) 14.15 230 - | 2.5 5.7 578 | 7.883 \0,1269 12.18 43.9 | 0.12 | 0.23 | 0.54 
H 12.22 0.41 O85 10°B 31.56 80.24 1 1.63 8621 | 31.5 7.52 | 27,5C0,000) 14.17 436 | 7.5 | 3.2 6.2 (55 7.904 9.1265 13.28 60.5 0.10 | 0.23 | 0.44 
J 15.98 0.45 0.83 60°B 28 53 80.24 6.5 7.33 7329 118.5 | 9.31 | 27,400,000) 13.33 432 14.5 | 5 10.3 293 8.026 3.1246 17.54 63.3 | 0.09 | 0.18 | 0.28 
kK 19.91 0.41 0.96 180° U 15.33 4392 | 55 63.11 5662 l690 29.94 | 29,600,000) 13.77 452 28 |16 40 181 8.122 9.1231 19.65 75.4 0.09] 0.14) 0.23 
' | | | 


In column 5, U signifies unbroken ;_ B broken. 


| 
| 


treatment is differentiated from annealing in that the | angle of the series. H, 12.22 per cent. nickel, showed a | (— 295deg. Fahr.) to the ne | high figure of 157.2 tons 


bars were simply heated to the required temperature, | distinct yield-point at 344 tons, fractured at a higher load 
the source of heat shut off, and the muffle allowed to cool ' than G, and marks the return of measurable ductility. 
down to atmospheric temperature. The machined test- | J, 15.89 per cent. nickel, whilst giving the same tensile 
pieces were packed with bone ash in wrought-iron tubes, | strength as H, shows a better elongation (Table XL., 
the ends being closed with a plug of asbestos and mag- | above, column 8). K, 19.91 per cent. nickel, is charac- 
nesia. Two rows of tubes, placed in an 18-in. by 14-in. by | terised by the lowest yield-point, the highest elongation 
8-in. Fletcher muffle, were treated at one time, a thermo- | and reduction of area of the series (Table XI., column 9). 
couple placed in the centre of the top row indicating the | This steel, remarkable in a. respects, derives its chief 
temperature. The time taken in falling from 800 deg.” interest here from the fact that an ultimate stress of 
Cent. (1472 deg. Fahr.) to atmospheric temperature was | 43.9 tons per square inch is associated with an elongation 
usually about 16 hours, Each set of test-pieces was | of 55 per cent. on 2 in, 
treated at one time in order to ensure identical conditions| The foregoing tensile results are plotted on three 
in the series. separate curves (see Figs. 2, 3, and 4, page 710). Re- 
Bending Tests of Forged Steels.—The test-bars employed | ference to Fig. 2 shows at a glance the influence of an 
were 4 in. in diameter by 8 in. in length. About one- | ascending content of nickel on the ductility of the steels. 
third of the bar fitted into a ,%-in. hole drilled in a solid | The full and dotted curves represent sepaivey reduc- 
anvil, and the free end was turned over by blows from a tion of area and elongation. The general similarity of 
“striking” hammer. The results are given in Table XI., | these two curves with the one plotted from the bendin 
column 5. tests will be noted, though the greater sensitiveness o 


The first four members of the series all bent el, 
and in doing so developed no apparent flaws. The fifth 
steel marks a pronounced change, and it will be noted 
that E breaks at the comparatively small angle of 
30 deg. Yet the content of nickel in E is only 0.7 per 
cent. greater than in D, a steel which bent parallel with- 
out sign of flaw. Thereis a difference of 0.21 per cent. in 
the content of manganese, and a very slight one, of 0.02 


maximum stress. The value obtained for C at — 182 deg. 
Cent. seems somewhat high. The sharp rise of stress 
between E and F, and the almost as rapid fall between F 
and G, are creel well marked in both series. 
Elongation.—The alloys maintain the same general 
character at — 182 deg. Cent. (— 295 deg. Fahr.) as at 
the ordinary temperature. Up to 4 per cent. nickel they 
| are appreciably ductile, ——— to a diminished extent, 
Between 5 and 16 per cent. nickel they undergo fracture 
with almost no elongation. Finally, at 20 per cent. nickel 
there.is a reversion to ductility to the extent of 15.5 per 
cent. elongation. 
Thus, considering the two series of tests as a whole, 


| the general character of the eg ly unaltered by coolin 


| them to — 182 deg. Cent. (- 


deg. Fahr.), althoug 


| the tenacity is greater, and the ductility less, than at 


| ordinary tem 


ratures. The most marked difference is 
| found with K, where the tenacity is 3.58 times greater, 
and the elongation 3.55 times less than at ordinary tem- 


the tensile test differentiates between the first four steels | peratures. 


which gave equal results on bending. 
The yield-points noted in tension are plotted in Fig. 3. 


In order to complete this series of curves the authors | the twisting moment at fracture, expr 


had hoped to include the yield-points noted in torsion 


| Torsion Tests.—The test-pieces employed were 0.625 in. 

in diameter by 2in. parallel. The results obtained aapere 
in inch- 
unds, and the amount of torsion expressed in degrees. 


and compression, a hope which, unfortunately, could not | Reliable records of elastic strains were not obtained ; but 


be realised. 
The maximum stress curve plotted in Fig. 4 (page 710) 











per cent., in carbon ; such differences, however, can hardly ony emphasises steel F, and at the same time shows 
affect the issue, and the change in properties must be due | the influence of an ascending content of nickel. Finally 
to nickel. 
bending angle until a minimum is reached at a content of | steels may be er divided into two er in- 
7.95 per cent. Still further increments of nickel mark | cluding ductile and the other brittle steels. p to 4} per 
the gradual return of ductility as shown by angles 10 deg., | cent. nickel ductility is fairly high ; 4.95 per cent. nickel 


| from curves subsequently plotted a series of approximate 

0d. These curves were plotted 
angle taken at each 
from them the figures 


a was obtained. | 
'from observations of twistin 
increment of 0.2 inch-ton, an 


Further increments of nickel decrease the | both tensile and bending tests show that tle series of | (Table XIII., below) were obtained. 


Definite results obtained from the torsion tests are 
given in Table XI. (above), columns 10 and 11. 
The twisting angle of A cannot be accurately given 


60 deg., and 180 deg. for steels ie. respective y | marks an accession of brittleness, whilst 15.98 per cent. | owing to the fact that an autographic recorder attached 


12.22, 15.98, and 19.91 per cent. of nickel. The last stee C 
containing nearly 20 per cent. nickel, not only bent | complete at 19.91 per cent. nickel. The properties of 
parallel, but was afterwards closed up—a procedure which | intermediate steels would naturally be of much interest, 
developed no visible flaw. especially as the range in passing from the ductile to the 
In the diagram (Fig. 1, page 710) bending angles are | brittle zone is represented by 0.7 per cent. nickel. How- 
plotted against the content of nickel. The resulting | ever, the narrow extent of this range indicates that the 
curve, whilst showing no difference between five of the | change from ductile to brittle is, as already described, 
steels, does, however, indicate features worthy of early | “abrupt.” 
recognition in this report—viz., the abrupt change in| Tensile Tests of the Forged Steels at the Temperature 
properties at E, the improved ductility of ff and J, and | of Liquid Air.—In continuation of the research work of 
the high ductility of K. | one of the authors regarding ‘‘The Effect of Liquid Air 
Tensile Tests of the Forged Steels.—The average dimen- | Temperatures on the Mechanical and other Properties of 
sions of the test-pieces employed were § in. in diameter | Iron,” fully described in the paper read before the Iron 
by 2 in. parallel. This figure represents the largest dia- | and Steel Institute in May last, similar experiments were 
meter suitable for testing a series of bars, which, of | also made with the same series of steels dealt with in the 
necessity, had to be broken in a 10-ton testing-machine. present research. The test-bars were of standard ‘ype, as 
Actually in one case this diameter proved too large for | used in the research above mentioned. Table XII. is 
the machine, and the piece had to be reduced before it | alist of the tests. 
could be broken. With this exception, mentioned here- 
after, all the pieces were of comparative size. - —_—__— 
In Table XI. (above), column 6, ‘‘ yield-point” repre- | 
sents the first appreciable permanent set as ype ed 


TasBLe XII, 


Tests at — 182 ~ 4 Cent. 
r. 


Percentage of (- 205 Deg. -). 











means of fine dividers. In the case of A to D the yi Ni Alloy. Nicke 
points noted in this way were coincident with the “drop rd eee AE rie 
of the beam.” With the exception of F and G, all the Tensile. Elongation. 
yield-points were well marked; the two exceptions showed : 
bh. ahaa. or, at any rate, none that could be de-| B -_ tons per eq. in. per cent. 
s | »] 1 5. . 
PS, — stress (column 7) increases fairly gradually up | D 428 75.4 100 
, and at the same time ductility does not seriously | : 4.95 88.0 nil 
de rease, For some reason, not i. sppncent, the duc- F 6.42 142.2 2.5 
tility of B is less than that of C. The abrupt change G 7.95 91.1 0.5 
etween D and noted in the bending is further | ; ae A | 2 
emphasised in the tensile tests, and it will be noted that K 19. . r 


' . : A | 91 157.2 5. 
&n increase in nickel of 0.7 per cent. raises the maximum : ; 9 
Stress some 12.23 tons per square inch, at the same time 


decreasing the elongation by 18 per cent. Ductility has| All the above bars were magnetic before and after test- 


disappeared entirely in F, which gives the maximum | ing with the exception of K, which was only very slightly 
ton ‘'e strength of the series. When first tested, this magnetic before testing in liquid air. After the test it 
4 < In. in diameter, was loaded to a weight equivalent to | was strongly magnetic. 3 

dign ns Per square inch without effecting fracture. The| Maximum Stress.—Comparing the figures with those 
= «ter of the piece was then reduced, and on re-testing | obtained at ordinary temperatures, there is in every case 


‘re occurred at 110.57 tons per square inch. G, 7.95 | an increase of tenacity. Alloy H shows the least increase 
per cent. nickel, marks a distinct fall in tenacity, and | —viz., from 80.2 to 87.2 tons per square inch. With 
tows no tendency towards regaining ductility. This | alloy K, however, the value, 43.9 tons, obtained at 


nickel denotes the return of ductility. This return is | to the specimen failed to give a record. However, as 


estimated by the flow lines on the broken piece, the actual 
twist is greatly in excess of that undergone by B, and 
probably exceeds that of C. Subsequent tests from A 
onwards were made by actual observation of the twisting 
angle at each increment of 445 inch-pounds. 

he characteristic features of the tensile tests are re- 
produced in the torsion results—viz., an increase of 
rigidity is associated with a rising content of nickel until 
a maximum is attained; from thence rigidity falls and 


Tasie XIII. 


Ni Alloy. 


Apparent Yield-Point. 

A No record. 

B 2205 inch-pounds 

Co 2646 ” 

D 2205 as 

E 8969 oe 

F,G, H None detected. 

J 2764 inch-pounds 

K 1323 os 
ductility increases. The maximum in this case occurs 
with H, and not with F, as in the tensile tests. The 


resulting curve is plotted in Fig. 4 (page 710), for com- 
parison with that of maximum stress, and it will be noted 
that this curve is of a more regular character than the 
companion one of tensile strength. Although the two 
maxima occur at different contents of nickel, the general 
character of the two curves is one of fairagreement. This 

ment is rendered more evident by a comparison of 
the twisting angle with the elongation and reduction of 
area yielded by the tensile tests. Reference to Fig. 2 
( 710) will show this comparison, and it will be noted 
that the ductility of the series in tension or torsion is 
practically similar. 

Torsion results of K are again worthy of a special note 
—viz., a twisting moment of 5662 inch-pounds associated 
with a twisting angle of 690 deg. 

Compression Tests.—The compression cylinders were 
0.35 in. in diameter by 0.56 in. high, these dimensions 
being selected in order to attain a maximum load equal 
to 100 tons per square inch. See Table XI. (above), 
column 12. The compressibility of the series decreases wit 





Stee! in the bending tests also gave the lowest bending | the ordinary temperature, rises at - 182 deg. Cent. 


an increase of nickel until a minimum is reached at G, 
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7.95 per cent. nickel. The compression curve, Fig. 5, 
has a strong resemblance to preceding curves represent- 
ing different aspects of ductility. It will, however, be 
noted that, in the return of the curve, the right-hand 
branch does not attain its initial height. 

Modulus of Elasticity. — Elastic measurements were 
taken by means of Professor Ewing’s extensometer from 
bars 0.5 in. in diameter by 8 in. parallel. Duplicate 
determinations gave a series of very concordant results, 
which, on the whole, form one of the most valuable sets 
of the series. 

The modulus results are given in Table XT. 711), 
column 13, and plotted in Fig. 6. Attention is directed 
to the fact that the base line of the curve does not corre- 
spond to zero. The curve bears a marked resemblance to 
those in Figs. 1 and 2 (page 710), except in respect of A and 
B. These exceptions impart a more regular contour to 
the curve. 

It will be noticed from these results that the modulus 
of elasticity falls at first as the percentage of nickel is 
increased. Now corresponding to a small modulus a 

reat elastic compression is produced by a given force. 

hus at first the elastic compression or extension due to 
the action of pressure or tension within the elastic limit 
rises as the nickel content is increased. The rise is at 
its maximum at about 8 per cent. nickel. From 8 to 16 

r cent. nickel the modulus is approximately constant. 

ut it has been seen that the elongation at break decreases 
very markedly with the rise of nickel until a content of 
about 64 per cent. is reached. From 64 to 12 per cent. 
it is practically nil. 

Thus it follows that the specimens of very small duc- 
ine 4 yield most to pressure or tension within the elastic 
imit. 

Shock Tests.—The following description of the impact 
testing - machine used for shock tests, together with 
Fig. 7 =. has been furnished the authors by 
Dr. Stanton and Mr. Jakeman :— 

‘The machine consists of @ cast-iron anvil A and a tup 

T, each supported by four pieces of steel strip } in. wide 
by 5 in. thick and about 12 ft. long. The anvil A has 
two heavy bosses on the sides, through which pass two 
pieces of round steel bar, These can be adjusted to 
protrude any distance towards the middle of the anvil, 
and are locked by means of the set-screws C C. The ends 
of these bars are cut away to hold the knife-edges K, 
against which rests the specimen S, kept at the right 
height by adjustable supports R. The tup T is provided 
with a steel knife-edge .E, adjustable outwards so as to 
just touch the specimen when the tup and anvil are at 
rest. ' 
‘*From the back of both tup and anvil a string is car- 
ried over @ ge | near the roof, with a small weight 
attached (just sufficient to keep the string taut). The 
rise of these weights is a measure of the height through 
which the tup or anvil is raised. The actual heights of 
the tup and anvil corresponding to the observed motions 
of the small weights on the strings were obtained by 
separate experiment. 

‘*The anvil weighs about 60 1b. and the tup about 47 Ib. 
The specimens used in these tests were 5 in. long by ¢ in. 

uare, and were notched on the tension side with a small 

groove. The knife-edges were Pe 44 in. apart. 

“The method of test was as follows:—The specimen 
was placed in the anvil and the tup.tied back at the 
desired height by a piece of thin string. The tup 
was then released by severing the string with a sharp 
knife, and an observer noted the height to which the 
anvil was forced, while a second observer noted the height 
to which the tup swung after the blow. 

‘*The work given as that uired to deform or break 
the specimen is the difference between the kinetic energy 
of the system before and after the blow, calculated from 
the heights to which the masses were raised.” 

Table XI. (page.711), columns 14, 15 and 16, give the re- 
sults of the shock tests, from which it will be seen that only 
three of the steels fractured, the remaining ones bending 
to a greater or lessextent. The weight of the striking ham- 
mer was 46.7 lb. ; distance apart of knife-edges, 4.6 in. ; 
dimensions of specimens, 5in, x 0.375 in. x 0.375 in. ; 
depth of notch (V ve), 0.04 in. The fact that the 
whole of the steels have not broken probably imparts to 
the results a greater value than if fracture had occurred 
in each case, for by selective action the dangerously-brittle 
steels are at once picked out, Generally speaking, the 
differences between the first four steels,* nickel from 0 to 
425 per cent., are not great; they were all bent, and 
shock developed no visible faw in any one. When, how- 
ever, the nickel content is raised from 4.25 to 4.95 
cent., then decisive brittleness under shock is shown; this 
insrement of only 0.7 per cent. results in the steel frac- 
larry 4 with comparative ease. The minimum is found 
with F, a result which coincides with that of the same 
steel under tension. The behaviour of H is noteworthy, 
a steel which, in the preliminary bending tests, fractured 
on reaching an angle of 10 deg. Under shock this steel 
absorbs 436 inch-pounds, and bends to an angle of 74 deg. 
without developing any apparent flaw. The ex iture 
of an equal amount of work in tue case of A and K shows 
the higher ductility of the latter even when that work is 
— as shock. 

y taking the bending angle in conjunction with the 
energy absorbed, a very fair idea of the properties of the 
steels under impact is obtained. These two sets of 
observations are plotted in Fig. 8, where it will be noted 
that the series of steels follow generally the order ob- 
served in the earlier tests. 

Hardmess.—Considerable difficulty was encountered in 
machining some of the steels; in fact, E to J were almost 
beyond the limit of ordinary tools, and the various test- 


*It must be remembered that these four steels did not 





pieces of these steels were more conveniently ground to 
size. Types of hardness are shown in the foregoing tests ; 
it was, however, desired to ascertain some measure of the 
ee offered by the series to the penetration of a 
tool. 
In the first place two series of scratch tests were made 
with (1) a hardened steel point such as is used for mark- 
ing scales, and (2) a diamond, both sets of scratches, repre- 
senting standard conditions, being made under a uniform 
load in a dividing-engine. On magnifying the resulting 
scratches, in order to test their width, the following 
difficulties were met with :— 

1. The edges of all the scratches were torn and ragged. 

2. The form of the scratches was an approach to a V. 
Hence a combination of rough edge and sharply receding 
width of scratch rendered accurate measurements of 
width difficult, if not impossible. 

The second method followed was based on a relative 
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penetration of a hardened steel point. Taking Swedish 
iron as unity, the following figures were obtained :— 


Tasik XIV. 


Material. } Relative Hardness. 


Swedish iron 
Ni alloy A 


SnaS 


wero 


pe Po ho 


These values, determined before E and F were added 
to the series, are relative only, and represent material 
that has not been heated to 800 deg. Cent. (1472 deg. Fahr. ). 

Finally, a series of heat-treated specimens, § in. in 
diameter by about § in. high, and polished on one face, 
was tested for hardness by means of Unwin’s indentation 
test. .This method is familiar; it may, however, be well 
tu recall the fact that the indenting tool is a straight 
knife-edge formed by a square bar of hardened steel ; and 
that the indentation is produced by a steady load. The 
indentations were measured in one-thousandths of an inch, 
and the penetration at two loads is shown in Table XI. 
(page 711), columns 17 and 18. 

In each case a load of 0.5 ton represents the zero read- 


ing. With C and K, loading could not be carried further passed 


without danger of deformation. 

The results (including load in tons of 3.5, 4.5, and 5.5), 
plotted in Fig. 9, yield a series of curves which show 
at a glance the relative resistance offered to the penetra- 
tion of a hardened knife-edge. Plotted in another form, 
as on Fig. 10, the effect of an increasing content of nickel 
on the relative hardness of the series is shown. The two 
curves, plotted from readings 1 5 and 2.5 tons respectively, 


| are again similar to preceding curves, in which one or 


) 


| more aspects of ductility figure. The high ition of 

K on the return part is of much interest. This steel. 
though the softest of the series, is difficult to machine, 
owing to the fact that work has an appreciable harden. 
ing effect. Whilst the steel cuts freely at first, as the 
—— the hardening effect is shown by the dimi- 
nished cutting power and blunting of the tool. Thus in 
sawing small sections of the steel by means of a power- 
driven hack-saw, when a notch of about 3 in. in depth 
is obtained, the saw absolutely refuses to go further, and 
if the action is continued, the teeth of the blade are 
stripped. The authors fully recognise that an apparent 
contradiction between working properties and hardness 
determinations is here shown. They, however, venture 
to think that an explanation will be found in the section 
dealing with the influence of work on the structure, in 
which it is shown that work creates a fresh structural 
material, which is hard. 


£ug.7. IMPACT TESTING MACHINE, AT NATIONAL 
PHYSICAL LABORATORY. 
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Hardness Test.—Brinell Ball test carried out at the 


| Hecla Works, Table XI. (page 711), column 19. For 


| purposes of comparison it may be stated that Swedish 
| charcoal iron has a hardness number of 122 as forged, 
|and 90 as normalised or annealed. Forged nickel (99.8 
| per cent. nickel) has a hardness number of 106. 

| The results in Table XI. place the alloys in the same 
| order as those obtained by the knife-edge method. ‘The 
| first four alloys give nearly the same values. At 5 per 
| cent. nickel a marked increase in hardness is seen. ~The 
| hardness reaches a maximum value at about 8 per cent. 
| nickel, the values over the range 6.5 to 12 per cent. being, 
| however, very similar. At 16 per cent. a very marked 
'drop has occurred, and at 20 per cent. the softest alloy 
of the series is seen. 

General Summary of the Mechanical Tests —The results 
|of the mechanical tests are summarised in Table XI. 
| (page 711), columns 5 to19. Dealing with this series of 
| tests of the different mechanical properties, it will be 
|seen that they all give the same kind of result. With 
the introduction and increase of nickel content up to 
4 per cent., the change in the properties is gradual ; the 
| material, when under elustic stress, yields more to the 
stress ; at the same time, after the apparent yield-point is 
the maximum stress increases. Although the 
| change of properties is gradual, there is in nearly every 
| case a more or less pronounced kick in the curves between 
|0 and 4 per cent. nickel. At some point between the 
| percentages of 4.25 and 4.95 nickel there is a very sudden 
change in nearly all the properties, evidenced by a rapid 
increase of maximum stress, which reaches the highest 
value at 6.42 per cent. nickel, a fall of ductility, and an 
increase of brittleness as shown by the bending, ten~ion, 
torsion, and shock tests. Thus, as far as industria( 
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products are concerned, a danger limit Sor nickel content is 
found at 4} per cent., when carbon and manganese are 
present to the extent of 0.44 per cent. and 0.88 per cent. 
respectively. ' ) 

After this sudden break in the curve the various pro- 
perties alter more slowly again until a percentage some- 
where in the neighbourhood of 16 is reached—i.e., the 
brittle zone extends from about 5 per cent. to 16 per cent. 
From this point on the change is more rapid, and in the 
reverse direction to the original, rapid change. 

Fig. 1 (page 710) is thus roughly typical of any of the 
curves. 

The nickel-iron alloys quoted in Table VI. (page 710) 

show a sharp decrease in ductility at 9.51 per cent. 
nickel, a slight improvement is manifested at 11.39 per 
cent., whilst from 15.48 per cent. to 19.64 per cent. 
the product is distinctly brittle. At a content of 24.51 
per cent. nickel an improved ductility is shown, which is 
rendered more complete at 29 per cent. The alloys in- 
cluded in Table IV. (page 709) are directly comparable 
with the authors’ present series, in that they contain 
similar contents of manganese, and were produced under 
similar conditions. Therefore the two series show that 
the influence of carbon, when present to the extent of 
0.44 per cent., is to lower the beginning of the brittle 
zone to between 4.25 per cent. and 4.95 per cent. nickel. 
Not only is the inning lowered by the presence of 
carbon, but also the end of the brittle zone, as evidenced 
in the various tests of K. This steel may be compared 
with alloys M and N on Table VI. (page 710), and 
such comparison will show that ductility 1s regained at a 
much lower content of nickel when the alloys contain 
«carbon. 
M. Guillet’s results quoted in the introduction have 
shown the lowest ductility in the 0.82 per cent. carbon 
series at a content of nickel in the vicinity of 7 per cent. 
The authors’ various tests of a 0.44 per cent. carbon series 
containing manganese give the lowest ductility over a 
range of from 5 to 8 per cent. nickel. Further, Guillet’s 
brittle zone, 0.82 per cent. carbon series, extends from 
7 per cent. to 15 per cent. nickel; the 5 
giving an elongation of 10 per cent., whilst the 20 per 
<ent. nickel steel gives an elongation of only 94 per cent. 
It will be remembered that K, 0.41 per cent. carbon and 
19.91 per cent. nickel, of the authors’ series gave an 
elongation of 55 per cent. F 

Alternating Stress Tests.—The construction of the 
altenating stress machine in the Engineering Depart- 
ment* (a brief description of which is given at the 
nd of this paragraph) was completed while the authors’ 
experiments were in progress, and a series of pieces of 
the heat-treated forged bars was put through the test. 
‘The diameter of the test-piece was 0.251 in. The results 
are given in Table XV. 





TaBLE XV. 
Stress in Tons per Square Inch. 
nj | Number ot ; Reversals) 
Alloy Reversals Minute 
for Fracture. * | Tension. ar es) Range. 

1. 3. 3. 4. 5. 6. 

A 69,000 805 18.2 130 | 312 
B 177,000 810 18.5 13.2 31.7 
Cc 99,000 807 18.3 13.0 31.3 
D 111,000 845 20.1 12.4 34.5 

Unbroken 
after 
E 1,070,000 851 20.3 14.5 34.8 
F 102,000 825 19.1 13.7 32.8 
G 266,000 855 20.5 14.7 35.2 
H 70,000 842 19.9 | 14.3 34.2 
J 238,000 851 20.3 | 14.5 34.8 
Unbroken | 
after | 

K 1,295,000 851 20.3 14.5 348 


Fresh specimens of E and K were turned to 0.200 in. in 
diameter, and gave the following results on testing :— 








a, 2. 3. 4. 5. 6. 
E 45,480 758 25.1 18.0 43.1 
K 14,600 816 29.2 20.8 50.0 


Beyond directing attention to the high reversals 
numbers for alloys E and K, in comparison with the 
remaining eight alloys, the authors prefer to give 
Table XV. with no comment other than that, except in 
the case of K, the stress was in each case less than the 
apparent yield-point. Conclusions with reference to the 
beLaviour of the alloys under a test of this kind can only 
be drawn from a large number of experiments, and it 
has not been possible to attempt this. Accordingly these 
results have been intentionally omitted from the preced- 
ing section, and no attempt has been made to correlate 
them with the results of the other mechanical tests. 

Alternating-Stress Testing-Machine.—The principle of 
this machine is that of employing a rotating crank to 
Cause periodic motion of a reciprocating mass by means 
of « connecting-rod, the specimen under test forming the 
connection between the reciprocating mass and the cross- 
head. This device has been employed by Professor 
Osborne Reynolds in the testing-machine at Owens 
College, which is of the vertical type with a single 
valanced crank. In the National Physical Laboratory 
machine there are four cranks operating four specimens, 
the notion of the specimens being in a horizontal plane. 
*y this means the balancing of the machine is made inde- 
pendent of the ratio of the crank-arm to the connecting- 
fod, so that a length of crank-arm has been adopted 


* See Encrngenine, February, 1905. 


r cent. steel | 


which enables experiments to be made at moderately low 
speeds—i.c., from 600 to 1000 revolutions per minute. 
Although this arrangement causes the motion of the 
specimens to deviate from the simple harmonic law, the 
effects on the stresses set up in the specimens are suffi- 
ciently small in value to be neglected, so that the 
maximum tensile force on the specimens may be taken as 


W iy (1 + ; ) pounds, 
g 
and the maximum compressive force on the specimens as 


Fwer(1 - = ) pounds, 


g 
where 
W = weight of mass attached to end of specimen in 
unds ; 
‘= ius of crank-pin ; 
@ = mean lar velocity of crank-shaft ; 


1 = length of the connecting-rod. 


‘«Tt will be observed that the maximum tensile stress is 
1.4 times the value of the maximum compressive stress, 
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na : Elonga- Reduc- 
Ni on Yield- Maximum ‘|; 
Alloy. Condition. point. | Stress. ej _ ay: ag 
tons per tons per ‘per cent. per cent. 
sq. in. 8q. in. 
B As cast 27.47 49.54 6.28 5.86 
Cast heated 
B { £0 500 de 0. } v2.07 | 48.28 | 1498 | 1488 
| 








which is approximately the ratio of the stresses in the 
iston-rod of an ordinary reciprocating steam-engine. 

e form of specimen adopted is the same as in Reynolds 
and Smith’s experiments, consisting of a 5-in. bar screw 
cut #-in. Whitworth, and turned down in the centre to 
a diameter of } in. for a length of 4in. Great care has 
to be taken in the pon mg of the specimens to ensure 
a gradual change of section in the turned-down part, as 
the effect of a change of section on the resistance of 
the specimen is much more marked in the case of tests 
under alternating stresses than in statical tests. For 
the tests descri in the present report, as the 
material was too hard to be screw-cut, special holders 
were made, to which the specimens were attached by 
means of set-pins.” 





Mechanical Properties of the Cast Material.—As an 


example of the influence of heating’ the cast material to 
800 deg. Cent. (1472 deg. Fahr.) the tensile results 
obtained from B may be quoted. ( Table XVI.). 

Table X VII. gives the tensile results obtained from the 
cast steels after cooling from 800 deg. Cent. 


Taste XVII. 














Content of . 

Ni Yield. Maxi- Elonga- Reduc- 

Alloy. Point. ™um | tion on tion of 

i i C. Mn. Stress. 1.75In. Area. 
per per per 


tons per tons per per per 
in. sq. in. cent. | cent. 
. 0.47 0.95 19.24 38.49 15.42 16.26 
1.20 0.48 0.79 22.07 43.23 14.28 14.88 
2.15 0.47 0.86 25.79 42.84 | 17.70 | 28.51 
4.25 0.40 0.82 28.11 43.49 13.10 17.94 
x . J 36 56.09 14.28 24.43 
| 6.42 0.52 0.92 $7.13 57.51 6.20 8.42 
7.95 0.48 0.79 41.47 | 74.08 4.50 5.68 
12.22 6.41 0.85 39.85 71.19 6.20 6.88 

15.98 0.45 0.83 31.59 76.55 4 \e 

19.91 0.41 0.96 17.94 29.69 14.30 19.05 
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These results follow generally the same order as those 
of the forged material, maximum tensile strength, how- 
ever, being represented at a content of 7.95 per cent. 
nickel. Singularly enough, this maximum is associated 
with an elongation of 44 per cent., and the three steels, 
which in the forged condition are distinctly brittle, show 
in the cast normalised state elongations of 6.2 per cent., 
4.5 at cent., and 6.2 per cent. These results are re- 
markable and unusual, but some analogy will be found on 
reference to Table VI., page 710. us alloy H, 9.51 
per cent. nickel, in the forged annealed condition frac- 
tures atan angle of 5 deg.; the same steel in the cast 
annealed state bends to an angle of 8 deg. Somewhat 
similar results were found in the case of J, and it will be 
noted that, in bending, this steel in the unforged condition 
reaches an angle of 9 deg., whilst in the forged state 
fracture occurs at an angle of 3 deg. The compression 
results of J are also of interest, the cast unannealed allo 
shortening some 5 per cent., whilst the forged enenneniea 
shortens only 1 per cent, at 100 tons per square inch. 


(To be continued.) 





Our Rats ABROAD.—The exports of rails from the 
United Kingdom in October, this year, showed an appre- 
ciable improvement, having amounted for the month to 
50,158 tons, as compared with 25,627 tons in October, 
1904, and 40,059 tons in October, 1903. The demand for 
British rails upon South African account still continues 
extremely languid ; but there was a change for the better 
in October in the Indian demand, while there was also 
more inquiry from Australasia. The shipments to the 
four princi colonial groups in October compared as 
follows with the corresponding shipments in the corre- 
sponding months of 1904 and 1903 respectively :— 


Colonial Group. Oct., 1905. | Oct., 1904. | Oct., 1903. 





tons | tons tons 

British South Africa ae 1,255 | 4,375 6,598 

British India se oe 15,030 | 9,268 | 9,335 

Australasia .. - o 6,047 4,391 889 

Candas ss) 568t | lonl |S 6,088 
! 


Argentina took 6577 tons of British rails in October, as 
compared with 2328 tons and 2031 tons in the correspond- 
ing months of 1904 and 1903 respectively. Our aggre- 
gate rail exports to October 31, this year, were 464,835 tons, 
as compared with 437,233 tons in the corresponding period 
of 1904, and 528,160 tons in the corresponding period of 
1903. The colonial demands figured in these totals for 
the following amounts :— 











Colonial Group. 1905. 1904. 1998, 
tons tons | tons 

British South Afric 25,629 53,568 | 112,716 
British India on 145,799 122,280 | 95,529 
Australasia .. oe 28,501 26,181 | 44,207 
Canada ee 28,386 39,739 78,940 


It will be seen that the course taken by the demand for 
British rails in South Africa has been extremely dis- 
appesntiog, not to say disheartening: the after effects 
of the Boer War have, indeed, been worse than the 
effects of the Boer War itself, so far asthe inquiry for 
British rails is concerned. Some compensation for South 
African depression has, however, been found in the better 
demand for rails from British India. The Canadian 
demand has been a notwithstanding the 
activity prevailing in Canadian railway construction ; 
an explanation for this is probably to found in the 
larger inquiry for American rails a Canadian markets, 
as well as in the pr which has been made in the 
Canadian metallurgical industry. The shipments of British 
rails to Argentina to October 31, this year, were 78,062 
tons, as compared with 69,725 tons and 30,660 tons in 
the commpeneng periods of 1904 and 1903 respec- 
tively. This is due to the remarkable pape of 
Argentina, and also to the large investments made in 
——— railways by British capitalists. Argentine 
railways are, so far as the finding of capital is concerned, 
very largely British undertakings, and it is not surprising, 
accordingly, to find that rails and rolling stock have been 
almost entirely supplied from Great Britain. The value 
of the rails exported from the United Kingdom in the 
ten months ending October 31, this year, amounted to 
2,305,608/., as compared with 2,133,132/. in the first ten 





months of 1904, and oC ISU. to the first ten months of 
1903. 
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“ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


Comprtep.sy W. LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS OF 1883—1902. 

The number of views given in the Specification Drawings is stated 
in each case oheré none are mentioned, the Specification is not 
illustr 

Where inventions are communicated from abroad, the Names, 
é&c., of the Communicators are given in italics. 

by A 4 ifications may be obtained at the Patent O, Sale 

‘anch, 25, a Buildings, Chancery-lane, W.C., at 
the uniform price of 

The date of the advertisement of the ance of a Ci 

ification is, in each case, given after the abstract, unless the 
‘atent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement of the accept a Complete Specification, 
ge notice at the Patent O, of opposition to the grant of a 

‘atent on any of the grounds mentioned in tie Acts. 





PUMPS. 


171. J. T. Rossiter, Chiswick. Air - Pumps. 

18 Figs.) September 19, 1904.—This invention has reference to 
that type of air-pump for use with a steam-engine condenser 
wherein one pump is used for withdrawing air and vapour from 
the upper part of the condenser, and a separate pump is used 
for withdrawing water of condensation from the lower part of 
the condenser, and it has for object to improve the construction 
and working of such pumps. ere are two vertically-arranged 
air-pumps 1 of the kind mentioned, mounted side by side upon 
a closed crank-chamber 2, into which the lower open ends of the 
pump barrels3extend. The plungers 4 of the two _— work 
on to oppositely arranged cranks on a shaft 6 t extends 
through one end only of the crank-chamber 2, and is mounted in 
separate bearings that are turned on their lower sides to fit cor- 
pecans 3! formed seats cut in the lower part of the crank- 
hamber 2, this arrang t admitting of the easy removal of the 
crank-shaft 6 and bearings without disturbing the barrel or pipe 
joints. Each 4 aoe 1 comprises a cylinder 9 provided with 
an external lower flange, by which it is cugpertes upon the crank- 
chamber 2, and with an internal ~ go ange 11 for carrying an 
external Sore on the upper end of the pump-barrel 8, the lower 
end of which is located within the lower end of the outer cylinder 
9, and is in free communication with the crank-chamber 2. 
Between the upper part of the pump-barrel 3 and the surround- 
ing cylinder 9 is an annular space or chamber 15 that communi- 
cates with the interior of the barrel 3 through inlet openings 
arranged so as to be uncovered by the plunger 4 when its down- 
ward stroke is nearly completed. The annular space or chamber 
15 is adapted to be p! in communication with a condenser. 
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The head valve plate 19 is secured to the top of the barrel 3, 
and is located below the top of the cylinder 9, so as to form a 
chamber 26 in which water may be placed for covering the head 
valve 21 arranged upon the plate 19. The top of the cylin- 
der 9 may be provided with a cover 22 fitted with an outlet 
pipe 23. The pump-plunger 4 is of trunk form and is con- 
nected to the érank-shaft 6 by a connecting-rod 24 and yn 4 
pin, and can, when disconnec.ed the crank-shaft 6, be with- 
drawn Lar the top of the pump barrel 3 and cylinder 9. The 
upper end of each pump-barrel 3 is connected by a pipe 26 to a 
port*or passagé so located in the barrel 3 of the acent air- 
pump that it will be placed in communication th h that 
»parrel with the condenser just as the plunger of the first air-pump 
completes its up-stroke, and the plunger of the second air-pum: 
completes its down-stroke. In the example shown, the upper cna 
of each pipe 26 communicates with the —— end of one pump 
barre] 3 ata _ just below the level of underside of the 
flange 11 of the Lass genes pump cylinder 9, and its lower 
end communicates with the barrel of the other pump ata point 
a short distance below the top of the corresponding pump- 
plunger when the same is in its lo:vest position, and each pump- 
peaseer 4 has formed in its periphery a short vertical recess ex- 
tending downward for a short distance from its upper end, the 
arrangement being such that the recess in one plunger will con- 
nect the upper end of the corresponding pump-barrel with the 
upper end of the corresponding pipe 26, and the recess in the 
other plunger will t the lower end of the said pipe with 
the other pump-barrel and the inlet openings, when the one 
—— is at or near the end of its upward stroke, and the other 
s at or near the end of its downward stroke. (Accepted Sept- 
ember 6, 1905.) 


RAILWAYS AND TRAMWAYS. 


2765. Allien and Limited, F. Blan 
and W. E. Robinson, Shemeld. ‘automatic Points. 
{6 Figs.) February 10, 1905.—In ordinary connected points 
used as trailing points for a junction, or as facing and 














trailing points for a loop end, each point is often fitted with 4 
tongue, the tongues being connected together by a rod. On this 
rod and at the side of one point is fixed a spring which holds the 
tongues, according to usual practice, on the right-hand side of 
the points, thereby leaving the to the left hand open. 
When a car is runuing out of a loop on to a single line the treads 
of the left-hand wheels run over the head or tread of the right- 
hand point, whilst the right-hand wheels are running over the 
left-hand tongue during the time it is moving laterally, thereby 
causing undue wear to the left-hand tongue and the tongue 
bed ; and the object of the invention is to obviate this defect. 
The name a of the left-hand point is made shorter than the 
tongue & of the right-hand point, and the width of the longer 
is so increased that as soon as the flanges of the wheels of a car, 
when em | off a loop, enter between the right-hand tongue at 
the heel end, and the head or tread of the point, both tongues 
will, through being connected, be moved over to the left-hand 
sides of the points, and owing to the tongue of the left-hand 
point being shorter than the tongue of the right-hand point, it 























will be moved over in advance and held in the required position 
before the wheels of the car reachit. Asin some cases it may be 

ble that the motion given by the flanges of the wheels pass- 
ing between the tongue and the head of the right-hand point is not 
sufficient to move the tongue of the left-hand point far enough 
and hold it, the connecting-rod c, c! is constructed in halves, the 
inner end of one half ¢ being formed with a slot working on a pin 
which projects from a lever or rocking-plate e in the centre of 
the connecting-box f. The other hali of the rod c! is also formed 
with a slot at its inner end working on a pin which can be ad- 
justed so as to give a variable motion or stroke to the tongue of 
the left-hand point. The connecting-rod is also provided with 
right and left-handed screws and sleeves A, 41, by which either 
half of the rod may be lengthened, shortened, and adjusted as 
circumstances may require. A spring jis also provided for re- 
storing the points to their normal position. All these connecting 
and adjusting appliances between the two tongues are fitted and 
ys ina channel or box f, provided with a cover or covers, 
Fi, _ protection and examination. (Accepted September 6, 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


1104. A. Baldock. Packing. [4 Figs.) 
January 20, 1905.—In a packing according to this invention there 
is employed a plurality of parts of material having eiastic or resi- 
lient properties, and these are combined and worked up together, 
making an intertwined braided, or laced, or twisted part or strip, 
constituting a backing. According to one construction, this 

king is made up of a number of strips or cords of india- 
rubber or other elastic material, or combined india-rubber or 
elastic material and other suitable material of any suitable shape 
and size, and plaiting or braiding them together in any suitable 
manner, the number of strips or cords used being according to 
the size and nature of the packing. These cords or strips may be 
braided or made up under tension in some cases. a represents 
the body of the packing, which may be of any kind in which 
elastic backings are at present used or may be used ; and b repre- 
sents the elastic backing enclosed near the outer edge of the 
ge this packing being of the braided type shown in Fig. 2. 

e elastic backing } in Fig. 3 consists of a main strip as shown 
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with slits b! cut in it at intervals, and a strip b2 of rubber inter- 
laces the other strip in and out inthe manner shown. In a back- 
ing according to this invention, while the several parts will be 
close together, yet they will not constitute a solid backing in 
the packing—that is, the several parts of which the backing is 
eomposed will be capable of moving or adjusting themselves, and 
be more resilient than if the whole backing were of a solid single 
strip of rubber or the like, and the resiliency of this backing will 
be in all directions, and when in a stuffing-box or place of use, 
while the packing will produce a fluid-tight joint with less pres- 
sure, it at the same time causes the face of the packing to act 
uniformly or in such a manner that it produces less friction on 
the part to be packed, or in connection with which it works. 
Hence a ——— with a backing so constructed is superior to 
those in which the packing is made of solid rubber or the like, 
in that it enhances the efficacy of elastic-backed packings, and 
will prevent the deadness and solidity of kings when screwed 
and tightened up in the stuffing-boxes of engines or machines. 
(Accepted September 6, 1905.) 


and G. Sinclair, Jr., Leith. 
Wi Tube 8 {6 Figs.] October 29, 
1904.—This invention has for its object to improve and simplify 
the construction, combination, and arrangement of parts forming 


chambers A are, by preference, curved on their under sides, bein 
carried on stools C, and their upper sides, which are flat and have 

kets D running transversely at intervals, form tube-plates into 
which the lower ends of the generating tubes E are secured. The 
upper ends of these generating tubes E are secured to the under- 
side of a corresponding ber of similar but inverted chambers 
A. The rows of tubes are arranged in pairs, with an intervening 
space between each pair. The tube-plates of both the lower and 
upper chambers A, at all these spaces, are stamped to form the 
pockets D, which run transversely and terminate at a short 
distance from each side ; or these pockets may be formed in the 
space between every four rows of tubes alternately top and bottom : 
that is to say, the pocket in one plate is opposite a space without 
a pocket in the other plate, to permit of an easy withdrawal or 
insertion of a tube in either row when necessary without dis- 
turbing any of the other tubes. In the combustion space B, 
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immediately above the fire-grate K, there is set transversely a 
drum L, to which is secured a number of tubes M, extending 
up to and entering into a transverse flattened part on one end of 
the upper chamber A. ese tubes are arranged in one or, it 
may be, in two rows, and their ends may be reduced in diameter 
so that the tubes can be set close together ; or the tubes M may 
be made parallel throughout, and their ends inserted in the tube- 
plates with a space left between them sufficient to prevent the 
weakening of such plates. A circulating pipe, which may be fitted 
with a blow-off cock, extends from the under side of each lower 
chamber A to the drum L in the combustion space, so that circu- 
lation is made to take place from the lower chambers A through 
the drum L and angled tubes M to the upper chambers A and down 
through the vertical tubes E. The furnace gases after leaving 
the combustion space B pass amongst the vertical tubes E, being 
made to take a circuitous course by firebrick partitions P in the 
spaces between the rows of tubes. (Accepted September 6, 1905.) 


23,927. Sir W. H. Bailey and A. J. Bailey, Salford. 
Steam-Traps. (4 Figs.) November 5, 1904.—This invention 
relates to improvements in steam-traps, and has for its principal 
object to obviate the wera A of making steam joints in the 
trunnions or swivels, and this object is accomplished by employing 
flexible pipe connections to a rising and falling tank or recep- 
tacle. a designates the tank, ) the supporting lever, e the counter- 
weight, f the steam pipe, andg a flexible pipe which is alternately 
an inlet and a discharge pipe, connected at one end to the chamber 
of the discharge valve h, and at the other end to the tank a. The 

pindle of the discharge valve / is hollow, and also carries a second 
valve j of larger area than the valve A. This valve j is fitted in a 
cylinder above the discharge valve h, and the cylinder is connected 
by a port with the end of the pipe f. Adjoining the cylinder is a 
valve chamber m, ted to the bottom and top of the cylinder. 
In the chamber m is fitted a valve p, the stem of which is con- 
nected to the weighted supporting-lever b of the tank a. A sieve 
or strainer q for the arrest of impurities is preferably fitted in the 
steam pipe /, and the top of the tank a is connected by a flexible 
pipe s to the pipe f at a point above the sieve g. A hand-wheel ¢ 
is fixed on the of hn stem i to clear the valve h when required, 
and a port is formed in the hollow stem to connect the upper part 




















of the second valve cylinder through the hollow stem with the 
outlet or discharge pipe wu below the discharge valve h. When 
the tank a is empty the parts occupy the relative positions shown, 
and water of condensation from the pipe / flows through the 
flexible pipe g into the tank a, any steam orair escaping through 
the flexible:pipe s back into the pipe /. The discharge valve h is 
meanwhile kept closed by the fluid ———— from the pipe / pass- 
ing through the port leading to the second valve cylinder, and 
acting on the underside of the valve j. The valve p is held down 
on its seating by the lever and weight e. When, however, the 
tank a is full, or nearly so, it falls, and the wei¢ht ¢, being raised, 
lifts the valve p off its seating, thus allowing fluid flowing from the 
second valve cylinder port to escape through the passages which 
the valve p controls, down the hollow stem 1 andaway by the outlet 
pipe w. fhe fluid pressure on the underside of the valve j being 
thus relieved, the fluid pressure acting on the discharge valve h 
is free to open it and allow the water of condensation, up to that 
t imprisoned in the tank a, to escape through the flexible 








a water-tube boiler. In carrying out the invention ac 


g to 
the example illustrated there is provided a lower water chamber | 


A, or two or more such chambers may be used. The chamber is 
of any desired ey and extends back from the rear end of a 
combustion space B, in which a fire-grate K is arranged. These 


ipe g, discharge valve A, and outlet u, until the tank 4, having 

n emptied, or nearly so, the weight ¢ again raises it, and the 
| parts resume their initial positions, as shown in the figure. (Ac- 
' cepted September 13, 1905.) 
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TRIPLE-SCREW TURBINE-DRIVEN 
CUNARD LINER “CARMANIA.” 


Tue unqualified success on trial of the new 
Cunard liner Carmania, driven by steam-turbine 
machinery of the Parsons type, affords further 
and convincing proof of the success of the turbine 
system, and gives an assurance of similarly satis- 
factory results in the case of the two great 25-knot 
Cunard quadruple -screw — now approaching 
the launching stage at the Clydebank and on the 
Tyne respectively. Indeed, it is not too much to 
say that the advent of the Carmania has been an- 
ticipated with great interest in every maritime 
country, and her performances on the Atlantic 
service, on which she enters to-morrow, will be 
followed with keener attention than in the case 


results on Atlantic passages of a steamer of exactly 
the same dimensions, form, and boiler power, the 
only variant being the type of propelling engines. 
The Caronia, the sister-ship, with the ordinary 
reciprocating machinery, was also built at Clyde- 
bank ; and as she has reached the high-water mark 
of economy both in coal and water consumption, 
excelling even the Saxonia, a very high standard has 
been set, by which the Carmania will be judged. 
There is every prospect of a satisfactory issue so 
far as the new prime mover is concerned. On her 
speed trials on the Clyde the Carmania attained a 
speed one nautical mile per hour greater than that 
of the Caronia when running under exactly corre- 
sponding conditions —i.e., without having been 
docked—as we shall show when dealing with the 
trials. Comparing the performances of the two 
ships, the boilers in the Carmania steamed much 











Fie. 1. 


even of a new “greyhound.” It is, therefore, 
with satisfaction that we place before our readers 
full details of the structure, together with informa- 
tion of the highest interest regarding the long series 
of turbine experiments, undertaken at the works of 
the builders, to ensure absolute reliability as far as 
that is possible in design and manufacture. 

Messrs. John Brown and Co., Limited, Clyde- 
bank, who built, engined, and entirely equipped 
the Carmania, are to be congratulated on the results 
of their work. In this ship we have practically 
the highest development of the turbine system, not 
only in respect of the carefully evolved details of 


desizn, but also of the size of the machinery, the 
shi) being the fastest steamer of her great dimen- 
Slons now afloat. It is therefore all the more satis- 


fact ry to know that it will be possible in a few 
months to make a precise comparison between the 
Performance in service of the Carmania and the 





more easily, ordinary Scotch coal being used. The 
acceleration in speed from starting was greater, 
and as regards steering we have the testimony of 
the pilot to the effect that the vessel took the 
tortuous curves of the Clyde channel in proceeding 
down the river from the builders’ yard as easily as 
did the sister-ship, the Caronia ; indeed, for part of 
the way she was steered by the engines, owing to a 
temporary stoppage of the steering-gear. When 
running at full speed on the measured mile, the 
Carmania, with 15 deg. of helm, turned in three- 
fourths of a mile, as compared with four-fifths in 
the case of the Caronia ; but in respect to circling 
tests, we shall presently give fuller data. There 
was, as we shall prove later, an entire absence of 
vibration. 

From every point of view, therefore, there is 
promise of good results when the ship is tested 
under the more searching and, therefore, more 








convincing conditions appertaining to the Atlantic 
service. When a sufficient amount of data has 
been accumulated, we hope that the Cunard Com- 
pany will assent to its publication, and therefore 
render a further great service to engineering. As 
Mr. J. G. Dunlop, the managing director of the 
Clydebank Works, put it at the luncheon at the 
trials of the Carmania on the 22nd ult., the pro- 
fession is immensely indebted to the Cunard 
| Company for the enterprise and courage which 
characterised their decision in accepting the buil- 
ders’ proposal to fit turbines to one of these 
steamers, so that such full comparative particu- 
lars could be obtained. We have had occasion to 
refer once and again to the determination of the 
late Lord Inverclyde to maintain British ship- 
ping supremacy, and it is a matter for general and 
keen regret that an untimely death should have 








Tue ‘‘CaRMANIA” ON THE Measured MILE. 


taken him away ere yet he could see the first realisa- 
tion of the great step which he inaugurated. But 
in his successor, alike to the title and in the 
directorate of the company, there is every proba- 
| bility that the traditions of the family and of the 
Cunard Line will be fully maintained. 





THE DESIGN. 


It was at the beginning of September, 1903, 
when the late Lord Inverclyde was engaged in 
negotiations with the Government regarding the 
building of two high-speed steamships to conduct 
the North Atlantic mail service and to be utilisable 
as armoured cruisers, that the idea of adopting 
turbine machinery for large ships was first proposed. 
The Cunard Company appointed a commission, com- 
posed of some of our leading engineers, to investi- 
_ gate the subject, and to collate all data available. 
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These researches extended over a period of six 
months, and were embodied in a report which 
was presented to the Cunard Company in 1904. In 
December, 1903, however, Messrs. John Brown 
and Co., when tendering for a duplicate of the twin- 
screw steamer Caronia, then in course of construc- 
tion at their works, submitted an alternative design 
proposing turbine, instead of reciprocating, engines ; 
and their proposal meeting with the approval of the 
Cunard Company, the order for the Carmania was 
placed with them early in 1904. This proposal 
showed not only courage on the part of Messrs. 
John Brown and Co., and of the Cunard Company, 
but confidence in the invention of the Hon. Charles 
A. Parsons, C.B., which circumstances have since 
proved to be fully justified. It is true that steam- 
turbine machinery had been fitted in a number of 
Channel steamers, but these were of comparatively 
small displacement. - The Allan Line had also 
about the same time decided upon the construction 
of two vessels, subsequently named Victorian and 
Virginian. But the step taken in the adoption of 
the system in the Carmania was a great one, even 
when the proportions of the Allan liner’s machi- 
nery are tolen into consideration. One fact alone 
serves to indicate the magnitude of the advance 
made by the Clydebank company. The weight 


of the largest unit in marine turbine machinery ! 


previously constructed—the low-pressure turbines 
for the Virginian and the Victorian—was only 78 
tons, whereas each completed low-pressure tur- 
bine in the Carmania weighs 340 tons. Such a 
step in marine engineering is unprecedented, and 
the further advance from the Carmania, even to the 
large 25-knot Cunarders now under construction, 
is comparatively insignificant, because in these 
latter ships the largest units — the low-pressure 
turbines—will only be about 25 per cent. greater 
than those in the Carmania. 

In the four and a half years which have elapsed 
since the first commercial steamer fitted with tur- 
bines was put upon service, the Parsons turbine 
has thus attained to the highest position of any 
marine propelling machinery, a fact which of itself 
proves the enormous value of the epoch-making 
invention of Mr. Parsons. It is true that the 
rapidity of this advance is in a great measure due 
to the cumulative knowledge of a century in thermo- 
dynamics, in the structure of metals, and in applied 
science generally ; but it is attributable still more 
to the inspiration which enabled Mr. Parsons to 
give a valuable heritage to the world of science. It 
was therefore gratifying to have a full tribute paid 
to the inventor at the trials of the Carmania by 
both builders’ and owners’ representatives, notwith- 
standing that Mr. Parsons had no direct part in 
the work associated with this latest triumph of his 
ingenious engine. 

Many problems have had to be faced in evolving 
details of design, owing to the step from the com- 
paratively small turbines of previous ships to the 
huge machinery of the Carmania, with low-pressure 
rotors 11 ft. in diameter, and with casings of cor- 
responding size. The difficulties were in part due 
to the necessity of reducing the speed of rotation, so 
that the propeller might be of coarse pitch and sufli- 
cient area to deliver an adequate thrust, which is 
an important factor—perhaps more so than revolu- 
tions—in the maintenance of high speed by large 
ships through rough seas. The greater diameter 
of the turbines to reduce the speed of rotation 
brought increased difficulties in connection with 
expansion and contraction. Messrs. John Brown 
and Co. therefore, in view of the magnitude of 
the power involved and of the tremendous step 
undertaken, decided to organise an experimental 
station, and to thoroughly investigate almost every 
detail in design, so as to arrive at as close an approxi- 
mation to success as was possible, not only in 
respect of design and detail, but also of manufac- 
ture. Later we shall deal with the results of these 
experiments as embodied in the Carmania. 





THE DIMENSIONS OF THE SHIP. 

Entering now upon a detailed description of the 
ship and her machinery, it may be said at the out- 
set that the Carmania represents, so far as construc- 
tion and strength are concerned, the experience of 
a long series of years. The Clydebank Works have 
been engaged in the building of Atlantic liners for 
over fifty years, beginning, so far as the Cunard 
Steamship Company is concerned, with the Russia, 
of 1867, the first of the New York screw-propelled 
Cunarders. In succession there have come from the 








works many ‘‘ record-breakers,” and some of the 
finest representations of the modern intermediate 
class. The Carmania and Caronia are among the 
seven or eight largest of the world’s ships, but no 
vessel of greater size has attained the same high 
speed ; while the internal arrangements are un- 
excelled for effectiveness and comfort. The leading 
dimensions of the ship are tabulated below :— 


Length between perpendiculars La 659 ft. 
ke overall ... Ks aso ... 672 fc. 6 in. 
Breadth, moulded .. 72 ft. 
Depth, moulded ... hie eee 52 ,, 
Depth from keel to roof of navigating 
bridge... che oa es es 90 ,, 
Depth from keel totopoffunnels ... 14,, 
a os oe masts bis A 
yross register tonnage ... on .. 19,524 tons 
Collective length of decks Fa --- 3900 ft. 
First-class passengers & oe 300 
Second-class passengers ... on aa 326 
Third-class passengers ... Ste ech 1000 
Steerage passengers ae fe ia 1000 
Officers, engineers, and crew ... pee 710 
Total ... FA sie bee ind 3336 : 
Draught in working condition... 33 ft. 3} in. 
Displacement at this draught ... 30,918 tons 


In order to obtain the speed of 19 knots, which 
was considerably exceeded in both ships, as will 
be shown later, a coefficient of fineness under 0.7 
was adopted, notwithstanding the large carrying 
capacity. But even in the 25-knot ships the co- 
efticient will not be so low as is the case with some 
modern cruisers, where the necessity for adopting 
a moderate length for the purpose of minimising 
the weight of heavy armour, and also for reducing 
the target presented to the enemy, involves a fine- 
ness in some cases of not much over 0.5. 





THE BUILDING OF THE HULL. 


We give on Plates XI. to XV., and on pages 717 
and 718, a series of illustrations of the construction 
of the hull ; and as the Caronia and Carmania are 
alike, except at the stern, these views may be said 
to represent either ship. The work of building 
both steamers has been carried forward with a 
rapidity consistent with the traditions of the Clyde- 
bank Works. The first plate of the Caronia was 
laid down on June 15, 1903, and she was launched 
on July 13, 1904; after having been docked in 
Liverpool to have the hull cleaned and painted, 
she proceeded on her trials on February 6, 1905, 
so that she was completed in 19} months. Had 
the Carmania been fitted with ordinary reciprocating 
engines of the same type as the Caronia, even this 
satisfactory performance would have been improved 
upon. The Carmania was begun on February 29, 
1904, and was launched on February 21, 1905, 
being then in an unusually advanced state of con- 
struction ; but, as we have already incidentally 
remarked, and will presently demonstrate, a long 
series of suggestive experiments were undertaken 
so as to ensure the realisation of the best results 
possible in connection with turbine machinery. 
As a consequence, the Carmania has taken longer 
to complete than would otherwise have been the 
case ; but any delay that there has been is more 
than compensated for by the assurance which comes 
with the satisfactory nature of the details in 
design. In the construction of each vessel 12,000 
tons of steel and 1,800,000 rivets were required. 
Many of the plates were 1 in. thick, 32 ft. long, 
and 5} ft.in width. In many cases the plates have 
quadruple riveting; the sheer-strake is quintuple 
riveted, 1}-in. rivets being used. 

Our first illustration, Fig. 2 on Plate XI., shows 
the building of the internal keel, or centre girder, 
of the structure. In connection with the flat keel- 
plate forming what may be termed the bottom 
boom of the girder, a departure has been made ; it 
is formed without outside straps, and consequently 
a flush surface is obtained for the entire length of 
the vessel. This is a great convenience in connec- 
tion with the dry-docking of the ship. The flat 
keel is built up of three thicknesses of plating 
about 55 in. broad, and with a combined thickness 
of 3in. The internal vertical keel-plate—the web 
of the girder—is 5 ft. deep and over an inch in 
thickness, and is secured by heavy angles to the 
flat keel-plates and to the inner bottom floor- 
plates. This construction is continued for the 
whole length of the ship, although the keel-plating 
is ‘reduced in thickness at the forward and after 
ends. 

The engraving, Fig. 3 on Plate XI., gives a good 
idea of the bottom framing of the ship. Of a width 





at the central part of 70 ft., tapering towards the 
bow and stern to take the form of the ship, this 
structure is built up of floor-plates at right angles 
to the centre girders, of a depth of d ft., and 
extending nearly to the turn of the bilge. Fitted 
intercostally with these there are on each side of 
the centre girder three longitudinals, secured by 
angles, and forming, with the plating, the double- 
bottom structure of the ship. . This double bottom 
is used for carrying water ballast, and to give access 
to all parts and, incidentally, to lighten the struc- 
ture, holes have been formed in both the floor- 
lates and intercostal girders, as shown in Fig. 4 on 
late XII. The fourth girder from the centre line 
is continuous, and from it there extend tail-plates, 
as shown on each side in the view, Fig. 3. These 
terminate with the longitudinal known as the 
margin-plate, which also is continuous. Between 
the fourth continuous girder and the margin-plate 
there isa further intercostal, which very materially 
strengthens the ship at the turn of the bilge, 
ie assists to take up the stresses due to the bilge 
eels. 

The side framing above the double bottom is of 
channel section, 9 in. deep for the greater part of 
the length of the vessel amidships (Figs. 6 and 7 
on Plate XIII.). The spacing of the framing in the 
centre part of the ship is 32 in., and at the bow 
and stern, where heavy angles take the place of 
the channels, it is diminished by steps to 27 in. 
These angles have reverse angle-bars near the edge 
of the transverse flange. Each fifth frame in the 
machinery and boiler compartments, and each 
sixth frame forward and aft, are of web section, 
built up of 4-in. plates 30 in. deep, with strong 
angles on the inner edge and double-angle con- 
nections to the shell of the ship (Fig. 7). The web 
frames extend vertically to the main deck. Fig. 12 
on the opposite page is a view of the framing at the 
bow of the ship, where the structure is specially 
strengthened by girders and stronger beams, in 
order to take the thumping or panting stresses. 
The web frames were built in the framing-yard, and 
were fitted there, with all connections hydraulic- 
riveted, and subsequently moved to the building- 
berth. The frame angles to the shell are joggled 
in the way of the double bottom ; but outside the 
double bottom the shell is worked with the usual 
raised and sunken strakes, having slips fitted be- 
tween the raised strakes and the frames. 

The main framing thus described extends to the 
bridge-deck amidships, and to the weather-deck at 
the ends of the ship (Fig. 8). The decks above 
this, forming promenades for the passengers, with 
central deck-houses for cabins and saloons, are 
supported by heavy angle standards, 6 in. deep and 
8 ft. apart. 

The shell plating is for the most part 1 in. in 
thickness, and generally of 5 ft. width of strake. 
It is lap-butted, and almost entirely quadruple- 
riveted. The four topside strakes of the plating of 
the hull are double-strapped and quadruple-riveted. 
Within the range of the double bottom the shell 
plating is also double-strapped, treble-riveted in- 
side, and double-riveted outside, and the butts of 
the keel-plates are treble-riveted. Wherever pos- 
sible hydraulic riveting was resorted to, and 
even before the rivets were put in, the plates 
and angles were forced and held together by hy- 
draulic power, so that the temporary bolts and nuts 
would bring the surfaces as closely together as pos- 
sible before riveting. In this way there was abso- 
lutely no possibility of yielding when the rivets 
were put in. The work done by hydraulic power 
includes the centre girder, keel-plate, garboard 
strake, the centre strake of the inner bottom, the 
intercostal girders, the end frames to the reverse 
angles of beam-knee brackets, the bridge - deck 
shear strake, the shelter-deck stringer angles, and 
the side stringers between the web-frames. The 
rivets in the shell and tank top-plating vary from 
jin. tol, in. in diameter, spaced on an average 
4 to 5 diameters apart. In the bulkheads the 
sizes generally are { in. in diameter, spaced 4 to 5 
diameters apart ; the deck rivets are # in., spaced 
generally 4 to 5 diameters apart. The riveting- 
machine was, as is shown in several illustrations, 
carried on a beam, having on its other end a counter- 
balancing weight. This beam was supported in 
the centre upon a lattice-built column running on 
wheels, or on a small truck running on the railway 
track which was laid on each successive deck as 
soon as there were beams to carry it. 

Two types of riveters have been used: the 
hinged riveter of the scissors type, and the bow 
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dies are of hard cast steel, and the cylinder-cover 
is of mild steel; the piston is of gun-metal, and the 
working valve is of the piston type and is in gun- 
metal. A relief arrangement is provided, so that 


in the event of the arms being closed when the dies 
are not in place, no damage is done in the cylinder- 





head, the water escaping. Two hangers are pro- 
vided, so that the dies may be worked in a hori- 
zontal or vertical position ;. by moving the point of 
suspension to the right or left along the hanger, the 
dies will lie at a corresponding angle. The machine 
is especially suitable for riveting in corners, 

The bow riveters ranged from 52 in. to 69 in. 
gap. The main casting is in Siemens-Martin steel, 
the piston is a steel forging, and the cylinder is 
lined with gun-metal; the operating-valve is of 
the piston type and is in gun-metal. A projecting 
web is carried round the back of the outer flange, 
and is bored with a close pitch of bolt-holes, so that 
the machine can be slung with the dies either in a 
horizontal or a vertical position. 

In Figs. 4 and 5 on Plate XII. the plating of the 
inner bottom up to the margin plate is clearly 
shown. The plating in this case averages 4 ft. in 
breadth of strake and about } in. in thickness. It 
is, however, thicker in the boiler and machinery 
spaces, where further strength is imparted to the 
structure by a greater number of longitudinal 
girders built intercostally with the floor-plates. 
This inner plating is lapped, and triple-riveted at 
the butts and double-riveted at the edges, as will 
be seen from the two engravings on Plate XII. 
The joggling of the angle under the lap may also 
be seen in the floor-plates beyond the inner plate 
laid in Fig. 4. 

There are twelve bulkheads, built of 4-in. plating, 
with 10-in. channel stiffeners extending to the lower 
deck and spaced 30 in. apart. These are connected 
by large brackets to the tank-top plating and to 
the lower deck, and are joggled at the laps of the 
plating. Above the lower deck the stiffening is, 
by means of angles and flanges in the bulkhead 
plating, 7 in. and 5 in. deep respectively. The 
doors through the water-tight bulkhead are operated 
by the Stone-Lloyd system (see ENGINEERING, 
vol. lxxvi., page 624). This system enables the 
officer on the bridge, by means of hydraulic 
mechanism, to close all the doors simultaneously, 
adequate notice being given to all in the vicinity 
of each door by the ringing of a bell. Indeed, 
the hydraulic valve is only unlocked to bring the 
gear into operation by gear which, of itself, rings 
the warning-bells. The doors can also be operated 
by valves at each bulkhead ; but in the event of 
the officer on the bridge having closed the door, 
it can be kept open for a time only sufficiently 
long to enable anyone to escape from one com- 
partment to another. In this way there is no 
chance of anyone being imprisoned in a com- 
partment by the simultaneous closing of all doors 
from the bridge, as he can easily liberate himself 
when the officer has closed the doors from the 
central station. 

The tunnels for the propeller-shafts are shown 
in Fig. 6 on Plate XIII. They are built up of steel 
plates and angles of similar scantlings to those of 
the main bulkheads. - Two are built against the 
side of the ship, and the centre one with a top of 
semi-circular section at a lower level. The two 
former are seen in the foreground in Fig. 6, which 
is a view from the stern of the vessel looking 
forward. 

A novel feature in these ships is the construc- 
tion of a fore-and-aft tunnel, or conduit, passing 
through the forward holds. This conduit is shown 
in Fig. 5 on Plate XII, and through it are carried 
all steam-pipes, hydraulic mains, electric leads, 
&c., so that these can be examined at any time 
without disturbing the cargo space or other parts 
of the ship. 

The deck beams are clearly shown on the en- 
gravings on Plates XIII. to XV. (Figs. 6 to 11). 
They are of deep channels throughout, and are con- 
nected to the framing by knee-brackets hydrauli- 
cally riveted. The various decks are supported 
vertically, and tied together by solid circular pillars, 
varying from 64 in. to 3 in. in diameter. These 
are to Lloyd’s requirements in spacings and scant- 
lings, as, indeed, are all scantlings of the ship’s 
structure. The deck-plating is, on an average, 
about § in. thick, but is heavier where required— 
principally in the stringers or outside strakes of the 
deck-plating, which are usually 1 in. and upwards 
in thickness, with extensive doublings in the main 
structural decks. The laps are joggled and double- 
riveted generally ; the butts are also joggled and 
triple or quadruple riveted. 

At the corners of the hatchways and engine and 
boiler-casing openings there are heavy plate doub- 
lings. The coamings of hatchways, which are also 





of heavy plating, also add to the strength of the 
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structure in their vicinity. To replace the ordi- 
nary deck beams removed in the machinery open- 
ings, there are special strong beams of box section 
built up of heavy plates and angles (Fig. 9). In 
the engine-space openings (Fig. 11) they are 15 in. 
deep, and equal in width to the distance between the 
frames—32 in.—and are connected by heavy angles. 
They extend both transversely and Jongitudinally, 
and are arranged, both as to position and spacing, 
to permit of the turbines being raised from the 
machinery compartment. In the boiler space they 
are of heavy box section, of great depth, securely 
gusseted to the structure at the ends. 

As the lower decks of the ship are complete 
ouly at the bow and stern, the longitudinal strength 
in the central part of the ship is maintained by 
girders or stringers, as shown in Fig. 7. They are 
titted between the web-frames, and hydraulically 
riveted before being connected with the main 
structure. 

The engine-seating is of the simplest character. 
The double bottom was constructed throughout 
with the same lines of longitudinals, and the inner 
floor worked at the same he.ght, as in the boiler 
spaces. Upon this structure fore-and-aft box- 
girders were worked, as shown in the engravings 
on Plate XV. (Figs. 10and 11). Upon these girders 
supports for the turbines were immediately bolted. 
As the reciprocating stresses are eliminated, and 
the propeller thrust is almost steam balanced, the 
structure for carrying the turbines in the Carmania 
was lighter than for the reciprocating machinery in 
the Caronia. 

The boiler-seatings are clearly shown in Fig. 13 
on the preceding page. 

The stem of the hull is of forged steel, and of 
the usual Cunard outline, with a long sloping fore- 
foot. The stern-post and brackets are of cast steel, 
and the form is clearly shown in Fig. 14 on this 
page. The centre propeller-shaft passes through an 
aperture as in a single-screw ship, and the stern- 
post, after arching up to give satisfactory clearance 
over the tips of the blades, is carried down abaft 
the propeller very nearly to the level of the centre 
shaft, for the purpose of giving sufficient length of 
bearing for the rudder-spindle. Higher up, the 
post is considerably swelled, in order to satis- 
factorily house the steering-gear, which is placed 
beneath the water-line to mect Admiralty require- 
ments. In designing the shape of the post, every 
care was taken to ensure clean entrances, in order 
to reduce friction and eddy-making to the lowest 
possible extent. The rudder is of cast steel, in 
three parts, connected together by heavy hori- 
zontal flanges, and, as will be seen, revolves on two 
pintles, which, together with the gland at the head, 
form the whole support against sideway pressure 
when manceuvring. The rudder is wholly below 
the water-line, pa its area is 270 square feet. 





THE PASSENGER ACCOMMODATION. 


The Carmania has eight decks, the topmost— 
the boat-deck—being 45 ft. above the load water- 
line. Although it carries the large number of life- 
boats with which the vessel is equipped, as shown 
on Fig. 1, page 715, the greater part of its length 
of 310 ft.—about one-half the length of the ship 
—is available as a promenade for first-class pas- 
sengers. At the aft end there is introduced a very 
commendable feature, as a considerable area is 
divided off to enable stokers to enjoy a breath of 
fresh air; a protecting screen is arranged so that 
they are shielded from the wind. There is, of 
course, a separate companion-way from the lower 
part of the ship to this area. 

The upper promenade deck, which is also 310 ft. 
in length, is the main promenade. At the forward 
end of the deck-house on it are special suites of 
rooms, each consisting of a sitting-room, bed-room, 
and a bath and toilet-room, for which each of a 
family pays 1201. in the busiest seasons of the year. 
On this deck there are a‘so single state-rooms, 
specially well fitted, the charge for which is 7O0l. 
per single passenger. The windows in these special 
cabins and in the public rooms are square, and are 
fitted not only with a stained glass inner pane, but 
with a jalousie framing in addition to the ordinary 
outer glazing : ventilation louvres are provided in 
the top of the window casing, the opening to the 
room being controlled by a flap operated by a screw 
under the control of the passenger. The builders 
have devised for the newer ships an ingenious 
system whereby even the outside window may be 
opened from inside. The opening gear of the outer 





frame is balanced so that the screw can very easily 
be turned by a lady passenger. 

On the promenade deck, which is 490 ft. long, 
there are further suites of rooms and specially- 
fitted cabins. On this deck there are forty-seven 
such state cabins, the rates for one-berth rooms 
being from 301. to 801., and for two-berth rooms 
from 301. to 451. per passenger. 

The third level is the saloon deck, because here 
are located the dining-saloons for both first and 
second-class passengers. On this deck there are 
fifty-five first-class state rooms. This level forms 
the top of the moulded structure of the ship, and 
may be distinguished on the view of the ship 


On the lower deck 1000 emigrants can be accom. 
modated, the berths located in each separate com- 
partment being open, and of corrugated galvanised 
iron. 

The orlop deck below is for cargo, as are also the 
holds forward and aft. 

A special feature in the ship is the bath-room 
and lavatory accommodation provided. Toilet 
apartments are arranged on all decks convenient to 
the state rooms, their location being indicated by 
large square lights in the corridors. There are in 
all sixty-three bath rooms and fifty-six closets for 
cabin passengers. Third-class passengers have con- 
veniently-arranged shower-baths, &c. 
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(Fig. 1) by the row of circular ports on the white 
upper works, 

On the upper deck there are fifty-six cabins. All 
the first-class passengers are located at least 17 ft. 
above the water-line, and none of the rooms are 
within 190 ft. of the bow or 180 ft. of the stern. 

The second-class accommodation is abaft the first- 
class quarters, on the same decks, and the distance 
separating it from the stern of the ship is at 
least 124 ft. 

The main deck is entirely given over to third- 
class passengers, four whom a considerable number 
of two-berth rooms are provided; in all, 1000 
passengers of this class have cabin accommodation. 


As regards the public rooms, these resemble 
closely the saloons in the Caronia ; and as we pub- 
lished full descriptions and views when she was 
completed,* it is not necessary to enter into detai's 
here. The whole of the decorative work has been 

| carried out at the Clydebank Works. There is the 
/now inevitable lounge, finished in painted maho- 
gany, the upper panels being of tapestry of a shade 
| to harmonise with the white woodwork. The first- 
| class drawing-room and writing-room are together 
on the upper promenade deci, immedistely com- 
municating with the main companion-way. The 


* See ENGINEERING, vol. Ixxix., page 183. 
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drawing-room is finished in white, relieved by 
panels of silk, while the writing-room is pure Adam 
style. The Sheraton furniture is of mahogany, 
inlaid with other woods; the upholstery is in 
tapestry, and the roof is constructed in the cleres- 
tory style, with a large skylight having delicately- 
tinted stained glass. The fire-place has a Parisian 
marble hearth, and hand-beaten fire-brasses. The 
first-class smoking-room is on the same deck, 
and is treated in Old English style, with plain 
polished oaken walls and flooring. The upholstery 
is in tapestry of a subdued red shade. There is a 
clerestory roof and a bright fire-place. The first- 
class dining-saloon is on the saloon deck, and 
occupies the full width of the ship and 66 ft. of the 
length at the sides. The decoration here is entirely 
in white, relieved by mouldings. One notable fea- 
ture is the introduction of small round tables in the 
centre, with the usual long and square tables at 
the sides. 

The second-class public rooms differ but slightly 
from those for the first-class passengers. The 
dining-saloon occupies the full width of the saloon 
deck, and is nearly 50 ft. long. The second-class 
smoking and drawing-rooms are on the promenade 
deck above the dining-saloon, and communicate 
directly with the main companion-way. The third- 
class passengers have a dining-room with seats for 
530 people. 

There is one kitchen for the first and second- 
class passengers, with separate pantries adjacent 
to the respective dining-saloons, and another 
kitchen for the other passengers and the crew. 
Many mechanical contrivances have been intro- 
duced by Messrs. Henry Wilson and Co., Limited, 
Liverpool, who supplied practically all the appli- 
ances, including larders, patent roasters, steam- 
stockpots, grills, bain-maries, island-range, game- 
roasters, steam-ovens, bread-making machines 
and ovens, &c. The roasters—two for joints and 
one for game—have multiple-tier-spits, which are 
rotated by gearing driven by electric motor, in front 
of a vertically-arranged fire at the rear of the oven, 
In the pantries there are electric plate-washing 
machines, grills, egg-boilers, sandwich-makers, milk 
and coffee apparatus, &c. 

The ventilation of the ship has had the most 
careful attention, and is associated with the 
heating appliances. The first and second-class 
passengers’ quarters are for the most part steam- 
heated, and many of the state-rooms are fitted 
with electric heaters, so that the passenger has full 
control over the temperature in his state-room. The 
third-class and steerage quarters are ventilated and 
heated on the thermo-tank system, to be referred 
to later in connection with the electric equipment. 





EXPERIMENTS PREPARATORY TO THE 
DESIGNING OF ‘‘CARMANIA’S” TURBINES. 


Turning now toa description of the machinery 
and its construction, Messrs. John Brown and Co., 
as already indicated, realised that it was absolutely 
necessary to impart a thorough practical knowledge 
to their staff as to the methods of manufacture and 
the actual running under sea conditions of the tur- 
bines themselves, and that it would not suffice for 
their officials and foremen simply to see how the 
work was carried out'at Messrs. Parsons’ shops. It 
was therefore decided, as a preliminary to the design 
and construction of the Carmania’s machinery, to 
make a set of three-screw marine turbines, capable 
of developing about 1800 horse-power. Designs 
for these were obtained from Mr. Parsons, em- 
bodying all the improvements suggested by his 
latest experience. Work on these turbines was 
proceeded with night and day continuously ; 
and when completed they were erected on land, 
together with a full equipment of condensing plant 
and auxiliary machinery, consisting of a surface 
condenser, centrifugal circulating pumps, Weir’s 
cry and wet air-pumps, oil and water service, and 
all other fittings sect similar to those required 
for working the turbines on board ship. The 
‘urbines, however, were coupled direct to powerful 
dynamos, whose efficiency had been accurately de- 
icrmined, and the energy generated by them was 
cissipated by means of a water-resistance tank. 
‘he whole system, in conjunction with carefully 
calibrated . measuring instruments, formed an 


eiicient and convenient means of mcasuring the 
cutput of the turbines. 

_ An illustration on Plate XVI. gives a good idea of 
tue general arrangement of the experimental plant, 
aud shows the powerful dynamometers which were 





fitted at the forward end for measuring the thrust 
of the steam, which, in actual working conditions, 
would be balanced by the thrust of the propellers. 
Exhaustive trials were carried out over a period of 
six months, giving most valuable data as to the 
steam consumption, reliability, and the relative 
power of ahead and astern turbines, under all 
possible conditions likely to be met with in actual 
practice. Thus the steam consumption and torque 
were obtained when working ahead with all the 
turbines, when working ahead with the low-pressure 
turbines only, and when working ahead with one 
high-pressure and one low-pressure turbine only. 
Experiments were made with varying numbers of 
rows of blades in the astern turbines. 

In consequence of this, it was not until August, 
1904, that the work on the turbines of the Carmania 
was actually commenced. But in the interval, in 
addition to the construction of the 1800-horse- 
power set of turbines, numerous experiments were | 
carried out to determine the best form of stiffening 
necessary to enable the cylindrical casings to resist 
distortion when subjected to high - temperature 
steam, and also to discover the best means of 
allowing and providing for the expansion of the 
different component parts of turbines of such large 
size. While these detailed designs were being 
worked out, the problem of the best type of ma- 
chine-tools necessary to cope with the immense 
units involved in the new class of work had to 
be considered, and the machines themselves ob- 
tained and installed ready for working. Amongst 
the machines fitted we may mention a large boring- 
machine for machining the turbine-casings,* a| 
lathe for turning and grooving rotors,t and a large | 
vertical and horizontal planing-machine. Each of | 
these is electrically driven. These tools, together | 
with the complete installation of a set of new and 
more powerful electric overhead cranes, were com- | 

leted by December, 1904, and thus made Messrs. 
ohn Brown and UCo.’s works the most modern | 
and up-to-date for the production of large steam- | 
turbines. 








COMPARISON BETWEEN THE “‘CARONIA’S” 
AND ‘‘CARMANIA’S” MACHINERY. 


The general arrangement of the machinery in the 
Carmania is shown in Figs. 16 to 18, page 720; and 
for comparison with the installation of the reciprocat- 
ing machinery of the same power in the sister-ship, 
the Caronia, we reproduce corresponding drawings 
for that ship (Figs. 19 to 21, page 721). The latter 
engines were illustrated and described in ExGINEER- 
ING, vol. lxxix., page 188. The Caronia’s machinery 
is a splendid example of quadruple-expansion en- 
gines suited for continuous steaming under all condi- 








| constructed by 
| Limited, Bedford. To the air and other pumps we 


pressure of 150 lb., as against 200 lb. in the quad- 
ruple-expansion engines. Another feature in the 
comparison which might here be commented upon 
is that, owing to the high vacuum desirable in the 
turbine system to ensure the fullest economy, the 
condensing surface, which in the Caronia is 27,030 
square feet, is increased in the Carmania by 20 per 
cent., while the capacity of the centrifugal pumps 
is about doubled, so that the amount of circulating 
water discharged is from fifty to sixty times the 
weight of feed-water as compared with a ratio of 
twenty-five to thirty times in the Caronia’s installa- 
tion. The main condensers are built of steel plates, 
with brass ends and doors, and the cooling surface 
consists of solid-drawn brass tubes, tinned inside 
and out. The circulating water is supplied by two 
large centrifugal pumps, each driven by two engines, 
essrs. W. H. Allen, Son, and Co., 


shall refer in detail later. 

The tunnel and propeller-shafting are of steel, 
manufactured at Messrs. John Brown and Co.’s 
Atlas Works. The propellers are three - bladed, 
with Firth’s cast-steel bosses and manganese-bronze 
blades. They have been accurately balanced, and 
the working faces chipped and polished to a true 
helical surface. 


THE CONSTRUCTION OF THE 
MANIA’S” TURBINES. 

Engravings on Plates XVI. and XVII., and on 
the two-page plate, show the turbines of the Car- 
mania in various stages of construction. The rotor 
drums are of forged steel, and have been made at 
the Company’s Atlas Works, Sheftield. The low- 
oressure drums are 11 ft. in diameter by 8 ft. 6 in. 
lien and of 2$-in. metal ; so that their production 
is a splendid piece of forging, of which the Atlas 
Works staff have every reason to be proud. An 
illustration suggestive of their size is given in Fig. 48 
on page 725. The wheels for the rotor centres are of 
cast steel, of the dished piston form, and were cast 


** CAR- 


| by Messrs. Thomas Firth and Sons, Sheffield. 


One of the most interesting features in the con- 
struction was the blading of the turbines—a task, 
the magnitude of which it is difficult to conceive. 
Each blade throughout the turbines was put in place, 
caulked, correctly set, and individually inspected ; 
and when it is mentioned that the total number of 
blades amounts to about 1,115,000, some idea may be 
got of the work involved. To give radial stiffness to 
the longer blades of the low-pressure turbines, they 
are bound together by two circumferential strips, 
laced with copper wire and soldered. These, as 
first designed, were in one piece ; but experiments 
carried out at Clydebank showed that, in these 
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tions of weather. The total height from the centre 
of shafts is 30 ft., and from the base of the bed- | 
plate 36 ft. The diameters of the respective cy: | 
linders are 39 in., 544 in., 77 in., and 110 in. The 
stroke is 5 ft. 6 in., and the length of the connect- 
ing-rods 12 ft. between centres. It will be seen 
that there is no bulkhead between the two engines. 

The drawings of the arrangement of machinery 
in the Carmania shows that there are three shafts ; | 
the high-pressure turbine being on the centre | 
shaft, and one combined low-pressure and astern 
turbine on each of the two wing shafts. The 
space occupied, as far as area is concerned, is the 
same ; but the engine compartment is roomier, and 
there are immense advantages in the absence of 
reciprocating parts. 

There is a saving in weight by the adoption of 
the turbine system of about 5 per cent., in addi- 
tion to many other advantages which need not 
be referred to here. The boiler pressure in the 
Caronia is 210 ]b., and in the Carmania 195 lb. per 
square inch. The turbines take steam at an initial 











* ENGINEERING, vol. Ixxviii., November 11, 1904, pages 
650 and 659. 








+ Itid., vol. Ixxix., March 18, 1905, pages 312 and 313. 
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Fic. 15. Expansion Jornt ror TURBINE-BLADEs. 


large turbines, the difference of expansion of the 
drum and brass strip tended to cause distortion of 
the rows of blades under working conditions. This 
difficulty was overcome by means of the ingenious 
expansion joints shown in Fig. 15, designed and 
patented by Messrs. John Brown and Co., Limited. 
These allow for the inequalities of expansion, and 
entirely do away with the buckling of the row of 
blades. The following description of the details of 
this device may be of interest :—The binding- 
me B, instead of being in one continuous piece, 
is divided into short lengths, which are soldered 
into the blades C. The ends of these pieces are 
slightly reduced, so as to enable them to slide 
within the oval sleeve A, which is soldered into the 
blades D. Any difference of expansion between 
the strips and the casing, instead of causing distor- 
tion of the rows of blades, is accommodated by the 
ends of the strips freely sliding within the sleeve. 
The engravings on Plates XVI. and XVII., and 
on the two-page plate, represent stages in the 
construction of the turbines, each view showing a 
distinct step in the progress, or illustrating a special 
detail. A low-pressure turbine-casing is shown in 
Fig. 23, Plate X VI., bolted together, and in the pro- 
cess of being bored out in the large boring-machine 
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previously referred to. Another very interesting 
view is given in Fig. 24 on the two-page plate. It 
shows the turbines being erected in the fitting-shop. 
On the right-hand side the port low-pressure tur- 
bine is shown without the rotor, but with the lower 
parts of the bearings and adjusting-blocks in place ; 
while on the left-hand side is the lower half of the 
starboard low-pressure casing, showing the blading, 
but without the astern turbine in place. The high- 
pressure turbine is shown in the centre, with the 
top cover removed and the rotor in place. In 
Fig. 25 on the two-page plate another view of the 
low-pressure casing is given, and on the left side 
one of the low-pressure rotors is shown in the large 
lathe, ready for the cutting of the grooves into 
which the blades are caulked; while in the distance 
various parts of the other turbines and rotors are 
shown in course of construction. 

In order to reduce vibration to a minimum, 
special attention has been given to the balancing of 
the revolving parts. The propellers and each com- 
— part of the rotors have been severally 

lanced in detail, statically on knife-edges, and 
dynamically in a machine designed and constructed 
by Messrs. John Brown and Co. for this purpose. 
After the rotors were completely finished, P se were 
placed on knife-edges and tested and adjusted. The 
arrangement of knife-edges is seen in Fig. 26 on 
Plate XVII., which also gives a very good idea of 
the immense size of the low-pressure rotors. The 
massive cast-iron blocks supporting the knife-edges 
are placed on solid concrete foundations, 8 ft. deep, 
and the edges have been levelled up to within two- 
thousandths of an inch of each other. As a final 
test of the accuracy of the balancing, the rotors 
were put in place and the turbines run under 
steam, at revolutions considerably in excess of 
those required under actual working conditions, 
and the total absence of vibration fully compen- 
sated for the care and attention which had been 
given to the subject; for although the recipro- 
cating engines of the Caronia left little to be de- 
sired as far as the absence of vibration is con- 
cerned, the turbines of che Carmania excelled the 
engines of her sister-ship in this respect, as in 
many others. 

The most advanced stage of construction is 
shown in Fig. 27 on Plate XVII., in which the 
high-pressure turbine in the centre is shown com- 
pleted and ready for the balancing under steam, 
which was carried out in the shop ; and the port 
low-pressure turbine is shown with the cover 
lifted, and preparations made for lifting the rotor. 

We reproduce on Plate XVIII. three photo- 

raphs taken in the engine-room after the work of 
fitting the turbine machinery on board was com- 
pleted. The first of these views (Fig. 28) is from a 
photograph taken on an upper platform looking aft, 
with a low-pressure turbine in the foreground. A 
clear view is afforded of the motor used for rais- 
ing, through worm-and-screw gear, the upper half 
of the turbine-casing and the rotor itself, to be 
described later. The exhaust-pipe from the low- 
ressure turbine to the condenser is seen in the 
eft bottom corner ; the three small valves at the 
rear of the turbine are the escape-valves. The 
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large steam-pipe shown is the communication to 
the go-astern turbine, which is seen in the dis- 
tance. The pipe extending to the top of the illus- 
tration is the ventilating trunk. 

Fig. 29 is a view from the starting platform ; a 
prominent feature being the forward end of the 
starboard low-pressure turbine. Here also is seen 
the cross-h forming part of the lifting - gear 
and the top of the main bearing-cover. The small 
pipes shown are for the lubrication and water ser- 
vice to the bearing. 

Fig. 30 is a view from the engine-room floor 
looking towards the starboard low-pressure tur- 
bine, showing the bearing and the governor gear 
and the thrust or adjusting-block. To the right 
at the rear is the steam connection of the low- 
pressure cylinder. 

THE VALVES, GOVERNORS, AND 
LUBRICATION. 
In normal working conditions the regulating- 





‘and the steam passes through it to the low-pressure 


turbines, and thence to the condenser. For 
manceuvring purposes, a large non-return valve, 
worked by a steam and hydraulic engine, controlled 
from the starting platform, closes the connection 
between the high-pressure and each low-pressure 
turbine ; this valve is semi-automatic, inasmuch 
that, if not closed before manceuvring, it will close 
as soon as a prescribed pressure is attained in the 
low-pressure casing ; each of the low-pressure tur- 
bines is then manipulated as an independent unit. 
Special manceuvring-valves are fitted to each of the 
combined low-pressure and astern turbines, and 
operated by steam cylinders, which allow of steam 
being admitted to either the ahead or astern 
turbines by a single movement of a hand-lever. 
Governing-gear (Fig. 30 on Plate XVIII.) is 
fitted to each of the turbines, and is so arranged 
that any increase beyond 10 per cent. in the 
revolutions of any of the turbines shuts. off the 
steam supply from the turbines until the revolu- 


valves admit steam to the high-pressure turbine, | tions fall to the normal speed. An emergency 
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governor is provided to entirely stop the tur- 
bines should any seriou increase in the revolutions 
take place. 

Special attention has been paid to the lubrication 
of the main bearings and adjusting-blocks. Four 
pumnps, by Weir, are fitted, which deliver oil to the 

earings under considerable pressure. The oil 
then flows to a cooling-tank, fitted with copper 
coils, through which water is circulated ; and after 
passing through a system of oil-filters, is again de- 
lvered to the bearings. The bearings are also 
made hollow, and a complete water circulation pro- 
vided through them. 


THE TURBINE GLANDS. 


The gland for the shaft passing through the end 
of the turbine is rendered steam-tight by means of 
&n unproved design, illustrated on the next page 
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(Figs. 35 and 36), the result uf a series of experi- 
ments which involved much thought and expense. 
In all Parsons’ marine turbines hitherto, the leakage 
of steam; in the high-pressure turbine, or the in- 
gress of/air into ‘the Saar-geeniabep turbine, along 
the spindles where they pass through the cylinder 
casings, has been prevented with remarkable success 
by the Parsons well-known ring-and-groove type of 
Mary This gland consists of a series of grooves 
turned in the spindles, into which bronze Rams- 
bottom rings are fitted, the whvle rotating in a 
truly-bored cylindrical gland. When the difference 
in pressure between the inside of the turbine and 
the atmosphere is great, the side pressure on these 
rings is very considerable ; and in order to distri- 
bute this pressure as equally as possible over all the 
rings, Mr. Parsons adop the ingenious method 
of grouping these rings into, say, two, three, or four 
groups (depending on the range of pressure), and 
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grading the pressure to each group, either by ad- 
mitting steam or leaking off steam to the space 
between the groups. oreover, to ensure equal 
distribution, large annular recesses were cast round 
the gland, pressure gauges being connected to each 
space to aid in the regulation of pressures (Figs. 
31 and 32 on the next page). 

During the early stages of the construction of the 
| turbines for the Carmania, Messrs. John Brown and 
| Co. realised that as the vacuum obtained depended 
| mainly on the tightness of the low-pressure glands, 
| it was necessary to make experiments to ascertain 

whether the form of steam gland above mentioned 
would prove equally satisfactory in the case of 
| spindles of such an unusual diameter as were re-: 
| quired in the Carmania. To obtain this informa- 
tion, they conducted a series of experiments, 
extending over a long period of time, with the 
glands proposed for the Carmania. These were first 
made in accordance with the Parsons ring-and- 
groove type already described. The tests necessi- 
tated the making of a cylinder to contain the glands, 
with a spindle fitted through it, similar in all re- 
spetts to that proposed for the Carmania. All the 
various parts were carefully put together, special 
care being taken to observe the precise conditions 
which would obtain in the actual running at sea of 
the turbines. A special testing-house was erected 
to carry out these tests, and was provided with a 
steam -engine, condenser, circulating - pumps, wet 
and dry air-pumps, and all other fittings necessary 
for recording the results of the experiments. The 
general arrangement of this gland-testing plant is 
shown in Figs. 33 and 34 on the next page. 

The first experiment was conducted under con- 
ditions similar to those which hold for the 
high-pressure turbine, in which case the pressure 
in the cylinder is considerably above. the atmo- 
_— pressure. This pressure was determined by 
theoretical calculation, and was kept constant in- 
side the cylinder during the whole period of the 
tests, which were severally conducted night and 
day continuously without a stop for a full week— 
equal .to the period of an Atlantic voyage. The 
spindle was rotated at the designed number of re- 
volutions per minute ; and to ensure that the belt- 
drive should not disturb the free running of the 
spindle, universal joints were adopted, as seen 
in Fig. 34. Gauges were fitted to the cylinder 
and to all the ports in the glands, to record the 
various. pressures, those in the gland-ports having 
a gradual drop from-the cylinder, to the atmos- 
pheric, pressure. This was accomplished by a 
series of pipe and valve connections, whereby 
steam at a reduced pressure could be introduced 
into these ports, or steam leaked off from the ports 
into the atmosphere, as circumstances necessitated. 
In spite of all these precautions the rings gave 





very unsatisfactory results, the noise due to rub- - 
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Fics. 31 anp 32. OrtarnaL Rinc anp GROOVE 
; GLANDS. 


bing being positively alarming at times, and causing | 
a large amount of wear on the rings. The par- | 
ticles of brass rubbed off were blown out by the 
slight leakage of steam at the outside of the gland, 
and deposited on the side of the bearings. Some 
of the rings after a week’s running would have as 
much as 20 per cent. worn off them. Rings of 
various compositions of alloys were tried, grooves | 
were cut in the sides, leak-off holes pierced through 
the rings, but all without any improvement. 

Minute investigations of the scored and torn 
rings led to the conclusion that the differences in 
pressure between the successive groups of rings 
practically all came to bear sometimes on the first 
and sometimes the second ring of each group ; and 
after scoring and tearing them the particles of brass 
passed through to the next adjacent ring, damag- 
ing it in turn, and so on. At the surface speed of 
the Carmania’s spindles a difference of pressure 
of more. than 3 lb. per square inch was not 
admissible. As the vacuum represented 14 lb. per 
square inch, and the inlet steam at the outside end 
must, for practical purposes, be taken at from 2 
to 3 1b., this would have meant six groups of 
rings, with the corresponding number of leak-off 
pipes, regulating-valves, pressure-gauges, &c., for 
each gland. Such a complication was, of course, im- 

yracticable. A means had, therefore, to be obtained 
y which the pressure or vacuum, as the case may 
be, would automatically lower itself ; and then, by 
means of a single regulating valve, pipe connection, 
and pressure-gauge, the first Ramsbottom ring 
would only be exposed to the safe working pressure 
of from 2 lb. to 3 lb. per square inch. 

After further experiments, it was found that this 
desired result could be readily obtained by the 
adoption of the radial fins devised by Mr. Parsons 
for the prevention of leakage for his internal astern 
rotor dummies (Fig. 32). It will be readily seen | 
that the action of these fins is to alternately wire- 
draw and expand the steam, each pair constituting 
an expansion stage, thus reducing its pressure as 
it travels outwards. 

The actual gland, as fitted at each end of both the 
high and low-pressure turbines of the Carmania, is 
illustrated in Figs. 35 and 36, in which it will be 
seen that these radial fins extend along the greater | 
ae of the gland, with four Ramsbottom rings | 

at the outer end; and the small amount of steam | 
which is allowed to leak past them for the es 
of lubrication is caught in the pocket G formed by | 
the plate B, whence it is led by the pipe H to the | 
auxiliary condenser or exhaust-tank. In the case | 
of the high-pressure turbine, should the radial fins | 
not sufficiently reduce the pressure of the escaping | 
steam, the pocket O is connected to an expansion | 
row in the low-pressure turbines, where the pres- 
sure, even at full speed, is just below the atmos- 
phere ; so that by means of one regulating-valve 
for both ends—the handle for which and the pres- 
sure-gauge from the pocket O are on the starting 
platform-—the pressure in this space can be main- 
tained at a few pounds pressure. In the case of 
the low-pressure turbines a small steam-pipe, simi- 
larly regulated, is led to the space O, and the 
pressure in this space maintained at from 2 lb. to 
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3 1b. per square inch, which absolutely prevents 
any leakage of air into the gland. The quiet work- 
ing of these glands, and the absence of the usual 
steam-vapour leakage past them, was generally com- 
mented on; whilst the high vacuum maintained in 
the condenser—sometimes as high as 29 in., with a 
30-in. barometer—testified to their efficiency. 





VALVE-BOX FOR ASCERTAINING 
PRESSURE IN TURBINES. 

It is of the utmost importance, in the practical 
working of large marine turbines, that means 
should be provided for determining the pressure at 
the different stages of expansion ; and, what is of 
equal importance, for ascertaining from time to 
time during the voyage that everything is running 
satisfactorily inside the casing. The experience 
with the experimental turbines at Clydebank showed 
that the multiple-ported cock was not suitable for 


any injury to the blades be suspected, comparison 
of the diagrams with the normal diagrams would 
at once locute the defect. A pressure-gauge may 
be fitted instead of the indicator, and the pres- 
sire at the various steps could then be read off 
directly and plotted on a standard curve. 


ROTOR-LIFTING GEAR. 

The gear for lifting the covers and rotors of the 
turbines is also worthy of note. A good idea of 
the method adopted may be got by reference to the 
illustrations of the low-pressure turbine in Figs. 29 
and 30 on Plate XVIII., showing the columns 
which guide the cover and the cast-steel crosshead, 
which may be used to lift either the cover or the 
rotor. As fitted in the ship, the crossheads are 
lifted by means of square-headed screws and worm- 
gear, driven by electric motors, so arranged that 
both ends of the cover or rotor are hoisted simul- 








this purpose, as the slackness necessary to enable 
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the large plug to be turned by hand caused leakage 
from one port to another, and so gave unsatisfactory | 
diagrams. In lieu of this, a multiple valve-box was 
designed for the turbines of the Carmania, 
_ We reproduce drawings (Figs. 37 to 40) show- | 
ing the construction of the valve-box itself, and 
also its arrangement on the turbine (Fig. 41). The) 





Vatve Box ror ASCERTAFNING PRESSURE AT Various Positrons In TURBINE. 


provide for turning the rotors when the turbines 
are not in use. 


THE BOILERS. 
The boiler installation is practically similar to 
that of the Caronia, except that the working pres- 
sure is 195]b. instead of 2101b. per square inch. 


lower half of the valve-chest forms a common There are eight double-ended and five single-ended 


chamber communicating with the indicator; the 
upper half forms a number of separate chambers, 


corresponding to the number of points at which | 
Each of these small | 


pressure is to be taken. 


; 


boilers, arranged in two separate boiler-rooms. 
They are designed to work under Howden’s system 
of forced draught ; and two large fans, each driven 
by two engines, are supplied for cach boiler-room. 


chambers contains a valve, kept in place by a| The funnels are two in number, elliptical in shape, 


spring, and projecting into the lower chamber. 


fitted as to lift each valve in rotation, and allow 


Ajand rise to a height of 135 ft. above the furnace 
cain shaft passes through the lower chamber, s0| 


bars. The boilers have 2.35 square feet of heating 
surface per unit of designed power (21,000 indicated 


the steam pressure in the small chamber to act on | horse-power), while the ratio of power per unit of 


the piston of the indicator. 


The drum of the| grate surface is 17.3 indicated horse-po 


wer. The 


indicator is rotated simultaneously with the cam| boilers of this ship, as well as the boilers and 
shaft by means of the cord which passes round the | engines of the Caronia, were evolved from the 


collar on the hand-wheel. In normal working con- | 


machinery of the Saxonia, which, when tested by 


ditions this gives a step-like diagram, and should! the Navy Boiler Committee, were found to require | 


only 13.4 lb. of steam per indicated horse-power, 
the boilers giving 11.30 lb. of steam per pound of 
coal, while the coal consumption per unit of power 
was 1.29 lb. per hour. The Caronia has proved 
equally economical, and, as we have already re- 
marked, the turbine machinery has thus a severe 
task set in order to excel in economy this stan- 
dard of excellence. : 
THE CONDENSERS AND PUMPS. 

One of the points which early became apparent 
to the investigators of turbine problems was the 
importance of a high vacuum in securing efficiency. 
In reciprocating engines, practical difficulties in ob- 
taining sufficiently large ports for the passage of 
the steam, and other considerations, prevented the 
utilisation of high vacua: and hence the duty de- 
manded of the air-pump plant was only of a com- 
paratively moderate character. With the advent of 
the turbine, however, came, firstly, the demand for 
an independently-driven air-pump, as the pumps 
driven from the turbine-shaft were found unsatis- 
factory and inadmissible for marine work; and, 
secondly, for an arrangement of air-pump which 
would give a high percentage of vacuum, and 
enable the full economy of the turbine system to be 
realised. Fortunately, the apparatus was practi- 
cally ready when the demand arose, although its in- 
ception and design had been begun to meet other 
conditions, and long before the steam turbine had 
become a practical factor in marine engineering. 
Several years ago Mr. James Weir had worked 
out and constructed a condenser and air-pump 
arrangement in which the water was taken from 
the condenser at the temperature of the exhaust 
and returned directly to the boiler. To secure 
this, he had recourse to separate air and water- 
pumps, each drawing from a different portion of 
the condenser. From this arrangement there has 
been evolved, after a number of experiments and 
through a series of actual plants, the Weir high 
vacuum system, as now fitted on the Carmania, 
and illustrated in Figs. 42 to 44 on the next page. 

There are two independent twin air - pumps, 
33 in. in diameter, with a 21-in. stroke, and’ two 
double dry-air pumps, 20 in. in diameter, with a 
7-in. stroke. ‘Lhe twin air-pumps are of Weit’s 
merchant service design, haying cast-iron tops and 
bases, with gun-metal barrels, gun-metal buckets, 
bronze rods, and special valves. The steam-valve 
is an adaptation of the Weir valve, one steam- 
valve serving both cylinders. These twin-pumps 
alone are capable of securing a good vacuum, but 
the final stage’ of tenuity is secured by the dry-air 
pumps, which deal with the air and vapour only, 
and consequently can be run at a high speed, and 
so secure a large volume of displacement. 

Two of these double dry-air pumps are fitted, of 
the vertical single-acting type, and with an annular 
opening into the pump, and without suction-valves, 
The pumps are cooled by a water service, and 
driven by enclosed engires, with splash lubrication. 

The two sets of centrifugal circulating-pumps, 
by Messrs. W. H. Allen, Son, and Co., ‘Limited, 
Bedford, each have suction and discharge branches, 
23 in. in diameter, witha gun-metal disc 4 ft. 6 in. 
in diameter. They are driven by open engines, 
with cylinders 14 in. in diameter by 12 in. stroke. 
The firm also supplied the pumps for the auxiliary 
condenser. 

A further feature in this portion of the installa- 
tion is the special type of surface feed-heater, two 
of which are fitted by Messrs. Weir, for utilising 
the exhaust of the auxiliary engines, and returning 
the condensed water at a low temperature, tuo 
permit of the oil generally associated with the steam 
of auxiliary engines being easily filtered. In this 
design the feed-water is delivered by the hot-well 
pumps into the bottom of the heaters, passing up 
through the tubes, to be heated by the exhaust 
steam on the outside of the tubes. The steam from 
the auxiliaries enters the heater from the top, and 
passing through the holes in a special baffie-plate, 
is condensed, and falls to the bottom of the heater. 
The condensed water is allowed to overflow at a 
point some distance above the bottom tube-plate 
into the hot-well tank. The object of this arrange- 
ment is to secure that the water will leave tho 
heater at a low temperature, so that the oil can 
be more easily separated by filtration. For the 
purpose of separating the air, a sleeve or curtain 
is fitted in the upper portion of the heater, and 
at the top of the annular space formed between 
this and the shell an air-cock is fitted. The shell 





of the heater is of cast iron, the tubes and tube- 
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plates are of brass. A float-tank with regulating 
gear.is furnished with each heater, to control the 
feed-pumps drawing from the heaters. 

In addition to the above, Messrs. Weir have 
supplied the main feed-pumps, consisting of four 
— of direct-acting pumps, 10 in. in diameter 

y 24 in. stroke, two pairs being capable of 
dealing with the entire quantity of feed-water 
required. These pumps have complete gun-metal 
water-ends, gun-metal buckets, manganese-bronze 
rods, steel piston-rods,; and bronze valves in gun- 
metal seats. The two hot-well pumps, also by 
Weir, are 12} in. in diameter by 24 in. stroke, 
with water-ends of gun-metual, and special fittings 
and valves for hot-well duty. These pumps are 
regulated by two sets of automatic control gear 
in the ship’s hot-well tanks. Four Weir direct- 
acting oil-circulating pumps have also been fur- 
nished, 6 in. in diameter by 12 in. stroke, their 
duty being to circulate oil through the turbine 
bearings, a constant and important duty, necessi- 
tating pumps of great reliability. he other 
auxiliaries fitted are a donkey feed-pump, 6 in. in 
diameter by 18 in. stroke, and two patent evapo- 
rators, merchant service type, each capable of 
providing 40 tons of fresh water per day. 

A separate surface-condensing plant, consisting 
of condenser, circulating pump, feed-filter, and feed- 
pumps, is also provided for the auxiliary machinery 
for use in port. 


THE ELECTRIC INSTALLATION. 

In a ship of this size, and carrying so many pas- 
sengers, the electric installation constitutes an 
important feature, and as there has been intro- 
duced several interesting departures, a description 
of the appliances adopted will be of interest. The 
generating plant, located on the orlop deck abaft 
the engine-room, as shown in Figs. 16 to 18 on 
page 720, includes four generating sets, each giving 
an output of 75 kilowatts when running at 450 revo- 
lutions per minute. The large main switchboard 
has 36 circuits :—16 for the lighting of the ship ; 
10 for thermo-tanks and ventilating-fans; three 
for electric heaters ; three for turbine-lifting gear 
in the engine-room ; two for boat-hoists; one for 
galley machinery ; and one for the search-light pro- 
jector. 

The lighting installation is arranged on the 
double-wire system. The mains of each circuit are 
led from the switchboard to a double-pole fuse 
junction-box, which again supplies two, three, or 
four-way switch and fuse-boxes, each in their turn 
feeding six, eight, or ten-way double-pole dis- 
tributing-boxes. Feeders are led from the distri- 
buting-boxes to small porcelain extension-boxes, 
whence branch wires are connected up to the 


lamps. Not more than three lamps are taken 
from each feeder. There are in all about 2650 
lights. 


The mains of each power circuit are led from the 
switchboard to a double-pole fuse junction-box, 
with feeders thence to each motor. 

The thermo-tanks and ventilating-fans form an 
interesting feature of themselves. The twelve 
thermo-tanks already referred to are of 4 horse- 

ower each, and are fitted on the upper deck. 

hey are designed for a three-fold purpose. Each 
thermo-tank can supply, through sheet-iron trunks, 
fresh air to the compartments, either cold or steam- 
heated, at any desired temperature. On the other 
hand, the thermo-tanks can exhaust the foul air 
from the compartments. All these operations are 
performed by a series of levér-valves fitted in each 
thermo-tank. Each tank can work independently 
of the others, or they may operate in combination. 
This system was fully illustrated and described in 
ENGINEERING, vol, lxxviii., e459. The thermo- 
tanks can change the air in the various compart- 
ments in which they are so fitted seven times per 
hour, and maintain the temperature at 65 deg. 
Fahr. under the coldest of weather conditions. 

There are four sirocco fans, 25 in. in diameter, 
each of 74 horse-power, on the lower deck within 
the stokeholds for ventilating the stokeholds, whilst 
for the engine and dynamo-room there are four 
20-in. diameter sirocco fans, each of 5 horse-power. 
The engine-room on the trial was comparatively 
cool, the only part where there was anything 
approaching a high temperature being over the 
high-pressure casing. As regards the ventila- 
tion of the saloons and state-rooms, a sirocco fan, 
173 in. in diameter, of 4}? horse-power, is fitted 
on the boat-deck, and ventilates the cabins on the 
bridge and promenade deck and the first-class 
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dining-saloon. The foul air from the first-class 
smoking-room is exhausted by means of a 20-in. 
propeller sirocco fan fitted at the gable end of 
the skylight, while~the second-class smoke-room 
is similarly treated with a 124-in. diameter pro- 
peller sirocco fan. There are six 12$-in. diameter 
sirocco fans, three of which. are for ventilat- 
ing the first and second-class lavatories; the 
others are for the stewards’ quarters and store- 
rooms. The speed-controllers for the lavatory fan- 
motors are fitted within the passenger accommoda- 
tion, so that the fans can be controlled by the 
stewards. Three 25-in. propeller sirocco fans are 
fitted in the hold-ventilating trunks to assist the 
natural ventilation system. 

Electric heaters have been largely adopted. The 
first-class dining-saloon is heated by four large 
ornamental heaters, two placed at the fore end 
of the saloon and two at the after end. Each of 
these takes a current of about 20 amperes. In the 
writing-room there are two similar, but slightly 
smaller, heaters. Six special state-rooms on the 
promenade deck are each fitted with two heaters, 
while five smaller rooms are supplied with one 
each. These heaters each take a current of 7 am- 








ENGINEERING 
second-class pantries; the bridge-deck service | doors close, the circuits in connection with each are 
nding to each door, 


pantry ; the promenade-deck service pantry ; the| cut in, and the lamps, corres 
first class smoke-room bar; and the officers’ pantry. | are lighted up to show that the operation has been 
In addition to these, there are three knife cleaners. | successfully carried out. 
The first and second-class barbers’ shops are pro-| An automatic electric whistle-gear is fitted to 
vided with an electric hair-brusher, and a one nt se | the forward funnel, and has three switches on the 
electrically-heated hot-water urn. | bridge : one on the port side, one on the starboard 
Small table fans are provided for the chief engi- | side, and one in the centre. 
neer’s cabin, engineers’ mess, doctor’s and first-| A submarine signalling apparatus on the system 
class barber’s shops. | already illustrated in ENGINEERING (see vol. lxxix., 
As regards the telephone service, there is in| page 659), wireless telegraphy installation, and 
the wheel-house a telephone communicating with | various other electrical devices have been fitted, 
the engine-room, the look-out at the forecastle, making the electrical installations most complete. 
and the steering gear at the after end of the The work, it may be added, has been carried out 
shelter-deck. The telephone at the forecastle is| by the builders’ own staff. 
of a portable type, with a hose-coupling connec- | 
tion through the deck, so that the telephone can be) CARGO AND NAVIGATING APPLIANCES. 
removed when not in use, while the one at the| For dealing with the 10,000 odd tons of cargo 
after end of the shelter-deck is of a pillar type. | carried, six derricks are carried on each mast. » 
All the telephones are of the loud-speaking Admi-| connection with these there are powerful steam- 
ralty pattern. In addition to the above, there are| winches located in all cases on the top of deck- 
intercommunication telephones fitted in the state- | houses, and, therefore, free of the passenger 








rooms of the captain, chief steward, chief engineer, | 
and in the lower steering compartment. 
For cabin bells there are twenty-two indicators | 


promenades. Arrangements have been made by 
which some of the holds may be converted into 
cold stores. The refrigerating installation for this 
purpose, and for the stores in the cuisine depart- 
ment, is by the Liverpool Refrigeration Company. 




















DDSI III" | | 
VY YVVV VAVAVAVAVAVAVAVAVAVAVAVAU, |The ammonia compression system has been 
REVOLUTIONS STARB? PROPELLER. VERTICAL VIBRATIONS 
a a ai a a re 2. es 
Time RECORD. REVOLUTIONS STARB® PROPELLER a 
int COM ET TET Re rie Pee een ee ee aR ee , 
aaa eee eee ee wee ew eee ee ee TIME RECORD 
REVOLUTIONS PORT PROPELLER ewrretTereeeeh_... 67 —_.__ oe Seen 
SSS SS SSS SS See 
REVOLUTIONS | PR 4iéR 
REVOLUTIONS PORT PROPELLER ™ 
HORIZONTAL VIBRATIONS. - HORIZONTAL VIBRATIONS 
(98 A 
Fic. 45. Recorp oF VIBRATION oF ‘‘ CARONIA.” Fic. 46. Recokp or Visration or ‘‘ CARMANIA.” 
q adopted, and there are three compound duplex 
esi Pe hin i\, i ———— machines for cargo, with a single machine for the 
TinwtoTurn 32Pants, Tin. 4§ Sec. ship’s stores. There are seven refrigerators and 














1__,__<—__GourseWN - 
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peres. 
deck has a small wall-heater placed near the door. | 
It takes a current of about 5 amperes. 
Motors are used for various purposes. In the | 
engine-room there are three electric motors, each | 
of 18 brake horse-power, located above the turbines, | 
for lifting the turbine cases and rotors in the 
manner already degeribed in connection with the 
machinery. On the boat-deck there are two 
electric winches with warping drums for lifting 
the ship’s boats. In the store-rooms on the lower 
deck three electric hoists are installed for raising 
supplies to galleys and pantries. One 5-cwt. hoist 
of 3.5 brake horse-power, and one 3-cwt. hoist of 
1.06 horse-power supply the first-class galley, while 
* similar one is located in the third-class galley 
and pantry. These motors with their controllers 
are all on the lower deck. In addition to this a 
~-cwt. coal-hoist is placed in one of the vent shafts 
from the stokehold, to raise coal for the first-class 
galley. In the mail sorting-room, which: is aft on 
the upper deck, a 4-horse-power motor, designed 
for lifting 5 ewt. at 150 ft. per minute, is employed 
“ lifting the mails to the mail-room on the orlop 
©CK, 
Che electrical equipment of the galleys and 
pantries includes the following :—One dough-mixer 
sor the bakehouse ; one roaster for the first-class 
galley ; one dish-washer for the first, second, and 


Each first-class bath-room on the same! } 





third-class pantries ; one grid in the first and 
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throughout the ship, giving a total of about 
421 groups of communications. The bridge and 
shelter-deck indicators are grouped up to a- special 
indicator, so as to ensure the answering of a call at 
night time from any of the state-rooms connected 
to those indicators, while the drawing - room, 
writing-room, and entrance to the promenade deck 
are grouped up to the same indicators. 

The electric illumination is on a lavish scale, and 
a special feature is the introduction throughout the 
first and second-class corridors of toilet indicator- 
lights. Similar prominent lights are placed at the 
doctor's, steward’s, and purser’s rooms, &. The 
navigating light, telegraphs, and compass-rooms 
are also electrically lighted. There are also twelve 
cargo-reflectors, each of six 16-candle-power lamps, 
two for each hold. The masthead and bow lights 
have a signal -indicator placed in the wheel- 
house. 

Throughout the ship there is a system of warning- 
bells in connection with the Stone-Lloyd system of 
operating bulkhead doors. These bells are fitted 
near to each door. In the wheel-house there is an 
indicator-board showing every door, and as the 





seven brine-pumps. The plant is capable of reduc- 
ing the temperature of the insulated chambers to 
30 deg. Fahr. in thirty-six hours even in the 
hottest weather of the North Atlantic. 

The installation of anchor gear in such a 
large ship is one of considerable importance, and 
through a long succession of years Messrs. Napier 
Brothers, Limited, of Glasgow, have accumulated 
such experience that their gear is confidently fitted 
in practically all the large vessels. In the Carmania 
there are two cable-holders for working the anchor 
cables, which are 3% in. in diameter. These have 
Napier’s patent self-holding brake, with the necessary 
coupling-gear for connecting to the spindles of the 
worm-gear placed on the deck above. Aft of the 
windlasses are two capstans for warping, one on 
the port and the other on the starboard side. These 
are worked by vertical spindles carried to the deck 
below, and worked from the same engines by means 
of worm and bevel gear. The two engines which 
work the cable-holders, as well as the capstans, 
are placed in line on the middle deck. he en- 
gines, powerful both in respect of dimensions and 
scantlings, are of the inverted-cylinder type 
with self-draining valve-casings. They are fitte 
with reversing valves. The cable-holders, capstans, 
and base-plates are of cast steel ; the worm-wheel 
rims are of gun-metal, with machine-cut teeth, the 
steel centres working into forged-steel worms. Two 
capstans, with engine, are also fitted on the poop 
a aft, similar to those in the fore part of the 

ip. 

In the steering-gear, by Messrs. Brown Brothers, 
Limited, Edinburgh, there has been a development 
of the system applied in some previous Atlantic 
ships, and illustrated in ENGIngERING, vol. Ixv., 
page 590. There are two sets of steering-gear, 
one located in a house on the shelter-deck, and the 
other below the orlop deck, well under the water- 
line. The rudder itself weighs 35 tons, so that the 
gear is very heavy. The lower gear is designed to 
put the rudder over in 30 seconds, the upper gear 
in 50 seconds. The departure is in connection with 
the lower gear, and is owing to the fineness of the 
ship. A dummy rudder-post has been fitted, form- 
ing an intermediary between the main tiller and the 
rudder-head. This dummy tiller, in other words, is 
analogous to a cruss-head. Extending forward from 
it is the tiller carrying the engines and quadrant 
gear, while alaft it stretch connecting-rods to the 
rudder-head. This intermediate cross-head being 
longer than the cross-head on the rudder-head, the 
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engine tiller moves through only 25 deg., while | 


the rudder travels 35 deg. Otherwise the gear is 
similar to that fitted in earlier ships. The connec- 
tion of the upper gear is made by bolting a short 
fast tiller on the pibben tend to the bottom of the 
flat tiller carrying the steering-engine and the gear 
engaging in the quadrant. 


THE TRIALS. 


The trials of the Carmania occupied practically 





only one week from the time the vessel left the | 


Clydebank Works, the performance of the ship 
being exceptionally favourable from beginning to 
end. The steaming tests excited very considerable 
attention among marine constructors, and were 
attended by representatives of several important 
interests. The Admiralty were represented by 
Sir John Durston, K.C.B., Engincer-in-Chief ; 
Rear-Admiral H. J. Oram, Deputy Engineer-in- 
Chief ; Rear-Admiral J. T. Corner, of Portsmouth 
Dockyard ; Rear-Admiral W. Wilson, Superintend- 
ent for the Clyde District ; and Assistant Construc- 
tor E. H. Mitchell, for Sir Philip Watts, K.C.B., 
Director of Naval Construction. The Japanese 
Navy was represented by Enginecr-Commander 
Fugii and others; the Russian Navy by Major- 
General Theodore Poretchkin, Assistant to the 
Chief Inspector of the Engineering Depart- 
ment at St. Petersburg; the Cunard Company by 
Lord Inverclyde, Sir William Forwood, deputy- 
chairman; Messrs. M. H. Maxwell, E. H. Cunard, 
A. A. Booth, J. H. Beazley, and Thomas Royden, 
directors ; and by Mr. A. P. Moorhouse, general 
manager; Mr. Jas. Bain, general superintendent ; 
Mr. G. Thompson, superintendent engineer, and Mr. 
L. Peskett, naval architect ; Messrs. John Brown 
and Co., Limited, by Mr. J. G. Dunlop, managing 
director of the Clydebank Works; Mr. B. Firth, a 
director ; Mr. W. H. Ellis, from the Sheftield works; 
and by Messrs. D. McGee, T. Bell, W. J. Luke, 
and Mr. J. B. Henderson, chiefs of the departments 
at Clydebank ; while representatives of several other 
leading engineering concerns were present, includ- 
ing the Hon. C. A. Parsons, C.B.; Mr. Alex. 
Gracie, and Mr. A. W. Sampson, of Fairfield ; 
Mr. Andrew Lang, of Wallsend; Mr. H. Brock, 
of Messrs. Denny; Mr. A. E Stephen, of Lint- 
house; and Mr. John List, of the Union-Castle 
Line. 

The Carmania left the Clydebank Works of 
Messrs. John Brown and Co., Limited, on the 
14th ult., and on the following day had: her 
preliminary trial. As this proved quite satis- 
factory, it was decided to run the first of the 
official trials on Friday, the 17th ult. This trial 
consisted of four runs over the measured mile at 
full speed, the vessel subsequently continuing, at 
the mean revolutions developed on the measured 
mile, to complete a continuous steaming trial of 
six hours’ duration. As will presently be explained, 
the actual speed maintained was 20.19 knots. As 
to the second official trial of six hours’ duration, on 
the 2\stinst., it had been decided to run at between 
19 and 20 knots, to represent the normal sea speed 
of the vessel. Over the whole course a speed of 
19.5 knots was maintained. Thus, in respect of 
speed, the conditions were more than fulfilled. 

As regards vibration, records were taken with 
Schlick’s pallograph for measuring and registering 
vibrations, and we reproduce in Fig. 46, page 725, 
a part of the graph made, taken at random, with a 
corresponding record to the same scale from the 
Caronia (Fig. 45). Whereas in the twin-screw reci- 
procating engine ship there is slight vertical vibra- 
tion with regularity of period, the disturbance in 
the Carmanis is practically nil. The horizontal 
vibrations are indistinguishable. 

Regarding steering, we have already mentioned 
that in coming down the tortuous channel of the 
river the turbines were alone relied upon for a 
considerable length, owing to a slight mishap with 
the steering-gear. It was hoped that before 
entering the Mersey, on the 22nd ult., circling 
trials would be possible at full speed, but owing 
to the squally and lumpy weather, which was then 
rapidly getting worse, these could not be com- 
— as it became necessary to pick up the mark- 
) 


oats. A comparison with the circling diagram of | 
the Caronia (Fig. 47) would have been interesting. | 


During the progressive speed trials on the Clyde 
a turning test was made. Immediately after the 
last run, which was at 15.7 knots, the rudder was 
put hard over, and the vessel was turned through six- 
teen points—an exact reversal of bearing. The time 
tulLea was 3 minutes 34 seconds from giving the 


order to the steersman. Allowing for the falling 
| off in speed, well known to take place when circling 
| under large helm angle, this results in a ‘‘ transfer” 
|of about 3200 ft. This observation is the more 
| valuable as it was carried out in windless weather, 
|in smooth water, and at slack tide. 
| The progressive speed-trial data are not of prac- 
| tical utility, because of the difficulty of actually 
|determining the horse-power. The full speed 
guaranteed by the contract was, as we have said, 
19 knots ; but on the first six hours’ run 20.19 knots 
| Was maintained easily, both as regards machinery 
jand boilers. The official results of the four runs 
over the measured mile at Skelmorlie are ap- 
pended :— 

Speeds. First Second Third 

nots. Sums. Sums. Sum. 


First run ica: oe \ 

j 40.51 y 
Secondrun ... 19.94 \ j 80.79 

j 40.28 | j 161.52 
Third run _...._—- 20.34 f j 80.73 

J 40.45 
Fourth run ... 20.11 


The ‘‘ mean of mean” speeds is therefore 20.19 
knots, the final mean being found by continually 
dividing the last sum by two for as many times as 
summations are made; in this case three times 
gives the true mean speeds. It isto be noted that 
the true mean speed quoted is less than would 
result from the adoption of the not uncommon 
practice of simply taking the arithmetical mean of 
the speeds in the four runs, which gives a rate of 
20.24 knots. The speed realised is especially satis- 
factory in view of the fact that the vessel had not 
been docked since her launch in February last, and 
consequently the large submerged area was coated 
with slime and chemical deposit carried in suspen- 
sion in the waters of the Clyde. But as the speed 
was so much in excess of that guaranteed, and as it 
had been determined, a month or two ago, to 
place the vessel on her station, so that she 
might start on her first voyage on December 2, 
it was decided not to run trials, after docking the 
ship for the cleaning of the hull. In the case 
of the Caronia practically the same time had 
elapsed between the launch and her first trial, and 
when the second trials, with a clean hull, were run 
the difference in speed, as compared with the speed 
with a foul surface, was found to be half a mile per 
hour. In other words, the Caronia, steaming under 
the same conditions as the Carmania on Friday last, 
had a speed of over one nautical mile per hour less 
than the Carmania. This is attributable to the 
adoption of the turbine system ; the efficiency of 
the propellers is evidently very satisfactory. With 
a clean hull there is no doubt that the Carmania 
will have a speed of 20.6 knots, as compared with 
19.5 knots in the case of the Caronia. 

As regards the coal consumption, it was not 
possible to take any data. Moreover, six hours 
was too short a period in which to secure reliable 
information ; but if one may judge by careful 
observation of the work done by the stokers in the 
two ships, then the promise is that the coal con- 
sumption measured on the Atlantic will compare 
well with the very satisfactory performances in this 
respect of the Caronia. 

The results from first to last, it will therefore be 
recognised, have been not only of the highest im- 
portance to marine engineering, but of an excep- 
tionally satisfactory nature to Messrs. John Brown 
and Co. The directors of that company, and 
particularly Mr. John G. Dunlop, the manag- 
ing. director of the Clydebank Works, are to be 
congratulated on the performance of the Carmania ; 
but, perhaps, even more on the judgment they 
have displayed in determining in favour of the 
adoption of this new system for Atlantic liners, 
and, in anticipation of developments, surrounding 
themselves with a staff of experts who have proved 
more than equal to the demand that has been made 
upon them in connection with such a great step in 
the practical development of the steam-turbine. 








THE BRITISH ASSOCIATION MEETING 
IN SOUTH AFRICA. 
(Continucd from page 6X6.) 
/TaHe Transvaat, Jonasnessurc, THE Ranp, AND 
Pretoria, 

Tue visitor who remembers that Johannesburg 
was not marked on ordinary maps of 1880, that 
the population in 1887 amounted to 3000, and that 
it is now 160,000 (84,000 whites), will admit that 





this town, with its fine railway station, is a 
very fair specimen of a rapidly - rising colonial 
mining centre, while its newer suburbs are cer- 
tainly pretty. The thoughtless European may 
sneer at some practically unpaved streets, the 
defectiveness of side-walks, the few horse trams, 
the bucket system for the removal of night soil, 
and the odd juxtaposition in some parts of modern 
houses and offices and shanties, and pronounce the 
whole ‘‘ very colonial.” As in most South African 
towns, the municipality has the extensive electric 
lighting and the unimportant gas lighting, the fire 
brigade, and the tramways under its own con- 
trol; the electric tramways will soon rival any 
in the world. Sewers are replacing the tank sta- 
tions in which slop waters were collected, and 
working - men’s dwellings are being built. The 
registered death-rate is 18.3 among the whites and 
33 among the natives ; dysentery, pneumonia, and 
tuberculosis are the chief diseases ; pneumonia 
is particularly fatal to the natives, so much so that 
the physicians in the compounds dread it more 
than the plague. The death rate there was 44.2 
per thousand in 1904. The dust, the curse of most 
African towns, and an evil which is intensified by 
the long rainless season, is responsible for much 
of the lung troubles. The natives who work hand- 
drills in the mines in the dry are particularly 
exposed to fine stone-grit, and it is absurd to attri- 
bute all their ill-health to carelessness about 
draughts. One need only see the delight with 
which they wrap themselves up in their blankets 
in the compounds to recognise that. Down in the 
mines they cannot wear blankets, and have to 
bear the alternations of hot stagnant air and cold 
draughty galleries. The altered conditions of living 
are perhaps sufficient to account for the terrible 
mortality rates among some native workers, par- 
ticularly the jinrickshaw boys, whom the members 
first met at Durban. These boys hire their carts, 
are very lightly dressed in fantastic fashion by their 
employers, and may spend the night where they like. 
Their old kraals, with their thick walls and roofs 
of straw, hemisphdrical as a rule in Natal, are far 
cleaner than is often thought, and are warm at night. 
Thatched-straw huts are not tolerated in the towns, 
and the natives, servants as well as labourers, have 
often to live in corrugated-iron huts, where they get 
no warmth at night and an intolerable heat in the 
day-time. Among the Johannesburg native miners 
10 per cent. of the deaths are, further, due to 
scurvy. 

The municipal water supply of Johannesburg is 
connected with that of the Kand, and the Rand 
Water Board has been reformed on the basis of 
the London Water Act of 1902. The distribution 
of the water to consumers is, however, left to the 
respective municipalities, or the mining companies. 
There are six municipalities on the Rand, and more 
than twenty groups of mining companies, which 
might ruin one another by tapping the springs or 
boring on the dolomite. All private water rights 
have been bought up, and common storage 1s re- 
sorted to. Some 4000 million gallons of water 
were stored in dams and reservoirs in June, 1904. 

The Witwatersrand is a ridge stretching about 
62 miles east-west immediately to the south of 
Johannesburg ; the Central Rand mines, comprising 
some of the most lucrative, lie practically in the 
town. The geology of the Transvaal has especially 
been studied by Molengraaff and F. H. Hatch. 
Owing to the great scarcity of fossils the correlation 
of the South African formations to the European 
stratifications is very difficult, and the Transvaal has, 
again, its peculiarities. The Main Reef consists of 
three or more parallel auriferous reefs, sometimes 
close to one another, sometimes 140 ft. apart, 
known as the Main Reef (the poorest), the Leader, 
and the South Reef ; the thickness of the separate 
reefs ranges from inches up to 20 ft. The Rand is 
built up of beds of quartzite and slater, the latter 
often red and magnetic with iron ore ; the reefs 
proper are a conglomerate—called ‘‘ banket” by 
the Boers, for its resemblance to almond cake—of 
quartz pebbles, up to 6 in. in diamete~, with @ 
silicious, cement containing tale and other m‘nera!s, 
chiefly iron pyrites. On and between thes? pyrite: 
the go!d occurs in small fragments, mostly micro 
scopic, rarely in visible specks. Gold nuggets 
are unknown on the Rand. They had been foun: 
elsewhere in the Transvaal, and the finds had teen 
kept secret by the Boers, who dreaded the inrus! 
of miners. The Lydenburg and Barberton gol'- 
mines had had their short booms when miniag co!- 





menced on the Rand on a small scale in 1884. If 
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it had not been for the cyanide process of 


MacArthur-Forrest, which the Cassel Company | 


introduced in 1890, the Rand boom might not 
have lasted long. 

The shafts, as now worked, are all rectangular, 
either vertical or inclined, 


following approxi- | 





| When the treatment tank is full, 0.3 per cent. 


potassium cyanide solution is pumped on the top 
and allowed to percolate for about twenty days. 


| The sand requires only six days of extraction. The 


very fine slimes will not settle before lime is added 
—all the solutions, we should have said, must be 


mately the dip of the reef, which is very | kept alkaline—and afterwards form a sticky mud, 
steep, but, fortunately, becomes less steep at! which was waste until J. R. Williams, C. Butters, 


greater depths; the greatest shaft depth (the! 


Catlin shaft) is 4010 ft. Cross-cuts are driven 
straight, levels follow the dip, and winzes are 


driven from one level down to within 50 ft. of | 
the level below, and the conglomerate is then | 
removed in stopes, beginning at the upper corner | 


ofa panel. Faults and diabase dykes cause a good 
deal of inconvenience. All the work is by hand 
or machine. drilling with Ingersoll pneumatic drills 
working at 75 lb., the compressors above being of 
the horizontal two-stage type, with mechanically- 
operated valves. Blasting gelatine — gun-cotton 
dissolved in nitro-glycerine —is the explosive. The 
drainage of the mines is, on the whole, not difficult, 
but there are a few very wet mines. The Cornish 
aud the electrically-driven pumps are mostly of 
the three-throw type, single-acting. Among the 
double-acting direct pumps are some with Riedler 
valves, one of them working against a head of 
1220 ft. Asarule, about 100,000 gallons of water 
have to be raised per day, in stages of 600 ft. or 
1000 ft.; some mines get most of their water from 
underground. The water is acid, however, and 
must be chemically treated. Artificial ventilation 
is seldom resorted to. . 

The old head-gears of wood, up to 70 ft. in height, 
were liable to fires, and scarcely high enough to 
accommodate the hoisting, tipping, and crushing 
houses, and have hence been replaced by steel 
head-gears 125 ft. in height. The engines of the 
Rand total 170,000 horse-power. Twin horizontal 
engines, with Corliss or double-beat valves, are 
the rule, and conical winding drums are coming 
into favour; the drums at the New East Rand 
Proprietary Mines taper from 20 ft. down to 12 ft. 
in diameter. The Whiting hoist is also much used. 
The just-mentioned company is now putting up 
a fine central electric plant, each dynamo to be 
separately driven by a steam-engine, for the Farrar 
group of mines; there are other cases of this 
kind. It is everywhere tii- phase distribution ; 
direct-current machines are only found in old in- 
stallations. 

The ore comes up in skip-loads of 3 tons, which 
are tilted, and the ore is separated on ‘‘grizzleys ” 

strong gratings of ircn bars. The further sort- 
ing takes place on revolving iron tables, 30 ft. in 
diameter, or on endless belts, lined with natives on 
both sides, or (in the Ferreira Mine) with the aid 
of a hose which is held by a Kaffir. The ore is 
transported by self-dumping skips, or endless ropes, 
or belts, to the stamp batteries. Over 8000 stamps 
were in use in May, 1905, weighing 1140 lb. each 
on an average, and dropping 8 in. ninety-five times 
per minute. Immediately below the mortar-box 
screen of each unit of five stamps is placed an 
inclined sheet of copper, amalgamated by rubbing 
a little sodium amalgam on, and replenishing the 
mercury afterwards, with the aid of a kind of 
pepper-box, every four hours. The free :gold— 
about 60 per cent. of the total—is bound by the 
mercury ; the amalgam is scraped off once every 
twenty-four hours, freed of its excess of mercury 
by squeezing, and the gold won by distillation in 
cast-iron retorts. 

The pulp is taken to tailing-wheels, 50 ft. in 
diameter, provided with buckets on the circumfer- 
ence ; thence the pulp travels only downward by 
gravity. It first goes through the spitzlutten—hy- 





(lraulic classifiers—in which the heavier sands and 
pyritic concentrates collect at the bottom, while the | 


Van Gernet, and Hennen Jennings, to whom the 
success of the cyanide process is chiefly due, learned 


| to extract the slimes under agitation in decantation 


tanks. The final total gold extraction rises to a 
little over 90 per cent. The presence of oxygen 
seems necessary to ensure the solution of the gold ; 
but how the solution penetrates into the fine inter- 
stices of the pyrites, or how it circulates, and in 
what state the gold actually occurs, is not cleared 
up yet. 

The cyanide solution of gold passes—once only 
—through series of boxes which are packed with 
fine zinc shavings. These shavings are made 
in the works, several fine sheets of zinc being 
rolled round a mandrel, and cut off in fine tinsel- 
like strips by a steel tool. Some hydrogen is evolved 
in the baths, while the gold is being precipitated, 
probably secondarily, by the hydrogen. The Sie- 
mens electrolytic process, of precipitating highly 
diluted cyanide solution with anodes of iron— 
which were attacked and which turned into Prussian 
blue—and cathodes of lead, and other electrolytical 
processes, have been abandoned. In a certain sense 
the actual process is also electrolytic, however. 
For W. G. Betty found that a fine coating of lead 
on the shavings—produced simply by letting acetate 
of lead drip into the solution—makes the zine much 
more effective. The zinc boxes are cleared two or 
three times a month, and the gold-zinc is dissolved 
in sulphuric acid; the hydrogen evolved and the 
resulting zinc sulphate are waste. Recently the 
sulphuric acid has been replaced by the acid sodium 
sulphate from the dynamite works. The residue 
is passed through filter-presses and smelted in 
plumbago crucibles with borax and soda, or man- 
ganese dioxide. A gold bullion assaying about 
870 is obtained on the spot. Higher fineness has 
been realised by the Tavener process when the 
residue is melted down with litharge in a rever- 
beratory pan furnace. The actual recovery of the 
gold could, however, be much improved still, but 
it is a question whether this should be done on the 
Rand. 

Other improvements are being tried. Some gold 
is left in the concentrates, and can be rendered 
accessible by finer grinding of the ore. Whether 
this should be done in the stamp-mills, as Mr. 
Caldecott recommends, or with the aid of tube- 
mills—steel drums charged with steel balls—which 
Mr. Edward H. Johnson advocates, remains to be 
seen. The Robinson Mines, we should add, still 
use the Plattner chlorination process (chlorine 
acting under pressure in vats), instead of cyanide. 

The value of the gold production of the Rand 
rose from 80,000/. in 1887 to 1,500,0COl. in 1899 ; 
1,500,000/. in 1900; 3,750,0001. in 1901-2; to 
10,000,000/., 14,000,0000., and finally to 18,374,1171. 
in the year 1904-5. The 14,173 white labourers 
employed in December, 1904, drew 4,337,256/. in 
wages in that year; the 79,229 Africans and coolies 
together, 2,103,003/. ; the 20,396 Chinese, 55,3681. 
—a total of 2,158,3711. for native labour. So far as 
possible the natives are put on piece-work, 

The members of the’ British Association had 
ample opportunities to study all this. Many of 
the mines were open to them, and everything was 
shown, including the compounds—mostly well- 
kept—their kitchens and hospitals. The most 
striking feature was probably the absence of the 
secrecy which the chemist and the electrochemist 
somuch cherish. The open, unchecked intercourse 








lighter sand flows off above into the spitzkasten. | between the officials of the different companies, and 
In these water, entering at a definite pressure | the free discussions in the Chemical and Metallur- 
from below, separates the sand from the slimes. | gical Society of South Africa and other societies 
We have thus three products—concentrates, sands, | have, no doubt, greatly contributed to the success 
sud slimes, which are more or less treated alike, but | of gold-mining on the Rand. 
Separately. The concentrates pass into deep cylin-| In making the bore- holes with the aid of dia- 
(rical treatment tanks, and are further cleared of | mond- drills it has been noticed that the holes 
Slime in one of two ways. According to one, the | often deviated badly from the plumb line. Bore- 
pulp is discharged through a hose held by a boy;|hole surveying seemed doomed, until Mr. H. 
there are openings at the side of the banks, whose |F. Marriott (of Messrs. Kckstein’s) constructed 
vertical shutters the boy raises as the heap inside | some ingenious surveying instruments. The needle 
tows, So that the overflow is always at the top, is imbedded in paraffin, and not released until a 
‘est any ruts be formed; or the concentrates are | heating coil liquefies the paraffin, which soon 
hardens again, so that the inclination of the needle 
The former process is more cus-|is maintained. In another instrument two galvano- 
meters are used simultaneously, onc above ground, 


discharged through distributors, on the revolving | 
pipe systems. 
tomary, 


the other below ; the degrees of inclination of the 
latter are registered by different resistances intro- 
duced into the circuits through a switch actuated 
by a series of pendulum bobs. During these in- 
vestigations Mr. Marriott also observed that the 
mean earth temperature was 68.75 deg. Fahr. at 
1000 ft. depth, 73.55 deg. at 2000 ft., 78.35 deg. at 
3000 ft., and 83.15 deg. at 4000 ft. depth. 

Coal is found in many localities in the Transvaal : 
at Brakspan, Springs, and further east at Middel- 
burg, Belfast, &c., and is mined by adits or shafts. 
The quality varies; the seams generally contain 
bands of anthracite, semi-bituminous coal, and 
shale ; the percentage of ashes is high. The output 
has risen from 1,135,000 tons in 1901-2 to 2,513,894 
tons in 1904-5; the value from 469,7691. to 874, 8501. 
The mines and railways are the chief consumers, 
and the collieries could now supply more coal than 
is required. 

When the party went to Pretoria on Thursday, 
August 31, the whole town was celebrating both 
the British Association visit and Orange Day— 
the birthday of Queen Wilhelmina of Holland. 
Lunch was served in three hotels, and the Mayor 
of Pretoria, Mr. Andrew Johnson, sitting next 
the Lieutenant-Governor, concluded the toasts by 
proposing the health of Queen Wilhelmina. The 
reception and celebration took place in the Transvaal 
Museum, devoted to South African arts and history, 
natural history, and ethnography, and in the adjoin- 
ing zoological garden grounds. Pretoria is another 
example of a pleasant colonial town ; it lies at an 
altitude of 4500 ft., and has 35,000 inhabitants. 
The railway from Johannesburg, 30 miles distant, 
now runs further north to Peterburg, and will be 
continued in a direct line to Buluwayo. Mr. A. 
Shipley, F.R.S., lectured at Pretoria on ‘‘ Malaria 
and Fly-Borne Diseases;” Professor Arnold at 
Johannesburg, on ‘‘ Steel as an Igneous Rock ;” 
and Professor Ayrton on the ‘Distribution of 
Power.” All these lectures have already been 
referred to. 


DiaAMONDS AND DYNAMITE. 


In connection with the excursion to Pretoria, 
the Preinier Diamond Mines, 20 miles north-east of 
Pretoria, were visited. ‘They were only opened in 
1902, and have yielded the famous Cullinan diamond 
of 489} carats, and many other large stones. The 
diamond production of the Transvaal in 1904-5 
reached 995,022 carats, worth 1,198,530/. A visit 
was also paid to the Modderfontein Dynamite 
Works, 13 miles from Johannesburg, the greatest 
of their kind in the world, employing 350 white 
men and 1000 natives. Enjoying a monopoly 
before the war, the factory is now the property of 
the British South African Explosives Company. 
The site of the vast grounds— mostly rock—is almost 
ideal, and the old régime provided well for the 
comfort of staff and men. The danger area is on 
the one side of a high ridge, the acid manufacture, 
&c., on the other. The works are all arranged on 
the gravity principle, no pumping of the materials 
being required. Nitro-cotton arrives from the 
De Beers works in the moist state in bales, and is 
dried by warm air—probably the most dangerous 
operation on the spot. The dry gun-cotton is 
emptied from bags into the freshly-made nitro- 
glycerine, and the blasting gelatine thus made 
is carried about by hand in soft rubber pails, to be 
emptied into the absorbent, which does not con- 
tain kieselguhr. The dough obtained passes 
through a kind of sausage-machine, and is rammed 
by hand into cartridges of the size of bananas. In 
the acid department nitric acid is made from Chili 
saltpetre, and sulphuric acid prepared in the works 
from Sicilian sulphur, both by the old chamber 

rocess or by the new contact process, as in the De 

eers works, where the Schroeder process has been 
adopted. All the lead piping and boxes are made 
on the premises. The De Beers Dynamite Works 
at Somerset West were visited from Cape Town, 
30 miles distant. The works date only from 1903, 
and are thoroughly modern throughout, of course. 
The ground is mostly sand, but the gun-cotton is 
made on marshy ground, where no dust need be 
feared. , 





(To be continued.) 








Kine’s Cotiece ENGINEERING Socixty.—The twelfth 
annual dinner of this society was held in the Hotel Cecil 
on Saturday last, the 25th ult. The chairman was Pro- 
fessor A. K. Huntington, and the guests included Sir 
Alexander Binnie, Sir Arthur Riicker, and. Mr. F. W. 
Timmis and Mr. M. H. Curry, president and vice- 








president of the society. 
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FOUR-COUPLED EXPRESS 


LOCOMOTIVE FOR THE 


BELGIAN STATE RAILWAYS. 


CONSTRUCTED BY THE SOCIETE ANONYME “LA METALLURGIE,” TURBIZE, BELGIUM. 








FOUR-COUPLED EXPRESS LOCOMOTIVE 
FOR THE BELGIAN STATE RAILWAYS. 
By H. W. Hansury, A.M. Inst. C.E. 


DurinG the past few months we have described in 
these columns some’ of the more important of the 
locomotives exhibited at the Liége Exhibition, the 
majority having been four-cylinder compounds, either 
with or without the Schmidt superheater or a modifi- 
cation. That which we illustrate on this page, however 
(** No. 3191 ”), and which is intended for express pas- 
senger service on the Belgian State Railways, is of 
simple type with inside cylinders and Stephenson 
motion, and very similar in appearance and general 
characteristics to the locomotives in use on our own 
railways. It is representative of the Belgian standard 
four-coupled locomotives, type 18, of which there are 
140 in actual service. Some few of the type have been 
designed with the necessary alterations to allow of the 
use of superheated steam, and one of them, constructed 
by the Société Anonyme des Forges, Usines et Fon- 
deries de Haine-Saint- Pierre, was also exhibited 
at Liége; but that with which we are immediately 
concerned is by the Société Anonyme ‘‘ La Métallur- 
gique,” of Tubize. The principal dimensions are as 
follow :— 


Gauge sale af 1.438 m. (4 ft. 84 in.) 
Diameter of cylinders 482 mm. (19 in.) 
Stroke , has 660 ,, (25.98 in.) 


Boiler pressure... 18 atmospheres (191 Ib.) 
» greatest inside dia- 


meter... st 1.427 m. (4 ft. 8,", in.) 
» thickness of plates ~ 15 mm. (0.59:in. 
» Capacity ... ... 5.360 cub. m. (190 cub. ft.) 
Distance between the 
tube-plates . 8.467 m. (11 ft. 44 im) 
Number of tubes ... a 265 
Outside diameter of tubes 45 mm. (1? in.) 
Thickness of tubes 7 2.5 ,, (0.098 in.) 
Heating surface of firebox 12.17 sq. m. ( 131 sq. ft.) 
- be tubes 115.45 ,, (1243 ,, ) 
Total es .». 127.62 sq. m. (1374 sq. ft.) 
Length of grate ... 1.937 m. (6 ft. 4 in. 
Breadth of grate ... fe Fe 
Grate area ... vs «se 2,072 8q. m. (22 aq. ft.) 
Height of the boiler centre 
above the rail .. ... 2,440 m., (8 ft.) 
Diameter of ie-wheels 1.067 ,, ( 3 ft. 6 in.) 
» coupled _,, 1,980 ,,(6,, 6 ,,) 
Total ae of engine 
over buffers... Oe. SB 3 
Total length of wheel-base 7.162 ,, (23,, 6 ,, ) 
Fixed wheel-base... 0 OO (8s, 6 no) 
Bogie wheel-base... nt Se ae ee OS 
Distance from rail to top 
of chimney wit o 403 ,, (18,, %.,) 


Distributed ( i[stbogieaxle 8.700 tonnes ( 8 
load (full | 2nd = oe «4 6US a Sw 
working } leading axle 18.300 ,, (18 ,, — 
order) trailing ” 18.000 ” (17 ” ” ) 
Total weight of engine 
in full working order ... 53.350 ,, (52,,10,, ) 


Total weight of engine 

empty ... = ..- 48.800 ,, ( 48 tons ) 
This locomotive is fitted with a new type of electric- 
light generating plant, designed by M. G. L’Hoest, of 
the Belgian State Railways, and M. H. Pieper, the 
managing director of the Compagnie Internationale 
d’Electricité. The apparatus, which was constructed by 
the last-named company, is placed on the top of the 
boiler, and consists of a small dynamo driven by a 
single-acting high-s vertical engine having con- 

stant admission. This vertical engine has been ve’ 

carefully balanced in order to reduce vibration, whic 
is, we understand, practically undiscernible even 
when running at a speed of 1000 revolutions per 
minute, of which this engine is capable. Its action 
is automatic, and it requires no attention when once 
started. In addition to the lighting throughout the 
train, the head light is also electric, and by means 
of a switch situated in the cab may be changed 
from white to red, or vice versd, during shunting 
operations. A number of small lamps are provided in 
the cab, and in F prsars. to the motion and other 
moving parts, and accumulators are placed under each 
carriage for reserve lighting, one set of these being 
algo attached to the platform of the locomotive. The 
capacity of these accumulators is such as to give about 
three hours’ lighting. One other locomotive of this 


between Verviers and Brussels. ‘The number of this 
engine is 2677. 

part from the electric-lighting plant, to which we 
have thus briefly referred, there ) ba not appear to be 
any feature of special interest in connection with this 
locomotive, The boiler is of the ordinary cylindrical 
form, with plain brass tubes, copper fire-box, double- 
beat regulator, and Wilson safety valves. The cylin- 
der valves are of the usual D sliding t pe, working 
back to back in the steam-chest situated | tween the 
cylinders. 

The axle-boxes are of bronze, lined with white 
metal, and are provided with cast-iron sponge-boxes. 
The springs of the rear driving-wheels and those of 
the bogie are of the laminated type, while those of the 
main Eieleg- ate are of the Timmis spiral type. 

The bearing upon which the bogie centre rests is 
swung from the truck, and admits of a transverse 
movement of 19 millimetres (} in.) to each side. Com- 
| ners sanding-gear is fitted, air being taken 
| from the chamber of the Westinghouse brake, with 








ts. 10 ct.)| which brake this engine is equipped. 





It will be 
observed that brake-blocks are applied to all the 


| wheels, those of the bogie included, according to pre- 


| 


type is provided with this plant, and is now running | O 





vailing Continental practice. 

The accompanying tender is carried upon two four- 
wheeled bogies, os has accommodation for 18,000 
litres (3960 gallons) of water and 54 metric tons of 
coal. Its total length, measured over the buffers, is 
8.200 metres (27 ft.), and its weight when empty is 
28,500 kilogrammes (28 tons). The bogie wheels are 
1.067 metres (3 ft. 6 in.) in diameter over the tread, 
the centres are of cast steel (the same practice with 
regard to the attachment of the tyre being followed as 
that in vogue on the Caledonian Railway), the bogie 
frames of mild-steel plate, and the central stretcher of 
cast steel. 

The tender frame is constructed of mild-steel plates 
and angles, A well, or subsidiary tank, is provided at 
the bottom ‘of the main tank, between the frames. 
Steel T’s and angles are attached to the inside of the 
latter, and longitudinal and transverse stays are riveted 
to them for the purposes of increasing the rigidity and 
strength. A dial and pointer, operated by means of a 
floating ball, indicate the height of the water. A 
hand-byake, in addition to the fittings of the Westing- 
house brake, and the usual equipment of tool-boxes, 
train-heating pipes, &c., are provided. 

We have to express our thanks to the builders for 
the photograph we reproduce with this brief notice. 








Messrs. CAMMELL, LainD, AND Co., LimrtEp.—There 
are now 2000 persons in the employment of the Coventry 
rdnance Works (Messrs. Cammell, Laird, and Co., 
Limited). An explosives factory is in course of erection. 
It is stated that the company contemplate the manufac- 
ture of naval guns at Coventry. Already the works cover 
an extremely large area, and the company possess @ con- 
siderable quantity of additional land, which will admit of 
extensions. 





BRIDGING THE TEESs.—A company has been formed to 
erect a transporter bridge across the Tees, from Middles 
brough to Port Clarence, in lieu of an existing horse-and- 
cart ferry, and also to construct in connection with it a 
light railway or tramway from Middlesbrough to Port 
Cesena, Billingham, Cowper - sane: i Greatham, Seaton, 
Seaton Carew, and West Hartlepool. As the scheme is 
in competition with the Middlesbrough Corporation ferry 
service, opposition to the powers to be sought is not un 
likely ; and for this reason the io of the under 
taking have not yet published full details of their scheme. 
The length of route of the light railway will be about 
74 miles. The lines will be constructed on a gauge 0! 
3 ft. 6 in., and electric power will be used. The scheme, 
if carried out, will open up a large district on the north 
bank of the Tees 
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DRY DOCK AT PORT FLORENCE ON THE 





VICTORIA 


NYANZA. 

















Fic. 


3. 


East the Boston and Maine Railroad placed an order 
for 25,000 tons. The Union Pacific Railroad ordered 
alike amount. Inquiries are now in hand, and addi- 
tional large orders will no doubt be placed next week, 
or as soon as the railmakers can guarantee deliveries 
at certain dates. Fabricated steel is also in very 
heavy demand, and negotiations are about closing this 
week for 8000 tons of structural material for the 
Chicago North-Western Elevated Railroad. The 
Pennsylvania Railroad is in the market for some 
25,000 tons, to prosecute improvements on its line west 
| of Pittsburg. 1 building contracts are also crowd- 
| ing in, the latest order being for 1500 tons for a build- 
ing in Portland (Oregon). There is great difficulty in 
obtaining all the steel plates that are needed, and 
contracts during the past week were placed by car- 
builders for about 60,000 tons. The largest order was 
for 20,000 tons, which was secured by an independent 
mill. The price has been advanced 1 dol. per ton on 
small lots. 
of 2 dols. per ton. 
| hearth billets have been made by Pennyslvania mills 
on a basis of 28.50 dols. 


Tue dry dock which we illustrate in Figs. 1 to 3 
above is by no means remarkable for its size, but 
is worthy of note as being probably the highest 
dock in the world. It has been constructed at 
Port Florence, the terminus of the Uganda Rail- 
way on the Victoria Nyanza, the elevation of which is 
3700 ft. above sea-level, in order to accommodate the 
fleet belonging to the railway, to which another 
steamer is about to be added. As the lake is subject 
to severe storms, which get up quite a sea on such 
« large expanse of water, these vessels have to be 
fairly seaworthy. 

lhe dock is 250 ft. by 48 ft. and 14 ft. deep, exca- 
‘ated out of practically solid rock by Wakavirondo 
labour, not a man of whom had ever before done a 
day's work. Figs. 1 and 2 show two stages in the 
construction of the dock ; and the appearance of the 
ompleted dock, with one of the railway company’s 
essels within it, is shown in Fig. 3. It was begun in 
October, 1904, and finished in September, 1905, at a 
total cost of 40002 , both cost and time having been 

icreased by plague visitations. 








that they will have to wait. Basic and standard 
Bessemer iron has been quiet for several days owing to 
the very large transactions which have heretofore been 
reported, 
November 22. 

AFTER several months of activity in the steel-rail 
branch of the industry, during which time contracts 
were placed for the delivery of some two million tons 
of rails for next year’s construction, the steel-makers 
are again beset with a rushing demand for steel for 
structural requirements. Most of the large orders 
now being placed are for bridge-work, railroad ter- 
minal work, and elevated track-work. These constitute 
the larger sources of demand, but they are sup- 
plemented by requirements of lesser magnitude, 
originating among builders of all kinds who have work 
contrac for, consisting of the building of com- 
mercial and industrial structures, apartment houses, 
shops and mills. There is a great deal of business of 
this sort, and the orders run from 100 to 200 tons each. 
The aggregate of orders of this character for the past 
week foot up 12,000tons. Among the -» = ers 
is one placed by the Duluth, Mesaba, and Northern 
Railroad for 30,000 tons of bridge material. Addi- 
tional orders have been placed within a week for 
60,000 tons of bridge material, most of which is 
for delivery after January 1. In addition to these 
phenomenal orders, the car-builders have been quietly 
contracting for a large amount of material, the extent 
of which cannot be ascertained, owing to the fact that 
negotiations are not quite terminated ; but they only 
relate to the dates of delivery, and not to the manu- 
facturing of the material. The shipyards are also in the 
market for large supplies of material to cover work 
which has been contracted for during the past 30 days. 
The Cramp Shipbuilding concern of this city has re- 
cently secured contracts for the construction of four 
large ships, and part of the business done has relation 
to this new work. Steel plates continue very active, 
and buyers are obliged to pay premium prices ranging 
from 2 dols. to 3 dols. per ton above the official prices. 
An agitation is in progress on the part of the owners 
of the independent mills to establish an official price 
that will represent the actual price now paid. The 
meeting is to be held in New York on Friday, the 
24th inst., to take action upon this matter. The lead. 
ing interests are opposed to publicly announcing 
this advance, because of the possible influence such an 
advance would have in precipitating a demand 
among future buyers in order to secure material long 
before there is any actual necessity in contracting for 
it. Theconstruction of electrical rouds in this country 
is creating a demand for rails and supplies for roads of 
| this-kind, which is constituting a very important factor 
‘in the steel industry. The probable requirements 





| 


An official advance will shortly be made | from this source cannot be very easily measured, but 
Sales of 3000-ton lots of open-| it may be said with safety that the electrical road 
requirements will be very large. This system of trans- 
There is a heavy demand for | 


rtation has received a stimulus within the past year 


soft-steel bars, and for all other kinds of material, in- | y reason of the good dividends which are being paid, 
cluding bars, sheets, tubes, pipe and merchant steel. | and which are due to the excellent management, 
The tone of the market is exceptionally strong, | financial and commercial, and to the consolidation of 


NOTES FROM THE UNITED STATES. 
PuHILADELPHIA, November 15. 


Tuk extraordinary activity-in iron and steel is un- 
sbated. Manufacturing interests are surprised at the 
volume of business coming in every week, and there is 
no end in sight. Railroad conipanies, both in the 


and there is a rash for foundry iron, which has 
been taken by Pennsylvania furnaces. The Southern 
furnaces have accepted all the business they felt dis- 
to, their orders being mostly for No. 2 foundry. 

he demand for malleable Bessemer iron is in excess 
of the capacity of the furnaces, and some buyers who 
Tn the' wanted only small lots have been put off and are told 


eastern and western sections of the United States, 
have been ordering rails during the past week, the 
aggregate of o:ders amounting t » 75,000 tons, 

















| many lines under one system. 








PuysicaL Socrety.—The meeting of December 8 is 
cancelled, and will take place on December 15. at the 
Royal College of Science, South Kensington, when there 
will be an exhibit of electrical, optical, and other physical 
apparatus, 
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NOTES FROM THE NORTH. 
Grascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was quiet, and 7000 tons of Cleveland 
warrants were done at 53s. 44d. cash, 53s, 6d. eight and 
thirteen days, and round 53s. 9d. one month, and 54s. 4d. 
three months. The tone was fairly steady, and the 
closing quotations were 53s. 6d. cash and 533. 94d. one 
month sellers. Hematite was a shade easier, and 1000 
tons were dealt in at 69s. 9d. cash and 70s. 6d. one month. 
In the afternoon the tone improved, and the business was 

uite 15,000 tons of warrants and 15,000 tons of options. 
Cleveland warrants changed hands at from 53s. 6d. to| 
533. 44d. cash, and round 53s. 10d. one month, sellers’ clos- | 
ing quotations being 53s. 6d. cash and 533. 104d. one month. | 
Hematite was 3d. up, and was done at 703. cash, On, 
Friday morning the market opened easy for Cleveland | 
warrants at 53s. 3d. cash, but advanced to 533. 74d., 
closing with sellers at that figure. Forward warrants 
were done at 53s. 10d., 53s. 9d., and 54s. one month, 54s. 
twenty-four days, and 3500 tons were done at from 
54s. 44d. to 54s. 9d. three months. At the close sellers of 
one month iron quoted 54s. 04d. Three lots of Scotch | 
warrants were dealt in at 58s. and 58s. 1d. cash ; the total | 
turnover was about 30,000 tons, which included 15,000 | 
tons of options, the market being active. The settling prices | 
were :—Scotch, 583.; Cleveland, 533. 74d.; hematite, 70s. ; | 
and Standard foundry iron, 52s. 44d. In the afternoon | 
the total business amounted to 10,000 tons of Cleveland | 
warrants at slightly easier prices. Cash iron was done | 
at from 53s. 54d. to 53s. 64d., and forward iron at 
533. 114d. and 53s. 11d. one month, and closing sellers 
quoted the higher values in each case, buyers offering 
44. less. A flat tone prevailed on Monday morning, but 
the turnover of 16,000 tons was fairly good, Cleveland 
warrants opened at 53s, 2d. cash, but hardened up to 
53a. 34d. cash and 53s. 4d. nine days, while forward war- 
rants were done at 53s, 64d., 53s. 6d., 533. 8d., and 
53s. 74d. one month, and at 54s. 3d. three months. Sellers’ 
closing quotations were 53s. 4d. cash and 53s. 8d. one 
month. Hematite—1000 tons—were dealt in at 7ls. 
three months. At the afternoon session 13,000 tons 
of Cleveland warrants changed hands at 53s. 4d. and 
533. 34d. cash, 533. 5d. and 533. 64d. eleven days, 
and 533. 8)d. one month. The closing quotation was 
the same as in the morning for cash, but 4d. up 
for one month. Standard foundry iron was quoted 
523. 44d. cash sellers. On Tuesday morning the tone of 
the market was very weak, and Cleveland warrants were 
done down to 53s. 14d. cash and 53s. 6d. one month; 
other transactions were at 53s. 44d. twenty-four days, and 
53s. 4d. twenty-one days. The turnover was 10,000 tons, 
and the closing quotations were 533, 2d. cash and 53s. 64d. 
one month sellers. The settling prices were :—Scotch, 
58s.; Cleveland, 53s. 14d.; hematite, 693. 9d.; and 
Standard foundry iron, 523. 3d. The weakness developed 
further in the afternoon, and Cleveland warrants changed 
hands at 523. 10d. cash, 53s. 24d. twenty-one days, 53s. 5d. 
to 52s. 4d. one month, and at 543. to 53s. 1ld. three 
months. The dealings amounted to 10,500 tons, and 
sellers’ closing quotations were 52s. 10d. cash and 53s. 24d. 
one month. Hematite was quoted at 70s. 14d. one month 
sellers. When the market opened to-day (Wednesday) a 
weak tone was again evident, and Cleveland warrants 
dropped to 52s. 74d. and 52s. 7d. cash, and to 52s. 114d. 
one month. Three months iron—4000 tons—changed 
hands at 53s. 8d. The turnover amounted to 20,000 tons 
in all, and closing sellers quoted 523. 74d. cash and 
523. 114d. one month. Hematite was quoted 69s. 44d. cash 
sellers, and Standard foundry iron at 51s. 8d. cash sellers, 
but there were no buyers. In the afternoon the market 
was steady and unchanged in tone. A moderate busi- 
ness, amounting to 8000 tons of Cleveland warrants, was 
put through at 52s. 8d. cash, 53s. one month, and 53s. 8d. 
three months. The closing quotations were 523. 8d. cash 
and 53s. 04d. one month sellers, 4d. less being offered by 
buyers. Hematite was neglected, but there were sellers 
at 69s. 6d. cash, but no buyers. The market quotations 
for makers’ (No. 1) iron are as follow:—Clyde and 
Calder, 68s. ; Gartsherrie, 683. 6d.; Summerlee and Lang- 








loan, 70s.; Coltness, 76s, (all shipped at Glasgow) ; Glen- 
—— (shipped at Ardrossan), 68s.; Shotts (shipped at | 
weith), 68s, ; Carron (shipped at Grangemouth), 70s. 

Sulphate of Ammonia.—The market for sulphate of | 
ammonia has lately m very quiet, and values rather | 
easier. The current price is round 12/. 12s, 6d. to 127. 15s 
= ton, Glasgow and Leith. The shipments from the 
atter port last week amounted to 1500 tons. 


Scotch Steel Trade.—At the present moment there is 
little to be said about the local steel industry, other than 
that conditions remain unaltered. Fresh inquiries con- 
tinue scarce ; but, then, steel-makers cannot promise early 
delivery, and that has checked new business to some 
extent. No change has been made in prices. 


Wages in the Iron Trade.—Mr. John M. Macleod, 
Oda rig =e has made the following intimation to Mr. 
James OC. Bishop and Mr. James Gavin, joint secretaries 
of the Scottish Manufactured Iron Trade Conciliation and 
Arbitration Board:—‘‘In terms of the remit, I have | 
examined the employers’ books for September and Octo- 
ber, 1905, and I certify that the average realised net 
eng at works brought out is 5/. 17s. 7.78d. per ton.” 

his means an increase of 24 per cent. in the wages of 
the workmen. 


Shipbuilding.—The Grangemouth and Greenock Dock- 
yard Company have contracted to build a cargo-steamer 
of about tons, for the Nippon Yusen Kaisha, of 





| 
| 


Tokio. The vessel will be constructed at the Grange- 
mouth yard.—During the month of November, the Clyde 
orders for new steamers have not been quite so numerous 
as in the two previous months. The new tonnage, how- 


ever, may be calculated at not much under 60,000 
tons. The launches during the month num 
seventeen vessels, representing an aggregate of about 
50,000 tons, as against sixteen vessels, and repre- 
senting 24,240 tons, in November of lust year. ‘he 
principal vessels were:—The Empress of Britain, 
14,500 tons, built at Fairfield, for the Canadian Pacific 
Railway Company; the Colaba, 5000 tons, - Messrs. 
William Denny and Brothers, Dumbarton, for the British 
India Steam Navigation Company ; the Bellgrano, 4700 
tons, by Messrs. Napier and Miller, Limited, Yoker, for 
Messrs. Bell Brothers and M‘Lelland, Glasgow; the 
Livingstonia, 4500 tons, by Messrs. Alexander Stephen 
and Sons, Limited, “Linthouse, for Messrs. Maclay 
and M'‘Intyre, Glasgow; the Glendhu, 4200 tons, 
by Messrs. Charles Connell and Co., Limited, Scots- 
toun, for Messrs. James Gardiner and Co., Glas- 
gow; the Ardgowan, 4000 tons, by Messrs. Russell 
and Co., Port Glasgow, for Messrs. Lang and Fulton, 
Greenock; the Cara, 4000 tons, by Messrs. Wil- 
liam Hamilton and Co., Limited, Port Glasgow, for 
Messrs. Japp and Kirkby, Liverpool; the Don Carlos, 
2500 tons, by the Clyde Shipbuilding and Engineering 
Company, Limited, Port Glasgow, for the Compania de 
Lota y Coronel, of Lota; the Luchow, 2000 tons, by 
Messrs. Scott’s Shipbuilding and Engineering Company, 
Limited, Greenock, for the China Navigation Company, 
Limited ; the Urania, 2000 tons, by the Campbeltown 
Shipbuilding Company, for Mr. Alfred Christensen, 
Copenhagen. The other vessels were all under 1000 tons. 

Glasgow University Engineering Society.—At a meeting 
of this Suciety, held on November 23, in the James Watt 
Engineering Laboratories, the University, Mr. H. A. 
Mavor, of Messrs. Mavor and Coulson, delivered a lecture 
on ‘‘ The Art of mong acc l to a a and me 
ciative audience, Professor Barr occupying the chair. The 
lecturer showed that, having obtained a knowledge of the 
principles of sclution of engineering problems, another 
course of education is required in the application of this 
knowledge to the data available as the bases of calcula- 
tion. These bases are, as a rule, only approximations, 
and skill has to be employed in the selection of the 
elements of calculation. Otherwise, the results are value- 
less. There are twomain objects of search in engineering 
calculations :—(1) The relation between dimensions and 
useful effect ; and (2) the relation between useful effect 
and cost. Neither of these objects can be finally accu- 
rately attained, and certain elements, which affect the 
result more or less, have to be discarded. ‘This process of 
selection of the bases of calculation is evidently at least as 
important as accuracy in the calculation. Even the 
fundamental bases of calculation—distance, mass, time, 
and price—are not themselves accurately ascertainable, 
and a selection of means of ascertaining these dimen- 
sions has to be carefully made, so that the resulting calcu- 
lations of useful effect and cost may bear some relation to 
the facts. Experience in estimating these dimensions is 
essential to an engineer. A vote of thanks was awarded 
to Mr. Mavor. 








Istz or THanet Licut Rartways.—In his report to 
the Board of Trade on the tramway accident which 
occurred at Madeira Hill, Ramsgate, on August 3 last, 
Lieut.-Colonel von Donop, after reviewing the circum- 
stances of the case, states that the gradients on Madeira 
Hill are not excessive (from 1 in 13 to 1 in 16), and, pro- 
vided the brakes are in good order, there is no reason 
why a car should get out of hand in descending them. 
Owing, however, to the curves on the hill, if it does get 
out of hand, a derailment and disaster would appear 
inevitable. None but experienced drivers, therefore, 
should carry out the service at this part of the run; the 
driver who had charge of the car on the day in question 
was by no means sufficiently experienced. 

Mipp.rssroucu.—In 1897 the North-Eastern Railway 
Company obtained Parliamentary authority to increase 
dock facilities at Middlesbrough. Plans were prepared 
by Sir J. Wolfe Barry, and a year later a contract for 
the work was let to Mr, J. Scott, of Darlington. Various 
delays have occurred, and it will probably be another 
year before the undertaking is finished: But great pro- 
gress has been made, and a good idea can now be obtained 
both of the magnitude of the enterprise and the increased 
accommodation which will be afforded. A water area 
of 254 acres will be given, securing room for the largest 
steamers to swing. This has been obtained by the aboli- 
tion of the three old entrances to the dock, the creation of 
a new lock and channel, and the inclusion of much of the 
former quay space and the extension of the existing 
quays. The dock is of irregular formation, with three 
new arms on the north-west, west, and south-west sides. 
There will be eleven quays, giving a total quayage of 
6700 ft. The new dock is brought 350 ft. nearer to the 
Tees; a | dam has been built across the eastern end, 
composed of a monolith wall to the dock, and banked on 
the river-side with a natural slope. This is 220 ft. wide, 
and a handsome swing-bridge gives access for both 
railway and ordinary traffic from the dam over the dock 
to the railway sidings on the south side. The siding 
accommodation has been increased, and a large stock- 
yard created at the back of the south jetty, which is 
900 ft. long, and is furnished with mooring appliances 
to enable vessels to lay alongside while waiting for a rise 
in the tide to enter the dock. A short timber jetty, 


| 300 ft. long, on the north side, will accommodate smaller 


craft. The lock-is 160 ft. long by 80 ft. wide. The 
gates are of steel and iron, and are worked by direct- 
acting hydraulicrams. The depth of water on the sills at 
high water of ordinary spring tides is 33 ft., and the dock 
has been dredged a foot below the sill. At low water the 
depth on the sill is 16 ft. The dock is being equipped 
with cranes, &c , upon a lavish scale. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

John Brown and Co., Limited.—The directors of this 
company have resolved to pay an interim dividend at the 
rate of 5 per cent. per annum on the ordinary shares of 
the company free of income-tax, on December 21. The 
usual dividend on the preference shares will be payable at 
the same time. 

The Iron and Steel Trades.—Firms engaged in the 
heavy trades still report encouragingly of the progress of 
business. The demand for all classes of steel continues to 
grow, and most makers of crucible steel are now well 
booked ahead. File-manufacturers are full up with work, 
and some of them are quite unable to undertake early 
deliveries. There is an increasing demand for picks, 
shovels, heavy hammers, and other mining and excavating 
tools, and men are better employed now than for some 
considerable time. There are numberless inquiries in the 
market from Russia for these and tools of all kinds; but 
manufacturers are showing no eagerness to accept orders. 
Some firms who have been sending out such goods to 
that country with considerable regularity are now holding 
their hands. The very high prices asked for copper, tin, 
spelter, and other material largely required in the Shef- 
field trades are very seriously affecting some of them. 
Firms engaged in the manufacture of silver-plate and 
Britannia metal wares are shortening their discounts, 
because of the increased cost of production. 


South Yorkshire Coal Trade.—There is rather more 
animation in the house-coal branch. There has not onl 
been an improved demand, but prices have stiffened. 
The inquiries for steam coal are fairly numerous; and, 
considering the season of the year, the demand for Russia 
is well maintained. Grimsby and Hull are in receipt of 
large supplies, chiefly for fishing smacks; but the 
tonnage despatched to Goole has fallen away somewhat. 
Gas coal is in good request. There is a brisk call for 
engine fuel, the cotton mills in Lancashire being good 
customers. Owing to the largely increased sources of 
supply, the coke trade is passing through a somewhat 
quiet period. 








INTERCOLONIAL MEETING OF THE BriTISH ASSOCTATION. 
It has often been said and written during the visit of the 
British Association to South Africa that such meetings 
would help to draw the Colonies and the Mother Country 
closer together. In order to give effect to such hopes, 
Professor John Milne suggests in our contemporary 
Nature, of last week, that an intercolonial meeting of the 
British Association should be organised. The difficulties 
connected with the organisation of such a convention, say, 
in London, to be supplemented by visits to various centres 
in Britain, he states, have informally been discussed by 
home and colonial members, and do not appear to be in- 
superable. Mr. Milne points out that the visitors who 
learned so much must also have left some small return ; 
the relationships thus established should stimulate reci- 
procity, remove misconceptions, and pave the way to 
co-operation. We concur, and should like to hear on 
what basis Professor Milne would wish to establish his 
organisation. 

THE LATE Mr. AvBert J. Pirxin.—Mr. Albert J. 
Pitkin, President of the American Locomotive Compeny, 
of New York, died at his home in New York City, on 
November 16, after an illness of several months, the 
serious character of which was not appreciated or widely 
known among his closest friends, and the news of his 
death was a surprise to all. Mr. Pitkin was born at 
North Hampton, Ohio, in 1854. At the age of seventeen 
he entered the stationary engine works of the Webster, 
Camp, and Lane Machine Company, of Akron, Ohio, as 
an apprentice. On completing his apprenticeship he 
spent a year in the locomotive repair shops of the Cleve- 
land, Akron, and Columbus Railroad, and afterwards 
entered the drawing-office of the Baldwin Locomotive 
Works ; to accomplish this he had followed a course of 
diligent evening study. From this time he gave his 
attention to locomotive work. After five years at the 
Baldwin Works he became chief draughtsman of the 
Rhode Island Locomotive Works, and two years later, 
in 1882, was appointed mechanical engineer of the 
Schenectady Locomotive Works. In two years he became 
superintendent of the latter. Upon the death of the 
president, Edward Ellis, Mr. Pitkin was made vice- 
president and general manager, and from that time 
developed the commercial, as well as the manufacturing, 
features of the business which gave these works their 
high standing among the locomotive - building com- 
panies of the country. Upon the formation of the 
American Locomotive Company, Mr. Pitkin became 
its first vice-president, and vpon the death of Mr. 
Callaway on June 1, 1904, he was made President. In 
estimating Mr. Pitkin’s life and work it is necessary 
to give to him large credit for the development of tlic 
locomotive to its great power. He was exceedingly active 
in the introduction of fire-boxes over locomotive frames, 
and in the increase of steaming capacity through the 
introduction of larger boilers. To him was due the 
greatest step in the marked advance in the capacity 
of passenger locomotives, which began twelve years 
ago, and reached its present height of development in 
the very large passenger locomotives of the ‘* Prairie 
type on the Lake Shore and Michigan Southern Railway. 
One of the last important a which received 
his careful attention was the application of Walschaert 
valve-gear, and the introduction into the States of the 
principle of the Mallet compound, which he considered 
a distinct step in advance in locomotive designing. lle 
was a most generous and considerate employer, and ws 
sincerely interested in the welfare of his great army «f 
men. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MrpD.LEsBRouGH, Wednesday. 
The Cleveland Iron Trade.—Yesterday there was only 

a moderate attendance on ‘Change. Business in Cleve- 
land pig was on a small scale and quotations eased. 
Sellers were much more anxious to do business than | 
buyers. The latter, in fact, were very backward, and 
heid off in the hope and belief of still lower rates ruling. | 
They pointed to the unsatisfactory statistical situation as 
likely to have a detrimental influence on the market; and 
called attention to the fact that not only were there over 
260,000 tons of Cleveland pig in the public warrant stores, 
but that iron was now being sent there at the rather 
alarming rate of 10,000 tons per week. No. 3 g.m.b. Cleve- 
land pig was 52s. 9d. f.o.b., and by the close of the market 
there were plenty of sellers at that figure. No. 1 was 54s. 3d.; 
and No. 4 foundry, 51s. 6d. The lower qualities were 
pretty plentiful, and rather freely offered. Grey forge 
was 51s. ; mottled, 50s. ; and white, 493. 94. East Coast 
hematite pig was somewhat scarce, and several firms 
would no doubt quickly increase their output to meet the 
demand if supplies of Spanish ore of good quality came 
more readily to hand. Forearly delivery of mixed num- 
bers the quotation was still 703., but there were buyers 
over at that price, and some of the makers were inclined 
to ask rather more. No. 1 was 70s. 6d., and No. 4 forge 
653. Half-a-crown above these rates were the forward 
quotations, There was not much doing in Spanish ore, 
and values were unaltered. Rubio of 50 per cent. ay 
was 183. 9d. ex-ship Tees for early delivery, and 19s. 6d. 
to 20s. for business over the first half of next year. 
Freights, Bilbao to Middlesbrough, stood at 53. 9d. To- 
day the market was again quiet, and quotations were 
practically unaltered. 


Manufactured Iron and Steel.—There is great activity 
in the various branches of the manufactured iron and 
steel industries. Work is being turned out rather rapidly, 
many firms have contracts made which will keep them 
busy right through next year, and good inquiries are still 
in the market. Prices all round are very strong, and 
further advances at any time would cause no surprise. 
Common iron bars are 7/.; best bars, 7/. 103.; iron ship- 
plates and ship-angles, each 7/. 5s.; iron ship-rivets, 8/.; 
steel bars, 6/. 15s.; steel ship-plates, 7/.; steel ship-angles, 
6l. 123. 6d.; steel boiler-plates, 87.; steel hoops, 7/. 5s.; 
steel strip, 6/. 15s.; steel sheets (singles). 7/. 1Us.; steel 
sheets (doubles), 8/.; and steel joists, 6/. 7s. 6d.—all less 
the customary 24 per cent. discount. Railway material 
is also firm. Cast-iron railway chairs are 3/. 15s. ; steel 
sleepers, 6/. 17s. 6d.; and heavy sections of steel rails, 
5/. 15s.—all net cash at works. 


Manufactured Ironworkers’ Wages.—The accountant 
to the Board of Conciliation and Arbitration for the 
manfactured iron and steel trade of the North of England 
has certified the average net selling price of rails, plates, 
bars, and angles for the two months ending October 31 
last at 6/. 03. 0.34d., as against 5/. 18s. 11.56d. for the 
previous two months, and in accordance with sliding- 
scale arrangements wages for December, 1905, and 
January, 1906, will be the same as prevailed during the 
preceding two months. 


Coal and Coke.—Coal on the whole is steady and 
firmer. A desire to do forward business is shown and 
quotations tend upwards. Deliveries of gas coal on long 
contracts are heavy, with the result that there is little of 
this description available to offer. Prices are unchanged. 
Bunker coal is in very good request, but the supply is 
plentiful, and unscreened Durhams remain at from 8s. 
to 8s. 3d. f.0.b. Household coal shows some improve- 
ment and coking coal is stronger. There is practically 
no prompt business doing in coke. For delivery here 
over the first half of 1906 average blast-furnace coke is 
quoted up to 17s. 








Carnecie Sree. Company.—All records for the out- 
put of steel rails were broken in October at the Edgar 
lhomson Steel Works, of the Carnegie Steel Company, 
the product being 82,900 tons gross, the average section 
being 851b. The best previous month’s record of the 
plant was 71,000 tons. The efforts of the men to break 
the record were appreciated by the Carnegie Steel Com- 
pany, and suitable rewards were made. 





Tue Untverstry or Liverroon.—A meeting of tLe 
University of Liverpool Engineering Society was held on 
the 2ist ult., when Professor Donnan read a paper on 
‘The Physical Chemistry of Cement.” After a short 
historical ‘Sketch, he referred to the researches of Le 
Chatelier in 1837, and Térnebohm in 1897. The method 
they adopted was to examine thin sections of cement 
clinker by polarised light. Four crystalline minerals and 
one amorphous substance were detected, some of which 
Le Chatelier, by synthetic methods, identified as_sili- 
cates of calcium. The amount of each of the five sub- 
stances was estimated from the areas of section of each 
mineral, Another point was that a well-burnt specimen 
had the various crystals evenly distributed. The time of 





setting of cement can be hastened by the addition of 

certain catalytic agents, such as Al Cl; Ca Clo, and | 
can be retarded by K, Cr, O; B (O H)3, &c. The volum; 
expansion of cement is an important factor, and is mea- | 
sured by the dilatometer. A piece of cement clinker is 

aged by boiling, and its volume measured at different | 
stages, a good cement altering little. The annual dinner | 
of the Engineering Society is to be held on December 9, | 
at the Hotel St. George, Liverpool, and it is hoped old 

students will try to be present. 


NOTES FROM THE SOUTH-WEST. 


Cardif.—A hopeful feeling is entertained as regards 
forward deliveries of steam coal, but for prompt shipment 
the turn has mn in favour of buyers. The best lar 
steam coal has made 12s, 3d. to 12s. 9d. per ton, while 
secondary — have brought 11s. 6d. to 12s. per ton. 
There has been little change in house coal. The best 
ordinary qualities have made 13s. 6d. to 15s. per ton, 
while secondary descriptions have ranged from 10s, 6d. to 
lls. per ton; No. 3 Rhondda large has brought 13s. 6d. 
to 13s. 9d. per ton. Coke has shown scarcely any change; 
foundry qualities have been making 18s. 6d. to 18s. 94. per 
ton, and furnace ditto 16s. 6d. to 17s. per ton. As regards 
iron ore, Rubio and Almeria have been quoted at 17s. 6d. 
to 18s. per ton upon a basis of 50 per cent. of iron, and 
charges, including freight, insurance, &c., to Cardiff or 
Newport. 


Furnaces for Swansea.—At a representative meeting 
attended by steel and tin-plate manufacturers and mer- 
chants at Swansea, it was decided to promote the erec- 
tion of blast-furnaces at Swansea Docks, and 20,0007. was 
subscribed towards an estimated outlay of 100,000/. 


More Welsh Coal.—The 3-ft. seam has been struck at 
Cefngyfelach Colliery, near Swansea, by a drift from the 
6-ft. seam of about 24 yards. 


The “* Warrior.”—The Warrior was launched on Satur- 
day, the 25th inst., at Pembroke Dock. She is of the 
Natal class of cruiser, is 505 ft. 3 in, long, 73 ft. 6 in. in 
breadth, has a mean draught of 27 ft., a displace- 
ment of 13,550 tons, an indicated horse-power of 23,500, 
and a speed of 224 knots. Her total weight, includ- 
ing armour, is 8015 tons. Her estimated cost is about 
1,100,000. She mounts, like her three consorts—the 
Natal, Achilles, and Cochrane—six 9.2-in. and four 7.5-in. 

uns. She belongs to the first cruiser cass in the British 

Navy, in which the 6-in. gun has been entirely dispensed 
with, and the gain is enormous in the penetrating power 
of each shot fired. The four 7.5 in. guns are placed within 
casemates on the upper deck, one on each side, near to 
the centre of the length of theship, the protecting armour 
here being 6 in. in thickness, All the guns are loaded 
and the mountings rotated by hydraulic power. 


The Swansea Valley.—The tin-plate trade has shown 
sustained activity. ‘Tubular stacks at the Cwmfelin and 
Aber works are now completed. The stack at the first- 
named works is 179 ft. high, and that at Llansamlet 
about 140 ft. high. The steel trade continues brisk. 
There has been about an average output of seamless 
tubes at Landore. 


Dowlais.—The steel works have been only partially 
employed. A substantial average tonnage has, however, 
been produced in the Goat Mill, while it has been going ; 
the whole of the output was on foreign account. The 
Sleeper Mill has been quiet. The Big Mill has been 
working full time. 








MISCELLANEA. 

At the Northampton Institute, Clerkenwell, E.C., Sir 
William Preece, K.C.B., F.R.S., will deliver the prizes 
at the annual prize distribution and conversazione on 
Friday, December 8, at 8 p.m. 


The Bollettino delle Finanze, Rome, states that the 
Argentine Government have issued a decree which 
exempts fromimport duty during the year 1905-6 all re- 
frigerating machinery for use in conjunction witb cold- 
storage plant for meat, fowls, vegetables, fruit, and food 
in general, the value of the machinery in question to 
exceed 1000 dols. gold in each case. 


The chairman of the French Naval Committee has pro- 
the construction of a type of warship which he 
styles an ‘‘ armour-clad cruiser.” This would have a dis- 
placement of 17,810 metrical tons. Thearmament would 
consist of sixteen 274-millimetre (10.78-in.) guns, mounted 
in eight turrets; twelve quick - firing 75 - millimetre 
2.95-in.) guns, and twelve 47-millimetre (1.85-in.) guns ; 
these twenty-four smaller guns to be distributed in 
stations protected by 160-millin:etre (6.30-in.) armour. 
The upper strake of the armour-plate belt would be 200 
millimetres (7.87 in.) thick, and would run from the 
bow to the rear turret only, in order to save weight; 
the lower strake would be 220 millimetres (8.66 in.) 
thick at its upper edge, tapering down to 120 milli- 
metres (4.72 in.) beneath the water-line. The turret 
armour would be 300 millimetres (11.81 in.). There would 
be no ram, and the ship would have no torpedo-launching 
tubes. The machinery would consist of two engines 
driving two propellers, of 25,000 horse-power, weighing 
78 kilogrammes (172 1b.) per horse-power, therefore 1950 
metrical tons. The boilers would be fitted ‘‘with tubes 
of large diameter,” their consumption would not exceed 
110 kilogrammes per square metre of grate area (22.52 lb. 
per square foot). The speed would be 20} knots, and the 
total cost of the ship 50,000,000 fines (under 2,000,000/.). 
The general recommendations of the Naval Committee 
are that the belt armour of all new sbips should extend 
lower under the water-line and higher over the deck than 
is now the case; better, protection should be afforded the 
rudder and steering-gear. The guns should be mounted 
in pairs in turrets, and all top hamper should be reduced 
to a minimum. 


In the late Ludwig Ehrhardt, who died a few weeks 

o, German engineers and nianufacturers have lost one 
of the men to whom German engineering owes its high 
reputation in the country and a d. Born in Mutter- 
stadt, in the Bavarian Palatinate, in 1838, he passed 
through the trade school at Landau, served his appren- 
ticeship with a pump-maker, studied at the Polytechnical 


-_ 





| School at Augsburg, worked as a locksmith, and entered 


the technical bureau of the Maschinenfabrik Augsburg, 
then already an important firm, in 1859. He afterwards 
worked in several factories, especially in Dingler’s Mas- 
chinenfabrik at Zweibriicken, where he became chief 
engineer. Among other novelties, he constructed a hot-air 
engine, and his expansion valve-gear received a silver 
medal at the Paris Exhibition of 1867, and a high-speed 
compound engine of his was distinguished at Vienna in 
1873. Together with Theodor Sehmer, he established in 
1876 the Maschinenfabrik Schleifmiihle, near Saarbriicken. 
This neighbourhood brought him in direct contact with 
the steel manufacturers, and he designed and constructed 
several superior types of reversing engines for rolling- 
mills, improvements on the machines which England had, 
so far, alone supplied. He also perfected the blowing- 
engines for steel furnaces, and the ‘‘express pump Schleif- 
miihle” for mines was another commercially successful 
novelty of his. In recognition of his researches on the 
best steam velocity in long pipe systems, on high piston 
speeds, and on the utilisation of coke-oven and blast- 
furnace gases, as well as of his various practical improve- 
ments, particularly in the construction of heavy machi- 
nery, in which he excelled, the honorary degree of Doctor 
of aneeeng. one conferred upon him last year. The 
Schleifmiihle Works, which he directed with so much 
success, now employ about 800 men. 








Tue Resvutts or Trcnnicat Epvcation in Exat- 
NEERING.—The everlasting question as to the benefits 
of technical education to engineers was raised again 
by Professor Goodman in an interesting paper read 
last Saturday before the Manchester Association of 
Engineers. The author admits the number of technically- 
trained men who bring scientific education into dis- 
repute by leaving out the factor of common-sense in 
their work, but lays the blame on teachers, who have 
no practical engineering knowledge. He is justly severe 
on the British university which advertises’ in the en- 
gineering Press that it is able to give complete theo- 
retical and practical training; and blames another pro- 
fessor who states that one year in the workshop or 
office is all that is required in the case of a student who 
has successfully ed through his college course. Pro- 
fessor Goodman holds that at least four years should be 
spent in the shops, in addition to the time spent in the 
drawing-office ; and, as a general rule, we believe his 
contention to be perfectly correct. A sound practical 
knowledge is the basis of successful engineering, and 
if it can be supplemented by a sensible theoretical 
course, a better training cannot be desired. In 
answer to the frequent question as to what becomes 
of all the college-trained youths, Professor Goodman gave 
a table analysing the careers of students who have passed 
through the Yorkshire College during the last fifteen 

ears. Of 415 who have left the college, 27 have been 
ost sight of, 47 have given up engineering, and eight have 
died or become disabled. Of the remaining 333, 81 are 
draughtsmen ; 61 are under or assistant managers ; 40are in 
works or offices as improvers ; 52 hold positions in their 
own or fathers’ works ; 31 are resident civil engineers ; 
21 are electrical-station engineers; 20 have taken up 
architecture, mining, railway management, military 
engineering, &c. ; 18 are works managers ; 14 have set up 
on their own account ; 8 are working as journeymen ; 
and 7 are teachers. The small proportion of teachers is 
evidence of the practical nature of the instruction at the 
Yorkshire College. 





Contracts.—Messrs. Newtons, Limited, of Taunton, 
are shipping to the Jubilee Gold-Mining Company, 
Johannesburg, a large generator and two motors of their 
well-known Mawdsley type, together with main switch- 
board, and two controlling panels. It is satisfactory to 
note that this is the third repeat order they have re- 
ceived from this company during the last few years.— 
The Audley Engineering Company, of Newport, Salop, 
have secu a contract from the South Australian 
Government for the supply of plans and machinery for, 
and general laying-out of, a yo vertical cast-iron pipe 
foundry.—The London County Council has just placed an 
order with Messrs. Merryweather and Sons for a second 
500-gallon capacity motor steam fire-engine for the London 
Fire Brigade. The new machine will be of the same 
power as that put into service in March last, and have an 
oil-fuel burner. It will travel at 20 to 30 miles per hour, 
carrying firemen, hose, and all apparatus for working.— 
Messrs. Edward C. Herbert, Limited, Rosamond-street 
East, Manchester, have in hand for the Admiralty three 
full - automatic circular sawing machines for cutting 
brass and copper bars and tubes up to 3 in. in dia- 
meter. These machines feed the bar forward, and make 
successive cuts antomatically.—The Deutsch-Luxemburg- 
ische Bergwerks und Huetten-Aktien-Gesellschaft, at 
Differdingen, Germany, has decided to erect an aerial 
ropeway to connect its Oettingen Mines with the blast- 
furnaces at Differdingen, and has a the contract with 
Messrs. J. Pohlig, Limited, of Co e, the well-known 
makers of the Otto ropewaye. This line will have a 
length of over 8 miles, and a capacity of 600,000 tons per 
annum in both directions. The capacity of this ropeway 
exceeds that of the 7 miles wupouee built two years ago 
by Messrs. Pohlig for the thringer Hiitten- Verein 
Aumetz-Friede, at Kneuttingen, which also is carrying 
over a million tons per annum. When running, there- 
fore, the former line will be the most important in the 
world.—Messrs. R. Neill and Sons, Manchester and 
Newcastle, have secured a contract for widening the 
London and North Western Railway at Tondon-road, 
Manchester. The amount of the contract is close upon 
150, 0007 
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THE MOTOR-CAR IN WAR. 


BELLONA was ever ready to press the art of 
Vulcan into her service ; and as it was in the era 
of mythology, so it is now to an increased degree in 
the present day. So far as the land service is con- 
cerned, the steam-engine has played but a small 
part in actual field operations ; though it has been 
an important aid to strategy, as the Germans found 
to their advantage, and the French to their loss, 
thirty-five years ago. The motor-car appears des- 
tined to do much to compensate for the past 
inactivity of mechanical traction; and a paper 
recently read before the Royal United Service 
Institution brings the fact forward very plainly. 
The author of this contribution is Captain Hugh 
H. Paynter, late of the Royal Navy, but now 
holding a commission in the Motor Volunteer 
Corps. What has been actually accomplished by 
means of mechanical traction in the field does 
not amount to very much. We all remember the 
steam tractors supplied by the firms of Thorny- 
croft, Fowler, and others during the South 
African War. They were serviceable in a way, 
but their use was not sufficiently organised for 
full advantage to be taken of their undoubted pos- 
sibilities ; hough it must be remembered that 
the operations were largely undertaken in a new 
country, particularly unsuited for wheel traction. 
There were also a couple of small steam cars in the 
field in South Africa. One of these was used by 
General French and the other by an officer of the 
Royal Engineers. Both, Captain Paynter tells us, 
did good work ; but we must remember that motor- 
cars then were very different from those of the 
present day. Then a breakdown was an ordinary 
and frequent incident of travel, even on the 
smooth roads of the home counties; how much 
more was it to be expected on the veldt. 

For operations in the face of the enemy in a new 
and unsettled country the motor-car will not 
supersede the horse ; legs must always be more 
mobile than wheels, thews and sinews more trust- 
worthy than pistons and cranks. But when we have 
to consider a field of operations intersected by 


weight-carrying properties of the motor-car give it 
advantages for certain operations that cannot be 
overlooked. 

That they have not been altogether overlooked 
by our military authorities is apparent from Cap- 
tain Paynter’s paper. In June, 1903, the Motor 
Volunteer Corps was formed by permission of the 
authorities, and by the exertions of Colonel 
Mayhew ; and excellent work was done during 
manceuvres by the members of this corps. How 
eee the assistance has been appears from 

a apy Paynter’s narrative, from which we shall 

ea few extracts later. It is not, in any way, 
with a wish to lessen opinion of the usefulness of 
the corps that we point out that work of such 
importance should not be left so largely to volun- 
teer effort. Probably it is a consideration of the 
expense of providing service cars that has led to 
this course being followed ; although, it may be 
remarked, that heavy mechanical traction is in the 
hands of the Regular Army. It is but fair to state, 
however, that our own army authorities are only 
acting in the same way as those of Continental 
nations ; for Germany, Italy, and Austria have 
each followed the British example by starting a 
Motor Volunteer Corps. Germany, we are told, 
has forty cars in the service, and the force is espe- 
cially interesting, as it comprises the only volunteers 
in the German Army. 

British motor volunteers have now taken part in 
large numbers in the manceuvres since the corps 
was enrolled, and in addition the cars have been in 
constant work. During the year ending October 
31, 1904, the total distance travelled by cars on 
duty was no less than 82,406 miles, and by motor- 
cycles 25,152 miles—on an average a total of nearly 
300 miles a day. There were 32 staff rides, 35 
inspections, 27 confidential tours, seven tactical ex- 
aminations, and seven royal visits and inspections, 
besides other duties. These operations were all 
carried out in private cars. Captain Paynter gives 
some interesting details of events which took place 
this year in Wiltshire ; and though the roads were 
not good, being much cut up, the result was ex- 
tremely satisfactory. Lord Roberts, at the con- 
clusion of the manceuvres, said that the cars had 
afforded great assistance; in fact, he stated, it 
would have been quite impossible to have carried 
out the work without their assistance. For the 
regular staff, we are told, the operations assumed 
quite a different complexion to that of previous 
years. 

In 1904 the manceuvres took place in the Eastern 
counties, when 31 cars and 25 motor-cycles assem- 
bled at Colchester for the manceuvres. The in- 
vasion took place at Clacton, a distance of 16 miles 
from Colchester. This journey, of course, was a 
trifle for a car, and many members of the corps 
would overtake cavalry on the outward journey, 
pass the same men on the return journey, and then 
overtake them once more on the second outward 
journey. Breakdowns were practically non-existent. 
At the conclusion of the manceuvres the Duke of 
Connaught expressed his satisfaction with the work 
done by the corps. 

Without going into the interesting details con- 
tained in Captain Paynter’s paper, we may glance 
at some of the conclusions to which he has arrived. 
He considers that motor-cars have proved them- 
selves to be speedy and reliable, and that their use 
in warfare is likely to be seriously tried on the 
next opportunity. If one is apt to question the 
quality of trustworthiness, it is well to remember 
that the military motor-cars are likely to be vehicles 
of good reputation, and they will be brought into 
the condition needed for important work. This is 
a very different thing from the state of many of the 
old or common week-end trippers one sometimes 
sees at the way-side on Sunday afternoons. 

Captain Paynter further points out that the ten- 
dency of modern warfare is to scatter troops over 
largely extended areas, and the providing for a 
rapid means of communication between the different 
units is a matter of ever-increasing value. Time is 
a very important factor in war; and it is here 
especially that motors will be found valuable, and, 
indeed, indispensable. 

The motor is essentially a fast conveyance, 
capable of travelling at a speed three or four times 
that of a horse, or even more; for in war there 
would, of course, be no speed limit. Unlike a 
horse, it does not require resting, but returns from 
a long journey ready to start again at once; and, 

further, the car has the advantage of being inde- 








roads, the higher speed, greater endurance, and 





pendent of the country through which it travels, 
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carrying its own supplies for a very good distance 
—say, 200 miles. Despatches can be rapidly 
delivered, and replies equally rapidly brought 
back, and a commander-in-chief would be thus 
enabled to keep in touch with widely-separated 
branches of the force under his control. He would 
also be enabled to visit and personally inspect 
positions which would be otherwise inaccessible to 
him ; and, further, he would often be enabled to 
spare from his side an important staff ofticer whose 
presencé at some point was urgently required, and 
whom the commander-in-chief might hesitate to 
send, were it not that, thanks to the motor, he 
knew that he could rely on his speedy return. 

All these facilities are available to commanders 
of brigades and divisions, who are thus enabled to 
multiply themselves, and to personally visit thé 
different points in the wide area of the scene of 
their operations. Incidentally, the motor possesses 
the great advantage of affording rest—at any rate, 
to some extent—to its passengers ; and this is 
pointed out by Captain Paynter as a very important 
point. Officers would arrive at their destination 
fresh, and able to devote their best energies to the 
work which awailel them, instead of being tired 
and jaded after a long ride on possibly a tired horse. 
Furthermore, they are able to discuss matters and 
examine maps on the way to an extent which 
would otherwise be impossible. 

These are, briefly, the general qualifications 
Captain Paynter puts forward on behalf of the 
motor-car in war, and they are not to be disputed ; 
but there are, of course, some countervailing dis- 
advantages. The chief and foremost is that the 
motor-car cannot go across country, as the horse 
can do. That is true; but roads exist in most 
parts of the world, and though the motor may not 
be a first-class cross-country conveyance, it can 
often go round by road to the desired spot. It 
may have to traverse a much greater distance, yet 
it will in many cases get there more quickly than 
a horse going across country. Prolonged cross- 
country journeys are neither desirable nor, indeed, 
practicable ; but should the occasion arise, a motor 
is quite capable of making a brief excursion across 
ordinary ground. 

The question of tyres is one that has often been 
discussed, and it would seem at first glance that the 
solid tyre should be preferred. Punctures are the 
béte noir of the ordinary cyclist and motorist ; one 
would think they would be a far more serious evil 
for military work. Nevertheless, it would seem 
that the majority of authorities, Captain Paynter 
among them, lean towards the pneumatic tyre. It 
is recognised that their evils are many ; but they 
have this great redeeming feature : they can always 
be put right on the roadside in a short space of 
time. Should a pneumatic tyre give way, and 
should it be impossible to stop, as might be the 
ease in war, the car can go on. The speed will not 
be so great, the occupants will be uncomfortable, 
the tyre will be ruined, and if the car be driven far 
on a deflated tyre at any speed, something will pro- 
bably be injured ; but still, the car can go on for 
a reasonable time, and that seems the great point. 
A military car must have speed. Captain Paynter 
recognises that if pneumatic tyres are used, there 
will be troubles ; but these, he says, can be got 
over; and if one, or even two, of the tyres fail, 
it is possible, if absolutely necessary, to run on, 
and not be very much worse off than if there were 
solid tyres. On the other hand, if solid tyres are 
used at any speed, the car will be exposed to 
such a series of shocks that at any time on 
a bad road there may be a broken wheel, or 
some portion of the frame of the car itself or 
the engine may give way, which will defy the 
skill of the most experienced roadside repairer. 
Captain Paynter therefore concludes that pneumatic 
tyres will have to be used on military motor-cars ; 
but he suggests that they might well be supple- 
mented by solids carried on the same wheel, so that 
in the event of a puncture the solid tyre might 
come into action. 

In discussing the source of power Captain Paynter 
gives the decided preference to the internal-com- 
bustion engine ; steam cars, he says, need an appre- 
ciable time to get under way, and are restricted by 
their water-tank capacity. 

The ideal car, however, should not be restricted 
to petrol, but should be capable of running on any 
of the common forms of paraffin. If this can be. 


secured, a great advance will have been made in| 
the solution of the problem of motors for military 
purposes. 


Possibly the form of valve now being | 





|introduced by the Parsons Motor Company, of 

Southampton,* may help to solve this important 
question. If it fulfils the claims of its designer it 
| undoubtedly will, and the usefulness of the motor- 
car in war wil] be much extended. 

The car designed for war purposes, Captain 
Paynter tells us, should be a fairly large one, capable 
of seating four persons besides the driver, fitted with 
|a four-cylinder engine of at least 20 horse-power, 
| and provided with four gears, the top one giving the 
| car a speed of 40 miles an hour, and the lowest gear 
| being one which would enable the car to take its 
,full load anywhere on roads. But circumstances 

might arise when the car would not be on a road, 
and its wheels might become embedded in some rut 
| or bog, from which no effurt of power transmitted to 
| the wheels will free it. To provide for such a con- 
| tingency, it is suggested that it would be well for 
the car to be fitted with a drum, which could be 
| put into gear with the engine. A rope attached 
|to some fixed object could be brought round this 


|drum, and the car could by this means get once, 


;more on to a surface on which the wheels could 
|drive. In connection with this feature, doubtless 
| our readers will call to mind the important trials of 
| military self-propelled wagons, held at Aldershot 
‘in December, 1901.+ The whole of the machinery 
should also be carried higher from the ground than 
|is usually the case at present, so that the car would 
| be able to negotiate deep ruts, and to pass through 
a reasonable depth of water. 

Such are Captain Paynter’s views of an ideal mili- 
tary car, and his experience renders his opinion of 
the highest value. With such cars as these, he says, 
warlike operations would assume quite a different 
aspect ; and there can be little doubt he is right. 

To our readers the paper is one of unusual in- 
terest, as it brings the mechanical engineer far 
more prominently forward in military operations 
than has before been the case. 








THE RESPONSIBILITIES OF THE 
LONDON COUNTY COUNCIL 

Persons of amiable character generally find little 
difficulty in agreeing with sentiments expressed 
during after-dinner speeches ; and we are pleased 
to agree with a great deal, though not all, that was 
said after a very pleasant dinner on Monday last, 
when the Chairman of the London County Council 
was the guest of the National Liberal Club. Per- 
haps, however, it was what was not said—although 
it can scarcely have been out of mind—rather than 
what was said, that will arouse the critical faculty, 
a fact that bears witness to the orthodox nature of 
the speeches. We are pleased, in the first place, 
to agree with all the nice things Lord Crewe and 
others said about ‘‘the personal career” of Sir 
| Edwin Cornwall ; we second the wish of the noble 
Chairman—-that ‘‘the London County Council will 
rise both in the estimation and the regard of the 
people of London ;” we recognise the truth of the 
statement, afterwards repeated by Sir Edwin Corn- 
wall himself, that criticism isa good thing for public 
bodies ; and we most heartily endorse the opinion 
that ‘‘the London County Council has a good conceit 
of itself.” Sir Edwin Cornwall explains the latter 
condition by the fact ‘‘ that they (the Council) have 
44 millions of people behind them.” As at the 
last election only 319,631 persons voted, and as a 
large number of these certainly do not approve of 
many of the steps taken by the Council, the 
Chairman is evidently qualified for his position by 
possessing a genius for an unconventional, though 
convenient, presentation of statistics. 

Further points upon which we are in agreement 
with Sir Edwin Cornwall are that the body over 
which he presides ‘‘ has huge responsibilities, affect- 
ing the health, comfort, and prosperity of the 
inhabitants of the capital of the British Empire.” 
That being the case, it is a pity the Chairman 





|done so much to discredit the Council, as he did 
| when he belittled the endeavours of the Govern- 
| ment to promote the welfare of the country. It is 


'a spirit which was displayed in a more mischievous | 


form on the succeeding day, when a resolution was 
put forward by the Rivers Committee censuring the 
awvcnee Government. This is more to be regretted 

ecause the subject—the Administration of the Port 
of London—to which the Rivers Committee tacked 


* The device in question was shown at the late Olympia 
Show, and was illustrated on 


685 ante. 
+ See ENGINEERING, vol. Ixxii., page 813. 


‘should encourage the political element that has | 


the adverse resolution, was one which should he 
entirely free from political entanglement, and is 
one of the greatest importance to the Metropolis 
at the present time. 

Sir Edwin Cornwall had, for his speech at the 
National Liberal Club, an audience of appreciative 
hearers, to whom he gave figures which appeared 
to them, in their after-dinner expansiveness, to 
demand hearty cheers. It was evidently a matter 
of congratulation that the Council rate at the pre- 
sent time was only 2d. in the pound more than it 
wasten years ago. In the year 1895-6 the rate was 

|15d. in the pound; in 1905-6 it is 17d. These 
figures, however, need some explanation. This 
year the rate has benefited by a balance in its favour 
of ?d., whilst ten years ago it suffered from an 
adverse balance of an equal amount, making the 
total increase this year, as compared with ten years 
ago, of 3$d., although the taxpayer was only asked 
for an extra 2d. Ten years ago, however, the 
County Council received from the Exchequer 
grants to local taxation in net relief of rates of 
261,0001.; whilst this year the amount so received 
was only 30,0001. 

Two-pence more in the pound may not seem much 
from an after-dinner point of view, when spread over 
a period of ten years, especially in view of the growth 
of the Metropolis ; but it must be remembered that 
whilst the needs of the country grow the number 
of contributors increases also. If we take whole 
figures, and not the ratio of contributions, we find 
that whereas ten years ago the debt of the Council 
was 19,500,000/., it is now, according to Sir Edwin 
Cornwall, 44,600,000. This is not a little startling, 
and the ratepayers of London may well feel 
alarmed when they look forward to another ten 
years’ increase. The figures, however, are not so 
bad as they seem at first glance. Since 1895 the 
old School Board debt has been added to the 
County Council’s total, and that alone was 11} 
millions. Beyond this, Sir Edwin Cornwall stated 
there was a ‘‘ remunerative debt” of 5,600,000I. 
By adding together the debt of ten years ago, the 
School Board debt and the ‘‘ remunerative debt,” a 
total of 36,600,0001. would be reached. This sum, 
when deducted from the 44,600,000. for the pre- 
sent year, leaves a balance of 8,000,000/.; and this 
the Chairman of the Council claims to be the 
proper amount to consider as an increase to London 
County’s indebtedness. 

The ‘‘remunerative debt” of 5,600,000/. is made 
up chiefly by 3,500,000/. spent on tramways, and 
1,700,000/. incurred for housing purposes. Steam- 
boats Sir Edwin Cornwall did not include, as he 
was not in the steam-boat year. Neither of the 
above debts, we are told, made any charge upon 
the rates. That, no doubt, is perfectly true, so 
far as the matter is one of accounts as presented ; 
but the past record of the Council is not one that 
would lead to its accounts being unhesitatingly 
taken at their face value. A sufficiently long time 
has not elapsed since the Works Committee ex- 
posure to enable rate-payers to forget it; but 
beyond this there are certain matters in the 
apportionment of charges which are open to ad- 
justment, and may be a question of opinion. We 
recently commented upon the proportion of expense 
for the widening of roads for tramway purposes,* 
and quoted figures showing how very small a 
proportion of the outlay was charged to tramways 
account when the work was carried out by the 
Council. If we allow, however, that the tramways, 
or other municipal trading enterprises, make no 
demand on the rates, or even if there be a profit, 
it by no means follows that they are an un- 
mixed benefit to the community ; for it is by 
commercial enterprise, not municipal enterprise, 
that the prosperity of the country must be main- 
| tained. A committee of unpaid amateurs, depen- 
|dent on the caprice of a popular vote, cannot be 
|expected to be as efficient in the conduct of com- 
|mercial enterprise as a management consisting of 
experts who devote their whole energies to the 
| business, and whose income depends on its success. 
|This, however, is a matter which we have dealt 
|with so often on -past occasions that we need 
not enlarge upon it now; but we would refer the 
London County Council to their own excellent ex- 
ample of the course they followed in regard to The 
Westminster improvement scheme ; or we might 
remind them of Lord Crewe’s words, to which we 
have already referred, regarding ‘‘the huge re- 
sponsibilities, affecting the health, comfort, and 





* See page 559 ante 
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prosperity of the inhabitants of the capital” which 
they have undertaken. 

Sir Edwin Cornwall, in his speech at the National 
Liberal Club, excused London’s growing indebted- 
ness by a comparison with that of some other 
municipalities which he selected. The figures are 
worth quoting, as being interesting, though not 
convineing, of the benefit of growing rates. The 
ratio of debt to rateable value in Bradford is 160 per 
cent.; of Birmingham, 192 per cent.; Salford, 199 
per cent.; Sheffield, 208 per cent.; Cardiff, 254 per 
cent.; Leeds, 267 per cent.; Manchester, 315 per 
cent.; and Preston, 406 per cent.; whilst London’s 
ratio is 128 per cent. If, as the French cynic 
said, there is something in the misfortunes of our 
dearest friends not altogether unpleasing to us, 
(‘ounty Council Londoners ought to be happy ; but 
when the collector calls, the London ratepayer will 
be apt to overlook this unsubstantial source of 
satisfaction. Sir Edwin Cornwall’s parallels, how- 
ever, give rise to a train of reflection beyond that 
which he intended to suggest. Let us take the 
last and most striking comparison he puts forward, 
that of Preston with her 406 per cent. The city 
fathers of the Lancashire town on the Ribble might 
almost share the white sheet of penitence with the 
Council’s Rivers Committee ; for the attempts at 
municipal trading of the two have been alike in 
their unfortunate result to the ratepayers whose 
respective interests they were elected to safeguard. 
Just as the London County Council speculated in 
the steamboat trade, so did Preston plunge into 
the dock business; and just as the London 
traveller avoids the Thames, so do the ships of 
nations neglect the Ribble; and in both cases 
those who had expert knowledge warned the 
adventurers (using money not their own) that 
natural conditions rendered failure a foregone con- 
clusion. Manchester, again, is a city that has many 
municipal commercial irons in the fire ; although in 
one case the issue was forced upon the corporation 
by untoward events, for had the Ship Canal been 
allowed to go to the wall, the result would have 
been disastrous to the district. In considering the 
above comparisons, however, the thoughtful Metro- 
politan ratepayer will be apt to speculate on what 
would have been Londou’s place in the scale had 
his County Council had their own way, when it 
would have added the thirty, forty, or fifty millions 
that would have been needed to bring water from 
Wales ; to say nothing of certain other enterprises 
that have been, and are, suggested. Sir Edwin 
Cornwall boasts that tramways and housing are the 
only examples of municipal trading that can be 
attributed to the Council ; but this is a virtue not 
of their own seeking. 

Sir Edwin Cornwall accuses ‘‘ the West End ”— 
‘‘the people living in fine houses ”—of complaining 
chiefly of the burden of the local rates, and he 
points out that they do not bear their fair share. He 
reminds us that Poplar’s rate is 12s., as against 7s. 
for the City. To remedy this, he would throw the 
whole rates into a common fund. This is a strange 
retrograde step for a disciple of local self-govern- 
ment. Kensington is to be answerable for the un- 
controlled vagaries of Poplar, and perhaps West 
Ham. In that case, where would be the check for 
extravagance’? Ieckless expenditure in a district 
drives enterprise away, and the neighbourhood is 
made to suffer; for the Yarrow lesson does not 
stand alone. Each rate-contributing unit that 
leaves a district throws additional burden on those 
that remain, until at last the place becomes unfit 
for commercial enterprise. If one division suffers 
in this way, it will be an example to the rest ; but 
if the burden were distributed, the infection would 
spread through the whole body, until London be- 
came like a basket in which was packed one rotten 
apple ; the wkole would become decayed. 

Finally, we would conclude with another note of 
agreement with Sir Edwin Cornwall. ‘‘ There is,” 
he said, ‘‘ no magic in the words ‘ municipal owner- 
ship.’ Just as it was undesirable to have every- 
thing municipal, so it is equally dangerous to 
refrain from municipalising anything. Everything 
iust be considered on its merits.” The open 
question is what are ‘‘ merits.” 








AMERICAN IRON RECORDS. 
SomMeETHING of a feature of our iron and steel in- 
dustry during recent weeks has been the reappear- 
ance of the United States as a buyer on a scale 
sufficiently large to be noticeable. These orders 
are the outcome of the extraordinary activity of the 








American .trade, the demand being so great that 
the country’s own mills are unequal to it, although 
they are — at a rate unexampled in its 
history. Some little time ago Mr. James M. 
Swank, secretary of the American Iron and Steel 
Association, sent out a statement showing that the 
output of pig iron in the first six months of 1905 
amounted to 11,163,175 tons ; and he has followed 
this with a compilation, issued quite recently, 
in which he estimates the production for the last 
six months of this year at 11,336,825 tons, or 
a total of 22,500,000 tons. This will probably be 
found to err on the side of safety, since the present 
active weekly capacity of blast-furnaces, according 
to official figures, is 526,000 tons, which is at the 
rate of 26,000,000 tons to 27,000,000 tons annually, 
including all kinds of iron, and all sections of 
the country. The major portion of this large 
business, of course, is due to the high pressure 
under which the steel interests ar. orking. Con- 
sidering the great activityin othe inches of manu- 
facture and the demand for ca’. . . move the crops, 
it is not surprising that there is early congestion on 
all the large transportation lines. According to 
some estimates from the Central West, the volume 
of produce and general merchandise offered now is 
40 per cent. greater, while the rolling-stock and 
motive power is only 15 per cent. greater, as com- 
pared with the corresponding period of last year. 

Pig iron has always been regarded as an index 
to the whole iron market, as it is the basis of 
the manufacture of steel and finished articles ; and 
when the blast-furnaces are being driven to their 
full capacity, it always follows that the steel works 
and rolling-mills are being operated in a similar 
way. ‘‘ The present boom in the iron trade,” we 
are assured from Pittsburg, ‘‘has run pretty well 
over all this year, and bids fair to extend well over 
all of 1906.” The United States Steel Corporation 
never had on its books, in any period in its history, 
so much tonnage in rails, steel, and finished mate- 
rial as it has at the present time, and the same is 
said to be true of all the steel concerns in the 
country. The Steel Corporation, which owns a 
total of 89 blast-furnaces, is now making pig 
iron at the rate of 1,000,000 tons a month, and 
is using every ton of it. In addition the Trust has 
bought this year about 600,000 tons of pig iron, 
and this will be increased before the year is out to 
700,000 tons or more. The other large producers 
of pig iron, including the Jones and Laughlin Steel 
Company, the Lackawanna Steel Companies, the 
Cambria Steel Company, the Republic Iron and 
Steel Company, and other concerns, are working 
all their blast-furnaces to their utmost capacity, 
and are buying a moderate amount of pig iron 
from outside furnaces. The Pittsburg authority 
referred to above says that at present the pig- 
iron market has all the appearance of being ‘‘a 
runaway one, in spite of the desperate efforts of 
the leading pig-iron producers and consumers to 
hold the market in check.” When the Steel Cor- 
— commenced to buy Bessemer iron in 

eptember, its first purchase was at 14.50 dols. 
per ton at Valley furnace, but each succeeding 
purchase advanced prices, and on its last purchase 
the Steel Trust paid 16 dols. at furnace for Novem- 
ber shipment. ft is predicted that before January 
20 dols. will be the price at furnace. 

Conditions similar to those ruling in pig iron are 
found in the steel billet trade, and outside sheet 
and tinplate mills, and other consumers of billets, 
sheets and tin bars, in the open market, are 
having much trouble to obtain deliveries of steel 
to keep their finishing mills properly employed. 
The actual sellers of steel billets in the open 
market do not exceed five or six in number, the 
largest of them being the Carnegie Steel Com- 
pany, which virtually controls the market. Being 


convinced that there is a shortage of capacity in 


this respect, the Carnegie Company has broken 
ground for the building of ten 50-ton furnaces at 
its Homestead Works, which will have a capacity 
of making 1000 to 1200 tons of open-hearth billets 
per day. The Jones and Laughlin Company is 
steadily increasing its capacity for making steel, and 
this year has started two Talbot furnaces, capable 
of turning out about 250 tons of open-hearth 
steel per day. Other companies, like the Cam- 
bria Steel Company, the Lackawanna Steel Com- 
pany, and the Republic Iron and Steel Company, 
are also increasing their capacity for making steel ; 
and, in addition, the Youngstown Iron Sheet and 
Tube Company, at Youngstown, Ohio, is rushing 
work on its Bessemer plant at that place, which it 





hopes to have ready by July 1 of next year, but it 
will probably be well into the latter part of next 
year before this concern is able to make steel. 

The steel-rail trade has been very active for 
months, and at present writing the Carnegie 
Steel Company and the Illinois Steel Company 
report orders on their books for upwards of 
1,500,000 tons of rails for next year’s delivery, and 
it is said that not more than one-half the ton- 
nage needed for next year has been placed. The 
Carnegie Steel Company is the largest single pro- 
ducer of steel rails, having a daily capacity of over 
4000 tons ; and the Illinois Steel Company comes 
second with a daily output of about 3000 tons. It 
is conservatively estimated that the rail-mills in 
the United States will turn out next year more 
than 3,000,000 tons of rails, which will be largely in 
excess of any previous output in the history of the 
rail trade. As reference has been made above to 
the Steel Trust’s present prosperity, it may be 
added that for the quarter ended September 30 the 
net earnings were 31,240,382 dols., compared with 
30,305,116 dols. for the quarter ended June 30, 
1905, and 18,773,932 dols. for the quarter ended 
September 30, 1904. The surplus, after charges 
and dividend of 1} percent. on the Preferred stock, 
amounted in September to 10,672,613 dols., com- 
pared with 10,570,681 dols. in June, and 1,312,088 
dols. in September of last year. The big corpora- 
tion reports unfilled orders on hand, at October 1, 
of 5,865,377 tons. On July 1 the unfulfilled 
orders totalled 4,289,655 tons, and on October 1, 
1904, they were only 3,728.742 tons. 








THE MEASUREMENT OF HIGH- FRE- 
QUENCY CURRENTS AND ELECTRIC 
WAVES. 

On Monday evening last Professor J. A. Fleming, 

D.Sc., F.R.S., delivered the first of a series of four 

Cantor lectures on the subject of ‘‘ Measuring High- 

Frequency Currents and Electric Waves.” In open- 

ing his discourse, the lecturer recalled the fact that 

on two previous occasions he had lectured in that 
room on ‘‘ Electric Oscillations ” and on ‘‘ Hertzian 

Wave Telegraphy.” Since these lectures were 

delivered, however, our knowledge of the subject 

had, he stated, made great progress, particularly in 
regard to quantitative measurements, which were 
always called for when any branch of scientific 
research began to receive technical application. 

Indeed, it might be stated that any collection of 

facts only became scientific knowledge just in pro- 

portion as accurate measurement became possible. 

Professor Fleming said that the discourses now 
to be delivered might, in some sense, be considered 
as a continuation of the two previous series ; and 
in order to economise time, he would, in this 
course, assume his hearers to be, to a certain 
extent, familiar with the general phenomena. The 
first matter to engage attention was the measure- 
ment of electric capacity. When a charge of elec- 
tricity was given to a conductor, the result was to 
raise what was known as the potential of this 
conducior, just as when a quantity of heat was 
imparted to a body the effect was a rise of tem- 
perature ; or as when a quantity of water was 
poured into a vessel the water-level was raised 
therein. Potential in electric matters corre- 
sponded, therefore, to temperature in the case of 
heat or to level in hydraulics. Just as heat tended to 
flow from places of high temperature to places of 
low temperature, or water to flow down hill, so 
electricity tended to move in the direction in which 
the potential diminished most quickly. With this 
premise, capacity of a body might be defined as the 
ratio of the charge of the body to its potential, or 
as the electric charge required to raise it to unit 
potential, that of the earth being taken as zero. 
Accordingly we had the fellowing three definitions 
of electric quantities :— 

Definition I.—The electric capacity of a con- 
ductor is measured by the quantity of electricity 
which must be put into it to raise its potential one 
unit above that of the earth, all other conductors 
being at an infinite distance. 

Definition I[.—The electrostatic unit of elec- 
tricity is the quantity which repels another equal 
quantity at a distance of 1 centimetre, with one 
unit of force. This unit of force is called a dyne, 
and is equal to j},th part of the weight of 1 
gramme. 

A body electrically charged constituted a store of 
energy, it required work to charge it, and gave out 
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energy on discharge. From this fact we obtained 
a third definition— viz. :— 

Definition III.—A body is charged to unit 

tential when one unit quantity of electricity on 
it represented a store of one unit of energy or 
work, 

We might therefore, he continued, theoretically 
at least, employ a small ball charged with one 
electro-static unit, to measure the potential of any 
other charge by ascertaining the amount of work 
done in bringing it up, against the electric re- 
pulsion of this charge, from the earth to the sur- 
face of the conductor. The law governing the 
repulsion of the two bodies was the usual one, 
of the force varying with the inverse square of the 
distance. Hence a sphere of radius R charged 
with Q units of electricity would exert on unit 
charge of similar sign placed at a distance of 
3 , and 
the work done in repelling that charge to in- 


d centimetres from it, a repulsion f = 


finity would be 2. Hence the potential V was 
€ 


e where R is the radius of the sphere in centi- 
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metres, and similarly, the capacity C was ; = R. 
The capacity of a sphere of 1 centimetre in radius 


. . 1 . 
was one electrostatic unit, or 5) io6 microfarad. 


The microfarad was, he continued, the practical 
unit. That of the earth was about 800 micro- 
farads, and an Atlantic cable had a capacity of the 
same order. This, however, was much too large 
for the measurements in view in this series of 
lectures, and hence he would adopt a unit one- 
millionth of a microfarad, which might be called a 
micro-microfarad. This quantity was equal to the 
capacity of a sphere of 9 mil’imetres radius, whilst 
the sphere corresponding to the microfarad was 
about 11 miles in diameter. It was interesting 
to note that in the eighteenth century Henry 
Cavendish measured capacities in ‘‘globular inches,” 
or by the radius of the sphere expressed in inches, 
so that his results were directly comparable with 
those now obtained. 

There were certain regular forms, the capacity of 
which could be calculated. These forms were the 
sphere, disc, ellipsoid, and long —_— wire, the 
disc and wire being extreme cases of the ellipsoid. 

The capacities of these forms thus calculated 








| 
| Sphere C=Re.ss. units = “2 m. mfds. 
Dise C= 2R @.8. units = 10D m. mfds. 
T 9 
Vertical wire 
C= é 21 &* units = — oes m. mfds, 
2log, d 4 logo a 
Horizontal wire 
l - l 
= Plog, 4h €.8. units = ———,, m. mfds. 
d 4 logig d 
Parallel plates 
c= A es, units = 194 m, mfds. 
4nt 36 rt 
Submarine cable 
C= : Re units = : D m. mfds. 
2 log, Ri 4.15 logy D, 

The proximity of any other conductor, even the 
earth, raised the capacity of a body, so that a large 
sphere hung up in that room would have a capacity 
— than its radius. Hence the only method of 


nding the capacity of most bodies was to seek it | 


Fig. 2. 
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| experimentally, which was best done in the follow- | 
ing manner :—If a conductor was first charged and 

then discharged through a galvanometer at the rate | 
of, say, 100 cycles per second, the successive dis- | 
charges were wededlent to a current, so that if the | 
galvanometer were calibrated to show current or 
quantity per second, and if V were the potential, 
C the capacity, and N the number of discharges, we 
should have A= C NV. The process in question | 
could be carried out by use of a rotating commu- | 
tator, arranged so that as it rapidly revolved the 
body was connected by it during one portion of a 
revolution with the battery, and during the other 
portion with the galvanometer. 

The arrangement was shown diagrammatically in | 
Fig. 1, where the commutator is shown on the 
right. G isa galvanometer, V a voltmeter, and C | 
the capacity to be measured. The commutator | 
consisted of a couple of brass rings mounted on a 
revolving shaft and engaging with each other like 
a claw-coupling ; but the jaws are insulated from 


bear on this revolving piece, and it will be seen 
that the central brush is alternately connected | 
through the galvanometer and through the battery. 
To reduce the results observed to numerical values 
it was necessary to know (1) the potential to which 
the condenser was charged, which was shown by 
the voltmeter across the battery terminals ; (2) the | 
—— of electricity corresponding to a given | 
eflection of the galvanometer. Then, if A were 


C the capacity in microfarads, we had A = CN V. 





were as follow ;— 


the current in micro-amperes, V the voltage, and ° 


sary in the galvanometer circuit to get the same 
defiection with a steady current at the same 
voltage, we had 
ae 4 
NR 
With this apparatus Professor Fleming then 
showed how the capacity of a condenser formed of 
two parallel plates could be measured, and further 
showed that this capacity was increased by im- 
mersing the plates in paraffin oil. It was also, he 
said, possible to thus measure the capacity of an 
ordinary Leyden jar and that of the aerials used in 
wireless telegraphy. These ran about as follow :— 


Small Leyden jar C = rh, mfd. 
Large Si eee ee 
Wireless telegraph antenna, 100 ft. 

high, 0.1 in. in diameter C -- =s050 » 


The capacity of a human being could also be 
measured, the lecturer stated, and he proceeded to 
do this in the case of one of his assistants, with the 
apparatus just described. Marconi, he continued, 
used different forms of aerials, representative types 
being shown in Fig. 2. Since the presence of 
other conductors modified the capacity of a body, 
that of the quadruple aerial was not equal to four 
times that of the single wire, but turned out to be 


THE ANDERSON FLEMING METHOD OF 
MEASURING SMALL INDUCTANCES. 
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| little more than double ; and, similarly, the capa- 


city of the multiple aerial was not the sum of the 


capacities of the individual wires taken separately, 
‘though it would be if the wires were sufficiently far 


apart. 

Proceeding next to the question of measuring 
small inductances, Professor Fleming stated that 
when an electromotive force was applied to a circuit, 
the current did not instantaneously attain its 
maximum value. Time was required to produce a 


each other. The three brushes shown to the left current, just as in mechanics time was required 


in order to create a velocity in a mass of matter. 


The quality of a circuit, in virtue of which time 


was required to produce a current, was known as 


its inductance, and corresponded to inertia in the 
case of matter. If M represented a mass, and V 
| its velocity, then 4 
and, similarly, if C were an electric current and L 
the inductance of the circuit, the electro-kinetic 
energy was 4 LC®. This energy was stored up in the 


MV? was its kinetic energy ; 


lectro-magnetic field surrounding the conductor. 
Just asin the case of capacities, it was possible to 


| calculate the inductance in certain simple cases, 


Whence, if A = Vv. R being the resistance neces- | provided the wire was of non-magnetic material. In 
R that case the inductance depended only on the size 
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and shape of the wire, and it was measured in 
centimetres. The simplest case was that of a long 
helix of length / and diameter D and of N turns 
per unit length. Then the inductance L was 
(x DN} l. 

Some other cases given by Professor Fleming are 
tabulated below :— 

a= 1 Jem. 


Straight wire L=32 (2.303 logio 4c 
4u —2.45 Jem. 
d 


d 


Circular wire i,.= 98 (2.303 logio 


Square wire L=21 (2.303 logio . —2.85 )om. 


) 


= 21 (log 2D 


Rectangle (sides a and b, diagonal c). 
ab 


a (a+) log, *9 -— a log. (a + Ja? + B)- 
b log, (b+ /a2+ &) + 2 /a? +b? ~2 (a + b) 


Two parallel wires L 


The apparatus could always be checked by mea-| was short-circuited by a yard of No. 16 copper 
suring the inductance of a wire strung round the|wire. Applying an electromotive force of 4500 
walls of a room which corresponded to one of the | volts at a frequency of 100 per second, the current 
calculable cases tabled above. |jumped the spark-gap in preference to passing 

In connection with wireless telegraphy an oscil-| round the wire. The maximum strength attained 
lation transformer was used, the primary consist-| was about 100 amperes, which, if the current had 
ing of a number of turns of thick wire arranged | been a steady one, could have been attained round 
in parallel, and the secondary of more numerous | the copper wire with a fall of one volt only. The real 
turns of fine wire, all in series. An alternating | resistance to the passage of the current depended 
current, traversing one coil, generated another | on the frequency, the voltage drop being measured 
alternating current in the other, the strength of | by the product of the inductance and the rate of 
which depended on what was known as the co-| change of the current. In the case of alternating 
efficient of ——. The determination of this| currents having a uniform frequency », say, the 
coefficient involved the making of two measure-| voltage drop due to inductance was 2 7 n L i, so 


ments, to determine the mutual induction of the 
two coils. The inductance of one coil was repre- 
sented by L, and the other by N. These repre- 


sented the lines of force threading each coil taken | 
|singly. Of these lines only a certain proportion | 


that with large frequencies the voltage drop might 
be very large, even if the current were small. 
Returning to the mutual inductance of two 
circuits, this might be defined by stating that 
electromotive force in the secondary was 6.24 x the 





Proceeding, the lecturer recalled the fact that 
with high-frequency currents the current was) 
entirely on the surface of the conductor. 
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but needed but very slight corrections for finite | 
high frequencies. As in the case of capacity, the | 
only method of determining the inductance of a| 


given circuit was by experiment. The best method | and in the second 


was that due to Professor Anderson, but modified | 


by the speaker, who had added a telephone and | Whence 


buzzer. 

The arrangement was shown diagrammatically in | 
Fig. 3. It consisted of a Wheatstone bridge, where | 
P() and S were known resistances in the arms, and 
L. R the circuit of which the inductance was to be 
measured. The galvanometer branch was split, as 
shown, on branch containing the galvanometer G, 
and the other the telephone T. A known resist- | 
ance r was in series with the galvanometer or tele- 
phone, either of which could be connected up by 
the keys shown. A capacity C connected the re- 
sistance r to one angle of the bridge. The battery 
circuit included a buzzer Z. The bridge could be 
balanced for steady currents by the galvanometer G. 
li then the telephone circuit were closed, a noise 
was in general heard in the telephone. This could | 


be silenced by adjusting the capacity C and resist- 
ance r; and when this was done, the inductance L | 
Was given by the equation | 

L = 1000 Cutas. (r (R + 8) + R Qonms.), 


| 





The | in one case the current traversed both coils in the'as good a conductor as one of solid copper. 


same direction, and in the other case in opposite 


. ; ee | directions, and measuring the total inductjon in 
formule just given were for infinite frequency, | poth cases 
‘ 


but values of 0.8 and 0.6 were readily attainable, the | 
latter being a convenient value in wireless tele-| wheels was driven continuously by an electric 
graphy. 


would traverse both coils, and this proportion was | frequency x the primary current x M. 

a measure of the mutual induction of the two.| With high frequencies the currents lay entirely 
This mutual induction could be found by coupling | on the surface of the conductors, so that for such 
up the coils in series, but arranging them so that| currents a wooden rod covered with gold leaf was 
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3 Sa years ago Lord Rayleigh had given a formula for 
V4 ad calculating the high frequency resistance of a nearly 
straight conductor, of which the steady resistance 


|is R ohms. 
| Fora round copper wire it was 


R! = Rrd vn. 
| 80 


For a frequency of 10° and a diameter of 1 centi- 
| metre, R' is nearly 40 R. On the other hand, if 
|d = 75 centimetre = No. 36 S.W.G., and n = 10°, 
we get R'= R. So that the resistance of a con- 
ductor built up of about No. 40 silk-covered wires 
was the same for high-frequency as for continuous 
currents. 

Professor Fleming next took up the question of 
spark resistance, which constituted the greater 
portion of the resistance of the circuits in which 
oscillatory currents were maintained across a spark- 
gap by the discharge of a Leyden jar. The spark 
resistance could be determined if the amount of 
| energy supplied to the jar were. known. The 

4M=2-y. ,quantity required to charge it was deduced from its 

The coefficient of coupling was then \capacity and its potential, and the number of 
M | charges per second could be determined by a spark- 

aM ad counter, represented diagrammatically in Fig. 4. 

vLN |The apparatus consisted of a pair of feed-wheels 

In practice it was very difficult to get k = unity, | driving a strip of paper impregnated with ferri- 
|eyanide of potassium. The lower of the two feed- 
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In the first case we had 
L+2M+N=za2, 





L-2M+N=y. 


motor, but the upper wheel was normally held 
Some ‘‘ heavy ” electrical engineers were disposed away from the paper by an electro-magnet, so that 


to consider as useless measurements of these small | the paper remained stationary until the magnet 
capacities and inductances ; but as a matter of fact, | circuit was broken. 
the insertion of a capacity equal to that of an ordi-|the upper feed-wheel falls, and the strip of paper, 
nary thimble in the transmitters used by Admiral | being now gripped between the two wheels, was 
Togo would have thrown the wireless telegr 
of action, and a similar result would have followed | The apparatus also includeda seconds pendulum, also 
the introduction of an inductance equivalent to a | normally held at the top of its swing by an electro- 
few coils of wire the size of one’s little finger. 


On this being done, however, 
aph out | drawn rapidly between the sparking-balls shown. 


magnet, the windings of which were in series with 


In confirmation of this the lecturer showed an those of the upper feed-wheel magnet. Hence, on 


| experiment in which a spark-gap of one millimetre | braking this circuit by the key shown at K, the feed- 
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wheel and pendulum were simultaneously released. | resistance was high for short sparks, falling rapidly 
In the middle of its swing the latter threw over| to a minimum and then increasing again. With 
the contact-key shown, the horizontal arm of | high capacities on the circuit, the resistance at short 
which completed a circuit through the induction | spark-lengths could be much less. Some further 
coil working the spark-gap. On the return swing results are shown in Fig. 12, page 737. 

this circuit is broken again, so that the sparking is 
maintained for exactly one second. Specimens of | 
these tape records are shown in Fig. 5. Each, 
group of sparks, corresponding to one discharge of | 
the jar, made a spot on the paper, and from these | Rattways. 

the number of discharges per second could be read| THe Gazettes published since our last issue give 
off. The energy expended per second wasthen | particulars as to two important projects for which 
| powers will be sought in the ensuing session of 
| Parliament. The more ambitious of these is the 
| Wigan and Heysham Railway, involving the con- 
struction of 50 to 60 miles of new line. It is pro- 








ENGINEERING SCHEMES IN 
PARLIAMENT. 


E= ee V? N watts 
106 

It should be noted that the number of discharges 
of a condenser could not be obtained by counting 0m that the line shall begin in a junction at 
the breaks on the induction coil charging it. Simi- Wigan with the Great Central Railway, and pro- 
larly, when a transformer was used for charging the ceed northwards to Lancaster, where it will join 
condenser, the number of discharges across the the existing Midland Railway. At Preston, which 
spark-gap could not be deduced from the number | lies about half-way between the two suggested ter- 
of alternations in the primary. The transformer mini, a branch will extend to Blackpool. Running 
plant used in wireless telegraphy was shown in| powers are sought over portions of the Great 
Fig. 6, where p represented the primary and s the | Central and Midland Railways, and over portions 
secondary of the transformer, C, C the condensers, | of the lines of the Cheshire Lines Committee. The 
P the primary to the aerial ; whilst K and K_/second important scheme is for a line in Mid- 
represented inductances, the object of which was, Derbyshire, from High Park, near Buxton, through 
to prevent arcing across the spark-gap. With | Matlock, to Clay Cross Heath and Bolsover, a 
these in place, as shown, sparking only could occur distance of about 30 miles. The a aoc line 
at the gap. ' will give the London and North-Western Rail- 

The energy of the discharges was expended;way Company direct access to some important 
partly in producing heat in the circuit, and partly portions of the Derbyshire coal-field. Included in 
in the spark. If a stranded conductor were used, | the new railway will be a viaduct over the Mat- 
as above explained, its resistance being the samej|lock Valley. Running powers are sought over 
for high frequency and continuous currents, the | portions of the London and North-Western, the 
energy expended in heating it could be calculated ;|Great Central, Great Northern, and the Lanca- 
from the current and the resistance. The difference | shire, Derbyshire, and East Coast Railways. 
between this and the total energy represented; The London and South-Western Railway Com- 
that expended in the spark, from which the spark | pany propose to construct new junctions between 
resistance could, in its turn, be calculated. This | their Hampton Court railway and their main line. 
spark-resistance was a conventional term. It de-|Some further widening work is proposed at Lam- 
pended on many factors—viz., the capacity of the | beth, and at Southampton, where the work will 
jars used, the inductance of the circuit, the Jength | involve a reconstruction of the Northam Bridge. 
of the spark-gap, the shape of the terminals, and | In North Devon their line will be widened be- 
the material of which these were made, being greater | tween Umberleigh Station and Copplestone Station. 
with iron balls than with brass or zinc arcs. At Exeter it is propsed to make a deviation of 

Professor Slaby, of Berlin, had measured spark |the existing line between Cowley Junction and 
resistances with the apparatus shown in Fig. 7, |(Queen-street Railway Bridge; and in the same 
where I was an induction coil, 8, a spark-gap in the | district the branch to Exmouth is to be widened 
secondary, and S, the spark-gap of which the| between Topsham and Exmouth. Near South- 
resistance was being measured. This was short-|ampton it is proposed to construct at Redbridge 
circuited through a tube of sulphate of copper at E.|anew junction between the company’s Dorchester 
C represented a capacity, L an inductance, and Rj railway and their Andoverand Redbridge line. In 
an adjustable carbon resistance, whilst A was an | addition to the Bill dealt with last week the Great 
amperemeter. The apparatus was first used with | Western Railway have another empowering them to 
the balls S. in contact, and the readings of the|lease the Milford and Manchester Railway, and 
ammeter corresponding to different positions of the | in this connection improve the station at Aberyst- 
slider on the carbon rod at R, noted. Next the} wyth. 
conditions were altered by separating the balls S,| In Wales, the Barry Company seek to lease the 
by different amounts, and by comparing the two | Brecon and Merthyr Railway. The Cardiff Railway 
series of observations the spark resistance could be | Company for their part are asking running powers 
determined. over the Taff Vale, P cmon Barry, Great Western, 

The experiments had, Professor Fleming stated, | London and North-Western, Brecon and Merthyr 
been repeated at University College, substituting a |Tydvil lines, and over any lines yet to be con- 
sulphuric acid resistance for the carbon rod, which |structed in their district. In a second Bill they 
was found to be unreliable owing to the difficulty | propose to make a deviation at Treforest of their 
of securing perfect contact between it and the | authorised line, so as to connect with the metals 
slider. This modified apparatus was shown in Fig. 8, | of the Taff Vale Railway Company. 
where E represents the sulphuric acid resistance.| In Scotland, the only proposal of importance is 
Slaby’s curves showing the variation in spark |contained in the Bill authorising an amalgamation 
resistance with different lengths of spark-gap and | of the Highland and Great North of Scotland Rail- 
different capacities in the circuit, were represented | way Companies. 
in Fig. 9. It would be seen that the resistance| In Ireland, Cork is the centre of a large amount 
increased rapidly as the capacity increased. of activity in projected railways. The most impor- 

As already stated, the resistance with iron balls | tant of these proposals is the construction of a new 
was greater than with balls of zinc and brass, the |and direct line some 18 or 20 miles long between 
differences being represented in Fig. 10. This arose |Cork and Fermoy. This is probably intended to 
from the difference in the fusibility of the metals. | help the Holyhead-Dublin route to compete for the 
The passage of discharge of a condenser across a| West of Ireland traffic with the new Great Western 
spark-gap was a complicated matter. In the first |route vid Milford. The Bill accordingly contains 
instance the resistance of t:1e air was broken down | provisions enabling the London and North-Western 
by a pilot spark, which rendered the air conduct- |and the Dublin, Wicklow, and Wexford Railways 
ing, and the current then volatilised some of the | to subscribe to the capital, as also the Dublin Port 
metal, and Harbour Boards. Another scheme is the Cork 

It would be seen from Fig. 9 that the spark-|and Waterford Railway, which, however, involves 
resistance increased very rapidly with the length of | but very little new construction. This consists 
the air-gap. Hence, if a long gap was wanted, it | merely of a number of junctions at Cork to connect 
was best obtained by making use of a series of|up the Great Southern and Western Railway 
balls, each about 4 millimetre apart. with the Cork and Macrome Railway, and the 

Other experiments on spark-resistances had been | Cork, Blackrock, and Passage Railway. On the 
made by Rempp, with the results shown in Fig. 11.| borders of the two counties of Cork and 
These differed from those of Slaby, but the condi- 
tions were different, Rempff using very long sparks 
with quite small capacities in circuit with them. 
In these conditions it would be seen that the 


| 


Waterford it is proposed to construct a line from a 
junction in Youghal with the metals of the Great 
Vestern and Southern Railway to a junction at 
Whitechurch, in Waterford, with the Waterford, 











Dungarvan, and Lismore line. Running powers 
are required over the Cork and Youghal line. 'The 
Cork City Railways is the name given to a scheme 
to link up the Cork, Bandon, and South Coast line 
with the Great Southern and Western Railway and 
with the principal quays. The rails are apparently 
to be laid along the streets. 

The Dublin, Wicklow, and Wexford Railway 
Company seek a confirmation of their agreement 
with the Dublin and Kingstown Railway as to the 
rent to be paid for this undertaking. For long 
prosperous, this line suffered heavily on the intro- 
duction of electric tramways parallel to its line of 
route, and this loss of traffic has necessitated a 
revision of the terms of the lease under which 
it was worked. In addition to the Bill pro- 
moted with the Midland Railway Company, re- 
ferred to last week, the Great Northern Railway of 
Ireland are seeking powers to make a tram-road 
in Londonderry, connecting their goods sidings 
with the tramway lines of the Londonderry Bridge 
Commissioners ; and in Armagh authority is sought 
for deviating a portion of the authorised Kingscourt, 
Keady, and Armagh Railway. 


TRAMWAYsS AND Licut Raitways. 


The light railway proposals are neither very 
numerous nor very important. In the North of 
England a light line, about 7} miles long, on the 
3 ft. 6 in. gauge, is proposed between Middles- 
brough and West Hartlepool. The Tees is to be 
crossed by a transporter bridge. Another light 
line proposal is for a railway between Poole and 
Swanage, having a total length of about 13 miles, 
inclusive of a branch to Southhaven Point. In the 
Metropolitan district we note that the Middlesex 
County Council are proposing the construction of 
their lines already authorised. One of these exten- 
sions will be to Wembley along the Harrow-road, 
whilst the other, commencing in Bushey Heath, 
will couple up in the Edgware-road with the Coun- 
cil’s No. 10 railway of their Order of 1903. In the 
West Riding a light line, about 3}? miles long, is 
being promoted, which will commence in a junction 
with the Lancashire and Yorkshire Railway at 
Clayton West, and end at Darton Station in a 
junction with the same company’s Barnsley brancli. 
Three of the applications made with reference to 
light railways are for extensions of time. Amongst 
the new schemes is a line from Fairford to Ciren- 
cester, in Gloucestershire. In North Wales the 
Portmadoc, Beddgelert, and South Snowdon line 
is to be extended from Dinas to Carnarvon, the 
new proposal being in part a deviation of the line 
authorised in 1904. In the same district another 
company is proposing the construction of a light 
line, 13 miles long, from Mawddwy to Llannwcehllyn, 
in Merionethshire, Mallwydd and Llanymawddwy. 
In South Wales powers are sought for the con- 
struction of new lines in the Llanelly district. 
Both Bills are promoted by companies. The Mans- 
field and District Light Railway Company are also 
seeking powers for extensions of their system. The 
Mid-Suffolk Light Railway Company are desiring 
sanction for a loan from the Halesworth Urban 
District Council. 

The London County Council seek powers to make 
a line, over 34 miles long, from Cricklewood to the 
Marble Arch, and to make considerable extensions 
of their existing lines in Clapham, Hackney, and 
Streatham. The Westminster Bridge-Embankment 
project is revived, and in this connection we note 
that the City Corporation are asking for powers to 
widen Blackfriars Bridge, so as to accommodate 
the proposed new line along the Embankment. 
The London Southern Tramways Company seek 
powers to electrify their lines in the Brixton 
district on the overhead system. If we mistake 
not, the County Council have refused to take 
over this system, as its electrification on the con- 
duit system was likely to prove even too unpro- 
fitable for the most ardent of the Progressive 
Party, and sufficient time had not elapsed to allow 
the public to fully forget the foolish speeches 
of a few years back, when permission to use the 
overhead system along the Old Kent-road and 
similar thoroughfares was refused on the ground 
that the amenities of these thoroughfares would 
be destroyed. The company in this case appa- 
rently intend to develo» a goods as well as a 
passenger traffic, and are taking powers to 
connect with the goods sidings of the London, 
Brighton, and South Coast Railway Company at 
Thurlow Park-road. The generating station 1s 
to be at Herne Hill, but powers are also taken 
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to purchase current. 


The London United Tram- | than is afforded by the Building Acts. The latter, 


ways Company propose new lines at Old Brentford | too, are, in the nature of things, always a little 


and at Kew, and a large amount of street- 


widening at various points on its existing system. | 
The Middlesex County Council seek to extend | 


out of date. Few of them, for instance, sanction 


the use of ferro-concrete. 
In the provinces the Shropshire, Worcester, 


their existing lines to Willesden. This line is to|and Staffordshire Electric Power Company seek 


be leased to the Metropolitan Electric Tramways | 


Company. 
In Essex, the Romford and District Tramways 
Company seek to take over the powers granted in 


1903 to the Empire Electric Light and Power | 


Company. In Cheshire a company has been formed 
to construct about 10 miles of line paralleling the 
railway between Stockport and Macclesfield. The 
West Yorkshire Tramways Company are promoting 
a scheme for new lines between Huddersfield and 
Bradford. The Manchester Corporation in their 
Bill demand running powers over the lines of the 
surrounding local authorities. 

The Preston, Chorley, and Horwich Tramways 
Company seek powers to make a new road at 
Bamber Bridge, and propose the widening of a 
large number of existing roads and bridges. At 
Oxford the Corporation propose to electrify their 
tramways; though, in view of the narrowness 
of the streets, it is difticult to see how a satis- 
factory service can be maintained. Single-line 
tramways involve so many delays that it is certain 
that the motor-bus can give a much better service. 
Extensions of minor importance are proposed at 
Newcastle, Rochdale, Hull, Wallasey, and Bury. A 
feature of many of the Bills promoted by the local 
authorities is the power taken to run motor-busses. 
One of the grounds on which it has been argued 
that these bodies should own and work the 
trams has been that the construction of these 
involved disturbance of the street surface. No 
such argument can apply in the case of motor-buses, 
and it would seem that the authorities in question 
might as reasonably demand powers to erect and 
work municipal cotton-mills, foundries, or general 
stores. Hitherto it has not been usual te grant 
powers to local authorities to conduct trading 
operations which could be conducted by private 
parties without the special authority of Parliament, 
so that these applications constitute an entirely 
new departure in the direction of municipal 
trading. 

In Scotland one company is seeking powers to 
construct tramways from Leith to Dalmeny, and 
on the other side of the city another company 
desires authority for a new line between Portobello 
and Musselburgh. On the north of the Forth a 
company seek to make new lines in the Dunferm- 
line district, extending on the one side to Beath, 
and on the other to Niverkeith. A clause in this 
Bill gives the company powers to take over or 
acquire electric light orders. Other new lines are 
projected in the Ardrossan and Saltcoats district, 
Ayrshire, whilst the Falkirk and District Tramways 
Company seek powers to extend their line to 
Grangemouth. 

Power Scuemes. 

The London County Council Bill duly made its 
appearance last week. The abstract gives little 
detail, probably because the promoters themselves 
are not fully aware of what they precisely intend. 
Tbe area claimed is the whole county of London 
and parts, not defined, of the counties of Essex, 
Kent, Sussex, and Middlesex. The generating 
station is to be on the Thames, along Battersea 
Park-road. 

The South Metropolitan Electric Light and 
Power Company desire authority to take or give a 
supply in bulk to local authorities or companies. 
In the Bill promoted by the Ként Electric Power 
Company authority is demanded to couple up the 
mains of this and the foregoing company at Green- 
wich. Other clauses seek easements over the lines 
of the South-Eastern and Chatham Railways. 
Powers to take over tramway and electric lighting 
Orders, and to supply in bulk to other undertakers, 
are also demanded. The company further propose 
to erect a regen station on the Medway at 
Strood, and to improve the river at this point. 
Here, as in other cases, exemption from the 
building laws is demanded. That such exemption 
1s proper no engineer will question. The Building 
Acts are intended primarily to govern the erection 
of ordinary dwelling-houses, warehouses, and fac- 
tories, with a view to securing safe and durable 
Structures. They have never been enforced on 
railways, where the fact that the works are always 
carried out by skilled engineers provides a much 
better guarantee of good workmanship and design 











to extend their area of supply to the city of 
Birmingham, and most of the surrounding manu- 
facturing districts not yet covered. They propose 
to erect a generating station at Cannock Chase 
Colliery, and a second in Birmingham city, near 
Harborne-lane. The most interesting feature of 
their Bill is, however, a clause demanding powers 
to use overhead mains in all rural districts and in 
urban districts, with the consent of the local 
authority, which is not to be unreasonably refused. 

The Derbyshire and Nottingham Electric Power 
Company seek to take over the Newark and Dis- 
trict Light Railways Order, and the undertaking of 
the Nottinghamshire and Derbyshire Tramways 
Company. They will be also authorised to acquire 
any Provisional Orders to be subsequently granted 
in their district. Wayleaves over the Great 
Northern, Great Centra], and Midland Railways 
are demanded, and also powers to supply these, 
or other traction companies, with current in bulk. 
The Newcastle-on-Tyne Electric Supply Company, 
Limited, are desirous of acquiring the works and 
rights of the Northern Counties Electricity Supply 
Company at Whitley and Monkseaton, those of 
the Durham Electric Power Company at Gateshead, 
Jarrow, and Durham City, and those of the Priest- 
man Power Company at Blaydon. 

An entirely new undertaking is that of the 
Cumberland Electricity and Power-Gas Company, 
who propose to erect one generating station at 
Maryport, near the Solway Iron Works, another 
at Workington, anda third at Cleator. The area 
of supply will include Workington, Whitehaven, 
Aspatria, Maryport, Cockermouth, Keswick, and 
Cleator Moor. Powers to acquire Provisional 
Electric Lighting Orders are also demanded. 

The Lancashire Electric Power Company seek an 
extension of their existing powers, so as to be able 
to supply any lighting authorities and any com- 
panies in their area. A somewhat similar exten- 
sion of powers is demanded by the Durham Elec- 
tric Supply Company. 


NOTES. 
Tue Execrriciry Suprpty or WEDNESBURY. 

Tur town of Wednesbury lies within the area 
served by the Midland Electric Power Company, 
and the corporation has agreed to take a bulk 
supply of electricity from the company and distri- 
bute it in detail to the consumers within the 
borough. The company generates current on the 
two-phase system at 7000 volts at Ocker Hill, trans- 
mits it to a sub-station at Wednesbury, and there 
transforms it down to 2700 volts, and again to 
200 volts. It is fed into the corporation mains at 
200 volts, and taken to a corporation sub-station, 
where it is converted into continuous current, 
and sent out by feeders to five points of the 
network. The sub-station plant comprises two 
P.D.M. motor generator sets, a 117-cell battery, 
and a Highfield-Westinghouse reversible booster. 
The distribution is on the two-wire system at 230 
volts, the cables being laid solid in wooden troughs 
filled with bitumen. Current is paid for on the 
maximum demand system, both by the corporation 
and the consumers. The corporation buys at the 
rate of 3d. for the first hour of maximum de- 
mand for each day, and 0.825d. per unit for 
all further supply. The accumulator installation, 
of course, keeps the maximum demand lower 
than it otherwise would be, and the accumulator 
losses and most of the conversion and main losses 
are paid for at the lower rate. The consumers pay 
6d. and 2d. per unit on the maximum demand (one 
hour) system for lighting current, and 3d. and 1}d. 
per unit for power. An alternative charge for 
power is a flat rate of 14d. in the day time, and of 
3d. during lighting hours. It will be noted that 
much of the consumers’ maximum demand is pur- 
chased by the corporation at the lower rate and 
stored in the accumulators, leaving a considerable 
source of profit. The supply has been available 
for about 18 months, there are 90 consumers, and 
the connections, which include 28 horse-power of 
motors, are equal to 5258 8-candle-power lamps. 
A further supply equal to 596 lamps has been ap- 
plied for. The consulting engineer to the corpora- 
tion was Mr, F. J. Warden-Stevens, of West- 








minster, who has also supervised the operation of 
the undertaking for18 months. The resident engi- 
neer is Mr. W. Fennell. 


Evecrricity IN WooLWicH ARSENAL. 

Whatever difference of opinion may exist as to 
systems of transmission or details of application, 
the advantages of driving machine-tools electrically 
are so well recognised that electric power is now 
general in workshops of any importance. The 
Royal Gun Factory at Woolwich, although not in- 
fluenced by the competitive influences which make 
for progress in the case of private establishments, 
has had electric driving for some years now, and 
the various applications of electricity in the factory 
were described in a paper read on November 23 
last by Colonel H. C. L. Holden, R.A., F.R.S., 
before the Institution of Electrical Engineers. 
There are at present 134 motors, of an aggregate of 
1903 brake horse-power, at work in the Gun Fac- 
tory, and 61 more, aggregating 840 brake horse- 
power, will be put into service as soon as current is 
available. These motors include one of 100 horse- 
power, one of 50 horse-power, and six of 40 horse- 
power, all connected to individual machines. The 
first large machine to be driven by its own motor 
was avery heavy boring-machine. All the speed 
reduction was obtained by a single worm gear, and 
the drive is so steady that it is possible to bore a 
20-in. hole up to 50 ft. long with a variation of 
less than 0.004 in. in diameter. The change to 
motor-driving, involving a greatly-improved speed 
control, has more than doubled the weekly output 
of the machine, and equal or greater benefits have 
been obtained in other cases. A great feature of 
the shop equipment is the number of magnetic 
clutches employed for stopping and starting machi- 
nery. These are of a design introduced by Colonel 
Holden, and described in ENGInrERING of Decem- 
ber 2, 1904 (vol. Ixxviii., page 750) ; they have been 
standardised in two sizes capable of transmitting 
normally 6 and 25 horse-power at 300 revolutions. 
The power absorbed to excite the 6-horse-power 
clutch is 21 watts, and with this excitation the 
clutch will drive over 14 horse-power before slip 
occurs. The clutch rated at 25 horse-power only 
needs 42 watts for its excitation. Reston of 
protecting the motors against overload by fuses, 
they are arranged to drive through a sort of spring 
clutch, somewhat similar to a tapping chuck. The 
spring is set so that the clutch will slip at a pre- 
determined overload of the motor, and the noise it 
makes as the teeth ride over each other at once 
calls the attention of the operator. The delay and 
expense of replacing fuses are thus entirely avoided. 
In one of the shops devoted to heavy boring the 
separate pumps for the cutting lubricant on each 
machine have been done away with, and all the 
machines are supplied with lubricant under 30 lb. 
pressure from a common source. A _high-lift 
centrifugal pump raises the spent liquid into an 
overhead tank, whence it descends by gravity. 
The motor is connected to the pump by a magnetic 
clutch, which is excited or de-energised auto- 
matically by a float device, according as the tank 
is below or above the normal level, the motor being 
kept constantly running. 








Tue Bririsy Association in Soutu Arrica.—On Wed- 
nesday last, November 29, Sir William Preece delivered 
a discourse at the Society of Arts on ‘* The British Asso- 
ciation in South Africa.” The lecturer discussed the 
general features and the lines of development of the 
country, and dealt also with the educational, economical, 
and labour problems, which the colonies would best solve 
for themselves. 





A Portaste Hanp Swapine - Macuine. — Messrs. 
Crosier, Stephens, and Co., of 2, Collingwood-street, 
Newcastle-on-Tyne, are now introducing into this country 
a small shaping attachment for hand-power. The machine 
follows the usual lines of shaping-machine construction, 
except that the ram is operated by a hand-lever. The 
stroke is 7 in. and the trayerse 10 in. The machine com- 
plete weighs only about 35 Ib., and can take a cut 4 in. 
deep. An automatic cross-feed is provided, and the 
poe is fitted with a swivelling head and hand-feed. 
Both the machine and the work can either be held in an 
ordinary vice, to do work that is usually done by the 
chisel or file, or a cast-iron base-plate with machine vice 
for the work can be supplied to carry the shaper. In the 
latter case, the whole arrangement may be fastened to an 
ordinary bench. It should be a useful tool in a small 
—— as within its limits it will do any work that 
can be done by an ordinary shaper, and it needs only a 
very moderate degree of skill to operate. When fitted 
with the base-plate it appears the more generally useful 
tool, being then more rigid and capable of a greater variety 
of work. ‘he complete weight in this case is about 65 lb., 
including adjustable cramps for holding the work. 
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COMPOUND LOCOMOTIVES ON THE 
GREAT WESTERN RAILWAY. 
To THE EpiTor oF ENGINEERING. __ 

Sin,—Mr. Robins explains that when writing of 
‘*boiler-barrel diameter” he was referring to ‘‘ mean 
internal diameter.” That being so, the figures in the 
comparative table relating to the Midland compound 
“gee are obviously inaccurate. 

is correction as to the weight on the coupled wheels 
of the French engine disposes of the three contradictory 
statements on this head contained in the original article ; 
but the table still contains a wrong reference number for 
the Midland engine, and an assertion that the Great 
Northern Railway uses a 23-in. piston-stroke. 

Knowing as I do from experience the extreme difficulty 
which’ we now have in ascertaining what really did or 
did not happen in the early days of railways, I regret 
to think that those who come after us will not be able to 
accept without careful verification statements which have 
appeared in even the leading technical journal of our 
time. 

Yours, &c., 

Devonshire Club. W. B. THompson. 


[As we were unable to publish Mr. Thompson’s letter 
last week, we forwarded a proof to Mr. Robins, who 
has sent us the letter given below.—Eb. E.]} 





To THe Epitor or ENGINEERING. 

Srr,—I am much obliged to your correspondent, Mr. 
Thompson, for drawing attention to the discrepancies in 
my article in Enoingerinc of November 3. It will 
perhaps simplify matters if I place on record the correct 
figures for both the Great Northern and Midland Railway 
engines. The mean internal diameter of the boiler-barrels 
of the latter company’s engines is 4 ft. 8 in., and the class 
numbers range from 2631 to 2633 inclusive. With regard 
to the Great Northern Railway engines, the dimensions 
of the barrels of the boilers are as follows :— 


**No. 1300.” ‘No. 292.” 
Large end 5 ft. 12 in. 5 ft. 6 in. 
Small end 5. Ga 5,, 4,, 


The grate area of both engines is 31 square feet, and 
the piston stroke of ‘‘ No. 1300” is 26 in. for both high and 
low pressure. 

x — agree with Mr. Thompson that any inaccurac 
on the part of the technical Press is to be deplored, but 
should judge from his remarks that he has himself never 
encountered the almost insuperable difficulty which besets 
any inquirer who endeavours to record even up-to-date 
events in the engineering world. A couple of instances 
will suffice to show what I mean. The engines of the 
Brunel class on the Great Western Railway were origin- 
ally built with 20-in. by 24-in. cylinders, but the diameter 
of these cylinders has long since been reduced ; yet over 
and over again have I seen the original figures quoted as 
still pertaining to these engines. Again, take the two big 
pore engines on the Caledonian Railway, ‘‘ No. 49 
and ‘No, 50.” In every single technical paper which 
has dealt with them, I have seen the cylinders quoted as 
21 in. by 26 in. Yet, even if Mr. Thompson should 
assure me thereof, I should decline to believe that the 
engines have ever yet had a 21-in. cylinder. But accuracy 
is a thing we should all strive to attain, and I greatly 
regret that errors should have crept into my article. 

Iam, Sir, yours faithfully, 
A. G. Rosins. 





To THe Eprror or ENGINEERING. 

Sr1r,—I read Mr. Robins’s article with interest, and with 
due courtesy beg to remind this gentleman that the 
Worsdell von Borries’ system of compounding still exists 
in Ireland—viz., on the broad-gauge system of the late 
Belfast and Northern Counties in shape of 4.4.0, tender 
—- and on the narrow-gauge system, late Ballymena 
and Larne, the latter nae tank-engines, 2.4.2, outside 
cylinders. Also on the Belfast and County Down, being 
tank-engines, inside cylinders, 4.4.2 type. An article 
I sincerely hope will be given in your valuable paper at 
anearly future date as to how the above locomotives have 
worked, and the loads given, &c. 

Mr. Tompkins might have given the load with regard 
to the run mentioned by him. 8S s are not of much 
use without giving the load behind the tender, and perhaps 
this o—e will give the same in another letter. 

While I was at Teignmouth this year, in September, I 
noticed one morning on the sea-wall a train from Exeter 
with eight vehicles made upof bogies, six-wheelers and 
four-wheelérs, drawn by two engines of the ‘‘ Atlantic ” 
type. Time, between 10and 10.30. 

Again, about two years , at Exeter Station, between 
2.15 and 2.45 p.m., I noticed a train of five ies drawn 
by two engines of the ‘‘Camel” type, leaving for the 
West. I am well aware that the gradients are very 
heavy after leaving Newton Abbot, and as I presume 
these were through trains to Piymouth, it seems a light 
load in both cases to require pileting, as surely in neither 
case could it reach 200 tons. 

Perhaps some reader will oblige as to why piloting was 
necessary in the above two cases. 

Yours truly, 
A. Morris Busueuit, A.C.P. Acct., M.S.M.E. 

94, Amyand Park-road, Twickenham. 








STEAM-PUMPS ON LOCOMOTIVES. 
To Tue Epiror or ENGINEERING. 
_ Srr,—In your issue of the 10th inst., I was greatly 
interested to note Mr. Dugald Drummond’s adoption of 
duplex ae yon while discarding injectors, on his new 
six-coupled four-cylinder engines. I introduced this type 


satisfactory. Theadvan enumerated in your descrip- 
tion are applicable to cold climates where rm have a 
good and plentiful supply of water, but are relatively few 
compared with the advantages independent pumps offer 
over injectors in hot climates where water is both bad 
and scarce, My experience lies principally with tank 
engines, where the water reaches such a high tempera- 
ture, owing to the heat of the sun and situation of the 
tanks, that in summer it often reaches evaporation point. 
In such a case the injectors will not draw, and under 
those circumstances the benefits which accrue when using 
pumps are obvious. When water ‘is and scarce the 
cones gather sediment very readily and the injectors refuse 
to work, the consequence being a t loss of water and 
waste of time and money in cleaning them, besides caus- 
ing anxiety and a lot of extra work to the drivers. The 


the tank. Pumps worked off the cross-head have several 
disadvantages, which are too well known to require repe- 
tition, and may even become dangerous when improperly 
handled at high speed. 
I am, Sir, yours faithfully, 
Rotanpo H. Browne, Locomotive 
Superintendent. 
The Carthagena Steam Tramways Company, Limited, 
Cartagena, Spain, November 16, 1905. 








OUR SUBMARINES. 
To THE EpitorR or ENGINEERING. 

Sir,—Having, as managing partner in a contracting 
engineering firm, construc a number of petroleum 
storage reservoirs at Purfleet, and at Parkside for the 
Mersey Dock Board, under the late Sir George F. Lyster 
and Mr, Anthony Lieter, and having, jointly with Sir 
Fortescue Flannery, M.P., invented and patented the 
Terry-Flannery system of oil-boat ventilation, whereby 
the risk of explosion and fire on board oil-steamers has 
been so reduced that the premiums on them which, up 
to the fitting of the ‘‘ Murex” on our system (in 1892), 
were as high as 14 per cent., and which are now less than 
2 per cent., I may be allowed to.suggest that the method 
of handling gasoline by rolling barrels on steel cams over 
open hatches in submarines appears to me a most un- 
= and dangerous method of replenishing their 
tanks. 

I should suggest that the barge or tender bringing the 
liquid alongside should be provided with a hand spirit- 
yee a suction and delivery hose, say 14 in. in diameter. 

he whole apparatus, with 60 ft. of hose, would cost 15/. 
to 20/., and would weigh about 2 cwt. at the outside. It 
would avoid all risk of accident by barrels falling down 
hatches, and would Ba pe splashing of petrol and for- 
mation of vapour. eall admire the men who are carry- 
ing on submarine experiments, but it is the duty of 
engineers to see that unnecessary dangers to life and 
limb are deleted. 

I beg to remain, faithfully yours, 
SrerHen TERRY, 
Mem. Inst. C.E. 

17, Victoria-street, 8S.W. 








STEAM-TURBINES IN THE TROPICS. 
To THE Eprror oF ENGINEERING. 

Srr,—In your paper of February 5, 1904, page 183, is a 
description of the Curtis turbine, and a statement—no 
doubt compiled by the makers—of the steam consump- 
tion under varying degrees of vacuum. This statement 
shows very clearly how rapidly the efficiency of this t 
of engine diminishes as the vacuum falls; and Mr. 
Parsons, to improve the vacuum, has invented the 
‘*augmenter.” 

The necessity for high vacuum being admitted, is it not 
a somewhat rash proceeding to fit with turbines war 
vessels which may have to fe at full speed, as well as 
fight, in tropical waters? The Dreadnought is an in- 
stance. How is this vessel to maintain speed, and what 
will her coal consumption bé, in the Red Sea, where the 
temperature of the. water is 90 deg. to 96 deg.? In the 
Persian Gulf, I am informed, it is frequently 90 deg., and 
in the Indian Ocean and Bay of Bengal it is ate not 
lower than 80 deg. at it may be so far south as 
Singapore I do not know, but not under 80 deg. At 
these temperatures how is the ‘‘90 per cent. vacuum” 
—« by the turbine engine tb be obtained ? 

e British India Steam Navigation Company could 
supply some very valuable information as to the per- 
formance of their turbitie-boats on both sides of India. 
On the Bengal side, I believe, the steamers have not 
come up to expectation by a long way, and want of 
boiler power is stated to be the cause. “But is not this 
practically the same thing as want of vacuum ? 

The turbine, I understand, requires not less than fifty 
times the weight of steam as circulating water, in the 
North Atlantic, and very much larger condensing plant 
must be employed in the Tropics. Is it practicable at all 
to get a ‘90 per cent. vacuum” with water at 80 deg. 
to 90 deg., the usual vacuum being, I believe, about 
25 in. in steamships, and it is less on shore here. 

It would seem wise “‘to make haste slowly ” in intro- 
ducing turbines into war vessels which have to navigate 
all waters, and might find speed of first importance in the 
ay I venture to doubt if the D nought would 
be able to overtake a 17-knot P. and O. boat which had 
t an hour’s start of her from Suez to Aden. The 
remen could not stand up to the work, even if the 
boilers could stand the forcing and the coal supply held 
out. 
Yours faithfully, 
Perer Sway, 





of pump some time ago, and the results have been most 





Calcutta, November 2, 1905. 


duplex type of pump (horizontal) is very adaptable to 
dle tank locomotives, as it occupies very little space | i 
and can, as a rule, fixed to the platform underneath 





CATALOGUES. 


Messrs. Arnold Goodwin and Son, Sumner-street, 
Southwark, S.E., have issued a carefully-illustrated 
ee hlet, showing numerous applications of their over- 

system of suspended liftways, as used in warehouses, 
factories, and shops. Their ingenious turntable is also 
illustrated and described. 

We have received from the Midland Manufacturing 
Compeny Limited, Celtic Works, Savile-street East, 
Sheffield, their catalogue of hand-tools for engineers, rail- 
way and tramway contractors. 

he Forgrove hinery oy om Limited, Admiral- 
street, Dewsbury-road, Leeds, have sent us their cata- 
logue of wrapping machinery, which, besides a number of 
machines of different sizes, shows the various shapes 
ig se and gives the output. The catalogue is printed 
in English, French, and German. 

Messrs. Willans and Robinson, Limited, Ferry Works, 
Queen’s Ferry, S.O. (Flintshire), have published a pam- 
phlet giving an illustrated description of the Niclausse 
stationary boilers they manufacture. 

We have received from Messrs. Lancaster and Tonge, 
Limited, of Pendleton, Manchester, their Lancaster 
metallic packing catalogue. The various metallic pack- 
ing arrangements, of which they have made a speciality, 
are illustrated by sections and described, and a consider. 
able number of testimonials and names of users are also 
given, amongst which are the British and foreign navies 
and steamship companies. 

Messrs. Tittley, Son, and Brickley, Limited, Alton 
Works, Smethwick, have sent us their 1906 catalogue of 
shafting, pulleys, and transmission fittings. 

We have received from the Lucal Light and Heating 
Company, Limited, 67, West Regent-street, Glasgow, a 
—— copy of a test carried out by Messrs. Flannery, 

aggallay, and Johnson on a marine boiler with the 
Lucal burners, using blast-furnace oil, at which the aver- 
age evaporation of water from and at 212 deg. Fahr, was 
14 lb. of water per pound of oil. 

Messrs. Meldrum Brothers, Limited, of Timperley, 
near Manchester, have issued a pamphlet on their steam 
fittings, in which they call special attention to their 
steel tees. 

‘*Suggestions to Electrical Power Users” forms the 
title of a booklet issued by Messrs. A. Reyrolle and Co., 
Limited, of Hebburn-on-Tyne, which deals with their 
motor starters. 

We have received from Messrs. D. Mitchell and Co., 
Limited, Central Iron Works, Keighley, their catalogue 
of machine-tools. These include drilling - machines, 
lathes, shaping-machines, &c., of a number of types and 
dimensions, and saws and wood-working machines. 

Messrs. Carver, Limited, Alfred-street Mills, 
Nottingham, have sent us their catalogue of shafting and 
accessories, containing illustrations-and tabulated par- 
ticulars of their couplings, collars, plummer- blocks, 
hangers, brackets, &c. 

essrs. Webster and Bennett, of Coventry, have issued 
an illustrated catalogue, showing their horizontal boring 
and milling-machines. One of their 30-in. duplex boring 
and —— mills was on view at the last electrical exhi- 
bition at Olympia, driven by a Brush motor. 








S.S. ‘‘Carmania.”—The new Cunard turbine steam- 
ship Carmania, a detailed description of which we give 
in the present issue, is fitted with Quiggin’s patent com- 
plete distilling plant, consisting of evaporators, distilling 
condenser, and pumps, for the production of drinking- 
water on board. The plant has been supplied by the 
Liverpool Engineering and Condenser Company, Limited, 
Perry-street Engine Works, Liverpool, who supplied a 
similar plant in the Caronia. The capacity of each plant 
is 80 tons per 24 hours. The whole of the steam installa- 
tion is covered with magnesia coverings, manufactured 
by Magnesia Coverings, Limited, of Washington, co. 
Durham. The bunkers, ballast-tanks, and tank tops 
are protected by Messrs. Wailes, Dove, and Co.’s “* Bitu- 
mastic” enamels. The pumping plant in this vessel 
was constructed by Messrs. J. H. Carruthers and Co., 
Limited, of Polmadie Works, Glasgow ; it consists of two 
vertical duplex ballast pumps, 12 in. by 16 in. by 12 in., 
each capable of discharging 400 tons of water per hour ; 
two bilge pumps of the same type, 8 in. by 9 in. by 8 in.; 
two sanitary pumps, 8 in. by 8 in. by 8 in.; and two 
fresh-water pumps, 5} in. by 5 in. by 5 in. 


Irauian State Raiways.—Some time since we re- 
ferred to the fact that railway operations in Italy, now 
almost wholly under Government control, are seriously 
hampered by the want of rolling-stock. By a clause in 
the Act, which became law last spring, the purchase of 
rolling-stock from abroad was prohibited ; but the Italian 
railway carriage builders are not in a position to supply 
anything like the number of railway vehicles required, 
and the conditions for working the traffic are, there- 
fore, unsatisfactory. The deficiency which has to be 
made up without loss of time is 10,000 vehicles 
of all c ; of these only 2500, for which con- 
tracts have been let, are sufficient to overcrowd the 
Italian works. It has therefore been decided to hire 
7500 from abroad in order that the heavy summer and 
autumn traffic may be sufficiently provided for. As the 
home-made vehicles are placed in service it is intended 
gradually to reduce the number of those borrowed, until 
they are entirely replaced by rolling-stock made in Italy. 
This ingenious project is due to Signor Bianchi, the 
Disecieethenesel of the Government Railways. It is 
probable that some similar device must be resorted to 
with regard to the locomotives required, in order to sur- 
mount the difficulties created by the protective clause in 
the railway law above referred to, 
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THE OLYMPIA 
(Concluded from page 703.) 

In our last issue we described the new design of 
four-cylinder petrol-motor which Messrs. 
Thornycroft and Co. have brought out this year, 
giving two perspective views taken from photo- 
graphs. We now publish in Figs. 9 and 10 on 
page 732 two line drawings of the same engine; 
and these will help to make clear the description 
given in our last; issue. We also illustrate on the 
same page the Thornycroft motor chdssis, Fig. 11 
being a side elevation, and Fig. 12 a plan. The 
general arrangement is plainly shown by these 
views., The clutch used on the 14-horse-power car 
is of the lubricated multiple-friction-dise pattern, a 
type which has been found very smooth in coming 
into action, and yet secure when fully engaged. The 
transmission from the gear-box to the driving axle 
is by a central shaft with the usual flexible joints, 
the live-axle system being adopted. Power is 
taken through a bevel-wheel and pinion on the 
differential gear, the latter being of the spur-wheel 
type. ‘The whole is completely enclosed in the oil- 
bath casing, which also acts as a truss to support 
the live axle, which is thus relieved of all weight of 
the car. The axle-casing is prevented from turn- 
ing. by two rods, one of which is secured to the top 
and the other to the bottom of the casing. At 
their forward ends they are united in a ball which 
is at the apex of the triangle thus formed. This 
ball fits into a slot formed in a cylindrical casing, 
so that it can move in a vertical direction, but is 
restrained by two springs in the guide, the latter 
being pivoted to the frame of the chdssis at its 
upper end. In this way there is secured the 
notion of the axle casing, which is nec on 
account of inequalities in the road, whilst at the 
Same time the transmission mechanism is not 
strained, nor is there interference with the steady 
«pplication of power to the driving-axle.- The price 
uf the Thornycroft 14-horse-power chassis, with 
tyres, is 4751.; the 24-horse-power chdssis being 
b20l. ; and the 36-horse-power chdssis 8001. 

On an adjoining stand to that on which the 
pleasure-cars were situated, Messrs. Thornycroft 


MOTOR-CAR SHOW. 
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showed heavier vehicles, referred to in our last issue ; 
and on their two stands in the aquatic section they 
had a further exhibit. There was a very nicely- 
appointed 25-ft. motor-launch, fitted with a two- 
trol-motor. Perhaps an 
even more attractive exhibit was a 20-ft. yacht’s 
gig, having a single-cylinder, 6-horse-power petrol- 
motor. This neat little boat is fitted so that it can 
be hoisted to davits in a safe and proper manner— 
a feature not always present in certain boats sup- 
d to be so fitted and turned out by inland 
uilders. This boat is, indeed, well designed to act 
as a tender for a sea-going vessel, and would doubt- 
less tow a fair-sized yacht at a moderate pace, a great 
boon in connection with a sailing-vessel in summer, 
when it is so often a case of ‘‘sun-down, wind- 
down,” and dinner has been arranged for on shore. 
An exhibit on this stand that attracted a great deal 
of attention was the two-cylinder suction gas-engine 
and producer for marine work, of the same type as 
fitted in the Emil Capitaine, a vessel described and 
illustrated in our issue of August 4.* Reference 
was also made to the performance of the Emil 
Capitaine in our report of the reliability trials of 
motor- boats, which took place last August.t Messrs. 
Thornycroft state that the best efficiency of a 
complete gas plasitis 23 per cent., as compared 
with 11 per cent. for the steam-engine ; the 
plant would consume less than half the fuel that 
would be needed for the steam-engine and boiler of 
the same power. It is stated that a fair average 
consumption is 1 lb. of fuel per brake horse-power 
per hour. If good anthracite be used, this figure 
may be slightly reduced. If the fuel be coke, the 
consumption would be about 1} lb. per brake 
horse-power per hour. During the reliability trials 
the fuel consumed was officially weighed, and it was 
found that the consumption for 24 hours, including 
lighting up and burning down, as well as 10 hours’ 
running at about two-thirds power, was approxi- 
mately 4 cwt. During some trials made in Ger- 
many with two tugs it was found that one with a 
triple-expansion engine consumed 3.44 times as 





* See pages 145 and 150 ante. 
+ See pages 188 and 220 ante. 





much coal as a somewhat si:nilar vessel fitted with 
the suction-gas plant. It will be interesting to see 
the result of some careful tests, that will be strictly 
comparable, made with this system. We believe 
Messrs. Thornycroft contemplate experiments of 
this nature, and we hope to chronicle the results. 
Certainly, if the anticipations formed upon the 
running of the Emil Capitaine are fulfilled—as 
there appears all —_, they will be—there is 
likely to be a revolution in the machinery of cargo 
vessels. 

Messrs. Thornycroft also showed a 24 - horse- 
power and a 12-horse-power marine petrol-engine, 
and a single-cylinder, 6-horse-power petrol-engine 
coupled directly to a dynamo. An interesting 
exhibit was a 40-horse-power engine coupled to 
adynamo. This set has been made for supplying 
current to drive some of the machine-tools at the 
firm’s Basingstoke works. The engine is to be 
run with paraffin, or other, so-called, ‘‘heavy oil” of 
this description. Other exhibits were propellers 
and parts of marine engines, or fittings. 

The Wolseley Tool and Motor-Car Company, 
of Birmingham, and York-street, Westminster, 
showed, amongst others, an 18 - horse - power 
Siddeley car, with a four-cylinder vertical motor 
and Limousine body ; a 15-horse-power Siddeley 
chéssis, with a four-cylinder vertical motor, the 
price of the latter being 4251. ; and a 32-horse- 
power chdssis fitted with a four-cylinder vertical 
motor, having separately cast cylinders and a 
double-ignition system. There was also shown a 
25-horse-power vertical motor. It is a significant 
fact that this firm, one of the most important that 
supported the horizontal engine, should have taken 
up the manufacture of a car with a vertical engine. 
Certainly they must have had strong inducements 
to do so ; and considering the extent to which the 
vertical engine predominates amongst makers, one 
can only conclude that unless the general design of 
the motor-car undergoes radical transformation, 
the vertical engine offers the balance of advantages. 
In a future issue we shall deal with the Siddeley 
design in detail. 

On the same stand were shown a 6-horse-power 
Wolseley two-seated car. This has a single-cylin- 
der horizontal engine, a glass screen, and a leather 
hood. It has been designed more especially for 
doctors’ use, and is sold at the moderate price of 
2001. There was also an 8-horse-power car, with 
a two-cylinder horizontal motor, the price being 
3151. In another t of the Hall the Wolseley 
Company showed a fight parcels van on a standard 
6-horse-power chdssis; a double-decked motor- 
omnibus for thirty-six passengers, driven by a 
20-horse-power two-cylinder horizontal motor, with 
four forward speeds and a reverse. There was also 
on the same stand a 3-ton delivery wagon with 
a 20-horse-power two-cylinder horizontal motor, 
having four speeds and a reverse. In the Marine 
Section the same firm exhibited a motor-launch, 
35 ft. long by 7 ft. 2 in. wide, fitted with a four- 
cylinder horizontal motor to run at 800 revolutions 
per minute. On the same stand were a 16-horse- 
power and a 12-horse-power launch engine. 

The British Automobile Commercial Syndicate, 
of Long Acre, exhibited a car—the Spyker— which 
may become British in regard to ownership, but is 
certainly not of British manufacture. It is, how- 
ever, a well-designed car, and does not make such 
a demand on the purse as some foreign productions, 
in which purchasers have to pay a great deal for 
name. It claims the title of ‘‘dustless,” this 
exceeding virtue being secured—so far as it can be 
secured by a motor-car—by the formation ‘of the 
frame. his is pressed by hydraulic power from a 
steel sheet, wide enough to form a shallow U-shaped 
trough under the car mechanism. The upper edges 
of the U are bent over to form the side-bars of the 
frame, this part being reinforced by wood, so that 
the side-bars are to the rest of the frame what the 
top-rail is to a boat. A boat-like arrangement is 
further suggested by the side-bars being extended 
and curved in towards each other, the U part of 
the sheet being cut away, and where they meet 
they are joined by what may be described as a 
breast-hook—-to continue our boating comparison. 
The smooth bottom underrunning the car, and 
sloping upwards in both directions, causes less air 
disturbance than open machinery ; and, although 
this would not do away with the dust-raisin effect 
of pneumatic tyres, as a matter of fact, the Spyker 
cars have been noted for not stirring up much dust. 
The motor has four cylinders, and is held to the 
frame by tubes, which are threaded so as to be 
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adjustable for length, and in this way alignment 
cw be secured. The carburettor, pump, commu- 
tator; and other parts are carried on the motor. 
The cylinders are cast in pairs, the bore being 
90 millimetres (3.54 in.) and the stroke 100 milli- 
metres (3.94 in.). The valves are all mechanically 
operated ; the carburettor is of the float-feed type, 
with an auxiliary air-valve, worked by the engine 
suction ; the ignition is from accumulators ; there 
are three forward speeds, and the transmission is 
by Cardan shaft ; the axle is enclosed in a casing 
and runs on ball-bearings, the casing being capable 
of swinging in the pedestal brackets, so as to allow 
for inequalities inthe road. This arrangement also 
permits of a single universal joint in the Cardan 
shaft. . The other features of the chdssis do not call 
for description. The normal speed of the engine is 
1000 revolutions for the 12-horse-power size, which, 
however, can be worked up to 18 horse-power. The 
price of a side-entrance car with this size chdssis is 
4601., or with landaulette body 5501. The 20 to 28 
hor:e-power chdssis has a four-cylinder engine, with 
cylinders 110 millimetres (4.32 in.) by 120 milli- 
metres (4.72 in.) stroke. A side-entrance body with 
this chdssis is 6001.; with a landaulette body the 
price is 7501. 

We have made reference. to the Spyker car as 
being one which affords a good example of a foreign- 
built vehicle at a price which, in comparison with 
some foreign cars, appears low, but which, never- 
theless, ought to secure to the purchaser all that 
is needed for a good-looking, trustworthy, and 
sufficiently powerful automobile carriage. The 
Spyker firm have, however, constructed what is one 
of the most costly vehicles yet produced. This was 
a coach for the Queen of Holland, and is known as 
‘* The Golden Coach.” The price was 10,0001. 

**Steam on Common Roads’”—the old familiar 
head-line of the pre-petrol era when the red flag 
waved—has almost died a natural death ; but not 
quite. Serpollet and White still employ the 
unconquerable arm to urge the flying car; but 
the old familiar boiler seems to be doomed, even in 
its more modern water-tube variety ; we speak, of 
course, only of the motor-car in the sense in 
which the term is generally understood. We 
did not see a Serpollet car in the Show; but 
the name should not lightly be forgotten by 
motorists, for it was Serpollet who did so much 
of the pioneer work which made the motor- 
car practical, and was the first, we believe, to 
introduce a modern motor-car into this country ;* 
unless we include the Blackburn steam dog-cart 
in the category; or, to go even further back, 
the steam-carriage of Yarrow and Hilditch. The 
still earlier steam vehicles of Hancock, and others 
of his period, were automobiles which hardly come 
within the meaning of the word as understood in 
the present day. Three White steam cars were 
shown at Olympia, and contained several new fea- 
tures. The address of the White Steam-Car Com- 
pany is 35 to 37, King-street, Regent-street. There 
was on the stand an 18 horse-power chdssis, with 
tyres, lamps, tools, &c., complete, the price being 
5501. ; a double phaeton body added another 501. ; 
with a landaulette body the price was 7001. ; and 
with a Limousine side-entrance body, 6751. All 
these were shown. 

There is no need to discuss here at any length the 
relative merits of steam and petrol, but the great 
flexibility of the steam-engine, its quiet running, 
and easy. starting, are points that tell pres 
in its favour; so strongly, that many of those 
who can speak with the authority of experience of 
both internal-combustion and steam prefer the 
latter. The engine fitted to the White cars is a two- 
cylinder yen with enclosed crank-chamber, 
having D slide-valves and Stephenson link motion. 
It might indeed be an engine for a small launch. 
The high-pressure cylinder is 3 in., and the low- 
— cylinder 5 in. :n diameter, the stroke 

eing 3h in. ‘Very small measurements,” the 
ordinary steam engineer would say, ‘‘ for 18 horse- 
power.” But when it is understood that the work- 
ing pressure is 350 Ib. to 375 lb. to the square inch, 
that the steam is always superheated, and the 
engine runs at a high number of revolutions, the 
remarkable output of the engine will be under- 
stood. ‘*‘The White steam-car is equipped with a 
steam-generator which,” to quote the statement of 
the manufacturers, ‘‘ is not a boiler, and has none of 
the disadvantages which are peculiar to the latter.” 
It is, however, very similar in principle, although 


* See ENGINEERING, vol. lii., pages 195 and 331. 





quite different in application, to a steam-generating 
apparatus which some elderly engineers may re- 
member as the ‘flash boiler.” In the present 
case, however, water is converted into steam in a 
cvil or coils. The feed enters at the top—as in the 
case of an earlier American coil boiler—but in the 
White design the coils are so connected that 
the water cannot pass through the successive coils 
below by gravity, but descends as additions are made 
by the feed-pump. Only a very small quantity of 
water is in the coils at any time ; ‘‘ only a few cup- 
fuls at most.” Such water as there is is in the top 
coils, and steam is in the lower ones at the outlet 
end ; whilst the feed-pump supplies, almost stroke 
by stroke with the engine, just the amount of water 
to generate steam for the immediate requirements 
of working. With this arrangement no steam and 
water separator need be fitted, such as was required 
with the earlier forms of coil boiler, and thus a 
source of complication and trouble is avoided. 
Under the conditions described the steam must 
almost necessarily be superheated, for it would be 
practically impossible to proportion the amount of 
feed and the volume of heat passed to the water 
so as to get exactly complete evaporation with satu- 
rated steam at the outlet end of the coil; and if 
free water came over in any quantity, it would 
naturally flood theengine. Improvements in cylin- 
der lubricants and in steam-engine design, how- 
ever, enable steam to be now used of a tempera- 
ture that would not have been advisable in the 
past, and the advantage of superheating is thus 
secured. It is, however, necessary to ensure that 
the superheating should not be carried too far, 
and in order to guard against this the fire is regu- 
lated in accordance with the temperature of the 
steam. In the White car liquid fuel is employed, 
petrol or motor spirit of all grades up to 0.750 
specific gravity being suitable; but benzoline or 
benzine, costing from 7d. to 7}d. per gallon, is 
the usual fuel. A White car will run about 
13 to 15 miles on a gallon of fuel. For regulating 
the size of flame, a simple device, of the nature of a 
thermostat, is used. This is adjusted to shut off 
the supply of fuel when the steam has received 
about 150 deg. of superheat, a change of 15 deg. 
being found sufficient to open or close the burner 
valve. If, therefore, the feed-pump should fail 
to act, and the steam consequently be highly 
superheated, the fire would go out and the car 
would stop. The supply of feed-water is controlled 
by the steam pressure, there being a simple dia- 
geo device which actuates a by-pass. It will 
e seen, therefore, that the necessary - balance 
between volume of feed-water and heat transmitted 
to it is secured. Supposing, from some cause, an 
additional quantity of water were passed to the 
generator, the steam would be cooled, and the 
thermostat would thereupon open the fuel-cock, so 
giving more flame. The steam pressure would 
then rise, and if the volume generated were in 
excess of the need of the engine, the feed would be 
shut off. The limiting pressure is 375 lb. to the 
square inch. To what extent this see-saw goes on 
depends on circumstances ; but as a matter of expe- 
rience it is, we understand, found that there is no 
trouble in actual running: in regard to feed-water 
supply and the degree of superheat. 
he fuel-tank and the water-tank each hold 
12 gallons, and when filled the car will run 150 
miles on the supply. A condenser is fitted for- 
ward. The weight of the touring-car empty is 
2240 lb., and it has seating capacity for five. The 
engine is placed under a bonnet forward, and the 
drive to the differential.is by a long central shaft. 
The flexibility of the steam-engine renders change- 
speed gear unnecessary, and there is provision for 
admitting high-pressure steam to the low-pressure 
cylinder if needed for high gradients and bad roads. 
A car that has achieved some degree of popularity 
in America, where it originated, and which has re- 
cently been acclimatised in this country, is the 
Duryea, shown by the Duryea Motor Company, of 
Coventry. Two 15-horse-power cars were exhibited, 
and a 12-horse-power hooded phaeton. The two 
former are priced at 5001. and 485/. respectively ; and 
the latter, which is designed pee for medical 
ractitioners, is 395!. A Duryea engine is also shown. 
ese cars are driven by a three-cylinder horizontal 
engine placed in the centre of the car. The drive is 
direct from the crank-shaft, without countershaft, 
on to a live axle by a single chain. Two speeds are 
obtained by epicyclic gear, and there is throttle 
control. The engines for these cars are now made 
by Messrs. Willans and Robinson ; the car-work is 





done at the exhibitors’ premises, at Widdrington- 
road, Coventry. 

A _— display of English-made cars is shown 
by Messrs. James and Browne, of 395, Oxford- 
street, whose works are at Hammersmith. They 
exhibit six cars, ranging from 8 horse-power to 
20 horse-power. The larger cars have four-cylinder 
horizontal engines, placed forward under the body 
of the car, the cylinders being side by side athwart 
the chdssis. The engine shaft and the change-speed 
gear-wheel shafts are parallel, the crank-chamber 
and gear-case being close together ; power can be 
taken from the engine to the gear by spur-wheels, 
whilst the drive to the road wheels is by the usual 
chain and sprocket gear. In this way there are 
no bevel wheels—a feature the makers lay some 
stress upon as avoiding side thrust. There is an 
arrangement by means of which the motor can be 
started from the driver’s seat. 

A prominent exhibit in the Olympia Show was 
that of Messrs. Dennis Brothers, Limited, of 
Guildford, who showed chdssis and cars from 15 to 
24 horse-power. A 24-horse-power car, with Roi 
des Belges body, was priced at 7501. The drive in 
these cars is by worm-gearing on the back axle. 
The worm pinion is supported on_ball-bearings, 
the road-wheels have ball-bearings, whilst the 
change-speed shafts also run on ball-bearings. 

Amongst the 260 exhibits of various kinds shown 
at Olympia, there were, naturally, a great many 
large and powerful cars to which we have been 
unable to make reference; and some amongst 
the most impressive we have not noticed because 
we have, on previous occasions, referred to them, 
or else that they did not contain novel features. 
For instance, the Daimler Company had a fine 
show of handsome cars, but we failed to see 
anything not previously described. It may be 
noted, by the way, that the firm that makes most 
changes in design is not by any means the one 
with which purchasers will always find it most pro- 
fitable to deal ; in fact, very often the reverse is 
the case, for novelties are not always improve- 
ments. Doubtless, also, in an Exhibition of such 
magnitude, open for a short time, many things 
worth attention escaped our notice. This, how- 
ever, was inevitable. There were some heavier 
vehicles exhibited, mostly omnibuses ; but this 
section did not appear to attract much attention. 
Most of the old makers were represented, including 
Thornycroft, Milnes-Daimler, Clarkson, Coulthard, 
Straker, the Thames Engineering Works, Wolseley, 
Maudslay, Simms, and some others. The Lacre 
Motor-Car Company showed a 16-horse-power 
lorry and a char-a-banc ; Messrs. James and Brown, 
an omnibus chdssis and some other heavy vehicles ; 
De Dion Bouton, a char-a-banc and a lorry ; Liver- 
sidge and Son, three chdssis, two with omnibus 
bodies ; De Dietrich and Co. and F.I.A.T. Motors, 
Limited, each an omnibus ; Argyll Motors, Limited, 
a delivery van ; and the Iden Motor-Car Company, 
a chassis for a 2-ton lorry. 

Having described some of the more costly and 
owerful cars, we may give a few words to the 
umbler class of vehicles. 

Amongst the first of the low-priced light cars, or 
‘*run-abouts,” as they are often called, was the 
Oldsmobile, an importation from the United States. 
Messrs. Jarrott and Letts, of 45, Great Marl- 
borough-street, W., show several vehicles as the 
agents of the Olds Motor Works, which are 
situated in Lancmg, in the State of Michigan, 
where, we understand, an average of 50 cars made 
each day is reached. The earlier Oldsmobile run- 
about was of 5 horse-power, but the more recent 
productions have been raised to 7 horse-power, 
having a 5-in. by 6-in. cylinder. The price remains 
at 1501. The engine is horizontal, and is placed 
under the body, and the car will seat two, or four 
dos-a-dos. A 9-horse-power car, four-seated, is 
priced at 200 guineas. The firm also manufacture 
a four-cylinder 16 to 20 horse-power car, with 
vertical engine, the price being 400/., and also a 
12-horse-power two-cylinder car. ' 

In many respects one of the most notable cars in 
the show was that exhibited by the Rover Com- 
pany, Limited, of Coventry; it being remarkable 
on account of the price at which it is sold. It is 
a two-seated single-cylinder 6-horse-power car, 
which is offered at 100 guineas. The engine is 
95 millimetres (3.74 in.) in diameter by 100 milli- 
metres (3.94 in.) stroke, has plain bearings, a solid 
crank-shaft, and mechanically-operated admission 
valves. There is a metal-to-metal clutch, runnin: 
in oil, and sliding gear giving three speeds forward 
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—8 to 24 miles—and one reverse. The wheels are 
of the’ wirc-suspension type, and pneumatic tyres 
are fitted. This has the appearance of being an 
excellent little car; and if its performance is as 
good as its appearance, it certainly is a very credit- 
able production, for it could only be turned out 
at the price from a works in the design of which 
high engineering ability had been displayed. An- 
other car of similar design, but with artillery 
wheels and larger tyres, was shown on the same 
stand, the price being 15/. higher, or 1201. 

A larger and more powerful two-seated car was 
shown by the Vauxhall and West Hydraulic Engi- 
neering Company, of Luton. There is a three- 
cylinder vertical motor of 9 horse-power under a 
bonnet forward. There are three speeds forward— 
from 6$ to 24 miles per hour—with direct drive on 
the top speed. The drive is by chain and sprocket 
gearing. There are artillery wheels, with 3-in. 
pneumatic tyres. The price is 2501, including 
lamps and a fairly complete outfit. 

The Calthorpe Motor Company, of Birmingham, 
exhibited a 12-horse-power four-cylinder two-seated 
car, the price of which is 240 guineas. The trans- 
mission is by Cardan shaft, there being three speeds 
forward and one reverse. There are artillery 
wheels, with 3-in. tyres. As a five-seated car 
the price is 275 guineas. This car is also remark- 
able for what it offers at the price named. 

The Adams Manufacturing Company, of Bed- 
ford, exhibited a two-seated car of 9 to 10 horse- 
power, the motor having a single horizontal cylin- 
der of 43 in. by 6in. The wheels are of artillery 
type, with 3}-in. tyres. Two systems of ignition 
are fitted, and there are two speeds forward. The 
transmission is by chain and sprocket gear. The 
price is 1861. 

The Anglo-American Motor-Car Company, of 
Heddon-street, Regent-street, exhibited a ‘‘ run- 
about,” or two seated car, priced at 180 guineas. 
There is a single-cylinder motor, and the change- 
speed gear is of the ‘‘ Crypto ” type. 

There were other light cars exhibited, but those 
which we have noticed will give our readers some 
idea of the progress made in this direction, and the 
trend of development. 

We have mentioned the prices of cars in this 
notice, as that feature is one of importance. It 
will be understood, however, that there was great 
diversity in the quality of work between different 
makers. A cheap car at first cost may turn out 
dear in the long run. To say more would be 
invidious. 








THE STANLEY CYCLE SHOW. 

Iy our last issue* we made reference to the cycl® 
show which ran concurrently, at the Agricultural 
Hall, with the Olympia Motor-Car Show, being 
opened on November 17, and closed last Saturday. 
We then stated that the chief feature to be noticed 
amongst motor-bicycles and tri-cars—to which the 
Agricultural Hall display was almost entirely de- 
voted—was the increase in the number of cylinders 
—from one to two or more. 

As a production of mechanical interest we illus- 
trate the F.N. motor bicycle, made by the Fabrique 
Nationale d’Armes de Guerre, of Herstal, near 
Liége, represented in London by Mr. W. Grelinger, 
of 139, Queen Victoria-street. Fig. 1 on page 741 
is a general view by which the arrangement of the 
engine is well shown. Fig.-2 shows the transmis- 
sion gear. It will be seen that the drive is by 
bevel gear at the driving-axle and by spur-gear 
from the engine-shaft, thus doing away with belt- 
drive. The motor is of 34 horse-power, and the 
ignition is by a Simms-Bosch magneto, with a special 
current-distributor. |The price is 451. 

The two-cylinder bicycles mostly had engines of 
what is known as the ‘“‘Y” type ; that is to say, 
the cylinders were inclined towards each other. 
In some cases, however, the cylinders were placed 
side by side, their axes parallel in a vertical plane 
across the machine. It is said that this disposition 
gives a more effective cooling to both cylinders, as 
one does not mask the other, and prevent the 
current of air getting freely to the radiating flanges. 
Motor-bicycles are now made with clutch trans- 
mission, so that the engine can be started before 
mounting, and the work gradually taken up, as in 
a motor-car. 

One or two light cars were also shown at the 
Agricultural Hall : one by the British Motor and 
Engineering Company, of Reading, who exhibited 





* See page 703 ante. 








avery cheap two-seated car, with a two-cylinder | 


63-horse-power vertical engine, water-cooled, the 
price being 100 guineas. This car had three speeds, 
Cardan - shaft drive, and artillery wheels, with 
pneumatic tyres ; certainly a great deal to offer for 
the money. 

The Starling Light car, of 6 horse-power, was 
another cheap vehicle. It has a 6-horse-power 
single-cylinder engine, 4 in. by 4$ in., water- 
cooled, three-speed gear, and tension - spoke wire 
wheels, with pneumatic tyres, the transmission 
being by chain to a live axle. This is a nice- 
looking car, the price being 1101. The makers are 
the Star Cycle Company, of Wolverhampton. 

We have not space to deal with the tri-cars, or 
three-wheeled motor vehicles, and the quadrants. 
The best known of the former is the Rexette, made 
by the Rex Company, of Coventry; but other 
interesting vehicles of the same description were 
shown at the Agricultural Hall. 








INDUSTRIAL NOTES. 

THE unemployed problem in this country has 
assumed dimensions never before attained. The 
‘‘organisation of the unemployed,” and the persis- 
tent agitation of those who took part in the initiation 
of the movement, and acted as its ‘* leaders,” led at 
last to the passing of an ill and inadequate measure, 
and to the statutory order and regulations of the 
Local Government Board, for the constitution of 
general and local committees to deal with the ques- 
tion in the various localities where such committees 
were deemed to be necessary. Then followed the 
appeal by the Prime Minister, at the Lord Mayor's 
banquet at the Guildhall, for funds to carry out the 
project by voluntary subscriptions and donations. 





The Lord Mayor thereupon opened a fund at the 
Mansion House, where many funds have been opened | 
at times of great disaster and distress at homo and | 
abroad. To what extent that appeal would have been | 
responded to no one can tell, for it was overshadowed 
almost immediately by the Queen’s fund, to which 
her Majesty gave 2000/.; his Majesty the King, 2200/. ; | 
and the Prince of Wales, 1050/. This fund grew so 
rapidly that at the date of the advertisement of the 
second list on November 23 it had reached 80,000/. 
The latest figure at date of writing was 90,000/. 

It was a noble example the Queen set to her) 

eople. Many would respond to an appeal by the | 

irst Lady of the Land who would not respond to 
any local appeal, by whomsoever made ; or, if they | 
did, would do so only sparingly. An appeal from the 
Throne was sure to have its effect upon a wide circle. 

The procession of the unemployed from the Thames 
Embankment to Hyde Park was sad enough in all 
conscience. It was orderly and well conducted. But 
the organisers were not wise in the selection of their 
banners, for some of these flouted what they deemed 
to be charity, when the whole country was responding 
to the charitable appeal of Britain’s Queen. It is an old 
maxim, ‘‘ Don’t look a gift-horse in the mouth.” If 
the gift is bona fide, if its intention is to relieve dire 
distress, let the recipients at least be thankful for the 
help given, and show their gratitude ; for ingratitude 
is among the worst of social crimes. It closes the heart 
and the pocket, from the highest to the lowest, therichest 
to the poorest. The resolution passed in —_ Park 
was in even worse taste. It was :—‘‘ That this great 
demonstraticn of London’s unemployed workmen em- 
phatically protests against the idea that charity is a 
cure for, or even a mitigation of, the evil of unemploy- 
ment, and demands that the Government shall recog- 
nise the elementary right of every man to gain his 
bread by honest labour, and shall summon Parliament 
to initiate works of national utility. This assembly 
further declares unending war on the capitalistic 
system and its upholders, who condemn honest and 
willing workers to idleness and starvation.” It is 
notable that not a single Labour Member of Parliament 
was present as a speaker, if, indeed, in the Park, and 
only two of those on the London County Council are 
reported among the speakers. The denunciation of 
charity was out of place ; no one ever thought it to be 
a cure for non-employment; but it does mitigate the 
distress. If not, why those appeals for help. Why were 
collecting-boxes in evidence along the line of route to 
the Park? The declaration of ‘‘ unending war against 
capitalism and its upholders ” shows the band or hands 
which drafted the resolution. That the capitalists 
**condemn honest and willing workers to idleness and 
starvation” is absolute nonsense. 

Workless men willing to work are to be pitied and 
relieved, whether skilled or unskilled. The Poor Law 
recognises this in a blind and blundering sort of way. 
But the practical difficulties are great. Take the 
words used in the resolution quoted :—‘‘ Parliamen‘, 
to initiate great works of national utility.” Would 
such ‘‘ great works” give employment to watch- 
makers, tailors, cabinet-makers, and others trained to 
delicate trades, in which fine touch and great skill are 








required ? Could these craftmen work on farm colonies, 
on reclamation of waste lands, on the embankment 
of rivers, and the like? The hardy, fairly robust 
could well be employed; but what of the rest? 
‘* Home colonisation ” was the term used by the old 
Chartists for such work ; they advocated it for years. 
Thirty years ago the reclamation of waste lands was 
urged, and it was shown, in a pamphlet on ‘‘ Waste 
Lands and Surplus Labour,” that it would pay the 
nation, if not individuals ; even the latter, it was 
shown, had done it at a profit. Thousands of men 
could be employed along tho banks of the Medway, 
from Rochester to Sheerness, in this way to the 
nation’s advantage. This would be a real gain, for 
the foreshores belong to the nation. But only the 
labourer, as a rule, could be so employed. Though 
some masons, bricklayers, carpenters, smiths, and 
engineers would come in for a share. But would 
it be a success and pay if done by the Govern- 
ment’ It is more than doubtful. A great firm of 
contractors could do it, and make a profit; whereas 
the Government would pay through the nose for in- 
efficient work. To the ‘‘ organisers” of the unem- 
ployed it would appear to be easy; to the practival 
man of business it appears to be most difficult, and 
yet capable of being carried through. But what of 
the Queen’s fund, the Mansion House fund, and other 
funds? Are they to be used for works of utility, or 
are they to be used as doles for the relief of the dis- 
tressed’? In any case, to denounce the funds which all 
the poor and needy are clamouring for is sheer 
stupidity. 

In view of the approaching General Election, the 
time of which is altogether conjectural, the Parlia- 
mentary Committee ot the Trades Union Congress 
determined upon ‘‘a vigorous campaign throughout 
the count:y in favour of trade union legislation.” 
The programme put before the electorate is a modest 
one—far less pretentious than that of 1874, when the 
Criminal Law Amendment Act was in force, and when 
a complete reform of the labour laws was put forward 
as part of the programme of the Trades Union Congress, 
The first position in this campaign is given to the 
Trades Dispute Bill, which was carried by a majority 
of 122 in March last, but was to altered in the 
Grand Committee on Law that the Labour members 
denounced it, and the Bill was dropped, The Par- 
liamentary Committee deem that measure to be of 
first importance, and they urge its necessity on the 
electorate. In the second place stands ‘‘ unemploy- 
ment.” The Committee refer to the agitation about 
want of employment, and they say that “a Bill 
which, far from being a remedy, is a mockery to the 
unemployed workmen,” was ‘‘rushed through at the 
end of the session.” The Committee suggest no 
remedy ; they are content to state the above facts. 
The third item is a Workmen’s Compensation Act, the 
Bill of last session being dropped. Beyond these three 
the Committee refer to other *‘ important matters dis- 
cussed at the Hanley Congress.” The Committee 
urge afternoon conferences, with an evening at which 
representatives of the Committee will attend and 
speak. This circular is very vague on all the ques- 
tions to be submitted to the various constituencies 
when the General Election takes piace. But doubt- 
less the district conferences and meetings will decide 
upon local as well as general questions to be raised 
during elections. 





The Rand mine-owners and companies seem to be as 
satisfied as ever with the importation of Chinese 
coolies, if we may judge by the utterances of their 
representatives in this country ; and the Government 
appear to be as firm as ever in the determination not 
to interfere with additional importations. It is very 
difficult to reconcile the different and totally opposite 
statements which appear in the Press of this country 
from time to time as to the result of the experiment, 
in so far as the success of the Chinese as workers in the 
mines is concerned. As a matter of tyre ey a large 
section in this country condemn and deplore the im- 

rtation from a political and humane point of view. 
But this is not here thequestion. The point is whether 
the Chinese pay as workpeople : some assert one thing, 
others the contrary. me say that the white man 
cannot, or will not, do the work; others assert the 
contrary. Some, again, allege that white men are 
being more largely employed in consequence of Chinese 
labour ; others assert the contrary. One thing appears 
to be certain, and that is that the proportion of white 
men employed has largely decreased relatively to 
Chinese and Kaffirs. But how is it that we can get 
no absolutely reliable information as to the actual 
facts of the case? The facts and all reliable informa- 
tion ought to be found in the Colonial reports pie- 
seuted trom time to time to Parliament. That the 
Chinese in South Africa are not of the docile sort 
described elsewhere seems to be certain. Raids, 
desertions, violence, and outrages are committed by 
a small minority of them, for we hear of the 
punishment of the perpetrators. Before the struggle 
in the constituencies, all the facts and information 
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possible ought to be published by the Colonial Office, 
as a basis of argument. 





The industrial situation in Russia has not improved ; 
indeed, it seems to get worse and worse. The political 
sections have used the weapon of strikes to further 
their own purposes. This action has not been much 
to the advantage of the ee Employers and 
capitalists of all kinds and con 
and no government has as yet shown any partiality 
for them. If they are used as political weapons, the 
result will be more and more serious for the workers. 
In this country strikes are diminishing in number, 
and growing less serious in extent; in all other 
countries they appear to be increasing in number, and 
becoming more serious in extent and force. But even 
here there are men who advocate strikes as a political 
weapon, without counting the cost. Where the 
Government is a large employer of labour it must 
submit, to some extent at least, to the conditions 
which private employers have to face ; but this is not 

litical —it is industrial. The strikes in Russia have 

n in many instances a revolt against the conditions 
of labour so long submitted to because the men could 
not move collectively. The war with Japan, and the 
failure of the Russian Army and Navy to compass 
their ends, have led to something like anarchy in most 
of the great centres of industry, the workers calling 
aloud for concessions. The movement has led to 
indiscriminate slaughter, thousands having been slain, 
more thousands injured, and the arrests and deporta- 
tions have been enormous. 





America is again threatened with a gigantic struggle 
between capital and labour; but perhaps it should 
rather be called a contest between capitalists’ combines 
and labour organisations. The ‘‘ great operators” in 
the coal trade have notified the miners’ unions of their 
intention to reduce wages from 3s. 6d. per ton to 
3s. 3d. per ton for getting coal. The men’s leaders, far 
from accepting the operators’ terms, replied by a de- 
mand for an advance in wages of 3d. per ton—that is, 
from 3s, 6d. per ton, as at date of employers’ notice, to 
3s. 9d. per ton. The operators, so far, have not re- 
seo but it is expected that the strike will be fol- 
owed by a lock-out over a most extensive area— 
namely, in Pennsylvania, Ohio, West Virginia, 
Indiana, Illinois, and Kentucky. The men appear to 
be undaunted by the threat of a lock-out, be they 
claim that they are well organised in all the States, 
and declare that they have about 700,000/. in funds 
with which to meet the operators and their supporters ; 
they expect extended help from other organised labour 
unions in the United States and elsewhere. It is re- 
— that the anthracite and bituminous operators 
ave combined for the first time for the purpose of 
breaking up the United Mine-Workers’ Association. 
This being so, the contest will be a severe one, for the 
strike and lock-out will affect fully 500,000 men. In 
the event of a struggle so gigantic and momentous to 
the whole ‘edunbelal community, it is to be hoped that 
there will be no violence and no bloodshed, as is often 
the case in great strikes in the United States. 





Mr. R. A. Deverell, managing director of the Waring- 
White Building Company, at a lecture at the Institute 
of British Architects, paid a high compliment to the 
English bricklayer, mason, and navvy. He said he 
considered them splendid workmen ; the American and 
Continental workmen of the same class were not to be 
compared to them. This is what Mr. Thomas Brassey 
and his son Lord Brassey said forty years ago. The 
use of iron and steel frames has revolutionised buildin 
construction, but in good, sound, solid buildings, Britis 
work will stand the test with any rival. 

The ition of the iron and steel trades in the 
Midland districts continues in a healthy condition. 
Reports from Wolverhampton state that the finished 
iron branches of trade continue to have a healthy tone, 
with ample supply of orders on books, and good cur- 
rent demand at enhanced rates. In Birmingham the 
iron market contioues very firm. Generally the situa- 
tion is more favourable to producers than to consumers. 
At the iron market, Birmingham, last week the attend- 
ance was very full, and the tone firm in all respects. 
Plenty of business could have been done if ucers 
would have accepted consumers’ terms, but these the 
declined ; when orders were placed they were for small 
parcels only. The prospects point to higher rates, as 
it is expected that the iron-workers’ wages will be 
advanced by the Wages Board. The strike of blast- 
furnacemen at Messrs. Roberts’s works, Tipton, has 
ended ; but the supply of pig iron is said to be much 
below the requirements. Additional furnaces are 
being put in blast to supply pressing orders, for stocks 
have long since disappeared. In the finished branches 
there is plenty of work on hand, the mills and for 
being well assured of work, with full employment far 
into the New Year. Marked bars are in See demand 





at full rates, and there is a greater demand for common 
iron. The steel trade, too, is full of activity. 


itions hate strikes, | 8 


The improved condition of the iron and steel trades 
in the Lancashire districts continues. Pig iron is in 
demand, especially Lincolnshire; this brand being 
scarce, a further advance is expected. Finished iron 
of all qualities has an upward tendency, but no 
material changes in prices are announced. There is 
an active demand for all steel products at full rates. 
Boiler and tank-plates and material for bridge and 
irder-work aréin demand. Altogether the situation 
is encouraging, and the outlook is regarded as good. 
Users of iron and steel are getting busier in nearly 
all branches. 





A conference was held last week at Newcastle 
between the representatives of the Amalgamated 
Society of Engineers, Steam-Engine Makers, and the 
United Machine-Workers’ Association, and the en- 
gineering employers on the North-East Coast, on the 
question of an advance in wages. The men asked for 
an advance of 10.per cent. on piece rates and of 2s. per 
week on time : The proceedings lasted six hours, 
at the conclusion: of which the engineers and steam- 
engine makers agreed to accept 1s. per week advance 
on time rates, and 24 per cent. un piece rates. No 
settlement was effected in respect of the machine 
workers, as the conditions were somewhat different. 
It is satisfactory to know that a conflict on the North- 
East Coast is averted. 





A deputation of Penrhyn quarrymen had an inter- 
view with the manager, Mr. Young, last week, and 
urged him not to enforce a reduction of 10 per cent. 
in wages. His reply was that no abatement in the 
amount could possibly be made. Owing to the strike, 
he said, merchatits had gone elsewhere for slates, and 
the produce of ‘foreign quarries had come into the 
English market, with the result that home quarries 
were overstocked. , 





A further conference of tailway employés has been 
held, at which the question of amalgamating all sec- 
tions into one great union was discussed. The Amal- 
gamated Society of Locomotive Enginemen and Fire- 
men’s executive do not see their way to amalgamate ; 
on the contrary, they think -that the best way is to 
combine in sections. Some of the more advanced men 
still hope for amalgamation. 





The borough councils north of the Thames have been 
in conference over the question of the Shop-Hours 
Act. The conclusion was that the provisions of that 
measure ought to be put in force. A committee was 
appointed to inquire and report as to the general terms 
and conditions of the Orders to be made for the opera- 
tion and enforcement of the Act. 





The French Navvies’ Union, consisting of 30,000 men, 
have declared a general strike. A large number of 
these men are employed on the New Metropolitan 
(Paris) line. Ata packed meeting of the men held in 
the Paris Labour Exchange, on Thursday in last week, 
the speakers complained that the wages paid were 10 
centimes less than the scale of the ‘‘ Conseil Muni- 
cipal,” which fixes the rate at 60 centimes, whereas 
the contractors only pay 50 centimes. The men also 
ask an extra franc per day when working in water. 





The threatened strike at the Westminster Colliery, 
near Wrexham, has been averted by a conference of 
owners’ representatives and those of the men. The 
men complained of the way in which fractional parts 
of farthings were deaJt with in working the price-list. 
The result was in the men’s favour, as the owners 
agreed to the men’s terms. 





The Sydney Labour Council have sent a resolution 
to the Parliamentary Committee of the Trades Union 
Congress of this country warning British workmen 
against emigration to Australia. There is, it seems, 
very little chance for the unemployed. Mechanics 
and artisans are unemployed there, and labourers on 


the land cannot find employment... How is it that the | | 


Colonies throw obstacles in the way of workers from 
the Mother Country’? There is land enough and to 
spare in the Colonies. 








BRvussELS AND AIX-LA-CHAPELLE.—By the construc- 
tion of a new line between Brussels and Aix-la-Chapelle, 
designed for ultimate conversion into an electrically- 
worked railway, it is hoped to relieve the present con- 

ted state of both passenger and freight traffic between 

gium and Germany. The cost of construction and 
equipment is estimated at about £2,200,000, and in order 
to provide for future demands for speed, no gradients 
will be made of more than 1 per cent. ; no curves will 
have a radius of less than 1} miles, and there will be 
no level-crossings or ordinary bifurcations. It is expected 
that at no distant time a conversion to electric traction 
will be made, and that a service with a speed of 124 miles 
per hour wili be inaugurated. The project has been sub- 
mitted to the Belgian Chamber of Deputies. 








THE PHYSICAL SOCIETY. 


At the meeting of the Physical Society of London, 
held on November 10, Dr. C. Chree, F.R.S., Vice-Presi- 
dent, in the chair, a paper on “‘ The Question of Tempe- 
rature and Efficiency of Thermal Radiation” was read 
by Mr. James Swinburne. It has long been known that 
various surfaces have different emissivities, and it is gene- 
rally held that at a given temperature some bodies radiate 
a larger percentage of their total radiation in the form of 
light. This view is largely based on some experiments 
by Evans and Bottomley. Evans’s experiments real]y 
show that if two filaments A and B of the same area, 
but of low and high emissivities respectively, are run to 
give the same light, the filament A of lower emissivity 
will give a higher efficiency, and it will give a still higher 
efficiency if run so as to use the same power as B. ‘This 
is a natural consequence of the different emissivities, and 
does not at all show that A gives a higher efficiency at the 
same temperature as B. Professor Bottomle ’s experi- 
ments are criticised on the ground that he no photo- 
meter, and his reasoning is attacked on the ground that 
he makes the same slip as Evans in confusing difference 
of emissivity with difference of efficieney at the same tem- 
perature. It is urged that a body A at the same temperature 
as B cannot give out radiations corresponding to a higher 
temperature of B; for if it could, and A and B were 
enclosed in a perfectly reflecting space, A would heat B to 
a higher temperature than A. It may be said that A can 
have a — efficiency than B, not by giving out rays 
corresponding to B at a higher temperature, but by omit- 
ting to give some of the longer radiations that B gives. If 
this were true, a hot body might be surrounded »by a thin 
case of A, lined inside with a substance which only emitted 
and absorbed long waves. The case would then take in 
long and Tang out short waves, though colder than the 
source. High efficiency or selective emissivity are always 
sought in polished, grey, or white surfaces, like flashed 
filaments, platinum, and other metal wires and rare 
earths. If there were such a thing, it should be found 
not in white but in black bodies, as a body which is a 
specially good radiator of light when hot should be black 
when cold. Lummer’s curves of the distribution of 
energy for a ‘‘ black body” and polished platinum are 
compared, and show somewhat higher efficiency for 
platinum ; but the comparison is difficult. The behaviour 
of flashed lamps and incandescent gas mantles is explained 
by the difference of emissivity, without any need for 
selective emissivities. 

The secretary read a letter from Dr. J. T. Bottomley, 
in which he stated that the author’s paper seemed to be 
to a large extent an attack on his work on radiation. 
He could not see that Mr. Swinburne had made a single 
experiment in support of his proposition that ‘‘In the 
care of pure temperature-radiation, the light efficiency is 
a function of the surface temperature only.” No amount 
of discussion such as the author asked for could do any- 
thing to prove or disprove this proposition. He failed 
to see that the author had worked out any logical proof 
of the proposition. The author had assumed that he 
(Dr. Bottomley) was incapable of matching the light- 
giving properties of two platinum strips placed side by 
side and properly arranged for this sort of comparison. 
The matching was exactly the same in principle as in 
shadow photometry; and in all the cases cited in the 

per to which Mr. Swinburne took exception, Dr. 
Bottomley’s determinations agreed with those of his 
assistant, Mr. Evans, 

Dr. J. A. Harker expressed his interest in the paper, 
and said that the question of radiation was of practical 
importance in the measurement of high temperatures by 
electrical resistance methods. He asked if two platinum 
thermometers, one bright and the other blackened, but 
identical in other respects, were transferred from an ice- 
bath into a sulphur-bath, would the final temperatures of 
the two thermometers be the same; and, also, would the 
thermometers approach their final temperatures at the 
same rate? 

Professor H. L. Callendar, referring to Dr. Harker’s 
questions, stated that if the sulphur-bath was in an 
isothermal enclosure, the two wires would reach the same 
ultimate temperature, although the blackened one would 
reach it quicker. The difference, however, would be 
small. ith fine wires the loss of heat by conduction 
through the gas is more important than the radiation 
loss. The loss by radiation is proportional to the sur- 
face, but the loss by conduction is not, and it therefore 
becomes relatively more and more important with the 
fineness of the wire. With regard to the action of incan- 
descent mantles, he thought the author’s theory was 
reasonable and satisfactory. gid F 
Mr. Maurice Solomon said he did not agree with Mr. 
Swinburne’s contention that in the case’ of solids there 
was no such thing as selective emissivity, but that all 
bodies at the same temperature radiated light of the same 
efficiency. Selective emissivity existed in the case of 
incandescent vapours, and if it was consistent with the 
laws of thermodynamics in such a case, it could not be 
inconsistent in the case of an incandescent solid. With 
reference to the incandescent mantle, the explanation put 
forward by the author did not seem satisfactory. It was 
difficult to believe that the very small differences in 
colour between a thoria, a thoria-ceria, and a ceria mantle 
could account for the enormous differences in their candle- 


wers. y 
PPoetemer W. E. Ayrton referred to experiments 
which he had carried out, which tended to show that 
the temperature of a Bunsen flame was lowered by an 
incandescent mantle. He had also found that small 
pieces of mantle heated in a platinum boat to various 
temperatures just below the melt-point of platinum 
never looked brighter than the platinum. If, how- 
ever, a small hole was made in the bottom of the boat 
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and coal-gas passed in, the mantle immediately became 
brilliant. 

Mr. Swinburne, replying to Dr. Bottomley, said that 
his main argument was that he had not made experiments. 
In the investigation of a question such as that considered 
in the paper, it was possible to rag much by means of 
experiment, but it was also possible to attack the problem 
by thermodynamic ——, He expressed his interest 
in the fact that Professor Callendar had referred to his 
views as reasonable. 

Mr. T. H. Blakesley read a ‘‘ Note on Constant-Devia- 
tion Prisms.” It appears that any prism of three faces can 
be made to give aspectrum in which the light that occupies 
the centre of the field of view of the telescope at any 
moment has undergone passage through the two refracting 
surfaces of the prism in such a way that its original angle 
of incidence is equal to its final angle of emergence. 
This condition, which in the ordinary employment of the 
prism, is associated with minimum deviation, must be 
described as isogonal passage, the property which has the 
minimum value being not the deviation, but the rate of 
passage across the field of view for a given motion of the 

rism, to which alone in these instruments motion has to 
“ iven to bring different parts of the spectrum into the 
field, the telescope and collimator both remaining fixed. 
If any triangle having the angles a, 8, y is adopted as the 
shape of a prism, the telescope must be set to make one 
of these angles, say y, with the line of the collimator, 
Then, the prism being placed in the region between them, 
a position can be found, so that any ray selected will be 
refracted through one of the sides containing the angle y, 
reflected at the side opposite y, and finally refracted 
through the remaining side containing 7. On emergence 
it will be parallel to the telescope, and its through 
the refracting faces will be isogonal. The prism will 
affect the light to the same degree as one used in the 


ordinary way, of refracting angle 8 — a, would do. The 
sine of the angle of original incidence is equal to « . sin 
(8 — a)'2 for every ray occupying the centre of the field 
of view. 

If the 
ployed, the telescope will remain unaltered, but the spec- 
trum will run in an opposite direction to the first. If n 
similar prisms are piled upon one another, the diameter of 
the telescope and collimator being large enough to embrace 
them all, n different parts of the spectrum may be brought 
into coincidence at the centre of the field of view. Thus 
auch prisms afford an excellent mode of mixing colours. 
Mr. Blakesley showed the case of two prisms in which 
the spectra ran in different directions. The top prism 
was slightly tilted by the insertion of a small piece of 
silver paper between the prisms. By this means one of 
the spectra was shifted upwards by a small amount, and 
one could see in the telescope a band, at top and bottom, 
of the component colours, and in the centre a band of the 
resulting colours. It was suggested that spectroscopes on 
this plan could be advantageously employed in measuring 
the motion in the line of sight of heavenly bodies, as a 
line brought into coincidence with itself for a terrestrial 
source in the two spectra would, in the case of such 
motion, split up into two moving different ways in the 
field of view. It was also explained how such prisms could 
be placed in trains for increased dispersion. 








Russ1an Torpepo-Boats.—The construction of tor- 
oagroy - has been followed with the test interest 
y the Russian Minister of Marine. ussia has now 
62 eg engi in course of construction, of which 44 
have n ordered by the Minister of Marine and 18 by 
the Russian Maritime e. These last are to have 
a displacement of 500 tons each, and they are to steam 
at the rate of 25 knots. Of the 44-torpedo-boats which 
are being constructed by order of the Minister of Marine, 
12 are being built in France by the Forges et Chantiers 
de la Méditerranée at Havre and -La Seyne; the remain- 
ing 32 are in hand in Russia. The expression ‘‘ torpedo- 

ts” appears to be in use rather vaguely, as the 44 
ordered by the Russian Minister of Marine comprise two 
transports of 570 tons each. The 44 also include two 
torpedo-boats of the Sokol type, of 207 tons each, 29 of 
350 tons each, and 10 of 35 tonseach. The torpedo-boats 
with a displacement of 350 tons each will be 216 ft. 8 in. 
long by 21 ft. 8 in. beam, and they are to steam at the 
rate of 26 knots. Four of these torpedo-boats are to 
be delivered in the course of this year, and four more 
in the spring of 1906. 





A New MetHop or GaA.vanisinc.—The process 
known as Sherardising, or dry galvanising, is particularly 
simple, as it avoids the use of molten zinc, and, moreover, 
needs no electrical power. It depends upon the fact, 
discovered-by Mr. Cowper-Coles, that if a piece of iron, 
steel, Or copper is buried in zinc dust, and kept at a tem- 
perature several hundred degrees below the melting point 
of the latter metal, it acquires an even deposit of zinc on 
its surface. The practical result is that the surface of the 
buried metal becomes changed into a zinc alloy, which is 
richer and richer in zine towards the outer surface. The 
Gust is obtained during the process of distilling zinc from 
its ores, and is a commercial article sold usually at a 
tlightly lower price than virgin ‘spelter. It contains 
usually from 80 to 95 per cent. of metallic zinc. For 
e.ivanising small articles, they are put into a rotating 
( - im along with the zinc dust, and heated for a few hours. 
ue cost of galvanising bolts 1 in. in diameter by 12 in. 

"g with @ zine coating equal to 1 oz. per square foot is 
given as 30s. per ton, inclusive of all charges. Bolts, 
ts, &e., can be thrown direct into the galvanising 
Grums after machining ; and, further, the coating of zinc 
's so even that the screw-threads do not require re- 
cutting. 


rism is turned over, but the same angle y em-|~ 


: | with the rods tested. The bridge, however, may be used 
IRON-NICKEL-MANGANESE-CARBON with sufficent accuracy with rods whose wmrees may be 
ALLOYS. widely different, provided the comparison is made only 
Seventh Report to the Alloys Research Committee : On the | at one point—viz., the point of intersection of the two 
Properties of a Series of Iron-Nickel-Manganese-Carbon | curves. Thus, if a number of different standard bars are 
Alloys.* available, the points at which their curves are crossed by 
By Dr. H. C. H. Carpenter, Mr. R. A. Haprrecp, that of the bar under test can be determined, and thus a 
and Mr. Percy LoNcmum. more or less complete curve obtained. 
am 713 “In order to obtain a series of standard rods whose 
(Continued from page 713.) | magnetic qualities should be sufficiently spread over the 
PHYSICAL, CHEMICAL, AND METALLOGRAPHICAL | wi e song required, several expedients were adopted. 
PROPERTIES. ° . | The standards were all made in pairs, great care being 
Resistivities.—The mass resistivities were determined by | taken to get the rods in each pair as uniform as ible ; 
the Thomson double-bridge method. Measurements were | they were tested for equality in the Ewing bridge, and, 
made on both the 1}-in. and the 4-in. bars, except in the if sufficiently near, had their approximate permeability 
case of alloys A and H, where only the }-in. bars were | curve determined by means of Ewing’s small yoke 
used. Very closely agreeing values were obtained in the | method. 
two series. In the case of the 1}-in. bars the length tested! ‘‘The materials for the standard bars comprised mild 
was 60 centimetres; in that of the 4-in. bars 100 centi- | steel, tool steel, grey and white cast iron, and one of 
metres, except in C, where a 50-centimetre length was | Heusler’s copper-manganese-aluminium alloys, the three 
tested. From the mass and length measurements of the | last-named alloys being prepared in the metallurgical 
bar under test, the mass resistivity was calculated. The | department. In addition to standard bars, tubes of mild 
quotient of this by the ——. ves the resistivity. steel were also used and proved efficient ; they were all of 
he results are given in Table XI. (page 711 ante), | the normal outside diameter, but of various inside dia- 
column 23, in the form of microhm-centimetre resistivity | meters, thus giving a variety of apparent permeability 
at 17 deg. Cent. (62.6 deg. Fahr.), (the temperature at | curves. 
which the tests were made). To enable a comparison to| ‘‘ Tests were also made by the ordinary ballistic method 
be made serene es the value of the standard soft copper | on a series of small rings of all the alloys except H; the 
of the Electrical Standards Committee is 1.702 microhm- | outside diameters of these rings were of the order of 
centimetres. The results are also plotted in Fig. 11(below), | 1 centimetre. The rings were all admitted to pre- 
the co-ordinates being resistivity and percentage nickel. | liminary heat treatment as similar as possible to that to 
The resistivity rises with ascending nickel, the values for | which ‘the bars had been subjected. 
alloys A to D, H, J, and K lying practically onasmooth | ‘For alloy B, the curve obtained by the ring method 
curve. Alloys EK, F and G give values above the smooth | agreed at the lower values with the curve for the rod com- 
curves. These values have been doubly checked. € | pared against cast iron, and at the higher values with that 
sudden change at E is coincident with a structural change | obtained against wrought iron. This agreement made it 
in the series, and constitutes additional evidence of the | possible to take B as a standard, and, accordingly, A, C 
sharp break in the continuity of the properties of the | and D were tested against it, their curves being not far 
series which is manifested in the great majority of tests | apart. The remaining alloys were tested against the 




































































made, cast-iron and other standards already descri The 
F Fig.12. PERMEABILITIES. 
woh ttt. qumanennige , sith ig Si | 
Ss | | x 
S a c 
3 pea = 
: 16000 a - \4aB 
5 —T| 
§ 
= a 
ts —-— er 
edrad J) 
Ot ——+— 4 +4 rt -~4——-} et 
0 0 15 20% 100 
(90836) Nickel per cemt. 





Increase of resistivity with rise of nickel was found by 
Barrett in his measurements of five alloys, D, E, J, K, L, 
in the low carbon-nickel-iron series.t There was nothing 
examined between 3.82 and 11.39 per cent. nickel, and 
the curve between these percentages has‘ been drawn 
smoothly. It is progres in this region that the irregu- 
lurities in the authors’ series have occurred. The authors’ 
first set contained no nickel between 4,25 and 7.95 per 
cent., and the latter alloy was the only one that lay off 
the smooth curve. When alloys E and F were inserted, 
it was found that the slope was more i ar than had 
been previously indicated This is a striking instance of 
the caution that is necessary in interpreting from curves 
the variations of properties of a series of alloys containing 
comparatively few members. The resistivities of alloys 
H to K come out high, but they do not approach the 
figure 97.5, found by Barrett with an alloy containing 25 
per cent. nickel, 5 per cent. manganese, and 0.6 per cent. 
carbon. The temperature coefficients of the alloys were 
not determined. 

Magnetic Tests.t —‘‘A series of magnetic tests was 
made on rods of the alloys by means of a Ewing permea- 
bility bridge. The rods were all cylindrical, and of about 
20 centimetres length and 0.713 centimetres in diameter. 
It was found when using the permeability bridge that it 
was important that the bar under test should be very 


agreements between curves obtained against different 
standards made it permissible to consider that the final 
curves given in Fig. 12 (above) represent the actual pro- 
perties of the rods to a sufficient accuracy.” 

Table X VIII. (below) any for each. rod a.statement 
of the standards against which it was tested. Some com- 
parisons were also made between the rods themselves ; 
these are included in the table. ' 

The results of the permeability tests show how inti- 
mately these are bound up with the structures of the 
alloys. In Fig. 12 the structural characteristics are 
tabulated alongside of the curves, The four pearlitic 
steels show the highest permeabilities. The martensitic 
steels give very much lower values. K, the polyhedral 
steel, is the lowest of the series. 

Specific Gravities.—These were determined on small 
cylinders of the forged bars. The latter were weighed in 
air and afterwards in water, being suspended in the lutter 
case by “hair” platinum wire. During the determina- 
tions the temperature varied between 17 deg. and 18 deg. 
Cent. (62.6 deg. Fahr. and 64.4 deg. Fahr.). The results 
are given in Table XI. (page 711 ante), columns 20 and 21, 
in which the specific volumes have been also included. 


Taste XVIII. 


similar in magnetic quality to the standard bar against Ni Alloy. Standards Used. 
which the comparison was made. Thus the ideal standard : - - 
in each case would be a rod whose permeability curve A B. 

would approximate closely at all points to the curve for 8 _ iron and tool steel. 
the rod under test. As the samples varied very widely in D lB 

magnetic quality, it would not have easy to construct E Mild-steel tube and cast iron. 
a set of standard rods agreeing all along their curves F Mild-steel tube and G. 

— re " ‘ —— “ ne = = q Cast iven and Heusler’s alloy. 

ore the Inatitution o} ec ical Engineers, eusier's alloy. — 

zr oH J Tool steel and mild-steel tube. 
November 17, 1905. First Re see ENGINEERING, x | Mild-steel tube and G. 


vol, lii., pages 548 and 579 ; Second Report, vol. lv., pages 
629, 659, and.686 ; Third Report, vol. lix., pages 742, 778, 
and 811; Fourth Report, vol. lxiii., 220 and 253; 


The values are also plotted in Fig. 13 page 746), specific 
Fifth Report, vol. lxvii., 210, 259, and 294; Sixth i i 


gravities and volumes being on the vertical ordinate, 
nickel percentages on the horizontal ordinate. The 
specific gravities of the first eight alloys do not differ 
markedly from one another. From 12.22 per cent. nickel 
upwards the specific gravity rises sharply. Thus the 


Report, vol. Ixxvii., pages 138, 170, 205, and 239. 

+ Institution of Electrical Engineers, vol. xxxi. No. 156, 
Table I., also Fig. 2. 

} The report on the magnetic tests has been submitted 
by Mr. Campbell. 











pearlitic and martensitic steels of the series have similar 
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densities, and the polyhedral steels are characterised by 
considerably higher values. 

Dilatations.—The dilatations of bars B to K were deter- | 
mined in the comparator of the Metrological Depart- 
ment. Bars of 4in. in diameter and about 40 in. long 
were used. The average range of temperature was from | 
1 deg. to 29 deg. Cent. (33.8 deg. to 84.2 deg. Fahr.). | 
The results are contained in Table XI. (page 711 ante), ! 
column 22, 


Fig SPECIFIC GRAVITIES AND SPECIFIC VOLUME= 
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CORROSION TESTS. 
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When these values are plotted against nickel per- 
centages (Fig. 14, above), it is seen that they do not 
lie on a smooth curve. at omer the — drop between 
B and D, there is (a) a sharp rise at E (4.95 per cent. 
nickel), the curve returning to the original slope at G. 
There is also (b) a distinct rise at J (16 per cent. nickel), 
followed by a return at K. These results may be corre- 
lated with structural charges. E is on the threshold of 
the change from pearlitic to martensitic structure, while 
in J the polyhedral type has made its appearance. (The 
slight rise at B may be due to the introduction of nickel.) 

An instructive instance is thus furnished of the care 
that is necessary in drawing conclusions, from the be- 
haviour of a small number of alloys spread over a wide 
field, as to the — of alloys of intermediate com- 
position. ‘In the authors’ original series, with no alloys 


between D and G (a gap of 3.7 per cent. nickel), the 
results up to 12 percent. nickel would have given a prac- 
tically smooth curve. There was nothing to suggest that 
in the range from 4.25 to 7.95 per cent. nickel the values 
would lie omntny off the smooth curve. A similar 
case is instanced by the resistivities (Fig. 11, page 745). 
Increase of nickel causes an increment in the coefficient 
of expansion in a somewhat irregular manner, as already 
noticed. There is nothing approaching the very small co- 


Corrosion Tests.—These were carried out on pieces of 
the 4-in. diameter forged bars in two ways. 


(a) Immersion in Sener) 
fresh water |at ordinary tempera. 
() Immersion in 50 per cent. | tures. 
sulphuric acid 


The tests under (a) were carried out to get some idea of 
the extent of fresh-water corrosion under ‘ natural ” 

























































































Fi g. 16. COOLING CURVES SHOWING RANGES OF SOLIDIFICATION. 
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‘ efficients exbibited by high-nickel steels of the ‘‘Invar ” 
type, but these, it must be remembered, contain only 
minute amounts of carbon, manganese, silicon, &c. In the 


authors’ series-the high carbon and manganese are quite | 


sufficient to account for the absence of small coefficients. * 





* Guillaume. ‘ Nouvelles Recherches sur less Aciers 
au Nickel.” Comptes Rendus, February 2, 1903. 


conditions ; those under (b) were to enable a comparison 
to be made with the behaviour cf low-carbon nickel-irc!: 
alloys.* : 
Fresh-Water Corrosion Tests.—The specimens weigh«‘ 
about 70 to 80 grammes each. They were suspended !) 


* Proceedings of the Institution of Civil Enginee:s, 
vol. exxxviii., page 43. 
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string in separate glass pots filled with water. The latter 
was renovated each day, and the film of brown hydrate 
gently brushed off. The pots stood beside an open window, 
night and day. 

Duration of test, 32 days. 


Fig 43. COOLING & HEATING CURVES OF PURE NI, & COOLING CURVE OF K. 
“4 


in weight ranged from 0.07 to0.1 gramme. Table XI. (page 
711 ante), column 24, gives the percentage losses. 
latter, which range from 0.15 to 0.09 per cent., are plotted 
against nickel content in Fig. 15 (page 746). The differ- 
ences found are very slight, but they tend to show that 
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At the completion of the test the brown scale was re- 
moved as far as ome by careful rubbing with fine 
emery paper. he bars were heated for 14 hours at 
110 deg. to 120 deg. Cent. (230 deg. to 248 deg. Fahr.), 
allowed to cool in a desiccator, and weighed. The losses 


from 12 per cent. nickel upwards the tendency to corrode 
under these conditions diminisher. 
Sea-Water Oorrosion Tests.—These were carried out 


The Th 


Cc Fig. 22. CRITICAL RANGES ON HEATS &COOL® 
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| quite intelligible. 


33 days, and the sea-water was changed once a week. 
e losses in weight varied from 0.11 to 0.22 gramme. 
The percentage losses are given in Table XI. (page 711 
ante), column 25, and are plotted against nickel content in 
Fig. 15 (page 746). They are abovt twice as great as 





























20% 


in the case of the fresh-water tests; and they agree with 
the latter in indicating that up to 12 per cent. nickel no 
marked difference of behaviour is exhibited by the alloys, 
and that with higher percentages of nickel the tendency 
to corrode is less marked. 

Acid Corrosion Tests.—The bars used in the previous 
experiments were afterwards immersed, each in a separate 
trough, and supported at two points on thin glass rods, 
to enable the liquid to circulate round the bar, in acid (at 
the ordinary temperatures) made by mixing equal volumes 
of distilled water and concentrated sulphuric acid. More 
than sufficient acid was present to dissolve the whole of 
each bar. A vigorous action soon set in with the early 
members of the series, the gas evolution being less marked 
among the later members. As time went on, bars A to H 
gradually became coated with a deposit of white salt. 
(This was probably a mixture of anhydrous sulphates in- 
soluble in sulphuric | After a fortnight the powders 
were broken off, and the liquids well stirred. After 
seventeen days the reaction had practically ceased among 
the early members. The bars were then taken out, 
washed, dried at 120 deg. Cent. (248 deg. Fabr.), cooled 
in a desiccator and weighed. The losses in weight ranged 
from about 0.21 to 0.88 gramme. The percentage losses are 
given in Table XT. (page 711 ante), column 26. They are 
also plotted against ascending nickel in Fig. 15 (page 746). 

Except for a rather high corrosion figure for B, the 
values decrease fairly uniformly with ascending nickel. 
The irregularity at B will have been noticed in various 
mechanical and physical tests. 

bd alloys with pearlitic structure are attacked most 
readily. 

The alloys with polyhedral structure are attacked least 
readily. 

The alloys with martensitic structure cccupy an imme- 
diate position. 

[The same order was found in etching the alloys with 
picric or nitric acids for microscopic examination.] The 
differences in the structural characters of the alloys render 
these differences of behaviour towards attacks by acids 
In the solution in acids of the pearlitic 


| alloys with duplex structure, differences of potential are 


probably set up, which doubtless facilitate the attack; in 
the poly hedra] alloys, on the other hand, where the struc- 
ture appears to be homogenéous, such differences of poten- 
tial cannot occur, and solution will be more difficult, 

The figures given for the percentage losses of low 


' carbon-nickel-iron-manganese alloys by one of us run in 





under conditions similar to those described for the fresh- 
water corrosion tests, The duration of the test was | 


the same direction, but the absolute values are consider- 
ably higher. Thus the percentage loss of the alloy with 


7.62 per cent. nickel was 2.77* as against 0.54 tor the 


|alloy with 7.95 per cent. (G); but the former has a 


pearlitic, the latter a martensitic structure. 

Summary of Physical and Chemical Tests. —These proper- 
ties are summarised in Table XI. (page 711 ante), columns 
20 to 26. a the corrosion tests, which are not very 
sensitive, the sharp change in properties at some point 
between 4.25 and 4.95 per cent. nickel is well brought 
out, especially by the resistivity and dilatation tests. 

The concluding sections of this research, a with 
the critical ranges and structures of the alloys, will show 
how intimately the properties of the various members 
are associated with definite positions of the critical ranges 
and with definite types of structure. 

Up to 45 per cent. nickel the positions of the critical 
ranges on couling, and the types of structure, are similar 
to those of iron-carbon steels cooled normally. 

From 5 per cent., to somewhere between 12 and 16 per 
cent. nickel, the critical ranges on cooling are both lower 
and very much wider, and the structures are similar to 
those of quenched iron. carbon steels (more or less markedly 
martensitic). 

Between 16 and 20 per cent. nickel a range is entered 
in which the critical change that takes place on cooling 
appears to be due to nickel, and the structure is poly- 
hedral. The alloy is non-magnetic at the ordinary 
temperature. 


* Procecdings of the Institution of Civil Engineers, vol. 
CXXXViii, 
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Determination of the Range of Solidification.—The 
method used has been that described by one of the authors 
in a series of similar determinations in connection with 
iron-carbon alloys.* The melting of about 3 lb. of vach 
alloy occupied about one hour, at the end of which the 
temperature of the molten alloy was about 1500 deg. Cent. 
(2732 deg. Fahr.). Cooling was followed by taking simul- 
taneous observations of time and temperature. By plot- 
ting these as co-ordinates the curves on Fig. 16 (page 746) 
were obtained, the dots representing observed points. 

Beginning of Solidification.—The sudden change of 
slope which marks this point may be caused in one of 
three ways :— 2 

(a) There is an actual recalescence. In this case the 
temperature of incipient solidification has been passed, 
and there is a rise of temperature to the point. The 
curves of A, B, C, E, G, and of pure nickel, show this. 

(b) The temperature becomes steady for a definite 
interval of time. Alloys F and H showed this. 

(c) The rate of | is very much retarded. This 
occurred with alloys D, J, and K. 

End of Solidification.—This temperature cannot be 
given with the same precision. It has been estimated in 
the following way :— ; 

Before solidification sets in, the time-tensperature 
curve is practically a straight line. The beginning of 
solidification causes a marked change of slope, as stated 
in the preceding paragraph. As solidification proceeds, 
the curve, which is concave upwards, gradually approaches 
the same slope that it had before solidification began. 
(It never quite reaches this, for the furnace, as a whole, 
is cooling more slowly at the lower temperature.) Finally 
a temperature is reached at which the rate of cooling of 
the alloy reachés a maximum ; it remains constant for an 
interval of about two to three minutes, and then begins 
to diminish, and the slope of the curve becomes convex 
upwards. The temperature at which the steady rate 
begins, indicating that the temperature of the furnace 
and the alloy are about the same, has been taken as 
representing the end of solidification. ; 

he ranges of solidification are given in Table XIX. 
(below). Further, the ranges have been plotted against 
nickel content in Fig. 17. Besides the ten members 

roper of this series, three other alloys have been included, 
umbers 2 and 9+ at the beginning, and pure nickel at 
the end. pe 

Alloy No. 2 is an iron containing 0.02 per cent. carbon, 
traces of manganese, and no nick It ins to solidify 
at 1504 deg. Cent. (2739 deg. Fahr.), and finishes at about 
1470 deg. Oset. (2678 deg. Fahr.) ; the range of solidifica- 
tion is thus about 34 deg. Cent. (61 deg. Fahr.). The 
introduction of 0.45 per cent. carbon lowers the tempera- 
ture of incipient solidification some 22 deg. Cent. (39 deg. 
Fabr.), and widens the range to about 66 deg. Cent. 
(119 deg. Fahr.). This latter is not an experimental 
figure, which is wanting for this alloy, but has been 
estimated by taking the mean of alloys with 0.38 and 
0.53 per cent. carbon whose ranges are 63 deg. Cent. 
(113 ta Fahr.) and 69 deg. Cent. (124 deg. Fahr.) re- 
spectively. Where 0.95 per cent. manganese is added, 
the beginning of solidification is lowered some 62 deg. 
Cent. (112 deg. Fahr.), and the range is widened to about 
180 deg. Cent. (324 ~~ Fahr.). It will be noticed that 
the upper limit of this range—viz., 1420 deg. Cent. 
(2588 deg. Fahr.)—is almost identical with that of pure 
cichel, deterenined by us as 1427 deg. Cent. (2600 deg. 
Fahr.).t The introduction and successive additions of 
nickel up to 20 per cent. lower neither the upper nor the 
lower limits of the range to any great extent ; the curves 
have the same character throughout. 

For the upper limit the extreme values are :— 

1451 deg. Cent. (2644 deg. Fahr.) in the case of D, and 
1383 deg. Cent. (2522 deg. Fabr.) in the case of K. The 
former is 32 deg. Cent. (57 deg. Fabr.) above, the latter 
37 deg. Cent. (66 deg. Fahr.) below, 1420 deg. Cent. 











TasLe XIX. 
1 2. 3. 4. 5. 6 | A 
Percentages. | 

Beginning End of | Range of 

Ni . ; of Solidifi-  Solidifica-  Solidifica- 
Alloy.| ¢ | § % cation. tion. tion. 
% 6 | 
deg. deg. | deg. deg. deg. deg. 
Cent. Fahr.' Cent. Fahr. | Cent. Fahr. 
| 

23 Nil 0,02 Trace 1504=2739 1470=2678 34= 61 
98 O47 | gy: 1482= 2699 1416 = 2580(2)) 66(?)=119(?) 
A | oe 0.47 0.95 1420=2588 1241 = 2266 179 =322 
B 1.20 0.48 0.79 1415=2579 1241 = 2266 174=3138 
Co 2.15 0.44 0.83 aR oh oo 178=320 

1454= 1 = 2429 122 = 220 
D | 425) 0.40 0.82 { 1451=2644 |1320=2408 | 131=236 
E 4.95 0.42 1.08 1390 = 2534 1200=2192 190 = 342 
F 6.42 0.52 0.92 1420=2.588 1264=2307 156 =281 
G 7.95 0.43 0.79 1402= 2555 |1242 = 2267 160 = 288 
H 1222 0.41 0.85 1409= 2558 1264 = 2307 145= 261 
J 16.98 0.45 0.83 1406= 2563 1242=2267 164 = 206 
K 19.91 0.41 0.96 1383= 2522 1219=2226 164 = 206 

Pure | 99.30 .. ok 1427=2600 1843=2449 84=151 
nickel 


§ Journal of the Tron and Steel Institute, No.1. 1904. 
Table II., pages 232, 233. : 


(2588 deg. Fahr.), the value found for alloy A, the 


Steel Inatitute, 1904, No. 1, 





“© Journal of the Iron and 
227 to 234. 


+ Ibid, Table IT. 
+ This value has been exactly confirmed by Dr. Harker, 





of this Institution, using four different thermo-junctions. 


TABLE XXI. 














| PERCENTAGES. | 

Ni | | 

Alloys. | “ — 

Nickel. | Carbon. | Manganese. 

1. 2. }-s 4. 

1* Nil 0.01 | Trace | 
9* * 0.47 ” 
A * 0.47 0.95 
B 1.20 C.48 0.79 
Cc 2.15 0.44 0.83 
D 4.25 0.82 


1.03 
0.92 


Critical Ranges on Cooling. 


661-604 deg. C. (1222-1119 deg. F.) 
| 7 Temperature steady at 616 deg. C. (1141 deg. F. 
} 646-544 deg. C. (1195-1011 deg. F.) 

quitauing. at 561 deg. O. (1042 deg. F.) 
} 644-422 deg. C. (1191-791 deg. F.) 
Quickening at 513 deg. 

644-125 deg. O. (1191-257 deg. F.) 

Quickening at 171 deg. C. (340 deg. F.) 
600-123 deg. CO. (932-253 deg. F.) 


Critical Ranges on Heating. 


5. 6. 


900-754 deg. C. (1652-1389 deg. F.) 

770-688 deg. O. (1418-1270 deg. F.) 
Temperature steady at 690 deg. C. (1274 deg. F.) 

706-658 deg. C. (1303-1216 deg. F.) 
Temperature steady at 665 deg. C. (1229deg F.) 
| 687-646 — C. (1268-1195 deg. F.) 
Temperature s' iy 


\ | 729-755 deg. 
| 


at 649 deg. O. (1200deg. F.) f | 720-721 deg. 
\ | 664-721 deg. 


) 
} | 634-705 deg. 
L 


C. (1344-1391 deg. F.) 
C. (1292-1330 deg. F.) 
C. (1227-1330 deg. F.) 
C. (1173-1301 deg. F.) 
C. (1178-1279 deg. F.) 
©. (1151-1268 deg. F.) 


634-693 deg. 
622-684 deg. 


C. (955 deg. F.) 


0.79 | Quickening at 156 deg. Coe are. F.) 586-674 deg. C. (1087-1245 deg. F.) 
518-78 deg. C. (955-172 deg. F. = . 
H 12.22 0.41 0.85 } Quickening at 100 deg. O. (212 deg, F.) 586-660 deg. C. (1087-1220 deg. F.) 
623-149 deg. C. (1153-300 deg. F. a 
, need 046 oss Quickening at 246 deg. C. (479 deg. F.) 586-616 deg. C. (1087-1141 deg. F.) 
600-189 deg. O. (1112-372 deg. F.) Nothing found between 400 and 800 


0.96 


Q 3 
“ © 
oc - 
oa we 
oc 
—_ oO 
eo nw 


Nickel 


exceptionally 


‘*blank” of the series. Alloy D, as eels — 
e two c y- 


high, was repeated on a fresh sample. T 
agreeing values are given in Table XIX. 

he variations of carbon and manganese are certainly 
partly responsible for the irregularities found. The 
former range from 0.40 to 0.52 per cent., the latter from 
0.79 to 1.03 per cent. If the lowering of the upper limit 
is proportional to the quantity, 0.1 per cent. carbon will 
cause a drop of about 5 deg. to6 deg. Cent. (9 deg. ta 
10.8 deg. Fuhr.). 


TABLE XX. 


Carbon Change in pre- Carbon Change in Un- 





Ni Alloy. viously Melted Alloy j|melted Alloy by Differen- 
by Direct Cooling. | tial Cooling. 
deg. Cent. deg. Fahr. deg. Cent. deg. Fahr. 
A 602 = #1277 665 = 1229 
B 658 = 1216 649 = 1200 
Cc 618 = 1lid44 616 = Iiildl 
D 657 = 1034 558 = 1036 
(mean of two determi- 
nations.) 
E 500 = 932 = 


0.1 per cent. manganese will cause a drop of about 
6 deg. to 7 deg. Cent. Dw deg. to 12.6 deg. Fahr.). 

From the carbon and manganese contents alone alloy E 
might be expected to begia to solidify about 15 deg. 
Cent. (27 deg. Fahr.) lower than D. But the beginning 
of solidification is not related simply either to 

(a) The carbon content. 

(b) The manganese content. 

(c) The sum of these. 

Change of Composition on Melting.—A thin film of slag 
is left on the solidified alloy. The following evidence, 
however, tends to show that tiie changes of composition 
of the alloys are only slight. 

The time and temperature observations of alloys A to E 
were continued below the temperature of the change 
from hardening to pearlite carbon. In Table XX. the 
steady temperature maintained by this change in the 
alloy cooling from the molten state is compared with 
the steady or quickenhing-up temperature observed in the 
differential met of detecting this change in the un- 
melted alloy (cf. Critical Ranges, Table X XT. (above). 

There is perfect. agreement in the two cases for alloys 
C and D. : 

The differences for B and E are 9 deg. Cent. (16 deg. 
Fahr.) and 13 deg. Gent. (23 deg. Fahr.) respectively ; 
but these are not greater than are sometimes found in 
duplicate determinations by the differential method. A, 
however, shows a difference of 27 deg. Cent. (48 deg. 
Fahr.). As it seemed probable that in this case the dis- 
crepancy was to be accounted for by the passage of man- 


With no marked qui ‘kening. 
630-280 deg. C. (1166-536 deg. F.) 
Quickening at 350 deg. C. (662 deg. F.) 





ganese into the slag, a chemical analysis was made for | 


manganese. The value 0.77 per cent., as compared with 
the original 0.95 per cent., was obtained. 

Tn the case of nickel the composition of the metal was 
99.6 per cent. before, and 99.3 per cent. after, melting. 


Tue Critica, RANGES OF THE ALLOYS. 

These have been determined on rising temperatures 
(heating curves) and falling temperatures (cooling curves). 
A differential method of taking heating and cooling 
curves (the latter introduced by the late Sir William 
Roberts-Austen in the Fifth Alloys Research Report) 
has been used. A detailed description of the method 
has been given by one of the authors,* so that it is un- 
necessary to give a full account here. The authors would 
only =, 4 that the photographic method of recording the 
curves has not been used by them, but an open-scale 
method, in which observations are taken and the curves 
plotted from them. Much’'greater sensitivity in reading 
the temperatures is thus attained. 

Critical Ranges on Cooling.—Cooling curves of the cast 
material were taken, cylinders § in. long and § in. in dia- 


* Journal of the Iron and Steel Institute, 1904 ; No. 1, 
pages 235 to 237. 








deg. C. (752 and 1472 deg F.) 
342 deg. C. to [?] (647 deg. F. to (?) 


} 


* Journal of the Iron and Steel Institute, 1904, No. 1, Table II., pages 232 and 233. 


meter being machined from the ingot. Cooling curves of 
four alloys in the forged condition were also taken. The 
results were so similar to those obtained with the cast alloys 
that it was deemed unnecessary to experiment with the re- 
maining six forged alloys. The temperature from which 
the cooling curves were taken was 900 deg. Cent. (1652 
deg. Fuhr.), except in the cases of Nos. 1 and 9, where it 
was 1000 deg. Cent. (1832 deg. Fahr.). This temperature 
is well above the critical ranges on heating of any of the 
alloys. The alloys with 6.4 per cent. nickel and upwards 
have critical ranges, which are considerably lower than 
those of pure iron-carbon steels, and it was necessary to 
take cooling curves down to the ordinary temperatures. 
A special tube furnace was constructed for these in which 
the winding of the wire carrying the heating current was 
different from that described in the journal already re- 
ferred to (rather less compensation for the cooling effect 
of the ends being resorted to). Only a thin layer. of 
quartz for insulating purposes was used, and the outside 
tube was made of brass to promote a more even distribu- 
tion of heat in the furnace than a firé-clay tube would 
give rise to. This type of furnace renders it ible to 
take a cooling curve from 900 deg. Cent. (1652 deg. Fahr.) 
to 50 deg. Cent. (122 deg. Fahr.) in about 2} hours. 

_ The cooling curves of the cast alloys have been plotted 
in Fig. 18 (page 746). The vertical ordinate represents 
absolute temperatures of the alloy during cooling. The 
horizontal ordinate represents differences of temperature 
between the alloy and a cylinder of platinum cooling 
under the same conditions, as registered by movements 
of the differential galvanometer. The deflections have 
been reduced in plotting. The distance between two 
vertical lines represents about 9} deg. Cent. The dots 
represent observed points, and each curve has n 
obtained by drawing a line through these points. A 
summary of the temperatures over which the critical 
ranges extend is given in Table X XI., column 5 (above). 
Alloy No. 9* has been included in the curves and the 
table, as it contains the same carbon percentage as the 
alloys of this series, and renders it possible to see the 
influence of 0.8 per cent. to 0.9 per cent. of manganese 
on the position of the critical ranges. A comparison of 
alloy No. 1 (same table) with alloy No. 9 shows the effect 
of 0.47 per cent. of carbon on the position of the critical 
ranges. 

Two cooling curves of each alloy were taken, the 

itions of the cylinders being altered between the two 
eterminations. In some cases three and even four 
curves have m taken. A movement of the curve to 
the right, Fig. 18 (page 746), indicates an evolution 
of heat in the alloys, Accordingly, the cylinders were 
placed in such a position in the furnace that the slope 
of the curve during cooling was from right to left. [For 
reasons given on page 237 of the paper referred to, the 
cooling curve is not a vertical straight line, even in the 
absence of critical changes. | ; 

The curves in Fig. 18 will now be discussed. 

The critical ranges of No. 1 begin at 900 deg. Cent. 
(1652 deg. Fahr.). The change at this temperature is 
rapid, and at about 892 deg. Cent. (1637 deg. Fahr.) the 
curve is beginning to return to its normal slope. At about 
770 deg. Cent. (1418 deg. Fahr.) another change sets in, 
and at 754 deg. Cent. (1389 deg. Fahr.) the curve again 
begins to return to the normal slope. The lower limits 
of the two critical ran cannot be given, for they are 
doubtless a function of the rate at which cooling is taking 
place. The lower limit given in Table XXI. (above) 
is the temperature at which the curve is furthest from its 
normal slope. The curves have been taken under similar 
conditions, and the results are therefore comparative. 
Further, alloy G was tested in two furnaces, cooling at 
different rates, when the lower limit found was the same 
in both cases. s 

The introduction of 0.46 per cent. carbon, alloy No. 9 
(the average carbon percentage is 0.44 in the series A 
to K), lowers the emg of the first critical range 
from 90€ deg. to 770 deg. Cent. (1652 deg. to 1418 deg. 
* Journal of the Iron and Steel Institute, 1904 ; No. 1, 
pages 232 and 233. 
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Fahr.)—viz., about 130 deg. Cent. (234 deg. Fabr.), and 
quite alters the character of the curve. At this tem- 
perature a gradual c ins, extending to about 
720 deg. Cent. (1328 deg. Fahr.), when the curve begins 
to come back ; at 690 deg. Cent. (1274 deg. Fahr.) a sudden 
«change sets in, and at 688 deg. Cent. (1270 deg. Fahr.) 
the lower limit is reached. This latter is the change from 
hardening carbon to pearlite carbon. The introduction of 
©.95 per cent. manganese (alloy A) (the average man- 
ganese percentage is 0.88 in the series A to K) lowers the 
temperature of the first critical range still further—viz., 
from 770 deg. to 706 deg. Cent. (1418 deg. to 1303 deg. 
Fahr.)—i.e., 64 deg. Cent. (115 deg. Fahr.). The character 
of the curve is similar to that of No. 9, except that the 
second change follows more closely on the first ; but the 
two changes are quite distinct.* 

With the introduction of nickel the critical ranges are 
lowered, the lowering being fairly uniform up to about 
4 per cent. nickel (alloys B, C. and D). Further, up to 
this point the curves maintain the same general character. 

The next alloy, E (nickel percentage 4.95), = a 
critical percentage of nickel in this series. Although it 
contains only 0.7 per cent. nickel more than D, the cha- 
racter of the curve is altered, and the lowering of the 
critical ranges considerable. There is a small thermal 
change beginning at 644 deg Cent. (1191 deg. Fahr.), the 
«curve resuming its normal slope at 560 deg. Cent. (1040 
deg. Fahr.). A second change sets in at about 549 deg. 
Cent. (1020 deg. Fahr.), and instead of being a sudden 
one (as in the case of the preceding five alloys), it extends 
over about 127 deg. Cent. (228 deg. Fahr.). 

Alloy F (nickel percentage, 6.42) shows a further and 
‘very considerable lowering and alteration of the character 
of the curves. A very slow change sets in at 644 deg. 
Cent. (1191 deg. Fahr.), and continues apparently with- 
out intermission to 125 deg. Cent. (257 deg. Fahr.), there 
being a more marked evolution of heat at 171 deg. Cent. 
4340 deg. Fahr.). The critical ranges of this alloy thus 
extend over about 520 deg. Cent. (936 deg. Fahr.). 

Alloys G and H show similar curves to alloy F. 
Attention is directed to the fact that in alloy H the 
lower limit is 78 deg. Cent. (172 deg. Fahr.) 

Alloy J gives a somewhat similar curve (critical ranges, 
623 deg. to 149 deg. Cent. (1153 deg. to 300 deg. Fahr.), 
witha slight quickening in the heat evolution at 246 deg. 
Cent. (475 deg. Fahr.). 

Alloy K gives a curve in which a slow change between 
600 deg. and 189 deg. Cent. (1112 deg. and 372 deg. Fahr.) 
is evident ; but in this case there is no quickening of the 
heat evolution at any point. The polyhedral structure of 
this alloy, which microscopic examination had_ previously 
revealed, and the fact that it is non-magnetic at the 
ordinary temperature, led the authors to suppose that the 
slope of the curve was due to a change in the nickel 
419.91 per cent.) not associated with a change of physical 
structure. The correctness of this supposition was esta- 
blished by the results of cooling curves that have been 

Taste XXII.—Critical Ranges on Cooling. 








Ni Alloy. Cast. 
B 637°-646° C. (1268°-1195° F.), steady at 649° C. (1200° F.) 
Cc 661°-604° C. (1222°-1119° F.), steady at 616°C. (114° F.) 
G 500°-123° C.( 932°-253° F.), quickening at 156° C. (318° F.) 
K 600°-189° C, (1142°-372° F.), no quickening. 
Forged. 
B 687°-642° C. (1268°-1187° F.), steady at 649° C. (1200° F.) 
Co 679°-608° C. (1254°-1126° F.), steady at 619° C. (1146° F.) 
G 500°-128° C.(932°-262° F.), quickening at 160° C. (320° F.) 
K 600°-200° C. (1112°-392° F.), no quickening. 


taken with pure nickel (99.6 per cent.), Fig. 19, page 747. 
Three cooling curves of the nickel are given. No. 1 was 
obtained in a furnace cooling very slowly ; Nos. 2 and 3 
in a furnace cooling considerably more quickly. Between 
these latter the specimens were shifted 1in. in the fur- 
nace. A curve of K taken under the same conditions as 
2 and 3 is also given on this plate. There is the same 
slow change between about 630 deg. and 280 deg. Cent. 
(1126 deg. and 536 deg. Fahr.), with a perceptible quicken- 
ing at 350 deg. Cent. (662 deg. Fahr.). The rather smaller 
range, 350 deg. Cent. (630 deg. Fahr.), is quite intelligible, 
in view of the fact that in this case a pure metal is being 
dealt with, whereas in the case of K about 80 per cent. 
of foreign matter is present. The inspection of the 
curves F, G, H, and J shows that the same slow change 
is taking place in these; and the conclusion suggests 
itself that in these alloys nickel is actually present as 
such. At any rate, if it is dissolved in the iron, in some 
such form as mixed crystals, a change very similar to that 
taking place in pure nickel occurs on cooling. 

Cooling curves of alloys B, C, G, and K in the forged 
condition were taken. Cylinders in. long were cut from 
the 4-in. diameter forged bars. The curves are given 
on Fig. 20, e 747; and a comparison of the results 
with those obtained with the cast diegs is to be found in 
rable XXII. (above). 

, The agreement between the results is complete. Un- 
lene forging produces an actual chemical change in the 
alloys, which is unaltered by heating to 900 deg. Cent. 
(1652 deg. Fahr.), no difference in the results, beyond 
‘nat caused by a slight alteration in the composition of 
‘he materials during forging, was to be expected. But the 
«xperiments have been carried out in order to test the 
b ilidity of the objection raised during the discussion of 
16 pxper by one of the authorst that the results obtained 


7 * A cooling curve taken from 1250 deg. Cent. (2282 deg. 
— does ~ — me Ron of the critical 

va appreciably, although the u limit i 

well marked (see Fig. 18, oa 746). ii sam ERE: 

; sy — ig of the Iron and Steel Institute, 1903 ; Part Be 
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Low-Carson SERIES. 
CooLED FROM 1030 Dee. Cznt. (1886 Dre. Faur.).* 


Letter. Nickel. Carbon.’ Manganese. 


Critical Ranges. 





TABLE XXIII.—Criticat Rances on Cooiine. 





Mevrium-Carpon SErigs. 
CooLep From 900 Dee. Cent. (1652 Dee. Fanr.). 





Ni Alloy. Nickel. Carbon. Manganese. Critical Ranges. 











rj amie | os BiSecwen > | ee | ee een 
G 7.65 0.17 acs S| “Ssode-toassdg co. « wi . 500 dir to ton de. F) 
7 -| mol em | 60 pap meaeete| 5 Ge lee:| om) eee 
K 19.64 0.19 0.98 | Teo a. to 254 de F) wd Does — ay ey ey 

BS | cessdg.to20dg.F) * 19.91 0.41 0.96 (112. dg. to 372 dg. F.) 


* Proceedings of the Institution of Civil Engineers, vol. cxxxviii., page 314, Table I.; see also Plate 2 (to be published later). 


with forged materials might be different from those ob- 
tuined with cast materi 
Five alloys of series A to K (medium carbon) form a 





the ranges. In fact, the numerical values for E, F, and 
G are almost the same as those for G, J, and K. The 
following quotation from M. Osmond’s paper (loc. cit.) 


suitable basis of comparison with five alloys of a series of appears to supply the key to the position :— 


low-carbon nickel-iron alloys made by one of the authors 
some years ago.* The critical ranges of the latter were 
determined by M. Osmond.t Table X XIII. (above) ren- 
ders it possible to trace the influence of increasing 


. . - Besides the critical points above described and 
identified, some of the cooling curves show small varia- 
tions, of which the author cannot su t a satisfactory 
explanation. Several times during the experiments a 


percentages of nickel on the critical ranges of the two | sudden fall of temperature was observed, followed by a 


series (the carbon and manganese percentages being | retardation. 


as ig mens | constant in each series). 


Osmond’s method of determining the critical ranges | 


(inverse-rate curve) is different from that employed by 
the authors.t Some of his curves were taken from 


75 deg. Cent. (1607 deg. Fahr.), a a ag Ay ony 
ers from 1030 deg. | 


of 900 deg. Cent. (1652 deg. Fahr.), ot 
Cent. (1886 deg. Fahr , and others from 1270 deg. Cent. 
(2318 deg. Fahr.). But he says (oc. cit.): —‘*The quickness 
of the cooling and its initial temperature. . . only play 
here a secondary part, of a similar order to that of iron 
containing similar percentages of carbon, and this not- 
withstanding the lai percentages of nickel present-” 
He says further:—‘“*The samples A to @ inclusive were 
left to cool in a poe omen tube loosely closed at the ends 
with stoppers of asbestos; the others were placed in the 
open air, cooling in the tube occurring too slowly at the 
critical and interesting point.” 

Inspection of Table X XIII. shows that the lowering of 
the critical ranges is not markedly different in the two 
series up to 4 per cent. nickel. At 8 per cent. nickel, how- 
ever,there is a sharp drop in the medium, but not in the 
low-carbon series. (Reference to Table X XI. (page 748) 
shows that the drop occurs at nickel percentage 6.42.) 
In the alloy with about 16 per cent. nickel the lower limit 
is nearly the same in the two series (the minimum for the 
medium -carbon series having al y n at 
alloy H). At 20 per cent. the position of the critical 
range is raised in the medium-carbon series, but is still 
falling in the low-carbon series. 

The chi 
ranges are thus of the same kind in the two series, being 
somewhat more rapid in the medium carbon alloys for a 
given nickel eae ys One difference between the 
characters of the curves of the two series must, however, 
be noted. M. Osmond found that although increasing 
amounts of nickel lower the position of the critical range, 
they do not actually widen the range itself. It will 
seen from Table XXIII. that the ranges are really 
squeezed together. 


” ” ” ” ” 


” G ” ” 95 %” =171 ” 
%” J ” ” 50 ” = 90 ” 
K 30 = 4 i“ 


the other hand, the authors’ results show that, 
although the ‘‘lower limit” falls with increase of nickel, 
the uppe 
(932 deg. Fahr.) (G), and that in J it has risen to above 
600 deg. Cent. (1112 deg. Fahr.); and that from 6.4 per 
cent. nickel upwards the range is considerable, varying 
between 400 deg. and 500 deg. Cent. (752 deg. and 
932 deg. Fahr.). 


mer the range is about 519 deg. C. 
3 377 


” 


934 deg. F. 
678 


” ” Las ” ” 


“a “ 45 | «= 783 CS, 
” J ” ” 474 ” = 853 ” 
c ” 411 ” = 739 ” 


In discussing these ranges it has been stated that the 
change which begins at from 500 deg. to 600 deg. Cent. 
(932 deg. to 1112 deg. Fahr.) is a small, slow thermal 
change, and that a considerable quickening up occurs at 
temperatures between 100 deg. and 200 deg. Cent. (212 —- 
and 392 deg. Fahr.). If this slow change be disregard 
and the range measured from the quickening-up tempera- 
ture, the following values are obtained :— 


E .. 91 deg. C. = 164 deg. F. 

- BB = 8 ,, 

9a ene Fe 

: . = 39 ,, 

ey ics WW « =174 ,, 

K No quickening-up temperature. 


E to H then show a 
* Proceedings of the Institution of Civil Engineers, 
vol. cxxxviii., pages 38 and 39. 

+ Proceedings of the Institution of Civil Engineers, 
vol. exxxviii., pages 312 to 317. Also Plate 2. ‘ Ex- 
periments on Alloys of Iron and Nickel ;” Floris Osmond. ' 


progressive squeezing together of 





of position of the lower limits of the critical | 


For C the range is about 175 deg. Cent. =315 deg. Fahr. | 
E 130 =234 


This phenomenon for the same steel was 


| never repeated twice at the same temperature, and con- 





| case of A, they are not of a duplex character. 


r limit is not lowered below 500 deg. Cent. | 


| the change point the two factors act op 


t+ Journal of the Iron and Steel Institute, 1902; Part I. | 


page 230. 





sequently tends to disappear on the average. But there 
are other retardations of a more ber chataction which 
may have a real existence, although from their smallness 
they cannot be distinguished from experimental errors. 
In these doubtful cases the method recently descri by 
Sir W.. Roberts-Austen* could be applied with great ad- 
vantage.” ... “‘The method of any | and cooling as 
applied by the author is not sufficiently delicate for alloys 
containing more than 25 per cent. nickel, these alloys 
having their transformations very feebly marked, or 
one over too large an interval of temperature to be 
clearly identified.” 

It would appear, then, that M. Osmond’s speculations 
with regard to slow thermal changes in nickel-iron alloys 
have been confirmed by the results obtained by the authors’ 
using a method which is in principle the one referred to 
by him, but which is more sensitive than that actually 
employed by Sir William Roberts-Austen. 

smond, examining a specimen of alloy WV (49.65 per 
cent. nickel), found a slightly-marked retardation between 
370 deg. Cent. (698 deg. Fahr.) and 340 deg. Cent. 
(644 deg. Fahr.). The mean of this—355 deg. Cent. 
(671 deg. Fahr.)—is the temperature at which the authors 
have found a marked quickening to occur in the cooling 
curve of pure nickel. They think this tends to bear out 
their suggestion that in the high-nickel alloys nickel is 
actually present as such. 

Critical Ranges on Heating.—A knowledge of the 
position. of the critical ranges of an alloy on heating 
appears to the authors quite as important as that of the 
position of the ranges on cooling, seeing that a good deal 
of heat treatment industrially of alloys is done on a rising 
temperature. yy 4 the cast alloys (A to K), after 
being cooled from 900 deg. Cent. (1652 deg. Fahr.) had 
heating curves taken. The curves are plotted in Fig. 21 
(page 747), and the results are tabulated in Table \ XI. 
(page 748), column 6. The curves were obtained by the 

ifferential method of heating, and the co-ordinates have 
the same meaning as in Figs. 18 to 20. In these curves a 
movement of the differential galvanometer to the left in- 


| dicates a critical change in the alloy, the change being 


attended with absorption of heat. : 
An inspection of the curves shows that, except = ~ 
n this 
they differ from the cooling curves. Further, they do not 
show the remarkable change of character which is so 
evident in the cooling curves in passing from D through 
EtoF. They are of the same type throughout, except 
K, which shows no departure from the normal slope of 
the curve. With the introduction and increase of nickel 
the temperature at which the critical range is entered 
upon is lowered gradually from 729 deg. Cent. (1344 deg. 
Fahr.) to 586 deg. Cent. (1086 deg. Fahr.). As regards 
the upper limit of the critical range on heating, the same 
convention will be observed as for the lower limit of the 
critical range on cooling—viz., the limit given will be the 
temperature at which the curve is furthest from its normal 
slope. The widest range is that of G, which extends over 
about 88 deg. Cent. (158 deg. Fahr.). 

It was not to be expected that the critical ranges on 
heating would be as wide as thoseon cooling. The reason 
for this has been pointed out lately by Professor H. Le 
Chatelier,| in an article on rapid-tool steels. With refer- 
ence to the carbon change at about 700 deg. Cent. (1292 
deg. Fahr.) in a steel of this kind, he says :—(Transla- 
tion) . . . ‘‘The speed with which this change occurs at 
a given temperature is regulated by a law which governs 
chemical phenomena generally. The speed is greater 

‘**(1) The higher the absolute temperature ; 

‘*(2) The further it is removed from the transformation 


point, 

“Above the change-point the two factors act in the 
same direction, aud it is impossible to heat the metal 
notably above it without its taking place.” The range 
on heating varies from about 21 deg. Cent, (38 Fahr.) to 
88 deg. Cent.(158 Fahr.),in the series AtoK ... “Below 
itely in cooling. 
The speed of change, which is nil at the transformation 

* Fifth Report to the Institution of Mechanical 


Engineers. 
+ Revue de Metallurgie, June, 1904, pages 334 to 347. 
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Low-CaRBON SERIES.* 
HEATED FROM THE ORDINARY TEMPERATURE. 





(1031 deg. to 1121 deg. F.) 


| 
| | Man- | 
Letter. Nickel. |Carbon. ganese. Critical Ranges. 
C | «(0.95 0.18 0.72 | 675 deg. to 840 deg. C. 
| (1247 deg. to 1544 deg. F.) 
E 3.82 | 0.19 0.65 645 deg. to 775 deg. C. 
(1193 deg. to 1427 deg. F.) 
G | 765 | 017 0.68 610 deg. to 720 deg. C. 
(1130 deg. to 1328 deg. F.) 
J | 1548 | 0.93 | 0.93 565 dey. to 625 deg. ©. 
} (1049 deg. to 1157 deg. F.) 
K 19.64 | 0.93 0.93 555 deg. to 605 deg. C 
| 
| 





int, increases, passes a maximum, then decreases, and 

nally becomes nil at low temperatures, The size and 
position of the maximum vary besides with a number of 
circumstances,” The x a on cong varies from about 
40 deg. Cent. (72 deg. Fahr.) to 520 deg. Cent. (936 deg. 
Fahr.) in the series A to K. 

These results are thus in general agreement with Pro- 
fessor H. Le Chatelier’s remarks, 

M. Osmond has likewise published heating curves of 
the five low-carbon nickel-iron alloys, whose cooling 
curves have been given. He describes his method thus :* 
—‘*A Mermet furnace heated by gas is lit, and a tem- 
perature of about 1000 deg. Cent. (1832 deg. Fahr.) ob- 
tained. When the temperature becomes stationary a 
small tube containing the specimens, and evra in 
asbestos-cloth, is introduced into the furnace-tube. The 
metal is then heated rapidly and regularly.” In the 
authors’ measurements the cylinders were introduced into 
the furnace cold, and the heating current was afterwards 
switched on. Table XXIV. (above) enables a compari- 
son to be made between the critical ranges on heating of 
corresponding members of the two series. 

In the low-carbon series with increasing nickel the 
critical ~~ is gradually lowered, and squeezed 
together. In the medium-carbon series the critical 
range is lowered, but the narrowing is not notice- 
able except in passing from @ to J. Broadly speaking, 
the ranges of the medium-carbon series, as was to 
expected, are lower throughout ; but for nickel content 
15.5 to 16 per cent. the values are nearly the same. 

The heating curve of nickel given in Fig. 19 (page 
747) indicates a critical change at about 340 di ent. 
(644 deg. Fahr.). This is not far removed from the tem- 
perature of about 350 deg. Cent. (662 deg. —. at 
which the critical change on cooling quickens up. It is 
also in the re of the temperature, 340 deg. 
Cent, (644 deg. F.),+ at which nickel loses its magnetism 
on ire 9 “ 

Although alloy K gives no evidence of a critical range 
on a heating curve, either in the cast or forged condition, 
when it has been previously cooled from 900 deg. Cent. 


. 


(1652 Fahr.), it is proper to state that the material when | 


it comes from the forge does give evidence of a critical 
range beginning at about 670 deg. Cent. (1238 deg. F.) on 
heating. Mechanical work of various. kinds—rolling, 
hammering, bending, stretching, compressing, twisting— 
causes this alloy to undergo a structural and magnetic and 
chemical change. A fresh structural constituent appears 
which has much the same appearance however it is pro- 
duced; the material has also become magnetic. This 
condition is removed by heating to 800 deg, Cent. 
(1472 deg. Fahr.). The whole matter is dealt with in a 
special section of this paper (to be published later). 

The Reversibility of the Critical Ranges on Heating and 
Cooling.—In the foregoing paragraphs the term ‘‘ critical 
range,” and not ‘critical point,” has been used, the 
thermal changes extending in some cases over a consider- 
able number of degrees. Accordingly, in this concludin, 
paragraph, in which the reversibility of the changes wi 

considered, the upper limit of the range on heating 
will be compared with the upper limit on cooling—the 
lower with the lower; the terms ‘“‘upper” and “lower 
limit ” having the following signification (which has been 
used throughout) :— 


The { Upper } Himit ona Beane } curve is the tem- 
perature at which the curve begins to bend from the 
normal slope. 

The { aaah limit on a \ Heating} °Urve is the tem- 
a at which the curve is furthest from its normal 
slope. 


Fig. 22 and the left-hand division of Table XXV. 
(annexed) give a comparison of the upper limits of the 
critical ranges on heating and cvoling. It will be seen 
that the differences for alloys A co F are fairly constant, 
varying between 34 deg. and 60 "} Cent. (61 deg. and 108 
deg. Fahr.), or from 17 deg. to 30 deg. Cent, (30 deg. to 
54 deg. Fahr, ) on either side of a mean temperature. 
Alloys G and H show much greater differences—viz., 174 
deg. and 147 deg. Cent. (313 deg. and 264 deg. ee 
respectively, or 87 deg. and 73 deg. Cent. (156 deg. an 
131 deg. Fahr.) on either side of a mean temperature. 
In alloy J there is practically no difference between the 
temperatures of the two limits, and in alloy K the dif- 
ference cannot be estimated. 


{Cooling | 


* Loe. cit, 
+ Galtcans. 
Nickel.” 





313. 
**Nouvelles Recherches sur les Aciers au 
Comptes Rendus. y 





TABLE XXIV.—Crrticat RANGES oN HEATING. 


Mepium-Carson SERIES. 
HEATED FROM THE ORDINARY TEMPERATURE. 





7 . Man- — 
Ni Alloy. Nickel. |Carbon. ganese. Critical Ranges. 
B 1.20 0.48 0.79 700 deg. to 721 deg. C. 
(1292 deg. to 1330 deg. F.) 
4.25 0.40 0.82 634 deg. to 705 deg. C. 
(1173 deg. to 1301 deg. F.) 
G 7.95 | 0.43 0.79 586 deg. to 674 deg. C.) 
(1087 deg. to 1245 deg. F.) 
J 15.98 0.45 0.83 586 deg. to 616 deg. C. 
| | (1087 deg. to 1141 deg. F.) 
K 19.91 | 0.41 0.96 Nothing found between 


400 deg. and 800 deg. C. 


| (753 deg. and 1472 deg. F.) | Th 


| | 


* Proceedings of the Institution of Civil Engineers, vol. cxxxviii., page 314, Table III. 


Taste XXV. 


| 
| Cooling. ae 





Ni Alloy. Heating. 





Difference Between the Upper Limits of the Critical 
Ranges on Heating and Cooling. 


A 755 deg. C. 706 deg. C. 49 deg. C. 
(1391 deg. F.) (1303 deg. F.) (88 deg. F.) 
B 721 deg. C 687 deg. C. 34 deg. C. 
(1330 deg. F.) (1268 deg. F.) (61 deg. F.) 
Cc 721 deg. 661 deg. C. 60 deg. C. 
(1330 deg. F.) (1222 deg. F.) (108 deg. F.) 
D | 705 deg. C. deg. C. 59 deg. C. 
| (1301 deg. F.) (1195 deg. F.) (106 deg. F.) 
E 693 deg. C. 644 deg. C. 49 deg. C. 
(1279 deg. F.) (1191 deg. F.) (88 deg. F.) 
F 684 de 644 deg. C. deg. 
(1263 deg. F.) (1191 deg. F.) (72 deg. F.) 
G 674 deg. C. 500 d 174 deg. C. 
(1245 deg. F.) (932 deg. F.) (313 deg. F.) 
H | 660 deg. C. 513 deg. C. 147 deg. C. 
(1220 deg. F.) (955 deg. F.) (264 deg. F. 
J 616 deg. C. 623 deg. C. 
(1141 deg. F.) (1158 deg. F.) 
K ? 600 deg. C 


Zz. C. 
(1112 deg. F.) 
Difference between the Lower Limits of the Critical 
Ranges on Heating and Cooling. 





A | 729 deg. C. 658 deg. C. 71 deg. C. 
| (1344 deg. F.) (1216 deg. F.) (128 deg. F.) 
B 700 deg. C. 646 deg. C. 54 deg. C. 
| (1292 deg. F.) (1295 deg. F.) (97 deg. F.) 
Cc | 664 deg. C. 604 deg. C. 60 deg. C. 
| (1227 deg. F.) (1119 deg. F.) (108 deg. F.) 
D , 634 deg. C. 544 deg. C. 90 deg. C. 
| (1178 deg. F.) (1011 deg. F.) (162 deg. F.) 
E | 634 deg. C. 422 deg. C. 212 deg. C. 
| (1178 deg. F.) (791 deg. F.) (3382 deg. F.) 
F | 622 deg. C. 125 deg. C. 497 deg. C. 
(1151 deg. F.) (257 deg. F.) (894 deg. F. 
G | 586 deg. C. 123 deg. C. 463 deg. C. 
(1087 deg. F.) | (253deg. F.) | (834 deg. F.) 
H | 586 deg. C. 78 deg. C. 508 deg. C. 
(1087 deg. F.) (172 deg. F.) (915 deg. F.) 
J | 686 deg. C. 149 deg. C. 437 deg. C.: 
| (1087 deg. F.) (300 deg. F.) (787 deg. F.) 
K | ? 189 deg. C 


(872 deg. F.) 


Fig. 22 and the right-hand division of Table XXV. 
(above) enable the same comparison to be made for the 
lower limits of the ranges on heating and cooling. 

In this series alloys A to D show differences of 54 deg. 
to 90 deg. Cent. (97 deg. to 162 deg. Fahr.), or 27 deg. to 
45 deg. Cent. (48 deg. to 81 deg. Fahr.) on either side of 
a@ mean temperature. A sharp break occurs at E, where 
the difference is 106 deg. Cent. (191 deg. Fahr.) on either 
side of a mean temperature, and in the case of the alloys 
F to J the differences are very large—viz., of the order 
of from 220 deg. to 250 deg. Cent. (396 deg. to 450 deg. 
Fahr.) on either side of a mean temperature. 

Thus, whichever limit of the ranges be considered, 
alloys A to D may be classed as, at any rate, approximat- 
ing to reversible alloys, while alloys G and H are seen to 
be irreversible. E and F occupy an intermediate posi- 
tion, their upper limits being reversible, their lower limits 
irreversible. J also shows the same property. For K 
no classification is possible. 

The Range of Solidification and the Critical Ranges of 
Nickel on Heating and Cooling.—The authors have had 
occasion to determine these properties during the present 
research, and they think it may be useful if the results are 
summarised here. 


Taste XXXVI, 


Compo- 


Range of Tempera- 
sition. ture. 


Property. References. 








99.3 Ni Range of soli- 1427 deg. to1348deg. Fig. 16 (page 746). 
dification Cent. (2600 deg. to Table XIII. (page 711 
2449 deg. Fahr.) ante). 
99.6 Ni Critical range 630 deg. to 280 deg. Fig. 19 (page 747). 


on cooling Cent. (1166 deg. to Table XV. (page 713 
deg. Fahr.) ante). 
with marked 
uickening at 350 
— (662 deg. 
Fahr.) 
99.6 Ni Critical range 342 deg. Cent.? (647 Fig. 19 (page 747). 
on heating deg. Fahr.)? Table XV. (page 713 


ante). 





The nickel used for solidification was in the form of 
| ** berries,” made by the Mond nickel process. That used 
for critical was a cylinder cut from a nickel bar 


the melting-point of nickel to be found in the literature 
are very div: mt—e.g., the following are given in Caste!! 
Evans’s Physico-Chemical Tables :— 

1371 deg. Cent. (2500 deg. Fahr.), highest forge heat, 
1450 ~ Cent. (2642 deg. Fahr.) 1600 deg. Cent. (2912 
deg. Fahr.), 1392 deg. to 1420 deg. Cent. (2537 deg. to 
2588 deg. Fahr.), with a probable value of 1450 deg: Cont 
(2642 deg. Fahr.). 

Holborn and 
+ Fahr.).* 

The authors’ value of 1427 deg. Cent. (2600 deg. Fahr.} 
for the begir ning of solidification has been exactly con- 
firmed by Dr. Harker, working with four different thermo- 
junctions under quite different conditions. The values 
all refer to nickel in an oxidising atmosphere. “" 

The very sensitive method of detecting critical ranges 
used by the authors. has enabled them to detect and 
follow a slow thermal change in pure nickel on cooling. 
e range is from about 630 deg. to 280 deg. Cent. 
(1166 deg. to 536 deg. Fahr), with a marked acceleration 
at about 350 deg. Cent. (662 deg. Fahr.). This latter tem- 

rature is quite near that found recently by Nagaoka and 

usakabe for the beginning of magnetism in nickel on 


cooling. +t 

A critical ran beginning at about 342 deg. Cent. 
(647 deg. Fahr.) on heating is also indicated in the 
authors’ curves, and a reference to Nagaoka and Kusa- 
kabe’s results shows that at about this temperature mag- 
netism is disap ing. 

Peculiarities in the thermo-electric and resistance pro- 

rties in the neighbourhood of 300 deg. Cent. (572 deg. 

ahr.) have long been known. The authors’ results are 
thus in general accord with the change of properties of 
nickel previously known. 


(To be continued.) 


ien found it to be 1484 deg. Cent. (2703 








Our Coat AproaD.—The exports of coal from the 
United Kingdom in October were 4,164,080 tons, as com- 
pared with 3,992,875 tons in October, 1904, and 4,029,349 
tons in October, 1903. These totals are increased to 
4,350,621 tons, 4,181,274 tons, and 4,197,229 tons, when 
account is taken of shipments of coke and patent fuel. 
The following were the principal exports in October as 
a with the corresponding months of 1904 and 

3 





Country. Oct., 1905. Oct., 1904. Oct., 1903. 

tons tons tons 

Russia 410,873 220,116 196,504 
Germany 617,840 683,566 576,619 
France 623,675 533,896 646,879 
Italy .. 491,135 489,001 568,387 


More or less considerable exports were also made in 
October to Sweden, Norway, Denmark, Holland, Spain, 
Egypt, and Argentina. The aggregate exports in the ten 
months ending October 31, this year, were 39,472,736 tons, 
as compared with 38,559,640 tons in the corresponding 
period of 1904 and 37,595,109 tons in the corresponding 
period of 1903, these totals being increased by shipments. 
of coke and patent fuel to 41,030,376 tons, 40,241,414 tons, 
and 38,965,339 tons respectively. The shipments to the 
following countries in the first ten months of this year 
compared as follows with the as shipments in 





the corresponding periods of 1904 and 1903 respectively:— 
Country. 1905. 1904. 1903. 
tons tons tons 
Russia 2,369,854 2,460,036 | 2,235,981 
Sweden 2,602,059 2,707,964 2,585,017 
Norway 1,190,415 1,168,536 1,130,997 
Denmark 1,819,485 1,924,596 1,762,742 
Germany 6,322,885 | 5,279,122 | 5,100,297 
Holland 1,554,439 849,512 598,540 
France 5,421,349 5,544,688 5,725,383 
Spain .. 1,979,711 2,038,538 1,967,538 
Italy .. 5,476,831 | 5,359,700 | 5,276,831 
Egypt 1,931,251 | 1,861,598 1,780,822 
Argentina 1,402,085 1,182,116 885,173 


Our shipments of coal to the United States have almost 
entirely died out this year, having only amounted, to 
October 31, to 124,514 tons, as compared with 100,878 
tons in the corresponding period of 1904, and 1,116,855. 
tons in the corresponding period of 1903. The compara- 
tively large deliveries ae two years since were, it will 
be remembered, the result of labour difficulties in the 
American coal trade. The shipments of coal for the use 
of steamers engaged in foreign trade amounted in the 
first ten months of this year to 14,480,308 tons, as 
compared with 14,394,308 tons in the first ten months of 
1904 and 13,958,917 tons in the first ten months of 1903. 
In one way or another coal has left our shores in the first 
ten months of this year to the extent of 55,510,684 tons, 
as compared with 54,635,722 tons in the corresponding 
period of 1904, and 52,924,256 tons in the corresponding 
period of 1903, Assuming that the shipments proceed at 
the same rate in the remaining two months of this year, 
the aggregate exports for the whole of 1905 will come 
out at 64,762,464 tons. It will be observed that the 
export duty imposed upon coal leaving British ports has 
had little or no effect upon the external demand for 
British coal. It has, however, slightly reduced the 
demand for British coal in France and Sweden. The 
political upheaval in Russia has, of course, told upon the 
Anglo-Russian coal trade. 


* Ann. der Physic und Chemie, vol. lvi., paze 360, 


De J 
+ Journal of the College of Science ; Imperial University 
of Tokio, vol. xix., 1904. 
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ranges 
| belonging to the Metrological Department. The values of 
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NOTES ON STRESSES IN MASONRY 
DAMS. 


By Max Am Enns, M. Inst. C.E. 


Masonry dams are built either curved or straight. 
In the former case the foundations react upon the 
water-pressure by means of forces lying in the 
curve, as well as by the radial forces. The former 
act upon all vertical cross-sections through the dam 
at an angle to the plane of the section. In straight 
dams these forces are absent, and only forces, 
parallel to the section, act on a slice of the dam. 
Such slice can therefore be dealt with indepen- 
dently. 


CoNDITIONS OF THE PROBLEM AND OF ITS 
SoLuTION. 


Fig. 1 represents the section through a straight 
dam, XX its centre line, and Y Y a plane at a 
right angle to the section. Let W be the resultant 
of the water pressure, and P the weight acting 
on Z, the centre of gravity of the portion above the 
plane Y Y; then R, the resultant of Pand W—i.e., 
the reaction of the part below Y Y—is deter- 
mined, and the lower portion may be considered 


removed, and replaced by R for the purpose of, 


calculating the stresses. If W, and P, represent 


pressure and weight for the whole slice of dam, then, 














R,, the resultant of the reactions of the foundation, 
is perfectly determined in respect of magnitude, 
angle, and position ; but the distribution of its com- 
ponents would depend upon the profile of the section 
at the base and upon the nature of the ground. If, 
for example, one portion of the ground were sand 
and the other rock, the distribution would be very 
different to that if all were rock; R,, the resul- 
tant, would, however, remain unaltered. P and W 
can be replaced by the resultants B, parallel, and 
A at a right angle to YY, and these again by 
resultants B and A, both acting on O, and by a 
moment M = aB + bA, which may be conceived 
as an infinitely small and infinitely distant force 
(see Fig. 2). 

Imagining now at YY a layer of: infinitesimal 
particles of masonry, we have A and Bas resultants 
of distributed forces, and M acting on them from 
above, and the reaction, R, from below will be com- 
posed of two corresponding forces and a moment in 
the Opposite direction. 

If then the stresses in the various particles in 
the plane can be determined in respect of their 
nature, direction, and intensity, and in the same 
way the stresses in any other plane, we should have 
® complete solution of the problem. 

The common rule, that the resultant R (Fig. 1) 
shoul fall within the middle third of the plane 
YY, lest there should be tension at the up-stream 
face of the dam, is derived from the bending theory 
of elastic beams. This theory a plied to masonry 
dams, regarded as upright cantilevers, would give 
the desired results. But to uphold the rule and 


—what is the same thing—the application of the 
ing theory, it would be necessary to show that 


bend 


the conditions on which that theory is based prevail 
also in masonry dams. The conditions are :— 

1. The material should be of uniform elasticity 
in all directions for tensile or compressive stresses— 
i.e., it should be isotropic. 

2. The cantilever or beam should have a distinct 
longitudinal extension, so that the deformation 
under the acting forces be essentially one of 
bending. But the amount of bending should be 
small. 

3. Planes at right angles to the central axis—i.e., 
normal planes—should remain planes after bending. 

In respect of the first condition, it appears that 
| the results of numerous experiments on pillars and 
j; arches prove that masonry regarded in bulk is an 
| isotropic material. 
| In respect of the second condition, if the canti- 

lever or beam is short, appreciable bending could 
| only be produced by very heavy loads ; and if these 
| are concentrated on points, the deformation due to 
pure bending, and therefore the stresses, would be 
disturbed near the points of impact. But no con- 
centrated forces act ona masonry dam. Both water 
pressure and weight accumulate gradually towards 
the plane Y Y, so that .the condition is here better 
fulfilled than it would be if the loads were concen- 
trated. 

The third condition, that normal planes remain 
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planes after bending, is an assumption derived mainly 
from observation. Probably it is accurately true if 
bending moments act without shearing forces. If 
so, the latter would have the effect of distorting 
the plane. Winkler* finds by theoretical investi- 
gation of a uniformly loaded beam, supported at 
both ends, that the displacement (from the assumed 
plane) of particles in the top or bottom surface is 


5-1 @ 
s Eb 

where Q is the whole shearing force on the layer 
of particles, b its width, and E the modulus of elas- 
ticity of the material. At the ends, where Q is 
greatest, the displacement is greatest, but it is still 
too small to be confirmed by observation. More- 
over, ina cantilever, where the shearing force is 
greatest at the fixed end, the planes nearest to it 
must remain planes; and if there is displacement 
further away, it would be less than that stated in 
the formula. The third condition can therefore be 
accepted as substantially correct, especially for 
cantilevers. 


Tue SecrionaL Puanes Y Y. 


While, aceording to the foregoing remarks, normal 
planes may or may not become slightly distorted, 
according to the amount of shearing stress in them, 
it is certain that all other planes will become dis- 
torted even without shearing stress. Asa matter 
of principle, it should be possible to use such planes 
also for the calculation of stresses, but it would be 


deformation of the particles and to determine the 
nature, direction, and intensity of the stresses in 
them. We shall be able to do this and also to 
determine the angles at which the greatest stresses 
occur, and this will completely solve the problem, 
subject to the above-named conditions, 

Sectional planes striking the ground cannot be 
used unless the distribution of the components of 
its reaction Ry is known. Only if dams are care- 
fully built, a satisfactory conjecture may be formed 
in this respect. 


TENSILE AND COMPRESSIVE STRESSES. 


According to previous remarks, the compressive 
stresses due to the force A (Fig. 2) may be con- 
sidered uniformly distributed over Y Y ; and if the 
cantilever were prismatic, the stresses would be 
parallel to eachother. In the same way the tensile 
and compressive stresses due to the moment M, 
and distributed according to a certain rule, would 
also be parallel to each other. In a wedge- 
shaped cantilever all these stresses radiate to- 
wards one point D, and their intensity is in- 
creased according to the secant of the angle 
formed with X X (Fig. 3). This follows from the 
conditions of equilibrium of any particle in the 
layer YY; for example, one in the top surface 
(Fig. 4). If, in the case of the pressure A, the 
horizontal forces S and 8S, acted on the particle, 
the two forces y and y, would be required to keep it 
in equilibrium ; these forces are not available, as 
the particles adjoining right and left would require 
equal forces and y, for their equilibrium in oppo- 
site directions. The latter would neutralise the 
former, and equilibrium must be caused elsewhere. 
At both ends, where the forces are not neutralised 
in this way, forces y are available, either in the form 
of friction, or, if there is no friction, as indicated 
in Fig. 4, in the form of tension at the thick end, 
and of compression at the thin end of the canti- 
lever. All stresses S are thus deflected into a 
radial direction’ towards D, and equilibrium is 
restored. In the case of the stresses due to the 
forces B the tension cannot occur, and friction 
must be available, or else the cantilever would 
move. This friction is the component of R parallel 
to Y Y. 

Let, in Fig. 5, 

c be the thickness of the cantilever ; 

I = 4c & the moment of inertia of a normal sec- 
tional plane at Y ; 

M =aB + bA the moment acting on Y Y ; 

o the horizontal stress per unit of section (*‘ specific 
stress”) caused by M at the unit distance 
from X X; 

8, the specific horizontal stress at the distance ». 


mm), n & particle at 7 ; 
a the angle of inclination of n, n; then 
Ss zeoyt A andasea™, 
U] Qe I 
, M A 
aS =f ; 1 
n *e 2e (1) 


Here 7 would be negative below X X, and A nega- 
tive if it were pressure, 
SHEARING STRESSES. 

Imagining now the material above n 1, removed, 
we alter nothing in the equilibrium of the particle 
if we put into its place the stresses in that material 
—i.e., between 7 ande. These can be resolved into 


a force 
3M | + 
2¢* cosa n 


acting at n, and a moment; and in the same way 
we have a force 

€ 

™ a, 

n 


acting at n,,anda moment. The difference between 
the two forces is the shearing force acting over the 
distance nn, Naming this H, and considering 


that 


ndn, 


3M, 
2*, cosa 


m? aed 7”? 
ec? 
we find a ie te 
H,=,* (1-3) ( = ) 
)  4cosa e* €) e 


Considering that, according to Fig. 5, the differ- 





necessary to take into account the curvature which 
they assume; and the only means to determine 
this would be,by way of the normal sectional planes. | 
These alone, therefore, can be used to measure the 


* Lehre von der Elasticitét und Festigkeit, 1867, page 192. ! 








ence between the two moments is Bd x (usually we 
dM 


dx 


say shearing force), and that 


¢ =~e+dztana, 
we find 
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n? 
e2 


52 
3 Be- Mtana 
Hy=jo0.(1- \atasma’™ 


Here dxtana can be ignored compared to e. 
Naming h, the specific horizontal shearing stress, 


so that 





dz 
hy cos a Hy, 
we have je - 
S58 i: “) e- tana 
ye q(1-% a (2) 


We have now, acting on the particle mm, n,n, 


the tensile force S, 7” and the shearing force 
cosa 


| 
| 
| 
dx 


| ’ 
cosa 
there must be equilibrium, a vertical couple vy d 7 | 


is required, so that 


_, a2 | 
v,dn (dx) = aya 


the latter as a couple (see Fig. 6); and as 


(d 7 cos a). 


This gives v, = h, , and it follows that 
In any part of «a beam the specific vertical shearing- | 
force is equal to the specific horizontal shearing force. | 


STRESSES IN OTHER DIRECTIONS. 


Resolving the forces, Fig. 6, in respect of the 
plane nm, at an angle ¢ to the horizontal, we get | 
tensile (or compressive) stresses and shearing | 
stresses. on that plane which may exceed the 
stresses in Fig. 6. If, then, we can find that angle 
¢ at which one or the other kind of stress is a 
maximum, and can determine these maximum | 
stresses, we should have completely solved the | 

roblem in respect of the particles in the plane 
’Y. Naming (Fig. 7) T the tensile force on the | 
plane nm,, U the shearing force, and ds the length | 
of the plane, we have 





T=h dz sin(? +a)+h dncosp | 
” cosa q 
+8 49 sin (¢ + a). 
7 cos a 
Ush dx cos (? + a) —h. dnsin 
” cos a ” 
+ § a4 cos (p + a). 
7 cos a 
Considering that 
dz 
= cos ¢, 
ds ? 


dy = desing + dz tana, or 9” = sin ¢ + cos ¢ tan aq, | 
as 


and naming ¢ and u the unit stresses, 


ee = a | 
— ,u= ’ 
ds ds 
we have 
= cos P .: ; . 
t= hy —— sin (@ + a) + h, cos ¢ (sin ¢ + cos ¢ tan a) 
1 , . 
8 
+ pie sin (@ + a) (sin @ + cos ¢ tan a). 
u= h, cos cos (¢ + a) —h_ sin g(sin ¢ + cos ¢ tan a) 
cos a n : 
+S. - 1 cos (@ + a) (sin ¢ + cos ¢ tana), 
” cos a 
and calculating with some elementary formule, 
t=h, (sin 2¢ + tan acos 2 ? + tana)+ 8, (“s +1 + | 


cos 2 ¢ (3) 
us h, (cos 2—tanasin2¢)+S,, (cos 2 tan a — 


os) (4) 
du 


» 
u =0; u (maximum) when 
% " d 

hy + =n tan a 


=— =s\¢ sin 2g tana) . 


sin 2 ¢ 
We find 
t (maximum) when 4 


0; 


5 
tan?a (5) 


9 
- 


¢(maximum) when tan 2 ¢= 
h. tan a — 8. !- 
U] n 


























h, tana-S be EXAMPLE OF A CANTILEVER UNDER 
u (maximum) when tan2¢= — 7 , 2 Forces B onty. 
A, +8, tana | Wehave A = 0; B the resultant of a gradually 
and repeating (1) and (2), increasing load (see Fig. 8); 1 = 3 e€; tan u, - 
gs = mat (1) 0-25 (ue about 14 deg.) ; gr the angle of the plane 
” ” Ze n m, for maximum tension ; du the angle for maxi- 
eS ae 7?2\Be— Mtana (2) mum shear ; W = 90 deg. — ¢q, the angle at which 
Sits: ( ”.) e 4 the tension (or compression) acts. We assume 
These are the six equations which determine the three pee eo aur, I., If., and III. For I. we 
Fig.6 A hy bn have Om gs Bs for II. we have e = ° . 
l : 7 I et 
= “;and for III. we have e = »a=_- 
—~4,dz e ba > a 6 nd for we have ¢ 16 3 ( at 
——e4 | Then we find, putting M = Ba, from (1) and (2) 
~Ga, | Fob Sn and hy, and we find from (5) and (6) the values 
Cat G & in the following table :— 
SS 
“ >? = dr. y Pu. 
m | oc % ” tana, | LU. ME | Lm) oko am. 
| eg e 0.25 90° - ae de Sa 
- + 0.125 59° 56° 52° 31° 34° 88°) 7 
A 0 0 45° 45° 0 
Fig.?7. e rue 
¢ fe: — 0.125 26° 81° 36° 64° 59° 54°, —14° - 11° 7: 
| -e — 0.25 Ge 90° - de Qe — 45° 


| 
| Jn this way any number of sections may be 
|treated, and the corresponding ¢ (max.) and u 
(max.) be calculated from (3) and (4). Plotting 
| the angles y and ¢, as short lines on our diagram 
| of the cantilever—and a great deal may be done 
by interpolation --we can trace distinctly the 
| trajectorics* of greatest tension and those of qreatest 
| shear. Some of them are drawn in Fig. 8. Besides 
| these, there are the trajectories of greatest compres- 
sion, not shown, which are symmetrical to those of 








(9065.C) 


Fig. 10. 
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| distribution of the stresses in beams of equal thick- tension. The latter are tangent to the top line of 
ness, but of varying depth. They may also be used | the beam, intersect the X axis at an angle of 45 deg., 

for beams with curved centre lines (arches) if, as | and the bottom line at 90 deg. The trajectories of 
we have done, the outer forces are resolved for | greatest shear leave the top or bottom line at an 
each section into forces A and B and a moment ;| angle of 45 deg., and are tangent to the X axis. 
andalso, with the proper generalisation of equations | 

| (L) and (2), for other than rectangular cross-sections ; | 


EXAMPLE oF A Masonry Dam. 


| but here some further reservations would have to) Fig. 9 represents the section of a dam of which 
be made which do not come within the scope of| we consider a slice 1 metre thick (ce = 1). It is 
these notes. Putting a = 0, we have the well-known | 23.5 metres high above the bottom of the reser 

equations for the prismatic beam as follows :— voir, which is of rock, and the foundations are 
| built into the rock. Up toa point 6 metres from 


a) 8. =g9my+A eye | age 
n x Qe ] | the top the up-stream face has a batter of 1 in 5U, 
F ”\B and the down-stream face an inclination of | 

Gy == . (2 ~~ ¢a ) ; eae in 1.5. The water-line is at the top of the dam 
1—cos2¢ 4 Y, Y, is the lowest sectional plane normal to the 
(3) ¢= s, 9 + h, sin 2 ¢ central axis X X, which does not strike the ground ; 


-, | Dut if we assume that the masonry is carefully 
. > (7* bedded on the rock, and ignore the vertical friction 
_on the up-stream face of the masonry, we can calcu- 


| 

ae 

u=S sin2 9%.) 
a 


(4) n CO82¢ 


Qh ] ” Y, (Fig. 9). 
. ss ” ate also the stresses in the plane Y) Yo (Fig. “))- 
(5) tan 2 =— —_—~, for tmes | The effect of this friction would be an increase «! 

1 stress at the down-stream face ; but as it 1s equiva- 


lent toa spreading of the stress on a larger base, its 
| effect on the down-stream face will not be great. _ 
y, The stresses have been calculated for planes Y, 
* About their occurrence in nature, see Culmann and 
| W. Ritter, Craphische Statik, 1888, I. 


Ss 
tan2¢ = 7 | for umaz. 
? zh, , maz. 


(6) 





* Laissle and Shiibler, “Bau der Bruckentrager,” 1867 ; | 
Weyrauch, ‘‘ Theorie der Continuirlichen und Einfachea 
Triiger,” 1873 ; and others. 
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and Y,, besides Y, and Y,, assuming a specific 
gravity of 2.3 for masonry ; and in the following 
table they are stated for three points in each plane, 
together with the values for A, B, a and 6. Index 
e refers to the point in the up-stream face, index 0 
to that in the middle, and index —e to that in the 
down-stream faee. 





Yo—-Yy | Yi—Y¥: | ¥o—-Yo | Ys—Ys 
A — 785 — 560 — 282 - 102 tons. 
B 56 120 55 + os 
a 20.9 5.9 3.9 17 m. 
b 0.2 ~0.7 - 0,58 -0.1 oe 
Se 27.9 — 27.15 -21.4 — 15.67 t/m2, 
So ~ 39.25 ~ 34.15 — 23.5 — 14.167 et 
S—e - 50.6 ~41.15 — 25.6 — 12.67 ae 
ve = he 0 0 0 0 
vo = ho 4.2 10.97 6.87 0.832 
ve = h—e 0 0 0 0 és 


The greatest compressive stresses occur in Y, Yo 
—viz., 27.9'/,,? = 2.54 '/,? in the up-stream face, 
and 50.6 ‘/,,? = 4.60 ‘/,” in the down-stream face. 
The greatest shearing stress occurs in Y, Y,—viz., 
10.97 : me = 1.0 "|p. 

Trajectories of Greatest Pressure and Greatest 
Shear.—The angles y and @¢, giving the directions 
of greatest stress have been calculated from (5) and 
(6) for a large number of points, and the trajec- 
tories have been drawn in Fig. 10, as described in 
the previous example. Instead of two sets of 
curves for shear there is only one, and there is none 
for tension. The specific stresses ¢ and u at the 
various points may be calculated from (3) and (4), 
or the components of S and h in the given direc- 
tions may be found graphically. 

In this way a complete diagram of maximum 
stresses could be made, and if it were desired to 
know what the stresses are in any imaginary plane 
—vertical, horizontal, or inclined—the trajectories 
would give the information. 

The specific stresses ¢ and wu in the directions y 
and ¢, generally exceed the S and h stresses ; but 
the excess of the compressive stresses ¢ is small, 
while the excess of the w stresses is apparently 


great. For example, at both faces of the dam h 
and v are nil, and as there ¢, + a = 45 deg., 
we have u = 


9? which is one component of S 


(the stress in the direction a), while the other is 


t= But this is a condition which prevails 
in every strut or tie. In a strut-or tie the shearing 
stress w is inactive until the limit of elasticity of the 
material is reached, or until—as in the case of wood 
—the lateral tension, always accompanying longitu- 
dinal compression, becomes greater than the lateral 
cohesion of the material. Wooden struts, therefore, 
generally give way by shearing at an angle of 45 deg. 


In the same way the shearing stress 1 = ~ would 


be inactive in a dam built in the ordinary way in 
horizontal courses; but if the dam 
according to its faces as leading lines, in upright 
courses of rubble or brickwork, and with mortar 
of inferior adhesive power, the dam would probably 
break in one or several of the trajectories of 
greatest shear, as shown in Fig. 10. 








THE PORTS OF SOUTH AFRICA — 
CAPE TOWN AND DURBAN. 

Tue coast of Southern Africa is not well provided 
with natural ports. Deep-water indentations, affurd- 
ing accessible basins, are as scarce as the permanent 
navigable rivers which~ might produce them. 
Rivers which practically exist.only in the flooded 
state, and which disappear during the dry season, 
cannot make good harbours. The enormous 
masses of detritus which they carry down from the 
mountains are heaped up in bars, and the waters 
are discharged into lagoons, out of which they force 
their way through ever-shifting channels. The many 
open bays, on the other hand, which might shelter 
ships, are exposed to the heavy storms and swells 
of the Atlantic and Indian Oceans. Under these 
circumstances, ports have had to be created, and 
as the African Colonies are neither populous nor 
wealthy, in spite of all the gold exports, progress 
has not been rapid. 

At Cape Town harbour improvements may be 
said to have commenced with the construction of a 
wooden jetty in 1656. It will be remembered that 
Bartholomew Diaz, who discovered the Cape, had 
good reasons to call it Cabo Tormentoso, though 
his King, John II. of Portugal, changed the name 


were built, |_ 








into Cabo de Boa Esperanga, thankful that now 
the long-searched-for trend of Africa to the north- 
east had been found. For Diaz had landed at 
Algoa Bay, east of the Cape, and had found Table 
Bay on his return journey. It was the Dutch who 
constructed the jetty ; they had settled there in 
1652 under Johan van Riebeeck. A surveying 
commission recommended in 1729 the construction 
of two mules, to render the harbour safe. But 
nothing was duue until, eight years later, a gale lined 
the beach with wrecks. Thestory of Table Bay was 
for some time afterwards, broadly speaking, a 
record of gales and half-hearted improvements. 
We must not underrate the difficulties. Table 
Bay forms an opening 20 miles across. The first 
projected mole at Mouille Point, for instance, 
was never completed, owing to a ‘‘ plague of 
locusts.” The not very obvious connection be- 
tween breakwaters and locusts is quaintly direct. 
The material had to be carted by the farmeis 
bringing produce up to town, and as the locusts 
had devoured everything, there were neither 
farm produce nor beasts of burden. The first 
harbour board was nominated in 1836, To the 
temporary jetties of the following years Sir Juhn 
Cvode, since 1860, added a rubble mound break- 
water, which, originally planned 3000 ft. in length, 
was finally extended to 3640 ft. The work suffered 
several times from gales, but the great gale of June, 
1885, provided the breakwater with a properly 
sloped and permanent sea face, to construct which 
Sir John would never have been granted sufficient 
funds. Concrete blocks weighing up to 200 tons 
each have been used to protect the angle and head 
of this mound, whose capping is now fairly com- 
plete. Other extensive works comprising the cun- 
struction of quay walls and the east and south pier, 
were taken in hand by Sir John Coode in 1889 ; 
the south pier was the military wharf during the 
late war. Further elaborate extensions were pro- 
posed in 1902 by Mr. Cathcart W. Methven and 
Mr. R. H. Hammersley Heenan, the present chief 
engineer to the Harbour Board. So far nearly one 
million pounds have been spent upon adding a 
length of 1000 ft. to the breakwater and upon recla- 
mation work. The rest of the project, involving the 
creation of a new large dock protected by a concrete 
mole 7000 ft. in length, has been shelved, because 
the present industrial depression does not justify 
an expenditure of 34 million pounds on harbour 
improvements. Table Bay possesses an excellent 
graving dock, lined with Paarl granite (from the 
Colony), and altogether a basin area of 77 acres, 
with 24 miles of quay walls, the entrance being 
guarded by three lighthouses. The two actual 
dock basins, of 64 and 84 acres respectively, are 
situated immediately under the lee of the break- 
water. The number and tonnage of the vessels 
which entered Table Bay were :— 








Year. Steamers. Sailing Vess: ls Tonnage. 
1887 293 290 801,933 
1892 460 299 1,379,460 
1897 620 328 2,345,879 
1903 1069 250 4,027,621 
1904 1004 172 4,846,012 


The total values of imports and exports in pounds 
sterling were :— 


Year. Importe. Exports. 
£ £ 
1892 3,085,468 8,650,353 
1:97 6,921,351 15,972,824 
1903 15,305,417 15,723.024 
1904 9,070,757 17,471,760 


The Royal Navy Yard at Simon’s Town, cover- 


ing about 13 acres, has so far no dry dock, nor 


deep-water wharf, and cruisers have to be sent to 
Cape Town to be docked. The extensions now 
being carried out by Sir John Jackson, whose chief 
engineer on the spot is Mr. A. Brooks, are made 
to the design of Sir Henry Pilkington, and the 
work is superintended by Mr. D. Macfarlane on 
behalf of the Admiralty. A tidal basin of 28 
acres, with a depth of 30 ft. at low-water of spring 
tides, on ground reclaimed from the sea ; and a dry 
dock, 750 ft. in length, entrance width, 95 ft., 
depth, 30 ft., on rock entirely, are the chief features 
of the extensions. A caisson is to subdivide the dock 
into two basins, of -~ of 400 ft. and 320 ft., 
or 470 ft. and 250 ft. The concrete blocks of the 
east breakwater are set at an angle of 20 deg. 
beyond the vertical on the sea side. On the inner 


wall blocks of various shapes are used, and the 
eneral bottom level is 40 ft. below low water. 
he sea face of the west pier consists of rubble 
stone, with a facing of rough stone blocks «f 
imported granite, and also of local stones; the 
interstices are filled in with Portland cement. 

Puit Elizabeth, on Algca Bay, and East London - 
are rising ports, though landing is sometimes very 
difficult in the exposed Algoa Bay. Port Eliza- 
beth, which has a population of 46,600 inhabitants 
(26,000 whites), is more a roadstead than a har- 
bour, and lighters have to be used between the 
ships and the iron jetties now projecting from 
the shore. Two breakwaters, to enclose a basin 
of 800 acres, and further works on the Zwartkops 
River, some five miles off, are projected. Port 
Alfred, on the Kowie River, and East London, 
on the Buffalo River, are also much exposed. The 
tidal ranges are small, but the gales send waves of 
20 ft. up the rivers. Port St. John, on the 
Umzimvulu River, and Port Shepstone, on the 
Umzimkulu River, in Natal, are closed by bars, 
and are not yct of importance. Durban, like these 
latter—a Jagoon harbour—seems to be the must 
thriving South African port. 

It is striking in a certain sense that the capital of 
the garden colony, Natal, should have become the 
greatest centre for the foreign taade of the South 
African Colonies. Durban has had a hard struggle 
to attain this position, and it is significant that the 
time corresponding to the thi:ticth meridian east of 
Greenwich, which cuts through Ladysmith in Natal, 
was, in March, 1903, fixed as mean time for all 
South Africa. The longitude of Durban itself is 
about 31 deg. east, that of Cape Town about 18 deg. 
east The peop!e of Durban tell with a certain pride 
that their harbour and railway terminus were not 
blocked during the late war, when must of the ports 
and railways of South Africa became choked. To 
understand the development of Poit Natal and the 
other ports we must devute a few lines to an his- 
torical summary and general features. 

Although Vasco da Gama landed near Durban on 
Christmas Day, 1497—hence the name Natal (Dies 
Natalis)—the district was only occasionally visited 
by Portuguese, Dutch, and English sailors and 
traders. In 1823 the British Governor at the Cape 
sent the brig Salisbury to the bay, and the com- 
mander of this expedition, Lieutenant Farewell, 
obtained a cuncession of a coast strip, a hundmd 
miles in width, from the dreaded Zulu chief Chaka. 
Incessant strife with natives, and afterwards with 
the Boeis, prevented progress until Natal was 
proclaimed a British coluny in 1843. Mean- 
while Pietermaritzburg had been founded, which 
is still the capital of the Colony. The new 
town near the bay was named Durban in 1835, in 
honour of Sir Benjamin D’Urban, then Governor 
of the Cape; the apostrophe is not used now in 
spelling the name. Fifty years ago the town 
counted scarcely a score uf houses, and the harbour 
was closed by a bar. Durban is about 800 miles dis- 
tant from Cape Town by sea ; from London it is 6800 
miles. The distance by rail to Johannesburg, which 
can be reached in 24 hours, is 483 miles ; to Cape 
Town vid Johannesburg, 1470 miles ; to Bulawayo, 
1854 miles; and to Delagoa Bay, 860 miles—by 
sea, 300 miles. The area of the Colony, with its 
late additions of Zululand and the noithern terii- 
tories, is 36,700 square miles, with a population of 
over one million. The European population of the 
whole of British South Africa amounted in 1904 
to 1,135,000 ; the native population was estimated 
at 5,198,000. Durban itself has a population 
of 68,000. inhabitants; half white, the other half 
natives and Indian coolies. The native popula- 
tion has been increasing at a growing rate within 
recent years. The wants of the natives are 
ffew. The colony raises sugar cane, coffee, tea, 
bananas, &c.; the chief exports are coal, tea, 
sugar, gold, bark for tanners, wool, hides, and ores. 
Industries are only beginnirg to develop, and the 
time for iron blast-furnaces has not come yet, 
although there is plenty of ore and of coal. There 
are a few foundries. 

We return to our subject—Port Natal. The 
great sand-bar, which so long obstructed access 
to the harbour, has practically ceased to exist. 
Many experts were consulted, and many schemes 
were tried, and shelved, before the p Breer x ob- 
struction was mastered. Port Natal may briefly 
be described as a splendid wide basin, of an 
area of 74 square miles, in which Salisbury 
Island is situated, accessible through a channel 





pointing north-east. This channel is hemmed in 
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on the northern side by a spit, on which the 
suburb of Addington and the Point are situated, 
and on the southern and eastern side by the 
Bluff, a promontory 200 ft. in height, which runs 
approximately to the north-east. The main part 
ot Durban lies north of the harbour, Congella to 
the west, and the new wharf built for steamers 
bringing the Chinese labourers, and the Chinese 
compounds, through which nearly 50,000 Chinamen 
have passed ontheir way to the mines, lie under- 
neath the Bluff, remote from the town and 
suburbs. 

The enginecrs had to secure a safe entrance and 
to deepen the wide harbour basin, most of which 
was far too shallow. Mr. John Milne made the 
first attempt to remove the bar in 1851. His pro- 
jected north pier was alone started ; his south pier 
ulways remained on paper, and little was done for 
the north pier. In 1860 Captain Vetch, hydro- 
gtapher to the Admiralty, suggested two arms of 
rough boulder work. His south arm was gradually 
washed away by the sea, and the north arm, parts 
of which remain a good way outside the present 
channel, afterwards served as a quarry for Mr. 
Innes's works in 1882. Sir John UVoode was con- 
sulted, but his project was not adopted. A harbour 
board was created in 1881; the late Mr. Harry 
Escombe, to whom much credit is due, was chairman 
of this board, and the late Mr. Edward was engineer. 


Corporation’s remonstrances, to the effect that the 
Embankment is not to be interfered with until the 
wharfage at Congel!a and other points prove insufli- 
cient, and that meanwhile the reclamation work is 
to be pushed on. 

On these general lines the harbour improve- 
ments are now proceeding, under the superintend- 
ence of the harbour engineer, Mr. Charles J. 
Crofts, M. Inst. C.E., to whom we are indebted for 
many particulars. The inner harbour is now acces- 
sible by night and day, and since the Armadale 
Castle, of 12,976 tons, was berthed in the inner 
harbour in June, 1904, during a strong wind, no 
ship calling at African ports has been too big for 
Port Natal. The water area increase below low- 
water of ordinary spring tides of the year 1904 
amounted to 33 acres. The tidal rise varies between 
63 ft. and 34 ft. To mark the variation in the average 
low-water depth on the bar since 1854 we give the 
average (and the best monthly) figures for a series 
of years :—1854, 10 ft. 11} in. (15 ft. Of in.) ; 1855, 
9ft. 4in. (11 ft. 4}in.); 1856, 6 ft. 5} in. (9 ft. 5} in.); 
1860, 4 ft. 3p in. (7 ft. 1 in.); 1865, 7 ft. 3 in. 
(9 ft. 7 in.) ; 1870, 5 ft. Bin. (6 ft. 4} in.); 1876, 
5 ft. 74in. (7 ft. Ll in.); 1880, 7 ft. 5? in. (9 ft. 3in.); 
1885, 8 ft. 3} in. (12 ft. 7? in.) ; 1890, 10 ft. 1 in. 
(10 ft. 6 in.) ; 1895, 12 ft. 1 in. (15 ft. 10? in.) ; 





1899, 19 ft. 74 in. (20 ft. 5 in.) ; 1900, 19 ft. 8} in. 
(21 ft. 9 in); 1901, 19 ft. 1} in. (20 ft. 62 in.); 


|dredger, 18-in. pipe ; two stationary dredgers of 
15-in. pipe, and two of 12-in. pipe; two more, 
18 in. pipe, are now being built on the works, 
There are also three steam hopper barges and two 
dumb hopper barges. The total engine power of 
the dredgers is 1500 horse-power. The dredger of 
3000 tons, mentioned first in our list, only com- 
menced operations last September, and the newly- 
built dredgers will bring this year’s total to a very 
much higher figure. Leather joints are used on the 
| suction pipes, canvas joints on the distribution pipes, 
| the maximum length of the latter being 2000 ft. 
| Two new 3-ton hydraulic cranes of 50-ft radius, 
lifting through 100 ft., with jib-heads 75 ft. above 
| wharf level, are now being erected. The new 
hydraulic mains are 4-in. pipes; 6-in. pipes are 
replacing some old 3-in. pressure mains. ‘I'he coal- 
| ing plant now being built at home for erection on 
'the Bluff will be electrically driven throughout, 
‘and capable of dealing with 400 tons of coal per 
jhour. The trucks will be hoisted and tipped side- 
ways into hopper-bottomed skips on wagons, which 
will be run under the travelling conveyors on the 
wharf, picked up, and put on board. Graded 
sidings will also be used for the conveyance of 
trucks to and from the hoists and conveyors. The 
largest Natal Government Railway wagons are 
40 ft. long and carry 35 tons. 

The new bond store is 336 ft. by 120 ft., with an 
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There was only 8 ft. of water over the bar at, 1902, 18 ft. 5 in. (20 ft. 3 in.) ; 1903, 21 ft. 3% in. | annexe of 160 ft. by 75 ft. The ground floor, with 
the time. The effects of dynamite and Ireland’s| (23 ft. 8} in.) ; 1904, 25 ft. 9in. (27 ft.). For 1895) its numerous sidings, will be used by the railway 
eroder were tried in vain; and when Milne’s old | we have the following monthly low-water depths, | department, the first floor by the Customs officers. 
pier was pushed further out, through the bar which | beginning from January :—27 ft. 6in. ; 27 ft. 6 in.;| A 50-ton hydraulic hoist is provided for elevating 
it had not formerly reached, the bar stretched 27 ft. 4} in.; 27 ft. 7in.; 27 ft. 11 in. ; 26 ft. 25 in.;| trucks up to the second floor, which at present, 


further out too. 
there were only bucket dredgers available. 

The new breakwater seemed to answer, but one’ 
gale was estimated to lodge 48,000 tons of sand in 
the bight. Mr. Methven succeeded Mr. Innes ; 
his extensions and moving of the breakwater were | 
soon discontinued, and dredging was alona re- 
sorted to. Then Sir Charles Hartley and Sir 
John Wolfe Barry were consulted. They recom- | 
mended in 1896 that the dredging be persisted 
in, that an arm should be extended southward 
until on a level with the Bluff breakwater, and 
that the harbour entrance be narrowed to a 
breadth of 600 ft. The scherae comprised a con- | 
tinuous line of wharves aloag the north - east 
shore of the bay, down to Bay Head, and the 
dredging of a channel from end to end of the 
bay. ‘The first portion of this project would, how- 
ever, have converted the fine esplanade, or Vic- 
toria Embankment, into wharves, and strong feel- 
ing arose about this plan. The Embankment con- 
sists of a solid concrete retaining wall, with orna- 
mental iron railing, a wide asphalte path, a row of 
trees, a stretch of turf, a macadamised road, and a 
footpath. Finally the Government carried a com- 
promise between the engineers’ project and the 





steady improvement of the last years is manifest. | 

The quay wall, giving a depth of 30 ft. at low 
water of ordinary spring tides, is now being built | 
about 100 ft. outside the sheds, A, B, C (see plan 
annexed), and will be extended to meet the re- 
pairing quay, likewise of concrete, which provides 
a depth of 23 ft. The approach to this latter quay 
is opposite the letter C in the channel. The con- 
crete blocks for this work are made in a yard 
1500 ft. in length, and are lifted and stored by an | 
electric travelling crane of 135 ft. span, which | 
runs on a gantry the whole length of the yard. 
The blocks, up to 20 tons in weight, are laid by 
means of divers and steam gantry cranes. On the 
bluff a quay giving 30 ft. of water is being built, in 
front of the reclaimed ground, simultaneously from 
both ends ; four steam gantry cranes are in use on 
the staging for lowering the blocks to the divers. 
Oregon pine piles are used and driven in 17 ft. 
below the foundations. 

The dredging fleet consists of one 3000-ton hopper 
suction dredger only recently received, one 2500- 
ton, and three 1200-ton hopper suction dredgers, 
all with 42 in. pipes ; one 500-ton hopper suction | 


Dredging was thought of, but 28 ft. 9 in.; 29 ft. 10in.in August. The best depths | till another story is added, forms the roof of the 
have been observed in various seasons, but the building. 


The area of land reclaimed by the four pump 
dredgers in the months January to September, 
1904, amounted to 18 acres. The spoil is, as a 
rule, sand, which is firm enough to build on as 
soon as distributed. Shells and, in some parts, 
hard clay, necessitating patent cutting gear for the 
new dredgers, are also met with, but not boulders. 
The channel depths and the low-water lines are 
marked on the plan, and refer to the beginning of 
this year. The channel has meanwhile been carried 
right across the bay to the reclamation gantry on 


' the left side of the diagram. 


The floating dock for 8500 tons dead-weight has 
the following dimensions :—Length, 425 ft.; beam, 


96 ft.; width of entrance, 70 ft.; draught over keel- 


blocks, 23ft.; and is provided with a floating work- 
shop, steam-hammer, &c. It arrived in Port Natal 
in February, 1904, after a journey of 145 days, from 
the Tyne, including a fortnight’s stoppage at Cape 
Town. Some repairs having been made, it passed 
the official tests by raising and lowering the Kent, 
of 7100 tons dead-weight, 500 ft. over all, which 
drew 30 ft. 4 in. of water. Since then the dock 
has been in constant use, the heaviest vessel raised 
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being the Maine, which arrived in a sinking con- 
dition, with a dead-weight of 8240 tons. Forty-two 
vessels, aggregating 89,707 tons, were raised in 
half a year. 

The open wharfage has now a length of 9650 ft.; 
another length of 10,000 ft. is authorised. The 
normal capacity of the port, exclusive of coal, is 
8000 tons per day, and 383,647 tons of coal were 
bunkered in 1904. 

The prosperity of the port is shown by the fol- 
lowing statistics :— 


Registered | Imports. | Exports. 





| 
Number of | 
Year. Ships | = 
Inward. ofthese | 
Ships. Value in Pounds Sterling. 
1280 362 198,630 2,336,584 890,874 
1904 912 2,108,658 10,991,302 9,010,380 
| 





The Natal Harbour Department employed in 
1904 altogether 363 Europeans, 1341 natives, 44 
Indians, and 336 convicts. 

Delagoa Bay, which, of course, is Portuguese 
territory, forms one of the best, or, at any rate, the 
most promising natural, harbours of South Africa, 
or in the world. The bay may be called a huge 
lagoon, but Port Lourenco Marques is not, so far, 
accessible to the biggest vessels at all tides. 








WILLIAMSBURG BRIDGE, NEW YORK. 
By Frank W. Sxrinnepr, M. Am. Soc. C.E. 
(Continued from page 646.) 


Temporary Suspended False-Work.—The false- 
work for the construction of the main cables 
consisted of platforms in the vertical planes of, 
and approximately parallel to, the two pairs of main 
cables. It reached from anchorage to anchorage, over 
the tower tops, and formed two three-span parallel 
double-deck suspension bridges, 67} ft. apart, on 
centres, having an outline, in elevation, which 
conformed nearly to the catenary of the main 
span, with a 176-ft. versine and 1600-ft. span, and 
to the curves of the shore lengths of about 600 ft. 
of the main unloaded cables. 

Each set of spans, the general arrangement of 
which is shown in Fig. 93, page 756, was a very 
light simple structure, made with two narrow 
wooden platforms, supported directly by a pair of 
cables 14 ft. apart horizontally, which passed over 
small double temporary saddles on the front and 
rear edges of the tower tops, with a short hori- 
zontal section between them, and thence down to 
connections with horizontal transverse reaction 
box-girders in the anchorage piers. Each cable is 
composed of three parallel 2}-in. twisted steel- 
wire ropes, about 3000 ft. long, having an aggre- 
gate strength of 2500 tons and a weight of 156 tons 
for the twelve ropes. They were hung in vertical 
planes, in each of which they were braced by a 
sturm-cable, making a reversed catenary, suspended 
from them by vertical }-in. ropes, and with six 
diagonal anchor-ropes to the tower at the level of 
the roadway platform. 

Between the towers, pairs of 3-in. by 8-in. trans- 
verse beams, 23 ft. long, were laid across the pairs 
of cables every 5 ft., these carrying floor platforms of 
longitudirial-baards, Every third and fourth beam 
supported a 14-ft. vertical” post, 6ft.on each side 
of the centre, and each pair of 6-in. by 6-in. ver- 
tical posts carried a 4-in. by 8-in. transverse beam 
18} ft. long. All these posts were cross-braced in 
the transverse plane by g-in. screw-rods. The two 
adjacent bents were cross-braced longitudinally by 
two panels of }-in. screw-rods, forming towers 20 ft. 
apart on centres. They supported longitudinal 
stringers for the two 4-ft. wide upper-deck plat- 
forms, just inside the construction planes of the 
cable strands, and 3 ft. above their floors. Three 
towers in the main span were extended about 
12 ft. higher than the rest, and carried sheaves to 
support the carrier ropes. 

The panels between these towers were longi- 
tudinally cross-braced by §-in. rods, and the upper 
and lower decks of the parallel platforms in each 
Span were connected by transverse foot-walks, 
100 ft. and 80 ft. apart respectively. After the 
completion of the cable strands from the upper 
decks, the latter were removed, and trussed trans- 
verse foot-bridges, 58 ft. long and 160 ft. apart, 
were built to connect the lower platforms, from 
which the strands were made into the completed 
main cables. Between the towers and anchorages, 
both the upper and lower platforms were suspended 


15 ft. above the main cables. All the floor platforms 
had wire-rope hand-rails to guard both sides; and 
where the inclination was very steep, nearest the 
towers, the floors were made in steps, elsewhere 
being on a continuous slope. 

On the tops of the main steel towers 36-ft. by 
107-ft. working platforms were cantilevered out 
from the permanent steelwork, and carried over 
the saddles and falsework towers about 20 ft. high. 
The platforms were made with heavy vertical 
timbers well braced, to support the machinery and 
transverse trolley-tracks for the hydraulic lifting 
apparatus required to raise the completed strands 
from their initial positions and set them in the 
main saddles. The platforms may be seen on the 
tops of the towers in Fig. 93, page 756. The only 
transverse bracing for the falsework spans was ob- 
tained by making the 2}-in. storm-cables parabolic 
in horizontal projection, with their ends 1214 ft. 
apart at the towers, and their vertices under the 
centres of the spans on the opposite side, so that 
they intersected each other about a quarter of the 
distance between the towers, and virtually formed 
two very long and narrow panels of cross-bracing 
between the parallel centre spans. 

The three ropes for each falsework cable were 
delivered on barges at the foot of the New York 
tower. The free end of each rope was successively 
hoisted to the top of the tower, pulled down to the 
anchorage, socketed, and connected to the reaction 
girder. The barge was then towed to the opposite 
tower, allowing the ropes to unreel and sink to the 
bottom of the river, an operation which was accom- 
plished in about 15 minutes at slack tide, while 
navigation on the river at this point was stopped by 
a revenue cutter. The 400ft. of each cable remain- 
ing on its reel was unwound and laid on deck, a 
rope was clamped to it 60 ft. from the end, and by 


tower by a special hoisting-engine on the barge. 
The cable was led over two sheaves in its saddles, 
and pulled to the Brooklyn anchorage by a hoisting- 
engine which operated a three-part wire-rope tackle. 
Navigation was again stopped at slack tide, and in 
three minutes the cable was pulled up until it rose 
150 ft. above the water in the middle of the river. 
The three-part tackle was then replaced by one of 
nine parts, which hauled the cable to its required 
position, about 20 ft. higher, under a stress of 
about 25 tons, and held it while the end was cut to 
length, cleaned, galvanised, socketed, and con- 
nected to the reaction girder in the anchorage pier. 

Main-Cuble Specifications. —The four main cables 
—the largest in the world—have net diameters of 
18? in., are about 3000 ft. long, and each weighs 
about 2,500,000 lb., has a nominal breaking 
strength of 50,000,000 lb. (the actual breaking 
strength is probably considerably greater), and cost 
about 330,000 dols. Many months were occu- 
pied in building the cables, which was so much 
slower than had been anticipated that the com- 
pletion of the bridge was considerably delayed 
thereby, and damages against the contractor were 
claimed by the Department of Bridges. The cables 
are supported on the tower tops, 22 ft. 74 in. and 
44 ft. 74 in. from the centre of the bridge axis. The 
saddles are 1600 ft. apart on centres, and about 
332 ft. above the water. The four cables together 
support a dead-load of about 16,000,000 Ib., and a 
maximum live load of about 9,000,000 lb. They 
have a versed sine of 175.95 ft., and are cradled 
so that they are 314 ft. and 354 ft. from the bridge 
axis at the centre of the span. 

Each cable is composed of 7696 straight steel 
wires of a diameter of about ,*; in. (No. 8 Birming- 
ham gauge), with an actual breaking strength of 
about 6000 lb., equal to 225,000 1b. per square inch. 
The wires are spliced together so as to be wound con- 
tinuously, with 208 parallel parts, around the horse- 
shoe-shaped cast-steel shoe at each end of each of the 
37 strands in each cable (see Fig. 96). At the ends 
of the cables the strands are separated and the 
shoes are pin-connected to the anchor-chain eye- 
bars, as shown in Fig. 97, page 757. Elsewhere, 
after the strands were adjusted, their wires were 
compacted into solid cylinders, filled, and covered 
with a preservative compound and enclosed in a 
riveted water-tight cylindrical shell of overlapping 
steel plates ,}, in. thick. 

At intervals of 19 ft. 11 in. cast-steel saddles, 
shown in Figs. 101, 102, 104, and 105, page 758, 
are seated on the cables, and receive the bights of 
seven-strand 1 }-in. steel-wire suspender-ropes in ver- 





tical transverse planes. Each suspender-rope is con- 





from their own cables, which were from 5 ft. to| 


it the cable was hoisted to the top of the Brooklyn | 9000 lb 


tinuous over the adjacent cable, thus forming four 
parts, which have a lower double bight engaging a 
bottom bearing casting, seen in Figs. 101, 102, 111, 
and 112, page 758, which receives four 2#-in. upset, 
vertical suspender-rods, supporting the lower chords 
of the stiffening-trusses. 

The steel for the wires was made in n-hearth 
furnaces, lined with silica, and was made entirely 
from speigeleisen and pig iron, the latter con- 
taining not more than 0.06 and 0.05 per cent. of 
—— and sulphur respectively. It was not 

ecarbonised below 0.10 of 1 per cent., and the 
finished steel did not contain more than 0.04 

r cent. phosphorus, 0.03 per cent. sulphur, 

.05 per cent. manganese, 0.01 per cent. silicon, 
and 0.02 per cent. copper. It was bottom cast, 
in groups of six 5000. b. ingots, 16 in. square, 
from which all portions containing bubbles were 
cut out. No wire was shipped from the mills 
until after satisfactory tests had been made from 
10-ft. lengths cut from each coil. It was required 
to have an ultimate strength of not less than 
200,000 lb. per square inch, and elongations of 
2} per cent. in 5 ft. and 5 percent. in 8in. All 
wire was finished bright, and drawn straight and 
coiled in lengths of about 3500 ft. on reels of such 
diameter that there was no tendency for the wire 
to curl when uncoiled. The splices, a detail of 
one of which is shown in Fig. 103, page 758, were 
distributed evenly throughout the finished cable, 
and developed 95 per cent. of the full strength of 
the body of the wire. As soon as drawn, the wire 
was immersed in boiling linseed oil, and the main 
bands and cover-plates were shop-painted, two 
coats. 

Cable - Building.—The cable wire was received 
at the site, wound on 7-ft. wooden drums, each 
| containing 22 or 23 lengths, spliced with right and 
| left-hand sleeve nuts (Fig. 103), and weighing about 
The drums were hoisted to the tops of 
the anchorage piers on both sides of the river, and 
placed tandem, in sets of four, in long horizontal 
| wooden frames in the planes of the cables on the 
shore sides of the tops of. the anchor-chains. . The 
arrangement may be seen in Fig. 98, page 757. 
A strand shoe was secured by a vertical pin keyed 
to an anchor eye-bar near its extremity, and to it 
was fastened permanently the end of the wire, 
| which was unwound from the drum enough to make 
a bight engaging a 3-ft. vertical sheave in a skeleton 
frame secured to an endless carrier rope led around 
vertical sheaves on the tower tops and false-work 
bridge, and around horizontal sheaves on both 
anchorage piers, so as to give it in plan a rectangular 
outline with the long sides in the planes of the 
adjacent cables on one side of the axis. 

The carrier rope was driven by an engine on the 
New York anchorage, and carried a second carrier 
sheave, which was at the New York anchorage 
when the first-mentioned one was at the Brooklyn 
anchorage. The two sheaves simultaneously carried 
two bights of strand wire across the river in oppo- 
site directions, and each bight was removed by 
hand, and another bight placed on the sheave, and 
the operation repeated continuously. A duplicate 
carrier system was installed on the opposite side of 
the bridge axis, so that eight wires were taken 
across simultaneously, about 50 wires being laid in 
one strand in 10 hours, or 400 single wires daily in 
all. Fig. 94 shows part of the operation of pulling 
the bight across. The drums were provided with 
large grooved wheels, having two turns of Manilla 
rope around them.to sérve as brakes, which, how- 
ever, were séldom used. “The carrier sheaves 
travelled-at-a: uniform speed of from 300 ft. to 
400 ft. per minute, and the engine was operated 
by signals made with electric bells from one 
anchorage to the other. 

The ends of the wires in the coils had tapered 
threads made on them by transverse rolls, which 
did not reduce the cross-section of the wire, and 
the ends were bevelled 45 deg., as shown in 
Fig. 103. When the end of a wire on the drum 
was reached, it was removed from the carrier 
sheave, and screwed horizontally in a vice, sliding 
on a horizontal bar ; the loose end of the wire on a 
full drum was similarly secured on another vice on 
the same bar, and the two were united by the j-in. 
right and left sleeve-nut, 1} in. long, which was 
turned until the bevelled ends of the wire were 
| forced tight together, so as to prevent future twist- 
ing (see Fig. 103), The splice was thus made in 
two minutes or less, the bight was put on the carrier 
sheave, and the empty drum was replaced by a full 
one at convenience, while the carriers were in opera- 
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Fie. 94. Pustine Bieht oF CaBLe Across, curve of a guide-wire for that cable. The guide- 
AND ApbJusTING STRANDS. wire was of the same size as the strand wires, and 

| was originally adjusted with level and transit until 

tion. As they ran off from the drums the wires|the centre points of the end and middle spans | 


passed through a sheepskin, saturated with a pre- | corresponded exactly with the calculated absciss 
servative compound called ‘‘shield.” The first wire | and ordinates of the computed catenary. The ad- 
of each strand was carefully adjusted by level and | justment of the guide-wire was very delicate, and, 
transit until it hung in the required catenary. |as it could not be done on either windy or sunny 
The bights of the wires were arranged on the shoes | days, it often required several weeks. The guide- 
in regular courses, successively up and down, and | wires had screw adjustments at the ends, so that 
down and up, in the same order at both ends of | their lengths could be varied to conform to the 
the cable, and all the wires of each strand were | positions of the different strands. 
adjusted by making them conform exactly to the' The strand-wires were laid in any ordinary 








LowerinG STRANDS TO THE SADDLE CASTINGS. 


weather, except when the wind was high. On each 
strand twenty-five men were required to operate the 
carriers, handle the drums, make splices, and adjust 
the wires. There were three men on each tower 
and anchorage, three on each end span, and seven 
on the middle span. As soon as the carrier passed 
the first tower, a hand-tackle was clamped to the 
strand-wire, and operated until the wire was exactly 
ee to the curve of the guide-wire, as signalled 
yy the man at the middle and quarter points of 
the shore-span. It was then clamped fast to the 
strand at the tower, and the men on the second 
| tower were given a signal to clamp it there. Adjust- 
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ments between the towers were made by the centre- 
span men standing on the upper decks of the false- 
work spans, and reaching over the hand-rails to 
work conveniently on the strands. The second 
shore-span was adjusted like the first, and the 
operations were repeated in reverse order from 
the second to the first anchorage on the return 
wire. 

While the strand was being built, its shoes 
engaged spurs on castings bolted between the 
anchor-chain eye-bars, and bearing on their pins, 
as shown in Fig. 99. As soon as the strand 
was completed, a bridle was slipped over the 
shoe, and the latter was pulled towards the shore 
by a 25-ton ratchet, until the shoe was disengaged 
from the spur, lifted clear, and easily revolved 90 
deg. into a vertical plane by a steel bar 
through it. The ratchet was slacked, allowing 
the shoe to move towards the tower until oppo- 
site the upper end of the anchor-chain, when the 
eye-bar pin was driven through the shoe, perma- 
nently securing it. The lengths of the different 
strands were adjusted to correspond with their 
varying positions in the cables by inserting lune- 
shaped shims between the pins and their bearings 
in the slotted holes of the shoes, a }-in. shim 
corresponding to a vertical movement of 1 in. at 
the centre of the span. 

During their construction the strands were seated 
on sets of three temporary sheaves bolted to the tops 
of the permanent saddle castings. These sheaves are 
shown in Fig. 95, page 756. After the strands were 
completed, they were suspended from heavy longi- 
tudinal beams, lifted clear of the sheaves, and de- 
posited in the grooves of the saddles, which were 
n the shore sides set 6? in. off their final positions. 
In order to secure a flatter curve and be free from 

















Cable Camp sted casting metal 2bolts spaced, 73 CtoC. 
Radius of inside cone = 80feet. 
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interference and obstructions during construction | reduced with the smaller diameters of propeller found in | screw. 


and adjustment, the cable strands were built at 


an elevation about 15 ft. higher in the middle than | 


their final positions, and lowered to position when 
the shoes were placed on the anchorage pins. 


Before lowering, the strands were tied by tem- | If the thrust deduction is proportional to the absolute  mence. ) 
e or six turns of No. 10 area of the disturbance of the steam lines at the stern, | beyond about 0.58 blade interference becomes exces- 


porary wrappings of fiv 
steel wire, about 5 ft. apart, except at the ends, 
where the wrappings were permanent and only 
2ft apart. As the strands were successively com- 
pleted they were temporarily arranged in a hexa- 
gonal cross-section, with five strands on a side. 
After all the strands for a cable were completed, 
their temporary wrappings were removed, and three- 
part forged sleeves, flange connected by screw 
bolts, and shown in Figs. 107 and 108, were put 
on them 20 ft. apart, and by their aid and by 
pounding with wooden mauls, the wires were com- 
pacted into solid cylinders, wrapped every 4 ft. 
between the permanent sleeves with eight turns 
of No. 8 steel wire. The wires were slushed with 


a mixture of graphite and oil, and were first covered | velocity should be proportional to the designed speed of | 


with three thicknesses of spiral-wound cotton 
duck,. 7 in. wide, and then enclosed in the cylin- 
drical steel-plate shells, which may be seen in Figs. 


109 and 110. The construction of the main cables | cruisers and battleships they vary from 8 lb. to 10.5 Ib. in | dise area, and is given in diagram form in 


from the finished strands was accomplished from 
the lower platforms of the falsework spans after 
the strands had been lowered to their levels, and 
the upper platforms removed. Fig. 100, page 
758, shows the arrangement of the steel casting 
which clamps the cables near the eye-bars, and 
Figs. 111 and 112 are views of suspenders from the 
cables at the centre of the main span. 


(To be continued.) 








THE DIMENSIONS OF THE MARINE 
STEAM TURBINE.* 


The Determination of the Principal Dimensions of the 
Steam Turbine, with Special Reference to Marine Work. 


By E. M. Spgakman, Associate Member. 


In designing any turbine installation, the first and most 
essential step is to estimate the highest suitable speed of 
rotation, in order that the turbine may be made as small 
as possible for any given efficiency. While there is now 
no great difficulty in accurately determining the propor- 
tions of turbines and propellers to ensure certain results, 
with ample confidence to enable a stiff guarantee to be 
made both for speed and economy, the oe dimen- 
sions involve considerable calculation, and much attention 
must be devoted to the efficiency of propulson if the best 
results are to be obtained, 

Knowledge of propulsive efficiency, and all its com- 
ponent values for various classes of work, is essential for 
calculating propeller dimensions, and thereby arriving at 
the highest revolutions attainable ; for it is only when the 
rotary speed is settled that the best compromise of tur- 
bine dimensions, chiefly in the matter of blading arrange- 
ments, can be determined. 

_ Turbine efficiency and propeller etticiency must be con- 
sidered separately, and also together, because it may be 
found that the use of revolutions somewhat below the 
maximum obtainable will increase the combined efficiency; 
while, on the other hand, to obtain certain advantages in 
weight and space, this efficiency may be slightly sacrificed 
at the highest speed ; and it is necessary to know the 
effect of such modifications on the design and_per- 
formance. Roughly, the weight of the turbines will vary 
inversely as the square of the revolutions, while the 
economy of the turbine will remain almost constant if 
oe for the same internal conditions; the efficiency 
of the propeller will be slightly improved as the revolu- 
tions decrease, and the diameter is made greater. 

In electrical work the design of generators almost in- 
on admits of very convenient speeds, but in marine 
work the size of propeller necessary to avoid cavitation 
imposes a much lower iimit, with which the size of the 
turbine is greatly increased. The minimum size of 
propeller required to avoid this phenomenon (and its 
attendant inefficiency due to increased slip, and con- 
sequent loss of thrust at the higher powers) must be 
calculated at the beginning of any design, as it is almost 
impossible to assume certain revolutions, and later on to 
design a propeller to suit. 

Cavitation is partly the result of attempting to obtain 
tvo much work per square foot of blade area, and partly 
ot excessive peripheral speeds. It has been found, by 
hitter “ae occasionally, that there is a narrow 
limit to the tensional pressure possible on the water, per 
unit of projected area, keyond which the peepelier 
eificiency drops very rapidly. This pressure is approxi- 
mately from 10 Ib. to 12 pod rod square inch at a depth of 
12 in. below the surface, and to reduce the total thrust to 
this sufficient blade area must be provided, which, in 
conjunction with certain practical proportions, necessi- 
tates @ certain size of propeller, thereby limiting the 
revolutions. 

Friction and slip constitute the normal losses in all 
propellers, and au 
into account, 


. Paper read before the Institution of Engineers and 
Shipbuilders in Scotland, on October 24. 





| turbine work. Comparing the Manxman with the Ulster 
|—a Holyhead mail boat of similar ae and power— 
the total disc area of the twin |e lers of the latter 
is 226 square feet (for two 12-ft. diameter propellers), 
| while that of the Manxman is only about 80 square feet. 


| the effect on the Ulster will be far greater than on the 
| Manxman ; but this action is, to some extent, affected by 
the intensity over the disturbing area, which again is 
| modified by the proximity of the propellers to the side of 
the vessel, this being less in turbine work. The disc area 
in H.M.S. Velox is less than half that of the propellers 
|in ordinary destroyers of the same power and speed. 
| Cavitation is a preventable loss, and its presence on many 
v s with insufficient blade area may be deduced from 
the falling off of the thrust curve, and the rapid rise in 
the slip curve, above a certain speed. 

From the analysis of numerous trials it appears that the 
pressure per square inch of projected area, when reduced 
to 12 in. immersion of tip, due to the effective thrust 
is approximately 1 lb. for every 1000 ft. per minute of 
circumferential velocity of blade-tips. For a screw of a 
given pitch ratio, working at its maximum efficiency, this 








| the ship; and at full speed the pressures seem to have 
| hitherto been about 5 1b. per square inch for slow cargo 
vessels, from 6 lb. to 7 lb. for ocean-going mail steamers, 
and from 7.5 lb. to 8.5 lb. for cross-channel steamers ; in 


some recent notable instances, and in torpedo craft from 


lowest suitable limit is reached for turbine screws ; from 
10 lb. to 11 1b. may be more usual in fast vessels; and 
though even from 12 lb. to 141b. has been known, pres- 
sures over about 11 1b. always seem to be accompanied 
by low efficiencies. In large ocean-going vessels, which 
may be delayed by head winds and seas, a much lower 
designing pressure should be used; but in destroyers, 
as suggested above, something may be sacrificed at the 
maximum speed to obtain other advantages. The above 


pressure is worked out as mean pressure, as there exists 
no method of determining the local intensity per square 
inch, though the tendency of the distribution may be 
assumed in some cases. The only published results are 
in Barnaby’s papers on the trials of H.M.S. Daring, but 
they are very inconclusive in many ways. Fig. 1, page 
760, is submitted with much diffidence, merely as an illus- 
tration of the values of this limiting pressure. 

The maximum peripheral speed of tip ever used, I think, 
was 12,400 ft. per minute in H.M.S. Viper; in H.M.S. 
Velox it is about 11,650 ft., and in the Londonderry it is 
about 11,760 ft.; but many vessels have been below 9000 ft., 
which is quite normal for ordinary destroyer practice. 

The pitch ratio for turbine propellers has been purposely 
made considerably finer than usual. Thus the pitch ratio 
for the Emerald was about 0.6 ; in Channel steamers and 
cruisers of from 18 to 25 knots it has varied from 0.8 tol, 
and in torpedo craft from 1 in H.M.S. Velox to 1.35 in 
H.M.S. Viper and 1.6 in H.M.S. Cobra, the latter vessels 
having one, two, and three screws per shaft respectively, 


at full speed being 900, 1200, an 
31 knots respectively on trial. 

The percentage of slip has varied from 28 per cent. in 
H.M.S, Viper down to about 14 per cent. in the Viking 
—Channel steamers usually having about from 17 to 24 per 
cent. For large ocean-going vessels about 16 to 20 per cent. 
may be used with due regard to other considerations of 
propeller efficiency. The section of the blades should be 
carefully designed in order to try to obtain a shape that 
will enable as high a mean pressure as possible to be 
adopted. Recent experiments in the model tank at 
Washington* seem tu show that a symmetrical section, 
as shown in Fig. 2, will materially increase the pressure 
at which cavitation commences, and also demonstrate 
that in fine-pitch high-speed screws the back of the blade 
should receive almost as much attention as the face. 


1050, for 27, 36, and 
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| Mr. 
mented resistance must also be taken | 
This latter loss, however, is materially | 


la 


This, as the author is well aware, is no new idea; but 
there have been repeated indications, especially in the 
trials of ordinary torpedo-boat destroyers, that while the 
may not be great, it is sufficient to merit attention. 
Parsons has advocated a 10 per cent. reduction of | 
pitch at the blade-tip in order to avoid excessive local | 
thrust, which might induce early cavitation ; but there | 
seems to be no advantage from departing from a true | 





* See D. W. Taylor’s paper, American Society of Naval | 
rchitects, 1904. 





91b. tolllb. At about 9 lb.—rather less possibly—the | 





* These C values are calculated from the same effective thrust in each ease. 


driven by identical turbines, the approximate revolutions | 


The tendency of late years, in reciprocating- 
|engine practice, has been to increase the ratio of pro- 

jec to disc area from the 0,2 of Froude’s classic screw, 
| and the 0.22 to 0.26 of naval practice, to about 0.33; de- 
| stroyer practice is included between this and 0.37, or even 

0.4, at which point turbine practice may be said to com- 
In this even from 0.5 to 0.56 has been used ; but 


| sive, and to obtain greater area a larger diameter must 
| be used, . . 
| The best form of blade is still undetermined. In the 
| photograph which is exhibited of the stern of the Lorena 
will be seen the usual shape adopted, and experience 
seems to show that this almost circular shape, with the 
area disposed symmetrically on each side of the centre 
line, and with the generating line of the screw at right 
| angles to the axis, gives as good results as any form. 
find that the following formula will or the diameter 
of a turbine propeller with considerable accuracy when 
| the effective thrust along the shaft is known, and this 
| must be calculated in any case if the steam balance of the 
| turbine is to be good :— 


| Diameter of propeller _ / itective thrust in pounds _ 
in feet ‘\ Coetticient 


JT 
C 

This coefficient has been deduced from the limiting 
| pressure per square inch, and the ratio of Dye to 

ig. 4, where 
| the full coefficient 400 — 900 is given in the left-hand scale, 
and values of C or s/coefficient appear in the right-hand 
margin. The square root is only extracted for simplicity, 
whereby such coefficients as 30 are obtained for H.M.S. 
| Viper; while for the Manxman, that for the centre screw 
is 36.4, and for the wing screws about 28.75. For large 
ocean-going vessels with lower designing pressures these 
values will be rather less—perhaps about 22. _ : 
| The following table gives a few propeller dimensions 
}and the corresponding coefficients, which the author 
| trusts will be of use in designing high-speed screws. 





TABLE I.—Propetier Dimensions. 


| 














, . Number vo Pitch Speed of © (Approxi- 
VESSEL. Tyre. of Screws, Diameter. Pitch. Ratio. Tip. mate). 
ft. in. ft. in. ft. per min. . 
(9 1 6 2 0 1.38 1,860 | 8* 
Turbinia Experimental 13 2 4 9 10 ‘* 31.3" 
” . ‘ {| 4 Ofowd. 1.2 \ ‘ 
Viper Torpedo-boat destroyer 8 8 4 i! 4 6aft. 1135 j 12,350 30.1 
" ; ; fl) » | 6 6 1.0 9,200 
Amethyst Third-class cruiser 3 12} 664) 510 0.898 10,000 } 30.8 
ots 6 2 56 7 0.906 10,270 26.4 
Manxman Cros3-Channel steamer 319 5 - 5 0 0.896 10,760 28.75 
‘ o §1) : { 10,550 \ 
Londonderry .. Ditto 3 12) 5 0 46 0.9 \ 11/810 j 30.8 
P . 10, 100 \ $ 
Dieppe .. Ditto 3 5 3 - =: 10,400 j 29 
Carmania Atlantic mail 3 14 (0 138 0 0.928 8,125 21 
Victorian Intermediate 3 8 9 ms oe 7,150 24.65 


| Compared with above values of C, reciprocating-engine 
| practice gives such figures as:—R.M.S, Lucania, 16.5; 
-M.S. Diadem class, 17.5; H.M.S. Exmouth class, 
|19; and standard 30-knot destroyers of 6100 horse- 
| power, 20.8, all of which have much lower ratios of pro- 
jected to disc area, and therefore a larger diameter and 
smaller C for a given power. Regarding these figures, 
it must be understood that C is an approximation only, 
and owing to the difficulty of obtaining the actual power 
in each shaft in every case, cannot be considered as abso- 
lutely accurate. Probably, however, the error involved 
is under 2 per cent. It seems likely, to some at present 
| undeterminable extent, but within narrow limits for each 
class of vessel, that the propeller efficiency is proportional 
| to the coefficient C, and this seems to be borne out by the 
| trials of the Manxman and the Londonderry. 

| Effective thrust is a somewhat subtle subject, and our 
| knowledge of propulsive efficiency is by no means what 
| it ought to be. These considerations will undoubtedly be 
brought into far greater prominence in the near future, 
and it is by no means improbable that the Admiralty or 
certain private owners will require some definite standard 
| in this, just as coal or steam consumption is regulated at 
present. The more propeller efficiency is studied and 
understood the greater will be the improvement in the 
design of turbine installations for marine work ; the tur- 
bine itself is a comparatively secondary consideration, 
and while at present propeller dimensions for turbine 
steamers can be quite as closely determined as those for 
ordinary work, the exact proportions must necessarily 
largely remain subject to modification from actual ex- 
perience. 

While a general tendency has been very noticeable 
towards increasing the propeller diameter and reducing 
the revolutions, there will, of course, some point, at 

resent undetermined, at which the triple screws used 
in turbine work will be distinctly less efficient than ordi- 
nary twin screws. Very largely, this is the case at pre- 


|sent with triple screws driven by piston-engines, on 
| account of excessive thrust deduction and interference ; 


but probably before this point is reached the weight of 
the turbines will have prevented its adoption. 

Having obtained the diameter of the propeller and the 
revolutions possible, the design of the turbine can then 
be undertaken ; but for this no furmule exist at present, 
such as are met with in reciprocating-engine practice. 

Restricting attention to the design of the Parsons type 
of turbine, a few notes on the action of the steam among 
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the blades may be of interest. Expanding through a 
definite range of temperature and pressure, steam exerts 


steam and blades are similar to those for water-turbines, | revolutions being given, the ratio of Vt to Vs must be 


but in practice some modification is necessary, and the 


the sume energy, whether it issues from a suitable orifice | best ratio of blade speed and steam speed is still a matter 


or expands against a receding piston. Two transforma- 


tions of energy take 


|of opinion. The ideal condition for impulse turbines 
place in the steam-turbine—first, | occurs when the peripheral velocity of the buckets is one- 


settled, from which the steam speed can be obtained ; it 
isa convenient assumption at the beginning of any design 
to consider the turbine as parallel throughout and of 
constant efficiency, and to design on this basis. The 


from thermal to kinetic energy ; secondly, from kinetic | half that of the jet; or in rexction turbines, when it is | numberof rows N on one diameter can be found by work- 


energy to useful work. The latter alune presents an 
analogy to the hydraulic turbine, the radical difference 
between the two lying in the low density of steam com- 
pared with water, and the wide variation of its volume 
under different temperatures and pressures. 

Fig. 5 gives a sectional elevation of a marine turbine 
blading arrangement, and though this is only for a 
high-pressure cyliader, the principle is exactly the same 
throughout. The expansion, which is approximate 
adiabatic, is carried out in this annular chamber from 


| equal to it. 


The Parsons turbines, however, have been built with V ¢ 
(Fig. 7) varying from 0.25 to 0.85 of V s, where Vt repre- 


| sents blade velocity at mean diameter, and V s the steam 


8 due to expansiun across the row in question. A 


| very usual ratio in electrical work for large units has 


been y = 06, but this involves a greater number of 


1 ~- 
x | rows than is possible in marine work, and the ratio must 


to B, which essentially resembles a simple divergent | be reduced. These ratios need very careful calculation. 


steam nozzle, but with this difference: that whereas in a 
nozzle the heat energy of the working steam is expended 
upon itself in producing high velocities, in the Parsons 
turbine the tutal expansion is subdivided into a number 
of steps, in each of which a certain dynamic relationship 


x A ° N29! 
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between jet and vane is maintained. The expansion of 
steam at any one stage is typical of its working through- 
out the turbine. Each s' consists of a ring of stationary 
blades which give direction and velocity to the steam, 
and a ring of moving blades thas immediately convert the 
energy of velocity into useful torque. The total torque 
on the shaft is due to the impulse of steam entering the 
moving blades and to reaction as it leaves them, this 
process being repeated throughout the turbine. 

_ Leakage past the ae ae of the spindle at D 
is almost entirely preven y the ingenious form of 
frictionless packing, shown on a larger scale in Fig. 6. 
The fine clearances and the sudden increase of section 
have the effect of alternately wire-drawing and expand- 
ing the steam, so that at successive grooves it mes 
increasingly difficult for the steam to leak past the fine 
clearances. In the astern turbines a radial form of pack- 
ing, depending on fine tip clearances, must be adopted 
owing to the difference in expansion between spindle and 
cylinder. Numerous varieties of these forms of king 


exist, some of them being extremely efficient in their 
action. 


The laws governing the best theoretical velocity of 





The steam consumption must be accurately known in 
order to proportiun them correctly throughout the tur- 


| bine, and the necessity (which is inevitable with the 
| present form of caulking-piece) of having the same area 


of openings in so many rows, while the stex»m volume 
16 
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increases so rapidly, adds to the difficulty of close calcu- 
lation. The potential energy of the steam, corresponding 
to the ‘“‘head ” in water-turbines, can easily be calculated 
for given pressure differences :— 
B.Th. U. x 778 = energy in foot-pounds per pound 
of steam = ¢. 


For a given blade velocity it is obvious, then, that the 
speed ratio between jet and vane must affect the number 
of stages, and the greater the ratio of Vi to Vs the 
greater will be the required number of rows—that is, to 
obtain the required V s at each stage a smaller pressure- 
drop per row is necessary, or vice versa. 

he best blading arrangement, scientifically and com- 
mercially, is the result of much theory and practice. The 
mean diameter is an arbitrary dimension capable of wide 
variation without affecting the efficiency, provided that 
the number of rows is correct; it is found by assuming, 
from experience, a blade velocity, whence 
Mean diameter in in. = REM 
To arrive at the corresponding number of rows, the 
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Blade velocity in ft. ner sac, x 228 |.) barrel, N 


| 


ing out the British thermal units necessary to give a 
certain steam speed at each row (see Fig. 8), the available 
energy divided by the ae is desired to abstract at 
each row will give the number of rows required. This 
result may be arrived at by various ways, but the prin- 
ciple involved is the same in each case. Numerous em- 
pirical coefficients for approximating steam speeds and 
the corresponding number of rows are obtainable from 
experience, and are similar in use and value to the Ad- 
miralty coefficient ; that is, while they represent a crude 


| method of doing something that should be done more 


scientifically, they are very simple and capable of rapid 
handling. Being, however, on long and costly 
experiments, much reticence is observed regarding their 
publication. Varying, of course, with the steam pressure 
and vacuum, the number of rows on one diameter would in- 
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TABLE II.—Marine Work. 
| Peripheral Vane 
Speed. Mean Number 
" | Ratio of of 
Type of Vessel. | Vt— Vs. | Shafts. 
| High | Low 
| Pressure. | Pressure 
High-speed mail 
steamers P ..| 70to 80 | 110 to 130; .45 to .5 4 
Intermediate - speed} | 
mail steamers .-| 80,, 90) 110 ,, 135) .47,, .5 | 3 or 4 
Channel steamers | 90 ,, 105 | 120,, 150) .37 ,, .47| 3 
Battleships and larg:| 
cruisers... | 85 ,, 100/116 ,, 185, .48,, .52) 4 
Small cruisers . . ..{L05 ,, 120 | 180 ,, 160 .47 ,, .5 3or4 
Torpedo craft .. --|110 5, 130 | 100 ,, 210 .47 ,, 51 By, 4 
Electrical Work. 
| Peripheral Vane Speed. 
Normal = Number of Revolutions 
Output of Rows. | per Minute. 
Turbine. First Last 
Exp i Exp i 
kilowatts 
5000 | 135 330 70 750 
3500 138 280 75 1200 
2500 | 125 300 84 1360 
1500 125 360 72 1500 
1000 =| (125 250 1800 
750 | 125 260 77 2000 
500 | 120 285 60 3000 
250 | 100 210 72 3000 
75 100 200 48 4000 


volve an exeessive length of turbine and also inconvenient 
blade heights. It is therefore usual to divide the rotor 
into three or more stages, which have the advantage of 
shortening the turbine and reducing the number of rows. 
If n = the fraction of power developed in the first cylinder 


number of rows in the first barrel, and 


n 
with the alteration of diameter and increase of blade 
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velocity in the succeeding stages, the number of rows on 
other barrels are so altered as to keep, for equal powers 
and efficiencies :— 

(Blade velocity)? x Number of rows = constant. 


The vane speeds adopted in practice vary considerably ; 
for some time 100 ft. per second was regarded as a 
standard for the first row, and I think the Westinghouse 
Company at Pittsburg was the,first to make a radical de- | 
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parture in this, and adopt far higher s s. The maxi- 
mum vane speed used for the Parsons blading is, as far as 
the author is aware, about 375 ft. per second in the 
low-pressure blades and 170 ft. in the high-pressure 
blades of electrical turbines; the lowest speeds used 
are in marine work, and are only about one-third 
of these. To some extent blade speed is governed 
'y blade height; the speed should be so modified that 
this may be at least 3 per cent. of the mean diameter 
to reduce the proportion of clearance losses. Leakage 
over the tips of the blades is, perhaps, not so detrimental 


on account of actual leakage loss as in its superheat- 
ing effect on steam between the row past which it leaks 
and the last row, because this reheating effect upsets cal- 
culations regardi 
volume, and thereby affects the fluid efficiency, This 
leakage over the tips must be taken into account in 
designing reaction turbines. Tem 
influence the clearance, and the stiffer the cylinder is to 
resist distortion due to heat, the less it may 
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openings: by increasing the steam 
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same low peripheral blade speed other types of turbine 
are unsuitable on account of the im 


the steam velocity sufficiently without abnormal weight 
and inefficiency. 


owe required is not sufficient to enable a reasonable 
lade b i 


neight to be adopted, and it is this consideration— 
age over blade-tips—that curtails 
of turbine. For the 


ibility of re ducing 


The smallest size of marine turbine is usually larger 
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clearance diagram based on measurements off a large 
number of machines is given in Fig. 9. 

In Table II. the vane speeds adopted in various classes 
of work are given, and the reduction in peripheral speed 
on account of the propeller reducing the revolutions, and 
the necessary proportion of blade height modifying the 
diameter, may be ee seen. To this combined action 
is due the fact that only in the faster classes of vessels, 
or in those small types in which some propulsive efficiency 
can be sacrificed, is the turbine applicable. In slow cargo 
steamers, though the revolutions may be high enough, 












DIAMETER IN FEET. 


than the average electrical turbine as far as power is 
concerned, and therefore does not meet with the same 
commercial considerations as the smaller sizes of the 
latter type. These are not designed for the same internal 
efficiency as the larger machines, chiefly on account of 
manufacturing cost, and they do not attain anything like 
the same efficiency compared with the Rankine cycle. 
Speaking in reply to the discussion on his paper to the 
Institution of Naval Architects, in 1903, Mr. Parsons 
said that “for all practical purposes, while the steam is 
traversing each set (of blades), as shown, it behaves like 
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an incompressible fluid, just like water would do, as the 
expansion is very small at each set. The frictional losses 
and the eddy-making losses would be practically identical 
within small limits with what they would be with water, 
and the actual forces would be in proportion to the 
density of the medium. . . . In the turbine blades them- 
selves the efficiency is between 70 and 80 per cent.” 

Using this hydraulic analogy enables us to calculate 
the number of stages required in a different manner. The 
‘equivalent head,” due to the steam pressure, may be 
found, together with that at each row necessary to give 
the required velocity, from which both the number of 
stages and the coefficient of expansion at each stage may 
be worked out. 

In the early marine designs, such as the poe 
Alexandra and H.M.S. Amethyst, the turbine drums 
were all made of the same diameter, and the higher speed 
necessary on the low pressures was got by running at 
considerably higher revolutions than on the high-pressure 
shaft ; but, followin up the increase in propeller effi- 
ciency found to be due to the use of larger screws, the 
speed for each shaft is now more nearly equal, while the 
wing drums are made larger in diameter. The vagaries 
of the following wake, however, necessitate slightly 
different propeller dimensions on each shaft, or else 
slightly different revolutions with the same screws ; and 
it is noticeable that in a triple-screw arrangement, the 
centre screw being right-handed and the wing screws 
revolving outwards, that the starboard propeller is influ- 
enced by the centre one, and almost invariably revolves 
at a lower speed. In a four-shaft design, due to the 
varying wake values at different speeds, and possibly 
also to some unequal distribution of power, the outer 
screws run slower at low speeds, and faster at high speeds, 
than the two inner shafts; but exact data as to this, and 
the possibility of allowing for it in the design, are still 
wanting. 

In all types of turbines—the Parsons, the Rateau, the 
Curtis, &c.—a certain ratio must be maintained between 
the blade velocity and steam velocity, and as steam ac- 
quires very high velocities by expansion, the blade velocity 
must be maintained either by the revolutions, or by 
large diameters, or both. As the weight increases ver 
rapidly with the diameter, and ea so wit 
the reduction in rotative speed, it is preferable to in- 
crease, if possible, the revolutions or the number of 
stages rather than the diameter, and especially should 
this be done in cases wkeze, as in the Rateau or Zoelly 
types, the weight increases more rapidly in inverse pro- 
portion to the revolutions per minute and the diameter 
than it does with other types. To increase the revolu- 
tions it may be necessary to increase the number of shafts 
and propellers, thus reducing the power per shaft and 
the effective thrust through each screw. Increasing the 
diameter of the turbine adds largely to the constructional 
difficulties, especially of the cylinder. ; 

Having obtained the number of rows and the diameter, 
the blading arrangement can be worked out in detail. 
The height of blade depends on the volume of the steam 
and the speed at which it is to flow, and also on the ratio 
of the area of exit openings between the blades to that of 
the annulus between spindle and cylinder, which is about 
one-third in normal iedes. The necessary clear area to 
pass the steam being equal to volume + velocity, and 
knowing this annular factor, say 3, for a ratio of one- 
third (or 2 for 4, &c.), then 


Height ot blade _ 


Clear area in square inches x 3 
in inches ® 


Mean circumference in inches 


The ratio of blade height to mean diameter should not 
he less than 3 per cent., or more than 15 per cent., because 
in the former the leakage will be excessive, and in the 
latter the bending moment on the blade becomes too 
great, and the radial divergence of the blades too much. 
The width of blade, the shape of séction adopted, and the 
circumferential pitch are standard considerations, and 
affect the factor 3 given above. It is not 
enlarge upon them in this paper. It may, 


remarked that for ¥ : greater than 0.6 the usual shape 


owever, be 


of Parsons’s section, as shown in Fig. 5, should be modified 
to a somewhat different form of blade, with a sharper 
entrance edge. This section is not to be recommended, 
as, owing to the necessity of strengthening the blade 
sufficiently, the metal must placed nearer the exit 
edge, thus increasing the angle between the face and the 
back of the exit edge of the blades, and giving, in fact, 
an inferior shape of opening compared with that obtain- 
able with a blade section adapted to ratios under 0.6. If, 
for the present, it is sufficient to use the blade sections 
and packin oe similar to those now adopted so gene- 
rally, in Table IIT. can be found a list of widths fora 
given height, and the axial spacing of the rows. While 
this must be kept down to reduce the length of drum, it 
must be sufficient to allow for some play in overhauling ; 
and sufficient clearance can be allowed here without 
affecting the economy. Thu openings between the 
blades to allow of the passage of the steam are very im- 
portant, and must be carefuily designed. The actual 
volume of the steam—not the volume per pound, as 
found in tables, or the volume due to adiabatic expan- 
sion, but the exact volume per pound at any point along 
the turbine—must be determined, in order to arrive at 
the desired adjustment of volocities. It is extremely 
doubtful whether the present blading arrangements give 
the best results; greater accuracy of calculation, and 
consequently improved pressure distribution and effi- 
ciency, seem likely to follow the use of a more mechanical 
blading construction. 

_Fig. 10 shows the percentage error involved in using 
either the dry volume or that due to adiabatic expan- 
sion, compared with the correct volume corresponding to 


eee to} bad 








the actual expansion in a large turbine using dry satu- 
rated steam at the first row of blades and 27 in. vacuum. 
Attention must be paid to the effect of approximately 
adiabatic expansion and the consequent moisture in the 
steam. 

For manufacturing convenience, as well as to allow 
for the expansion of the steam, the blade heights are 
stepped up ; but no rule exists for this; the blades might 
be of one or of sixty-four heights, provided the blade- 
openings are correct. It is, however, convenient to step 
them, as in Fig. 5, say, in 8 steps of 8 each, or 4 of 16— 
even 9 of 7 would do—and so avoid any great variation 
from the annular area factor 3, as shown above. To obtain 
heights and areas, it is best to plot off graphically, 
volumes, steam speeds, and clear areas required. The 
use of standard blade heights will then enable the number 
of stages and rows per stage to be determined: wide 
differences can be made in any arrangement without 
materially affecting the economy. The best arrangement 
is largely a matter of convenience and experience. _ 

The material of which blades are usually made is a 
mixture of cheap brass, containing about 16 parts of 
copper and 3 parts of tin. Alloys containing zinc are 
extremely unreliable for high temperatures, but blades 
containing about 98 per cent. of ~ have been found 
very satisfactory for use with = superheats. More 
recently a material containing about 80 per cent. of 


being largely sacrificed on account of weight and space, 
generally the mean diameter is made practically the same 
as that of the high-pressure drum. 

To a large extent the inferior manceuvring capabilities 
of the earlier turbine steamers were due to insufficient 
astern power. 

It may be remembered that in a marine turbine the 
spindle is in compression and the cylinder in tension 
when working. In electrical turbines where the end- 
thrust must be eliminated by the use of balancing pistons, 
the spindle is in tension and the cylinder is balanced. 
The shafts between the turbine bearings and the drum 
must be madeamply stiff enough, as well as strong enough, 
for any sag in the spindle will destroy the clearance. 
As will be seen from Fig. 11, the stresses due to centri- 
fugal force are very low in the Parsons turbine, and, 
except in occasional low-pressure barrels, do not exceed 
about 7500 Ib. per square inch, while at the high-pressure 
end they are usually under 2000. 

The pressure on the bearings in a turbine is only due 
to the weight ofjthe spindle, plus the negligible addition, 
in marine work, of that due to any gyroscopic action ; it 
may be taken as from 80 1b. to 90 lb. per square inch as 
long as the rubbing velocity does not exceed 30 ft. per 
second. If it does, the pressure must be reduced so that 
the product of pressure x velocity does not exceed 2500 
to 2700. In land work, 50 lb. x 50 ft. is very common. 





TABLE III.—Sranparp Biapinc DIMENSIONS. 
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Notr. —While the above represents general pra ctice, it is obvious that such a table is largely arbitrary. 


copper and 20 per cent. of nickel has been adopted, and 
this is undoubtedly the best blading material existing. 
Steel blading, drawn in the same way as the usual brass 
section, has been used in the United States with fairly 
good results. The process of drawing turbine blades 
gives an extremely tough skin to the metal used, not only 
increasing the tensile strength, but greatly decreasing 
the chances of erosion. 

It seems probable that the usual caulking piece now 
adopted will be discarded in favour of a machine-divided 
strip, into which the blades may be fitted ; and instead 
of the slotting, wiring, lacing, and soldering process at 
the tip, a similarly machine-divided shroud will be used, 
giving a far stronger construction, and enabling finer 
clearances and better workmanship to be obtained, at the 
same time considerably reducing the cost of manufacture 
and the risk of blade-stripping. 

The chief causes of the latter may be set down to bad 
workmanship in fixing the blades, defective blade mate- 
rial, excessive cylinder distortion (this is probably the 
most fruitful cause, and is a serious one, being due to bad 
design), whipping of turbine spindles (which is also due to 
design or bad_ balancing), wear of bearings (which is 
very remote), and the introduction of extraneous sub- 
stances, such as water or grit. In fact, blade-strippiug 
may be said to generally occur from preventable causes. 
Small vibrafions of very high frequency occasionally set 
up an action in certain rows of responsive length that 
fatigues the blade material, and causes the loss of blades 
without any fouling at all.* 

Due to the action of the steam, an end thrust occurs in 
the direction of the propeller, which is sreanay 
used in partially balancing the propeller thrust, thereby 
reducing the size of thrust-block necessary. A margin 
must be allowed here, and the propeller thrust is not en- 
tirely balanced by the pressure on the annulus between 
the dummy-ring diameter D, and the spindle C, Fig. 5, 
“ee the end pressure on the blades. For the diameter 

to give the required annulus, as well as that of the pro- 
peller, the effective thrust must be carefully calculated ; 
and experience shows that there is a drop in steam pres- 
sure varying from 10 lb. to 15 Ib. per square inch between 
the pipe inlet to the high-pressure receiver and the first 
row of blades, which should be considered in designing 
this balancing area. The number of rows of dummy 
packing used varies, according to the nee call judgment, 
very largely, and may be modified according to the pres- 
sure and the clearance allowed—say ; 755 in. to ;}§5 in. in 
electrical work, and rather more in marine work. 

The dimensions of the astern turbine are arrived at in 
the same manner as those of the ahead, the efficiency 


* The writer had experience of this early in 1905, when 
a 5000-kilowatt turbine, under test in one of the large 
New York power stations, shed several rows of blades. 
This difficulty has also occurred in Europe, and can be 
circumvented by an alteration in the position of the 
lacing-strip. 





The friction heat of the bearings added to that due to 
conduction through the pedestals necessitates the use of 
large oil-coolers, and in the case of very high tempera- 
tures of special kinds of oil. If hw! Po the bearing 
temperature should not exceed from 140 deg. to 150 deg. 
Fahr., though the writer has known of 190 deg, Fahr. 
being used without trouble. In marine turbines this 
pes senpectch usually much lower, Rigid bearings are 
used for marine spindles—not the flexible type adopted in 
land work, 

Space does not permit of more than passing reference 
to cylinders ; but it would be difficult to exaggerate the 
oo of very careful design in this connection. 
Cylinders, with heavy flanges on the centre line, distort 
in a very curious fashion when heated with their axis 
horizontal, and measurements taken off a hot cylinder on 
a surface-plate with micrometer gauges reveal some very 
remarkable facts. When working, the temperature along 
the cylinder falls possibly from 400 deg. to 100 deg. Fahr. 
in a distance of 6 ft. or 8 ft., and, unlike the reciproca- 
ting engine, this remains constant ; the radial expansion 
is consequently more at one end than the other; while 
at any point along the turbine the tendency is to expand 
less at the flanges than at the top and bottom. For this 
reason ample clearance must be allowed ; exactly what 
this will be when spindle and cylinder are hot is hard to 
say, but it seems most likely that the total clearance area 
will differ but little from what it is when cold. 

The longitudinal expansion when hot is often very 
marked, and in all turbines necessitates provision for the 
resultant movement at one end. In marine work the 
after end of the cylinder is secured to the vessel, the 
engine-seating also performing the function of a thrust- 
block seat, while the forward end slides forward, taking 
with it the entire shafting. The thrust-block is at the 
forward end of the cylinder, and also performs the duties 
of an adjustment block for setting the longitudinal clear- 
ances, to do which generally necessitates uncoupling the 
shafting abaft the turbine. 

The difference in expansion between the cylinder and 
—. from the thrust-block to the dummy ring, may be 
the cause of serious difficulties in large marine turbines 
unless the closest attention is paid to this feature in the 
design ; and ‘‘warming up” with these large cylinders 
needs possibly even more care than is essential with large 
piston engines. . 

On shipboard the turbine cylinders are practically 
under one’s feet, and the radiation from them is very un- 
pleasant, especially if there is any leakage from the 
glands. To all who are responsible for the lagging of 
cylinders and the system of ventilation in turbine engine- 
rooms I would call attention to the ibility of their 
having to stand a watch of from 4 to 6 hours on the top of 
the high-pressure cylinder, such as is the case in the Eden 
or Amethyst, the heat in the latter vessel being almost 
| unbearable. With reciprocating engines one stands on a 
| com tively cool lower platform with the cylinders 
| overhead, and with some chance of the hot gases rising 
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clear ; but in naval turbine work, under a low deck, this 
point has not met with adequate attention. f ; 

In the course of operation, more especially in marine 
work, where no superheaters are used, there is a distinct 
tendency for the turbine to be supplied with wet steam, 
the effect of which on the economy is very marked. 
Experiments that have been made show that the per- 
centage increase in consumption is about twice that of 
the moisture in the steam. For instance, with 2 per 
cent. of moisture in the steam at the first row, the con- 
sumption is increased about 4 per cent. 

A considerable amount of data on the performance of 
turbines, compared with reciprocating engines for marine 
work, is now available. The Admiralty has had tested 
both cruisers and torpedo-boat destroyers exactly similar 
but for their engines and propellers, and trials of the 
Midland Railway Company’s steamers and other cross- 
Channel boats have corroborated the results regarding 
economy obtained from the naval vessels. In Fig. 12 is 

iven the steam consumption per unit of power of 

4.M.8. Amethyst* compared with that of several recent 
warships, and it is noticeable that only below from 55 to 
60 per cent. of their full speed does the consumption of 
the turbine exceed that of the piston engines. Very 
seldom do vessels steam below these speeds. Cruisers 
carrying relief crews to the China or Australian stations 
usually proceed at about 60 per cent. of full speed, and in 
the Atlantic manceuvres of 1903 nearly 80 per cent. of full 
speed was maintained by the large fleets, whilst the 
Japanese battleships bui.t in England made their first 
voyage to Japan at about ‘\4 per cent. of their full speed ; 
at which ratio the consumption per indicated horse-power 
of both the Hindustan and Dominion, representing very 
recent battleship construction by eminent builders, is 
materially in excess of that of the first installation of 
warship turbines (not including the destroyers). The 
total consumption of H.M.S. Amethyst and Topaze, 
slotted on a base of power, is given in Fig. 13, while 
ig. 14 shows that for the Midland Railway boats.+ 
The progressive trials of H.M.S. Amethyst are shown 
in Fig. 15, and in view of the results obtained from 
these various vessels, the whovesale adoption of turbine 
machinery in the Royal Navy is not surprising. ; 

It is probable that the adoption of cruising turbines 
will be discontinued before long, and this view seems 
to be corroborated by the consumption trials of the 


* Since the above-mentioned results were obtained, the 
steam-piping has been altered, so as to permit the auxi- 
liary exhaust steam to pass through the main low-pressure 
turbines when desired. This arrangement considerably 
decreases the consumption of low speeds, bringing the 
Amethyst’s consumption below that of her sister-ships 
down to 10 knots, or about 45 per cent. of full speed. 

+ Fig. 14 is —— from the results given in Mr. 
Gray’s paper to the Institution of Naval Architects, 
July, 1905 
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Midland Railway steamers, Down to 60 per cent. 
of her full —, the Manxman required less water 
than the highly-efficient Antrim ; and with a different | 
blading arrangement in the main turbines, such a re- 
sult should be equalled, if not improved on, in war- 
vessels, The additional complication involved with two 
cruising turbines and their accompanying leakage and 
receiver losses, together with a considerable increase 
in weight and space occupied, largely modifies any advan- 
tages obtainable in the way of reduced consumption at 
lower powers, An improved (and easily obtainable) de- 
sign of main turbine-blading should give a better result at 
the highest powers, practically the same at intermediate 
powers (as in the case of H.M.S, Amethyst, from 14 to 20 
knots) and only slightly inferior at speeds below 14 knots, 
while it will undoubtedly admit of greater ease of handling 
and be much simpler. Ina triple-shaft arrangement the 
unequal distribution of power on the wing-shafts, due to 
the use of cruising-turbines, is a distinct disadvantage : 
the fluctuation in rotative s , due to shutting-off the 
high-pressure cruising-turbine, may be seen from the 
trials of H.M.S, Amethyst. 

One of the low-pressure rotors of the Allan Line steamer 
Victorian is illustrated by the photograph exhibited. This 
rotor is 8 ft. in diameter, and carries eighty rows of 
blades, varying successively from 1} in. to 7 in. in length. | 

Another photograph shows the complete blade rings of 
a Willans turbine, the machine-divided construction of 
which, coupled with the strong form of shrouding 
adopted, presents such great advantages over the present 
unmechanical system that its universal adoption may be 
expected in the near future. 

n conclusion, the writer would remark that it is im- 
possible in the scope of a paper such as this to touch 
more than lightly on a subject which is of such vast im- 
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only because it has been so thoroughly merited, but 
because it will ensure the continuance of Sir John at the 
Admiralty beyond the period permissible under his 
former rank. 





THE TURBINE-DRIVEN CUNARD LINER ‘‘CARMANIA.”— 
We regret that last week’s issue of ENGINEERING, con- 
taining the series of engravings of the Carmania and her 
turbine machinery, is out of print, notwithstanding that 
the issue was very much larger than under ordinary con- 
ditions. As the demand for copies continues, we have 
reprinted the article on the Carmania in separate form. 
This reprint (price 1s.) includes several engravings in 
addition to those published in ENGINEERING last week. 





VELOGRAPHY.—This is the name given to a new method 
of reproducing tracings by means of which copies on 
various papers and tracing linen may be obtained in us 
little time as a quarter of an hour. The copies are exactly 
to the same scale as the original, as they are not treated 
with liquid for development, whilst the lines, being in 
black printing ink, are permanent, and allow of such 
colouring as may necessary for a finished drawing. 
The process is the invention of, and is being introduced 
by, Messrs. Norton and Gregory, Limited, of Castle-lane, 
Buckingham Gate, S.W. 





A New Automatic Firk-ExTINGUISHER AND ALARM. 
—The Expansion Sprinkler Syndicate, Limited, of 58a, 
Fountain-street, Manchester, have fitted up the works of 
the London Essence Company, Limited, at Camberwell 
Green, S.E., with a new system of automatic sprinklers, 
and tests of the system were recently carried out in the 
presence of a large number of gentlemen interested in the 

uestion of fire protection. Pipes were run along under 
the ceilings of the rooms to be protected, which are fitted at 
intervals with short vertical close-ended glass tubes, held 
by glands. Above each glass tube is a small metallic um- 
brella with serrated edges. Pivoted near each tube is a 
weighted lever, which, if allowed to fall, would break the 
glass. The lever is held up by a small trigger attached 
to the centre of a halloentel span of stretched copper wire, 





portance. Many of the points dealt with above, such as 
cavitation, blading, cylinder design, &c., would require a | 


and a very slight expansion of the latter will release the 
trigger. These pipes, however, are normally empty, so 

















volume to describe. While turbines perhaps are still in | that no harm is done by an accidental breakage of the 
their infancy, they are already largely supplanting the | glass. They are isolated from the water main by valves, 
reciprocating engine in many types of vessels. The next | held to their seatings by og a air. The compressed- 
few years will undoubtedly show as great an improvement | air pipes also traverse the building, and are fitted with 
as has taken place since the advent of the King Edward, | tubes and levers very similar to those on the water- 
barely five years ago, the more especially as the subject | pipes. If a fire occurs a tube on the air-pipe is broken 
will, henceforward, be engaging the attention of all engi- | and water is allowed to fill the sprinkler pipes ; continu- 


| neers instead of a few specialists ; and that this improve- | ance of the fire will start the sprinklers. It is thus seen 


ment will more than justify the policy of the Admiralty | that an accident to either set of pipes will involve no 
and of the Cunard Company is already certain. | damage by water. The air pressure is supplied by a 

It should be a matter of some satisfaction to the |small hand-pump, and gauges attached to each circuit 
members of this Institution that the present status of the | indicate the pressure existing. If through leakage the 
marine turbine, if not absolutely due to the Clyde alone, | pressure falls below a certain amount, the needle of the 
is, at any rate, entirely a product of Great Britain, | gauge closes an electric circuit, and gives warning ; while 
if the pressure is relieved altogether, a large shield on the 
tail of the needle uncovers the word ‘‘ Fire” on the dial, 

ADMIRAL OF THE FLEET Sir JOHN Fisuer, G.C.B.— | the bell ringing as before. The tests mentioned were 
The promotion of Sir John Arbuthnot Fisher, G.C.B., | completely successful, warning being given in from 17 to 
O.M., to the rank of Admiral of the Fleet, announced on | 27 seconds, and the sprinklers coming into action from 
the 5th inst., will be received with great satisfaction, not | 33 to 57 seconds after the fires were lit, 
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* See page 741 ante. 





IN our report of the Motor-Car Show recently held 
at Olympia* we made brief reference to the 32-horse- 
power Siddeley car shown by the Wolseley Tool and 
Motor-Car Company, Limited, of Birmingham, and 
We are now able to illus- 


trate the chdssis and mechanism of this car on our 


two-page plate, and on th 766 | 
and ee  ~ nd on the present page and pages 766 


ig. 1, above, is a side elevation of the chdssis 
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with engine in position; Fig. 2 is a plan; Fig. 3 is 
a sectional plan of the bevel drive to the sprocket 
shaft. On the two-page plate, Fig. 4 is a side eleva- 
tion of the motor in section ; Fig. 5 a sectional end 
view ; Fig. 6 a plan of the motor ; Fig. 7 is a sectional 
side elevation to enlarged scale, through the valve- 
boxes, showing the a al in position; Fig. 8 shows 
the mechanism for actuating the admission-valves ; 
- Fig. 9 the operating gear for the exhaust-valve ; and 
Fig. 10 is an enlarged view of part of Figs. 5 and 9, 
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we 


illustrating the method of securing half compression for 
facility in starting the engine by hand. Fig. 11 shows 
the steering-rod, with connections for obtaining vari- 
able lift of the valves, and the governor ; Fig. 12 is an 
end view of part of the motor with the valves not in 
place, the position of the fan being indicated ; Fig. 13 
is a sectional plan of the gear-box, and Fig. 14 an end 
view of the same. Fig. 15 shows the sprocket-wheels 
in elevation, and Fig. 16 the same in plan ; Fig. 17 is 
a sectional view of the end of the back axle and the 
sprocket-wheel. Turning to the perspective views, 
Fig. 18 on page 768 shows the motor ; Fig. 19 shows 
the magneto with the sparking arrangement; Fig. 20 
a cylinder with inlet-valve box and exhaust-valve in 
position; Fig. 21 shows the inlet-valve box sepa- 
rately with the ey arrangement; Fig. 22 the 
universal joint next the clutch ; Fig. 23 the gear-box 
with cover removed ; Fig. 24 the differential gear-case 
and sprocket shaft; and Fig. 25, page 766, the main 
cam-shaft. 

The chdssis now illustrated is registered as 32 horse- 
power, but the petrol motor will give off 45 horse- 
power on the brake, and this is obtained at the com- 
paratively moderate speed of 900 revolutions per 
minute. 

The chdssis proper, or frame, is of pressed nickel 
steel, the side om being straight from end to end, as 
shown in Fig. 2, and of channel section, tapered verti- 
cally (see Fig. 1), the maximum depth being 5 in. 
The width of the frame to take the y is 2 ft. 10 in. 
Two lengths of wheel-base are made, one 10 ft. 2 in., 
and the other 11 ft. 8in. For the former the space 
occupied by the body behind the dash-board is 
7 ft. 8 in., and for the longer wheel-base the body 
space is 9 ft. 2 in.; the distances from the dash-board 
to the centre of the back axle being 6 ft. 8 in, and 
8 ft. 2 in. respectively. The shorter wheel-base per- 
mits of a side-entrance body ; whilst a double 
brougham, a long shooting brake, or a private omnibus 
can be mounted on the longer chdssis. The track is 
The back springs, which, as will be seen, 


4 ft. 7 in. 
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are semi-elliptic, are carried beyond the frame, their 
length being 4 ft. 2 in. ; whilst the front spriags are 
3 ft. lin. long. The road wheels are 36 in. in dia- 
meter, the driving-wheels having 5-in. tyres, and the 
front wheels 3}-in. tyres. By the arrangement an 
exceptionally wide ‘‘ lock” is secured —that is to say, 
the front wheels can be turned through a considerable 
angle, there being 10 in. between the frame and wheel. 
The front hubs run on ball-bearings, and the steering 
axles are mounted with ball thrust and pivot b2arings 
in the swivels. 

The motor, as will be seen, is of the vertical type, 
the four cylinders being each 5} in. in diameter with 
a 5-in. stroke. The cylinders are cast separately, with 
their respective water-jackets and heads in one, as 
shown in Figs. 4 and 20, and are mounted on an 
aluminium crank chamber, the bottom of which may 
be removed without disturbing the main bearings, as 
shown in Fig. 4. The crank-shaft is of Vickers steel, 
there being three main bearings of phosphor bronze, 
and, as will be seen by Fig. 4, they are of con- 
siderable length. The valve arrangement is shown 
in Figs. 4 to 10, and is further illustrated by 
the perspective views, Figs. 18, 20, and 21. The 
half-compression device, to which further reference 
will be presently made, is an ingenious feature, 
recently introduced by the firm, | means of which 
the work of starting the engine by hand is much 
eased, The admission-valves, plainly shown in the 
right-hand part of, Fig. 7, are easily accessible, being | 
placed in independent valve-boxes (see Fig. 21), bolted | 
to the cylinder top and to the admission-pipe. With | 
this arrangement the valve-box with its valve can be 
readily removed for examination. There is no hand- 
throttle, but control of the engine speed is obtained | 
by the variable lift of the admission-valve, in a manner | 
to be presently explained. The cam-shaft (sec Figs. 5, 





| nearly over the top of the piston. 


which fits iato the hole in the sleeve, as shown. In 
this way the —* of the plunger is direct to the 
valve when working normally, whilst with the half- 
compression in action the power is taken through the 
sleeve, and then by way a the screw to the plunger. 
The latter method naturally tends to wear the threads ; 
but as it only occurs for a few revolutions occasionally, 
the matter is of little importance. 

The variable-lift device for the admission-valves, 
also previously mentioned, is shown by Figs. 7 and 8, 
as well as in the general drawings. It is also illustrated 
by the perspective views, Figs. 20 and 21, the latter 
perhaps giving the clearer idea. The arrangement is 
extremely simple. The pin which forms the pivot of 
the tappet lever that depresses the valve is mounted 
in an eccentric held in the main casting. It will be 
evident that by turning the eccentric the lever will be 
raised or lowered, and the extent of opening of the 
valve will be thus regulated. The mechanism is 
peony from the steering-wheel by means of the fork 
shown in Fig. 21, and the rod partly illustrated in 
Fig.7. The variable lift for admission-valves has been 
found a great convenience in rr It gives what 
is known in motor-car language as ‘‘ flexibility ” to the 
engine, and in the present case we are informed the 
speed of turning may be reduced to 200 revolutions 
per minute without danger of missing fire, or of 
running irregularly ; in fact, the limit of slow running 
of the engine is that set by the power of the fly-wheel 
to effect the compression stroke. The engine imme- 
diately responds to increased lift of the valves, increas- 
ing its speed without the pause accompanying throttle 
control. The induction-valves are of large diameter, 
but have small lift, so as to give good volumetric effi- 
ciency. They are placed eccentrically (Fig. 5) above 
the exhaust-valves in order to admit the mixture more 
The valve-casing is 


engine through gearing, oil being forced by pressure 
through pipes. Crank-pin brasses are lubricated 
through holes in the crank-pins. There is an oil- 
reservoir on the dash-board, and a reserve tank, the 
lubricator being filled by pressure. Cooling water is 
circulated by a gear-driven centrifugal pump, and 
arrangements are made for completely draining the 
water circulation when needed, so as to obviate 
damage through frost. 

Turning from the engine to the transmission 
mechanism, the clutch, shown in section in Fig. 4, 
is of the cone type, and is leather-faced, springs being 
fitted under the leather for easing shocks when taking 
up the drive. It is mounted on an extension of the 
crank-shaft, so that the two parts remain in alignment, 
and when the clutch is engaged the thrust is self- 
contained—that is to say, the spring reaction is taken 
on the crank-shaft itself, so that no pressure is put on 
the bearings. ‘The spring is shown in Fig. 4, it being 
concealed in the universal joint, Fig. 22. The nut 
and lock-nut by which ths tension of the spring is 
adjusted are well shown in the latter illustration. 
The form of universal joint used is shown in the per- 
spective view, Fig. 22. The gear-box, shown in 
Figs. 13 and 14, and in the perspective view, 
Fig. 23, is supported, like the engine, indepen- 
dently in the frame, the drive from the former to 
the latter being through a shaft with universal 
joints. The change-speed mechanism is separate 
from the differential gear. The former is of the 
sliding spur-wheel type, and the gear-box is mounted 
on transverse members by three points. The gear 
wheels are of steel, case-hardened, and give four for- 
ward speeds of 11, 22, 33, and 44 miles per hour re- 
spectively, with the engine running at 900 revolutions 
per minute. The arrangement is such that unless 
the reverse pinion isin use itis stationary. All changes 
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7, and 25) is turned from the solid with its cams, and | water-jacketed, and the exhaust-valves are made of | of speed are effected by one lever, which works in a 


is driven from the crank-shaft by a spur-wheel with 
enclosed fibre teeth, 

The half-compression arrangement of the eduction 
valves, already mentioned, is illustrated in Figs. 9 
and 10. In the former illustration the cam for actuat- 
ing the valve is shown at the bottom ; in Fig. 10, which 
is of larger scale, the cam is not shown. The cam as 
it turns lifts a plunger having at its lower end a 
roller, and this plunger in turn, as it rises, strikes the 
lower end of the prolongation of the exhaust-valve ; it 
it will be seen that the plunger is separate from the 
valve. This arrangement would be sufficient for 
ordinary working, the exhaust-valve being opened by 
the cam to let the burnt gases escape one stroke 
out of four, in accordance with the Otto cycle. It 
will, of course, be understood that the cam-shaft 
is geared in the usual manner to make one re- 
volution for two of the crank. In order to ease 
the engine in starting, the exhaust-valve is opened 
for half the compression stroke, and this is effected 
in the following way:—On the cam there will 
be seen a projection, which forms a smaller cam, on 
the side opposite to the larger cam. When the engine 
is running normally, this small cam is only sufficient 
to take up the lost motion between the plunger and 
valve; but to make it more effective the plunger is 
lengthened. To affect this the threaded sleeve, or 
long nut, is made to revolve by hand—the control 
being at the driver’s seat—-aind the plunger is caused 
to descend, as the male thread on the latter engages 
with the recessed thread of the nut. This has the 
effect of lengthening the plunger, and increasing the 
lift of the valve both on the compression and eduction 
strokes. Naturally, some of the gases escape into the 





high percentage nickel steel. 

wo types of ignition are fitted when required— 
namely, high tension by accumulator and induction 
coil, and low-tension magneto. The high-tension con- 
tact-breaker is of the wipe type, with positive earth 
return, and driven by gearing from the cam-shaft. 
Low-tension magneto is, however, the standard type. 
The low-tension magneto is of the rotary type and is 
shown in the perspective view, Fig. 19, together with 
the sparking mechanism. The magneto-machine is 
actuated by means of a cross-shaft, which is driven 
from the centre of the main cam-shaft by spiral gear, 
the pinion of which is shown in Fig. 25. The position 
of the cross-shaft is indicated in Figs. 4,6,and7. The 
magneto cam-shaft, or ignition-timing gear, runs at 
the same speed as the main cam-shaft, being also driven 
from the cross-shaft by spiral gearing, The timing of 
the ignition is altered by sliding the magneto cam- 
shaft endwise, an action which causes the teeth of the 
spiral gear to slide across each other and thus rotate 
the shaft through a small angle. The rollers on the 
cams are, naturally, made wide enough to keep on the 
cams in all positions. The arrangement ensures 
synchronisation of the sparking, and is not likely to 
get out of order. 

The carburettor (see Fig. 5) is of the automatic 
equalising type. It is controlled by a dashpot, and is 
suction-operated. It is provided with a second or 
auxiliary air inlet, controlled by a valve which is 
arranged to lift as required. The additional air does 
not pass over the jet when the suction in the mixture 
pipe exceeds a predetermined amount. In this way 
the admission of extra air is determined automatically 
by engine speed. The petrol is fed by pressure to the 


| quadrant of the gate type, the latter being shown on 
| the right-hand side of the plan, Fig. 2. Each com- 
bination has a separate division in the quadrant, and 
the various speeds are locked when oncein position—a 
good feature in the design. 

It will be seen that the change-speed gear and the 
bevel drive with the differential are in separate boxes, 
the differential being slung from the frame brackets 
at two points, whilst the third point of suspension is 
at the change-speed gear-box itself through the 
universal joint.. By this arrangement the liability 
to strain the mechanism through non-alignment is 
removed, as the universal joint takes the reaction of 
the drive. A sectional view of the bevel drive and 
differential and the sprocket shaft, with sprocket- 
wheels, is given in Fig. 3 on page 765, Fig. 24, page 768, 
being an exterior perspective view. The bevel-wheels, 
it will be seen, are held, in both directions, by ba!l 
thrusts, and are thus retained in their correct posi- 
tions. The differential gear is of the straight-tooth 
type, the teeth being short and epicycloidal, so as 
to give increased strength and greater efficiency. The 
makers calculate that the gain in strength with this 
form of tooth is 20 per cent., and have found that a 
differential gear with the usual 15 deg. obliquity is 
| insufficient for the number of teeth used, so a degree 
| of obliquity of 20 deg. or more is adopted by them. 
| This, however, sets up a heavy bursting stress letanen 
the gears, and this defect has been remedied by using 
|a short type of tooth. The arrangement was first 
introduced in this year’s design of car. 
|_ The back axle is of Vickers axle steel, and is of 
I-section. It is mounted on semi - elliptic carriage 


| springs, and the road wheels are driven by chai! s 





exhaust-pipe on the compression stroke when the half- carburettor from the supply tank, an automatic valve | from the sprocket shafts, which are carried well back, 
compression is called into play ; but this is of small | in connection with the engine exhaust maintaining the | so as to keep the chains as short as possible. The 
consequence, as it is only for a few strokes of the! pressure. For starting pressure is obtained by means | reaction of the drive is opposed by radius-rods, and 


engine. A special spring is provided to keep the | 
screw in constant thrust when the engine is at full | 
compression, This is necessary to prevent wearing of 
the metal. 
starting with half compression, it is the threaded 


When the mechanism is in position sor} 


of a hand-pump. 
The governor, shown in Fig. 7 in connection with 


of the low-speed type, and operates a balanced double- 
beat piston-valve placed in the mixture pipe, as shown 


| by this combination the desired flexible drive, un- 
| affected by the springing of the frame, is secured, 


| the gear-wheel on the cam-shaft—see also Fig. 22—is | whilst the disadvantage of a long chain is avoided. 


‘The hubs of the driving- wheels are lined with 
phosphor-bronze bushes, as shown in Fig. 17, and 


sleeve, or nut, which lifts the valve; but at full|in Fig. 11. The accelerator pedal cuts the governor|these bushes run in hardened and ground steel 
compression the valve is lifted by the plunger | outforfast driving. Lubrication of bearings is effected | sleeves, which are passed over the axle proper, the 


directly, there being a projecting part on the plunger ' by means of a mechanical lubricator, driven from the! latter being left soft. 


The sleeve is prevented 
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from rotating by being made [I)-shaped at the 
end. This arrangement has been adopted with a view 
to allowing the wheel to run, without danger, with 
little lubrication ; for if the bearing should seize, the 
axle would not be injured, so that it would only be 
necessary to rebush the hub and fit a new sleeve to 
the axle. The front axle is also of I-section Vickers 
steel. It is of the dropped type, with the jaw ends 
forged solid with it. The two axles are each forged 
from one _o without welding. The front axle 
runs on ball bearings, and the steering-swivel is also 
carried on ball bearings which take the thrust due to 
the weight and side pressure. The steering is irre- 
versible through a worm and sector, the worm being 
at the bottom of the inclined pillar, as shown in Fig. 11. 

Two independent systems of brakes are fitted, there 
being, firstly, a double-acting hinged metal-to-metal 
block brake operating on the drum fitted on the after 
end of the countershaft in the change-speed gear-box, 
the drum being shown in Figs. 13 and 23, and the 
connection to the foot-pedal in Fig. 2. The second 
system of brakes consists of enclosed internal hinged 
metal-to-metal block brakes operating on drums on the 
rear of the road-wheel sprockets, as shown in Figs. 14 
and 15. The latter brakes are actuated by cables from 
a side lever ; they are equalised to both sides and are 
double-acting. A new device has been introduced for 
operating these internal brakes, a wedge being used to 
expand the two shoes. The advantage is that a con- 
stant leverage is maintained no matter how much the 
shoes may worn; the length of the wedge sur- 
face being sufficient to ensure that it cannot be worn 
right away before the end of the motion is reached. 
Tae shoes are held in the off position by a retainer 
clipping them from underneath—not shown in our 
illustration--and are held in the on position by a 
spring. 
2-in. wheel-base is 17 cwt.; and with a 11-ft. 8-in. 
wheel-base, 18 cwt. The price of a 10-ft. 2-in. wheel- 
base chdssis is 750/.; and of an 11-ft. 8-in. chdssis, 
7751. It may be added that generally the working 
parts of this car are of steel made by the parent com. 
pany, Messrs. Vickers Sons.and Maxim. This firm 
ave made special research in order to produce a metal 
which, while light, will afford great strength. 

As will be seen by our description, the design of the 
Siddeley car has been carefully thought out, and 
—_ performances has proved the success of the 
vehicle. 








Tue InstiTuTIoN oF Civit Enoinegrs: STuDENTS’ 
Meetinc.—The first of the students’ meetings for the 
session 1905-6 was held at the Institution on Friday 
evening, the Ist inst., the President, Sir Alexander R. 
Binnie, in the chair, when a paper on “‘ An Installation 
for the Bacterial Treatment of Sewage at Neath” was 
read by the author, Mr. W. L. Jenkins, Stud. Inst. C.E. 
The reading of the paper was followed by a discussion, in 
which Messrs. H. E. King, H. S. Watson, R. J. Francis, 
C. H. Kilminster, I. J. Thatcher, J. M.S. Culbertson, 
and C. W. Wheen, Studs. Inst. C.E , took part. 


TenuaNTEPEc Rattway.—Sir Weetman Pearson has 
relaid the whole line with steel from the Atlantic to the 
Pacific. Several of the curves in the swampy region of 
Tehuantepec have been straightened, new buildings have 
been put up, and the rolling stock has been greatly im- 
proved. Both Salina Cruz, on the Pacific, and Coatza- 
colcos, on the Atlantic side, have been d , new piers 
and wharves have been built, and two or three roads have 
been made for short distances into the rubber and fruit 
regions. A new line of steamers will be run to Fran- 
cisco in connection with the Tehuantepec Railway, and a 
Japanese line will be put on to Salina Cruz, touching at 
Honolulu. On the Gulf, steamers will run to Galveston, 
New Orleans, and New York. In this way it is expected 
that in the next ten years, or until the completion of the 
Panama Canal, an enormous amount of East and West 
traffic will go over the Tehuantepec line. Nearly 
2),000,000 dols. has been expended in the improvements 
which have been carried out. 


Coyrtracts,—Messrs. Ed. Bennis and Co., Limited, of 
Little Hulton, Bolton, have recently booked the follow- 
ing contracts :—From the Wimbledon Urban District 
Council, for its electric lighting station, a repeat order 
for four stokers and com -air furnaces for their 
water-tube boilers; the Swadlincote (Derby) Urban 
District Council, two stokers and compressed-air fur- 
naces ; the Rugby Urban District Council, for its electric 
power station, two sets of stokers and natural-draught 
furnaces for Babcock and Wilcox boilers ; Messrs. Clarke, 
Chapman, and Co., Limited, Gateshead-on-Tyne, one 
set of Bennis and Miller-Bennett chain grates; the 
Patent Shaft and Axletree Company, Limited, Wednes- 
bury (Staffs), forty-six stokers and om seme nd fur- 
naces, with — coal and ash-handling plant for 
their various works at Wednesbury ; the Babbington Coal 
Company, Limited, Nottingham, repeat order for six 
strokers and compressed-air furnaces, making a total of 
Preuty-three supplied to this firm.—Messrs. Rowland 

riest, hydraulic and general engineers, Cradley Heath, 
hax e booked an order for an hydraulic testing machine, of 
150 tons capacity, for Holland, to be made entirely to 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, November 29. 

Ir has just been officially ascertained that the present 
available blast-furnace capacity of the United States 
is 28,114,000 gross tons of pig iron; of this capacity 
1,155,000 tons has been added since June 1—the pro- 
duct of fifteen furnaces, which have an annual capa- 
city of 1,982,000 tons. During this period fifteen 
furnaces have been dismantled. On November 1 
there were in course of construction sixteen furnaces, 
with a total annual capacity of 1,830,000 tons. Of 
these sixteen furnaces, three will probably be ready 
for blast in January, two in February, and two in 
March. During April three will be finished, and 
during June five more. During November several 
furnaces which have been idle since June, last year, 
have resumed. During the next ninety days fur- 
naces will blow in, which will have a capacity 
for the production of 1,000,000 tons per annum. 
Additional furnaces are projected, which, when 
constructed, will probably increase the total capa- 
city to 30,000,000 tons. In spite of the heavy 
roduction, preparations have been made to buy iron 
rom abroad ; but the present information on this point 
is not altogether clear. Large shipments of ferro- 
manganese are expected from Germany. The most 
active buyers of pig iron at this time are the makers 
of pipe, and within the past few days large quantities 
of material for that purpose have been purchased. 
Large orders are being placed for fabricated steel for 
railroad bridges and elevated work. The Harriman 
lines recently placed orders for 30,000 tons of material 
for bridges, and within two or three days 8000 tons of 
steel have been ordered for an elevated structure in 
Chicago, which was taken by the American Bridge Com- 
ny. The Norfolk and Western Railroad has ordered 
1000 tons, and has requirements for 6000 tons, which 
will be covered ina short time. The Southern Railroad 
Company is in the market for a large lot of steel, and 
an inquiry has come from the projectors of a sugar- 
refinery in the south, which calls for 8000 tons. 
During the past few days orders for steel rails foot u 
close to 100,000 tons, in which the Lehigh Valley 
Railroad contracted for 18,000 tons, and the Gould 
lines 17,000 tons. A large eastern line has placed a 
contract for 50,000 tons, but there are some de- 
tails yet to be considered as to specification. 
The business in rails was never so large before 
in the history of rail-making. The contemplated 
advance in black and galvanised sheets and tin plates, 
which is to take — on January 1, has stimulated 
demand. A large business is being done in plates and 
bars, and the mills have prospects for an enormous 
amount of ‘business between now and the end of 
the year. The steel industry is in a highly 
prosperous condition, and the managers of it are 
anxious to escape without marking up prices. There 
are advancing tendencies in coke which may force an 
advance ; but if it occurs, it will be paid by the 
smaller buyers, who are not in a position to place 
orders for delivery so long in advance as the wealthy 
railroad interests and other large consumers. 








Messrs. RicHARD Hornssy AnD Sons, Limitrep.— 
The annual meeting of this company was held on 
Monday. Mr. H. Simpson Gee, who presided, said the 
profit for the year ending September 30 was 16,767/., 
after providing for debenture interest and all prior 
charges, and 17097. was brought forward, A dividend of 
63. per share on the ordinary shares, free of income tax, 
was proposed. The chairman said that during the war 
the company’s business with Russia had been maintained, 
and not a single account had not been paid when due. 
This spoke highly for the honesty and business integrity 
of the Moscow merchants with whom the company had 
business dealings. He was afraid, however, that recent 
riots would make a difference in the company’s Russian 
transactions. 





Tue Diizrk WatTER-TuBE BorLer.—In our article on the 
performance of the Diirr water-tube boilers on the British 
armoured cruiser Roxburgh (see ENGINEERING, page 586 
ante) a slight inaccuracy om in as to the evaporation of 
these boilers on the official trials. The evaporation is 
given ‘‘ from and at 212 deg. Fahr.,” and is wrong. The 
evaporation given was the actual evaporation, as was 
shown in the complete record of the results of the 
trials in ENGIngEnING of May 26 (vol. Ixxix., pages 681 
and 706). In order to arrive at the evaporation from 
and at 212 deg. Fahr., account should, of course, be 
taken of the steam pressure of the boiler, and of the 
temperature of the feed-water. This latter during the 
first run at one-fifth power was 20 deg. Cent. ; at the 
second trial of thirty hours’ duration 21 deg. Cent.; and 
at the third trial of eight hours’ duration, at full power, 
31 deg. Cent. This therefore would give an evaporation 
from and at 212 deg., of 10.6 1b., 10.1 Ib., and 9.3 lb. of 
water per pound of coal at the respective trials, instead of 
8.85 lb., 8.4 1b., and 7.87 1b. in each case. It may be 
added that the second-class cruiser Encounter, which was 
fitted with Diirr boilers, has recently completed satisfac- 
tory official trials. At the two 30-hour trials at 25 per 
cent. and 70 per cent. of the full power the coal consump- 
tion was 1.98 lb., and at full power 2.09 lb. per indicated 
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MISCELLANEA. 


Tue works for the manufacture of artificial silk on the 
Chardonnet-Lehner, or collodion, process; on the am- 
monia process ; the viscose process ; and on the Julich, or 
Astraline, process owned by the Nobel Dynamite Trust, 
are rapidly being develo on the Continent of Europe. 


We read in the Zeitung des Vereins Deutscher Kisen- 
bahnverwaltungen that an experimental service with 
motor-omnibuses commenced in Berlin on the 19th ult., 
and gave satisfactory results. Streets in a comparatively 
unsatisfactory state of repair, and with steep gradients, 
were chosen with a view to test the new vehicles 
thoroughly. These are stated to be elegant in construc- 
in cooling the 
motor. The seats are fitted with springs, upholstered, and 
covered with plush. The vehicles are lighted by three 
incandescent lamps in the roof and two in front. 


The Council of the Iron and Steel Institute have 
comet that the annual general meeting of the Institute 
shall held in London on May 10 and 11, 1906. In 
place of the usual autumn meeting a joint meeting with 
the American Institute of Mining Engineers will be held 
in London on July 23 to 28. It is intended during the 
week following to give the American visitors an oppor- 
tunity of seeing some of the iron-making districts. It is 
anticipated that the visiting party will include many of the 
leading iron-masters who entertained the Iron and Steel 
Institute in America in 1890 and 1904. The Lord Mayor 
of London has kindly consented to act as chairman of the 
London Reception Committee, and to give an evening 
reception at the Mansion House. 


In a recent issue of the Journal of the American Che- 
mical Society, Mr. Joseph H. Goodwin describes some 
properties of metallic calcium, a metal which is easily 
prepared by electrolysis from its chloride, provided 
certain precautions are taken, and the operation is con- 
ducted on a sufficiently large scale. The metal he finds 
has a specific gravity of 1.54, and is thus much lighter 
than aluminium. In the dense state it can be readily 
forged by heating it to about 300 deg. to 400 deg. Cent., 
when it is soft as lead. Its tensile strength is 8710 lb. 
per square inch, and it has considerable ductility. In 
conductivity it ranks next to aluminium, its specific re- 
sistance being 3.43 microhms per cubic centimetre. If, 


P| however, conductivities are compared weight for weight, 


instead of bulk for bulk, it stands second on the list, being 
surpassed by sodium only. 


In a lecture on mining in ancient and modern times, 
delivered before the Chartered Institute of Secretaries, 
on December 6, Mr. Bennett H. Brough explained some 
of the mining appliances that were now used and that 
were used in early days, and traced the improvements in 
methods and machines which have rendered it pos- 
sible to mine with profit copper ore in the Lake 
Superior district at a depth of 5000 ft., gold ore 
at the New Chum Railway Mine in Victoria at 
a depth of 4226 ft., and coal at the Pendleton Mine, 
near Manchester, at a depth of 3500 ft.; to work 
with profit at Kimberley rock yielding one-tenth of a 
carat of diamonds per load, or, when only one-hundred 
millionth of the stuf ¢ coming out of the mines is diamonds ; 
to work with profit at the Atlantic Mine, Lake Superior, 
rock containing seven-tenths per cent. of ore of copper ; 
and for a gold mine at Bendigo to pay a dividend on a 
yield of 2 dwt. to the ton of ore. 


In the southern part of the State of Dakota the sand- 
stone formation carries a large quantity of water, which 
has been tapped to a great extent by artesian wells. The 
pressure of the water in these wells is so great that in 
the eastern part of the»State it is possible to obtain a 
surface flow of water on all but the very highest 
lands. In the south-east corner the head is lost. East 
of the Missouri River more than 1000 deep wells have 
been sunk, most of them being from 500 ft, to 
1000 ft. deep, and these generally yield a good supply 
of water, which is mostly used for irrigation. The esti- 
mated flow from these wells is about 7,000,000 gallons 
per day. What may be called a phenomenal well is 
situated at Springfield, the flow from it being about 
3292 gallons per minute. It furnishes power for a 
36-barrel flour- mill by day and for an electric-light 
plant by night. There is said to be no evidence at 
present of a failure in the supply. The source of the 
supply is supposed to be in the- Black Hills and in the 
Rocky Mountains. There are large areas in Central 
South Dakota which have not yet been developed. 
Although in this region the Dakota sandstone lies deep, 
it is said not to be too deep for To. There are 
several wells in the State which show surface pressures 
of over 175 lb. per square inch, and there are two in 
which it is slightly over 200 Ib. per square inch. This 
latter pressure indicates a pressure at the bottom of the 
well A about 780 lb. per square inch. 








“DLirrte Hustter” Exvecrric Drit.—A variable- 
speed portable electric drill of handy form is now 
being made by the Armorduct Manufacturing Com- 
pany, Limited, 6, Farringdon-road, London, E.C. The 
Sill can be adjusted to three speeds, which are changed 
from one to the other, not by means of resistances, as is 
usually the case, but by gearing. The motor is shunt- 
wound, and gives its full power at the different s 8, 
and self-adjusting carbon brushes are employed. It 
cannot be burnt out by being overloaded on account of 
the overload device in the plug-top. This is in the form 
of a maximum cut-out, which, in case of overload, 
stops the tool. When the overload is removed, the tool 
restarts automatically. The motor is started and stopped 





by a switch actuated by the thumb. 
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MOTOR( R COMPANY, LIMITED, ADDERLEY PARK, BIRMINGHAM 


— see Page 760.) 
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NOTICES OF MEETINGS. 


Tue NortH or ENGLAND INstTITUTE OF MINING AND MECHANICAL 
Ene@tneers. —Saturday, December 9, in the Wood Memorial Hall, 
Newcastle upon-Tyne, at 2p.m. The following papers will be 
read or taken as read :—‘‘ Report of the Committee upon Mecha- 
nical Coal-Cutting : Part I1l.—Heading Machines.” ‘‘ The Great 
Planes of Strain in the Absolute Roof,” by Mr. H. W. G. Halbaum. 
The following paper will be open for discussion :—“* An Outbreak 
of Fire, and its Cause, at Littleburn Colliery,” by Mr. M. F. Holli- 
day (Trans. Inst. M.E., vol. xxix., page 294). 

Tue STAFFORDSHIRE IRON AND Stee. Instrrure.—Saturday, Dec- 
ember 9, at the Institute, Dudley, when Mr. Frank Somers will 
read a paper on ‘‘ The Manufacture of Forgings—with a Descrip- 
tion of an Hydraulic Pressing Plant.” The paper will be illustrated 
by lantern views. Chair to be taken at 7 p.m. 

Tue INSTITUTION OF MECHANICAL ENGINEERS : GRADUATES’ Asso- 
CIATION.—Monday, December 11. A paper will be read by Mr. A. 
W. Waddy (Graduate), on “ Organisation in Small Engineering 
a. Mr. J. Rossiter Hoyle, Member of Council, will occupy 
the chair. 


Society or Arts.—Monday, December 11, at 8 p.m. Cantor 
Lectures. ‘‘The Measurement of High-Frequency Currents and 
Electric Waves,” by Professor J. A. Fleming, D.Sc., F.R.S. 
(Lecture III.).—Tuesday, December 12, at 8p.m. ‘“ Historical 


Pageants,” by Mr. Louis N. Parker, F.R.A.M. Sir Marcus Samuel, 
Bart., Vice-President of the Society, will preside.—Wednesday, 
December 13, at 8 p.m. ‘The Commerce and Industries of 
Japan,” by Mr. W. F. Mitchell. His Excellency the Japanese 
Minister will preside.—Thursday, December 14, at 4.30 a= 
Colonial Seciion. ‘Glimpses of French Canada,” by the Hon. 
Rodolphe Lemieux, K.C., Solicitor-General of Oanada. The 
Right Hon. Lord Strathcona and Mount Royal, G.C.M.G., High 
Commissioner for the Dominion of Canada, will preside. 

Tue Surveyors’ InstiruTion.—Monday, December 11, when a 
paper will be read by Mr. J. J. Done (Fellow), entitled ‘‘ Valuations 
for Mortgage.” The chair will be taken at 4 p.m., this being one 
of two ordinary general meetings held for the convenience of 
country members in the afternoon instead of in the evening. 

Tae InstiTuTe oF MARINE EN@INEERS.—Monday, December 11, 
at8 p.m. Paper by Mr. R. Mackenzie (A iate Member), on 
“Some Experiences with CO. Cylinders.” 

Tue Roya Scortisu Society or Arts.—Monday, December 11, 
at 8 p.m., in the Hall, 117, George-street, Edinburgh. Professor 
T. Hudson Beare, President, will occupy the chair. The follow- 
ing communication will be made:—‘*On Modern High-Power 
Gas-Lighting (No. 4883),” by Mr. Henry O’Connor, Assoc. M 
Inst. C E., P. Pres. Soc. Eng. 

Tue ENGINEERING AND Scientiric Association oF IRELAND. — 
Monday, December 11, at 7.45 p.m., at the Royal College of 
Science, Stephen’s Green, Dublin. Paper :—‘‘ The Law of Con- 
tracts,” by Mr. A. P. Rynd, Member, B.L. 

Tue INSTITUTION OF CIVIL ENGINEERS.—Tuesday, December 12, at 
8p.m. Paper to be further discussed :—** The Steam-Turbine,” by 
the Hon. Charles Algernon Parsons, C.B., LL.D., F.R.S., and Mr. 
George Gerald Stoney, MM. Inst. C.E.—Students’ meeting, Friday, 
December 15, at 8 p.m. Paper to be read :—*‘ Tests of Street Illu- 

ination in Westminster,” by Mr. E. E. Mann, B.Sc., Stud. Inst. 
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O.E. Mr. E. W. Monkhouse, M. Inst. O.E., will occupy the chair. 

Tue Institution oF ELzorricAL ENGINERRS: GLASGOW SECTION. 
—Tuesday, December 12, in the large Lecture Hall, 207, Bath- 
street, Glasgow, at 8p.m. ‘‘ Recent Advances in Wireless Tele- 
graphy,” by Mr. J. Erskine-Murray, D.Sc. (Member). The paper 
will be illustrated by experiments. 

Tuer Farapay Society.—Tuesday, December 12, at 8 p.m., in 
the Library of the Institution of Electrical Engineers, 92, Vic- 
toria-street, S.W. The following papers will be read :—‘ The 
Physics of Ore Flotation” (with experiments), by Mr. James 
Swinburne and Mr. G. Rudorf, B.Sc, Ph.D. ‘* The Concentra- 
tion of Metalliferous Sulphides by the Flotation Process” (with 
experiments), by Professor A. K. Huntington. ‘‘The Ions of 
Pure Water,” by Professor James Walker, F.R.8. 

LIVERPOOL ENGINEERING SocieTy.—Wednesday, December 13, at 
8 p.m., at the Royal Institution, Colquitt-street, when a paper 
will be read by Mr. P. Barrett Coulston, M.I.M.E., entitled ‘‘ The 
Use of Electric Power in Collieries.” 

Tue INsTITUTION OF ELECTRICAL ENGINEERS : BIRMINGHAM LOCAL 
Section.—Wednesday, December 13, at 7.30 p.m., in the large 
Lecture Theatre, the University, Edmund street. A paper will 
be read :—‘‘ Two New Electricity Meters” (illustrated by demon- 
stration), by Mr. S. H. Holden (Member). 

THE ASSOCIATION OF ENGINEERS-IN-CHARGE.—Wednesday, Decem- 
ber 13, at 8 ~ at St. Bride’s Institute, Bride-lane, Fleet-street, 
E.C., when Mr. J. W. Blakey will read a paper on “‘ High-Pressure 
Gas Illumination,” illustrated by lantern-slides, demonstrations, 
and exhibits. Mr. F. W. Goodenough will occupy the chair. 

Tue TRAMWAYS AND Licut RaiLways AssociaTion.—Thursday, 
December 14, at 3 p.m., visit to Lot’s-road Power Station, and at 
8 p.m., at the Society of Arts, John-street, Adelphi, London, W.C., 
a paper by Mr. Elmer E. Cook, on “ Improvements in Trucks.” 

HE INSTITUTION OF ELECTRICAL ENGINEERS.—Thursday, Decem- 
ber 14, at Sp.m., at the Institution of Civil Engineers. ‘The 
Charing Cross Company’s City of London Works,” by Mr. W. H. 
Patchell, Vice-President. (Adjourned discussion.) 

Tue Junior LNstiTUTION OF ENGINEERS.—Friday, December 15, at 
8 p.m., at the Westminster Palace Hotel. Paper on ‘Electric 
Mains for Power-Transmission Work,” by Professor John T. 
Morris, M.I.E.E. (Member). Saturday, December 16, at 10a.m., 
visit to the Electrical Engineering Works of Messrs. Johnson and 
Phillips, Old Charlton. 

Tue INSTITUTION OF MECHANICAL ENGINEERS. — Friday, Decem- 
ber 15, in the Institution House, Storey’s-gate, St. James’s Park, 
at 8 p.m., there will take place the adjourned discussion. The 
Seventh Report to the Alloys Research Committee :—‘*On the 
Properties of a Series of Iron-Nickel-Manganese-Carbon Alloys,” 
by Dr. H. C. H. Carpenter, Mr. R. A. Hadfield (Member), and Mr. 
Percy Longmuir. Paper to be read and discu , if time permits : 
“ Behaviour of Materials of Construction under Pure Shear,” by 
Mr. E. G. Izod (Associate Member), of Rugby. 

Tue PuysicaL Society or Lonpon.—Friday, December 15, from 
7 p.m. to 10 p.m., there will be held an exhibition of electrical, 
optical, and other physical apparatus at the Royal College of 
Science, Exhibition-road, South Kensington. Admission will be 
by ticket only. 
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ADMIRALTY POLICY AND ENGI- 
NEERING EDUCATION. 

Ar the time of writing the attention of the 
country is concentrated on an event of engros- 
sing interest —-the going out of Mr. Balfour, 
with his side, and the coming in of Sir Henry 








Campbell-Bannerman’s side. The imminence of 
this political crisis may be accountable for the 
appearance of an Admiralty publication [Cd. 2791] 
of somewhat unusual character, by means of which 
the Board that was to cease to exist within a few 
hours after the appearance of the document in 
question gave the line of conduct which their 
successors should follow. This publication is en- 
titled ‘‘ A Statement of Admiralty Policy,” and is 
strictly official, being ‘‘ Presented to both Houses 
of Parliament by command of his Majesty,” and 
is signed by Lord Cawdor, the somewhat recently 
appointed First Lord of the Admiralty. 

he first words are :—‘‘ The Board of Admiralty 
desire to present to Parliament, and through Par- 
liament to the public, an account of the progress 
that has been made in carrying out and developing 
the series of reforms that have been undertaken 
during the past three years.” By thus informing 
the public what has been done, and what remains 
to be done by his successor in order’ to make the 
reforms effective through continuous policy, Lord 
Cawdor has taken a step which, we believe, is 
quite unprecedented in ofticialdom. That higher 
efficiency in the naval service will be the result 
is possible, for there are few things that have 
more adversely affected naval procedure than the 
discontinuity of policy caused by political changes, 
It is now over twenty years, so slowly does the 
official mind work, since we, in an article on naval 
administration, suggested that a report of this 
nature would be advantageous* to the country ; 
and it is to be hoped, now the example has been 
set, that it will be followed pepe by year. Pub- 
licity is the support and ally of a strong and honest 
administration, just as secrecy is the refuge of the 
weak or corrupt. 

In the present article we propose to deal chiefly 
with one side of the policy that the Admiralty 
Memorandum sets forth—that referring to the engi- 
neering branch of the service ; but before proceed- 
ing to this section some of the most salient features 
of the report may be mentioned. The first to be 
noticed is the fact that grand manceuvres have been 
arranged to take place in June next, when, “in 
association with the putting to sea of every fighting 
vessel, large and small, intended to be used in war, 
there will be an extended test made as to the 
scheme recently elaborated for the protection of 
trade, when the co-operation of the shipping 
interest is hoped for in elucidating this difficult 
problem.” This is indeed a programme of naval 
manceuvres on the grand scale which Lord Cawdor 
has considerately prepared for his successor to 
carry out. 

In shipbuilding a policy is also laid down. ‘‘ At 
the present time,” we ave told, ‘‘ strategic require- 
ments necessitate an output of four large armoured 
ships annually; and, unless unforeseen contingencies 
arise, this number will not be exceeded. The period 
of building is to be two years, and therefore four 
ships will be laid down each year.” The Memoran- 
dum, it should be stated, is dated November 30, 
when Lord Cawdor had two more working days of 
power. It remains to be seen what the new Chan- 
cellor of the Exchequer has to say to this deter- 
mination. Whatever is spent, it is to be hoped that 
continuity of programme will be maintained. 
Nothing is more disastrous than alternating 
periods of slackness and excessive activity ; but, as 
we are so often told, the Navy being outside politics, 
no doubt the new Naval Lord will see his way to 
follow in the footsteps of his predecessor. It is 
interesting to compare the present proposals with 
what was thought sufficient a generation ago, when 
Admiral Sir Astley Cooper-Key—by no means one 
to neglect naval requirements—was of opinion that 
if two powerful armour-clad vessels—the Nile and 
the Trafalgar—were laid down, we could rest from 
armour-clad construction until they were com- 
pleted. The redistribution of the Fleet, non-con- 
tinuous service, gunnery schools, obsolescence of 
warships, and other questions affecting the sea 
service are treated upon in the report. 

The matter which we propose to notice more 
gage on refers to the personnel of the Fleet. 
t is the most important of all questions ; for, 
though a strong fight may be fought by good men 
with poor weapons, victory never comes to the 
weak, however well they may be armed. Under 
the heading of ‘‘ Education of Officers,” an inte- 
resting account is given of what has occurred since 
the great reform was inaugurated two years ago by 





* See ENGINEERING, February 6, 1885. 
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Lord Selborne and Sir John Fisher, the latter of 
whom the country is congratulating on his promo- 
tion to the rank of Admiral of the Fleet. At the 
time the scheme was brought forward we dealt with 
it at considerable length,* and it is pleasant to 
know that the favourable anticipations then formed 
have been so far borne out by experience. As we 
published in full the Admiralty Memorandum in 
which the new scheme was set forth in our issue 
of January 2, 1903, we need not go into the details 
now. It will be remembered that the chief feature 
upon which the whole scheme turned was that the 
division between the engineering and the executive 
branches, up to then existing in the education of 
future oneal efter, was to be removed, so that all 
commissioned officers should be trained together. 

In the present Memorandum of the First Lord 
we are told that the result of teaching engineering 
to boys between twelve and thirteen years of age has 
proved ‘‘ successful beyond expectation,” and ‘‘ the 
practical habit which the engineering work begets 
is found to react favourably on the other studies.” 

The plan now being followed is to give the cadets 
four years’ shore training in the Osborne and Dart- 
mouth Colleges, after which they join a sea-going 
cruiser for about seven months. A final examina- 
tion, upon which seniority will depend, will take 
place before leaving the cruiser. The cadets will 
then become midshipmen, and, in batches of twelve, 
will be sent to newly-commissioned ships. All the 
midshipmen in one ship will be of the same period. 
With this arrangement naval instructors are no 
longer needed, but an additional lieutenant will be 
appointed to keep the youths up to the standard of 
knowledge they have reached, and to teach them 
seamanship. The navigating, gunnery, and tor- 
pedo lieutenants will instruct them in their re- 
spective branches; whilst the engineer officer, 
besides giving practical lessons in engine-room 
and stokehold duties, will deal with mechanics and 
their application to engineering. Whilst one divi- 
sion of the midshipmen work on deck with the 
commander, another will be below with the en- 
gineer officer, and others again with the gunnery 
and torpedo lieutenants; the different branches 
of training being gone through in turn by all. 
This period of instruction will last three years, 
and at the end of that time midshipmen will be 
called upon to pass their examination in seamanship 
and engineering, after which they become sub- 
lieutenants. Short courses and examinations in 
pilotage, gunnery, and torpedo work will follow. 

It will be seen that the whole course is well de- 
vised in general principle to give the young naval 
officer a training such as will entitle him to call him- 
self a sailor of the present-day type ; that is equiva- 
lent to saying he is to be an engineer. The whole 
thing, however, hinges on the practical nature of his 
engineering instruction, and here it would seem to us 
that there is a good deal of danger that the course 
may be too academic. Up to now, within recent 
years, engineer students have received their train- 
ing in establishments connected with the Royal 
Dockyards—such as the Marlborough, formerly at 
Portsmouth, and the Keyham school, now at 
Devonport —and there they were brought into con- 
tact with practical work ; although, of course, a 
Royal Dockyard is not so good a school as a big 
private engineering works, for reasons that we need 
not go into now, but which are inevitable. With 
the new scheme, under which Keyham will be 
disestablished, there wil! apparently be no oppor- 
tunity for the cadet to take part in the practical 
work of constructing or erecting marine engines, 
even if he get such experience later, which appears 
doubtful. No doubt in the laboratories and class- 
rooms that are provided for instructional purposes 
a good deal that is practical will be taught; but. if 
there is one thing which technical educationists are 
more agreed —_ than another, it is that an engi- 
neer is not made by academic methods alone, how- 
ever perfect the teaching in its way. At sea, under 
the engineer officer, the ouiideie, still a 
student, will be brought into contact with practical 
work ; but here he will have to do only with com- 
pleted machinery ; so that throughout his career 
of studentship, so far as we can judge by the 
official papers, he will take no part in the con- 
struction or repair of machinery on a big scale. 

To point out a defect is always much easier than 
to suggest a remedy; and the problem is un- 
doubtedly one of great difficulty. In the mer- 
chant service, where there are such admirable 





* See ENGINEERING, vol. Ixxv., pages 17, 26, 385, and 419. 





marine engineers, the solution is simple enough. 
The future engineer serves his time and gets 
his early training in marine engineering works, 
learning the whole business of his calling in the 
effectual and practical way of helping to make and 
design engines and boilers. If, therefore, some- 
thing breaks down—and it is against such a con- 
tingency that the engineer is needed—he knows 
how to mend or replace it, for he has seen the same 
part made before, and has helped to make it. It is 
more essentially necessary that the naval engineer 
should have this practical knowledge than it is for 
his brother of the merchant service. Warships are 
provided for the sole purpose of being able to take 
their place in a position where they will be sub- 
jected to treatment designed to batter them to 
pieces ; and the power of reconstruction or repair 
is one of the first things essential to a competent 
crew. The merchant vessel only has the ordinary 
dangers of the sea—dangers which are shared 
equally with the fighting ship. 

The broad aim of the new system, when it was 
introduced two years ago, was, it will be remem- 
bered, to have a common system of entry for future 
officers of the executive, engineering, and marine 
branches of the Navy. Those entered were to go 
through a course of instruction, common to all, for 
four-and-a-half years, and were then then to serve 
three years at sea. Special attention was to be 
paid to instruction in engineering, ‘‘ so as to,” in 
the words of the official document, ‘‘ ensure as 
thorough grounding in the subject as is now given 
to engineering students.” At the time the scheme 
was initiated a good deal was problematical, and it 
was anticipated that the young officers might have 
to be divided between the separate special branches 
of the service, in which they would remain for the 
whole of their careers. It was hoped, however, 
that the need for this life-long specialisation would 
disappear, but that would depend upon how far 
the cadets attained to the standard of general pro- 
fessional knowledge that would be necessary to 
efficiency. The Admiralty therefore reserved the 
ashe of appointing any officer to any particular 

ranch. 

The Memorandum now tells us that the expe- 
rience of the two years that have elapsed enables 
an estimate to be formed of what the attainments 
of the midshipmen will be at the end of their sea 
training ; and ‘‘ the success with which this critical 
stage of the tuition has been passed justifies the 
opinion that the progress of the cadets during their 
remaining courses at Dartmouth College, in the 
training cruisers, and throughout the three years’ 
service as midshipmen will proceed on normal lines ; 
and it now appears certain that the full advantages 
which were expected to be derived from the early 
and thorough grounding in scientific, engineering, 
and general professional subjects will be obtained.” 
Furthermore, it is ssid ‘‘ that it is also possible to 
forecast the general state of professional know- 
ledge of the new officers when they arrive at the 
rank of sub-lieutenants, and definite conclusions 
can be formed as to the amount of special educa- 
tion which will afterwards be necessary to fit them 
for undertaking the special duties of the various 
branches of the service.” 

This appears a fairly heavy structure of belief to 
build on the somewhat slight foundation of two 
years’ experience in school teaching. We are not, 
however, inclined to quarrel with the general con- 
clusion set forth, as it is one we ourselves have for- 
merly expressed when dealing with the question 
of amalgamating the executive and engineering 
branches. Our view has been that if a man had 
mastered, in theory and practice, the subjects 
necessary to the equipment of a marine engineer, 
there was comparatively little left for him to learn 
in order to fill ordinary conditions, and that little 
might almost all be acquired by experience at sea, 
without Lis engineering attainments being lost. 
Naturally, there must be some specialisation in a 
profession so complex as that of the sea service ; 
and if we come to the higher conditions of strategy 
and tactics, the engineer would stand on the same 
footing as the torpedo or gunnery lieutenants, from 
whom admirals are made. Our anticipations appear 
to have been well founded, so far as can be judged 
by the experience now set forth. 

The questions before mentioned have, we are 
told, received the earnest consideration of the 
Board, and it has been decided that ‘‘all executive, 
engineering, and marine duties will be performed 
by executive officers of common entry and training, 
who will specialise for the different duties without 





separating into permanent and distinct branches.” 
We put the concluding words in italics as they 
contain the pith of the matter. The Memoranduin 
goes on to say that ‘‘ there will be in future only 
one class of officer in all departments, and, whether 
performing engine-room, marine, gunnery, torpedo, 
or navigation duties, all will be equal, and all will 
be executive officers.” It might appear from this 
that the engineer officer is about to be displaced in 
the service by the executive ; but it might equally, 
and, indeed, more rationally, be advanced that the 
engineer is superseding the executive officer of the 
old type. All this, however, is of little importance, 
and a mere matter of names. As we said more 
than a dozen years ago, ‘‘if it can be arranged 
that executive officers shall be trained as engineers, 
going through such a course as will make them 
competent, then . . . it matters not whether you 
call an engineer a lieutenant or a lieutenant an 
engineer, so long as you get the right man and put 
him sternly through the mill.” (See ENcIngERING 
of June 17, 1892.) 

The present Board of Admiralty—or it may be 
it is now, at the time of writing, the late Board of 
Admiralty—have gone further in elevating the posi- 
tion of the engineer than even the strongest advo- 
cates of the branch ever anticipated. ‘‘ Each of 
the specialist officers,” the Memorandum goes on 
to say, ‘‘ will have special knowledge in one parti- 
cular branch, but all will have a general knowledge 
of the duties of the other branches, and all will 
have opportunities of fitting themselves for the 
position of captain of the ship, and hence rising 
to the highest eminence in their profession. The 
successful engineer or marine officer will have 
equal chances and the same claims to promotion as 
a successful gunnery or torpedo officer, if his general 
efficiency is as great; if ineflicient, he will equally 
suffer. Special knowledge of engineering or mili- 
tary duties no more debars an officer from obtaining 
the qualifications necessary to the command of a 
ship or a squadron than does expert acquaintance 
with gunnery, torpedo, or navigation.” 

Thus, after dealing with this question—the posi- 
tion of the naval officer for over a quarter of a 
century—we have the satisfaction of seeing the 
conditions we have so often advocated, and the 
facts we have constantly put forward—the one 
denounced as impossible, and the other, branded as 
fictions—endorsed by the great ruling authority 
which governs the destinies of the Fleet. 

Satisfaction with the present procedure, however, 
depends entirely on the nature of the engineering 
training to be given to the future naval officer. It 
must be complete—practical as well as theoretical 
and technical. Fifteen years ago the then First Lord 
of the Admiralty said, in the House of Commons, 
that ‘‘on board ship a staff of highly-trained engi- 
neering officers, with high emoluments, is not re- 
quired. The backbone of the complement must 
be essentially working engineers.” The latter 
expression may be true; but whatever the 
backbone, the brain must consist of ‘* highly- 
trained engineering officers,’ who must likewise 
have been ‘‘working engineers” at some time 
of their career. A First Lord, no doubt, is not 
an expert authority on what engineering staff is 
needed on a war-vessel ; and Lord George Hamil- 
ton, on the occasion in question, was doubtless only 
repeating sentiments he had heard expressed by 
members of his Board. That wasa time when a sec- 
tion of naval officers, led by some in high authority, 
were putting forward a scheme for doing away 
with engineering officers on board ship, trusting to 
artificers to look after the machinery. The arti- 
ficers were, however, to be supervised by execu- 
tive officers, who were to receive enough theoretical 
instruction to enable them to direct. How impos- 
sible it is to adequately direct mechanical opera- 
tions without having had actual experience every 


‘m2chanical engineer knows, and we recall this 


bygone abortive suggestion by way of warning at 
the present time. However much there is matter 
for congratulation in the changes that have been 
made in the training of naval officers, the whole 
fabric will be ruined if adequate practical training 
is not given to the future naval officer. In that 
case the last state of the Navy will be worse 
than the first, for we have now a body of officers 
thoroughly competent as engineers, however much 
their usefulness may be curtailed by the subordi- 
nate position in which they have been held. 

So far we have dealt with the instructional part 
of the young engineer's career, and we now come 
to the period when specialisation sets in. An 
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officer may desire to specialise as a lieutenant for 
engineering, gunnery, marine duty, navigating, or 
torpedo. If selected, he will be withdrawn from 
sea service to go through a special course. For 
the engineer this ‘‘ will include practical and obser- 
vational work at a dockyard, and also theoretical 
work and laboratory practice in testing and experi- 
menting.” ‘* No manual work,” we are told, ‘* will 
be included in this course, as the officers will all have 
a sufficient knowledge of practical workmanship.” 

It will be seen, therefore, that the engineer officer’s 
practical experience of the way the machinery with 
which he has to deal is made is not gained until 
he has gained some status in the Navy as a 
lieutenant, and then the instruction is to be 
‘* observational ”’—a word of ill-omen. As for the 
‘* practical” part of the instruction, it is difficult 
to see where it wouldcomein. Allowing, however, 
that the work may be practical, the plan of de- 
ferring it to mature age is contrary to all precedent 
upon which competent engineers have been made 
in times past. It is most devoutly to be hoped that 
the naval officers who specialise for the engineering 
branch in the future will not be too largely ‘‘ ob- 
servational engineers.” 

There are other points that call for notice in this 
suggestive Government publication, but we must 
defer their consideration for a future time. 








THE CATASTROPHE AT CHARING 


CROSS 

Tue very serious and alarming accident at Charin 
Cross Station, on Tuesday last, when two bays o 
the large roof collapsed without any apparent 
reason, is likely to give rise to much uneasiness 
amongst engineers responsible for structures erected 
some forty or fifty years ago. Fatal as were the 
consequences of the accident, it is much to be 
thankful for that the list of killed and injured was 
not many times as great. 

The roof in question was erected in 1860, to the 
designs of Sir John Hawkshaw. As shown in the 
annexed diagram, the principals are braced arches, 
130 ft. 6 in. long between bearings, and spaced at 
35-ft. intervals. The rib is a wrought plate-girder, 
having a versed sine of 45 ft. Its make-up consists 
of a web-plate 18 in. deep by 4 in. thick, and 6-in. 
by 3-in. by }-in. angles. At the bearings the rib is 
doubled for a distance of 10 ft., the two portions 
into which it is split being splayed to a width of 2 ft. 
at the bearings. The rib is trussed at eight points, 
as shown. The struts consist of two 6-in. by 3-in. 
by 3-in. T’s. The tie-bar is round, 4% in. in dia- 
meter at the end bays, 4% in. at the second bays, 
4} in. in the third bays, 44 in. in the fourth bays, 
and 4} in. at the centre bay. The purlins are lat- 
tice girders, eighteen in number, each 1 ft. 74 in. 
deep, with flanges consisting of two 3$-in. by 3-in. 
by 4-in. angles. The roof-covering is mainly of 
glass, laid in light [’s secured to the purlins. The 
rib is fixed to the brickwork at one end, but is 
free to expand at the other, the expansion joint 
being arranged on the suspension-link principle, 
and not on rollers. 

It has been suggested that the origin of the acci- 
dent is to be found in a settlement consequent 
on the construction of the Baker-street and 
Waterloo Railway. This, however, seems out of 
the question. In the first place the tunnel at this 
point is some 80 ft. below ground, and being con- 
structed on the shield system, the possible settle- 
ment at the actual tunnel wall would only be a 
fraction of an inch, which would be equivalent to 
only a fraction of this fraction at the ground 
level immediately above, and still less at points 
out of the direct line of the workings, as was 
the wall on which this roof rested. Further, it 
has to be remembered that even a relatively 
large settlement of its supports should not affect 
the stability of a braced arch resting freely 
on them, as in this case. Moreover, masonry, 
when it fails, generally gives warning by serious 
cracks long before the danger point is neared, and 
these could hardly have escaped the attention of 
those then engaged in the repair of the structure. 
It is true that in the present case a portion of 
the internal wall area is covered by advertisements, 
so that cracks there might escape notice ; but the 
external wall is free from these, and here any 
serious cracking would have assuredly been seen by 
those charged with the direction of the repairs. It 


is to be noted that there was neither wind nor any 
other weather condition likely to produce excep- 
onal strains on the roof at the moment of failure. 








The roof now terminates at what was previously 
the second principal, the screen end or the first 
principal having fallen. The tie-bar of the second 
principal has snapped at the junction of the first 
and second bays, and now a length of two bays 
hangs downwards, having torn away from the 
bracing dividing the second and third bays. The 
tie-bar of the end bay projects almost horizontally 
from the wall. The bracing is apparently un- 
affected. It issaid that the first fracture took place 
in the tie-bar of the first principal about } of the 
span from the western wall, which afterwards fell. 

he broken tie-bar tore away from the bracing 
between the fracture and the wall, and hung down- 
wards from the wall. The loud report of the 
breakage gave sufficient warning to allow several 
men to escape before the final crash. 

The fact that this failure occurred under the 
condition of minimum load points rather to fatigue 
of the metal being the responsible cause. Such 
an anomaly is very characteristic of failures from 
this cause. Crane-chains, after having lifted 
their maximum load without any sign of distress, 
have often been known to fail a few hours after- 
wards under a load not one-tenth as great. 
This fatigue may in its turn have arisen through a 
reduction in the effective section of the metal by 
corrosion or possibly at an imperfect weld. If 
neither of these predisposing causes were present, 
the position of engineers responsible for the main- 
tenance of old metallic structures is somewhat 
serious. A number of the links of the old Hunger- 
ford Bridge, it will be remembered, snapped in 
two whilst in transit to the Forth Bridge, where 
they were to be used in the work of erection, so 
that in this case, at any rate, the metal had be- 
come fatigued without the aid of corrosion or local 
defects. Crane-chains can be restored to a safe con- 
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dition by annealing, and the Hungerford Bridge 
links were annealed before use at the Forth ; but 
it is impracticable to apply such a remedy to the 
component parts of an existing structure. 

As was only to be anticipated, the catastrophe 
has given rise to the usual ignorant demand for 
more official inspections and further building regu- 
lations. The railway companies, it is well known, 
are able to ignore the Building Laws in making 
their buildings, Parliament being well aware that 
the engineering ability at the service of these 
companies is on the average at least as good as the 
best at the service of any local authority or Govern- 
ment department. The enforcement of the ordi- 
nary Building Laws on the great railway and power 
companies would be a distinctly retrograde step. 
These laws are, naturally, drawn up to suit average 
and not special requirements. They accordingly 
presume the use of second quality materials and of 
stereotyped and, at times, unscientific designs. If 
they were universally enforced, it would be practi- 
cally impossible to effect improvements in methods 
of construction. Few of them, for instance, permit 
of the use of ferro-concrete, and they all, indi- 
rectly, at any rate, discourage the use of specially 
strong bricks, or of cement in place of mortar. 

Disastrous as the accident has been, its conse- 
quences will be still more serious to the nation at 
large if it is made an excuse to bar progress in 
structural engineering by a general enforcement of 
the Building Acts, which, in the nature of things, 
must be always a little out of date. This is a point 
in which we think expert opinion will be at one, 
and this cannot safely be ignored by Parliament. 
We shall, of course, deal further with this accident 
when more facts are available. 








THE SMITHFIELD CLUB SHOW. 
Tue usual annual exhibition promoted by the 
Smithfield Club was opened at Islington on Monday 
last, and, in accordance with established precedent, 
there was a display of agricultural and other 








machinery at the sides of the principal hall and 
in the galleries. 

Some very fine specimens of road locomotives 
and portable engines were on view. Messrs. 
Aveling and Porter, of Rochester, in addition to 
showing a large compound road locomotive and an 
excellently finished traction engine, make this year 
what we believe is a new departure for them, and 
show also a small road tractor built on traction- 
engine lines, but designed to comply with the 
regulations of the Motor-Car Act. But few of the 
large traction-engine makers are now content to 
ignore these diminutive, but powerful, little en- 
gines, new uses for which are being constantly 
developed. Messrs. Wallis and Stevens, Limited, 
of the North Hants Works, Basingstoke, show 
one of them arranged for ploughing. The ploughs 
have each three furrows, and the whole ap- 
paratus can be readily attached to or detached 
from the engine. Another exhibitor of one of 
these small tractors is the firm of Messrs. 
Savage Brothers, Limited, of King’s Lynn. At 
the same stand is also a heavy motor-wagon, with 
a tare weight of 4 tons 19 cwt. This wagon has a 
platform measuring 12 ft. by 6 ft. 6in., and is 
designed to carry 5 tons and to trail another wagon 
carrying 2 tons. It is fitted with compound engines 
designed to indicate 35 horse-power, the boiler 

ressure being 220 lb. per square inch. This 

iler is of the locomotive type. There are two 
stoking doors—one a hopper door at the top of the 
fire-box, and the other a side door ; the use of the 
latter it appears is compulsory when such a wagon 
enters the Glasgow Dock precincts. The car is 
wholly controlled from the } ase = seat. 

Messrs. E. S. Hindley and Sons, of Bourton, 
also show a steam-motor lorry, a special feature 
of which is the boiler. This is of a modified loco- 
motive type—or, indeed, it might almost be called 
a combination of a vertical boiler and a locomotive 
one, the fire-box end being constructed very much 
on the lines of the former. The object aimed at 
has been to make certain that the plates at the top 
of the furnace shall not become dry in descending 
a steep hill. A third exhibitor of a steam-lorry is 
the St. Pancras Iron Works Company. This has 
a water-tube boiler designed for a working pres- 
sure of 200 lb. per square inch. A special feature 
of the car is the fore-carriage suspension. The 
front wheels are carried by a rigid truck or bogie, 
which is hinged at two points to the wagon-framing 

roper. This method of construction allows the 
ront axle to rock up or down without straining 
the rests of the structure. 

A fine exhibit of a more conservative character 
than the foregoing is made by Messrs. John Fowler 
and Cv., Limited, of Leeds, who show powerful 
road locomotives and ploughing engines. At the 
opposite corner of the hall Messrs. Marshall, Sons, 
and Co., of Gainsborough, have an equally fine 
exhibit of their standard patterns of engines. In 
addition to a 7-horse-power traction engine, this 
firm also exhibit a highly-finished horizontal engine 
fitted with the firm’s drop-valve gear, and also a 
compound horizontal engine of the side-by-side 
type, having shifting-link expansion gearing. In 
both these engines a Renold silent chain is employed 
for the governor drive. A fine ploughing-engine, 
rated at 20 horse-power, is also shown by Messrs. 
J. and H. McLaren, of Leeds, the weight of which 
is 174 tons. This is not more than that of a 16- 
horse-power ploughing-engine a few years back, 
the saving in weight being effected by using 
steel castings where formerly parts would have 
been made of cast iron. The exhibit of Messrs. 
Clayton and Shuttleworth, Limited, Lincoln, in- 
cludes one of the small steam-tractors as well as 
their regular patterns of traction and portable 
engines; and an exhibit of very similar Barone 
is imade by Messrs. Richard Garrett and Sons, 
Limited, of Leiston, who show a 6 and a 7 horse- 
power traction engine mounted on laminated 
springs, and fitted with the firm’s well-known 
pattern of internal fire-box. For some two or 
three years past this firm have adopted the practice 
of working to limit-gauges, and the increased pro- 
duction, as well as the ease with which renewals 
of worn parts are effected, has, we understand, 
thoroughly justified the heavy initial expenditure 
involved. 

Messrs. Ruston, Proctor, and Co. exhibit for 
the first time at this Show a small motor-tractor, 
and also one of their standard 8-horse-power com- 
pound road locomotives. 

Coming to the internal-combustion engines, the 
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only ones designed for use with gas were exhibited 
in the entrance hall, where a small suction plant 
on the Kynock-Forward system occupied one stand, 
whilst Messrs. Bibbie, Hobson, and Co., of 80, 
Queen Victoria-street, had a small ‘‘ Stockport” gas- 
engine on view. At another stand a ‘‘ National ” 
gas-engine was shown at work driving a small CO, 
refrigerating-machine made by Messrs. H. J. West 
and Co., Limited, of 114 to 118, Southwark Bridge- 
road, S.E. This plant, and a smaller one, also on 
view, are designed specially for the use of country 
butchers. The smaller plant, which was driven by 
a 3 horse-power electric motor, can maintain a cold 
room having a capacity of 400 cubic feet at 28 deg. 
Fahr. at a total cost not exceeding 8s. per week. 

In the main hall Messrs. Crossley Brothers show 
a-20-horse-power portable oil-engine, and the 
Campbell Gas-Engine Company show one of a 
similar type. A special feature of this latter firm’s 
practice is the addition of water to the working 
charge. This is done not only in the case of their 
oil-engines, but also in that of their engines 
working with suction , of which they have 
recently supplied to Hitchin one of 250 brake 
horse-power, which takes the full electric light load 
without the provision of any stand-by, though there 
is a piaeck | engine of 60 brake horse - power 
to take the day load. Other exhibitors of oil- 
engines are Messrs. R. Hornsby and Sons, Limited, 
of Grantham, who have made a few. changes in the 
details of their engines, which are now fitted with 
ring oilers on the crank-shaft, and with a detachable 
filter, consisting of two layers of fine gauze on the 
oil supply. By putting the air-valve at the side of 
the engine it has also been poe to operate the 
air and the exhaust valves by a single lever, thus 
slightly simplifying the construction of the engine. 
Messrs. Fielding and Platt, of Gloucester, and 
Messrs. Blackstone, of Stamford, also show oil- 
engines, but these embody no radically new de- 
partures. An interesting exhibit is a series of 
small oil-engines shown by Messrs. James B. Petter 
and Sons, Limited, of Yeovil. These are made 
with a view to meeting the competition of the 
petrol motors which are now being imported in 
considerable quantities for use on estates. The 
2}-horse-power Petter oil-engine, mounted on a 
four-wheel trolley, costs 42/., and will work with 
common lamp oil. The smallest size made is rated 
at 14 brake horse-power, and costs 381. complete, 
on trolley with water tank. 

In the galleries a somewhat similar class of light 
and inexpensive motor is exhibited by Messrs. 
G. H. Innes and Co., of Hitchin. It may be of 
interest to note that the engines in question are 
actually built at the Garden City, being one of its 
infant industries. 

A new type of four-cycle petrol-engine was ex- 
hibited in the gallery by Messrs. T. G. Slipper and 
Co., of Norwich. Details of the engine were refused. 
Its special feature lies in the fact that the exhaust- 
valve is operated automatically, without the use of 
cams, eccentrics, or side shaft. The engine is of the 
four-cycle type, and apparently is operated on a 
system we remember as proposed some years back, 
but not then carried out. In that case a port 
at the front end of the cylinder was uncovered 
by the piston, thus admitting the gases after 
explosion to a small relay cylinder, the piston of 
which had a very short stroke, which, in turn, 
opened the exhaust-valve. As the piston covered 
the port on its return stroke, the exhaust-valve 
was Fopt open till this port was again uncovered 
by the front end of the main piston or trunk. 
Release in the relay cylinder then . occurred, 
and the exhaust-valve closing the charge was drawn 
in through an automatic inlet valve in the usual 
way. This plan, so far as we know, was not actually 
carried out, but it is probably on some such lines 
that the engine exhibited by Messrs. Slipper is 
operated. Another ingenious feature of this engine 
is the method of governing the engine ‘‘on the 
spark.” The sparking contact is mounted at one end 
of a weighted flat spring, attached at the other end 
to the fly-wheel. It rubs over the edge of a fibre 
disc fixed concentric with the main bearing, and 
having at one point a contact-plate. When the 
spring-carried contact reaches this plate, the charge 
is fired. If, however, the speed rises above the 
normal, the centrifugal force of the weight bends 
the spring, so that the moving contact clears the 
fixed one, and the charge is not fired; thus the 
governor has only a single moving part, and of 


there is no pressure available to work the relay. 
Hence a charge, once admitted to the cylinder, is not 
released till fired, and this firing can take place at 
the commencement of any out-stroke, and not 
only at each alternate out-stroke, as in four-cycle 
engines with positively-worked valves. 





THE MEASUREMENT OF HIGH-FRE- 
QUENCY CURRENTS AND ELECTRIC 
WAVES. 

On Monday last Professor J. A. Fleming, F.R.S., 

delivered the second of his Cantor lectures on the 

above subject at the rooms of the Society of Arts, 

John-street, Adelphi. 

At the last lecture he said they had studied 
the measurement of capacity, inductance, and spark- 
frequency, and he would now proceed to consider 
in further detail the phenomena of condenser dis- 
charge. If such a condenser was discharged through 
a low resistance, the flow across the spark-gap was 
oscillatory ; and if the spark were photographed on 
a rapidly-revolving plate, it could be seen that each 
discharge consisted of a series of successive sparks. 
Such a photograph also showed, by the fact that 
each image was fainter than its predecessor, that 
the energy of the sparks continuously diminished, 
but could not tell us at what rate it diminished. 
Mr. Clinton Prentice, one of his students, had, 
however, he continued, successfully applied the 
Duddell oscillograph to the photography of oscil- 
lating spark-discharges, and obtained prints show- 
ing very clearly the rate of decrease of energy. 

The essential parts of this instrument were re- 
presented in Fig. 1. A loop of wire carrying the 
current from the terminals T, and T passed be- 
tween the poles of a magnet, and was kept taut 
by a spring at the top, as shown. Connected to 
this loop was a mirror M, and when a current ed 
through the wire this mirror was tilted to right or 
left, according to the direction of the current. 
In using it to photograph the oscillating discharge 
of a condenser, the instrument was mounted as 
represented in Fig. 2, where O denoted the loop of 
the oscillograph, C the condenser to be discharged, 
and B the battery, or other source supplying this 
condenser, whilst the rotating commutator was 
that described in the last lecture. This was driven 
by an alternate-current motor, and as it rotated 
alternately put the condenser in circuit with the 
battery, and with the discharge circuit in which 
the oscillograph was included. The beam of light 
reflected from the oscillograph mirror was received 
on a second mirror, vibrated at right angles to the 
motion of the oscillograph mirror by the revolv- 
ing commutator, so that the beam of light, as finally 
received on the photographic plate, had two motions 
imparted to it at right angles to each other, and 
when the discharge took place it traced the curves 
representd in Figs. 3 to 7. The period of the 
mirror moved by the commutator was about +$$5 of 
a second, so that each view represented the varia- 
tion in the current in the sparking circuit during 
that interval of time. 

The periodic time of the discharge was, Dr. 
Fleming said, the time which elapsed between the 
moment the spot of light crossed the axis of the 
diagram in one direction and that of its crossing it 
again in the same direction. The frequency n was 
the reciprocal of this. It could be calculated from 
the formula 


5,000,000 
n= , 
JCL 
where 
C = capacity in microfarads, 
and 


L = the inductance in centimetres. 

Thus, if C were 5}, microfarad and L = 1200 
centimetres, the frequency was n = 2,500,000 com- 
plete oscillations per second. It should be ob- 
served that this did not imply that there were 
actually this number of oscillations in a second, but 
only that the oscillations were made at this rate. 

Coming back to the ae. Figs. 5 to 7, it 
would be seen that keeping the resistance constant, 
the number of waves in the interval Uepended on 
the capacity. With a small capacity the frequency 
was great, and the rate at which the amplitude 
diminished was so small that the discharge was not 
completed before the commutator cut it off. The 
ratio of the height of one wave to its predecessor 
was constant throughout each discharge. The 
periodic time of the waves of current could be 


The calculated and the measured times were re- 
produced on the diagrams. 

In some cases, he proceeded, the discharge died 
away much more quickly than in others. If it died 
away quickly, it was said to be strongly damped. 
The rate at which it diminished was known as 
the logarithmic decrement, and was denoted by 4, 


which had the value 8 = loge q, where I, was the 


2 
maximum value attained by the current in one 
oscillation, and I, the maximum value in the next 


aan 


€ 
when 8 was small. This decrement was of very great 
importance, as was also the damping factor, which 
was defined by the relation 


. Resistance 
aera © 2 Inductance 

In this resistance must be included-—not only 
the resistance of the wire, but also that of the 
spark. 

If resistance were inserted in the circuit, the dis- 
charge was rapidly damped, and, as shown in 
Figs. 3 and 4, the discharge might then die away 
even before the commutator cut it off. Hence in 
these cases 5 was very large. It was evident that 
there was something in the circuit which absorbed 
energy. This absorption was partly due to the 
resistance of the conductors and the spark, partly 
to the condenser itself, and partly also to energy 
passed into the ether. 

The three important factors characterising the 
discharge were :—(1) The value of the first maxi- 
mum current; (2) the periodic time; and (3) the 
decrement. The following relations subsisted 
between these quantities :— 

Time period T = ,. 
= Pp . 
27 
I, = First maximum current. 
I, = Second maximum current. 
V, = The charging voltage. 
C = capacity in microfarads, L = inductance in 
centimetres, R = resistance in ohms. 


one. From this we also had 


= 2n 6. 


Frequency n 


Then 
The gt 4 8 Ge RX 10 
2 4nL 
I _2rnCV, 
aw : . 
106 


J = square root of mean squared current during 
the whole period occupied by a series of 


_complete discharges 
= NIP where N = number of complete dis- 
875 


charges per second. 


A point to be considered was, How long did a 
discharge last? In theory the oscillations con- 
tinued for ever, but in practice it was assumed 
that the discharge was over when the maximum 
value of the current in an oscillation fell to ,}5 of 
the first maximum current. Accepting this con- 
vention, the number of complete oscillations in a 
discharge was 

mM =? 606 + 6 
26 


Thus, if 8 were 0.1—that is to say, that each crest 
was ,", the height of its predecessor—there would 
be 23 to 24 oscillations Gedeee the discharge was 
finished, whilst with 5=.01 there would be 230 
to 240 complete oscillations in a discharge. In 
some cases in practice there were as many as 1000. 
On the other hand, in the case of a Marconi aerial 
the number of oscillations to a discharge was from 
6 to 12 at most. ; 
The continuous current, eqttivalent to a train of 
discharges could, the lecturer said, be found by 
means of a hot-wire ammeter. A simple form which 
he had used at University College was represented 
diagrammatically in Fig. 8, where A B represented a 
band of No. 36 platinoid wires connected to the 
terminals T and,T’ by heavy copper rods. It was 
gripped in the middle to a wire pivoted at U, 
and this in turn was connected to a bell-crank 
lever, one end of which moved over a scale. If a 
current were passed through the platinoid wires, 
these were expanded by the heat generated, and 
the pointer would move. The instrument was cali- 
brated by the use of continuous currents. 

Another convenient form of hot-wire ammeter 
for small currents was that described by Sir William 
Snow-Harris in the Philosophical Transactions for 








that the motion is almost infinitesimal. The engiue 


exhausts only if a charge is fired, since otherwise 


measured from the diagrams, and agreed very well 
with that calculated from theory, as given above. 


1827, recently reinvented in Germany, where it 
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was known as the Reiss hot-wire ammeter. This 
was represented in Fig. 9, where it would be 
seen that it was simply an air-thermometer, 
with a bundle of fine platinoid wire in the bulb, 
through which the current to be measured was 
passed. This again could be calibrated by con- 
tinuous currents. With apparatus such as the fore- 
going currents of from } ampere up to 15 or 20 
amperes could be accurately measured. It was, 
however, necessary to measure still smaller cur- 
rents. For this purpose, at University College 
they had used an instrument consisting of a block 
of wood with a hole in it, across which passed a 
piece of No. 60 platinoid wire. Abutting against 
the centre of this was an iron-bismuth thermo- 
junction connected to a sensitive mirror galvano- 
meter. A current of ; ampere through this in- 
strument would send the spot of light off the scale. 


DIAGRAM OF OUDDELL ARRANGEMENT FOR OELINEATING 
OSCILLOGRAPH. ‘g.2 DISCHARGE CURVE 
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For still more refined measurements Mr. Duddell 
had introduced his thermo-ammeter. This con- 
sisted of a very fine wire, through which the cur- 
rent to be measured was passed. Above it was sus- 
pended in a magnetic field from a quartz fibre a 
bismuth-iron circuit, with one junction immediately 
over the wire. A mirror attached to the thermo- 
circuit showed a deflection when the wire below was 
heated by the passage of a current. The instru- 
ment was extremely sensitive, compact, and con- 
venient. 

With the series of instruments just described, it 
was possible, Dr. Fleming said, to measure ‘“‘ root 
mean squared ” currents of almost any intensity. 

In dealing with discharges it was also necessary 
to know the voltage corresponding to any spark. 
This had been measured by different observers, one 
of the earliest being Lord Kelvin; but the full facts 
were for long unknown. It turned out that voltage 
depended not only on the length of the spark, but 
also on the diameter of the spark-balls. The most 
recent experiments were those of Heydweiller, 
which were tabulated as curves in Fig. 10. It 
would be seen that up to a spark-length of 3 milli- 
metres the voltage was almost independent of the 











diameter of the balls, but beyond that the line 
corresponding to the smaller balls curved rapidly. 
Professor Righi, on the other hand, had shown that 
for some reason, still imperfectly known, the spark- 
ing voltage was reduced by letting ultra-violet light 
fall on the balls. 

By means of a couple of sparking gaps arranged 
in parallel, and both exposed to the light from an 
arc lamp, Professor Fleming showed the meeting 
that by interposing a couple of sheets of glass 
(which is very opaque to ultra-violet radiation) be- 
tween one set of balls and the lamp, the sparking 

reviously most intense at this gap could be trans- 
evel to the other gap, which remained exposed to 
the full radiation of the lamp. He pointed out that 
it was therefore of very great importance in experi- 
ments on spark-discharges to keep the gap not only 
out of the range of an arc lamp, but also to shield 


Com 





Fic. 6. 


it from possible radiation from any other spark- 
gap near it. 

Provided, however, the proper precautions were 
taken, the curves in Fig. 10 made it possible, he 
stated, to deduce the voltage V required for dis- 
charge across a spark-gap of any known length. 
If the capacity in microfarads, the inductance in 
centimetres L, the number of sparks per second N, 
and the R.M.S. current J were known, it was then 
possible to calculate out the frequency 1, the maxi- 
mum current I, the spark resistance R in ohms, the 
decrement 6, and the number of oscillations per 
train by the following formulz :— 


5 x 106 
a= ° 
VCL 
o Je E 
a of 10° vy — 1000 C 
I ioe Ve=V i ’ L 
109 
R=- NLP 5_Rx10 
2 x lu’ J2 4nL 
M — 4606 + 6 
26 











Taking a circuit with a Leyden jar having a capa- 
city of ,4 microfarad, and an inductance L = 2600 
amperes, and a spark-gap of 3 millimetres, corre- 
sponding to a voltage V of about 12,000 volts, the 
value of J, as measured by a hot-wire ammeter, 
was 1.5 amperes ; the number of sparks per second 
N = 50; and the number of oscillations per group 
M = 24. Then the foregoing formulre showed 
that the first maximum current I, was 390 amperes. 
The only reason why it did not melt the circuit 
was that it lasted such an extremely short time, 
with the result that whilst the maximum value 
was 390 amperes, the R.M.S. current was only 
1.5 amperes. If the characteristics of the dis- 
charge calculated from the formula given were 
plotted down on a diagram with a time scale of 


1 ft. = conn second, the history of the discharge 


Fia. 4. 





Fig. 7. 


for one second would require a ‘strip of paper 
200 miles long, and there would be a discharge at 


every 4 miles of this length lasting iaeaaas of a 


second. 

Several methods had been proposed for deter- 
mining 6, the logarithmic decrement. Professor 
Rutherford passed the discharge through a single 
loop of wire in which lay a fragment of iron, the 
attraction of which deflected the mirror of 4 mag- 
netometer. The discharge of a jar was passed 
through this, first with the first current flowing 
in one direction round the loop, and next when 
this first current flowed in the opposite direction. 
The discharge in each case ‘‘shook out” some 
of the magnetism of the dron, and hence the 
mirror of the magnetometer was deflected. The 
amount of the deflection in each case was propor- 
tional to the first maximum current which passed 
through the loop in the demagnetising direction. 
In one case this would be that corresponding 
to the first spark across the gap, or I,; in the 
other to the second spark across, or I,, and 


. 5 P 
since « = I, the value of wasdetermined. The 
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decrement thus measured was that due to the 
energy expended in overcoming the resistance of 
the circuit, but there was also a loss of energy 
to the ether, electro-magnetic waves being radiated 
out from the circuit when this was an open 
circuit, and not a closed one, such as used by 
Rutherford. In the case of aerials for wireless tele- 
graphy, the decrement due to this, or the radiation 
decrement, was ten times the resistance decrement. 
By Rutherford’s method it was possible to deter- 
mine the spark-resistance, since the total resistance 
of the circuit was connected with the decrement 
R! x 10° 


by the relation 268 
With C = 2200 millimicrofarads L = 7400 centi- 


HOT WIRE HIGH FREQUNCY AMMETER 


Fig. 8. 
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metres, the following values of the spark-resistance 
were obtained :— 


Spark Length. i Spark- Resistance. 
1 
1.2 mm, 0.97 0.7 ohm. 
ioe 0.93 2.2 ,, 
37 . 0.90 Se 
49 ,, 0.79 8.0-8.4 ohm. 
6.1 0.70 12-12.4 ,, 


” 


A second method of determining 5 was due to 
the Norwegian Physicist, Bjerknes, whose appa- 
ratus was represented diagrammatically in Fig. 11. 
In parallel with the condenser circuit was placed an 
electrometer Q, one quadrant of which was also 
electrically connected with the needle. This) 
electrometer then gave U the ‘‘ root mean square” | 
of the voltage in the circuit. The maximum 


In closed circuits 8 was sometimes 0.2 or 0.3, 
but might be as low as 0.01; but for open cir- 
cuits it was always very large, being 0.2 or 
0.12. Hertz had shown that the radiation de- 
crement of a Marconi aerial could be calculated 


by the formula 
0.54 


logio ‘* 
where h = the height of the wire and d its diameter. 
The damping was so great that each discharge 
consisted of from only six to twelve oscillations. 
With a closed circuit on the other hand, 8 might 
be very much smaller. 
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voltage at the spark V, was known from the length 
of the spark-gap, and it could be shown that the | 
following relations then held :— | 


U2 = YN ord= 
n 


N V? | 
2nU? 


A third method of measuring 5 had been proposed 
both by Bjerknes and Drude. It was applicable to | 
both open and closed circuits, and was based on the 
use of a resonance curve. 

If we had, the lecturer said, a closed circuit | 
containing a condenser, hot-wire ammeter, and | 
a variable inductance placed near another oscil- | 
latory circuit containing a spark-gap, the two| 
circuits could be ‘‘tuned” by varying the in-| 
ductance of the secondary circuit. The reading | 
of the hot-wire ammeter would show the strength | 
of the current as the capacity was varied, and | 
this could be 


| 


plotted as a ‘‘resonance” curve | 
(Fig. 12), against the ratio of the calculated fre- | 


Ny 


quencies -* in the two circuits. When n. was! 
ny 

equal to n, this current had its maximum value. | 

It could further be proved that the sum of | 

the decrements in the two circuits could be ob- | 


tained from the formula | 
J3 | 


bd 
i- so. 38 | 


4, + 3 = ( 


where J was the value of the current observed | 


whilst | 


, n 
corresponding to any value chosen of —?, 
My 
No 


= 1, 
nr 

The value of 5, could be calculated, since for a | 

4n, Ly 


Jas. represented the value of J when 


closed circuit 6, = » as already given in 





the formule tabled above. 


An important point to consider was how much of 
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the energy was expended in electro-magnetic waves, 
and how much in the spark and other resistances. 


The ratio of the radiation energy to the total energy | 


in the aerial might be called the efficiency. This 
could be found from the calculated value of the 
radiation decrement, and the measured or known 
spark-resistance by the formula 
Energy of radiation _ E, _ radiation decrement 
Energy of spark ~ Ey resistance decrement’ 
For a spark length of 5 millimetres, and for an 


ordinary plain antenna, the ratio of = = . hence 
the radiation efticiency of the antenna was about 
90 per cent. It might have a capacity of, say, ;ay5 
microfarads, and if charged to 15,000 volts 50 times 
asecond the power given to it would be 1.125 watts, 
90 per cent. of which was about 1 watt, yet this 
aerial would affect a receiver 50 miles away in any 
direction. On the other hand, to work it a 10-in. 
coil, taking 10 amperes at 10 volts, would be 
needed, equivalent to 100 watts; so that of the 
total power expended only 1 per cent. was utilised. 
The remainder was lost in arcing at the spark. It 
was only spark discharges from the condenser 
which were of use in working the aerial, but 
superimposed on these were discharges from the 
coil itself equivalent to momentary arcs, on which 
by far the larger part of the energy supplied was 
wasted. 


Spark voltage in Kilo-volte 


THE WITHAM RAILWAY ACCIDENT. 


Tue Board of Trade inquiry into the cause of the 
serious accident which occurred at Witham Station, 
on the Great Eastern Railway, on September 1 last, 
has now been held, and a report issued thereon by 
Lieut.-Colonel P. G. von Donop, R.E. Our readers 
will no doubt recollect with more or less clearness the 
circumstances of the disaster. The Cromer express, 
which departed from Liverpool - street Station at 
9.27 a.m. on the day of the accident, left the 
rails about an hour and a half afterwards, while 
passing through Witham Station, causing the death 
of ten passengers and one railway employé, and 
injury to sixty-six passengers and five railway 
employés. The train was made up of a four-wheels- 
coupled engine, with its tender and fourteen vehicles, 
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| the total weight of the train being about 290 tons. 
The main line, as it approaches Witham Station from 
the south, is perfectly straight for a mile and a half, 
and there is no curve at all until the station is quite 
cleared on the north side. The gradient of the lines 
| approaching the station from the south is, for about 
| two miles, a falling one, varying from 1 in 154 to 1 in 
| 219; but about 90 yards before the station is reached 
| the gradient changes to a slightly rising one of 1 in 744, 
| which continues through the station. This change of 
— occurs exactly opposite a crossing where the 
| first marks of derailment were found. The marks of 
| the derailment commenced on the right-hand side of 
| the line just ahead of the Y crossing, at which the 
right-hand rail of the down main line is crossed by 
the left-hand rail of the cross-over road; but the 
crossing was, after the accident, found to be intact 
and not faulty in any way; the gauge a's) was 
correct. Ahead of this Y crossing, nowever, it was 
not possible to check the gauge. ‘I'he evidence given 
at the inquiry was somewhat conflicting, both as to 
the speed of the train at the time of the accident and 
also as to the condition of the road ; but it seems 
probable that the speed was “not below 65 miles per 





hour, and that the road had to some extent been inter- 
fered with just before the arrival of the train. Exactly 
to what extent the line had been interfered with it is 
impossible to say. There seems to be little doubt that 
one of the leading vehicles of the train was derailed 
just ahead of the Y crossing before referred to, and 
that this caused the derailment of the train. Thedown 
main line had been examined on the morning of the 
accident by one of the sub-inspectors, and no fault 





For this reason the speaker believed that ulti- 
mately the induction coil would be discarded for 
wireless telegraphy, and replaced by some static 
apparatus. It was true that the arc discharge 
referred to had some value in diminishing the re-| 
sistance of the air-gap, but from every other point 
of view it was bad. 





could then be found with it. It seems, however, from 


| the evidence that on the morning of the day of the 


accident orders had been given by the foreman plate- 
layer to two of his men to loosen some of the ballast 
on each side of the knuckle timber next to the Y cross- 
ing on the down line, with a view to raising the road. 
It is not very clear from the evidence whether at the 
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time the train passed over the spot the ballast had 
only been loosened, or had been cleared away. The 
evidence given on this point was not quite satis- 
factory. In the opinion of Lieut-Colonel von Donop 
it seems practically certain that the derailment 
occurred at the very stoi where the men were 
working ; and as some of the evidence went to show 
that their operations were not confined merely to the 
a of the ballast, but that some of the fasten- 
ings had been removed and not replaced before the 
train arrived, it is impossible to resist the conclusion 
that the disaster was probably due to the weakening 
of the line at this point ; the weakening being caused 
by the operations of the platelayers. There was no 
evidence to show that there was anything whatever 
defective about the roHing stock, and nothing to point 
to there being a failure in anything but the permanent 
way. 


NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—At the opening session of 
the pig-iron market last Thursday Cleveland warrants 
were irregular for cash, at a decline from the previous 
day’s close. The cash dealing was from 52s. 44d. to 
52s. 54d., and 52s. 3d. was touched, while for the forward 
position the nag Dae 53s. 1d. one month, but the 
price dropped to 52s, 9d., round which figure transactions 
took place. Three months iron was 53s. ahd. and busi- 
ness was also done at 52s. 34d. eight days. The turnover 
was 19,000 tons. Inthe afternoon a further decline took 
place, and Cleveland warrants were done down to 
52s. 24d. cash, 52s. 7d. one month, 53s. two months, 
and 53s. 3d. three months, with buyers over for the latter 
position. The business amounted to about 16,000 tons, 
and sellers’ closing quotations were 52s. 3d. cash and 
52s. 74d. one month. Hematite was quoted 69s. 9d. cash 
sellers, but buyers were not offering. The market was 
very active on Friday morning, and prices were steady. 
Cleveland warrants were done at 52s. 3d. cash, 52s. 2d. 
and 52s. 34d. seven days, and at 52s. 64d. to 52s. 7d. one 
month. In forward warrants 12,000 tons — - hands 
at 53s. 3d. three months, with sellers over. ematite 
was dealt in at 68s. 6d. ten days, and closing sellers 
quoted 69s. one month. The total turnover was 22,000 
tons, and at the close sellers of Cleveland quoted 
52s. 34d. cash and 52s. 74d. one month. At the after- 
noon session the business amounted to 18,000 tons, 
and Cleveland warrants, opening at 52s. 4d., advanced 
to 52s. 6d. cash; while one month warrants, opening at 
52s. 9d., rose to 52s. 104d. Three months warrants— 
3000 tons—were done at 53s. 5d., and other 3000 tons 
were done at 4d. less for six days short of three 
months. The closing quotations were 52s. 6d. cash and 
52s. 11d. one soentl sellers, and hematite was quoted 
69s. 6d. one month sellers, and 6d. less by buyers, but no 
business took place. The upward movement continued 
on Monday morning, and prices for Cleveland warrants 
were firmer round 52s. 74d. cash and fourteen days, and 
53s. one month. The dealings were 12,000 tons for these 
dates, and there was also some 2000 tons at from 53s. 6d. 
to 53s. 9d. three months. Sellers closing quotations 
were 52s. 8d. cash and 53s. 04d. one month, and the 
settling prices were:—Scotch, 57s. 6d.; Cleveland, 
52s. i ; hematite, 68s 6d.; and Standard foundry iron, 
51s. 6d. In the afternoon the only business was 5000 tons 
of Cleveland warrants at a further advance. Cash iron 
was done at 52s. 11d. and 52s. 114d., and one month iron 
at 53s. 44d.; the other dealings were at 53s. 14d. eleven 
days, and 54s. three months, Closing sellers quoted 
52s. 114d. cash and 53s. 44d. one month. Hematite was 
quoted at 70s. one month sellers, and Standard foundry at 
52s. 14d, cash sellers. On Tuesday morning the tone of 
the market was firm, but the business was small, only 
5000 tons of Cleveland warrants being put through. The 
dealing was at 53s. 04d. and 53s. 1d. ah, and 53s. 4d. one 
month, and the closing quotations were 53s. cash sellers 
and 53s. 4d. one month sellers. Hematite was quoted at 
703. sellers and 69s. 6d. buyers one month. At the 
afternoon session the market was a little irregular, 
and Cleveland warrants, opening at 523. 10d. cash, eased 
to 52s. 9d., but then recovered to 52s. 11d. cash, closing 
with sellers at that figure. Forward warrants opened 
at 53s. 4d. one month, then dropped to 53s. 14d., but 
recovered to 53s. 3d., and closed at 533. 4d. one month 
tellers. The transactions were only abcut 8000 tons. 
Standard foundry iron was quoted 523. cash and 52s. 4d. 
one month sellers. When the market opened to-day 
(Wednesday) the tone was flat, and prices declined 
slightly. The total business was only 1500 tons of Cleve- 
land warrants at 52s. 10d. cash and 53s. 24d. one month, 
and closing sellers quoted 52s. 10}d. cash and 53s. 2hd. 
one month. Hematite was quoted 693. 9d. sellers and 
693. 6d. buyers one month. In the afternoon the tone was 
better, and Cleveland warrants were done at 52s. 11d. and 
52s, 103d. cash, and 53s. 3d. one month, with buyers over. 
Some business was also done at 543. three months, and 
at the close prices had hardened to 53s. cash and 53s: 4d. 
one month sellers. The transactions amounted to 3500 
tons, and 2000 tons of hematite at 69s. 6d. and 70s. one 
month, with buyers over. Standard foundry iron was 
quoted by sellers at 52s. 14d. cash. The market quota- 
tions for makers’ (No. 1) iron are as follow :—Clyde and 
( alder, 68s. ; Gartsherrie, 683. 6d.; Summerlee and Lang- 
loan, 70s.; Coltness, 763. (all shipped at Glasgow) ; Glen- 
garno:k (shipped at Ardrossan), 68s.; Shotts (shipped at 
Leith), 68s, ; Carron (shipped at Grangemouth), 70s. 


Sulphate of Ammonia.—The sulphate of ammonia 
market continues to be very flat, and there is little trade 
passing. The current price is 12/7, 103. to 12/, 12s. 6d. 








for prompt business, and forward quotations are 12/. 15s. 
to 12/7. 17s. 6d. per ton—Glasgow and Leith. Last week 
the shipments from Leith amounted to 313 tons. 


Scotch Steel Trade.—The Scotch steel trade does not 
show any change since our last report. Makers are still 
busy, and the various local works are pushing ahead with 
the orders on hand, as buyers are pressing for delivery. 
The annual stoppage for the New Year holidays takes 
place in three weeks from now, and a large quantity of 
steel is wanted before then. New business has not 
a of late, but most of the local steelmakers’ 
books are well filled for the early months of the year. 
Prices remain unchanged. 


Shipbuilding.—The opening days of December have 
not been marked by any rush of fresh shipbuilding orders 
on the Clyde, but, of course, there are the usual rumours 
floating around about new tonnage. Shipbuilders have 
done very handsomely this year in the matter of booking 
new steamers, and in most of the yards constant employ- 
ment is assured for many months to come, Messrs. 
Ferguson Brothers, Port Glasgow, have contracted to 
build a powerful bucket hopper-loading dfedger for the 
London and North-Western and Lancashire and York- 
shire Joint Railway Companies. The vessel is for service 
at Fleetwood. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Sheffield Chamber of Commerce. — At the meeting of the 
council of the above Chamber, held on Tuesday, Mr. 
H. H. Bedford presided. A deputation of the Sheffield 
Electrical Contractors’ Association wai by appoint- 
ment upon the council to explain the position in which 
the electrical traders of the city are ew. by reason, as 
they allege, of the illegal trading of the Corporation in 
wiring and fittings. The president of the Chamber 
thanked the deputation for the manner in which their 
objections bad been explained, and promised to take the 
matter into consideration. The council also decided 
to put forward at the annual meeting of the Associated 
Chamber of Commerce resolutions in favour of the 
appointment of a Minister of Commerce. 


The Iron and Stecl Trades.—The deliveries of Swedish 
material are much more regular than they were a short 
time ago. The strike of engineers and other labour 
troubles they have had in that country have seriously 
disarranged business, but there has been asettling down, 
and work is now going on steadily. Makers of Swedish 
Bessemer and Siemens steels are asking more money on 
all forward contracts, although buyers are reluctant to 
concede it. Dannemora irons are sold ahead, some of 
them for two or three years, and quotations are firm. 
Local makers of Bessemer and Siemens steels report that 
they are doing a steady trade, although there is not 
the pressing demand that was predicted. Some very good 
lines have been placed by home railway companies for 
tyres, axles, wheels, and other stores, and buying has 
been going on for distant markets. Business is much 
better than it was, but most houses could do more if they 
had it. The file and tool trades are generally well em- 
ployed. The strike among the tool-forgers is ended, and 
men are now busy a up arrears. There are few 
signs of improvement in the general cutlery trades, and 
prospects are far from encouraging, They are usually the 
first to participate in any revival. 


The South Yorkshire Coal Trade.—Prospects in the 
coal trade are regarded as brighter, Up to the present 
the contracts for supplies of steam coal to the railway 
companies next year are unsettled. The coalowners are 
requiring either an advance of 3d. per ton for the first six 
months and 9d. for the second half of the year, or 6d. for 
the whole year. The railway companies are pressing for 
a continuance of present rates. There is an excellent 
demand for steam coal for shipment and home use, and 
there are only comparatively small stocks on hand. 
Under these circumstances colliery proprietors are firm 
in their demand. There is an improving demand for 
house coal, and better prices are expected to rule. The 
output of coke is well sustained, and prices are firm. 
Full rates are asked for next year’s supplies. 








Smoke ABATEMENT.—A conference on smoke abatement, 
arranged by the Royal Sanitary Institute, in conjunction 
with the Coal-Smoke Abatement Society, will be held in 
the Royal Horticultural Society’s Hall, Vincent-square, 
Westminster, from the 12th to the 15th inst. The chair 
will be taken on the 12th inst., at 8.30 p.m., by his Grace 
the Duke of Fife, when the presidential address on ‘‘ The 
General Problem of Combustion Reform” will be de- 
livered by Sir Oliver Lodge. A number of interesting 

rs on this important question are down for the 
[alowing days. An exhibition of smoke-abatement appli- 
ances will be held in connection with the conference. 








Rauway Coat.—The North-Eastern Railway Com- 
pany recently invited a renewal of locomotive coal con- | 
tracts at the present price of 83. to 8s. 3d. per ton. 
Tenders have been sent in, and it transpires that the 
basis on which each colliery has acted is 83. 6d. per ton 
for the first half of 1906, and 9s. per ton for the second 
half, or 8s. 9d. per ton for the whole year. Replies have 
been delayed until Christmas. On behalf of the coal- | 
owners it is stated that ship ing and other contracts for 
next year’s supplies of South orkshire hards are being 
made at 6d. per ton advance; that most of the leading | 
thick seam collieries have a fair number of forward con- | 


NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam coal trade has shown a rather 
more cheerful tone, but heavy stocks upon -.- have 
checked any upward movement in prices. The best 
large steam coal has made 12s, 3d. to 12s. 9d. per ton, 
while secondary qualities have brought lls. 6d. to 12s. 
per ton. The house-coal trade has shown little change ; 
the best ordinary descriptions have been quoted at 13s. 6d. 
to 15s. per ton, while second: qualities have — 
from 10s. 6d. to oa) ton; No. 3 Rhondda large has 
brought 13s. 6d. to 13s. 9d. per ton. Foundry coke has 
been quoted at 18s. 6d. to 19s. per ton, and furnace ditto 
at 16s. 6d. to 17s. per ton. As iron ore, Rubio has 
made 17s. 6d. to 18s. per ton, and Almeria 17s. to 183. 
per ton upon a basis of 50 per cent. of iron, and charges, 
including freight, insurance, &c., to Cardiff or Newport. 


Wages in Wales.—The South Wales Coal-Trade Con- 
ciliation Board has decided that the expiring agreement 
shall be renewed, subject to certain amendments. The 
minimum and the equivalent selling price will be un- 
changed. The duration of the renewed agreement is to 
be four years. 


The Swansea Valley.—The Landore blast-furnace has 
produced an average tonnage of pig iron. The steel 
trade has been active all along the valley. The demand 
for home-rolled tin bars is yielding a good return to the 
makers. The spelter factories have been well employed. 


Bristol and Liverpool.—The Bristol Chamber of Com- 
merce has for some time —_ been interesting itself in 
telephonic communication between Bristol and Liverpool, 
and a new additional trunk telephone wire to Liverpool 
has recently been completed and brought into use. 


Dowlais.—The Goat Mill has been idle; but since it 
has been inactive the time has been turned to good 
account by the management in the erection of new 
standards for rolls and the general improvement of the 
plant, so as to secure, if ore an increased future 
output of steel rails. The Big Mill has turned out a fair 
average production of light goods of a miscellaneous 
character. The Siemens furnaces have yielded satis- 
factory results. 


Coal for the Admiralty.—The Lords of the Admiralty 
are inquiring for their annual supplies of Welsh steam 
coal, delivery to be made during the coming year. The 
quantity which is ~ By on the present occasion 
is between 800,000 and 1,000,000 tons. In accordance 
with their usual practice, the Admiralty confine their 
inquiries to those collieries which are on the Admiralty 
list, and which now number twenty-seven, Insoles Cymmer 
coal, owned by Insoles, Limited, having been added. 


The ‘* Dreadnought.”—A contract for the engines of 
the new battleship Dreadnought, now building at Ports- 
mouth, has been secured by Messrs. Vickers Sons and 
Maxim, Limited. The armour-plating will be supplied 
by Sir W. G. Armstrong, Whitworth, and Co., Limited. 








* Personat.—Mr. W. H. Beck, M.I.M.E., F.C.1.P.A., 
115 and 117, Cannon-street, E.C., has admitted as partners 
in his business of consulting engineer and patent agent, 
as from October 1 last, his former manager, Mr. Stephen 
Edward Gunyon, Fellow of the Chartered Institute of 
Patent Agents, and his son, Mr. Alexander Edward Beck, 
A.M.I. Mech. E., consulting engineer. The business 
wiil be carried on in future under the style of W. H. Beck 
and Co.—The Maschinenfabrik Oerlikon have appointed 
M. G. Wiithrich manager of their British, Irish, and 
Colonial department, and London resident engineer, with 
offices at Oswaldestre House, Norfolk-street, Strand, 
W.C.—Mr. George A. Goodwin, M. Inst. C.E., Whit- 
worth Scholar, and Past President of the Society of Engi- 
neers, has removed his offices from 28, Victoria-street to 
25, Victoria-street, Westminster, where he practises as a 
consulting engineer and technical expert. — Owing to 
greatly increased business, Messrs. Bruce Peebles and 

‘o., Limited, have transferred their London office from 
Westminster to 1, London Wall-buildings, E.C., which 
will be the headquarters of Mr. Roland 8. Portheim, 
managing cuore, with Mr. Morton Beales as manager, 
and Mr. W. J. W. Bullock as chief engineer of the con- 
tract department. —The Ryknield Engine Company, 
Limited, Burton-on-Trent, goes into me ane liquida- 
tion, and the whole business will be taken over by a new 
company now in course of formation; this will probably 
be known as the Ryknield Motor Co. In the meantime, 
the business is carried on without intermission, and it is 
ho that the first of a new type of 20-horse-power four- 
cylinder car will be on the road by the end of the present 
month.—The Blake Boiler, Wagon, and Engineering Com- 

ny, Limited, Darlington, have purchased the Alliance 
Weckotrom the debenture-holdersin the Darlington Wagon 
and Engineering Company, Limited, and are carrying on 
the business of their predecessors, which comprised the 
manufacture of _ ye | railway wagons, &c., rail- 
way wheels and axles, turntables, bridges, roofs, and all 
classes of constructional steel work. They have also 
taken over Mr. Blake’s interest in his patent boilers, and 
are laying down a powerful and modern boiler-making 
plant for the manufacture of the Blake patent and other 
boilers. The business will be carried on under the direct 
management of Mr. James Blake.—Mr. Thomas McRow 
has been unanimously appointed secretary of the Royal 
Agricultural Society, on the retirement of Sir Ernest 
Clarke, who has been elected an honorary member.— 
Messrs. Geipel and Lange, 72a, St. Thomas-street, 8.E., 
have been appointed sole British representatives for 
M. Fabius Henrion, of Nancy, for the sale of his well- 
known arc-light carbons, dynamo and motor carbon 


tracts in hand ; and that there are smaller stocks on the | brushes, and incandescent lamps, in place of Mr. D. 


pit banks now than there were a year since. 


McNaughton, who is now retiring from the business. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MrppLEesBRouGH, Wednesday. 
The Iron Trade.—Yesterday the attendance 
on ’Change was fairly numerous, and the market was 
pretty cheerful. Naturally, the political situation was a 
good deal discussed, but not, as might have been ex- 
ported, to the exclusion of business, and, as a matter of 
act, a good few sales were recorded. The position was 
rather more favourable to sellers than to buyers, and in 
some cases the latter showed a little anxiety to place 
their orders. The now large (nearly 680,000 tons) and 


in the public 


warrant stores appeared to have no influence on the 
market, the oe opinion being that next year the 

such as quickly to reduce the stocks. 
Both makers and merchants sold No. 3 g.m.b. Cleve- 


elivery, and 


that price was generally named. Inquiries on forward 
account brought forth a quotation of, at least, 53s. 6d. 

o. 1 was -; No. 4 ar yen 5ls. 6d. ; y 
forge, 51s.; mottled, 50s. 6d.; and white, 50s. 3d. Frat 
Coast hematite pig was very strong, as might be ex- 
ported with the inadequate output. Demand could not 
be fully met, and, unfortunately, producers could not 
increase the make, owing to the none too plentiful supply 
of good Spanish ore. os. 1, 2,and 3 stood at 70s. for 
early delivery, and 72s. 6d. for delivery over the first 
half of 1906. No. 1 was 70s. 6d. to 71s.; and No. 4 
—— hematite 65s.—both for early delivery. The value 
of Spanish ore did not alter. Rubio of 50 per cent. 
quality was 18s. 9d. ex-ship Tees, and 13s. at the mines 
in Spain. To-day the market was fairly busy, and quota- 


Manufactured Iron and Steel. — Highly satisfactory 
accounts continue to be given of the various branches of 
the manufactured iron and steel industries. Firms gene- 
rally are fgg full of orders, and good inquiries are still 

e. Under these circumstances values naturally 
tend upwards. Many traders predict that 1905 will be a 
record year for output. Quotations stand :—Common iron 
bars 7/.; best bars, 7/. 10s.; parallel packing iron, 6/. ; 
iron ship-plates and angles, each 7/. 5s. ; iron ship-rivets, 
81. ; steel ship-plates, 7/.; steel ship-angles, 67. 12s. 6d. ; 
steel sheets (singles), 7/. 10s. ; steel sheets (doubles), 8/. ; 
and steel joists, 6/, 7s, 6d.—all less the customary 24 per 
cent. discount. Steel rails are in good request, and heavy 
sections have fi me up half-a-crown, the 

i . net. Cast-iron railway chairs are firm 


uotation now 


Shipments of Iron and Steel.—November shipments of 
iron and steel were disappointingly small, the clearances 
from this os reaching only — tons, the coastwise 

those to foreign countries, 

55,100 tons. 6 clearances were composed of 70,478 tons 
of pig iron, 26,406 tons of which went abroad, and 44,072 
tons to coastwise customers; 15,134 tons of manufac- 
tured iron, 8068 tons of which went abroad, and 7066 
tons coastwise; and 26,494 tons of steel, 20,626 tons of 
which went abroad, and 5858 tons coastwise. Scotland 
ain was far and away the ern buyer of pig, of 

i 32,896 tons. The next 

best customer was Germany with only 5722 tons; then 
came Holland with 3761 tons; Sweden, 3725 tons; and 
America, 3680 tons. India, with 6355 tons, was the 
largest receiver of manufactured iron, and with 6121 tons 
she was the second best customer for steel, the largest 
receiver of steel being Portuguese East Africa, with 7373 


Coal and Coke. — Fuel shows some improvement. 
Though the demand for bunker coal by no means absorbs 
the supply, it is good, and prices are stronger, unscreened 
Durhams being 8s. 14d. to 8s. 44d. f.0.b., according to 
quality. Demand for gas-coal is at its fullest, and 
pee are very strong. Coking coal is also stiffer. 

he — supply of coke has been taken up, and quo- 

ave risen, being now on the basis of 17s. for 
average blast-furnace qualities, either early or forward 


Middlesbrough.—During heavy and. continued rains, 
when the Tees has been at high tide, serious floods have 
occurred at Middlesbrough. ‘To cope with this difficulty 
the Town Council have opened a pumping station. The 
station, which is situated close to Messrs. Cochrane’s 
blast-furnaces, has a retaining wall 450 ft. long and 25 ft. 
high above low water, in concrete, faced with pressed bricks. 
The wall has been built chiefly for the purpose of protect- 
ing the corporation main sewer, and also the delivery main, 
from the erosive action of the tides. In the engine-house 
provision is made for a duplication of the pumping plant 
which it is intended to lay down, for use in case of acci- 
dent to the present plant. The deliveries from the two 
pumps now fixed are coupled up to a 3-ft. 6-in. pipe, 
which, in turn, connects with ¢. 5-ft. diameter delivery 
main, 500 ft. long, at the junction provided for a duplicate 
set. The pumps are driven by two single-cylinder hori- 
zontal gas-engines, and each pump is capable of deliver- 
ing 15,000 gallons of water per minute through a total 
lift of 16 ft. The work was designed by Mr. F. Baker, 
ey: aman The cost of the undertaking amounts 
to 16,6482, 


BATTERSEA POLYTECHNIC ENGINEERING Socrety.—The 
opening meeting of this society took place on Saturday 
evening, December 2, when fessor Unwin, F.R.S., 
who has accepted the position of President for the session, 
delivered an address on ‘Harnessing Niagara,” with 


the meeting 
F.R.S., the 


DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 


SEPTEMBER, OcTOBER. NoOveEMBER. 


£ 
158 


154 
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(9449) SEPTEMBER. OCTOBER. NOVEMBER. 


In the accompanying diagrams each vertical line represents a market day, and each horizontal 
line represents 1s. in the case of tin plates, hematite, Scotch, and Cleveland iron, and il. in all 
other cases. The price of quicksilver is per bottle, the contents of which vary in weight from 
70 lb. to 80 1b. The metal prices are per ton. Heavy steel rails are to Middlesbrough quotations. 


Tin plates are per box of I.C. cokes. 


retiring President, to whom a vote of thanks for his ser- | the Society. The meeting was very largely attended, the 
vices was proposed by Mr. Glegg, Mayor of Wandsworth, | lecture-room being crowded, many of the audience stand- 





and a member of the governing body, and seconded by | ing during the whole time. At the close of the address, 
Mr. C. L. Simpson, of Messrs. Simpson and Co., Limited, | a vote of thanks to Professor Unwin was moved by Sir 
Pimlico, both these gentlemen being past-presidents of | William White and seconded by Principal Wells. 




















Dec. 8, 1905.] 


ENGINEERING. 








IRON-NICKEL-MANGANESE-CARBON ALLOYS. 
(For Description, see Page 779.) 


Fic. 23.—CHARACTERISTIC STRUCTURES OF THE ALLOYs A TO K. 


Cast }ormalised. 


Forged. 


Sections cut from }-in. diameter bars. 
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INDUSTRIAL NOTES. 


Tuer Government, in accordanée with the promise 
of the Prime Minister made in the House of Commons 
on August 2 last, has appointed a Royal Commission 
to inquire into the working of the Poor Law. The 
terms of reference, together with the names of the 
Commissioners, were published last week, and also 
the name of the Secretary to such Commission. Very 
little objection can be raised to the personnel of such 
Commission ; at the same time, a notable name—that 
of Sir Hugh Owen—is absent from the list. He knows 
more about the Poor Law than any living man. His 
long reign as Permanent Secretary at the Local 
‘coverpment Board, his knowledge of the intricacies 





4.25 4.95 6.42 7.95 
—- — - Martensitic 


eminently qualify him for such a position. A Bill to 
| consolidate the law was prepared by him, or under his 
supervision, some dozen or more years ago. Ag he is 
not a Commissioner, he might be called as a valuable 
| witness—an expert in the best sense. Lord George 
Hamilton, M.P., the Chairman, is most courteous and 
|urbane, but scarcely the strong man for such a post. 
The Vice-Presidents of the Local Government Boards 
for Ireland and Scotland, the present Permanent 
Secretary of the Local Government Buard for England, 
the chief of the Poor Law Medical Department, the 
Secretary of the Charity Organisation Society, and 
two or three members of boards of guardians are 
on the list. Three ladies are appointed, each of whom 
has had experience; two well-known economists ; 
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Charles Booth and Mr. George Lansbury represent 
distinctive aspects of the unemployed question. The 
Parliamentary Committee of the Trades Congress, 
the General Federation of Trades, and the Labour 
Representation Committee complain that no ‘‘ repre- 
sentative of organised labour” is on the Commission. 
Yet it is fairly representative generally., 

The terms of reference are :—‘‘ (1) To inquire into 
the working of the laws relating to the relief of poor 
persons in the United Kingdom ; (2) into the various 
| means which have been adopted outside the Poor Laws 
| for meeting distress arising from want of employment, 
| particularly during the periods of severe industrial 
| depression ; and to consider and report whether any, 
and, if so, what modification of the Poor Laws, or 





of the law, and of the statutory rules and orders, pre-|and two clergymen of the Established Church. Sir change in their administration, or fresh legislation for 
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dealing with distress, are advisable.” The terms of 
reference above quoted are, perhaps intentionally, a 
little vague, but they cover a wide field. To enable 
the Commissioners adequately to fulfil their duties they 
ought to have a draft Consolidation Bill placed in their 
hands, otherwise they will have to ransack the Statute 
Book from 1601 to 1905 inclusive. The Acts, or por- 
tions of Acts, unrepealed relating to England and Wales 
are 156; to Ireland, 69; to Scotland, 21. Besides 
these there are the statutory rules and orders relat- 
ing to each country, and a number of provisions in 
other Acts which more or less apply. In lieu of a 
Consolidation Bill, an indexed abstract for each count: 
might be made, and, if so, it ought to be published. 
If the present Commission does its work as well as 
that of 1832-3 to 1834-5, it will be monumental, 
though the difficulties will not be so great as then. 
In any case the work will be less onerous, and it is 
to be hoped more satisfactory in its ultimate outcome. 
The present system is costly, extravagant, and far 
from adequate, 


The ascertainment of Mr. Waterhouse, accountant 
for the North of England Conciliation and Arbitration 
Board, as regards the production and prices in the 
manufactured iron trade of the North of England for 
the months of September and October, was issued at 
Darlington and Middlesbrough by the secretaries of 
the board last week, with the result that there was no 
advance in wages for the past and the current month, 
ending at the close of the present year. The returns 
show that production has largely increased, but prices 
did not rule as high as was expected. The production 
was equal to 12,775 tons, as follows :—Bars, 9844 tons; 

lates, 1567 tons; angles, 1260 tons; rails, 102 tons. 

he net average selling price was 6/. 03. 0.34d. The 
price worked out at an average of 1/. per ton— 
in some cases more than that—below the present 
market price. But the output was greater by 2065 
tons than in the previous two months. Bars showed 
arise of ls. 4d. per ton; plates, ls. 7d. per ton; but 
angles declined 6d. per ton, as compared with the 
previous fwo months. The returns seem to show 
that low-priced contracts were still running up to 
the end of October. The men will get their advance 
on the present period during the first two months 
of the New Year. The net average price was better 
by 1s. ld. than in the previous two months, but 
this was not enough to advance the rates of wages 
according to the sliding scale in operation. The 
highest point attained my the boom in 1900 was 
2/. 63. per ton higher than the realised net prices of 
the two months included in the returns. It is thought 
that some time must elapse ere that high figure can 
be reached, if, indeed, it can be at this period. But 
the increase in production is deemed to be encourag- 
ing. This, however, is not nearly so large as that of 
some years ago, owing to the large displacement of 
iron by steel. Butif steel becomes the greater factor, 
then steel will rise in price, and with it wages. 





In last week’s ‘‘Industrial Notes” reference was 
made to the attitude of the Labour Party in Australia 
towards the immigration of British workmen, as an out- 
let for our thousands of unemployed. We have now 
the opinion of the Australian Commonwealth Premier 
upon that question and upon the attitude of the Labour 
Party, as disclosed in the resolution of the Sydney 
Labour Council sent to this country, to the secretary of 
the Trades Union Congress Parliamentary Committee. 
Mr. Deakin, the Federal Premier, said that there are 
‘‘ opportunities for an unlimited number of agricul- 
turalists.” In his statement he says :—‘‘ Australia is 
suffering from statements made by individuals in sup- 
port of particular party politics, but quite obscuring 
general facts, and leading to much misconception. Mr. 
Jellicoe’s assertion that 17,000 unemployed were regis- 
tered in the capital cities has been officially inquired 
into in all the States. The result shows that there 
were 3560 ——v- persons in a male adult popula- 
tion of 1,371,000--the smallest proportion in any 
country.” He goes onto say that ‘‘ the statements of 
the secretary of the sang Trades’ Council are of a 
partisan character. New South Wales has room for a 
vastly greater population, and excellent opportunities 
await an unlimited number of agriculturalists of the 
right stamp.” He further says that ‘‘ three of the 
largest States are fostering immigration, and are re- 
ceiving immigrants. The season.has been splendid, 
money is plentiful, and the — are all brighter 
than for years past.” Ifthe Labour Party in Australia 
seek to make it a close colony for white men only, and 
then restrict the supply, they are i | ruining their 
own prospects, and retarding the development of the 
country. Their efforts cannot permanently succeed ; 
they will react disastrously upon labour in the near 
future. 





The Distress Committee at Birmingham, under the 
Unemployment Act, are regarded as very inquisitive 
and rough in their proposed treatment of the unem- 
ployed. They want to know the character of the 





claimants for relief—names, addresses, occupation, 
where they last worked, and when, cause of discharge 
or dismissal, and other particulars. Well, if it be harsh 
to make such inquiries, they are necessary, for we do 
not want to be saddled with a permanent unemployed 
army as well as a pauper race, If the loafer once feels 
that relief is stopped, he will have recourse to work, 
or render himself liable to penalties. To be able to 
boast, as some have done eh do, that they have not 
worked at honest labour for a long time t, is just 
ascriminal as picking pockets or robbing shops. This 
must be put a stop to somehow. 


The question of taking hold of the young by appren- 
ticeship, or in some other way, is once again revived. 
The old system of apprenticeship cannot be revived to 
any great extent, for the conditions of employment 
have changed. It takes but a short time to learn 
some of the many processes of trade, and parents are 
deterred by premiums or long terms, unless the ad- 
vantages are in most respects equal. And yet it is 
the unskilled, the untrained, the ignorant that go to 
swell the ranks of the unemployed. Some of the better 
class workmen in times of depression are also unem- 

loyed, but these get work again when trade revives. 

t should be distinctly known that skill and character 
are essential conditions of employment in all sections ; 
for, after all, there are two ways of doing almost every- 
thing—the right and the wrong. 





Another trade-union picketing case has been decided 
against a union. The case arose out of a strike of French 
polishers at the works of Messrs. Wallis and Co. The 
United Society of French Polishers employed six of its 
members to walk up and down the pavement in front 
of the firm’s business premises in Holborn, each man 
having in his hat a card about a foot square, on 
which was the word “pickets.” The strike was 
against a reduction in wages of a penny per hour. 
Messrs. Wallis contended that the action of the society 
and the presence of the pickets was an improper inter- 
ference with their business. An action was thereupon 
commenced, and an application being made in cham- 
bers, Mr. Justice Bray granted an interim injunc- 
tion against the union restraining it and its members 
from continuing this form of picketing. The union 
appealed against that decision last week, contending 
that as the pickets had done uothing but walk up and 
down, the union had committed no offence. After 
hearing counsel on both sides, the Master of the Rolls 
dismissed the appeal, being of opinion that the course 
taken by Mr. Justice Bray in granting the injunction 
was arightone. This decision will be disconcerting 
not only to the union involved, but to all other unions, 
inasmuch as it is patent to all that the meshes of the 
law cover most of the forms of picketing now resorted 
to by the unions. 





The election of Mr. F. Hall, the agent of the York- 
shire Miners’ Association, as Member of Parliament 
for the Normanton Division, as successor to Mr. 
William Parrott, recently deceased, has led him to 
refuse the secretaryship of the union, which post in 
other circumstance would have been considered his 
due. He thinks that Mr. J. Wadsworth, the Presi- 
dent, is entitled to the post, and will not, therefore, 
contest the position. It seems to be a settled convic- 
tion that Mr. Wadsworth will be elected. - Mr. Hall 
was elected M.P. without a contest ; most likely there 
will be no contest in respect of the secretaryship. 


The position of trade unions by reason of the use 
of their funds for political purposes—the payment of 
registration and election expenses, and the payment 
of salaries to Labour leaders who are elected Members 
of Parliament—seems likely to bring about confusion 
in respect of levies and funds, and consequently the 
financial situation may become embarrassing. There 
is a revolt in some of the unions against the compulsory 
levy, and it is reported that one union at least invited 
the Chief Registrar of Friendly Societies to refuse to 
accept rules which will render the payment of levies 
for such pu s obligatory. Voluntary levies would 
not effect the object desired by the Labour Repre- 
sentation Committee, for then the levy would sink to 
the low level of voluntary contributions, which even 
for the most laudable objects are generally very un- 
satisfactory. But if such purposes are desired and 
desirable, the rules should be very explicit, clear, 
unmistakable, and within the four corners of the law. 
No such payments were made to the earlier Labour 
Members of Parliament until 1893 ; but extra pay was 
allowed to Mr. Burt after his election in 1874, and to 
Mr, Crawford upon his election in 1885. Mr. Arch 
was paid as an officer of his union when elected in 
1885, as were Messrs. Burt and Crawford, and subse- 
quently Messrs. Pickard and Abraham. With the 
new unionism arose the demand for trade-union allow- 
ances to those elected from the union to which they 
belon Later on the Member for Battersea received 
a subsidy from the engineers, and other unions followed 
suit. Since the Institution of the Labour Representa- 
tion Committee four Members are paid 200/. each out 





of the Committee’s funds, mostly subscribed by trade 
unions ; others are paid by the unions to which they 
belong, and which they represent in the House ot 
Commons. The unions are now likely to claim an 
amendment of the law, which will include this quec 
tion, the protection of trade-union funds anent the Tati 
Vale judgment, and picketing. Whether they will be 
strong enough in the next Parliament to insist upon 
this and obtain it, can only be solved by the con 
stituencies at the General Election. 





The position of the iron and steel trades in the 
Midland districts continues good and buoyant. There 
is a strong tone as regards prices, the expectations 
being that there will further advances in rates, 
instead of any abatement. Marked bars are in good 
demand at full recent rates. All qualities of iron 
appear to be in active request ; in some the orders are 
so numerous that the works cannot supply fast enough. 
The ironworkers’ wages remain unchanged, being 
governed ¥ the North of England scale. The reason 
why there has been no advance this time is that old 
orders had to be cleared off at the then rates. But 
there is an expectation of an advance when the scale 
rates are settled in accordance with the understanding 
arrived at some months ago. The scarcity and price 
of pig iron are said to be adverse to makers of common 
bars and other iron, so that a further advance in those 
qualities may be expected. The most satisfactory 
feature in the situation is that there is no slackening 
off in orders, showing that users are getting busier. 
Steel is also in active demand; deliveries cannot be 
depended upon, except at a premium. 





In the Lancashire districts the iron trade is still 
buoyant, producers being firm in their rates. There 
appears to have been a lull in pig iron for a few days, 
but makers are firm as to price. It is expected that 
another advance will be declared in finished iron, best 
bars especially, which are in active demand. Steel 
products are also in good demand, and prices are firm. 
The engineering and other iron and steel-using branches 
are slowly but surely reviving, so that the demand for 
material is sure to increase, even more rapidly than 
production. The general feeling seems to be that 
there will be increasing activity in most of the iron 
= steel-using industries with the advent of the New 

ear. 





Lord Stanley, the Postmaster-General, is reported to 
have withdrawn absolutely and unreservedly his re- 
marks as to ‘‘ bloodsucking,” &c., made in the House of 
Commons as eh the postal employés. The words 
were hardly befitting a Cabinet Minister, and the head 
of one of the largest departments of the State. 





The sett-makers at the Newry granite quarries, to 
the number of about 500, have struck work against a 
proposed reduction in wages of from ls. 6d. to 2s. per 
ton. The state of trade, it is alleged, is the cause of 
such proposed reduction. And yet the County Dis- 
trict and Parish Councils of the kingdom are supposed 
to be very busy in respect of road-making and im- 
provements. 





The quarries at Ballachulish are to be opened again, 
after being idle for over five months, in consequence 
of labour troubles. But, it is said, the work is to be 
carried on on a more limited scale, and wages are to 
be considerably reduced. 





The New South Wales Parliament, in spite of the 
strong opposition of the Labour Party, has voted the 
sum of 2000/. towards supporting increased immigra- 
tion into the Colony. It would seem that the anti- 
union capitalists are more liberal in their policy than 
the organised Labour men. 





It appears likely that there will be an organised 
crusade against overtime in the iron and steel indus- 
tries, and in the engineering, shipbuilding and other 
iron and steel-using trades. With the pe Bacar of in- 
creased employment, the officials and leaders think 
that the work should be shared as widely as possible. 








Water IN THE Karoo.—A success in boring for water 
has been achieved in the arid district of South Africa, 
known as the “‘ Karoo.” The water was met with on the 
De Dam farm, and it was struck at a depth of 27 ft. 
Mr. Riley, who is in charge cf a Government drill, com- 

utes the quantity obtainable per day at 100,000 gallons. 

he water runs from the borehole through a stint for a 
distance of several hundred feet, at the end of which an 
air-motor will distribute it for irrigating a large area of 
land. Water has also been found on a farm at Uitslugts- 
fontein. Mr. J. F. Theron has been working on this 
farm with his jumper drill, and has struck a supply of 
about 120,000 gallons per day at a depth of 50ft. The 
position of the borehole is such that a very large portion 
of the farm can be conveniently irrigated. 
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TRON-NICKEL-MANGANESE-CARBON 
ALLOYS. 


Seventh Report to the Alloys Research Committee: On the 
Properties of a Series of Iron-Nickel-Manganese-Carbon 
Alloys.* 

By Dr. H. C. H. Carpenter, Mr. R. A. HADFIELD, 
and Mr. Percy LONGMUIR. 


(Concluded from page 750.) 
Tue Metratiocrapny OF NIcKEL Streets, B To K. 


The may 7 yy! of the series of low carbon-nickel- 
iron alloys (A to N) (average 0.17 per cent. carbon), pre- 

red by one of the authors, was studied by M. Osmond. t 
He divides the alloys into three groups :— 

Group 1 (up to 7.65 p2r cent nickel). The structure 
resembles that of low-carbon steels containing no nickel. 
(Ferritic + pearlitic structure. ) 

Group 2 extends to steels with about 25 per cent. nickel. 
(Martensitic or acicular structure, similar to that of 
hardened carbon steels. ) dee } 

Group 3 comprises the alloys still richer in_ nickel. 
They are non-magnetic at ordinary temperatures. (Poly- 
hedral structure, similar to that of pure iron above A 3.) 


In 1903,t M. Guillet, to whom the foregoing classifica- |" 


tion of nickel-iron alloys was unknown, published the 
results of a very thorough study of the oem orm | of 
three series of alloys, and adopted a similar method of 
grouping. 

Series 1 contained about 0.120 per cent. carbon and 
from 2 to 30 per cent nickel. 

Series 2 contained about 0.220 per cent. carbon and 
from 2 to 30 per cent. nickel. 

Series 3 contained about 0.800 per cent. carbon and 
from 2 to 30 per cent. nickel. 

The three series contained only small amounts of 
the ordinary impurities, and were low in manganese. 
M. Guillet worked on materials (a) forged),§ (b) quenched, 
(c) re-heated, (d) cold worked, and (e) cooled considerably 
below atmospheric temperatures. ith one exception 
(500 diameters) all the photomicrographs have a mag- 
nification of 300 diameters, which is insufficient to 
characterise the pearlitic structure. 

The following is a tabulation of his results with the 
forged alloys :— 

Taste XX VII. 


Grats Micrographic 0.12 | 0,22 0.80 
‘roup. —_ Characteristics. Carbon. Carbon. Carbon. 








per cent. per cent. ol cent. 
1 a iron + pearli'e Otol0Ni| Oto7 Ni Oto 5 Ni 
2 Martensite 10 ,, 27 ,, 7, 2, |5 tolb,, 
8 Polyhedric — y iron Over 27 ,, | Over 25,, Over15,, 


Group 2 overlaps with Groups 1 and 3. 


In each series the first steel with a polyhedric structure 
is a at ordinary temperatures. The greater 
the sum of the nickel and carbon contents, the smaller 
the percentage of nickel at which the structure changes. 

It will be noticed that M. Guillet fixed the same limits 
for the 0.22 per cent. carbon series as M. Osmond for the 
0.17 per cent carbon series. The latter series, however, 
contained from 0.65 to 1.08 per cent. manganese, which 
doubtless is sufficient to account for the difference. 

Quenching Experiments.—Thermo-couple used. Quench- 
ing bath :—Water at 15 to 20 deg. Cent. (59 deg. to 68 deg. 


Fahr. ). 
Taste XXVIII. 
; Quenching Temperature a little 
Group. , Microstructure Higher than the Magnetic Trans- 


before Quenching. formation Point on Heating. 





1 a iron + pearlite or Same effect as with ordinary steels. 
cementite + pearlite, 

2 Martensite .. .. Tendency towards polyhedric struc- 
ture, but predominance of mar- 
tensite. 
1. For the first steels of each series 

with polyhedric structure, aci- 
| cular crystals and more finely 
8 Pure ¥ iron (poly- divided crystals. 

hedric) 2. No appreciable change in the 

| case of steel containing more 
| nickel. 


Reheating Experiments.— Members of Group 1 are 
affected in the same way as pure carbon steels, With 
members of Groups 2 and 3 the same results follow as on 
quenching. Certain of the steels with polyhedric struc- 
ture, upon which quenching was without effect, gave 
martensitic structure on heating. M. Guillet concludes 
that the changes of structure caused by the quenching 
experiments are not due to quenching proper, but merely 
to the reheating preceding it. 

Cold-Working Experiments. — Steels with polyhedric 
structure, when pressed or hammered beyond the elastic 
limit, pass into martensitic structures. 

_,” Read before the Institution of Mechanical Engineers, 

November 17, 1905. First Report, see ENGINEERING, 
vol. lii., pages 548 and 579 ; Second Report, vol. lv., pages 
629, 659, and 686; Third Report, vol. lix., 742, 778, 
and 811; Fourth Report, vol. lxiii., pages and 253; 
Fifth Report, vol. lxvii., pages 210, 259, and 294; Sixth 
Neport, vol. Ixxvii., pages 138, 170, 205, and 239. 

t Proceedings of the Institution of Civil Engineers, 
vol. exxxviii, es 322 and 323. 

IE eetee e la Société de ’ Encouragement, May 31, 


§ The Metallographist, 1903, pages 277 to 283, erro- 
neously translates ‘‘ brut de forge” as ‘‘ cast steel.” 





Low-Temperature Experiments (at -—78 deg. Cent.) 
(-108.4 deg. Fahr.).—Steels of Groups 1 and 2 undergo 
nochange. As regards Group 3, the tendency is to con- 
vert polyhedral into acicular crystal. The latter appear 
sometimes white, sometimes black, after etching. ‘‘In 
one specimen the authors found a crystal coloured white 
on one side, black on the other.” When martensitic 
crystals begin to be formed, magnetism appears. 

ML. Guillet has recently published a reprint of the 
paper, of which a very brief abstract has been given, 
under the title of ‘‘ Les Aciers Spéciaux,” and has added 
a section entitled ‘‘ Nouvelles Recherches sur les Aciers 
au Nickel.” It is necessary to direct attention to three 
of his conclusions :— 

1. ‘The martensite of the nickel steels appears to be 
a ~ oy martensite—i.¢., different from that of carbon 
steels. 

2. *‘A steel which has once been changed from the 
polyhedric to the martensitic condition, by whatever 
method, cannot be regenerated either by annealing or 
quenching. , 

3. **Page 44 contains a diagram in which, from a 
knowledge of the carbon and nickel contents of a nickel 
steel, it is possible, for a given carbon percentage, to 

(8) — 

‘**(a) The nickel content at which the structure changes 
from pearlitic to martensitic. 

‘**(b) The nickel content at which the structure changes 
from martensitic to polyhedric.” 

The diagram, of course, only holds for steels in which 
the ordinary impurities are low. 

M. Guillet has correlated the three types of structure 
of nickel steels with their mechanical properties :— 

‘*Group 1 steels (pearlitic) have properties similar to 
eed carbon steels ; the yield-point and ultimate strength 

ing a little higher. 

‘*Group 2 steels (martensitic) are characterised by pro- 
perties similar to those of carbon steels containing notable 
—— of hardening carbon ; they are extremely hard, 

ifficult to work, and brittle. They are unaffected by 
quenching. 

**Group 3 steels (polyhedric) have a low elastic limit, 
are not brittle, and can be worked with great ease.” 

The authors are glad to state that the results of their 
metallographic study of alloys B to K are in complete 
agreement with M. Guillet’s conclusions on mony, peat, 
On one or two matters, however, they have formed a dif- 
ferent opinion to his, and to these special attention will 
be directed. . t 

M. Guillet’s first paper appeared while their research 
was in progress, and in view of his results they decided 
to exclude quenching experiments. The scheme of work 
has included the microscopic examination of — 

A, the cast alloys, cooled from 900 deg. Cent. (1652 
deg. Fahr.). 
B, the forged alloys. 
C, the ony alloys cooled from 800 deg. Cent. (1472 
deg. Fahr.). 


r. 
D, the cast alloys cooled to —100 deg. Cent. (-148 
deg. Fahr.). 
E, the structure of K upon which mechanical work 
of various kinds has been done. 
F, subsequent heat treatment of K. 

A 5 per cent. solution of picric acid in alcohol was used 
at the outset for developing the structures. With this 
reagent— 

Etching required about 5 minutes (ordinary tempera- 
tures) for alloys A to D. 

{tching required about 10 to 15 minutes (ordinary tem- 
peratures) for alloys E to J. 

Etching required more than 4 hours (ordinary tempera- 
tures) for alloy K. 

A 1 per cent. solution of nitric acid in alcohol gave 
the same results in a very much shorter time. 


For alloys A to D, about 30 seconds. 
i E to J, about 1 to 2 minutes. 
zs K, about 30 minutes. 


sn latter reagent has been used throughout the re- 
search. 

It has been found convenient to work at three magni- 
fications :— 

(a) In a few — 4 at aant 6 to 12 er tg in order 
to obtain a general survey of a comparatively large por- 
tion of the etched surface. A Zeiss planar of 50 milli- 
metres focal length proved suitable for this work. 

(b) At about 150 diameters. This is suitable in moat 
cases for ‘‘ low-power” photomicrography. 

(c) At 1000 diameters, for the characterisation of 
pearlitic and martensitic structures. 

Terminology.—The types of structure which are charac- 

teristic of alloys A to K can be classified in the same 
three groups that have been adopted by MM. Osmond 
and Guillet—viz. (a) pearlitic, (b) martensitic, and (c) poly- 
hedral. Typical photomicrographs of the three varieties 
of structure are given in Figs. 23 and 24, page 777. The 
nature of the martensite of hardened steels is, however, 
still a matter of controversy. Further, M. Guillet’s con- 
clusion that ‘‘the martensite of the nickel steels appears 
to be a special martensite, different from that of carbon 
steels,” is, regarded from a chemical standpoint, abso- 
lutely self-evident, seeing that the former variety contains 
nickel, and the latter does not. For this reason, in Group 1 
the word “pearlitic” is used as a type of structure, not 
as a constituent. 
A. Structures of the Cast Alloys cooled from 900 deg. 
Cent. (1652 dea. Fahr.). Group 1. Pearlitic Steels.— 
Alloys A to E (0 to 5 per cent. nickel) come under this 
head, the introduction of nickel and its rise to about 5 per 
cent. causing a fining of the structure. The photo- 
are at 500 diameters show the pearlitic structures 
to be lamellar as well as granular, in spite of the presence 
of an average of 0.88 per cent. manganese 





ganese. 
Group 2. Martensitic Stecls.—Alloys F to J (6.42 to 





15.98 per cent. nickel), The authors have found, as M. 
Guillet did, that the martensitic structure is light and 
dark. In F the light variety is present to the almost 
entire exclusion of the dark ; inG the dark preponderates ; 
in H the two are about equally distributed ; while in J 
the polyhedral structure appears side by side with the 
martensitic, the latter appearing regularly darker. It 
may be pointed out that the dark type of martensitic 
structure recalls the so-called ‘‘ Troostitic” structure of 
carbon steels, the latter, however, not being markedly 
martensitic, 

Group 3. Polyhedral Steels.—Alloy K (19.91 per cent. 
nickel). This requires a fuller description than has been 
accorded the members of Groups 1 and 2. As previously 
mentioned, the etching properties of this alloy place it in 
a class separate from the others. After five hours’ treat- 
ment with picric acid reagent, or 30 minutes with nitric 
acid mt, it is seen by the naked eye to be covered 
with a black deposit. If this be rubbed off, tha structure 
seen in photomicrograph, Fig. 25, page 780, at ten dia- 
meters is Obtained. 

The photomicrograph at 150 diameters, Fig. 23, page 
777, shows the structure to consist of large white poly- 
hedra with ripple marks.* 

The photomicrograph at 500 diameters, Fig. 24, shows 
the etching pits or minute holes left by the escape of gas 
at one of the polyhedral boundaries. If the black de- 
posit be partly rubbed off, the following appearances are 
obtained :— 

Fig. 26, page 780, at five diameters. 

Figs. 27 and 28, at 75 diameters, which show three typcs 
of colour. 

(a) White polyhedra. 

(b) Green and red polyhedra. 

(c) Striped (black and white) polyhedra, resembling 
zebra markings. 

(Fig. 30 gives the last-named at 1000 diameters. ) 

Figs. 27 and 28 are taken yo green glass and red 
glass respectively, in order to differentiate between the 
two colours. Fig 27 taken through green glass shows the 
green markings light and the red markings dark; Fig. 
28 shows the opposite. In order to try and see which 
colour was in the hollows, this field was rubbed with 
**000” emery, and it was found that the green was in the 
hollows, the red deposit being scratched off. (Fig. 29 
shows ,this.) Direct focussing on green and re rts, 
though less definite, led to the same conclusion. When 
the red and green deposit had been rubbed off, it was 
seen that the red lines correspond to the dark ripple 
marks, and the green areas to the white hollows. 

The deposit was chemically investigated. One of the 
strips cut from the ingot, measuring 5 in. in length, 1} in. 
square, was cleaned of rust, and was then immersed for 
eight weeks at ordinary temperatures in 5 per cent. picric 
acid solution in absolute alcohol. From time to time 
the brownish-black deposit was scraped off with a glass 
rod, and the flakes allowed to accumulate at the bottom 
of the containing vessel. The level of the liquid was kept 
constant. Even after two months the deposit accumulated 
was very small. It was thoroughly washed with water, 
alcohol, and ether. It contained traces of iron, but no 
nickel or manganese, and had about the same density as 
water. It left a slight residue on ignition in a platinum 
crucible. What was left over after the above tests was 
estimated for carbon by the combustion method, but onl 
a minute quantity of carbon dioxide was weighed. It 
appears probable, therefore, that the deposit consists of a 
highly hydrated, slightly carbonaceous matter. 

The series just described, containing an average of 0.44 
er cent. carbon and 0.88 per cent. manganese, is seen 
rom the following table to be almost identical in micro- 

graphic characteristics with M. Guillet’s series, containing 
an average of 0.82 per cent. carbon and 0.08 per cent. 
manganese. 


Taste XXI1X, 
0.44 Carbon. 


Micrographic 0.82 Carbon. 





Group. Characteristics. 0.88 Manganese. 0.08 Manganese. 
iatigpenie 
per cent. per cent, 
1 Pearlitic 0 to 5 or 6 Ni Oto 5 Ni 
° Martensitic 5 or 6 to about } 5 to 15 
“ | dark and light) 16 Ni J vihetallaed 
3 Poly hedral Over 16 Ni Over 15 ,, 


_ For a given percentage of nickel, 0.38 per cent. carbon 
is equalled by 0.80 per cent. — } in its influence on 
the structure of the alloy. hus, broadly speaking, 
carbon is seen to be rather more than twice as powerful 
as manganese in its structural influence. 

B. Characteristics of the Forged Alloys.—(Sections cut 
from 4-in. diameter round bars.) Figs. 23 and 24, page 777. 
Group 1is narrower than in the cast alloys, the pearlitic 
i ending at about 4 per cent. nickel (alloys A 
to D). 

Group 2 contains the remaining members of the series. 
—y | E is markedly martensitic (see photomicrograph at 
500 diameters). F contains much more of the dark etch- 
ing material than the cast alloy. In G the dark etching 
material has taken a cellular structure; H shows no 
change. InJ the clear martensitic structure is very much 
broken up and the alloy etches darkly. K has entered 
this group, forging having produced a dark etching ma- 
terial, and the structure resembling that at J; it now 
etches readily. It is doubtless this change which is 
responsible for the heating curves of the forged and cast 
alloys being different. 

These results confirm M. Guillet’s view that mechanical 
work causes the polyhedral to be replaced by the mar- 
tensitic type of structure. 


* Cf. M. Osmond’s Fig. 6, Plate 6, Proceedings of the 





Institution of Civil Engineers, vol. cxxxviii. 
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The series investigated by the authors shows that 
Group 2 absorbs members from its lower as well as its 
upper limit (alloy E). 

Taste XXX. 


Forged Alloys. 0.44 Carbon; 


Group. |Micrographic Characteristics, 0.88 Manganese. 








} per cent. 
1 Pearlitic .. tty dé e 0 to 4 Ni 
2 Martensitic (dark and light).. 6 to 20 ,, 





25.—Black deposit removed. 
x 10d amet rs, 





Fie, 28.—Taken with red screen. 
x 75 diameters. 


Autoy J (15.98 per Cent. 


Fre. 81.—Unetched. x 100 diameters. 


im 


Fie, 35.—Unetched. 


La ~! 





x 100 diameters. 


C, Structures of Forged Alloys Cooled from 800 Deg. 
Cent. (1472 Deg. Fahr.)—(Figs. 23 and 24, page 777). 

Group 1 has the same nickel limit as in the furged 
alloys (A to D), 

Group 2 includes alloys E to J. Eis similar to that 


in B; F contains a good deal more of the dark etching 
muterial; G and H resemble one another strongly, but 
are different from the corresponding members in A and B. 
J has reverted to the structure of the cast alloy, except 
that the distribution of the dark and light martensitic 
structure is not so uniform. 









Fie, 32.—Etched. 


Attoy K (19.91 per Cent. Nt). Cooirp to 


Fie. 36.—Etched. 


Group 3. Alloy K returns to this. The mechanical 
effects of forging are still evident, but the structure has 
reverted to the polyhedral. The authors wish to draw 
particular notice to this fact, on account of M. Guillet’s 
dictum that ‘‘a steel which has once changed from the 
polyhedric to the martensitic condition, by whatever 
method, cannot be regenerated either by annealing or 
quenching.” This observation contradicts it. 

The mechanical properties of the alloys have been 
determined in the forged heat-treated condition, and it is 
interesting to correlate them with the three types of 





structure which have just been described. A system of 


Attoy K (19.91 prr Ornr, Nr). Ercnep. 







Fie. 26.—Black — partly removed. 
x 5 diameters. 





Fie, 29.—Rubbed with ‘‘000” emery. 
x 75 diameters. 
Fies. 27, 28, and 29 represent one field. 


N1). 


x 100 diameters. Fie, 33.—Unetched. 


x 100 diameters. Fie. 37.—Unetched. 


them in three groups, in which the same members would 
be found in corresponding groups. 

Alloys A to D have properties similar to normalised 
carbon steels, the yield point and ultimate strength rising 
with increasing nickel. 

Alloys E to J approximate in their properties to har- 
dened carbon steels, with high ultimate stress and low 
ductility. They are hard and brittle. 





Alloy K is characterised pt a low yield point and great 
ductility, and it « mbines the qualities of hardness and 








--100 Dea. Cent. (—148 De-. 


x 700 diameters. 


classification based on mechanical properties would place | 


softness in a very remarkable way.* M. Guillet’s con- 
tention that steels of this class ‘‘can be worked with 
great ease” is not confirmed either in M. Osmond’st or in 
the authors’ experience. The alloy is certainly not so hard 
to machine as alloys EK to J (with martensitic structure), 
which have proved very difficult to manipulate. But it is 
by no means easy to machine, except at the very heginning 
The explanation appears to be as follows:—The poly- 
hedral structure is characterised by softness. The effect 
of mechanical work, of whatever kind, is to convert the 
polyhedral into the martensitic structure, which is charac 
terised by hardness. Therefore, after machining has 


Fie, 27.—Taken with green screen. 
x 7) diameters. 





Fie. 30.—Black deposit not removed. 
x 1000 diameters. 


CooLtep to —100 Dec. Cent. (—148 Dec. Fanr.), 


x 700 diameters. 


Fig. 34.—Etched. x 700 diameters. 


Faar.). 








Fie, 38.—Etched. x 700 diameters. 








been in progress a short while, it is being done on a hard 

material. ; 
The bearings of the results of the foregoing micro- 

graphic analysis on the question whether the influence of 


* To use M. Osmond’s description of steels of this class, 

it possesses ‘*a characteristic combination of strength and 

lasticity.” Proceedings of the Institution of Civil 
engineers, vol. cxxxviii., page 163. 








+ Iron and Steel Metallurgist, vol. vii., page 18, 
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nickel on iron is direct or indirect in nickel steels can 
now be briefly discussed. 

Into the three series of alloys examined microscopically 
by M. Guillet, in which, with varying percentages of 
nickel, the carbon average was 0.12, 0.22, and 0.82 per 
cent., the authors’ series with 0.44 per cent. carbon 
exactly fits. M. Guillet’s series contained traces. 0.02, and 
0.08 per cent. manganese respectively ; the authors’ con- 
tains 0.88 per cent. There is perfect ment between 
M. Guillet’s results and the authors’ in respect of the 
types of structure produced. These types—the pearlitic, 
the martensitic (dark and light). and the polyhedral—have 
their analogues in carbon steels containing no nickel, in 
pearlite, troostite, martensite, and austenite respectively, 
the last three being the subject of controversy as to 
whether thev are or are not to be regarded as con- 
stituents. The analogy between the dark martensitic 
structure in the nickel steels with the troostite of carbon 


Autoy K (19.91 PER Cent. N1). 
on STRUCTURE. 


Fic, 41.—x 150 diameters. 


TypicaAL STRUCTURES OF ABOVE Sections x 500 DIAMETERS. 











INFLUENCE OF ‘'ORSION 





Fie, 412. 























comparison to be made between carbon and manganese | 
in the absence of nickel.’ With given carbon content, the 
introduction and increase of manganese causes a series 
of structure changes similar to those in carbon steels 
containing only small quantities of manganese. The 
analogy is even more complete than in the case of the 


Taste XXXII. 


and that obtained in nickel free carbon steels by suitable 
thermal treatment on the other hand. 

The next point to be emphasised is that the changes of 
structure occur in the same order : in the nickel steels, 
with any given carbon content up to 0.8 per cent., by 
simply increasing the nickel percentage ; in the carbon 
steels by quenching from higher and higher temperatures. 
This suggests that the changes in the former series are 
very similar to those in the latter case ; that the changes 





which in pure carbon steels require quenching to prevent | gyoy Micrographic 0.18 Carbon. 0.86 Cart 
their taking place are simply avoided in the nickel steels oo Characteristics. : uo o eae 
by the presence of nickel, which acts as a brake. The re ———— 
authors have already shown that a comparison of their 1 Pearlitic (including  sor- ; pe : ’ 
{ 6 sa per ome carbon } series with M. Guillet’s : a ae 3p ee Oto 5 Mn 0 to 3 Mn 
5 per cent. manganese troostitic) ? 5 to 12 Mn 8to5 Mn 
3 Polyhedral above 12Mn above 5 Mn 


f 0.82 per cent. carbon } series enables the conclusion 


0.08 per cent. manganese 


Auuoy K (19.91 per Centr. Ni). InfLuence oF Benpine 


ON STRUCTURE. 
Sections Cut from Bars after Hammer-Bending Test. 


xX 150 diameters. 





Fic. 48.—Compression side. 
x 1000 diameters. 


Centre. 
diameters. 


Fie. 46.— Lensiou side. Fie, 47. 


x 1000 diameters. 


x 150 diameters, 














Fie. 48. Fig, 44. : Iie, 46, Fic, 5. Fic’, 42%, 
Taste XXXI. to be drawn that the action of manganese in presence of | nickel steels, for the ‘‘sorbitic” and “‘troostitic” struc- 
— —_—— — | carbon and nickel is similar to that of carbon, though less | tures, as well as the martensitic and polyhedric types, 
Forged Alloys | than half as powerful. Further, a comparison of M. pass in succession in the series containing 0.86 per cent. 
Cooled from Guillet’s three series among themselves renders it possible | carbon. 

Group. Alloys: Micrographic 800 deg. Cent. | to compare the action of carbon with that of nickel. In the change ftom Group 1 to Group 2 (0.86 — 0.18) = 
: Characteristics. (1472 deg. Fahr.). Thus, considering the change from the martensitic to | 0.68 per cent. carbon is equivalent to 2 per cent. man- 
eis ismene | the polyhedral range, three comparisons are possible :— | ganese—i.c., for this change manganese is about one- 
ee ic, — (0.22 — 0.12 carbon) = 0.10 carbon is equivalent to third as powerful as carbon. And in passing from Group 2 
per cent. 2 per cent. nickel. to Group 3, 0.68 per cent. carbon is equivalent to about 
l AtoD Pesatlitic Oto 4Ni (0.80 — 0.22 carbon) = 0.58 carbon is equivalent to | ! per cent. manganese—i.¢., carbon is here about ten times 

2 EtoJ 4 (dark and light) } i. 10 per cent. nickel. —— ; ss . : ” 
4 ‘ Polyhedral Above 16 (0.80 — 0.12 carbon) = 0.68 carbon is equivalent to | e conception of the “‘ metallurgical equivalency ” of 
: ” 9 : . hardening carbon, manganese, and nickel is due to M. 

12 per cent. nickel. | 0. g ~ - 

smond,* who states :—‘* M. Guillet, who was even now 


steels is warranted from the “colour” standpoint, though 
it is open to doubt from the ‘‘ morphology ” standpoint. 
But with this exception, and the fact that in pure carbon 
steels the polyhedral structure has not been obtained free 
from the martensitic structure, there is no difference in 
respect of structure between the series of nickel steels 
examined by M. Guillet and the authors, on the one hand, 


change. 


M. Guillet’s ‘* Manganese-Iron Alloys” * enables a 





* “Les Aciers Spéciaux,” 





_From which it follows that carbon is 20, 17, and 18| at work to determine the numerical values of these 
times respectively—an average of about 18 times—as| equivalents with greater precision than had yet been 
powerful as nickel, in the mechanism of this particular | attempted, had found that 1.65 















of hardening carbon, 


or, more exactly, 1.65 parts of total carbon, containing 


* The Iron and Steel Metallurgist and Metallographist, 
vol, vii., page 18. 
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the maximum amount of hardening carbon, was equivalent 
to twelve parts of manganese and to twenty-nine of 
nickel.” The authors’ alloys, containing carbon, man- 
ganese, and nickel, constitute, they think, additional 
evidence of the truth of M. Osmond’s contention, that 
the action of these three elements upon iron is of 


Autoy K (19.91 per Cent. N1). 









Fie, £8.—Edge—Typical of Figs. 59 
and 60. x 150 diameters. 


Attoy K (19.91 per Cent. N1). 





Auttoy K. 


Fia. 59.—Trans. at Centre. 


x 150 diameters. 


series of nickel-manganese steels similarly examined by 
them—the carbon ranging from 0.12 to 0.82 per cent.—is 
there any evidence of a special carbide of nickel. The 
possibility of the existence of a special carbide in pre- 
a. higher percentages of carbon is, however, not 
excluded. 


Fig. 55.— x £00 ciameters. 


PER Cent, N1). 


Fia 60.—Long. at Centre. 
< 150 diameters. 


INFLUENCE OF ALTERNATING STRESS. 





f 


Fig. 63. 


« 


— x 1000 diameters. 





INFLUENCE OF COMPRESSION. 


AuLoy K. 


| of a toluene thermometer, kindly lent by Dr. Harker.) 
The cylinders were kept in the mixture for six hours, 
which gradually assumed the ordinary temperature. 
After this treatment the surfaces of cylinders A to D and 
| G and H {alloys E and F had not at the time of these ex. 
| periments been made) preserved their polished appearance. 


INFLUENCE OF TENSION ON STRUCTURE. 





Fie. 56.— x 500 diameters. Vic. 57.— x 500 diameters, 





Fie. 61.— x 1000 dianeters. 


INFLUENCE OF TENSION ON Cast 
STRUCTURE. 





Fie, 61.—Typical. x 150 diameters, 


INFLUENCE OF TENSION ON Cast STRUCTURE. 





Fie} 65 — x 1000 diameters. 


the same kind, though not of the same strength. If 
the action of carbon on iron is described as ‘‘ direct,” 
so also must those of manganese and nickel be 
thus conceived. Thus the authors’ conclusion is that, 
neither in the three series of nickel steels micro- 


scopically examined by M, Guillet, nor in the present | dioxide in acetone. 


Fie. 66.— 


D. The Cast Alloys Cooled to —100 Deg. Cent. (— 148 Deg. 
Fahr.).—(Photomicrographs Figs. 31 to 38, page 780.) | 
Small cylinders with polished surfaces were cooled to 
about — 100 deg. Cent. (—148 deg. Fahr.) by immersion 
in a freezing mixture produced by dissolving solid carbon 

(The temperature was read by means 











150 diameters. 


J and K had become dimmed with a crystalline pattern 
on the polished surface, the development in K being mu r 
the stronger of the two. Photomicrographs at 100 an 
700 diameters, both of the unetched and the etched = 
faces, are appended (Figs. 31 to 38), scratches being made 
to enable the same field to be taken. 
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J unetched presents a martensitic pattern, scen best at 
1000 diameters. ah 

Etching enables the martensitic structure to be com- 
pared with that of the untreated alloy. 

K unetched has a strongly-developed pattern. The 
surface was so uneven that at 1000 diameters no field 
could be obtained entirely in focus. The speckled appszar- 
arice characterises the whole surface. 

The alloy now etched as readily as J, and had become 
magnetic. The micrograph at 1000 diameters of the 
etched surface shows the dark etching martensitic pattern 
alongside a patch of unaltered structure. 

The authors’ results are thus in complete agreement 
with those obtained -in M. Guillet’s experiments at 
—78 deg. Cent. (—108 deg. Fahr.)—viz.:— 

1. The memb2rs of Groups 1 and 2(A to D and G, H) 
:re unaffected by this treatment. 


Attoy K (19.91 per Cent. Nr). 


(1472 Dec. Fattr ) on Mecrraxrcirty Srrrssep Srrcmens. 


* < We 


ot ed 
io Ge “ ~e ie 
nea: 


F:6. 67.—Bending 


Fi%. 68.—Tensile 
Typical. 


T, pie 1. 


(1) Tensile Test. Forged Bar.—A transverse section as 
near the fracture as possible was chosen. (The section 
was, of course, polished and etched.) This test may be ex- 

ted to influence the structure equally, the distortion 

ing the same on all parts of a section cut at right angles 
to the direction of stress. Examination showed this to 
be the case, and the distortion, as evidenced by the ap- 
pearance of the black areas, was fairly uniform in all 
parts of the section. A typical field is shown in photo- 
micrograph, Fig. 53, page 782. However, in one place, 
| near the edge, a larger collection of the black material 
was observed, and is shown in Fig. 54. 

The high-power photomicrographs, Figs. 55, 56, and 57, 
| show that the black bars are grouped in triangles, in 
| rhombi, as well as quite irregularly. 

A section cut from the cast tensile piece, which has a 
much lower ultimate strength than the forged material, 








INeLueNce oF Heat Treatmest at 800 Dec. Cent. 


x 150 DrIamMetenRs. 





70 —Torsi-n 


Fic. 69.—Torsion 
» cCenlie, 


Ldge. 





Fig. 71.—Alternating Stress; Machine, 


2. The members of Group 3(J on the border between 
Groups 2 and 3 and K) show a partial conversion of the 
polyhedral intothe martensitic ty peof structure, thechange 
being accompanied by the appearance of magnetism. 


long under stress in the plastic state, 
h the distribution of the white and 
uniform over the surface, yet the 
atches (see Fig. 64, 


and was not so 
showed that althou 
black areas was fairly 
two types occur in very much larger 


E, The Structures of K upon which Mechanical Work of | page 782). A field is shown in which a large yellowish poly- 


Vurious Kinds has been Done.—(Figs. 36. to 66, pages 781 | hedron occurs 


and 782.) Preliminary investigations of the structures of 
the alloys which had been subjected to various mechanical 
tests showed that alloy K is better fitted for a complete 
study than any other members of the series. It has a\cha- 
racteristic homogeneous structure in the untreated state. 
It consists of large polyhedra which even after prolonged 
etching appear white (when the black film left by the re- 
agent Be been rubbed off). Mechanical work of several 
kinds examined by the authors, which stresses it beyond 
the elastic limit, causes an entirely new type of strdcture 
to appear, the latter taking various shapes, but always 
etching dark. In other words, what may be termed the 
simplex structure in the unstressed state becomes a duplex 
Structure in the plastic state. Further, magnetism appears 
with the duplex structure. This well-marked structural 


tion. 





change lends itself well to photomicrographic reproduc- 


with only tiny splashes of black structure 
| except for one black patch of moderate size (Fig. 66). 

2. Compression Test. Forgcd Bar.—One end of the 
| cylinder (barrel shaped) was filed and polished. Etching 
| developed a series of concentric circles. Although the 
| marks left by the turning tool were quite obliterated in 
| polishing, the etching reagent developed these rings. Ac- 
| cordingly the end was ground down about } in., polished, 
| etched, and the structure examined, All traces of rings 
were absent. From the edge to a distance of about ,', in. 
| inwards, the structure was unaltered (Fig. 58, page 782). 

But there the darkly etching patches appear and increase 
/to a maximum at the centre (Fig. 59). A longitudinal 
| section cut through the centre of the cylinder showed the 
same characteristics. Fig. 60 is typical of the centre. 
The structural changes produced by compression stress 
increase to a maximum at the centre. y 

3. Torsion Test. Furycd Bar. Transverse Section Cut 


near the Fracture.—The central area of the section, where 
the torsional stresses have produced the least strain, 
shows practically no alteration of structure. A few tiny 
black patches can, however, be made out (Fig. 39, page 
781). These patches gradually increase from the centre to 
the edge, where-they constitute almost the whole of the 
structure (Figs. 40, 41, and 42). The relative positions of 
these photomicrographs are as shown on the diagram. 

In positions, Figs. 40 and 41, several prong-like black 
lines will be Foo yg A high-power photomicregraph of 
some of these is seen in Fie 43. Other features are 
typified in Figs. 44 and 45. 

4. Bending Test. Forged Bar.—A transverse section 
cut from the place where the bar had undergone on one 
side the test tension, and on the other the greatest 
compression, was examined. (The bar had been bent round 
180 deg., and was squeezed together in a vice.) Travel- 
ling from the tension side of the section, where the black 

atches are by no means numerous (Fig. 46, page 781), the 
atter increase continuously until, on the compression side, 
they constitute the larger part of the structure (Fig. 48). 
There is no neutral axis of the bar where no change has 
occurred. 

Under the high power objective, white, yellow, and 
black-tinted patches were found. The yellow patches 
do not show under low magnification. They probably 
appear grey under a low power objective. Fig. 50 shows 
the three differently-coloured patches. Figs. 49 to 52 
show the structures in various parts at 1000 diameters. 

5. Alternating Stress Test. Forged Bar.—A transverse 
section was examined as near the fracture as possible. 
Typical structures are seen in photomicrographs, Figs. 
62 and 63, page 782. One low and one high-power photo- 
micrograph are sufficient to characterise the field. The 
black patches are seen in the form of parallel bands, the 
orientation differing from polyhedron to polyhedron. 
Under high-power magnification twinning is sometimes 
noticed. No cracks were observed. 

6. Forging Test.—That forging produces a darkly etch- 
ing material has been already noticed (Figs. 23 and 24, 
page 777). The irregularly-shaped black patches are 
quite uniformly distributed. 

It appears hardly necessary to anticipate a possible 
objection as to the nature of the black patches of various 
shapes. Theauthors think there is no room for doubt that 
these are indications of a new structural entity produced 
by mechanical work. It may, however, be alleged that 
the black patches are actual cracks. This objection can 
be met in two ways. Firstly, it is known for certain 
that the black patches cannot be seen before etching— 
which they could be if they were fissures—and that after 
etching they can be removed by rubbing with chamois 
leather moistened with benzine. They consist therefore of 
a black film. Secondly, a sure criterion of a crack is the 
possibility of focussing from the edge of the crack down 
the side. Nothing of the kind is possible with the black 
patches. That the darkly-etching material is neither gra- 
phitic nor amorphous carbon was shown by taking turnings 





near the fracture of the piece broken by tensile stress 
| and dissolving these in nitric acid (specific gravity, 1.2). 
| . . - 
| They dissolved without leaving a residue. It seems very 
| probable that the new structural constituent is a hard 
| amorphous substance produced by mechanical work on 
| the soft crystalline material, and that the case is parallel 
| to that of silver investigated by Mr. Beilby. (‘‘ The Hard 
| and Soft States in Metals,” Journal of the Faraday Society, 
June, 1904.) The fact that heat restores the white cry- 
stalline material from the amorphous is also in conformity 
with Mr. Beilby’s results. 

The results of the microscopical examination are sum- 
marised in Table X X XIII. :— 


Taste XXXIII. 








Distribution of Darkly-Etching Patches 
Test. in a Transverse Section. 
(a) Cold Work, 
Tensile = ... Uniform. 
Compression. . Minimum at edge. Maximum at centre. 
Torsion Minimum at centre. Maximum at edge. 
Bending Minimum at tension side. Maximum at 
compression side. 
Alternating stress Uniform, 
(b) Forging. Uniform. 


F. Restoration of the Original Structure K bu Heating 
the Mechanically Stressed Bars to 800 deg. Cent. (1472 deg. 
Fahr.).—That this treatment is effective in the case of the 
forged bar has already been shown (Figs. 23 and 24, page 
777). It is also completely effective in the case of the bend- 
ing bar (Fig. 67, above). On examining the “torsion” 
section it was found that the distribution of the black and 
white areas was altered, the dark patches being at 4 
maximum near the centre (Fig. 70), and almost entirely 
absent at the edge(Fig. 69). The forged ‘‘ tensile section” 
was almost unaltered (Fig. 68). 

The following sections were next kept at 900 deg. Cent. 
(1652 deg. Fahr.) for two hours, and were afterwards 
repolished and etched, with the following results :— 


Taste XXXIV. 


Test. Distribution of Darkly-Etching Patches. 


Compression 





Daik patches absent. 
structure restore. 
White polyhedral structure in central area ; 
black patches otherwise uniformly dis- 

tributed. 


White polyhedral 


Forged tensile 


Cast tensile . .. Distribution uniform. 
Alternating stress .. ” ”” F 
Torsion .. White polyhedral structure in central area ; 


distribution of dark and white otherwise 
uniform. 








ee 
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Summarising the results, it is seen that the structures 
induced _b: (a Soxpin , (b) bending, and (c) compressing, 
which deformed the Sos however, without fracturing 
them, can be removed, and the original types reverted to, 
by a short heat treatment at 800 to 900 deg. Cent. 
(1472 to 1652 deg. Fahr.); while the structural results 
produced by stresses which caused fracture are not so easy 
to remove. However, in the case of the forged tensile 
and torsion sections there was an appreciable reversion in 
parts towards the ie sey polyhedral structure. It seems 
probable, therefore, that a prolo heat treatment at a 
—— of about 900 deg. t. (1652 deg. Fahr.) 
would cause a complete restoration in every case. : 

The authors’ results are thus not in agreement with 
those obtained by M. Guillet, who affirms (as previously 
mentioned) that ‘‘a steel which has once been cha 
from the —— to the martensitic condition, by what- 
ever method, cannot be regenerated either by annealing 
or quenching.” ° 

ConcLUDING REMARKS. 


In writing this report the authors have endeavoured to 
present the results in such a form that any particular 
popes of any one alloy can be referred to with as little 
oss of time as possible. To this end, the detailed index 
iven at the beginning has been compiled, the properties 
ing classified under broad headings. Further, in any 
section dealing ‘with any one series of tests. the results 
are illustrated as fully as possible by tables, figures, 
curves, or photomicrographs, as the case may be, and 
where possible a short summary is given. 

They veriture to hope that the results contained in the 
**mechanical” and “‘ heat treatment” sections will be of 
some practical value, and that those in the ‘‘ physical” 
(including the ‘‘metallographical”) section will have 
both a practical and theoretical interest and importance. 

In conclusion, they hope that the foregoing research 
will not be found unworthy to take a place among the 
»revious researches presented to the Alloys Research 

mmittee. They acknowledge with much pleasure the 
interest taken by Dr. Glazebrook during its progress. 
They are indebted to several members of the National 
Physical Laboratory staff for much willingly - given 
advice and assistance. Special mention must made 
of Dr. Stanton and Mr. Jakeman, of the Engineer- 
ing Department, who have assisted in the majority of 
the mechanical tests, who have had to bear the brunt of 
the difficulties associated with the preparation of test- 
pieves of the hard alloys, and to whom the sole credit for 
the results of the alternating stress and shock tests is due. 
For the rest, the magnetic permeabilities were deter- 
mined by Mr. Campbell, the resistivities by Mr. 
Melsom, ‘and the coefficients of dilatation by Mr. Attwell. 
In the chemical investigations the authors have been 
assisted by Mr. Richardson and Mr. Robinson. To those 
gentlemen the authors’ cordial acknowledgment of 
services rendered is due. 








NorTHEBN Iron Companies.—Sir Christopher Furness 
presided last week over the meetings of three northern 
iron companies—the Weardale Steel, Coal, and Coke 
Company, Limited; the South Durham Steel and Iron 
Company ; and the Cargo Fleet Iron Company, Limited. 
In dealing with the affairs of the Weardale Steel, Coal, 
and. Coke Company, Sir Christopher said it held 504,789 
shares in the Cargo Fleet Company. These shares were 
taken ‘at par; but, in his a, par did not repre- 
sent their intrinsic value, the market value being some- 
thing-like 15 per cent. in excess of the face value ; this 
amoun to an increase of 75,000/. on the price at 
. which the holding was brought into the Weardale ac- 

counts. In controlling the si Fleet Company the 
Weardale Company secu a customer for its 
minerals at fair prices, and the alliance of the company 
with the South Durham Company was also of great 
advantage. The sinking of a new pit at Thornley 
was proceeding satisfactorily. The company had been 

ng through a trying period in the coal trade; 
ut there were signs that it was now entering 
upon better times. In discussing the position of the 
South Durham Steel and Iron Company, Limited, Sir 
Christopher said the profits of the last nine months had 
been 109,123/., as compared with 80,095/. in the previous 
twelve months, The output of steel plates and other 
finished material had been large in consequence of in- 
creased activity in shipbuilding. During the last nine 
months the company had made 222,061 tons of steel 
plates and other finished material ; this was equal to a 
production of 1000 tons per day, or upwards or 300,000 
tops perannum. The 300,000 tons showed an increase 
of 40,000 tons, as compared with the company’s pro- 
duction for 1904, while it was 30,000 tons’ in excess 
of the previous record a of 270,000 ‘tons in 
the ‘‘boom” year 1900. During the past twelve months 
the company had d 228,140/. in wages and 37,845/. in 
vey ee and dock dues. Judging by the company’s 
order-book, it appeared that it was about to experience a 
fair measure of prosperity. The Talbot process of steel- 
making had proved so satis‘actory at Cargo Fleet that 
the directors had decided to put down furnaces at the 
malleable works at Stockton, where it owned a consider- 
able area of freehold land, and had a splendid frontage 
to the Tees. It was also proposed to put down similar 
furnaces at the West Hartlepool works. In addressing 
the shareholders in the C Fleet Iron Company, 
Limited, Sir Christopher stated that the outlay of capital 
stood, at the close of September, this year, at 1,233,087/, 
The union of interests between the Cargo Fleet Company 
and the South Durham Company had given the benefit 
of a union with the Weardale Steel, Coal, and Coke 
on al by which a continuous supply of fuel was 
secured. 


THE PHYSICAL SOCIETY. 


At the meeting held on November 24, Professor J. H. 
Foynting, F.R.S., President, in the chair, a paper on 
‘* The Dielectric St th of Air” was read by Mr. A. 
Russell. The dielectric strength.of air, at a given baro- 
metric pressure, is generally deduced from the results of ex- 
periments made on the disruptive voltages between equal 
metal electrodes at given distances apart. It is assumed 
that the electric field surrounding the two electrodes 
just before the disruptive gery takes place is similar 
to that round the parla at low voltages. Schuster 
has shown thatthis assumption is untenable. The author 
has found that in certain cases the dielectric has broken 
down before the final discharge takes place. Hence the 
boundaries of the Faraday tubes are no longer the surfaces 
of the metal electrodes, but the boundary of that part of 
the dielectric surrounding the two electrodes which has 
ceased to insulate, and become a conductor. It is 
known that for various gases there are certain minimum 
sparking potential differences between the electrodes. 

he electrostatic equations fail to take this into account. 
The author therefore makes the assumption that for 
distances apart greater than about a millimetre, when the 
disruptive voltage is V kilovolts, the effective P.D. 
between the ends of the Faraday tube which is subject to 
the ne ae Ss bd - & ss is Sa 
sparking voltage. pplying formule which he has 
rae using this assumption, to tests of Heydweiller, 
Steinmetz, Algermissen, &c., the author finds that they 
agree in making the dielectric strength of air 38 kilovolts 
per centimetre approximately, A knowledge of this 
quantity enables us to find not only the disruptive volt- 
ages between electrodes of many geometrical sha but 
it also enables us to find the “‘ critical” pressure for over- 

electric-power transmission at high pressures. The 
author gives a complete proof by Kelvin’s method of 
images of the Kirchhoff series-formula, and shows how its 
numerical value can be readily found both by ordinary 
— and .ow function series. 

r. H. A. Wilson expressed his interest in the author’s 
explanation of the brush discharge and the formation of 
coronas. There were, however, one or two points in the 
paper which required some alteration. The author stated 
that according to Strutt the minimum sparking potential 
difference was 767 volts when the barometric pressure was 
72.4 centimetres. The pressure in Strutt’s experiments 
was, however, 72.4 millimetres. When the distance be- 
tween the electrodes was not toosmall, it was known that 
the sparking potential difference could be expressed as 
V=a+d, where d was the distance between the elec- 
trodes, and a and § were constants. This constant 8 the 
author had called ‘the dielectric strength of air, but he 
did not think he was justified in doing so. 

he chairman, referring to Table V. in the paper, 
asked if the rise in value of the dielectric strength as the 
distance apart of the electrodes increased was due to the 
formation of coronas. 

Mr. Russell, in reply, thanked Dr. Wilson for pointin 
out that in the paper the atmospheric pressures at whic 
Mr. Strutt had obtained his results were quoted in centi- 
metres instead of millimetres. Mr. Strutt had shown 
that the potential difference between the cathode and the 
negative glow was 341 volts whatever the atmospheric 
pressure. We were therefore quite justified in assuming 
that at ordinary pressures the electric pressure on the 
Faraday tube subject to the maximum stress is V—e, 
where ¢ is greater than 341. The experimental results 
analysed in the paper indicate that «¢ is 0.8 of a kilovolt. 
In answer to Professor Poynting, he stated that the slight 
rise in the values of the dielectric strength in Table V. 
was probably due to the potentials of the electrodes not 
being V and zero at the instant of discharge. 

A paper by Dr. H. A. Wilson and Mr. E. Gold, ‘‘ On 
the Electrical oncom sod of Flames for Rapidly-Alternat- 
ing Currents,” was read by Dr. Wilson. This paper con- 
tains an account of ‘a series of experiments on the elec- 
trical conductivity of a Bunsen flame containing various 
alkali-salt vapours for alternating currents with fre- 
— from 7 x 104 to 11x 10° alternations per second. 

he conductivity was measured between two platinum 
electrodes immersed in the flame, and the variation of 
the conductivity with the amount of salt present, and 
with the nature of the salt, was investigated. The varia- 
tion of theconductivity with the frequency of alternation, 
the maximum electromotive force, and the distance 
between .the. electrodes was examined, The results 
obtained enable a comparison to be made between the 
conductivities of various alkali-salt vapours foralternating 
currents and their conductivities for steady currents as 

reviously determined. The conductivity was measured 

y means of a Wheatstone Bridge, three arms of which 
consisted of small air-condensers, and the fourth of the 
electrodes in the flame. One of the condensers could 
adjusted until a balance was obtained. The following is 
a summary of the results:—1. For rapidly-alternating 
currents a flame containing an alkali-salt vapour behaves 
like an insulating medium of high specific inductive capa- 
city. 2. The conductivity of different alkali-salt vapours 
in a flame for rapidly-alternating currents, as measured 
by the apparent capacity of platinum electrodes immersed 
in the flame, varies as the square root of the conductivity 
of the same salt vapours for steady currents. This 
result confirms the view that the negative ions from all 
salts have the same velocity. 3. The apparent capacity 
varies nearly witty | as the square root of the maximum 
applied potential difference. 4. The apparent capacity 
is nearly independent of the number of alternations per 
second. 5. The apparent capacity is nearly independent 
of the distance between the electrodes. 6. The results 
(1) to (5) are in agreement with the ionic theory of the 
conductivity of the flame for rapidly-alternating currents 








when the velocity of the positive ions and the inertia and 


viscous resistance to the motion of the negative ions 
are neglected in comparison with the effects due to the 
number of ions per cubic centimetre. 7. The apparent 
capacity per square centimetre area of the electrodes is 
equal to ¥ne¢/8 mr Vo, where n is the number of positive 
ions per cubic centimetre, ¢ the charge on one ion, and \ , 
the maximum applied potential difference. 8. Not more 
than one molecule in ten of salt molecules is ionised at 
any instant, but each molecule is probably ionised, and 
recombines several million times per secund. 9%. The 
steady currents observed through salt vapours in flames 
are very far from ‘the maximum possible currents corre. 
sponding to thé number of ions predyced per second. 

Mr. W. Duddell expressed his interest in the method 
of measurement, and referred to the fact that although 
the paper was entitled ‘‘ The Electrical Conductivity of 
Flames,” the authors had. not measured conductivities, but 
a complex quantity which was equivalent toa resistance 
shunted with a condenser. He drew attention to one of 
the tables given in the paper in which numbers referred 
to as constant varied by over 50 per cent. 

Dr. Wilson said the quantity which they had measured 
was the apparent capacity of the electrodes. 

A paper on “The Lateral Vibrations of Loaded and 
Unloaded Bars” was read by Mr. J. Morrow. This isa 
continuation of the work previously communicated by the 
author on ‘‘ The Vibration of Bars of Uniform and Vary- 
ing Sectional Area.” By means of a method of continuous 
approximation the elastic displacement curves and the 
frequency of the lateral vibrations of bars can be deter 
mined to any required degree of accuracy. The method is 
first applied to some cases of unloaded bars, and also tuo 
massless bars carrying concentrated loads. The paper 
then deals with the principal problems of loaded bars which 
aré themselves of appreciable mass. .The equations in their 
general forms are cumbersome, but for a given position of 
the concentrated load and for a given ratio of the mass of 
the load to that of the bar, the expressions for the frequency 
become very simple. In order to reduce the results to aform 
available for practical use, the numerical constants in 
these expressions have heen worked out for the different 
positions of the load and for ratios of mass of | to that 
of bar ranging from 0 to 1. In the last section of the 
paper the method is applied to find the corrections due 
to the rotatory inertia of the masses and of the sections of 
the bar, and a comparison is given with the methods em- 
ployed by Lord Rayleigh and Dr. Chree for similar pur- 


poses. 











Royat Instirution.—The fullowing are the lecture 
arrangements at the Royal Institution before Kaster :— 
A Christmas course of six illustrated lectures adapted tu 
a juvenile auditory, by Professor H. H. Turner, on 
** Astronomy ;” Professor E. H. Parker, three lectures 
on ‘‘ Impressions of Travel in China and the Far Kast ;” 
Professor William Stirling, six. lectures on ‘* Physiology 
Subject ;’? Dr. J. E. Marr, three leetures on the ‘ In- 
fluence of Geology on Scenery” (the Tyndall lectures) ; 
Rev. Canon Booting, two lectures on Shakespeare ; 
Mr. Benjamin Kidd, two lectures on the ‘Significance 
of the Future in the Theory of Evolution ;’ Mr. H. B. 
Irving, two lectures on the ‘“‘English Stage in the 
Eighteenth Century;” Mr. Francis Darwin, three lectures 
on the ‘‘ Physiology of Plants ;’ Professor B. Hopkinson, 
three lectures on ‘“ Internal-Combustion Engines ” (with 
experimental illustrations); Mr. J. E. C. ley, two 
lectures on the ‘‘ Church in France ;” Mr. J. W. Gordon, 
two lectures on ‘‘ Advances in Microscopy ;” Mr. M. H. 
Spielmann, two lectures on ‘‘George Frederick Watts as 
a Portrait Painter ;’ and Professor J. J. Thomson, six 
lectures on the ‘‘Corpuscular Theory of Matter.” The 
Friday evening meetings will commence on January 19, 
when Professor J. J. Toommos will deliver a discourse on 
‘Some Applications of the Theory of Electric Discharge 
to Spectroscopy.” Succeeding discourses will probably 
be given by Professor S. P. Thompson, Mr. H. F. Newall, 
Mr. W. C. D. Whetham, Dr. R. Caton, Dr. Hutchison, 
Sir Andrew Noble, Bart., Professor P. Zeemann, Mr. W. 
B. Hardy, and other gentlemen. 





Firry Years or Amegican Parents.—The number 
of patents granted and re-issued in the United States in 
the fifty years ending with 1904 inclusive was as an- 
nexed :— 


Year. Patents. Year. Patents. 
1855 2,013 1 26,292 
1860 Si ‘s 4,819 1895 22,057 
1865 9 . 6,616 1900 26,499 
1870 ; 13,321 1901" 27,373 
1875 14,837 1902 27,886 
1880 18,947 1903 31,699 
1885 9233 1904 30,934 


be | The steady increase in the number of patents granted and 


sont is, of ame, 60 cas eran explained A the 
en progress of the Uni tates in population, 
Scusaibotenins industry, and accumulated wealth. The 
revenue of the United States Patent Office in 1855 was 
216,459 dols., in 1865 the corresponding total had been 
carried to 348,792 dols., in 1875 to 743,454 dols., in 1835 
to 1,188,089 dols., in 1895 to 1,245,247 dols., and in 1904 
to 1,657,327 dols. The working expenses of the office 
have also steadily expanded, having risen from 179,540 
dols. in 1855 to 274,199 dols. in 1865, 721,658 dols. in 1879, 
1,024,379 dols. in 1885, 1,106,389 dols. in 1899, and 
1,476,001 dols. in 1904. The office produced, accordingly, 
a substantial surplus revenue ; but this surplus is subject 
to violent fluctuations. In 1855 it stood at 36,919 dols., 
in 1865 at 74,593 dols., in 1875 at 21,796 dols., in 1559 
at 163,710 dols., in 1895 at 138,857 dols., and in 1904 at 
181,326 dols. In 1898 it only amounted to 1538 dols.. 
in 1867 to 7319 dols., while 1856, 1857, and 1861 were 





years of deficits, 
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YEAR-BOOKS AND ANNUALS. 


The Colliery Manager’s Pocket-Book, 1906. The | 
thirty-seventh year of publication. Edited by R. A. | 
S. RepMmMayNE, M.Sc., M.I. Mech. E., M.A.I.M.E., | 
M I.M.M., F.G.8., Professor of Mining in the Uni- 
versity of Birmingham, and issued by the Colliery 
Guardian Company, Limited, of 30 and 31, Furnival- 
street, Holborn, RC This pocket-book opens with 
general information and a diary for the year. The 
data on mining cover 290 pages, and contain recent | 
papers on the attempts which have been made to 
reach coal in the Midlands, on electric winding, new 
legislation, labour and wages, notes as to prices, | 
and statistics. The names and addresses of H.M. | 
inspectors of mines, of the British mining institutes, 
educational institutions, conciliation boards, and joint 
committees are also given. The subjects referring to 
the examinations of candidates for the berth of mining | 
engineer throughout the country are carefully dealt | 
with. The book is completed with technical and 
calculation data on coal, strength of materials, | 
machinery, surveying, valuation, depreciation, assess- 


| rails, is illustra’ 


CATALOGUES. 


Tue Electric and Ordnance Accessories Company, 
Limited, Stellite Works, Birmingham, have collected in 
a series of leaflets illustrated data concerning their elec- 
trical accessories, controllers, starters, and so forth. 

The new portable rail-grinder, H. Mattinson’s patent, 
for reinoving corrugations and irregularities in tramway 
and described in a leaflet recently 
issued Messrs. Thermit, Limited, 27, Martin’s-lane, 
Cannon-street, E.C. This consists of an emery wheel, 
resting on a channel iron frame, supported by two flanged 
rollers running on the rail. The feed is easily regulated. 
The machine is driven by a flexible shaft from an electric 
or a petrol motor of about3 horse-power, mounted on a 
small, separate truck. 

The National Explosives Company, Limited, Austin- 
friars, E.C., have published an illustrated pamphlet 
showing their new method of manufacturing torpedo 
gun-cotton charges in one solid block, instead of building 
the charge up in sections. The solid block contains 15 
to 20 per cent. more gun-cotton, and ensures complete 
detonation. 

The Brown Hoisting Machinery Company, of Cleve- 


| land, Ohio, have sent us a copy of their latest catalogue. 


ment of collieries, royalties, and wayleaves, and with | This is a book of 200 pages, profusely illustrated with 


information relating to explosives. A map is inserted | 
showing the lines of ~ magnetic declination for 
January 1, 1906, based on the magnetic survey of 
the British Isles made by Sir ‘Arthur Riicker and 
Professor Tho It gives also the principal coal- 
fields, and the districts assigned to the inspectors of 
mines. 








MACHINE FOR SHARPENING Miners’ Hanp-Dritts.-— 
In the sharpening of miners’ drills, both by hand and by 
machine, it has been customary to cut a small piece off 
the end of the drill during the process, which means that 
when a large number of drills are sharpened, a consider- 
able waste of steel is incurred. A machine has, however, 
recently been constructed which does away with this 
waste. Each time a drill is sharpened in the ordinary 
way, about half an ounce of steel is cut off, and as it is 
estimated that there are in the Johannesburg gold-fields 
alone approximately 350,000 hand-drills sharpened per 
day, the waste reaches to a considerable amount in the 
year. The new machine to which we have alluded con- 
sists of a rotary wheel which carries a number of hammers 
on its circumference. The noses of these hammers are so 
formed as to come in contact with the short bevel of the 
drill in such a manner as to beat back the metal until the 
worn or rounded corners are obliterated, and a new 
cutting edge is formed without waste. When seeing the 
machine at work, we weremuch struck with theexpeditious 
way in which the sharpening was effected. It occupies 
very little space and is very simple in its action; yet it 
will sharpen about 1000 drills per day of 10 hours. 
When we saw it at work it was sharpening at the rate of 
about 1200 drills per day of 10 hours. The machine not 
only performs the sharpening operation, but also pre- 
viously forms the end of the drill from the plain bar of 
steel. This is done in dies worked by a powerful toggle 
motion. The machine is the invention of Mr. T. Griffit 
49, Anne of Cleves-road, Dartford, Kent. 





Gas aT BirMiIncHAM.—The gas committee of the 
Birmingham City Council recommends a reduction in the 
price of gas for motive power purposes. On July 25 last 
the committee recommended the Council, in view of the 
charges made by other undertakings, and of the manu- 
facture of a gas which could under favourable conditions 
displace town gas, to sanction all gas used in engines, 
irrespective of quantity, being supplied at the lowest rate 
then current—viz., 1s. 10d. per 1000 cubic feet ; and this 
was agreed to. Considerable development in the per- 
fecting and manufacture of gas-producer plarts has re- 
cently taken place, and the attention of Birmingham 
manufacturers has been directed to the cost at which gas 
can be produced, with the result that a number of the 
plants have already been supplied to manufacturers 
within the Birmingham area of supply. The quantity of 
gas supplied by the corporation gus topesenens for use in 
engines is approximately 960,000,000 cubic feet per annum, 
or about 15 per cent. of the total quantity sold during 
the year ending March 31, 1905. Apart from the loss in 
income which the department would sustain should 
producer-gas be substituted for a large proportion of this 
output, it is important to remember that the principal 
mains in the city are now employed for conveying gas for 
16 hours during each werking day, while their use would 
be much more restricted, and the expenses thereon pro- 
portionately greater, if gas were mostly used for illumi- 
nating purposes only; and, similarly, the effect on all 
other fixed or dead charges would be adverse to the profit- 
earning capacity of the undertaking, if the business in 
power-gas were unduly limited. The effect of the recom- 
mendation contained in the last report presented by the 
committee to the Council was to secure to the users of 
smaller quantities of gas for power purposes reductions in 
price from 2s, 6d., 2s. 3d., and 2s. to 1s. 10d. per 1000 cubic 
feet; and no reduction was then made in favour of the 
larger consumers of gas for motive power. The committee, 
having examined the position from all points of view, is 
of opinion that the price of gas for motive power should 
be further reduced ; and it therefore recommends that, 
from and after the Christmas quarter index reading of the 
meters, the following charges shall be made for gas used 
exclusively for motive power pur :—On consump- 
tions in one premises of under 100,000 cubic feet per 
quarter, 1s. 10d. per 1000 cubic feet ; over 100,000 cubic 
feet per quarter, 1s. 7d. per 1000 cubic feet. 


views showing the numerous applications the company 
| have made of their well-known hoisting and transporting 
| systems for the rapid and economical handling of material. 
Messrs. Whyte, Thomson, and Co., 144, Broomielaw, 

Glasgow, and 318, Moorgate Station Chambers, E.C., have 
issued a list of their engineering instruments, «vhich deals 
with their indicators and explosion and pressure-recorders 
for motors and gas and oil-engines. heir Model IV. 
‘* New Era” indicator, among others, is illustrated and de- 
scribed ; the advantages claimed for this are an extremely 
short pencil-arm, a knife-edge point, only two moving 
parts, the removal of the piston from the cylinder in one- 
sixth of a turn, no unscrewing, large diagrams, less fric- 
tion, and improved paper barrel. 

We have received from Messrs. Jones and Horsfield, 
Bromstair Works, Denton, near Manchester, a pamphlet 
describing their boiler and steam-pipe covering. 

Messrs. John Spencer, Limited, Globe Tube and Engi- 
neering Works, Wednesbury, have issued a new edition 
and price-list of their tubes and fittings ; sewer ventila- 
tion shafts ; telegraph, telephone, and tramway poles, &c. 








TraFric ON THE East InpIAN Rartway.—The East 
Indian Railway Company have issued a very interesting 
series of diagrams of the traffic of their line during the 
first half of this year, and of the corresponding half of 
1904 and of 1903. The diagrams are made on squared 
paper, and are bound together in book form. There are 
in all ten of these diagrams, four of them representing 
passenger traffic and four goods and merchandise traffic, 
while the remaining two are devoted to the total pas- 
senger and goods receipts. On the first diagram is shown 
the fluctuation in the number of mger miles travelled 
both by first-class and by second-class passengers ; while 
the next diagram represents the number of passenger 
miles for what is known as the intermediate passengers, 
All the diagrams show the result for corresponding 
periods of 1903, 1904, and 1905. The fluctuations during 
each of the six months is given, and the average for the 
whole of the time. The third diagram represents the 
fluctuation in the third-class passenger traffic, and the 
fourth diagram the total result for all classes. The dia- 
grams devoted to goods and merchandise are of a 
similar nature, only they treat of ton-miles instead 
of passenger-miles ; and of merchandise and coal instead 
of the different grades of passengers. We do not recol- 
lect having seen diagrams of a similar kind published by 
any other railway company. The diagrams before us are 
drawn to a inde scale, and are extremely clear ; 
the lines representing the different years being drawn 
in different colours. 





FrAumM’s SPEED AND FREQUENCY INDICATOR.—This in- 
strument depends for its action upon the fact that an 
elastic y will make vibrations of very considerable 
amplitude under the influence of rhythmic impulses of 
the same frequency as the natural period of vibration of 
the body. A number of steel spring reeds of different 
effective lengths are riveted at one end to a common bar, 
which is elastically attached to the back of the instru- 
ment-case. The springs are of graduated stiffness, and 
their free ends are turned down and weighted to adjust 
their natural period of vibration. The comb thus formed 
is enclosed in a case, so that the ends of the springs appear 
as a horizontal band in front. If the back of thecomb is 
caused to havea small vibration, the spring reed which has 
the same natural period will be put into a state of violent 
oscillation, while the others are comparatively unaffected. 
On a fast-running machine, such as a turbine or fan, the 
instrument will indicate the number of revolutions if 
simply attached to the framework ; while in other cases a 
cam driven by the machine may be used to set up vibra- 
tions on the comb. The latter may be acted upon by an 
alternating electromagnet in the case, when the instru- 
ment will indicate the frequency of the current. It is 
‘obvious that the electromagnet may be excited by current 
from a magneto machine of extremely simple form, designed 
for the purpose and driven from an engine shaft, when 
|the arrangement, suitably graduated, becomes a speed- 
| indicator. The instrument may thus be at any distance 

from the machine whose speed is being measured. It is 

| claimed that no appreciable change takes place in the 
|natural period of the springs, even after continuous 
working for years, so that the initial calibration of the 
| instrument remains correct. The inventor is Mr. H. 
Frahm, chief engineer to Messrs. Blohm and Voss, of 
Hamburg. 








LAUNCHES AND TRIAL TRIPS. 


On Friday, the 10th ult., there was launched from the 
Wallsend yard of Messrs. Swan, Hunter, and Wigham- 
Richardson, Limited, a steel screw-steamer, the Netherby 
Hall, which has been built for the Hall Line service of 
the Ellerman Lines, Limited. The dimensions of the 
vessel are :— over all, 393 ft.; beam, extreme, 
47 ft. 5in.; and depth, moulded, 30 ft. 11 in. The vessel 
will carry a dead-weight cargo of about 7150 tons on a 
light draught. The machinery has heen constructed by 
the Wallsend Slipway and Engineering Company, 
Limited, and consists of a set of triple-expansion engines, 
having cylinders 234 in., 40 in., and 69in. in ‘diameter, 
with a stroke of 48 in., steam being supplied by two 
single-ended boilers working at a pressure of 212 Ib. per 
square inch. 





On Saturday, the 11th ult., Messrs. Harland and 
Wolff, Belfast, launched the steel screw-steamer Mala- 
kand, the second of the four of similar dimensions which 
they are building to the order of Messrs. Thos. and Jno. 
Brocklebank, Limited, for their Liverpool-Calcutta ser- 
vice. The new vessel is 470 ft. long by 58 ft. beam and 
about 8000 tons gross. She will have a dead-weight carry- 
ing capacity of over 11,000 tons—equal to that of the 
Mahronda, the first of the four steamers referred to. The 
engines and boilers are also jae bee go by Messrs. 
Harland and Wolff, the engines being of the quadruple- 
expansion type. 





The steamship Hindoo, built to the order of Messrs. 
T. Wilson, Sons, and Co., Limited, was succesfully 
launched from the yard of Earle’s Shipbuilding and 
Engineering Company, Limited, Hull, on Stansten, the 
16th ult. The vessel is intended for the Bombay trade. 
Her principal dimensions are :—Length, moulded, 398 ft. ; 
breadth, 50 ft. ; and depth, moulded, 32 ft. She is built of 
steel to British Corporation’s highest class, and to Board 
of Trade requirements, and will carry about 7900 tons 
dead-weight. The machinery consists of a set of qua- 
druple-expansion engines, steam being supplied by two 
large single-ended boilers. 





On Tuesday, the 2lst ult., the steel screw cargo- ~ 
steamer Mom built by Messrs. David and William 
Henderson and Co., Limited, Partick, for Messrs. 
Maclay and McIntyre, Glasgow, underwent a successful! 
trial trip on the Firth of Clyde, easily attaining a mean 
speed of 12 knots over four runs. This steamer is 400 ft. 
in length, 50 ft. in breadth, with a depth of 28 ft. 8 in., 
having a gross tonnage of 4327 tons, and is classed in 
Lloyd’s 100 Al three-deck rule. A set of triple-expan- 
sion engines has been built and fitted by the builders ; 
the cylinders are 25 in., 4lin., and 67 in. in diameter, 
with a 4-ft. stroke, steam being supplied by two large 
single-ended boilers, working at a pressure of 175 Ib. 





On Tuesday, the 28th ult., the launch took place from 
the yard of the Northumberland Shipbuilding Company, 
Limited, Howdon-on-Tyne, of the Century, a steamer 
built to the order of Messrs. Furness, Withy, and Co., 
Limited, West Hartlepool, for the Howard Smith Com- 
pany. Limited, London and Melbourne. She is 372 ft. long 

y 48 ft. beam by 30 ft. 10in. depth, moulded, and has been 
built under special survey to the highest class at British 
Corporation. The machinery will be supplied by.Messrs. 
Richardsons, Westgarth, and Co., Limited, Sunderland ; 
and consists of engines with cylinders 25 in., 41 in., and 
69 in. in diameter, with a 48-in. stroke, and three large 
steel boilers, 14 ft. by 10 ft. 9 in., steam being supplied 
at 1801b. working pressure. The steamer, which is a 
duplicate of the s.s. Aon, recently pot | the Northum- 
berland Shipbuilding Company, Limited, for the same 
firm, will carry about 7250 tons loaded, and is expected to 
steam at about 10 knots speed. 








South ArricaN Coat.—In the last session of the 
Cape Parliament it was decided that, as far as possible, 
a preference should be given to South African in 
arranging supplies for the Cape Government railways. 
The expression ‘‘South African” applies, it should be 
noted, to Natal as well as to Cape Colony coal. By way 
of encouraging the working of South African coal, it is 
to be carried upon South African railways at 1.8d. per 
ton per mile, while the corresponding charge for the 
carriage of imported coal is to be 3.8d. per ton per mile. 
A number of epee tests have been recently — 
to Natal and Welsh coal. The chief test was that of 
evaporative capacity, and it was found that 1 lb. of 
Welsh coal would evaporate 8.45 1b. of water, and 1 lb. 
of Natal coal 6.45 lb. of water. At present Natal coal 
costs from 6s. to 93. per ton at the pit’s mouth. Next 

ear a railway will be opened from Kroonstad to Beth- 
chem. and this line will considerably abridge the distance 
over which Natal coal will have to be hauled. The price 
paid last year for Welsh coal landed at Cape Town 
was 26s. 6d. per ton. The administration of the Cape 
Government railways is inviting tenders for 394,000 tons 
of coal to provide for the consumption of 1906; and of 
this total, 300,000 tons are to be preferentially South 
African coal, while the balance is to be either Natal or 
Welsh coal. Hitherto, imported Welsh coal has gone as 
far as Beaufort West. On the eastern division of the 
Cape Government system nothing is at present burnt 
but South African coal, while Welsh is used with 
South African on the western and midland divisions. 
The best South African coal hitherto used is Wankies ; 
last year 9000 tons were consumed on the line between 
Mafeking and Bulawayo, and the evaporative capacity 
came out at 8.13 lb. of water per pound of coal burnt. 
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umber of views in the Specification Drawings is stated 
in each cat wf cinc ee aed the Mpctiotion te at 


justrated. 
Where inventions are communicated from abroad, the Names, 
&e., of the Communicators are in italics. 


Q 
anch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 

The date of the advertisement of the ance of a Complete 
Specification is, in each case, given after the abstract, wnless the 
‘atent has been sealed, when the date of sealing is given. 
a may, at any time within two months from the date of 
the advertisement of the nee of a Complete Specification, 
ive notice at the Patent O, of opposition to the grant of a 

‘atent on any of the mentioned in the Acts. 


ELECTRICAL APPARATUS. 


21,145. H. Leitner, Woking. Voltage-Regulator. 
{1 Fig.] October 1, 1904.—The object of this invention is to con- 
trol the voltage supplied to lamps or other current-consumers fed 
from a battery of accumulators, the voltage of which is liable to 
vary on charge and discharge, and to keep it as constant as pos- 
sible. a@ is an ordinary rheostat provided with a travelling arm 
b which makes contact with the contact studs so as to introduce 
a greater or smaller amount of the resistance c between the 
battery B and the banks of lamps L and L!. /, /! are relays which 
attract the double armature g into either of the dotted-line posi- 
tions against the action ofa spring. When the relay / is eriergised 
it brings y into the dotted-line position to the left, in which - 
tion it connects the armature d of a motor to the contacts A, h, 
by which current is sent through it in such a direction as to cause 
the motor to revolve the rheostat b so (clockwise) as to intro- 
duce more and more of the resistance c in series with the lamps. 
When the relay /! is energised, g is brought into the dotted-line 
position to the right, and the motor is caused to rotate in a 
counter clockwise direction, and remove some of the resistance 
c from the lamp circuit, The relays /, f! are energised through 
a voltmeter control which is preferably posed of a solenoid k 
adapted when energised to raise the core, which is integral 
with the conducting arm j, which is pivoted near its centre at 
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n and controlled by the springo. The solenoid & is in series with 
the resistance c, and accordingly, as raised or lowered, makes the 
contacts p or p! which energise the relays f and f! respectively. 
The operation of the apparatus is as follows :—When the voltage 
of the battery B rises above a predetermined value, or lamps are 
turned off, the core of the solenoid & is raised, causing the 
arm j to make contact at p. This energises the relay /, pulling 
over g to the left dotted-line position, and so causing the motor 
to revolve the arm ) so as to insert more and more resistance 
into the circuit. When sutficient resistance has been so inserted 
the core is no ee raised, the contact p is broken, the relay 
7 is no longer energised, g returns to its central position, and the 
motor and, consequently, the arm ) stop. Conversely, when the 
voltage of the battery B sinks below a predetermined value, or the 
lamps are turned on, the core drops, causing j to make contact 
at p!, energising the relay /1, causing g to be pulled into the right 
dotted-line tion. This reverses the motor, and so revolves 
the lever arm } as to withdraw resistance from the circuit until 
the increased current flowing through the solenoid & raises the 
core against the action of the spring 0, bringing the lever j into 
the horizontal position, when p! is broken, g is released to reassume 
its normal position, and the motor and rheostat arm stop. 
(Accepted September 18, 1905.) 


24,464. F. D. Urquhart, and A. E. Honey, 
Canni ‘own. eld ls, (2 Figs.) November 11 
1901.—This invention relates to improvements in and connected 
with the field windings of series-wound dynamo-electric machines. 
According to this invention, in lieu of forming the field coils of 








such machines of wire, as has heretofore been customary, use is 
made for this purpose of a strip or band of copper, which is 
wound spirally on itself, or coiled, so as to form a ring or bobbin 
of the shape that may be required to fit the pole-pieces, the con- 
volutions of the copper being insulated from one another by any 
suitable insulation, such, for example, as asbestos, paper, mica, 





micanite, or asbestos paint. Referring first to the arrangement 
illustrated, a represents the pole-piece, and ) the strip or band of 
copper which is wound spirally on the grooved or channelled ring 
or tama ce. This ring is made of vulcanised asbestos or other 
suitable non-inflammable material, and is lined with mica or with 
another material which is an insulator and is non-inflammable. 
The surfaces*of the adjacent convolutions of the spirally-wound 
pa strip b are insulated from one another by distance pieces 
in the form of strips wound with the copper strip >, and made of 
insulating material of the kind above referred to. The insulating 
strips are wider than the strips ) to prevent surface leakage. The 
coiled strip b is held in place by a cover strip which encloses it ; 
this strip is also made of an insulating material of the kind herein- 
before mentioned, and is secured by the wires g, g. In a modified 
construction, illustrated and described in the specification, the ring 
or former c is divided into a number of compartments by means 
of titions made of an insulating non-inflammable material. 
Each of the compartments contains a spirally-wound strip of 
copper similar to the strip shown in the illustration, the con- 
vonediens being in this case also insulated from one another by 
distance pieces in the form of strips. The series of copper coils 
are enclosed in a cover strip held in place by wires in the manner 
above described. (Accepted September 20, 1905.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


24,467. Kirkham, Hulett, and Chandler, Limited, 
and 8. Hersey. Gas Scrubbers and Washers. 
(6 Figs.] November 11, 1904.—This invention relates to gas- 
washing and scrubbing apparatus of the kind wherein a series 
of discs rotating in bays or tanks, and each composed of a 
series of bundles or segments of material which afford a large 
wetted area, is employed. The invention comprises a novel 
construction of the Candies or segments, whereby the area of 
wetted surface is increased, and an equal spacing apart of the 
washing surfaces provided for. According to this invention, use is 
made of sheets of corrugated metal or wire gauze, which may be 
laid one against the other or against flat boards or other surfaces 
for separating the corrugated portions in the novel manner herein- 
after to be described, the channels always ensuring free e 
for the gas, and ready admission and escape of water into and from 
the interior of the bundles, whereby not only will the surfaces of 
the latter be constantly maintained in a wet condition, but a 
minimum of resistance offered to the rotation of the discs. In 
the arrangement illustrated, the bundle is built up of two series 
of corrugated plates a, b, the plates a having their corrugations 
running approximately in the circumferential direction of the 
bundle, so as to afford as little resistance as possible to the rota- 











tion of the disc through the water, and the plates b having their 
corrugations running substantially in the radial direction of the 
bundle, so as to facilitate the flow of the gas. c are plates, 
between which the corrugated plates are clamped, and which are 
adapted for supporting the segments in the wheel or frame in 
which they are carried when a series of them are placed together. 
d are bolts for clamping the several parts of the bundle together. 
With this ya oye it will be readily seen that in both direc- 
tions of the bundle series of passages e are formed through which 
the gas to be washed has free J whilst at the same time a 
very large surface is afforded with which the gas will come in 
contact. As shown inthe drawings, the corrugations of the 
sheets a and b are substantially at right angles to each other ; the 
corrugations may be arranged at any other angle, it being only 
necessary that they should cross to a sufficient extent to prevent 
the plates from fitting closely one against another. Ina modifi- 
cation of the inventior, a series of boards or flat plates is sepa- 
rated by a series of corrugated plates. The corrugations of these 
soon are substantially in the direction of the radius of the 
yundle, but they may arranged at any other suitable angle. 
The corrugated plates or the boards, or both, can be perforated 
if desired. (Accepted September 20, 1905) 


1307. J. S. Daniels and T. H. and J. Daniels, 
Limited, Stroud. Gas-Producers. (3 /ijs.| January 23, 
1905.—The object of this invention is to enable the requisite 
supply of steam to be obtained i diately the usual initial 
operation of blowing air through the fire is commenced, and ulti- 
mately to maintain the steam supply in such a manner that the 
proportions of air to steam supplied to the fire will be regular and 
the producer will respond to variations in load on the engine. 
The gas from the usual annular collecting space @ at the on 
part of a producer is led down a pipe b formed in the back lining 
of the producer to a reservoir f situated below the ash-pit. This 
chamber / is preferably made up of a cast-iron base, with a plate, 
iron top forming the floor of the ash-pit. The gas entering the 
chamber / diffuses throughout the same, heating the top plate, 
and then esca by a suitable outlet g to the scrubbers. The 
ash-pitis enclosed except for an air inlet and a small inlet for 
water. Water from a cock may fed through the latter by a 
funnel leading thereto. The water flows over the top plate which is 
heated by the gas and by radiation from the fire. The wateris thereby 
quickly evaporated, the steam or vapour so formed passing with 
the air supply through the fire. By this means asupply of steam 
or vapour is generated on the top plate almost immediately the 
fire in the producer is started. The air is introduced through an 
opening in the casing which ‘encloses the ash-pit, this opening 








being of ample size and preferably fitted with a regulating slide 
to control the size of opening. y suitably arrangirg the size 


of the air inlet, the excess of steam or vapour generated on the 
heated top plate when the plant is working at light loads escapes 
to the outer air, and during the periods when airis being drawn 


rated on the plate is drawn into the fire with the air. A short 
pipe k may be fitted to the bottom of the chamber / below the 
ash-pit in a position below the gas inlet pipe, so that any cinders 
or the like carried over may be deposited into the short pipe k, 



































the latter dipping into a suitable water seal/. Air for initially 
blowing the fire may be induced in any suitable manner, as by a 
hand-fan connected to a cock on the gas-pipe leading to the 
scrubber. (Accepted September 20, 1905.) 


MISCELLANEOUS. 


13,066. The United Kingdom Self-Adjusting Anti- 
Friction Metallic Packing Syndicate, Limited, 
Liverpool,. and A. R. Beli, Leeds. Lubricators. 
{2 Figs.) Jane 24, 1905.—This invention relates to lubricators— 
such, for instance, as are adapted for use on locomotives—which 
require to be lubricated internally both when working under 
fluid pressure and when running without such fluid pressure. 
The ordinary — of lubricators are well adapted to supply oil 
to the parts to be lubricated when these latter are not subjected 
to fluid pressure ; on the other hand, the ordinary displacement 
lubricator is well adapted to supply oil to parts subjected to 
pressure, but it ceases to act as soon as the pressure ceases. 
According to this invention, the applicants combine in the one 
instrument these two types of lubricators, and so arrange the 
connections and fit the apparatus with a valvé that, whilst the 
pressure continues, only the displacement lubricator supplies oil, 
the valve cutting off the other lubricator, and that when the 
pressure ceases the displacement lubricator ceases to supply oil, 
and the ordinary lubricator comes into action. 1 is the chamber 
or containing vessel adapted to hold a supply of lubricant which 
is fed in by the cup 2 connected with or made integral with the 
top of the chamber; the cup is fitted w.th a valve spindle 3- 
which closes with a fluid-tight joint when the apparatus is in 
use. The chamber is drained by a drain 4 controlled by a valve 
spiodle 5. Within the chamber, and extending towards the top 
thereof, is a central stem 6 which, in the apparatus shown, is 
screwed into place through the bottom of the chamber. At the 
lower end of the stem 6 is a valve seating on which the valve 8. 
fits. The valve is carried in a gland 9, the tail-end of the valve 
being guided concentrically in the bore of the gland. The gland 
9 is connected by the pipe 10 (to which it is attached by a 
gland nut), to, say, the engine cylinder to be lubricated, the con- 
nection being preferably made by means of a T piece 12 fitted 
with three nozzles ; to one of these, 12a, the pipe 10 is connected 
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by a gland nut 13; to another, 12), the pipe 14 leading to, say, 
the cylinder, connected by the gland nut 15 ; and to the third, 
12c, the pipe 16 is connected by the gland nut 17. The pipe 16 is 
connected to the upper portion of the chamber 1, the connection 
being made by a nozzle 18 and gland nut 19 ; the inner end of the 
nozzle 18 is provided with a valve seating, and the passage 
through the nozzle is adjustably controlled by a screwed valve 
spindle 20 which enters the chamber through the gland 21, the 
— being operated by the hand-wheel 22. Within the 
chamber, and arranged as shown, is a twin syphon wick 23 ; the 
wick is stiffened in the usual manner by a core of wire, and is 
ied by the wires 24 from a float 25. The action of the appa- 
ratus is as follows :—Assuming that the cylinder to be lubricated 
is under steam pressure, this pressure, being in communication 
with the pipe 10, will at once close the valve 8 on its seating 7 - 
the valve 20 is opened so as to allow a suitable flow of steam 
through the pipe 16 and nozzle 18 into the chamber ; this steam 
condenses, and the water, being heavier than the oil, passes to 
the bottom of the chamber, and raises the level of the oil, so that 
an appropriate amount proportional to the quantity of steam 
condensed passes over and through the nozzle 18, pipe 16, and 
ipe 14 to the cylinder, and this action continues, giving satis- 
factory lubrication as long as the pressure is maintained. In 

event of the cylinder being cut off from the supply of steam, the 
displacement action, of course, ceases, and the oil falls below the 
outlet in the nozzle 18; as the valve 8 now opens, the ordinary 

syphonic action through the wick 23 takes place, and supplies the 

necessary lubricant through the bore of the stem 6 past the valve 
seating 7, through the pipe 10 to the cylinder. The wicks being 

attached to the float 25, which rises and falls with the level of 

the liquid, the ends of the wick will be kept nearly at the top, 

thus ensuring a continuous drip of oil as long as there is any oil 

in the lubricator. Should the cylinder be again subjected to 

steam pressure, the valve 8 will close, and the lubricator again 





into the fire a sufficient quantity of the steam or vapour gene- 


work by the displacement action. (Accepted September 6, 1905.) 
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WILLIAMSBURG BRIDGE, NEW YORK. 
By Frank W. Skinner, M. Am. Soc. C.E. 
(Continued from page 759.) 

Fire on the New York Tower.—On the afternoon 
of November 10, 1902, when the fifty men employed 
on the towers and cable spans were leaving work 
for the day, a fire broke out on the top of the New 
York Tower, and burned fiercely for several hours, 
until most of the combustible material there was 
consumed. Owing to its great height, and the 
darkness of the night, the fire was one of the most 
spectacular ever witnessed in New York ; but, fortu- 
nately, no lives were lost, and it did comparatively 
little damage to the permanent structure. The plat- 
form and towers contained about 53,000 cubic feet 
of timber near the saddles, much of which was 
saturated with grease, and the burning of this, 


with the few barrels of oil stored there, caused an | 


about 3 ft. on the shore side of their final positions 
were burned through, and allowed the saddles to 
move suddenly forwards, so that the great cables 
dropped several inches in the centre, thus fall- 
ing on the decks of the falsework bridges. The 
resulting strain on the cables of these bridges, 
added to the weakening produced by their being 
red hot at their saddles, caused them to succes- 
sively break and allow the footbridge to fall, 
although it was caught in the loops of the per- 
manent. suspenders, and supported from the main 
cables in a mass of tangled and festooned wreckage. 
The appearance of the footway after the fire may 
be seen in Fig. 113, annexed. 

Several men were on the bridge, and fled from 
one span to the opposite one just before the 
former fell, and thus escaped uninjured. 

For about 20 ft. on each side of the tower centre 
the cables had not been wrapped or encased, and 











Fig. 113. 


Marn Caste Towers AND WRECKED 


intense heat, to which the saddles and adjacent 
portions of the main and falsework cables were 
exposed. 

The men fighting the fire on the tower top were 
reinforced by other workmen, who crossed the 
falsework bridge from the opposite tower, but, 
owing to the lack of a water supply, they could not 
extinguish the flames, and busied themselves cutting 
away the timber until driven from the work by 
the heat. Ropes were lowered to raise hose-pipes 
from fire-engines in the street at the foot of the 
tower, but could not accomplish it, and the hose- 
pipes were finally carried up the workmen’s wooden 
stairs in the tower, with great difficulty and danger 
from the falling embers and hot pieces of iron. 
The height was then found to be so great that one 
or two engines could not force the water up, and 
when three were coupled together the hose was 
burst. Finally, two engines succeeded in forcing 
a weak stream to the top of the tower on one side, 
but were not able to make it carry effectively across 
to the other side, where the fire was the fiercest, 
and had driven the men away. Many ferry-boats, 
sound-steamers, tugs, &c., crowded with passengers, 
were exposed to a rain of falling objects and fire 
when attempting to cross under the bridge ; some 
of them were repeatedly struck, and others did not 








venture to make the attempt. 
The wooden struts which held the main saddles | 








CENTRE Span oF FooTsRIDGE AFTER THE FIRE. 


the steel cover-plates had not been bolted over 
them on the top of the 19-ft. saddles, so that they 
were exposed to the full intensity of the fire, 
augmented by the burning of the ‘“‘shield” with 
which they were coated, and, as was indicated 
by the scale formed, were heated red hot, except 
where the sides and bottoms were protected by the 
metal, 3 in. thick, in the walls of the 16-in. by 
19-in. saddle grooves, 19 ft. long. The top flanges 
of the main girders in the tops of the towers were 
somewhat twisted and bent, the floor-plates were 
warped, and some of the light braces in the lower 
part of the tower were injured by falling pins, bolts, 
&., but the tower was not seriously damaged. 

A careful investigation was made by a commission 
of expert bridge engineers, and it was reported 
that two of the cables were uninjured, but that in 
the other two cables the wires in the four outer 
layers had been injured. Those in the centre and 
under side were, of course, inaccessible ; but it was 
assumed that a certain percentage of the latter 
were injured proportionately to those examined, 
and that, besides the deterioration of strength, 
many of them had been permanently elongated, so 
as not to receive their proper share of the total 
stress. Over 500 tension tests were made on 
28 wires cut from the injured cables, and showed a 
maximum reduction of strength of from 220,000 lb. 
to 80,000 lb. per square inch, and an average re- 





duction of 49 per cent. in the elastic limit. In one 
cable 200 injured wires were found in the upper, 
and none in the lower part; in the other cable 
250 wires were found injured in the upper, and 
250 in the lower part. 

It was therefore recommended that the injured 
portions of the accessible wires should be out out 
and replaced with new wires spliced in with 
the same kind of sleeve-nuts used in the regular 
splices, but assumed to develop an efficiency of 
only 90 per cent. here, on account of the difficulty 
of making accurate adjustments. This would leave 
the cable impaired to an amount equivalent fo the 
destruction of twenty wires, and equal to 2} per 
cent. of the total streng#h of the cable. On the 
other cable the wires —— on the under side 
could not be replaced, and all that could be done to 
them was to cut them, and insert sleeve-nuts, 
screwed up to develop their full remaining strength. 
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It was estimated that the injury to this cable was 
equivalent to the loss of 134 wires, or 64 per cent. 
|of the strength of the cable. As the original 
| strengths of the wires averaged about 9 per cent. 
|more than the specification requirements, the 
|actual strength of the cable was calculated to still 
be in excess of their required theoretical strength. 
The cable stresses not being uniform, and being 
| greatest at the saddles, it was thought wise to com- 
|pletely restore the cable at these points, and 
additional wires were therefore required to be 
|added on the outsides of the cables there. 
| Repairing the Damaged Cables.—Inclined work- 
ing platforms were suspended from the pairs of 
steel hand ropes just above, and parallel to, the in- 
jured main cables, and were enclosed with sheet- 
iron sides and roofs. The wires were scraped, and 
the injured ones pried out and cut. The un- 
injured ends were tapered, threaded, bevelled, and 
a sleeve-nut coupled to a piece of new wire, the 
tension in which was made uniform with that in 
| the uninjured wires. 
A two-part sleeve, 12 in. long, was flange-bolted 
itightly to the main cable, about 42 ft. from the 
saddle flanges, and the end flanges were bored with 
20 holes in the upper side, and were slightly inclined 
to the axis of the cable. In these helen new wires 
were inserted, with nuts bearing on the outside 
flange, and each wire was stretched over the cable 
by means of a tackle attached to the opposite end, 
and clamped to the cable. The wire was strained 
to the approximate final tension, and marked where 
it crossed the second sleeve on the opposite side of 
the saddle. The strain was released, the wire cut 
at the mark and threaded, inserted through holes 
in the second sleeve flanges, and the nut screwed 
up to the bearing on the end of the sleeve, until it 
developed tension shown by compurison to be equal 
to that in the adjacent uninjured wires. The in- 
clination of their holes through the sleeve flanges 
made the wires lie flat on the surface of the cable, 
and they were clamped there by two more sleeves 
put on over them, and secured by three pairs of 
1}-in. bolts, screwed up to a tension of 20,000 Ib. 
per square inch, so as to develop great friction 
between the new wires and the cables. After all 
the sleeves were in position, the wires and cables 
were smeared with preservative compound, and 
wrapped with wire for 15 ft. up from the last 
sleeve. On the other cable the 180 new wires 
which were added were secured to nine pairs of 
sleeves. Six men spliced in 450 wires in about 
40 days. 

Design of the Suspended Span.—The suspended 
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span has two riveted stiffening trusses, 40 ft. deep 
and 67 ft. apart on centres, 1600 ft. long between 
their connections to the towers, and 1647 ft. long 
over all. They are divided between the tower 
centres into 78 panels, 19 ft. 1l in. long on the 
bottom chords, and from ,', in. to $} in. longer 
in the top chord, in order to provide a camber 
which gives the bottom chord a centre rise of 
19.9 ft. and a curve of 11,107 ft. radius there, and 
160,000 ft. radius at both ends. The top chord is 
curved at the centre to a radius of 78,2894 ft. 

The trusses have triple intersection diagonal 
members, and are suspended from the main cables 
at every panel point. The regular diagonal mem- 
bers are omitted in the two last panels at each end 
of the truss, and these panels, 234 ft. long, are 
made with vertical posts at panel points and “° 
heavy diagonals, meeting at the top chord. The 
vertical post at this point is in the centre line of 
the tower, and its connection to the bottom chord 
is pivoted to the upper end of a vertical rocker-post 
about 11 ft. long, the lower end of which is pivoted 
to a tower girder. The end panel of the truss is a 
cantilever arm, supporting on its end lower chord- 
yin the end of the adjacent shore-span, 276} ft. 
al The arrangement is shown in Fig. 114, 
page 787, and in Figs. 115 to 117 on one of our 
two-page plates, published this week. 

The trusses are connected together by top and 
bottom lateral diagonal struts, by overhead trans- 
verse trusses, and by main bottom plate-girder 
floor-beams, 118 ft. long at the panel points of the 
bottom chords. The lower floor-beams carry two 
18-ft, cantilever carriage roads, four trolley-tracks, 
9} ft. apart on centres, and two elevated railroad 
tracks, 11 ft. apart on centres, the latter being sup- 

orted in mid-span directly from the middles of the 

eams, and on bents of four braced vertical posts 
at the ends of the span. The upper deck floor- 
beams are made in two lengths, one on each side of 
the elevated railroad tracks, and are supported at 
their outer ends by connections to the web members 
of the trusses, and at their inner ends by sus- 
penders from the overhead transverse trusses. The 
general arrangement may be seen in diagrammatic 
form in Fig. 4 on the two-page plate published 
with our issue of October 27, and in detail in Figs. 
126 to 131 on one of our two-page plates which we 
give this week. The top and bottom chords have 
rectangular cross-sections 27 in. deep and 30 in. and 
35 in. wide each over all respectively, made up of 
two built channels, latticed, which are composed of 
a pair of 6-in. by 6-in. angles in the top chord, and 
8-in. by 6-in. angles in the bottom chord ; and a 
reinforced web-plate, the thicknesses of the mate- 
rials varying, to give different cross-sectional areas 
corresponding to the varying stresses at different 
panels. A portion of one of these trusses is shown 
in elavation and plans in Figs. 135 to 137 and 
in Fig. 126 on our two-page plates. They 
are made in three-panel lengths, field-riveted 
together with web and flange splice-plates. At the 

anel points they have shop-riveted gusset-plates 
a jaws to receive the field-riveted connec- 
tions of the diagonal members, which may be 
clearly seen in Fig. 135. The top chord gusset- 
plates are connected by transverse vertical dia- 
phragms, and receive the field-riveted connec- 
tions to the ends of the top chords of the overhead 
transverse trusses, which are connected to them 
with forty-two field-driven {-in. rivets in four 
vertical rows. Gusset-plates are riveted to the 
webs of the lower chords at the panel points, and 
project beyond their lower flanges to receive the 
tield-riveted connections to the ends of the floor- 
beam sections, as shown in Fig. 135. 

The diagonal members are inclined at an angle 
of about 45 deg., and are each made with two 

irs of 6-in. by 3$-in. or 7-in. by 3}-in. angles, 
back to-back, latticed. The diagonals in one direc- 
tion have their vertical flenges turned outwards to 
clear those of the diagonals in the opposite direc- 
tion, which are turned inwards and are closer 
together, so that one member passes through the 
other, the flanges being riveted together at the 
intersections. Vertical longitudinal connection- 
plates are riveted between the inner flanges of the 
diagonal members at their lower intersections, to 
receive the field-riveted ends of the upper-deck 
tloor-beams. 

The lateral diagonal struts reach across three 
panels, so as to make an angle of about 45 deg. 
with the chords, but make only single intersections 
with each other. The top struts have I-shaped 
cross-sections, 15 in. deep, made with two pairs of 








angles back to back, latticed, and field-riveted 
through their flanges to horizontal connection-plates 
across the under sides of the top chords, and con- 
nected to their webs. The lower flanges of the 
top chords are riveted flush with the top flanges 
of the transverse trusses, and are field-riveted to 
them at intersections. Where the lateral diagonals 
intersect each other, one of them is continuous, 
and the other is cut to clear it, and spliced across 
it by horizontal plates field-riveted acrcss both 
flanges. 

The bottom lateral struts have T-shaped cross- 
sections made with pairs of 6-in. by 8-in. angles, 
riveted together, back to back. Each is made in 
three sections, one between each successive pair 
of floor beams, and is field-riveted through the 
horizontal upper flanges to plates on the bottom 
flanges of the chords to the bottom flanges of the 
stringers, with which they are flush, and to connec- 
tion-plates projecting from the floor-beam webs. 
Where they intersect each other, one diagonal is 
continuous and the other is cut toclear, and spliced 
across it by a flange-plate, to which both members 
are riveted. 

The end panels of lower lateral struts intersect 
on double floor beams, each 3} ft. from the trans- 
verse centre-line of the tower. The centres of the 
floor beams are connected by heavy vertical and 
horizontal diaphragms, and to the latter is bolted 
a steel casting bored for a 17-in. vertical pin, secured 
to a system of rigid horizontal, longitudinal, and 
transverse girders below the roadway level. 
Through these the rocker-posts are supported and 
the lateral stresses are transmitted to the towers 
(see Figs. 118 to 125). The diaphragm girders are 
shown in general arrangement in Fig. 144 and in 
detail in Figs. 141, 142, 143, and 145, page 802. 
Fig. 140 is a transverse section through girders A. 
As the lines of the trusses intersect the converg- 
ing column posts at the top-chord level, the two 
last panels of the top chord, at each end of the 
truss, are offset 3 ft. towards the bridge axis to 
clear them, and the adjacent ends of the vertical 
posts and the regular top-chord sections are widened 
and stiffened at their connections with them. The 
arrangement is shown in Fig. 117 on one of our 
two-page plates. 

There are four lines of elevated railroad-track 
stringers, shown in Figs. 126 and 131, 2 ft. 3 in. 
and 8 ft. 9in. from the bridge axis. They are 27-in. 
plate-girders, with pairs of 5-in. by 34-in. flange- 
angles, and no vertical web-stiffener angles, and are 
continuously spliced together by field-riveted con- 
nections, through end vertical angles. As their 
height, relative to the bridge floor, varies, they are 
seated on pedestals high enough to overcome the 
camber. In their lowest positions they are web- 
connected to the floor-beams, and where the floor- 
beam flanges come between the top and the bottom 
flanges of the stringers, the stringer webs are 
notched to clear them. 

There are eight lines of electric car-track stringers, 
with 22-in. webs and pairs of 3-in. by 3-in. flange- 
angles. They may be seen in Figs. 126 and 134. 
Each carriage-way has five lines of plate-girder 
stringers (see Figs. 126 and 133) with 214-in. webs 
and 3}-in. by 2}-in. flange-angles, and the promenade 
and bicycle floors are carried by two lines, each of 
12-in. channel stringers, and four lines of 12-in. 
I-beam stringers, which are shown in Fig. 126. All 
stringers are cross-braced by single angles in ver- 
tical transverse planes ; and where the lower lateral 
diagonals pass under them, the latter are suspended 
by vertical angles riveted to the centres of the sway- 
brace frames. 

The overhead transverse trusses, 65$ ft. long 
over all, are 14 ft. 8 in. deep on centres, and are 
made with riveted members and riveted connections 
throughout. Their top and bottom chords have 
rectangular cross-sections, made with two built 
channels. The top chord-channels are 15 in. deep, 
with the 4$-in. by 3}-in. and 3-in. by 3-in. flange- 
angles turned out. The bottom chords have 15-in. 
webs and 6-in. by 34-in. angles, with their flanges 
turned in; the diagonals have I-shaped cross- 


‘sections, made with two pairs of angles, back to 


back, latticed. These overhead transverse girders 
are shown in elevation and plan in Figs. 126 and 
127, and in section in Fig. 130. Fig. 132 is the 
roadway guard railing, which is carried along the 
outside of the roadway. 

Erection of Centre Span.—The suspended span 
weighs about 15,600,000 lb., exclusive of the tracks 
and floors, and was built in the shops at the rate 
of 1000 tons per month, ard crected in five months, 





during severe winter weather—a record never before 
approached for a very long-span railroad bridge. 
The contractors for the main cables attached to 
them the suspender ropes, and the 1600-ft. centre 
spin was assembled piecemeal, and each panel was 
successively supported from them ; the trusses, 
floors, braces, and other members being handled and 
placed by successive trips of a pair of steel tower 
derricks or travellers moving to and fro on the 
structure itself, between the towers and the centre 
of the span. The steelwork was delivered by 
lighters, and stored in yards and on docks near the 
towers on both sides of the river. 

Derricks about 20 ft. above water-level placed 
the members as required on trucks, which were 
pushed by hand on service tracks under the span 
on the river sides of the towers, and thence hoisted 
to the roadway level by the 62-ft. 30-ton booms of 
derricks lashed to the faces of the towers on the 
portal girders, about 168 ft. above high-water and 
about 50 ft. above roadway level. These derricks 
erected the end panels or cantilever-arms of the 
stiffening trusses, and four more panels of the 
bottom chords on the river sides, connecting them 
to the suspenders and afterwards to the tloor-beams 
and stringers of the lower floor, so as to make plat- 
forms at each end of the span, on which were 
erected the steel travellers, which moved just 
inside the trusses, on two roadway stringers 60} ft. 
apart c.c. 

The steel members were delivered by the tower 
derricks to trucks on the elevated railroad tracks, and 
carried to and through the travellers shown in Figs. 
147, 148, and 149, pages 790 and 791, and handled 
by their forward booms, which unloaded them and 
assembled them in position, the travellers moving 
forward on the floor platform as fast as it was com- 
pleted. The chord-pieces, 60 ft. long, and weighing 
from 22 to 25 tons each, weredelivered on two trucks, 
20 ft. apart ; and special clamps at their centres of 
gravity were connected by shackles to the tackles on 
the traveller booms in the planes of the bridge axis, 
but overhanging them. The tackles pulled the 
trucks forward until the front one engaged a stop 
at the river end of the track, and then slid the 
chord over the forward truck until the rear one 
engaged it, soon after which the falls swung vertical, 
and the chord-piece was quickly swung to position 
and maintained there, until it was connected to the 
suspenders by a dozen men riding out on the chord- 
piece for that purpose. The chord-splices were left 
unbolted until all were assembled, so as to be 
unaffected by cable movements due to loading. In 
Fig. 146, page 790, may be seen a portion of the top 
chord of the truss suspended in course of erection 
under the main cables. 

After the chords were assembled, the corres- 
ponding centre sections of their three floor-beams, 
and all their inside stringers and the lower laterals, 
were assembled, another pair of chord - pieces 
erected, and so on until the duplicate travellers 
met at the centre of the span, and the bottom 
chord splices were bolted up. The best progress 
made was the erection of one 60 ft. section on 
each side of the river in 125 hours. The centre 
panel opening was found less than the length of 
the corresponding chords and stringers, and was 
increased on very cold days by the operation of 
hydraulic jacks set against horizontal longitudinal 
struts reacting against struts engaying the ends of 
the lines of stringers. After the centre lower 
chord-pieces had been thus inserted, it was found 
that there was not clearance for the stringers, and 
the floor-beams were separated farther by jacks of 
an aggregate capacity of 520 tons, and the stringers, 
with the ends of their horizontal flanges bevelled, 
were inserted. 

The second movement of the travellers was back 
from the centre to the ends of the span, erecting 
the cantilever ends of the floor-bcams, the corre- 
sponding stringers, and the hand-rails ; third move- 
ment, from towers to centre of span, distributing 
and storing members outside of the trusses on the 
cantilever ends of the floor-beams ; fourth move- 
ment, back from the centre to the towers, distti- 
buting and storing—on the trolley-track stringe!s 
between the trusses—the remainder of the bridge 
members, which were simultaneously hoisted at the 
towers and delivered on the service track. The 
members were carefully classified and arranged in 
the following order, commencing at the extreme 
edge of the bridge floor :—Bicycle floor stringe!s 
and beams, laid transversely ; fascia girders, trans- 
versely ; and web members, longitudinally, on the 
top of them. Inside the trusses, upper chords of 
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main trusses, upper chords of transverse trusses 
and top lateral bracing, all laid longitudinally 
between the elevated railroad track and the truss. 
Longitudinal bracing and inside railing, laid on the 
tracks of the unused elevated railroad. Web 
members of the transverse trusses, longitudinal 
bracing and top chords of main trusses, laid longi- 
tudinally between the service track and the truss. 
Outside the second truss the arrangement was 
similar to that on the opposite cantilever ends of 
the floor-beams. This arrangement was carefully 
planned to be most convenient for the successive 
operations of erection, to distribute the full load 
on the cables properly, and to facilitate the adjust- 
ment of the trusses and suspenders for camber 
heights. ; 

The fifth movement of the travellers was from 
the towers to the centre, completing the trusses, 
and placing the transverse trusses and top laterals 
successively up to panel points 52, when, on ac- 
count of a delay in receiving the remaining top 
chord-pieces, all the web members were first 
erected, and the travellers returned to assemble 
the other members. All of the wide diagonal web 
members of the main trusses were assembled in 
sets of three, after which the narrower intersecting 
diagonals were dropped inside of them. 

An interesting and somewhat unusual feature of 
the erection of this span was the remarkable com- 
pleteness of provision made beforehand for con- 
ducting the work. A forty-page book of instruc- 
tions was prepared by the engineer of erection of 
the great bridge-building company who executed 
the contract, and was issued to the foremen. In it 
all the principal operations were outlined in order, 
and described, with notes of principal requirements, 
explanations for installing and operating the plant, 
making adjustments, safeguarding the work, &c., 
accompanied by lists of important tools and mate- 
rials and various sketches and diagrams. An oflicial 
photographer was under the direction of the superin- 
tendent, and took a regular series of record photo- 
graphs of the progress of the work, including some 
made specially for the present author, to illustrate 
the descriptions from which this article has been 
prepared. 

Great care was taken in handling the heavy 
truss members at so great a height and above the 
crowded ferry-boats in the river. Special clamps 
were designed for lifting the chord-pieces. They had 
two vertical plates forming yokes on the sides of 
the chord, with angle brackets engaging and sup- 
porting the top and bottom flanges, and were 
clamped in place by top and bottom transverse 
bolts, which were screwed and unscrewed whenever 
the clamps were adjusted. The upper bolt was 
about 4 in. in diameter, with a bail, to which the 
hoisting tackle was shackled. 

The top and bottom chord-splices each contained 
520 and 544 field-driven 1-in. rivets respectively, 
most of them easily reached and driven. The floor- 
beam splices each contained over 150 field-driven 
rivets, some of them in very awkward positions, and 
there were many field-driven rivets in the stringer 
connections, the connections of the truss and 
lateral diagonals, and of the transverse trusses, 
most of which were driven by men on scaffolds of 
loose boards laid on the stringers or on light sus- 
pension frames or ropes. There were in all about 
300,000 field-driven rivets in this span, about 25 
per cent. being 1 in. in diameter, and the remainder 
£ in. in diameter. They were driven by twenty- 
two four-men gangs, which averaged 150 rivets per 
gang in eight hours with pneumatic hammers, at a 
cost of from 15 to 25 cents per rivet. 

At all times the positions of the two travellers 
were symmetrical about the centre of the bridge, 
and the operations above described, at one end on 
one side of the centre, were simultaneously dupli- 
cated on the other side of the centre. It was 
planned in the advance schedule to assemble all 
the lower chords and main floor, weighing 1365 
tons, in forty days; to erect the 606 tons of 
floor-beam cantilevers and outside stringers in 
fifteen days ; to hoist and distribute the remaining 
1127 tons of material on the first floor in thirty-two 
days ; to complete assembling the 679 remaining 
tons of truss materials in thirty-three days ; and 
to remove the travellers in fifteen more days ; during 
which time all the rivets should have been driven. 
This programme was somewhat modified by delays 
in the receipt of materials, and by waiting until 
the trusses were completely erected before com- 
mencing the riveting. 

The vertical bolts connecting the lower chords 


and the feet of the suspenders were twice adjusted. 
The preliminary adjustment was made as soon as 
the materials were all distributed on the lower 
deck, putting the cables under approximately full 
dead-load, and developing a curve in them corre- 
sponding closely to the final catenary. The final 
adjustments were very carefully made by screwing 
up these rods until the vertical distances between 
the lower chords and the centres of the main cables 
corresponded to those computed from the calcu- 
lated camber and catenary ordinates. As the dis- 
tances varied from about 12 ft. to 190 ft., and the 
inclined cables were not in the vertical planes of 
the trusses, the operation was a difficult one, and 
was accomplished by taking known off-sets from 
the chord centre and measuring with a piano wire 
and steel tape from a carefully levelled, trussed 
straight-edge resting across the pair of cables, and 
then correcting these values according to a table 
prepared for the purpose. 

Each of the steel hoisting-derricks in the tower 
had a 45-ft. mast, and was seated on the end of a 
set of steel cantilever beams, fulcrumed on the 
portal girder, and anchored to the tower members 
with yoke beams and vertical clamp-bolts. The 
boom had a capacity of 30 tons on a 52-ft. radius, 
and the hoisting and topping-lift tackles were rove 
with 1745 ft. and 1053 ft. respectively of }-in. steel 
cable, with an ultimate strength of 50,0001b. Each 
derrick weighed about 28 tons, was provided with 
18-in. steel sheaves, and was operated by a hoist- 
ing-engine at the foot of the tower. The mast had 
a rectangular cross-section about 16 in. square, 
and was seated at the foot on a phosphor-bronze 
disc, with a spherical bearing surface of 6-ft. radius, 
in a cast-steel base-plate. The 7}-in. gudgeon at 
the top was over 3 ft. long and engaged 14-in. by 
53-in. cast steel goose-necks connecting it with the 
two stiff-legs. The boom was made with four 4-in. 
angles, latticed on all sides, and had a rectangular 
cross-section about 2 ft. square at the centre, and 
1 ft. square at the ends. The connections for the 
tackles were made with heavy forged shackles. 

Each of the duplicate steel travellers shown 
in Fig. 149, page 791, was a riveted 60-ft. by 
60-ft. tower, 30 ft. high, made with four trans- 
verse bents, connected together with horizontal 
struts and diagonal braces in the planes of the 
inclined end-posts and of the upper face. Each 
bent consisted of a pair of inclined end - posts 
and knee-braces, supporting an overhead truss 
10 ft. deep and 14 ft. in the clear above the track, 
so as to leave free passage for materials through 
the traveller. The feet of the posts were connected 
to sills made of pairs of built channels, and each 
mounted on four double-flange wheels, one under 
each post, running on a track of 60-ft. 3-in. gauge. 
Most of the members had rectangular cross-sections, 
made up of four angles or of two channels, latticed, 
and were connected by jaw-plates, shop-riveted to 
one member and field-bolted to the others ; bolts 
being used instead of field-rivets, in order to 
facilitate taking the traveller apart, so that it 
might be stored and used on some future contract. 

On the top of each traveller there were seated one 
large stiff-leg derrick in front, and two smaller ones 
behind, operated by hoisting-engines stationarily 
located at roadway level in the towers. The large 
derrick was similar to that in the tower, had a 
62-ft. boom, and was rigged with twenty-seven 
18-in. sheaves, rove with 1720 ft. and 1620 ft. of 
3-in. steel rope respectively, for the hoisting and 
topping lift tackles. The smaller derricks were 
built of timber, with forged and cast-steel fittings, 
and had a capacity of 10,000 lb. each. 

While in service, each traveller was anchored to 
the floor stringers by eight sets of hook-clamps 
with screw and lever adjustments, and its sills were 
raised from the wheel bearings by pairs of folding 
wedges, giving it a solid base. Cast-steel clamp- 
stops were also bolted to the ends of the rails, to 
prevent the possibility of the forward wheels 
running off the track in the successive movements 
on the incompleted floor during the first trip of the 
traveller from the tower to the centre of the span. 
Air pressure at 100 lb. per square inch for the 
pneumatic tools was delivered through a distribut- 
ing-pipe, from 6 in, to 24 in. in diameter, that led 
from the compressor on one side of the river, across 
the bridge, with outlets about 50 ft. apart, and 
with three expansion loops. 

The hoisting-engines in the towers each had two 
drums and four capstan heads, and were hoisted 
about 130 ft. from the river by sets of tackles sus- 








pended from the upper part of the tower and 





attached to the engine frames. The fall lines were 
led around the capstan heads and operated by the 
engine itself, men being mounted on it and riding 
up with it totail off the slack rope. The hoisting- 
engines and the 200-horse-power air-compressor 
were operated by steam from a battery of four 
80-horse-power boilers on the Brooklyn side. The 
erection of the span was accomplished in about 
160 working days by an average force of 180 men 
working eight hours a day. 

Fireproof Floor.—After the completion of the 
structural part of the 1600-ft. span a special con- 
tract was let for a fireproof floor on the lower deck 
and on the approaches. Transverse 7-in. channels, 
24 ft. apart, are seated across the stringers, and 
carry 12-in. longitudinal channels close together, 
webs up. The 12-in. channels have butt joints 
without splice-plates, and their flanges are riveted 
together, with fillers between, and to vertical bent 
ope which are also riveted to the 12-in. channels. 

he platform thus formed is paved between steel 
curbs, with yellow pine blocks, treated with a pre- 
servative process, and set in hot asphaltic cement. 
The channels were dipped in an enamelling com- 
pound, and baked two hours at 300 deg. To 
prepare them for this coating, the steel was first 
cleaned by boiling in a 10 per cent. solution of 
caustic soda. They were then rinsed in boiling 
water, and dipped in a boiling 10 per cent. solution 
of sulphuric acid, again rinsed in boiling water, and 
finally dried over steam-pipes. 

Track-Laying.—The aggregate length of the 
elevated railroad and street-car tracks on the bridge 
and approaches is about 6 miles, and is laid with 
80-lb. Trails, 7-in. by 8-in. cross-ties, and 5 in. by 
8-in. rolled steel ribbed track-plates under the rail- 
bearings. The ties are 214 in. apart, and are hook- 
bolted to the stringer flanges at both ends. Pairs 
of 60-ton hydraulic presses, connected to a hand- 
pump, and spaced with an adjustable gauge-bar, 
were used to force the track-plate ribs into the 
timber, and were provided with spurs engaging the 
holes in the track-plates, so that the latter were 
set in the exact required positions. With these 
machines 1200 ties were placed in nine hours. 

An expansion joint with 14-in. adjustment was 
provided for each rail at each end of the centre 
span to allow for temperature variations. It was 
made by bevelling the ends of the rails and lap- 
ping them about 84 ft. The sliding ends of the 
rails were held in contact with each other by out- 
side bearings, and rested on bed-plates bolted 
to the ties. The rails were drilled for electric 
bonds, and the ties were bored for bolts by pneu- 
matic tools, operated by a compressor on the ground 
near the New York anchorage. Holes § in. in 
diameter and ,‘,in. long, through the rail-web, 
were drilled in 45 seconds each, the copper plugs in 
them were upset by two men with a double-screw 
hand-press in two minutes each, the rail-splice was 
made by two men in four minutes, and }-in. holes 
16 in. long were bored in 40 seconds each, 


(To be continued.) 








THE BRITISH ASSOCIATION MEETING 
IN SOUTH AFRICA. 
(Concluded from page 727.) 
Tue Orance River Corony. 


Wira the concluding sitting, held at Johannes- 
burg on Friday, September 1, when Mr. G. Goch, 
the Mayor of Johannesburg, responded to the final 
thanks of the Association, the official meeting came 
to an end. That made no difference whatever, 
however, in the general arrangements, nor in the 
warmth of the welcome. Two pleasant days were 
spent at Bloemfontein, the capital of the Orange 
River Colony, another regularly-built town of 
15,500 inhabitants, including 3500 soldiers. Of the 
Spruit River, which caused disastrous floods in 
January, 1904, only the empty bed was visible; it 
is now being regularised, and a big bridge is built 
over it. Mr. A. R. Hinks, M.A., of Cambridge, 
lectured very instructively on ‘‘The Milky Way 
and the Clouds of Magellan,” in the Raadzaal, 
which was packed to the utmost. On Sunday an 
excursion was made to the Government Experi- 
mental and Stud Farm at Tweespruit, the train 
stopping at Sanna’s Post. Some members started 


on a rather civilised trek to Kimberley ; others 
had undertaken a more ambitioys trek from 
Johannesburg across the veldt to Mafeking, cutting 





out Bloemfontein and Kimberley. None of these 
trekkers saw any wild animals to speak of. 


The 
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dearth of animal life, apart from the small insects, 
termites, and ants, could not but impress the 
visitors. It was nearly the same everywhere on the 
veldt; but birds became more plentiful as the 
better-wooded tropical regions were approached. 


KIMBERLEY AND DIaMonDs. 


It is only 100 miles from Bloemfontein straight 
west to Kimberley, but a day and a night were 
spent in going round the three other sides of a 
rectangle vid Naauwpoort and De Aar to Kimberley, 
which is again in Cape Colony, being the chief 
town of Griqualand and Bechuanaland. The inner, 
older town is compactly built, but the pleasant 
suburbs extend miles away in the great undulating 
plains. The 40,000 inhabitants comprise 2800 
white men, engaged in the De Beers mines, with 
which everybody is more or less connected, and 
18,000 natives in the compounds. The compound 
system originated there, it will be remembered, to 
prevent theft of diamonds. No Chinamen are em- 
ployed, but some convicts. 

Diamond-mining has much changed from the 
early days, beginning in 1870, when the cableways 
by which the different claims in the ‘‘ biggest hole of 
the world” were worked, formed a huge spider-web 
of steel wires. Diamonds are now mined from ver- 
tical shafts like other minerals. The De Beers 
Consolidated Mines were established in 1888, and 
comprise the Kimberley, De Beers, Dutoitspan, 
Bultfontein, and Wesselton (the most modern 
plant) mines. The diamond pipes all occur in de- 
pressions, which have no outlet for the water. 
Alluvial diamonds found in the Vaal River, 14 
miles off, are quite distinct from Kimberley dia- 
monds. The surface at Kimberley is covered 
with a few feet of reddish calcareous tufa. Under- 
neath follow basalt or diabase, ferruginous and 
red in the upper layers, shales bearing carbon 
and pyrites, melaphyr, quartzite, and porphyry. 
Through these the ‘‘ pipes” containing the blue 
ground extend upward from unknown depths. 
The blue ground is a breccia, fairly uniform 
in appearance, but in reality very complex in 
composition. It is generally capped with yellow 
ground, possibly oxidised blue ground, and con- 
tains, besides the diamonds, many gems—zircons, 
disthenes, pyroxenes, olivines, garnets, &c. The 
pipes may several hundred yards in diameter, 
and narrow a little down below. The deepest 
shaft, the Kimberley, sunk near the big hole, 
which is reached by Seviiies goes down to 2620 ft. 
Mr. Gardner Williams, the general manager of De 
Beers, regards the pipes as the craters, not merely 
the necks, of mud volcanoes. The ultimate com- 
position of the blue ground, and of the rock sur- 
rounding it, is much the same; the seam between 
the two is quite distinct, and does not show 
any trace of igneous action. The blue ground 
brought up is spread in layers of 1 ft. in thickness 
on the depositing floors—merely the cleared and 
rolled surface—which cover thousands of acres ; 
those near Kenilworth, a suburb of Kimberley, are 
1 mile by 3 miles. On the floor the hard blue 
ground crumbles under exposure to the action of 
sun and rain for three or six months; some hard 
stuff has to be crushed. From the trucks the 
ground is afterwards dumped into hoppers, and 
falls on to the small revolving tables of Robeson, 
which separate and feed the ground into two 
revolving cylinders. Stirred with water, the ground 
then passes through perforated cylinders to crusher 
rollers, and is divided in pans, over which arms 
provided with wedge-shaped teeth revolve ; some 
four million tons of ground are washed in this way 
every year. Out of a hundred truck-loads of 
washed ground one load is left to be sent to the 
Pulsator, which is common to all the mines. Here 
the concentrates are classified by hydraulic jigs. 
The screens of the pulsating jigs—now much 
supplanted hy rotatory tables—are sieves, with 
meshes a little smaller than those of the revolving 
cylinders behind them, and the screens are covered 
with bedding stones, generally pyrites, coarser and 
heavier than the diamond. Belt-conveyors finally 
take the concentrates to shaking-tables, which are 
covered with grease, which has frequently to be 
renewed. In this grease the diamonds stick ; 


formerly they used to often pass down from the 
tables together with the other minerals, to the 
despair of the engineers. This important device, 
the grease table, is the outcome of an observation 
of Mr. Fred. Kirsten, of the company, that grease 
stuck to diamonds, and diamonds should hence 
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diamonds are still left in the tailings, and the huge 
tailings heaps are now being re-treated. 

Some 40 million carats of diamonds, worth 80 
million pounds, have altogether been produced by 
the company. The visitors were permitted to 
descend into the shafts, to visit the compounds, to 
see the big daily blasting in the open working of the 
Wesselton Mine, and to look at and even to handle 
the splendid diamonds. They also saw Kenilworth 
Park, for which Cecil Rhodes did so much. But 
they would have liked to have had more time to 
study the Pulsator. 

In his lecture on ‘‘Diamonds,” Sir William 
Crookes, thanks largely to the beautiful experiments 
which his London assistant, Mr. J. H. Gardiner, 
conducted with most remarkable skill, succeeded in 
keeping his audience for over two hours. Sir 
William accentuated that the diamonds cannot 
have been formed in situ, because the heated 
blue ground absorbs diamonds, as Lugi has shown ; 
and directed attention to the tremendous force 
of gas rushes. Sir Andrew Noble has de- 
monstrated that gases escaping from explosion 
chambers through badly-fitting stoppers, scour 


” 





stick to grease. 


In spite of all precautions, some 





a wide channel in the steel or granite stoppers. 














TRAVELLER Erectinc-FLoor System FROM ONE END. 


Sir William also showed, by the aid of polarised 
light, that diamonds must have been exposed to 
great temperature strains; and he produced the 
same beautiful light effects by hydraulic pressure. 
The strains may become sufficiently large to cause 
the diamonds to burst spontaneously. Mr. Gar- 
diner forced a fine diamond octahedron into a 
steel die under a pressure of 170 tons per square 
inch, without in the least distorting the crystal, 
and finally heated a diamond in the electric arc. 
The crystal swelled, emitting a faint light of magic 
beauty, and passed into black graphite. The 
lecture was mentioned in our Notes columns of 
September 8, and Professor Porter’s lecture on the 
‘* Bearing of Engineering on Mining, with special 
regard to Education,” was noticed in our issue of 
October 13. 


BuLawaYyoO AND THE Matopro Hits, 
From Kimberley the journey went northward to 
Vryburg, where the Rhodesian railway system 
commences, through Mafeking, on the boundaries 
of the Bechuanaland Protectorate, and east of the 
Kalahari Desert, up to Bulawayo, which was reached 
on Saturday, September 9, after 38 hours’ railway 
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StrrFenine Truss 1n Course OF ERECTION. 


|journey. Keeping his seat in the train, the 
| traveller, seeing only the tops of the bushes, might 
| imagine he was passing through thinly-planted 
|orchards. The characteristic euphorbia, and other 
| plants and trees, mostly still quite bare, he might 
notice on closer inspection. Bulawayo has been laid 
out on agrand scale, with wide avenues and streets 
intersecting at right angles. How water and light 
are to be supplied to the inhabitants of these towns, 
with miles of almost houseless streets, is difficult 
to imagine. The town has 3840 white inhabitants, 
and lies 4469 ft. above sea-level. It enjoys an 
excellent climate, like most of the country, but the 
dust is very trying. President Darwin opened the 
new museum, which already contains a promising 
collection of native curiosities and antiquities, 
gold nuggets of extraordinary richness, and in- 
digenous animals. Government House, at which 
the Treasurer, Mr. F. J. Newton, received the 
party on behalf of the Administrator, was built by 
Cecil Rhodes in the old Dutch style, like his own 
house at Groote Schuur, and at the end of one of 
his favourite long avenues, right in Lobengula’s 
country. The Indaba tree, under which the old 
Matabele chief used to dispense justice, is close to 
the house, and his big kraal is only a few minutes 
away ;. the chain which barred the entrance to his 
kraal is kept in the pretty farmhouse which stands 
there now. An excursion to the Matoppo Hills was 
made on Sunday, September 10, partly by the rail- 
way, on which trains run occasionally, and partly by 
coach. The scenery is grand. The granite hills, 
strangely cleft and disintegrated, become wilder 
and more grotesque as the visitors penetrate further 
into the yast park, in which wild animals are pre- 
served. The grave of Cecil Rhodes is marked oe 
simple bronze slab on the top of a dome of porte My 
and is immediately guarded by big boulders. To 
select this spot for his final resting place was charac- 
teristic of the man. Other mountains surround the 
place ; the weird granite blocks which crown them 
appear in the hazy distance like statues of heroes or 
| gods. Delicate lichens, brown, green, and yellow, 
soften the sombre tones of the granite. The 
Shangani Memorial, in honour of those who fell on 
the Shangani River, many miles off, is on the same 
mountain as the grave, a little lower down. It isin 
itself appropriate ; but an artificial granite column 
is out of place in this grand natural world’s view. 
We should point out that the Bulawayo people 
| entertained their visitors at considerable sacrifive ; 
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there was an unfortunate misunderstanding about 
the special tickets issued. 

Mr. Randall Mclver’s lecture on ‘‘ Rhodesian 
Ruins” should have been exceedingly interesting. 
He had made a special study of the ruins at 
Khami, Inyanga, Umtali, Zimbabwe--230 miles 
from Bulawayo, very difficult of approach—and at 
other Rhodesian places ; and his conclusion that the 
temples, walls, and forts are the work of races 
like those living there now, and that they hardly 
go back further than the fourteenth, possibly the 
twelfth, century, is accepted by distinguished eth- 
nographers like Dr. Haddon, of Cambridge, and 
Professor von Luschan, director of the Berlin 
Ethnographical Museum. But nobody had expected 
that Mr. McIver would read his report in full, not 
sparing any details, at an evening discourse follow- 
ing a very trying day. 


Tue Victoria Fatts. 


After a journey of nineteen hours the party of 330 
members arrived at Victoria Falls Station early on 
the morning of September 12; they travelled back at 
noon the following day. When the Saxon arrived 
at Madeira on the way out, Professor Darwin re- 
ceived a letter from Sir David Gill warning mem- 
bers against this journey, which only strong and 
sound constitutions could bear. It read as if 
members would have to provision themselves and 
camp out. The warning was not heeded, and 
may have appeared unnecessary ; yet it was quite 
justified. At the time it was uttered it had not 
been thought possible that all the sleeping and 
restaurant-cars could be spared from the Natal and 
Cape complements to take 400 members beyond 
Vryburg and Bulawayo, where restaurant-cars were, 
so far, hardly known. The four special trains were 
reinforced by two Rhodesian trains. 

The railway construction has not involved apy 
special <lifficulties. There is a very impressive stretch 
of 75 miles of perfectly straight track. But the 
trains have to dray fresh-water tanks to supply the 
isolated stations—simply huts—along the road, and 
there are heavy gradients near the Wankie coal- 
fields. The trees looked higher and greener as the 
latitude decreased; but swarms of locusts were 
everywhere, and bush fires—started by the trains 
or by the people—impair the growth of the trees. 
Lions are said to be occasional visitors all round. 
The Matetsie River is crossed 30 miles from the 
Victoria Falls. 

Some of the members watched the sun, and also 
the moon, rise above the falls. Some had seen 
the Niagara Falls, and drew comparisons. The two 
falls cannot be compared. Each is majestic in its 
own way. Standing on the Niagara Suspension 
Bridge, we have the whole grand wall of living 
water before us, and the wonderful green and 
creamy sea below us, all at one glance. There is 
no point from which the totality of the Victoria 
Falls can be admired. The Zambesi River opens 
out into a lake, dotted with numberless charming 
wooded islands, on which the visitors landed in 
canoes. Suddenly the whole river disappears over 
a straight bank of basaltic cliff, one mile in length, 
right east to west. There is another bank opposite, 
with only one outlet, about 600 yards from the 
eastern end ; the western portion of this bank is 
covered by a luxurious palm growth, the ‘‘ Rain 
Forest,” and Danger Point forins the extreme corner 
at the outlet. Between the two banks is a gorge, 
about 400 ft. across and 400 ft. deep. Reckless 
people stand on the edge of the slippery cliff. But 
the caiion below is obscured by the mist clouds, 
which rise high up into the air. The fall cliff is 
not covered by one sheet of water. There are several 
islands—Livingstone Island, with a tree bearing 
his initials, and others—over which the water 
never rushes. The party found the water exceed- 
ingly low, lower than it has been since 1883. That 
detracted somewhat from the grandeur of the 
panorama, and they saw rather a series of falls in 
a row than a continuous shect of water. The main 
current rushes down the Devil’s Cataract at the 
extreme west ; Danger Point, above the outlet, gives 
the best view, perhaps. Down below is the Boiling 
Pot, thencomes the Whirlpool, where the river makes 
a bend, just in front of the bridge which Professor 
Darwin declared open on that morning. On the 
view of the bridge, which we published in our issue 
of August 4, the cliffs seem to grow vertically out of 
the river. The members of the British Association 


noticed banks with a gentler slope, and that 
accounts for the great discrepancies in the esti- 
mates, made in different seasons, of the width of 





the river. It was certainly less than 100 yards at 
the Whirlpool, the usual estimate for the narrowest 
spot. 

P Below the Falls the river winds in a peculiar 
zigzag curve, with sharp bends and mostly vertical 
inaccessible walls for many miles. But those dis- 
tricts are little explored. The zigzags, in fact, 
begin above the Falls, and may have something to 
do with their origin, upon which Professor Lamp- 
lugh, F.R.S., reported, in the Geological Section, 
on the basis of a special study. The beauty of 
the scenery above the Falls must be wonderful 
after the rainy season ; too many trees were still 
bare at the time of the visit. The few hippopo- 
tamus which some members espied in the Zambesi, 
close to the Falls, are doomed. 

The whole party, together with the guests whom 
Sir Charles Metcalfe had invited to the opening 
ceremony, took their meals in the temporary 
hotel, which is to be replaced by substantial build- 
ings ; some members slept in the hotel. Besides 
the hotel there are only a few huts. A spot has 
been selected for a power-station in the caiion 
below the Falls and the bridge; it will not inter- 
fere with the beauty of the scenery, and the new 
hotel will also be erected at a distance of several 
miles from the Falls. The heat did not do any- 
body much harm. The elevation is 2870 ft. 


Satispury, UMTALI, AND BErRA. 


Visitors hurried back to Bulawayo, witnessed a 
gymkana, and entrained direct for the Cape or for 
Beira, The Beira party spent the day hours of 
Friday, September 15, and Saturday, September 16, 
at Salisbury and Umtali. At both places they 
were entertained at lunch, and féted as much as 
the short time permitted ; the ladies of Umtali had 
themselves prepared a]l the good things, the whole 
staff of waiters having travelled with the party all the 
way from Durban. Salisbury, 4700 ft. above sea- 
level, has a white population of 1700 people ; Um- 
tali, elevation of 3700 ft., which has plenty of water, 
and looked charmingly green, has 700. The moun- 
tains around Umtali resemble the Matoppo Hills. 
Both towns are laid out on a big scale, so that one 
is at a loss to say when one is in town and when 
not. The visitors rushed through Rhodesia, but 
could see enough to understand that the country 
affords splendid opportunities for farmers and 
stock-breeders. Gold-mining is carried on as in 
the Transvaal, but is not so exclusively pushed. 
The railway rises to a level of 5600 ft., and falls 
rapidly beyond Umtali, which is near the Portu- 
guese frontier. Of the beautiful tropical forests 
in the lower plains members saw very little, owing 
to the darkness of the night. 

The Beira Railway was at first started as a 
narrow-gauge line, but it is now all through of the 
3-ft. 6-in. gauge. Beira is a town of 1438 white 
inhabitants, situated on a sand spit between the 
Rivers Pungwe and Busi ; Sofala is nearly opposite, 
further south. As the loose sand would not sup- 
— street ener narrow-gauge tracks have 

een laid all down the main street, and along 
these natives push little trucks, easily lifted off. 
The visitors met with the same mode of conveyance 
at Mombasa, also an old Portugese settlement. Of 
the lavish hospitality offered by the Portuguese 
Government and the Beira people we have already 
spoken. 


Tue Return JouRNeEY. 


The Durham Castle, by which some 220 members 
sailed from Beira un Sunday afternoon, September 
17, called at Mozambique, a quaint little roadstead 
and town with a gloomy old fort, and then at 
Mombasa, in British East Africa, where another 
welcome had been prepared. Mombasa is very 
beautifully situated on an island protected by 
coral reefs; the 8000-ton steamer went up the 
channel, however. Professor Perry had tried to 
arrange for an excursion up to Nairobi by the 
Uganda Railway, which extends to Port Florence 
on the Victoria Nyanza, and does not reach Uganda 
at all, of course. Unfortunately, there had been a 
few cases of plague, and the excursion had to be 
abandoned. Visitors could take trains as far as 
Mazeras, however, sufficient to enjoy tropical 
scenery. Mombasa is in latitude 4 deg. south. 
The plague also prevented a call at Zanzibar. As 
a compensation, the party were able, again by Pro- 
fessor Perry’s arrangement with Cook’s agency, to 
spend four days at Cairo, instead of the originally 
planned two, thanks to the block in the Suez 
Canal. The visitors were fortunate in secing the 








Nile in flood, and the Gizeh pyramids rising almost 
out of the water. The party returned to Suez, 
steamed through the Canal—always an interesting 
route—and through Port Said, the Straits of 
Messina, past Stromboli (which was in angry glow), 
the Straits of Bonifacio, to Marseilles, from whence 
many members hurried across the Continent. Some 
had been obliged to go by rail to Alexandria, in 
order to catch earlier steamers. There were not 
very many left to complete the journey by sea to 
Southampton, which was reached carly on October 
24, after a most enjoyable passage. 

One of the tasks of the President, Professor 
George Darwin, now K.C.B., to respond to wel- 
comes and to return thanks for kindnesses received, 
did not end till the party dispersed. Members had, 
indeed, much to thank him for, and Sir George 
found the right expression for their sentiments. 

The British Association will meet next year at 
York, under the presidency of Professor Ray Lan- 
kester. 








ENGINEERING SCHEMES IN 
PARLIAMENT. 


MISCELLANEOUS. 


THE most novel amongst the miscellaneous pro- 
posals is undoubtedly that for the construction of a 
motor-road from London to Brighton. The plan is 
that the road shall branch off from the western side 
of the existing main road at Croydon, rejoining 
it again at Patcham, about two miles north of 
Brighton, so that the total length will not exceed 
some 40 miles. The road is to be lighted elec- 
trically, and the promoters take powers also to 
supply vehicles with electric energy. The gene- 
rating station is to be on the Wandle, near Waddon 
Mills, Croydon. In addition to providing a track 
for fast motor traffic, the company will also own 
and let motor-cars, and act as carriers of goods and 
merchandise. 

Another attempt to provide the Metropolis with 
a system of pneumatic or electric dispatch is also 
being made. The promoters take powers to lay 
their tubes in all parts of the county of London. 
These will be of sufficient size to admit parcels as 
well as mail matter. The generating station is to 
be at Hammersmith. The Channel Ferry scheme, 
which failed last, session owing to difficulties in 
securing harbour accommodation at Dover, is again 
being brought forward. The promoters propose 
to construct a small harbour of their own, using 
the Admiralty Pier to form one wall of it. The 
entrance will be 100 yards wide, and railway con- 
nections will be made with the South-Eastern and 
Chatham Railway lines. A Bill is being promoted 
to amalgamate the first and third drainage dis- 
tricts in Huntingdonshire and Cambridgeshire. 
The amalgamated board is to widen the present 
20-ft. drain from Warboys to Doddington, where 
a new pumping plant will be erected to discharge 
this widened drain into the 40-ft. river. The 
Trent Navigation authorities seek powers to con- 
struct new locks on the River Trent at Stoke 
Bardolph, Gunthorpe, Hazleford, Cromwell, and 
Holme Pierrepoint, and another on the Newark 
Navigation at Newark Nether. 

The London County Council have filed their 
scheme for the construction of a county hall. The 
site selected is on the south side of the river, on 
the opposite side of Westminster Bridge-road to 
St. Thomas’s Hospital. The hall will thus havea 
river frontage. 

Whilst local authorities of late years are intruding 
into fields of activity from which they were far best 
excluded, we note that this year a number of 
private corporations are seeking powers authorising 
them to abolish slums, and effect other much- 
needed town improvements. The most important 
of these schemes is one to reconstruct a large area 
in Pimlico. Marsham-street is to be widened on 
both sides, and a new street parallel to this is to 
be constructed between Horseferry-road and Wood- 
street; whilst the latter and also Great Peter- 
street are to be widened. The company seek powers 
to compulsorily purchase the properties affected, 
and where they are of an insanitary character, the 
price paid is to be based upon the principles stated 
in the Act of 1890, having reference to the housing 
of the working classes. Exemptions from certaii 
clauses of the ‘Building Acts are demanded, particu- 
larly in respect to the heights of buildings, and the 
construction of cellars. In the ee dis- 
trict powers are sought by another set of promoters 
to develop a garden suburb, much on the lines of 
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the Garden City at Letchworth. The rate of divi- 
dend piid is to be limited, all surplus being applied 
to the extension and improvement of the suburb, 
where good houses and gardens are to be supplied 
suited to the requirements of all classes. 

In the West of London another company is re- 
questing powers enabling them to make new roads 
in, and develop the districts of, Old Brentford, 
Heston, and Isleworth. 

Locomotive-builders will note with interest that 
Mr. S. M. Vauclain is promoting a Bill to revive 
his patent for a compound locomotive dated 1900, 
which has lapsed through non-payment of fees. 


HaRrpourR AND Piers. 


There are 4 number of new proposals affecting 
the port of London. The principal is set forth in 
a Bill to incorporate a Thames Harbour Commis- 
sion, which is to take over all rights and duties 
now appertaining to any other authority for the 
portion of the Thames between Gravesend and Ted- 
dington. At Gravesend it is proposed to con- 
struct a dam across the river near the Town Pier. 
The waste water is to be utilised for driving tur- 
bines so as to generate electricity. The Thames 
Deep-Water Dock Company seek to revive their 
powers of 1901, and to get an extension of time for 
land purchase. In another Bill an amalgamation 
is proposed between the London and India Docks 
Company and the Millwall Docks Company. The 
latter company are also promoting two Bills, in one 
of which an extension of time is sought for the 
completion of works already authorised, whilst in 
the other they ask for further powers in respect to 
the holding, sale, or leasing of their surplus lands. 
There are two proposals affecting the Humber. In 
the one the Corporation of Kingston-upon-Hull seek 
to make a new wharf and pier, with the requisite 
railway connections ; whilst in the other powers 
are sought to make a deviation of the river wall as 
authorised and to alter the authorised dock plans. 
This Bill also gives power to the North-Easteyn 
Railway to lay down additional dock lines, and 
to abandon part of their cxisting branch to the 
Victoria Dock. 

An important piece of work is proposed by the 
Mersey Docks and Harbour Board in the shape of 
a new half-tide dock between the existing Hornby 
Dock and the Seaforth Battery. On the other side of 
the river they seek powers to construct a new dock 
at Birkenhead on the site of.the Vittoria Wharf. 

The Dover Harbour Board are promoting a Bill 
abandoning much of the work authorised in 1891, 
but seeking, on the other hand, powers to widen 
the Admiralty pier and the Admiralty Pier exten- 
sion, and to build a number of new wharves, with 
the necessary railway connections. 

In South Wales the Newport Harbour Commis- 
sioners propose the construction of new river-train- 
ing walls on the Usk, and to deepen the bed of this 
stream. In North Wales the Corporation of 
Pwllheli seek a Provisional Order authorising them 
to enlarge the harbour. 

At Tollesbury on the Blackwater, in Essex, the 
Great Eastern Railway Company are proposing the 
construction of a pier three-eighths of a mile long, 
with powers to dredge and deepen the channel. 
At Minster, Isle of Sheppey, the construction of a 
pleasure pier 7000 ft. long is proposed, and at 
Burnham, in Somerset, another company have a 
proposal of a similar character, as have also the 
Newlyn Pierand Harbour Commission. 


Exvectric LigHTINa. 


The number of Provisional Orders demanded this 
year by local authorities appears to be somewhat 
below the average, which may be due to the fact 
that the most promising districts are already pro- 
vided for, or else that, in view of the recent 
memorandum issued by the Board of Trade, local 
authorities are less ready than hitherto to act the 
part, previously popular with them, of the ‘* dog in 
the manger,” Orders having been frequently applied 
for in the past solely with a view to preventing 
the introduction of electric light into the district 
by a company. 

The Administrative County of London Bill of 
last session appears to have had a wonderful educa- 
tional effect in the matter of establishing the ad- 
vantages of large units. Not only are Bills pro- 
moted by the local authorities of Hackney, Shore- 
ditch, and Stepney, to enable them to combine for 
mutual assistance, but many of the orders applied 
for by companies cover whole districts, instead of 
single towns or villages. 





The London Electric Supply Corporation seek 
powers to enlarge their station at Greenwich and to 
include within their limits of supply the whole of 
the County of London south of the Thames, as well 
as that portion of the Metropolis lying north of the 
river and east of the boroughs of St. Pancras and 
Holborn and of the City of Westminster. Though 
— of supply in Holborn are not sought, a way- 

eave through this borough for the company’s mains 
is demanded. 

The Durham Electric Power Company have a 
Bill authorising them to provide electric light 


throughout mid-Durham ; whilst on the opposite | 


side of the country the West Cumberland Electric 


Tramways Company are seeking powers to acquire | 
authorities and | 


Provisional Orders from local 
others throughout their district. Apparently this 
company mean to use gas for driving their gene- 
rators. 
District Electric Supply Company seek to extend 


their field of operations so as to include Han-| 


well, Beaconsfield, Eton, and Amersham. Ex- 
tensions of time for exercising powers already 
acquired are demanded by the local authorities of 
Calverley, Footscray, and Barry; whilst at the 
following places the authorities are demanding 
Provisional Orders :—Bettws-y-Coed, Dunfermline, 
Farsley, Gelligaer and Rhigos, Horsforth, Market 
Harborough, and Portland. 

Provisional Orders are sought by companies or 
se parties at the following places :— Aylesbury, 

oston, Brixham, Camberley, Castlewood, Cram- 
lington, Cheshunt, Crediton, Kast Barnes, Edgware, 
Fochabers, Godalming, Gomersal, Harrow, Henley, 
Hexham, Higham Ferrers, Inveresk, Kidder- 
minster, Macclesfield, Maryport, Pinner, Ponte- 
fract, Rushden, Ryton, Seaham Harbour, Staines, 
Stanmore, Stourport, Swanage, Waterford, Weald, 
Wealdstone, Wellingboro’, Wembley, Westslade, 
and Woodford. 


WatTER AND SEWERAGE. 


The Metropolitan Water Board propose some 
important new works in the Lea Valley. In the 
first place they re to construct an intercepting 
sewer between Hertford and Roydon, and another 
between Bishop Stortford and Roydon, into which 
all the sewage in the districts in question will be 
pee to be dealt with finally at sewage works at 

ydon. This done, the Board propose to take 
an additional water supply by tapping the River 
Stort at Stanstead by means of an aqueduct ter- 


minating in the Chingford Reservoir. It is further | 


proposed to dam the River Lynch at Hoddesdon, 
and to divert the existing course of the River Lea 
at Chingford. 

Another important scheme is that promoted by 
the Glamorganshire County Council, which seeks, 
either alone or in conjunction with neighbouring 
counties, to acquire control over the whole of the 

ossible sources of water supply in that region. 


he authority constituted by the Bill will have | 


powers to organise the whole area into separate 
districts, and to supply waterin bulk to local autho- 
rities or water companies. 

The other proposals connected with water supply 
are of a kind involving no engineering work of 
magnitude. The most important is, perhaps, that 
promoted by the Corporation of Dumbarton, who 
propose to turn Lock Sloy into an impounding 
reservoir. 

Extensions of limits of supply, new pipe-lines, 
wells, or reservoirs are proposed by the water 
authorities at Barton-on-Humber, Billinghurst, 
Croydon, Great Grimsby, Great Yarmouth, Hea- 
cham, Holyhead, Mid-Kent, Ossett, Poole, Ports- 
mouth, Sleaford, and Slough. An entirely new 
scheme is one to be known as the South Lincoln- 
shire Water Works, which are to supply the district 
between Spalding and Sutton Bridge. A pumping 
station and wells will be provided at Bourne, and 
service reservoirs at Weston and Little Sutton. 

With respect to sewerage, we notice the Hudders- 
field Corporation are promoting a Bill to settle the 
conditions under which trade refuse is to be ad- 
mitted to their sewers. The Western Valleys of 
Monmouth Sewerage Board have a Bill authorising 
them to include in their district Mynyddislwyn, 
and to build a new intercepting sewer, on the com- 
pletion of which all discharge of sewage into the 
Ebbw or Sirhowy is to be prohibited. 


Gas. 


Tn West London the Uxbridge and/ 


that promoted in combination by a large number of 
gas companies, modifying their Acts so as to repeal 
the existing statutory provision rendering oe 
liable to penalties in the case of the gas supplied 
containing more than a certain very small percentage 
of sulphur. Another point of interest about the 

roposed legisiation is to be found in the relatively 
arge number of cases in which the gas company is 
asking for powers to supply electricity. This prac- 
tice was not uncommon some years back, but its re- 
| vival at the present day is probably a testimony to 
the great improvements effected in the construction 
of large gas-engines. Another very common clause in 
| the Bills is one authorising the supply of gas in bulk 
even outside the existing limits of supply. Powers 
to reduce the illuminating value are also in general 
demand. No large new undertakings are scheduled, 
but the South Metropolitan Gas Company are 
seeking powers to establish new works on the 
Thames at Greenwich, with gantries and conveyors 
over the existing footpath along the river bank. 
Some important extensions of existing works are 
also proposed, possibly due to the experience now 





| 


available as to the feasibility of transmitting gas 
long distances under a considerable pressure. Thus 
the Mid-Oxfordshire Gas Light and Coke Company 


propose to cover a full half of the county, taking 
over the undertakings of the existing gas com- 
panies at Woodstock, Bicester, Chipping Norton, 
and Witney. Similarly, the Watford Gas and Coke 
Company seek to acquire the undertakings of the 
Chesham Gas and Coke Company, and that of the 
Amersham Gas Light and Coke Company. This 
company is also seeking powers to supply electri- 
city. The Derby Gas Light and Coke Company are 
also seeking to greatly extend their field of opera- 
tions, and to buy up the Spondon, Borrowash, and 
Ockbrook Gas Light and Coke Company and the 
Mickleover and Etwall Gas Light and Coke Com- 





pany. 

Purchase Bills are being promoted by the local 
| authorities at Pontefract, Aberystwyth, Hitchin, 
| and Thornton. 
| Other Bills authorising additional capital or 
| extension of limits are promoted by the gas under- 
| takers at the following places :— 

Arleden, Ascot, Audley, Brixham, Barry Port, 
Cardiff, Charing, Cheltenham, Crediton, Corsham, 
Dowlais, Great Grimsby, Kidderminster, Llan- 
drindod Wells, Merthyr Tydvil, Newport Pagnell, 
Newtownards, Perth, Peterborough, Pontardulais, 
Raunds, Redditch, Rochester, St. Austell, South- 
ampton, Sutton, Southcoates, Tottenham, Truro, 
| Uxbridge, Wath-on-Dearne, Wollaston. 








THE CONTINENTAL FIRE SERVICE. 
By Epwin O. Sacus, -F.R.S. Ed., Architect. 
GerMaNy—Tue Berwin Fire Bricave 
EQuIPMENT. 

(Continued from page 580.) 
| In Fig. 108, page 794, there will be found illus- 
trations of the ordinary metal smoke-helmet, with 
| bellows, as used throughout the brigade in the 
| nineties—i.e., about fifteen years ago—popularly 
known as the ‘‘ Stude ” helmets. Fig. 109 is an illus- 
| tration of a leather smoke-mask, with bellows, of 
| more recent date. Besides this, an oxygen portable 
| smoke-helmet is illustrated in Figs. 111 and 112, 
|this oxygen helmet being the most recent type 
| now being introduced into this brigade and other 
German brigades, the great advantage being that 

the user is independent of the supply of air. 
In Fig. 110 a fire-suit is illustrated, and in 
Fig. 113 a light asbestos-cloth flame-proof wrap. 
The principle of the metal and leather smoke- 
helmets fed by bellows—the air being conducted by 
a pipe—is too well known to require any special 
description, and I would refer the reader to a 








| ener ag article on the smoke-helmets of the Vienna 


rigade (see page 369 in our issue of March 24, 
1905). But speaking from personal experience, I 
have certainly found the ‘‘Stude” helmet of old, 
dating from 1890, to be a very practicable ap- 
pliance, and the strong ‘‘casque,” or helmet, of 
copper adds to the feeling of security in the user, 
who generally has to grope his way through some- 
what dark passages or cellars, and has to put up 
with a constant series of knocks. The ate. 
helmet is drawn over the fireman’s ordinary helmet. 

Turning to the illustration of the fire-suit in 
Fig. 110, I do not attach the same importance to this 


The most important of the proposals concerning | in any way as to the smoke or air-helmet. It has, 


gas to be submitted to Parliament next session is | 





however, been found to be useful under certain 
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Fic. 108. ‘*Srupe” Merat Smoxe-Hetmet (1889 Pattern). 


* SMOKE-HELMETS AND FIRE-SUITS AT 


BERLIN. 
































of oxygen are carried on the back, and an air-bag of 
considerable capacity on the chest. The cylinders 
are tested before use to a pressure of 250 atmo- 
spheres, and carry about 120 litres (27 gallons) of 
oxygen compressed at 100 atmospheres. 

is Giersberg appliance is very oe with the 
men, and although it is generally the custom to 
attach the man using one of the helmets to a-life- 
line, and recently to a special life-line in which 
|there is a metallic wire for the purposes of tele- 
k , phoning, the man naturally feels far more at ease 
filled with a slight layer of water, the whole than when attached to a pipe which serves as his 
being kept thoroughly moistened by a spray over | only supply of air, and may either break or get a 
the helmet. Although advocated for cellar work, | kink through no fault of his own. Personally, I 
it is really too clumsy in appliance for such | consider the oxygen apparatus the only practical 


purposes; but for open work in high tempera- | and reliable smoke-helmet that should be used by 
tures it is extremely useful. The appliance | professional brigades. As far as volunteer brigades 
dates from 1884. 
diver’s suit, excepting that the helmet is of basket- 
work instead of copper ; but it is similarly equipped 
with a window-face. The air is pum into the 
helmet as in the case of the smoke-helmet, so that 
the worker is tied by two lines, one comprising an 
air-line, the other a line of hose, to which it is 
also frequently the custom to add a life-line. 

As to the oxygen helmet, generally known as the 
Giersberg helmet, the two photographs explain 
themselves (Figs. 111 and 112). Two small cylinders 






Fic. 109." Leataer Smoxe-Cover (1893 
PATTERN). 








circumstances, particularly in fires of highly com- 
bustible material, giving out intense radiant heat. 
The appliance comprises a double layer of water- 
proof material, the intervening space of which is 
























of a certain lack of experience in its handling, 
which make the ordinary—i.e., older helmets— 
perhaps more suitable for volunteer fire-service 
purposes. 

I take this opportunity of pointing out that 
‘*smoke-helmet” is really a iisnomer for this 
appliance ; they are air-helmets, which can be most 
effectively used under all kinds of conditions where 
smoke does not come into the question at all. For 
instance, in cellars containing noxious gases and 


















Figs. 111 anp 112. Grersperc Oxycen Smoke Ovutrit (1901 Parrern). 


In many ways it resembles a| are concerned, there is, of course, always the risk | 











the like ; in sewers, and in many other circum- 
stances that a fireman may have to deal with, with- 
out, as a matter of fact, there being any smoke at 
all about. With the ever-increasing number of 
subways and. tunnels mainly used for traffic pur- 
poses, it is certainly a matter of serious import 
that brigades should be well equipped with air 
oxygen helmets. Whether the Giersberg type of 
Berlin, or the Miiller type of Vienna, is prefer- 
able, is, of course, very much a matter of opinion ; 
but a very considerable supply of appliances of this 
character is certainly an essential for a city with 
its numerous cellar and underground hazards. 

Regarding the covering, or wrap, the illustration 
(Fig. 113) explains itself. It is mainly intended 
for work in high temperatures. An asbestos 
umbrella screen, by-the-by, is also frequently used 
in Berlin to assist the men in getting closer to the 
seat of a fire. 


NEIGHBOURING BRIGADES. 


It is somewhat curious, however, that there is 
no definite arrangement or plan of co-operation 
with brigades of the suburban councils and corpora- 
tions abutting on to the Berlin area, for the ad- 
joining coat Be of, say, Charlottenburg, Schone- 
erg, Treptow, &c., are of considerable strength 
and efficiency. 
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A SUBURBAN FIRE BRIGADE (SCHONEBERG) ADJOINING BERLIN. 


" 


Ro be 5 eee 
: ; eres ® 
» 7S eS 7 eee ow ar = oh ae aaa eae ow 


bir SP: 
Pest 


. dade hd- pebabied-6-+ 


APART 


eh 














Fie. 115, ‘* Kéntc” Leatner Smoxe-Hetmet, with Speaktne-Tose Ovutrits. 


Fie. 113. A Frre-Screen Cover. 


Although there is apparently no prearranged plan, 
I should, perhaps, refer to some of these adjoining 
brigades, as in a case of great emergency they 
should form a most valuable auxiliary for the 
Berlin service. The Charlottenburg and Shéneberg 
brigades in particular stand on a high level, and for 
this reason I give some illustrations at this point 
regarding the latter: and so that some idea may be 
obtained of the equipment of these forces I have Ge iggy ze ne ago Hes 
selected as illustrations photographs of one of the a iy a — on yD 
chemical engines, a smoke-helmet, a fire-suit, an : : :; 
ambulance outfit, and the view of a fire station 
(Figs. 114, 115, and 117 appear on the present 
page, while Figs. 116 and 118 will be found on 
the succeeding page). As to the characteristics | siderable amount of additional spare gear, hook- bellows, and the application of a, speaking-tube 
of these appliances, the chemical engine calls | ladders, and the like (see Fig. 114). The smoke- | connection (see Fig. 115). The helmet used is one 
for attention as being one of the type of heavy | helmet calls for attention, owing to the arrange- of the leather type. As to the fire-suit (Fig. 116), 
chemical engines which are equipped with a con-! ment for providing air by means of a light hand- lit is not dissimilar from that of the Berlin brigade, 














Fic. 117. Amputance Ovutrits (STRETCHER AND CoLLAPSABLE First-A1p Box). 
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but somewhat lighter. The photograph also sup- 
plements the previous one (Fig. 110), for it gives a 
front view—.e., full view of the suit. As to the 
ambulance outfit (Fig. 117), the photograph is only 
given to demonstrate that this subject is not 
neglected by the brigade in question, and it shows 
the very useful types of collapsible ambulance box 
and stretcher which are at thedisposal of this brigade. 

I.am only. referring to these neighbouring 
brigades, having particular regard to the fact that 
Berlin has not a regular reserve force or organisa- 
tion of auxiliaries, and that it is well to know the 
nature of the outside assistance available on an 
emergency. Further, I believe it is simply a matter 


| Berlin Fire Brigade takes the form of five distinct | duty until the time arrives for the men to attend 
companies, or divisions, with a head-quarters sta- either afternoon or evening performances at 
tion, there is existing at the present moment a | theatres, or to take up their duties at special 
skeleton division known as the ‘‘Normal Sixth| entertainments, such as bazaars, fétes, and the 
Division,” which is intended primarily for theatre | like. 
| watch duties. pow R “ 
The formation of this division must be considered | BBUAL DEPORTES AND ULATIOTUN, 
for the moment as a temporary measure ; but itis} As in the case of Vienna, the annual report of 
| probable that it will become a permanent organisa- | the Berlin brigade is a very useful document, both 
tion, and lead to the strengthening of the brigade. (as regards practical information and statistical 
All the men in the brigade have 48 hours’}summaries. It does not quite stand on the level 
duty against 24 hours’ freedom from work—i.e.,|of the Vienna report, and is not illustrated, as 
| they have two full days and nights of actual duty, |in the case of that report; but, nevertheless, 
| followed by a third day of rest ; but on this third| it is usefully compiled—except, perhaps, on the 








of a few years before we shall find there will be a|day of rest they have, so far, been expected to 
‘*Greater Berlin,” like there is a ‘‘Greater Vienna,” | undertake special duties, such as watchmen’s duties 
and I anticipate that these brigades at the boun- | at the evening performances at the theatres, attend- 
daries of Berlin will shortly form a portion of the | ing bazaars, fétes, and the like, for which special 
general fire service organisation of the County of | duties they receive additional remuneration. The 
Berlin, under the direct control of the Berlin fire 24 hours off to every 48 hours on is, of course, a 


chief. 
TuRnNinG Out. 

It would be well to note that the turning out of 
the Berlin brigade.is regulated as follows :— 

For any ordinary call the brigade. regularly 
turns out two units (i.e., six appliances) from the 
stations nearest the scene of fire. If the fire is re- 
ported as a ‘‘medium” fire, or what we would 
term a ‘‘district call,” five units turn out, of 
which two are the second units from the divisional 
centres—i.e., have heavy steamers. 
described as a ‘‘large’’ one, or what we would term a 





Fie. 116. Frre-Surr (1903 Parreen). 


** brigade call,” ten units with thirty appliances turn 
out, of which four units are the second units from 
divisional centres—i.e., equipped with heavy steam 
fire- engines. The only occasion on which the 
brigade does not turn outa unit is for a fire which 
is reported as a chimney fire. 


Water Suppty. 


The available water supply for the brigade is, 
naturally, a matter that calls for attention. Berlin 
has the advantage of having a considerable area of 
open waterways, for the River Spree and several 
canals pass through the city, and there are also 
several minor tributaries to the Spree to be found 
in the municipal area. Further, the brigade has 
the advantage of having a large number of old- 
fashioned wells distributed throughout the city. 

The number of hydrants in the city is consider- 
able—namely, there are 5373 so distributed as to 
be about 300 ft. apart, whilst the above-named 
wells only lie about + mile apart. The pressure 
of the water to be drawn from hydrants varies from 
2.4 to 4.4 atmospheres—i.e., an average pressure 
of 3.3 atmospheres, the lower pressure being 
limited to a small area of the city which lies on 
a somewhat higher level than the average level of 
the municipal area. Itis very rarely that the brigade 
is troubled owing to lack of water ; but, of course, 
this occurs in Berlin occasionally, just as in other 
cities. 


THeaTRE WATCHES. 
Although, as indicated, the organisation of the 


very excellent ratio of work and rest, and leaves 
|ample margin for such special duties being under- 
|taken without any great strain upon the personnel. 


important point of the number of lives at stake, 
the number of lives lost, and the number of lives 
saved. The reports clearly show any increase or 
decrease in personnel and matériel, as compared 
with the previous years; and, further, the sum- 
mary as to the number of fires, false alarms in 
the ordinary sense, as compared with malicious 
false alarms, and the number of calls to which the 
brigade responded outside actual fires, is very 


If the fire is | 


clearly put. We find that in 1904 there were 
12,788 fires on record for the year, but only 2045 
fires were dealt with by the fire brigade—i e., only 


Based on this existing custom of special duties 
being undertaken on the off-day, the sixth com- 
pany has been formed ; and as a matter of fact, 
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Fic. 118. Fire Station at ScHONEBERG. 


mg to its formation, the brigade was strengthened | 2045 led to the calling of the brigade. As com- 
y the addition of some fifty men, so as to equalise | pared with 2045 calls of the brigade to fires, it 
the duties as much as possible in the different |seems a very high proportion to find there were 
divisions. Instead of having 48 hours’ duty and /518 false alarms, of which 474 were given bond 
24 hours off duty, during which period these special | fide, and 44 were malicious. Apart from its duties 
duties had, however, to be undertaken, the men, | as a fire brigade, it is interesting to note that the 
under this new arrangement, have a duty of 48 hours | force rendered service on 466 occasions in connec- 
on and 24 hours off, during which 24 hours no call | tion with accidents of various kinds, such as build- 
will be made upon their time ; but, as an off-set, the | ing accidents, flooding, explosions, and ambulance 
men by turn are detailed to the sixth company | work. 
for six full weeks of duty, during which they have| In classifying fires at Berlin there is a very fair 
full duty on seven days as against one day off. The | discrimination in respect to the difference between 
staff seconded to these special duties in turn com-| what we know as ordinary fires and “serious” 
prises 2 superior officers, 12 foremen, and 57 fire- | fires. At Berlin there are three classes, which 
men —altogether a strength of 71 of all ranks ; and| may be described as “large,” ‘‘medium,” and 
thus in batches of 71 the personnel, by rotation, | ‘‘small” fires. The ‘‘ large,” or serious, fire is a 
takes up duty on this special theatre division. Each | fire in which more than two branches are brought 
of the five companies (or divisions) provides from | into operation ; a ‘‘mediuin” fire is a fire where 
two to three foremen and from eight to twelve|one branch is brought into operation; and @ 
firemen, whilst the two superior officers are told | ‘‘small” one requires no branch to be brought 
off from head-quarters. ‘into operation. For these records it is understood 
During the time the men are seconded for this | that the branch in this case is attached to a line of 
period of six weeks to the theatre division they | hose of ordinary diameter; and I would imme- 
get their full night’s rest, as there is no duty for | diately here mention that the chemical engines, or, 
\them to undertake after the theatres close. The | rather, compressed-air engines, used at Berlin work 
turn at theatre duty is particularly popular for} with ordinary hose—i.e., not with miniature hose, 
this reason. Without going into the details of the | as is the case in numerous brigades. Of the 2045 
work of the special division, and the way its time | fires to which the brigade turned out in 1904, 
is divided up, it may be generally taken as fol-|'70 were chimney fires, 104 were ‘‘large ” fires, 205 
lows :—That the division is drilled daily from | were ‘‘ medium ” fires, and 1673 were ‘‘small” fires. 
8 to 10 a.m. at head-quarters, after which the/ This is the total of fires the brigade turned out to 
division has gymnastics. Beyond this there is no for a city having, at the end of 1903, two million 
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inhabitants, an area of 6358 hectares, with about 
25,800 buildings. But in considering the number 
of buildings it must, of course, be understood that 
the cottage, the villa, or, in fact, any residence 
inhabited only by one family, is an extreme rarity, 
the majority of domestic buildings being tenement 
houses, with a large number of flats in different 
occupations. 

Altogether, the principle observed of preparing 


the report in such a manner as to be generally |}, 


instructive deserves every credit. One might also 
turn to the very valuable notes as to the experi- 
ments and trials made by the brigade with new 
appliances, prior to their introduction to the 
brigade, or rejection, as the case might be. The 
defects recorded regarding appliances rejected are 
intended as a warning to other brigades. The 
report further deals with the ‘‘ watches” organised 
at the theatres, which I have spoken of, but 
which are also of considerable importance, seeing 
that the theatres at which firemen are posted in 
Berlin, including music-halls, are thirty in number. 


THe Museum. 


The museum of the fire-brigade at Berlin, which 
has been organised in conjunction with the officers’ 
mess, is more a technical and historical collection 
than is the case in most of such museums, where 
relics find primary favour. Anyone who visited 
the Earl’s Court Exhibition in 1903, and saw the 
splendid exhibit of the Berlin Royal Police Fire- 
Brigade, will immediately appreciate the wonderful 
collection of models this brigade boasts of. It 
practically has models of all its appliances, from 
the date of its origin. It also has some extra- 
ordinary collections of special appliances common 
to Germany, such as the various types of couplings, 
branch-heads, and the like, which are very valuable 
for reference purposes. One can, of course, 
scarcely say that the collection is yet in the stage 
that it might rank as a first-class one ; but in its 
way it is certainly of as quite high a standard as 
that in Vienna, though essentially more technical 
in character. 

Only those who have made any effort to get 
together exhibits of this kind for special purposes, 
such as was the case in the Berlin Exhibition of 
1901 and the London Exhibition of 1903, know 
how difficult it is to put one’s hands upon exhibits 
that are really valuable for the purpose of illus- 
tratirg the history of fire-fighting. 

(To be continued.) 








HIGH-SPEED STEEL. 


The Practical Use and Economy of High-Specd Steel.* 
By J. M. Giepurtt, Manchester. 

In view of the writer’s previous papers on the subject 
of high-speed steel, treating of its manufacture and de- 
velopment, it is not proposed to make more than a brief 
reference to those stages, but rather to at once proceed 
to show the great economy resulting from steady applica- 
tions of the steel, and to this end samples of various 
kinds of work produced by it have been obtained, also 
the cost of producing such samples, which are laid before 
you for inspection. 

Crucible steels are made in many tempers, suited for 
varying classes of work, and eoually referred to in the 
trade as follows :— 

_ No. 1 Temper, containing about 1.30 per cent. carbon, 
is suitable for small turning and planing tools, drills, and 
small cutters ; also for tools requiring the sharpest edges, 
razors, and surgical instruments. Great care must 
taken not to overheat this quality. 

No. 2 Temper, containing about 1.15 per cent. carbon, is 
suitable for heavier turning, planing, and slotting tools, 
drills, cutters, reamers, at engraving tools. 

No. 3 Temper, containing about 0.90 per cent. carbon, is 
suitable for large circular cutters, reamers, taps and 
screwing dies, heavy turning tools, large drills, and taps. 

No. 4 Temper, containing about 0 80 per cent. carbon, is 
suitable for cold chisels, hot setts, small shear blades, and 
large taps. 

No. 5 Temper, containing about 0.75 per cent. carbon, is 
suitable for screwing dies, cold setts, hammers, swages, 
minting dies, miners’ drills, smiths’ tools, punches, and 
shear blades. 

No. 6 Temper, containing about 0.65 per cent. carbon, is 
cats for snaps, dies, cup drifts, hammers, and stamp- 
ing dies. 

_ Included among the crucible steels made by the writer’s 
firm are the following special brands :— 

“A W” high opeeds suitable for rapid turning, planing, 
milling, drilling. &c., and capable of cttting steel up to 
500 > Ferg 

“a -"—A high-speed steel specially adapted for 
working on hard materials, such as Bld weeel oun, high 
carbon steels, nickel steels, chilled iron, &c. 

bstract of paper read before the Glasgow and 


West of Scotland Foremen Engineers’ and Ironworkers’ 
Association, November 11, 1905. 








‘* Vita.”—A special alloy water-hardened steel of the 


highest quality, adapted for making brass-finishers’ tools, 
finishing tools for working at inc speeds, tools for 


capstan and automatic lathes, screw machines, &c. ; also 
for cutting very hard materials at ordinary speeds. 

** Dura.”— A special alloy water-hardened steel ; 
ae great toughness and durability, and is suitable 

or — ordinary and twist drills, small turning 
tools, wood-working tools, small shears, punches, &c. 

Air-Hardened Steels.—A most important advance in 
the art of steel-making was the manufacture of self- 
ardening or tungsten steel, which was first introduced by 
Robert Mushet in 1857 ; the cutting powers of this steel 
greatly exceeding those of most steels hitherto used ; and 
little or no advancement was made beyond this until 
Messrs. Taylorand White exhibited high-speed cutting at 
the Paris ‘exhibition of 1900, since which time much 
greater developments have been made, and some most 
astonishing results attained. 

In developing to its present state of perfection their 
‘““A W” high-speed steel, the writer’s firm has made 
hundreds of experiments and trials of various composi- 
tions, each trial following the result of careful thought 
and analysis of previous tests; from which it will be 
gathered that the production of a high-class and uniform 
steel is an expensive matter, requiring the use of exten- 
sive plant, together with the employment of the best tech- 
nical and scientific experts in metallurgy. 

Ordinary tool steels when heated to a temperature in 
accordance with the percentage of carbon they contain, 
and afterwards quenched in some cooling liquid, become 
what is called ‘‘hard,” and are then capable of cuttin 
metals at various speeds, according to the hardness an 
composition of the metals. When the temperature of 
friction reaches, say, 500 deg. Fahr., these tools begin to 
lose their hardness, and their cutting capacity is corres- 
pondingly impaired, so that the cutting speeds and feeds 
are somewhat low, and the life of the tool very limited. 

With high-speed steel, however, the temperature of 
friction can be extended even to 1200 deg. Fahr. without 
the tool sensibly losing its hardness and cutting powers, 
thus rendering it possible to cut metal at speeds and feeds 
hitherto undreamt of. 

Some of the principal metallic alloys used in the manu- 
facture of high-s steel, and the use of which render 
the steel capable of withstanding these higher tempera- 
tures, are chromium, tungsten, molybdenum, manganese, 
and silicon, and it is in the proper proportioning together 
of the various percentages of such alloys, along with 
scientific and careful treatment in the melting and subse- 
quent processes, wherein lies the art of obtaining the most 
successful results. 

After the percentages of alloys and irons have been 
carefully weighed and apportioned, the whole —which is 
known asa “ charge ”—is put into the crucible through 
an iron funnel, the crucibles being placed in apertures 
called melting or pot-holes, the latter being heated either 
by coke or by means of gas in a regenerative furnace. 

From the crucibles the molten steel is poured or cast 
into ingot moulds, the latter varying in form and weight 
as required. The ingots sre afterwards reheated accord- 
ing to their different chemical compositions, and either 
bammered entirely, or first hammered and then rolled to 
the size and section desired. 

Annealing.—When making tools that require to be 
machined or cut toform, it is, of course, necessary to have 
the steel carefully and uniformly annealed, or softened, 
to facilitate machining operations. The process of anneal- 
ing is one of much importance, and is best performed in 
specially designed sealed furnaces, constructed as 
**muffles,” so that the required heat is obtained uniform] 
by radiation, and the flame does not impinge on the steel. 

Forging and Hardening.—Proceeding now to the pro- 
cesses of forging and hirdening ‘‘A W” steel, this, 
while essentially a simple matter, requires care and skill, 
together with the use of suitable apparatus, if the best 
results are to be obtained. The steel should on no account 

broken cold, unless having been previously nicked 
round ; preferably the bar should be cut at a forging heat. 
Before forging, the steel should be slowly and thoroughly 
heated toa bright red, verging into ng mt heat (about 
1850 deg. Fahr.), at which heat it can be forged easily and 
rapidly. Hammering should not be continued after the 
temperature has lowered to a medium red—say, 1400 deg. 
Fahr.—when forging should cease and the steel be re- 
heated. Reheating for subsequent forging may be 
effected somewhat more rapidly than the initial heating. 
When the desired shape is obtained the tool should be 
cooled as slowly as possible. 

Tools that have been bent or are of unequal section, 
such as are sometimes used for ~s slot-cutting, part- 
ing, &c., are improved by being heated toa red heat (before 
hardening and without blast), and afterwards placed in 
lime or hot cinders to cool. 

When hardening, the nose—or cutting portion—of the 
tool only should be gradually raised first to a yellow heat, 
and then fairly rapidly toa white melting heat, and with- 
drawn from the fire and cooled as rapidly as possible by 
air blast—the stronger the better. 

Other efficient methods of treatment that may be used 
are described as follow :— 

Raise the nose to a white heat, observing instructions 
set forth, and lower temperature toa bright red heat— 
say, 1700 deg. Fahr.—either by air blast or in the open, 
and then quench in a bath of whale or rape oil. 

Where it is not desired to use oil, tools may be cooled 
by inserting the nose in a block of cold lead, a cavity 
having been previously prepa for them. After the 
tool is forged it should be heated to a bright red and 
pressed into the lead to a depth about equal to the length 
of the nose, leaving a cavity in the lead approximating to 
the shape of the tool. When cold the tool may be with- 
drawn from the lead and raised to a white melting heat, 


and then carefully placed in the cavity and lightly tapped 
on end to ensure contact between tool and lead, and 
allowed to remain in lead until cold enough to handle, 
when it can be withdrawn and allowed to cool in the open. 

Grinding.—The question of oy tools is one of 
considerable importance, for if the grinding be not 
properly carried out, the results cannot be satisfactory, 
while the tool may suffer permanent injury from cracks, 
&c. The best and soundest steel may be ruined by in- 
judicious and unskilled operators on this account. 

For grinding high-speed steel nothing is quite so good 
as a well-selected wet sandstone, and the tools ground 
thereon by hand pressure. Where such stones are either 
not obtainable or desired, and emery wheels are used, it 
is advisable to pone grind the tools to shape before 
hardening, which grinding may be done mechanically. 

With regard to the hardening and ae of speci- 
ally-formed tools of high-s steel, such as milling and 
gear cutters, taps, screwing-dies, reamers, and other tools 
that do not permit of being ground to shape after harden- 
ing, and where any melting or fusing of the cuttin 
edges would be fatal, and must be prevented, the meth 
of hardening is as follows :— 

A specially-arranged muffle furnace heated either by 
gas or oil, and consisting of two chambers lined with fire- 
clay, is employed, the gas and air entering through a 
series of burners at the back of the furnace, and so under 
control that a temperature up to 2200 deg. Fahr. may be 
steadily maintained in the lower chamber, whilst the 
upper chamber is kept at a much lower temperature. 

he mode of procedure is now as follows :— 

The cutters are first placed upon the top of the furnace 
until they are warmed through, after which they are 
— in the upper chamber, and —4" -y and uni- 
ormly heated to a tem ture of about 1 » Ay Fabhr., 
or, say, a medium -heat, when they are transfe 
into the lower chamber and allowed to remain therein 
until the cutter attains the same heat as the furnace 
itself—viz., about 2200 deg. Fahr., and the cutting — 
show a bright yellow heat, having an appearance of a 
glazed or greasy surface. The cutter should then be 
withdrawn whilst the edges are sharp and uninjured, and 
revolved before an air blast until the red has passed away ; 
and then, whilst the cutter is still warm—that is, just 
permitting of its being handled—it should be plunged 
into a bath of tallow at about 200 deg. Fahr., and the 
temperature of the tallow bath then raised to about 
520 deg. Fabr., on the attainment of which the cutter 
should bs immediately withdrawn and plunged in cold 
oil; or, preferably, if the cutter is a large one, allow it 
to cool with the tallow to normal temperature. When 
blast is not available, small cutters may be hardened by 
quenching in oil from yellow heat. 

here are, of course, various other ways of tempering, 
a good method being by means of a specially arranged 
gas-and-air stove, into which the articles to be tempered 
are placed, and the stove then heated up to a tempera- 
ture of from 500 deg. to 600 deg. Fahr., when the gas is 
shut off, and the furnace, with its contents, allowed to 
slowly cool down. 

It is most important that the initial heating of the 
article to be hardened should be slowly and thoroughly 
effected ; for unless the heating be uniform, the expansion 
will be unequal and the risks of cracking and warping 
greatly increased. 

Uses.—Having briefly spoken of the manufacture and 
treatment of the ‘‘A W ” steel, it will now be oppor- 
tune to refer to its many practical uses and applications, 


instancing some of the great economies that have been 
effected by its adoption. 
Other conditions being equal, a greater wer is 


naturally required to remove metal at a high than at a 
low speed (by reason of the increased quantity of work 
done), but the increase of that power is by no means in 
proportion either to the extra amount of work obtained 
or the reduced cost of producing the article required, for 
tlie reasons that the frictional and other losses do not 
increase in anything like the same ratio as the increase of 
cutting 5 Again, it has also been shown that the 
load or pressure on the tool whilst cutting is not increased 
by reason of cutting at higher speeds, so that for the 
same area of cut the stresses due to cutting are not more 
than when operating at lower a. thus enabling in- 
creased production to be obtained from old machines by 
mere] eee up by replacement with larger pulleys, &c. 

Such alterations in old machines can, of course, only 
be pursued within certain limits of working stresses in 
the gearing ; for whilst the statical stresses on the machine 
frame are not greatly increased, the kinetic stresses are, 
which, together with increased vibration, render the em- 
ployment of machines speciaily designed to meet those 
conditions imperative, and highly desirable to work high- 
speed steel to its full capacity. 

The use of high-s; steel also makes it possible to 
reduce shop chai in production, by reason either of the 
increased output from the same installation, or a reduction 
in labour and machines for an equal output. In layin 
down new works and plant the adoption of ae Ne so | 
steel has now considerable influence in reducing expendi- 
ture on capital account, fewer machines being required 
and less ground area, &c. 

It will be interesting to refer to some comparative 
experiments with a view of ascertaining the saving in 
power absorbed with high-speed cutting, Cutting on hard 
steel, with ,°, in. depth of cut, ,', in. feed, and a speed 
17 ft. per minute, a power of 5.16 horse-power was 
absorbed ; and increasing the cutting speed to 42 ft. per 
minute, the depth of cut and feed being the same, there 
was a saving in power of 19 per cent. for the work being 
done. 

Another experiment with depth of cut 3 in. and 
traverse ,', in., compared with ,', in. traverse and ,,, in. 








depth of cut, showed a saving in [power of as much as 
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28 per cent. ; and still proceeding, with a view of increas- 
ing the weight of metal removed in a given time, the 
feed was doubled (other conditions being the same), and 
a still further saving of power resulted. In a word, as 
in the majority of things, so it is with rapid cutting, the 
more quickly work can be produced the cheaper the cost 
of production will be. 

Regarding the question of economy, there is not only 
a saving effected on the actual machine work, but the up- 
keep of these cutting-tools is also considerably reduced, 
owing to the great endurance of high-speed steel, so that 
the former expensive costs entailed by frequent forging 
—_ + pms when using the old steels are greatly re- 


uced, 

The advent of high-speed steel has now also changed 
many old workshop practices and operations. At the 
writer’s works, wherever possible, all articles such as bolts, 
setscrews, small shafts, nuts, pins, &c., are no longer 
made as forgings—all smith work is absolutely dispensed 
with—and such articles are made from plain rolled bars 
machined rapidly to shape with high-speed steel. 

Many examples of this system of manufacture are 
submitted for inspection, with full particulars of times 
(taken to complete from the rolled bar), also samples of 
similar articles made from forgings and machined in the 
ordinary way, aud it will be seen what a remarkable 
economy and saving in time there is; and one particularly 
notable example shown may be specially referred to, and 
that is, the manufacture of armour-plate bolts and sleeves 
at the writer’s firm. 

Formerly in this case when forgings were first made 
and afterwards machined with ordinary steel, eight bolts 
were produced daily, as against forty now with the use of 
‘‘A W” high-speed steel operating on plain rolled bars. 
The cost of forging to shape only of one of these bolts 
was formerly as great as the cost now is for producing 
twelve bolts from the rolled bar. The cutting speed at 
which these bolts were turned was 160 ft. per minute, ? in. 


depth of cut and #: in. feed, 2480 1b. of metal being re- | 


moved per day, and the tool requiring to be ground once 
only in seven hours. 

Similar practice may be adopted in the production of 
dynamo and motor-shafts, piston-rods, bolts, screws, pins, 
&c., from steel of suitable composition and strength for 
the purpose for which the articles are to be used. 

Another example of rapid production with high-speed 
steel is the armature shaft illustrated :— 


portions of the lathe, which is of 18 in. centres and driven 
with a 60-horse-power motor, will be gathered from the 
illustration on page 798, while the following table will 
convey some idea of the possibilities of the cutting powers 
of the ‘‘ A W ” steel in this modern machine tool. 





| 





Cutting me Weight of 
— Material 8 . oy ned “4 | Metal Re- 
Used | Cut. Feet per eter. tion moved per 
— ba, Minute. an! * | Hour. 
| in. Ib. 
“AW.” Forged steel) 160 q v's 611 
” ” 100 | 2 4 2545 
” ” 42 2 } 2140 
” ” 38 1 4 1935 
” * 32 23 } 2039 


| | 

Fig. 2, on page 798, shows the turning of all the faces 
of a cone-pulley at the same time by high-speed steel. The 
cutting speed of the tool working on the largest step is 
120 ft. per minute. 

In the early stages of the development of high-speed 
steel it was frequently found that but moderately suc- 
cessful results were obtained when cutting hard varieties 
of steel and cast iron. ter experience in its use and 
manufacture has now enabled these early difficulties to be 
overcome, and numerous instances could be quoted of the 
successful use of ‘‘ A W ” steel when cutting the hardest 
varieties of metals, nickel and chrome steels being cut at 
speeds hitherto only used when cutting steels of a much 
softer character. For specially hard materials, like old 
wheel tyres, partially chilled castings, &c., the writer’s 
company have developed a steel branded ‘“‘ T Y R,” which 
is an offspring of the ‘‘A W” The use of this steel for 
cutting old tyres and similar metals has been extremely 
successful, performing the work in very much less time 
than the ordinary self-hardening steel previously used ; 
and, as an example, the following extract from one of 
the technical journals well illustrates the progress that 
| has recently been made. 
| ‘*A manufacturer of tool steel in 1897 cited the follow- 
ing as excellent practice in tyre-turning :—Speed of cut, 
8 fe. per minute ; for 51-in. tyres, 2 minutes per revolu- 
tion ; roughing feed, 4 in.; finishing feed, } in.; time cut- 
ting, 136 minutes ; time flanging, 45 minutes ; changin 
tools, 45 minutes ; gauging, 10 minutes ; finishing cut, 
minutes ; miscellaneous time, 30 minutes ; time changing 
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Using ‘* A W” steel in the works of one of the large 
electrical manufacturing companies in the United States 
cutting at 61 ft. per minute, 1% in. cut. by x. in. feed, 
twenty-two of the above ‘shafts were turned in 64 hours, 
without the tool suffering injury. Later, with the same 
tool, after regrinding, 35 and 38 similar shafts were turned 
under the same conditions. 

Equally satisfactory results wd ba obtained when 
operating on cast iron. Some trials were recently made 
in New York with ‘“‘A W” steel, turning cast-iron 
piston blocks of 20 in. in diameter by 5 in. wide, for air- 
compressors. With a oy of 150 ft. per minute 
y's in. depth of cut, Jy in. , five such castings were 
turned with an ‘A W” tool ?in. x 1} in. section, the 
tool suffering no injury whatever. Again, machining a 
winding drum for elevator 30 in. in diameter and 24 in. 
long, the whole length was cut at a speed of 102 ft. per 
minute, 4 in. to ,*, in, cut, and ,', in. feed. 

Some doubt has been expressed as to high speed steel 
being somewhat unsatisfactory in cases where heavy 
cutting is desired, and where the tool is subject ‘to shocks, 
objections being 1 on account of its alleged brittle- 
ness. This is not the case if the steel has been properly 
annealed, the hardening confined to the cutting area, and 
proper support given to the tools when fixed in the 
machine. me examples of the great strength and re- 
sisting powers of ‘*A W ” steel will clearly prove this. 

Cutting forged steel offering a resistance to cutting of 
about 100 tons per sguare inch, a tool 1} square inch 
section took a cut j in. deep by 4 in. feed per revolution, 
at a cutting s of 90 ft. per minute, and rage | 
68} lb. of metal per minute. Under these conditions, an 
with a tool projecting 14 in. beyond the rest, the stress 
on the tool is calculated to be no less than 78.5 tons per 
square inch. 

Although in actual Dr ge steel of considerably larger 
section would be used, the results show that if ordinary 
care be exercised, tools of ‘A W” steel are quite capable 
of resisting any pressures likely to be met with in ordinary 
workshop requirements. In facing the webs of large 
marine crank-shafts, ‘‘A W'” tools have worked con- 
tinuously for many hours without grinding, taking cuts 
} in. deep at high speeds, and in many cases working 
sucovestull where tools of ordinary steel have frequently 
failed b the cutting-edge snipping. When taking heavy 
cuts it should be remembered that where the tools are quite 
fiat on the bottom side and well aes. the pressures 
tending to break them are largely reduced. For example, 
the position of the tool previously mentioned would cause 
a stress of about 78.5 tons per square inch to be thrown 
upon it, whereas when the overhang is reduced by one- 

alf = ,% in., the stress is lowered to 14.27 tons per 
square inch—a reduction of 80 per cent. : : 

In connection with heavy cutting, it will be interesting 
to refer to the powerful lathe constructed by the writer’s 
company for the pur of demonstrating the powers of 
‘‘A W ” steel at the Liége Exhibition. The massive pro- 
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wheels, 45 minutes; total time per pair of wheels, 359 
minutes. This is six hours per pair of 54-in. wheels. In 
1905, eight years later, this hes n reduced to 2 hours 
3 minutes for a pair of 84-in. wheels with Krupp tyres. 
The cutting AA yg feed, and depth of cut have inc 
says one of our exchanges ; but even in greater ratio have 
the methods of handling the wheels into and out of the 
machines improved, and also methods of holding the 
wheels in the lathe and driving them, so that heavy cuts 
may be taken without chattering. Improved tool steels 
have brought many improvements, besides larger and 
faster cuts. . They have tuned up entire shops to a high 
itch in handling work. As to tyre-turning, a pair of 
4-in. wheels finished in an hour is the promise made for 
a new specially designed lathe which is soon to be built. 
If this is accomplished, the work will be done in thirty 
minutes less time than that required in 1897 for changing 
tools added to that for changing wheels, not to mention 
the cutting and other items of time.” , 

Fig. 3 shows a pit planing-machine surfacing hard 
chrome-steel armour-plate with ‘‘T Y R” steel. Closely 
allied to the operation of planing 1s that of milling. 
Few shop tools are more expensive to make and main- 
tain than milling cutters, and it is therefore of the 
utmost importance that the steel from which they are 
to be nade. shall be of the highest possible quality, 
for the cost of the steel is frequently but a small frac- 
tional part of the cost of the finished cutter, making it 
decidedly risky, and of more than doubtful economy, 
to use steel other than the best obtainable, when the 
labour that has been put upon it, added to the cost of the 
steel, is rendered useless by the cutter cracking in harden- 
ing. It is usually necessary after a milling cutter is com- 
—* worn down for it to be annealed, so that it may 

re-cut. It is very largely because of this that steel of 
the greatest purity should be used, otherwise marked 
deterioration will observed each time the cutter is 
rehardened—even should cracking be avoided. Some 
recent tests of this character showed less than 5 per cent. 
loss of efficiency in the ‘‘ A W ” steel after seven times 
~~ and hardening of the same piece of metal. 

The following will clearly show the very great advan- 
tages to be derived from the use of cutters made from 
high-speed steel. 

oe on rolled-steel bars with cutters of ‘*‘A W” 
| steel, a total of 90 hexagon nuts for 3g in. diameter 
bolts are produced each day. Thecutting speed is 150 ft. 
per minute; maximum depth of cut, 8 in. ; width, 7 in. ; 
675 lb. of metal being removed per day. The cutters are 
8 in. in diameter, and usually mill 300 nuts without 
grinding. Owing to the intermittent character of the 
cut, these cutters are very severely tried indeed, but so 
far have answered admirably. 

It may be here noted that these cutters effected such a 
great ang & costs and machines as to repay the cost 
of making them after less than two days’ a 








Another really remarkable picce of milling work is 








evidenced by the following extract from a letter received 
from Cleveland, Ohio :— 

** We have made a 2}-in. diameter —}-in. face—12 dey. 
by 53 deg. cutter from the ‘‘ A W ” steel blank, and used 
it on milling spiral mills made from annealed tool stee! ; 
depth of cut was ,, in.; cutting speed, 62 ft. per minute ; 
0.024 in. feed per revolution = 2.28 in. per minute; 
924 in. were cut, the cutter showing no signs of wear. 
Speed was then increased to 113.2 ft. per minute with a 
feed of 0.024 in. per revolution = 4.15 in. per minute 
and after cutting another 924 in. the cutter was still in 
fairly good condition, and would have milled many more 
if the class of work had not required a clean and smooth 
cut. The cutter was then oe only requiring 
0.003 in. grinding to sharpen. consider this test and 
the result thereof the very best in my experience.” 


; : Hours. 
Length of time for first operation 63 
od + second operation 3} 
Tutal length of time for both operations ... 104 


In the manufacture of ‘‘ A W ” high-speed twist drills, 
cutters of the same steel are run for 60 hours without 
grinding, whereas when using ordinary crucible steel at 
slower speeds the cutters required grinding every six 
hours, showing the enormous saving by endurance alone. 

In the milling-machine illustrated in Fig. 4, page 799, 
hard chrome-steel armour-plate is being milled at 75 ft. 
per minute, the depth of cut being 23 in., and the width 
3} in., at a travel of 16in. per hour. The body of the 
cutter is made of mild steel and fitted with blades of 
“A W ” steel. 

Before leaving the subject of milling, attention may 
be drawn to a machine, illustrated in Fig. 5, page 799, 
specially designed and constructed for the purpose of 
demonstrating the milling powers of the “A W ” cutters 
shown at the Liége Exhibition. This machine is driven 
by a 40-horse-power motor, and the following table will 
convey some idea of what we may expect being able to 
regard as good practice in the near future :— 











Metalunder 2 $35 

a Cut. = == 

o s = 

Brand of Steel x lech 

and Size of Cutter Material Cut. & & os 

Used. to : , & 5S 

5 $ S$ |t 62 

5 & # |e 38 

o a = es 

ft. per in. in. | in. 
min. 

“AW” 6 in. in dia- Forged steel 192 4 % (8 | 197 
meter by 12in. long 

“AW” 6in. in dia- Forged steel 180 4 7h 6 882 
meter by 12in. long 

“AW” Gin. in dia- Forged steel 75 1} 74) OL2s191 
meter by 12 in. long 

“AW” Sin. in dia- Cast iron 107 } 6 4 | 305 


meter | 


Perhaps one of the most useful of all the applications 


, | following the development of high-speed steel has been 


the manufacture of twist-drills from it. In former days 
many attempts were made to produce twist-drills from 
the ordinary self-hardening stee), with usually but indif- 
ferent success. Now, however, drills of high-speed steel 
are to be found in most shops, and it is certainly to the 
credit of British engineers that they have responded so 
energetically to the demand for them with the result that 
they are now sending twist-drills of high-speed steel to 
all parts of the world. This is but another instance of 
the very rapid progress made with the steel during recent 
ears. 
¢ It has been asserted that high-speed drills are rather 
too expensive, except for special use ; but from figures 
supplied to the writer by many users and the workshop 
practice of his firm, it shows that such assertions are not 
— In support and in proof some examples may here 
iven. ; 
A letter received from a large firm of structural engi- 
neers in Glasgow who are using “‘ A W ” drills contained 
much valuable information, from which the following 
extract is quoted :— a 
“Drilling mild steel 24 in. in thickness, made of 5{ in. 
plates and one § in. angle iron, a ]§ in. in diameter 
“A W” twist-drill, running at 275 revolutions per 
minute with a feed of 75 cuts per inch of penetration, 
drilled 7924 holes without requiring regrinding, each hole 
being drilled in 42 seconds.” 





| ~ 
| Speed Feed. | > 
i lewtiadgian le |* | & 
Diameter \s$ cS 8 iS bs 
| : | = os a - = 
oe | Material =| 8 (25/8 13 (°° 
am | Oe FS sleds. | § 
| |BR) ee RSAl 22 2 
C= (Se e2aide FE = 
- = re = stk = 
£6) 5" 3ef% 2° 
.- "i W.”|Two j-in. steel 497 130.1 46 10.8 50 Good 
high speed) plates secured 
| together cd : 
3} Ditto | Ditto 497 | 97.6, 46 (10.8 50 ‘ 
g Ditto Ditto 497 | 81.3 46/108 50 o 
4 Ditto | Ditto 497 | 65.0 46 /10.8 50 ” 
% Ditto | Ditto | 497 | 48.8 | 46 |10.8 50 se bt 
} Ditto | Ditto | 497 | 32.5 | 46 |10.8) 28 a +7 
| | broke 
#3 Ditto [2-in. cast-iron) 630 129.0) 35 | 18 | 400 Good 


plate 





Notg.—497 revolutions represent the maximum speed of machines 
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Referring to the trials made by the writer’s firm, these 
have been of a very severe nature indeed, and were made 
in a new radial arm machine of their own manufacture, 
designed for using high-speed drills and fitted with posi- 
tive geared feeds, the width of the driving belt being 5 in., 
and giving ample power. For the purposes of the trials 
a number of drills were taken from stock, so that the 
results would be representative of the capacity of drills 
usually manufactured. The results show beyond any 
possible doubt that under ordinary conditions and in 
suitably designed machines, it is practically impossible 
to break these drills. 

Other applications of high-speed steel are of a varied 
and extensive character, embracing many fields of in- 
dustry; ranging from machining slate and marble to 
razors for shaving, thus making it possible for those 
whose time is limited to indulge even in “high-speed 
shaving.” 

The ‘‘A W” steel has also been used with success for 
lathe centres in the movable headstocks, and a comparison 
with similar centres of ordinary crucible steel resulted 
as Sem, three centres of each brand of steel being 
usea :— 


| 
| 
| 
| 








ro) Z oe. 
Brand of g£% Condition Brand of get Condition 
4 = rs) 112 = ° 
Steel Used. af = Centre. Steel Used. =S5 Centre. 
7™ & z™ & 
Ordinary 
“AW” (1) 248 Broke carbon (1) 30 Broke. 


“AW” (2) 557 Required Do. (2) 230 Required 
re-grinding re-grinding. 
“AW"(3) 869 Uninjured Do. (3) | 248 Do. 
Nore.—Centres Nos. land 2 of ‘‘A W” steelare old centres, 
each having worked continuously for six months, and have not 
been re-hardened. The No. 3 centre was new from stock. 


The centres of ordinary carbon steel were all new, not 
having been previously used. 

Circular saws of ‘‘ A W ” steel are performing similar 
work to saws of ordinary steel, but in a very much less 
time, and will cut for a considerably longer period without 
sharpening. For saws of large diameter the writer's firm 
have a special design, as illustrated in Fig. 6, page 798, the 
body being made of mild steel, and fitted with hardened 
and tempered teeth of ‘‘A W steel. The saw is designed 
to dispense with the use of setting up screws, &c., the 
stress of cutting being transferred to the body, owing to 
the teeth being fitted into and forming part of the saw. 
The whole of the teeth are partes mone A 6 oy and secured 
with screws, and ground with a side relief, so that it is 
only necessary to grind the tops of the teeth when 
sharpening, which may be done in the usual forms of 
machines provided for that purpose, thus saving the ex- 
pense of removing each tooth, and the consequent resetting 
after grinding. By reason of the width of the teeth being 
but slightly greater than half the entire width of the cut, 
the effect is that of a staggered cutter, allowing the chips 
to clear freely. The teeth being interchangeable, they 
can be carried in stock, and fitted in place by the machine 
operator. The saws are made in diameters from 18 in. 
upwards, the minimum width of cut being 3 in., and are 
being used with great satisfaction in the works of the 
writer’s firm for cutting armour-plates, steel castings, 
beams, &c. 

Finishing.—Doubts have arisen at times as to whether 
high-speed steel would take finishing cuts. In the early 
stages of its manufacture such contentions were somewhat 
justifiable, but with the knowledge gained from its use, 
together with greater experience and knowledge of its 
manufacture, the early difficulties have been largely over- 
come, 

The writer wishes it to be understood that he does not 
state that rapid-cutting steel will produce a high finish 
under all conditions, for with certain metals a special 
carbon-alloy steel, suitable for hardening in water, will 
give greater satisfaction; but, on the other hand, there are 
very many operations where high-speed steel will pro- 
duce the desired finish, and by reason of greater endur- 
ance, continue to work for very much longer periods 
than water-hardened steels, and in such cases there can 
be no doubt of its advantage for this work. In fact, 
many instances could be quoted where’ ordinary steel 
has oe: and been successfully replaced with high-speed 
steel, 

A striking example of this is shown in the production 
of pyrometer cylinders. These cylinders are made of 
mild steel in an automatic machine made by Alfred 
Herbert, Limited, of Coventry, and the limit of error 
allowed in weight is only 5 grains. With ‘‘A W” steel 
an average production of upwards of 1000 is obtained 
without grinding, whereas when using ordinary steel the 
— require grinding after producing 190 cylinders 
only. 

This finishing and enduring quality of ‘‘ A W” steel is 
especially advantageous for us in the automatic class of 
machinery ; and whenever it is desired to produce work 
in quantities of uniform size and weight, the great 
resistance of the steel to wearing ensures work of a high 
degree of accuracy, and saves much time that would 
ae be spent in sharpening and setting of the 

ools, 

In concluding this paper the writer trusts that what he 
has here written on high-speed steel may be of advantage, 
and instructive to those interested in the subject, and it 
1s only on account of the lack of time at his disposal that 
he has not been able to go still more exhaustively into it. 
Speaking generally, however, for the use of high-speed 
steel, it is now understood that the interests of both the 
steel-maker and machine-builder coincide, being the com- 
plement of each other. 





MISCELLANEA. 


WITH a view to interest every member of the German 
population in the development of the Navy, Ucberal?, an 
ulustrated journal for the Army and Navy, ublished 
in Berlin, is issuing printed forms to be filled in with 
signatures, the object being a ‘‘ petition to the Reichstag 
to hasten the construction of the German Fleet.” The 
printed forms state the following:—‘‘ We build too 
slowly. If we continue in the same’ way, Germany will 
never own a powerful fleet, as half the units will always 
become antiquated. Let us therefore build quickly. The 
political horizon is black.” The printed forms when filled 
in are to be returned to the Berlin journal. 


The International Acheson Graphite Company, Niagara 
Falls, has recently contracted with the Niagara Falls 
Power Company for a further supply of electrical energy 
equal to 1000 horse-power, being additional to the 1000 
horse-power previously used. he company, who are 
makers of graphite electrodes, have recently doubled the 
capacity of their plant, for which purpose the additional 
power mentioned is required. The Geological Survey of 
the United States for 1905 states that the value of 
Acheson graphite produced in 1904 was 217,190 dols., 
whilst the total graphite mined amounted to 341,372 
dols., of which 119,509 dols. worth was produced in the 
New York State. 


Floris Osmond and Ch. Frémont state in the Comptes 
Rendu, vol. cxli., that a number of nearly pure iron 
crystals, some of which measured several cubic centi- 
metres in volume, were isolated from a portion of a steel 
rail and subjec to tension, compression, hardness, 
and bending tests. ee mp of the special methods 
of applying these tests and the numerical results obtained 
are given. These investigations show that the mecha- 
nical properties of isolated crystals of iron are a function 
of the crystallographic orientation in its relation to the 
direction in which the stress is ae The materia] 
is very brittle in the directions of the planes of cleavage, 
but shows great plasticity in other directions, 


The Eskbank Iron Works, near Lithgow, N.S.W., has 
concluded a contract with the New South Wales Govern- 
ment for the supply of all steel and iron required for 
State purposes during the next seven years. The iron 
deposits have been — estimated as containing 
59,317,000 tons of ore. The chief deposits are at Carcoar, 
where they are estimated to contain 3,100,000 tons, and 
at Cadia, where the quantity is set down at 39,000,000 
tons; the ores in the former locality contain rather a 
high percentage of pees, while at Cadia the product 
is impregnated with sulphur and copper. At present the 
only works in the Commonwealth for the manufacture of 
iron from the ore are the above, where red siliceous ores, 
averaging 22 per cent., and brown hematite, yielding 
50 per cent. metallic iron, have been successfully treated. 
Abundance of coal and limestone are found in the neigh- 
bourhood. 


The last bulletin we have received from the contractors 
for the Simplon Tunnel gives an abstract of the work 
carried out in the month of November. On the north 
side the bottom ballast was completed as far as the kilo- 
metre post 10.5 from the north entrance, and the track 
laid over 10 kilometres (6.25 miles). The top ballast had 
still to be placed. On the south side the lining of the 
main tunnel was completed, and there remained but 
490 metres (535 yards) of the drainage conduit to be built. 
In the smaller B ep gallery there remained still 
29 metres (32 yards) of drainage conduit, and 190 metres 
(207 yards) of lining to complete; and it will also be 
necessary to reconstruct part of the drainage conduit and 
part of the side walls and arch over short lengths. The 
laying of the bottom ballast was being proceeded with. 
The water flowing through the south entrance amounted 
to 1104 litres (245 galions) per second. 


We read in the Paris journal Za Métallurgie that an 
exchange of views has recently taken place between the In- 
ternational Rail Syndicate and the Vizcaya Iron and Steel 
Works of Bilbao. These works are said to have recently 
booked an order for over 20,000 tons of steel rails from 
America, at the price of 27 dols. per ton delivered on the 
Pacific Coast. The syndicate, it is stated, wrote to the 
Vizcaya Company telling them that in future they had 
better limit their activity to their own market, in which 
the syndicate would agree not to enter. To this, the 
Vizcaya Company replied, saying that the Spanish tariff 
fully protected the Spanish market against foreign com- 
petition; besides the home consumption of rails being 
exceedingly small, foreign competition was not ey to 
cause the company much damage. The company added 
on the other hand, they were in a position to upset the 
quotations of the International Syndicate if the latter did 
not grant the company an annual participation of 60,000 
tons of orders for rails. 


In an interesting article dealing with a question recently 
raised in the French Chamber regarding the pre-emption 
by the Government of the West of France Railways, the 
Moniteur Industric/, Paris and Brussels, asks why should 
the affairs of a nation depend solely upon parliamentary 
fluctuations, which are as numerous as the tides of the 
ocean, though far less regular. Seeing that the railways 
with their present traffic are not able to refund the debt 
of 15 milliard francs (600 million pounds) they owe the 

ublic, it would be the height of folly on the part of the 
Rtate to take over the railways when not compelled to 
do so, and considering that they will revert in natural 
course to the State - 1950 1960. og > 
temporary gives a few figures comparing the work- 
ing of the West of France Railway with the State- 
owned system (Paris to Tours, mdeaux, and the 
Bay of Biscay). From 1883 to 1902 the cost of working 


the West of France system increased by 3 per cent. ; the 
corresponding figure for the State-owned system is 18 per 
cent. Indemnities for losses and damages have increased 
on the West of France 7 by 4.95 per cent., and on 
the State-owned system 9.25 per cent. ; and he con- 
cludes by saying that the fault of the present generation 
is = trust to socialistic ee which, Cae appa- 
rently ive, are in reality retrograde in their 
ote. an that one withdraws , Fane ‘imiividual effort 
is so much deducted from the general activity of the 
country, and, in consequence, from the welfare of its 
inhabitants. "That is an economical fact which might 
well be taught in the schools. A neglect of it is destruc- 
tive both to the progress and even to the security of a 
nation. 








‘Tur Society or Enoingers.—The fifty-first annual 
dinner of the Society of Engineers was held on Wednes- 
day evening, the 13th inst., at the Hotel Cecil, the 
president, Mr. Nicholas J. West, M.I. Mech. E., taking 
the chair. The company included Sir Alexander 
Kennedy, F.R.S., Mr. John Gavey, C.B., president of 
the Institution of Electrical Engineers, Mr. W. Freche. 


ville, president of the Institute of Mining and Metal-* 


lurgy, and many other well-known gentlemen. ‘The loyal 
toasts and the ‘‘ Imperial Forces” were proposed by the 
President, and Lieut.-Colonel Sydney Ashley, V.D., who 
replied on behalf of the services, said some truthful but 
unpleasant things about the War Office. ‘* The Society 
of Engineers”, was proposed 7 Sir A. Kennedy and 
replied for by the President, who pointed out that the 
society came next in age after the two great engineering 
institutions, and enjoyed a prosperous existence. Mr. 
Maurice Wilson gave *‘ Kindred Institutions,” for which 
Mr. Gavey replied ; and the toast of ‘‘The Guests” by 
the vice-president, Mr. J. W. Wilson, responded to by 
Mr. W. Frecheville, closed a very pleasant evening. 





StranDarD Locomotives FoR InpDIAN Rartwars. —The 
Engineering Standards Committee has now issued a second 
edition of its report on standard locomotives for Indian 
railways. The previous edition was published just over two 
— ago, and since its appearance some standard engines 

ave been built, the experience gained with which has ren- 
dered desirable a revision of some of the former recom- 
mendations. The report deals with passenger and goods 
engines for 5 ft. 6 in. gauge; passenger, mixed traffic, 
goods, and extra heavy Som, or ‘* Mastodon” engines for 
the metre gauge. The recommendations are so detailed in 
many respects that the report reads like a working speci- 
fication of the respective engines. It should be men- 
tioned that outline drawings uf the engines are appended 
to the report, on which the axle loads and a few leading 
dimensions are marked. The committee have been re- 

vested by the Secretary of State for India to consider 
the advisability of standardising three more types of 
broad-gauge locomotives of a heavier class than those £0 
far dealt with, and the matter is now receiving attention. 
The report is published by Crosby Lockwood and Son, 
7, Stationers’ Ha!l-court, Ludgate-hill, E.C., at the price 
of 10s. 6d. net. 





Tre NortTHampTon InstiTuTe.—The annual prize dis- 
tribution of this Institute was held on Friday, Dec- 
ember 8, Mr. L. B. Sebastian, chairman of the govern- 
ing body, presiding. Dr. Walmsley briefly reviewed 
the growth and present position of the Institute, and 
pointed out that the large buildings had now reached 
their limit of accommodation, and for two sessions 
students had had to be turned away. The number of 
student-hours—the best test of the volume of work done 
—had increased by 424 per cent., whereas the number of 
students had only increased 24 per cent. ‘The recreative 
and athletic branches of the work, which formed such a 
feature of the Institute, were highly successful, and 
there were now no less than sixteen clubs and societies 
among the students. Sir William Preece, who sub- 
sequently distributed the prizes and certificates, said 
that the Northampton Institute was unique in bein 
situated in the heart of the district it served, an 
its growth from 290 students in 1897 to 5000 in 1905 
emphasised the pity that its functions were crippled 
by want of room. Every student turned out had 
been accepted as an apprentice without a premium being 
required. Sir W. Preece said that an extended know- 
ledge of foreign methods of education had convinced him 
that the English system, with its athletic side, was best 
in the long run, and this was confirmed by the number of 
German engineers who had applied to him for young 
Englishmen to go to out-of-the-way parts of the world, 
where self-reliance and character were of more value than 
the ability to construct formule. After the function the 
visitors went through the Institute, where a limited 
number of students were at work at various trades. In 


the Electrical Laboratory Dr. Drysdale demonstrated . 


the method of testing electric motors, described at length 
in ENGINEERING of November 24, page 679. He also 
showed an ingenious way of determining the speed of a 
motor, and indirectly its acceleration. A paper disc was 
fixed to the end of the shaft, and bore on its outer face a 
number of concentric regular polygons with different 
numbers of sides. These showed merely as a number of 
blurred bands when the disc was running. The latter 
was then observed through a slit, the sides of which were 
plates attached to the prongs of a tuning fork, so that 
the vibration of the latter opened and shut the slit with 
a known frequency. If any polygon appeared stationary, 
it showed that the number of sides of that polygon was 
equal to, or an even multiple of, the number of times it was 





seen per revolution, and this fact allowed the specd to be 
determined with great accuracy. 
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POWER SUPPLY BY THE LONDON 
COUNTY COUNCIL. 

At the meeting of the London County Council on 
be | Tuesday, December 12, the Highways Committee 
brought forward its promised report, giving an out- 
line of the Electric Power Bill which the Council is 
to promote in the next session of Parliament. The 
Finance Committee also presented a report upon 
the Bill, and the two documents provide interesting 
reading, especially when the contents of one are 
contrasted with those of the other. We have 

already criticised the policy of the Council in this 
matter, and now that we have the actual outline 
of the scheme before us, we find, as we expected, 
that every word of our criticism is justifi We 


should, by means of its *‘ Progressive” majority, 
and in ‘spite of a solemn warning from the chair- 
man of its Finance Committee, have adopted the 
recommendations of its Highways Committee, 
thus pledging itself to go on with the scheme. 
Let us see what the Council actually proposes 
to do. 

The Bill seeks powers to enable the Council to 
supply energy («) to authorised distributors ; (6) to 


tramways, canals, docks, and water works, for 
use either wholly within, or partly within and 
partly without, the area of supply, provided that 
the Council shall not furnish a supply for use 
Asetak within the area in which any local authority 
or company is authorised to give a general supply 


of such local authority or company. Powers are 
also sought to enable the Council to erect a gene- 
rating station of 80,000 kilowatts normal capacity 
on about 15 acres of land at Battersea, which land 
is scheduled in the Bill. The capital expenditure is 





BRIDGE OVER THE EAST: RIVER, NEW YORE. 


will be required in the first three years (1907-9 in- 
clusive), and the Bill provides that the Council shall 
not be bound to commence payments into the sinking 
fund during thé first five years after the end of the 
financial year current at the passing of the Act. It 
also provides that the Council may pay interest (to 
an amount not exceeding 105,000/.) out of capital 
during the process of construction. Provision is 
also made for the creation of a reserve fund, to 
which surplus revenue may be applied after pay- 
ment of working expenses and debt charges, and 
for repayments to the County fund of any sums 
taken out of the othe ay in previous years ; but there 
is this further provision, that the Council need not 
begin such " yments as soon as it has a surplus, 
but may use that surplus for the reserve fund, or 
to reduce prices. hen the full amount taken 
from the rates has been restored, the Council may 
pay to the rates out of surplus revenue a sum not 
exceeding in any year 5 per cent. on the aggregate 
= expenditure. 

inally, and by no means least important, the 
total area of supply dealt with in the Bill com- 
re| prises 387 square miles. Of this total, only 117 
square miles are within the County of London, the 
remaining 270 square miles being found in sur- 
rounding areas. 

We may begin with this last provision. Let it 
be remembered that the main ground alleged for 
the promotion of this scheme is that an under- 
taking of this character ought to be in the hands 
of the local authority. Yet the County Council 
actually seeks to take to itself an area of supply 
more than three times its own area. If we accept 
the argument and assume that the County Council 
is the proper supply authority for the London area, 
we must for the same reasons conclude that it is 
not the proper supply authority for an area outside 
the county. There might be less objection to the 
proposal if it only affected a small area forming an 
excrescence at one part of the county boundary. 
But what possible claim can the Council put for- 
ward to be entitled to supply energy over an area 
beyond its boundaries more than twice the size of 
its own area? Looked at from the point of view 
of the local authorities of these areas, the proposal 
is presumptuous, and is, on the Council’s own line 
of argument, a usurpation of the rights of these 
authorities ; viewed from the standpoint of the 
citizen of London, this is a proposal to pledge the 
London ratepayer to be responsi dle, at his own risk 
and expense, for the supply of cheap power to 
persons who are not ratepayers. To use the words 
of the Finance Committee, the London ratepayer, 
‘“‘we may remind the Council, will, if the Bill 
passes in its present form, bear the whole financial 
risk of an undertaking dealing with an area over 
three times that of the County of London.” In 
face of this adverse opinion from its own Finance 
Committee, how can the Council expect that such a 
proposal will be allowed to pass through Parlia- 
ment? And if this outside area is cut out, what 
becomes of the scheme for cheap power supply in 
London ? 

Of course, it may be said that these outside 
authorities will approve of the Council’s scheme. 
But what has the Highways Committee to say on 
this point? Only that they ‘“‘have also been in 
communication with the local authorities outside 
the County of London who are affected by the 
Council’s proposals.” Only this, and nothing more ! 
Need we doubt that if anything like even moderate 
support was forthcoming from that quarter, we 
should have heard of it from this Committee, 
which has shown itself ready to clutch at any 
straw for support / 

Now let us pass to the general provisions of the 
Bill. From the brief outline we have given above 
it will be noticed that the scheme is one for supply 
in bulk to authorised distributors. There is to be 
no competition with these distributors, and there 
is to be no compulsion on either side—-that is, the 
County Council is not to be compelled to supply 
any authority which wishes to take —_ rom 
their station, nor can the Council compel any 
authority to take such supply. This looks like an 
attempt to obtain powers of selection, so that 
‘*fat” customers may be encouraged and “lean” 
customers sent empty away; and that may seem 
to the Council a good method of diminishing their 
financial risks. But do they expect to get these 
provisions through Committee? Seemingly they 
do, as the Chairman of the Highways Committee, 
at the meeting on Tuesday last, actually based 





estimated at about 2,500,000/., of which 1,349,000. 





his argument in support of the scheme on this 
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proposal. The Times report of his speech contains 
this extraordinary e :— 

‘*Tt was a permissive scheme, and the Council 
would not be bound to set in motion the under- 
taking unless it was assured that it was likely to be 
a financial success. Whether, if the Bill passed, 
the undertaking would be put in operation depended 
largely on the action of the borough councils and 
the companies of London.” 

Thus we are informed that the scheme may never 
be put in force at all; that the question of cheap 
supply of electric power is to be left entirely at the 
mercy of existing authorised distributors, and 
especially of the borough councils ; and incidentally 
we are led to infer that the real use of the scheme, 
if sanctioned, is to obstruct similar schemes pro- 
moted by private companies. This is clear if we 
couple the passage just quoted with that which 
immediately follows it, and is as follows :— 

‘*He hoped those authorities would recognise 
that the Council did not desire to compete with 
them, and that there was no desire on the part of the 
Council to aggrandise itself. (Hear, hear.) What 
they did desire to do was to save the borough 
councils from destruction, which would be their 
fate if the Bill of the Administrative Company was 
carried.” 

The first part of that passage requires no com- 
ment, except an expression of regret that the 
identity of the humorist who uttered that ‘‘ Hear, 
hear,” should not be recorded. But the final 
sentence is a good illustration of the spurious kind 
of argument which passes muster in the Council 
chamber. We need only point out that no men- 
tion whatever is made of the St. Neot’s scheme, 
which was fully disclosed before this report was 
brought forward. Under that scheme there will be 
no competition with authorised undertakers, and the 
promoters propose to do exactly what the Council 
is now asking powers for. hy does not the 
Council support that scheme, and thus secure the 
same result without incurring any financial risks, 
if its sole desire is to ‘‘ prevent the destruction of 
the borough councils” by keeping out that awful 
monster, the Administrative Company ? 

If the Highways Committee thinks that Parlia- 
ment is likely to accept this plausible ‘‘ permissive 
scheme,” we fear they are doomed to disappoint- 
ment; and the Finance Committee seems to be 
of the same opinion, as in dealing with these pro- 
posals in their report they insert the warning 
clause, ‘‘ If that option should be maintained.” 
Well might Sir R. M. Beachcroft ask ‘‘if it was 
likely that even a Liberal Parliament would allow 
electric-power questions to be suspended in mid-air 
until the County Council saw its way to proceed ?” 

We cannot discuss the financial details of the 
scheme, for the simple reason that none are forth- 
coming. When the matter was previously before 
the Council, there was added to the recommenda- 
tions of the Highways Committee, which were then 
adopted, the following proviso :— 

‘*Provided that before the introduction into 
Parliament of any Bill opportunity shall be afforded 
for full discussion in the Council of its provisions, 
especially as they affect the financial consequences 
of the scheme.” This opportunity was supposed to 
be given at Tuesday’s meeting, but no attempt was 
made to place proper estimates before the Council, 
and even the Highways Committee has not dared 
to say in its report that such estimates have in fact 
been prepared. We are told that the work of 
drafting the scheme was entrusted to the Council’s 
chief officer of tramways and their tramway elec- 
trical engineer, and that certain well-known experts 
had been ‘‘retained” to assist these gentlemen ; 
but the furthest the Committee can go is to say 
that these officers and experts have proved conclu- 
sively to their satisfaction that the scheme is “‘ fea- 
sible and practicable.” Who denied this? Nowadays 
this is common knowledge »ven among those who 
are not experts. They add, however, that they ‘‘ are 
advised by the experts ” that the proposals now put 
forward will ‘‘enable electrical energy to be produced 
on thescale which, it is now generally recognised, is 
essential to economical generation, and supplied 
on terms as favourable as would be possible under 
any scheme.” What were the data on which this 
opinion was given ? How many, and what, borough 
councils were assumed to be future customers ? 
And on what grounds was this assumption made ? 
Everything depends upon this. It is due to their 
experts that this information should be made 

ublic, as otherwise these gentlemen may be placed 
in a false position with regard to the public. Our 





reason for emphasising this is that the Finance 
Committee, who were entitled to the fullest pos- 
sible information, say in their report :—‘‘ We have 
not at present been supplied with definite informa- 
tion as to the amount of support which the Council 
is likely to receive.” No doubt this is because the 
Highways Committee has no definite promise of sup- 
port from borough councils or companies ; but if so, 
how could their experts report that the County 
Council will be able to supply ‘‘ on terms as favour- 
able as would be possible under any scheme?” And 
how are we to make this agree with the argument 
quoted above from Dr. Napier’s speech to the 
Council, that the Council will not be bound to set 
its undertaking in operation unless it is assured 
that it is likely to be a financial success’? If the 
Highways Committee means to use its experts in 
this way, by quoting their opinion to satisfy the 
public, it ought, in fairness to these gentlemen, to 
announce the facts supplied to these experts as a 
basis for that opinion. At present we find it im- 
possible to reconcile so many contradictory state- 
ments emanating from the same quarter, and we 
leave it to the County Council to explain. 

Another point of importance deserves to be 
noticed, as bearing on this question of cheap supply. 
It is emphasised by the Finance Committee in their 
report in these words :—‘‘ Over a large part of the 
area bulk powers, practically identical with those 
proposed to be sought by the Council, have been 
granted by Parliament to certain power and electric 
companies. The Council would not therefore 
— any monopoly in the districts over which 

ulk powers are possessed by companies, but would 
have to meet the competition of those companies. 
In other districts the Council would have no power 
to secure business except by coming to terms with 
the existing undertakers. In order to secure busi- 
ness, therefore, the Council must rely entirely on 
the cheapness of the price at which it can produce 
current.” And the conclusion of the Finance Com- 
mittee on this point, after considering ‘‘ certain 
estimates of working costs and the probable growth 
of demand for electricity ”—these figures, however, 
being declared to be ‘‘only of a provisional cha- 
racter”—is this :—‘‘We cannot at present say 
whether the Council could supply at such low 
prices as would enable it to successfully compete 
for business with the large power and electric 
companies who possess powers of supply in bulk 
throughout a large part of the proposed area. 
This is, after all, the crucial question. ... . We 
cannot help thinking that the Council ought, before 
embarking capital in such an enterprise, to have 
some further security than it will apparently 
possess,” 

There we are content to leave this matter, and 
if the London ratepayers are content to entrust 
their welfare to men who, to use Lord Welby’s 
expression, put finance aside and only consider 
the scheme in view, they must abide by the 
consequences. The Council now stands pledged to 
promote a Bill which, if sanctioned, involves a 
further debt of 2,500,000/., with absolutely no 
prospect of any return on the money for many 
years to come. Payments to sinking fund are to 
be deferred for some years, and an attempt, 
which has previously failed in another scheme 
of the County Council, is to be made again in 
this one to persuade Parliament to allow the 
Council to pay interest out of capital in the 
years of construction. These desperate efforts 
of the Council to save itself from the wrath of 
the overburdened ratepayer are really, to the 
minds of sane business men, fatal objections to the 
scheme, and ought to be sufficient to kill it in 
Parliament. Further, while the London power 
companies endeavour to obtain cheap land for gene- 
rating stations, and for this purpose take sites out- 
side London, the County Council chooses a site 
for its station in a central position in London, 
and proposes to pay 120,000/. for that site 
alone. It seems to think that great economy 
will be obtained by running its power scheme 
in ‘conjunction with its tramways undertaking ; 
but the large Greenwich station, the second 
portion of which is now to be pushed on, and 
which will cost 436,5001., will soon be required in 
its entirety for purely tramway purposes. The pro- 
posed Battersea station is also to be devoted partly 
to tramway purposes, so that instead of there being 
altogether a huge power-station with a heavy tram- 
way load, it looks as if there would in the end be a 
huge tramway scheme with a certain balance avail- 
able for power supply—which is quite a different 








thing when it isa question of providing an abundant 
supply of cheap electric power over the London 
area. These details, however, need not trouble us 
at this stage. We have given up all hope of sceing 
sane financial methods adopted by the London 
County Council; but if this Bill were to become 
an Act, we should lose all sense of seeurity in the 
British Parliament. 








PROBLEMS OF ELECTRO AND 
ELECTROTHERMAL CHEMISTRY. 
Tue presidential address by which Mr. R. Threl- 

fall, F.R.S., opened the winter session of the Bir- 
mingham Section of the Institution of Electrical 
Engineers in November is remarkable in several 
respects. We must preface our comments by 
stating that, as Mr. Threlfall’s subject was ‘‘ On 
Some Problems of Electro and Electrothermal 
Chemistry,” we have no desire to criticise his selec- 
tion, but merely wish to emphasise certain points. 
After afew words of introduction,: to which we 
shall refer lower down, Mr. Threlfall discussed the 
fixation of nitrogen as a subject of greater interest 
to mankind than any other chemical problem. He 
made no reference to the electrolytic alkali indus- 
try, nor to the raffination of copper ; but, in speak- 
ing of the fixation of nitrogen, he mentioned in the 
first instance the systematic study of the theory of 
the reactions by Lepel, Scheuer, and others as the 
shortest cut to success. Accepting Birkeland and 
Eyde’s efficiency estimate, he regarded such an 
industry as possible in agricultural districts. He 
also suggested that we might try to fix the nitrogen 
oxides by a spray or fog of lime-water in rapid 
motion, and to bind the nitrogen by means of mer- 
cury or mercury-vapour air and steam at very low 
pressure and a temperature below 200 deg. Cent. 
What he did not say, but what we can read be- 
tween the lines, is that ordinary experimenting is 
of little good. 

In passing to non-conducting carbon and to the 
artificial preparation of diamonds, Mr. Threlfall 
dwells upon the most important, but hardly known, 
investigation published on this subject—the un- 
successful experiments of A. Ludwig. We men- 
tioned this research at the time—in 1902. Ludwig 
heated carbon electrically in an atmosphere of 
hydrogen under a pressure of 1500 and more atmo- 
spheres, and cooled it by letting water-jets play 
upon it, injected under pressures of up to 3000 
atmospheres at very high velocities. He obtained 
a sort of carbon glass, resembling black diamonds, 
rather than clear diamond crystals, which would 

robably not form under his rapid cooling. But 
he made many interesting observations, one of 
them being that when two carbon rods were brought 
in contact under this high pressure, the current 
flowed for a few seconds, stopped, flowed again, 
and this rhythm continued. Apparently the heat 
of the current transforms the carbon into a solid 
or liquid non-conducting variety, which becomes 
converted into graphite as the temperature falls, 
when the current is switched off. Mr. Threlfall had 
himself in 1901 approached the same problem 
from a different point of view. Sulphur is known 
in three states of modification: octahedral, mono- 
clinic, and amorphous. Of these only the octahedral 
variety, which occurs in nature, has not been pre- 
pared artificially — not in large crystals at any 
rate—and the analogy between the three allotropic 
states of carbon and of sulphur is very close. 
Studying the changes which sulphur undergoes at 
different temperatures and pressures with the aid 
of the curves of Van’t Hoff and Roozeboom, Mr. 
Threlfall pointed out that if we cool liquid sulphur 
at constant pressure, and then release the pressure 
while keeping the temperature constant, we should 
obtain octahedral crystals, of large size if we cool 
slowly. The monoclinic sulphur crystals gradually 
and spontaneously pass into the octahedral or ‘‘ aged 
monoclinic ” condition, as Mr. Threlfall has called 
it; optical tests prove that the apparently still mono- 
clinic crystal is really an aggregate of octahedrons. 
The analogy should hold for carbon. Ludwig's 
experiments show that if we cool carbon at pres- 
sures below 3000 atmospheres, it turns into graphite 
again. But we can go up much higher—to the 
crushing strength of steel, about 10,000 atmo- 
spheres—and then we should be able to produce 
artificial diamonds. If we only want a crystalline 
abrasive of cubic carbon, a more rapid cooling 
would be permissive. 

In presenting his other problems Mr. Threlfall, if 
we interpret him rightly, followed the same general 
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line of argument. Systematic research enabled Haber 
and Bruner to find out that the so-called carbon cell 
is a gas battery, the oxygen coming from the air, 
and the hydrogen from the action of carbon on 
melted caustic. Mr. Threlfall suggests that in 
default of a liquid electrolyte which will dissolve 
carbon, a gaseous electrolyte might answer. The 
new lamp materials, tantalum, osmium, and the 
carbon filaments graphitised at 3000 and 3700 deg. 
Cent., are the outcome of ingenious researches. 
Silica vessels, tubes, and apparatus of all shapes 
may soon be obtainable, ake to other workers. 

Wedged in between these notes are some sound 
comments on electro-chemical theory. Mr. Threl- 
fall might have commenced with them, or concluded 
with them; but we will not trouble about that. 
Electro-chemists, he complains, seem to write their 
papers with the idea that people enjoy reading the 
pspers for their own sake, oe | prefer fifty pages to 
five. The high hopes excited by the preliminary 
successes of the dissociation theory have ended in 
disappointment. The simple ionic theory, once a 
good servant, has grown into a bad master. We are 
all weary of the constant recurrence of chemically 
abhorrent reactions supposed to take place between 
ions invented ad hoc. We can understand how 
Mr. Threlfall can grimly propose that somebody 
might split chlorine Cl into the ions C and I. 
It is time competent men should speak plainly. 
The mass of detail and speculation in which 
trifling observations are wrapped up is appalling. 
But there are mitigating circumstances. Electro- 
chemists are chemists; Mr. Threlfall wishes 
them to be that, and chemists are somewhat 
profuse in their publications. They say, in de- 
fence, that unless you know how things were 
determined, you cannot judge to what credit the 
new fact is entitled. And Mr. Threlfall himself 
acknowledges that it would take a good chemist 
years to elucidate the all-important chemical detail 
occurring at the electrodes between the intermediate 
products of a single electrolysis. Till this is done, 
no theorising will be of lasting importance. We 
may yet keep our admiration for the men who 
will show us how to co ordinate the dreary array 
of superficial experiments. One of the subjects 
which Mr. Threlfall singles out as particularly re- 
quiring further study is the conduction of electricity 
through gases and liquids. In view of the con- 
tinuity between the gaseous and liquid states, some 
of the properties on which gaseous conduction de- 
pends might be expected to persist in liquids. 
Mr. Threlfall mentioned that he did not know 
of experiments on conduction extended over the 
critical point and continued into the liquid state. 
He disregards Hagenbach and Eversheim, probably 
because their work was not carried very far. But 
we wish Mr. Threlfall had himself said more on 
this problem. 

We have only to add a word about Mr. Threlfall’s 
introductory remarks. He defended the secrecy of 
electro-chemical processes. It may be indispens- 
—_ but it is not regarded as being so on the 

nd. 








THE PROGRESS OF THE ENGINEERING 
STANDARDS COMMITTEE. 

Ir is not every organisation that can show as 
good a record of work as can the Engineering 
Standards Committee. Appointed in January, 
1901, by the Council of the Institution of 
Civil Engineers, on the motion of Sir John 
Wolfe Barry, K.C.B., and consisting originally 
of six members, with the primary object of stan- 
dardising various kinds of steel sections, it has 
in less than five years grown far beyond the scope 
of what those who formed it proposed, and has 
done an amount of useful ouk which, when we 
take into account its nature, and the difficulties 
that had to be overcome, is really most creditable 
to all concerned. As we have said, the original 
committee was not a large one, but the men ap- 
pointed were fully representative of the various 
branches of engineering bearing on the subject. 
They were Sir Benjamin Baker, Sir John Wolfe 
Barry, the late Sir Frederick Bramwell, Sir Douglas 
Fox, the late Mr. James Mansergh, and Professor 
Unwin. It was not long, however, before the 


Institution of Mechanical Engineers, the Institu- 
tion of Naval Architects, and the Iron and Steel 
Institute were induced to join hands with the 
older society with a view to widening the 
Scope and increasing the usefulness of the work 
to be carried on, and a Committee on Stan- 








dardisation was thus constituted on April 26, 
1901, with Mr. Leslie 8. Robinson as secre- 
tary. Towards the end of the same year it 
was decided to embrace the standardisation of 
locomotives, and the testing of engineering 
materials ; while early in 1902 the Institution of 
Electrical Engineers joined the movement, and 
the Committee was enlarged to include the 
standardisation of electrical plant. From that 
time the work undertaken has been constantly 
enlarged, and the number of the subjects has 
greatly increased ; those which have been, or are 
now, under consideration are :—Rolled Sections ; 
Railway and Tramway Rails; Locomotives for 
Indian Railways ; Pipe Flanges ; Screw Threads ; 
Pipe Threads; Limit-Gauges; Railway Rolling- 
Stock Material ; Tyre Profiles; Steel Castings and 
Forgings for Marine Work ; Portland Cement ; Cast- 
Iron Pipes; Generators, Motors and Transformers ; 
Prime-Movers for Electrical Purposes; Physical 
Standards; Telegraph and Telephone Material ; 
Electric Cables; Electric Tramway Materials ; 
Electric Automobiles; and Electric Plant Acces- 
sories. 

This great work was for some time carried on 
with funds supplied by the supporting institutions. 
It was soon found, however, that, if help could be 
secured from the Government, it would be invalu- 
able. This help was eventually given, and the 
Government included a sum of 3000l. in the Esti- 
mates of 1903-4 as a contribution to the funds for 
that year. They afterwards agreed to extend their 
financial support over the years 1904-5 and 1905-6, 
and subsequently promised to continue a smaller 
grant for the years 1906-7, 1907-8, and 1908-9. 

In a report on ‘‘ Progress of Work” just issued 
by the Standards Committee we find a clear state- 
ment of what has been done up to the present 
time. It is a report of much interest, and recounts 
the results of the labours of the Committee from 
the time of its inception to July 31, 1905. It 
includes also a list of the members serving on the 
Committee, together with a list of the publica- 
tions and pamphlets issued. From a small begin- 
ning, in the shape of one Committee, the under- 
taking has expanded until there are now thirty-five 
sectional committees and sub-committees, which 
receive the support of the five leading technical 
societies of this country. 

The work that has been accomplished is most 
gratifying, some idea of it being given by the 

ublications that have up to now been issued. 

hey are :—(1) List of British Standard Sections ; 
(2) Specifications and Sections for Tramway Rails 
and Fish-Plates ; (3) Report on Influence of Gauge 
Length and Section of Test-Bar on the Per- 
centage of Elongation; (4) Properties of Stan- 
dard Beams; (6) Properties of British Standard 
Sections ; (7) Standard Tables of Copper Con- 
ductors and Thicknesses of Dielectric; (8) Stan- 
dard Specification for Tubular Tramway Poles ; 
(9) Standard Specification and Sections of Bull- 
Headed Railway Rails ; (10) Standard Tables of 
Pipe Flanges; (11) Standard Specification and 
Sections of Flat-Bottomed Railway Rails; (12) 
Standard Specification for Portland Cement ; (13 
Standard Specification for Structural Steel for 
Shipbuilding; (14) Standard Specification for 
Structural Steel for Marine Boilers; (17) British 
Standards for Electrical Machinery ; (18) Forms 
of Standard Tensile Test-Pieces ; (19) Temperature 
Experiments on Field Coils of Electrical Machines ; 
(20) British Standard Screw-Threads ; (21) British 
Standard Pipe-Threads for Iron and Steel Pipes 
and Tubes ; (22) Report on Effect of Temperature 
on Insulating Materials. Standard templates have 
also been issued for tramway rails, bull-headed 
rails, flat-bottomed rails, and pipe-flanges. 

The foregoing is a list which reflects great credit 
on all those who are responsible for it. What it 
really means does not, perhaps, at first sight occur 
to one, but probably few people outside the 
members of the various committees engaged have 
any conception what an amount of hard work, con- 
scientious care, and exceeding patience it repre- 
sents. The work is a good one, and deserves the 
support of all engineers. 








AMERICAN RAILROADS. 
AYPEARANCES indicate that the United States is 
about to enter upon an era of competitive railroad 
construction, just as it has passed through an era of 
competitive railroad buying. This view has just 
been expressed by Mr, E, H. Harriman, President 





of the Union Pacific Company, and one of the most 
powerful and most experienced ‘ bosses’’ in all 
the country. We were accustomed, a couple of 
ears ago, to the phrase ‘‘ community of interests,” 
ut this, or rather the operations committed in its 
name, have fulfilled their purpose, and we hear no 
more of harmony. At least, in so far as the trans- 
Mississippi situation is concerned, there is every 
indication that the big roads are not working any 
too harmoniously. Thus, the Goulds are pushing 
forward the Western Pacific plan for a Pacific 
Coast connection, while the Burlington is apparently 
heading (Hill denials to the contrary) for Rit Lake 
City, heretofore regarded as Union Pacific terri- 
tory. The Milwaukee has long husbanded its 
resources for the inevitable progress to the coast, 
although now operating under an agreentent with 
the Union Pacific. With the latter system ad- 
vancing towards Seattle, and the Hill system in the 
direction of San Francisco, it certainly would seem 
that an era of competitive building had already 
begun. Of course, it is possible to take too serious 
a view of this situation, since the West, as the 
growing section of the country, requires greater 
transportation facilities. Mr. J. J. Hill, who is 
Mr. Harriman’s great rival in the American railroad 
world, and who controls the very successful Great 
Northern system, says there is no such movement 
on foot ; but it is tolerably certain that the coming 
year will be marked by great activity in railroad 
building in the United States. It is yet too early 
to form an estimate of the number of miles of new 
railway which will be constructed, but there are 
already ample indications that the total will, in all 
waeager es" greatly exceed the mileage which has 
en added to the existing lines during any recent 
year, and may even reach such figures as were seen 
in 1887, when a maximum record for new railroad 
construction of 12,983 miles was created. Not all 
of the new roads planned will, however, be of a 
competitive character. A considerable portion will 
consist of branches and feeders of the existing 
systems, together with ‘‘ cut-offs,” or lines designed 
to reduce grades, and thus decrease the cost of 
operation. There are, indeed, few large railroad 
companies which at the present time have no 
work of the latter description in progress or under 
consideration. At the same time, it is evident that 
the growth of population, and the opening up of 
new territory to settlement and business through- 
out the West, create demands for transport 
facilities which the railroad systems are obliged to 
meet by the construction of new lines, and it is not 
at all unreasonable to suppose that in a number of 
cases different systems will encroach upon one 
another’s territory in order to secure the traffic 
which is thus developing. Whether this, as some 
authorities claim, will lead to renewed rivalry of an 
acute kind, such as attended the activity in railroad 
construction during the ’eighties and early ‘nineties, 
cannot, however, be counted on with entire confi- 
dence. The lessons of that period were too severe 
and expensive to have been forgotten by the 
financial public or by railroad officials themselves. 
At the same time; conditions in the railroad world 
such as now seem likely to exist are fatal to the 
continuance of the so-called ‘‘community of in- 
terests” among the different systems constituting 
the ‘‘granger” (or grain-carrying), south-western 
and trans-continental groups of roads; if, indeed, 
it can be claimed that the monn which was at 
one time so much boasted of, has in any way sur- 
vived the shock resulting from the Burlington's 
urchase by the Great Northern and Northern 
Pacific corner, and the ensuing complications, 
which culminated in the Northern Securities 
litigation. 

In view of probable developments along the line 
of competitive construction, Poor’s ‘* Manual of 
American Railroads” for the current year comes 
very opportunely. According to this, the very 
highest, authority, the length of steam railways in 
the. United States on December 31 last was 
212,349 miles—a net increase of 5014 miles in the 
year. The heaviest construction of the year was in 
the South-Western group of States, in which no 
less than 1,716 miles were built, Missouri having to 
its credit 418 miles, Arkansas 262 miles, 
Texas 318 miles, Kansas 31 miles, Colorado 147 
miles, New Mexico less than 1 mile, Indian 
Territory 260 miles, and Oklahoma Territory 
279 miles. The statement shows that gross 
earnings increased 68,780,887 dols. in 1904 over 
the earnings of 1903, or about 3.06 per cent. The 
increase in 1903 over the earnings of 1902 was 
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188,042,926 dols., or about 11 per cent. ; so that 7 ‘ ‘ee 
the gross earnings of 1904 were 256,823,813 dols., THE MEASUREMENT OF HIGH FRE R= tl N 


or almost 15 per cent. in excess of the record for 
1902. Thisincrease will be realised the more when 
it is recalled that 1902 was the previous record 
year, both in freight movement and in the revenue 
therefrom. 

The Census Bureau, working in conjunction with 
the Inter-State Commerce Commission, recently 
published an interesting builetin dealing with the 
**commercial value” of the railroads of the United 
States. The investigation was carried out under 


the superintendence of Professor H. C. Adams, of | P® 


the University of Michigan, whose ideas as to the 
proper . to be pursued in arriving at the valua- 
tions of the ‘‘intangible” parts of the properties 
include (1) a process of deducting aggregate ex- 
penses of operation from gross earnings, and adding 
the income from corporate investment ; (2) a pro- 
cess of deducting from the total income thus 
obtained an amount properly chargeable to capital — 
that is, a certain per cent. on the appraised value 
of the physical properties, rents paid for the lease 
of property operated, and permanent improvements 
charged directly to income ; (3) and a process of 
capitalising the remainder at a certain rate of 
interest. According to the bulletin, the ‘‘com- 
mercial value” of railway operating property last 
year was 11,244,852,000 dols. According to Poor’s 
** Manual,” the total assets of the railroads of the 
country at the end of 1904, including ‘‘invest- 
ments,’ amounted to 15,422,773,315 dols. It is 
not surprising that Pennsylvania leads among the 
States in the value of railroad property with a total 
of 1,420,608,000 dols., forher coal and iron mines and 
manufacturing industries, involving much local 
transportation, have led to a high development 
within her borders. New York comes next, with 
898,222,000 dols. ; but New York traffic—that of 
the city particularly—-depends very largely upon 
the railway systems of other States, which have 
their chief terminals at this seaport. Illinois 
stands third, with 805,057,000 dols. Chicago, at one 
corner of the State on Lake Michigan, is the centre 
of many diverging lines, a considerable number of 
which traverse the State of Illinois. The only 
other State exceeding 500,000,000 dols.; or even 
approaching it, is Ohio, with 689,797,000 dols. 
hese figures have little direct relation to the 
volume of the actual traffic of separate States, as 
they differ widely in the extent to which the trans- 
portation begins or ends within their borders, and 
in that to which it merely traverses their territory. 
In consequence of the gross abuses committed by 
a number of the railroads in the way of discriminat- 
ing rates, etc., President Roosevelt is very anxious 
that the powers of the Inter-State Commerce Com- 
mission should be extended, so that some effective 
check may be put upon this sort of thing. 
Naturally, the railroads are violently opposed to 
Government control, which might certainly do 
more harm than good, unless administered with 
discrimination ; and they point out that the record 
of the Inter-State Commerce Commission is not of 
good augury for justice and consideration for them, 
should its province be enlarged. The Inter-State 
Commerce Act declared that railroad rates should 
be reasonable, and that there should be no unjust 
discrimination or unreasonable preference ; and it 
was made the duty of the Commission to enforce 
these rules. There was no reason why there should 
arise any antagonism between the railroads and the 
Commission, and for years after the passage of the 
Act there was none. It was only when the Com- 
mission began to assume that Congress had con- 
ferred on it the rate-making power that it occupied 
towards the railroads the position of a prosecuting 
attorney rather than that of a fair-minded and 
—— investigator. 
ne of the more important difficulties that must 
be met in framing a new law is to determine 
just how far the present law is effective. The 
decisions of the Courts, especially since the enact- 
ment of the Elkins Law, indicate that there are no 
elasses of abuses that cannot be reached under the 
present law, unless it be those alleged to exist in 
connection with private terminal roads. Rates 
that are unreasonably high in and of themselves, 
and discriminations between individuals and 
between localities, can be reached under the law as 
it stands. Hence, say the railroad managers, there 
is no necessity for granting to the Inter-State Com- 
merce Commission special rights, which will only 
cause vexation, and will, in most instances, not 
bring about a change for the better. 


QUENCY CURRENTS AND ELECTRIC 

WAVES. 

In opening the third of his Cantor lectures on the 
above subject at the rooms of the Society of 
Arts, John-street, Adelphi, on Monday last, 
Professor J. A. Fleming, F.R.S., reminded his 
hearers that in the previous lectures he had shown 
that every electric circuit containing a condenser 
and an inductance could, on discharge, become 
the seat of electric oscillations having a definite 
riod. This period depended on the capacity and 
inductance of the circuit, which could, therefore, 
be compared to a pendulum, the periodic time of 
which depended on its length and on the force 
displacing it. If in this latter case D was the 
displacement due to unit force, the periodic time 
was given by the relation T = 2” /M D. 

If two pendulums were hung from different 

ints of a loose horizontal string, and one was set 
in vibration, the motion of this would gradually 
put the other in vibration, so that the two might 
be said to be ‘‘inductively coupled.” In con- 
sequence of the third law of motion, the second 
pendulum would react on the first, with the result 
that as the amplitude of the swing of the second 
increased, that of the other would ultimately be 
reduced to zero, after which it would gradually 
increase again till its amplitude, having again 
reached a maximum, that of the second would, in 
its turn, be zero ; hence there was a play of energy 
backwards and forwards between the two. For 
this to occur, the two pendulums must have the 
same time period, as could be shown by hanging 
ou the string a shorter pendulum, which remained 
practically unaffected. 

The character of the motion could be traced by 
fixing a pen to one pendulum, and letting this 
make a mark on a moving sheet of paper. With 
one pendulum in vibration the curve thus traced 
would be a simple harmonic curve; but when the 
two were acting and reacting on each other in the 
manner just explained, the trace showed that the 
amplitude waxed and waned. This, he stated, 
was equivalent to the effect called ‘‘ beats” in 
music. These were produced when two organ 
pipes, slightly out of tune, were simultaneously 
sounded. The resultant sound then appeared to 
wax and wane. The two sets of vibrations caught 
each other up as it were, so that sometimes one 
wave neutralised the other, and sometimes aug- 
mented it. In Fig. 1 on the opposite page are 
shown three curves, the first being a curve due 
to motions with a periodicity of n = 100 per 
second. In the second curve » = 150, whilst in the 
third curve is shown the waxing and waning due 
to the superposition of these two curves. 

In the case of the two pendulums the actual 
motion of either differed in period from the natural 

riod of vibration when it was mounted alone. 

hen one was having its amplitude increased, it 
was being accelerated, and therefore moved faster 
than if vibrating with its natural period, whilst the 
motion of the other was simultaneously retarded, 
and its periodicity was less than the natural one. 
Hence the effect of coupling two equal pendulums 
together in this fashion was to generate in them 
an oscillation composed of two vibrations of a 
different period. 

The same thing, Professor Fleming stated, held 
good with electric oscillatory circuits ; and, in illus- 
tration of this, he showed that when one of two iden- 
tical coils was the seat of an oscillatory current, a 
lamp inserted in the other began to glow if the two 
were brought near together. He further showed 
that by adding a very small inductance to the 
second coil, it was necessary to greatly diminish 
the distance between the coils before the lamp 
beganto glow. In the former case the two circuits 
might be said to be ‘‘in tune,” or in resonance, and 
this was the case when the product of the capacity 
and inductance of one circuit was equal to the 
product of the same two quantities for the other 
one. When this condition was fulfilled, the two 
acted and reacted on each other, generating in each 
oscillations compounded of two at different fre- 
quencies; though if either were free from the 
influence of the other, the oscillation would have a 
single frequency only. 

e coils when close together were said to be 
closely coupled, and to be loosely coupled when far 
away from each other. 

In his first lecture Professor Fleming had defined 








the coefficient of coupling, stating it to be 


where M was the mutual induction of the two 
circuits, determined as explained in the lecture 
referred to, whilst L was the inductance of one 
coil and N that of the other; k might have any 
value between zero and unity. 

The periodic time of each circuit taken sepa- 
rately was given by the relation t = 27 VC x L, 
where C was, the capacity in farads and L the in- 
duction in Henrys. It was, however, more con- 
venient to use smaller units, and taking C in 
microfarads and L in centimetres, we got 


t=2r C mfd. Lem. _ 
‘ 10° x 10° ’ 
whence n = ; = 5.032 x 10° + VO mfd. Lem. 
_ 5,000,000 


= JG a nearly. 


A pair of coupled circuits constituted an oscilla- 
tion-transformer, and for this it was possible to 
draw a resonance curve such as Fig. 12 on page 


774 ante. The abscisse were the ratios of "2, where 
1) 


1 
Nz was systematically varied by changing the induct- 
ance or capacity in the cireuit. 

If in the experiment shown by Professor Fleming 
the lamp had been replaced by a galvanometer, the 
value of the current generated could have been read 
off ; and by altering the periodicity of this circuit, a 
resonance curve could be drawn. If the two circuits 
were far apart, so as to be weakly coupled, the curve 
would have a single hump, as shown in Fig. 2; 
whilst if closer together, there would be two humps, 
as represented in the same figure, so that in the 
latter case there were two maxima of ‘resonance. 
If the tuning were not quite exact, theory showed 
that in the case of strong coupling there were 
two sets of superimposed oscillations in the second- 
ary circuit : (1) a forced oscillation of the same 
frequency as the primary, and (2) a free oscillation 
proper to the secondary circuit, the resultant 
oscillation being the sum of these two. 

With weak coupling, on the other hand, it could 
be shown that if the natural period of each circuit 
was ”, then the frequencies of the two resultant 
oscillations were 


a a 
Ji —k 
Ng _ =. ’ 
1l+k 
where 
k M 
c= — =) 
JLN 
whence 
ao 
nye + No? 


In order to investigate these points, Professor 
Fleming said he had invented an instrument which 
he had named a cymometer, represented in Figs. 3 
and 4, 

The principle of the cymometer is as follows :— 
It consists, as shown in Figs. 3 and 4, of a sliding 
tubular condenser formed of two brass tubes, sepa- 
rated by an ebonite tube. The outer tube can 
be moved by a handle h, and an index pointer P 
moves with it over a divided scale SS. Parallel 
with the condenser is an inductance-coil H H, 
consisting of a bare copper wire, wound on 
an ebonite tube. From the outer tube of the 
condenser O, a pin | projects, which carries 4 
half-collar K resting on the inductance coil. The 
circuit of the condenser and inductance is com- 
pleted by a copper bar L, L, of square section. 
With the instrument is supplied a vacuum tube V, 
which is attached to two small hooks placed on the 
ends of copper wires, which are respectively in 
connection with the outer and inner tubes of the 
condenser. By sliding one tube over the other, 
the capacity can be varied, whilst at the same 
time a sliding contact increases or diminishes the 
inductance by cutting in or out of circuit more or 
less turns of the very long spiral of bare copper 
wire constituting the inductance. 

As detector Professor Fleming uses a vacuum tube 
filled with the rare gas neon, which is remarkably 
sensitive to high-frequency oscillations. This in- 
strument could be used to repeat an experiment 
analogous to that shown with the two pendulums. 
For this purpose the lecturer made use of two equal 
wooden rectangles, around each of which a wire was 








strung. That belonging to one frame was made the 
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seat of an oscillating current by connecting it to a 
spark-gap and condenser, and an equal capacity being 
also inserted in the second circuit. On making the 
two frames overlap, the one acted as primary to the 
other, inducing in it an oscillating current built up 
of two sets of oscillations at different frequencies. 
By bringing the cymometer alongside this secondary 
it was shown that in altering the capacity and in- 
ductance of this instrument there were two adjust- 
ments of it at which the neon tube lit up. 

The instrument, Professor Fleming said, acted 
like a spectroscope, which analysed the yellow light 
of sodium vapour into two components of different 
frequencies. It was, moreover, possible to graduate 


RESULTANT OF 2 SUPERIMPOSED 
OSCILLATIONS SHOWING BEATS. 


Fig. 1 


(9150.8) 


O = “ CL we get 


The capacity thus measured was that for a certain 
high frequency. It should, however, be noted that 
its value was not quite constant unless the jar was 
immersed in oil. At high potentials the upper 
edge of the metallic coating of the jar, if in air, 
was outlined by a fringe of violet light due to the 
escape of electricity over the surface of the glass. 
The effect of this was to increase the capacity of 
the jar by an amount which might reach 10 per 
cent. 





RESONANCE CURVES FOR FAIRLY 
STRONG AND WEAK COUPLING 


Fig. 2 
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bridge, has shown that the theoretical value is 
nearly five times the height ; and by actual measure- 
ment, Professor Fleming said, he had found it to be 
|always more than four. The wave-length and the 
| frequency of a wave motion are connected with 
| the speed by the relation 
n \ = velocity of the wave. 

In the case of electric waves, if O is the oscilla- 
tion frequency, then the wave-length in metres is 
iA =O x 60. 

As stated, owing to the close coupling of the 
oscillation - transformer, two sets of waves are 
thrown off having different frequencies ; but the 
wave-lengths of these are connected with the 


LOOPS OF ELECTRIC STRAIN 
RADIATED BY AN 
ANTENNA OSCILLATOR. 
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the cymometer, so that not only did it make this 
analysis, but it was also feasible to read off from a 
scale the frequency of each of these components. 


Since the oscillation frequency varied as “CL, 
and the instrument was arranged so that C and L 
varied simultaneously and proportionately, this 
scale was a scale of equal parts. 

By substituting for the neon tube the thermo- 
ammeter described in his last lecture, Professor 
Fleming showed how the instrument could be used 
to draw a resonance curve, the natural frequency 
in the cymometer being varied by altering its capa- 
city and inductance. e curve obtained had the 
shape of one or the other curves in Fig. 2, accord- 
ing as the ‘‘ coupling” was weak or strong. 

The instrument can, further, be used to deter- 
mine the natural period of a wireless telegraph 
antenna. This is always inductively coupled to 
one coil of an oscillation transformer, and when 
thus arranged the oscillations established in it had 
a double frequency, in accordance with the prin- 
ciples already stated. To determine its natural 
frequency, therefore, it is necessary to remove 
the primary coil, and to insert a spark-gap in the 
aerial in which an oscillation can be set up and 
the frequency taken by means of the cymometer. 

The instrument is also very convenient for mea- 
suring capacities. For this purpose a wire was, at 
the lecture, arranged in a rectangle round the lid 
of the instrument, and proportioned so that its 
inductance was 5000 centimetres. A spark-gap 
was inserted in this circuit at one point, and a 
capacity at the other. On setting up oscillations 
the period could be read off the scale of the instru- 
ment and then from the equation 


In a quite similar way, the instrument can be 
used to measure a small inductance by inserting 
this and a known capacity in the circuit. The new 
value of O being read from the scale of the 
cymometer, we get L = a — 5000. 

In this way it is possible to measure the in- 
ductance and capacity of both components of the 
oscillation-transformer used in wireless telegraphy, 
and also M, the mutual inductance, by the method 
explained in the first lecture ; then, as there stated, 
the coefficient of coupling k was given by the 


relation k= 7) when L was the inductance of 
VLN 


one component, and N that of the other. 

These two components must be accurately tuned 
or have the same natural period which was obtained 
by making the product C L equal for both. This 
could be effected without ‘‘ fumbling,’ or a system 
of trial and error, by use of the cymometer. With 
the primary removed and a spark -gap in the 
secondary, the cymometer could determine the 
natural frequency of the aerial, and hence the wave- 
length. his is commonly stated to be four 
times the height of the wire, but this is not 
strictly correct. Such an aerial becomes the centre 
of loops of electric strain, such as shown in Fig. 5, 
thrown off into space, where they move with the 
velocity of light, or 186,000 miles per second. The 
wave-length A is the distance between two points 
where the phenomenon is repeated in the same 
direction as represented in Fig.5. This varies with 
the height of the aerial, and though often taken as 








four times this height, Mr. McDonald, of Cam- 
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natural wave-length of the aerial by the simple 
relations 
M=AMVI+k W=%NI-E, 
Ay? + Ag? = 2Ag?, 


where Ay is that corresponding to the natural 
frequency. 

he wave of greatest length has the least damp- 
ing and the greater energy. The best result is 


obtained when Ae 3. A common value of k is 0.5. 


The damping ‘factor can be determined from 
the resonance curve in a manner due to Drude, who 
showed that it depended on the width of the curve 
near the point of maximum current. By putting 
a cymometer near a spark-gap in a particular case, 
it was found that the 6 for the spark-gap circuit 
was 6, =0.09, whilst that for the cymometer circuit 
was 0.04. From this it was possible to deduce the 
resistance of the spark-gap, which proved to be 
about 1.4 ohms, agreeing well with the value ob- 
tained by Slaby’s method. 

Another interesting application of the cymometer 
is to the practical proof that these high-frequency 
currents are confined entirely to the surface of 
the wire. For this purpose Professor Fleming 
took three equal circuite—one of copper, another of 
iron, and another of galvanised iron—and subjected 
them successively to the induction of a circuit in 
which currents were oscillating. On testing the first 
with the cymometer, the neon tube glowed brightly 
when the instrument was adjusted to read 4.3. When 
the equal iron circuit was substituted, however, the 
tube would not light up owing to the fact that the 
iron being a magnetic material, the oscillations 
in it were damped out very rapidly. On finally 
testing the galvanised-iron circuit, however, the 
tube glowed as brightly as in the case of the copper 
circuit, and at practically the same reading of the 
instrument. his galvanised-iron circuit acted, 
therefore, just as if it had been of solid zinc in 

lace of a mere wash of this metal on iron. 

hilst, therefore, iron wires cannot be used for 
aerials in wireless telegraphy, galvanised iron can, 
so long as the zinc coating remains intact, and this 
can be preserved by a coating of japan, in which 
case the galvanised rod is as good as a solid copper 
one. 


NOTES. 
Borer-Hovuset Economy. 

In a paper read recently before the Engineering 
Society at Huddersfield, Mr. Alfred W. Bennis, 
M. I. Mech. E., called attention to the many sources 
of waste and inefficiency commonly met with in 
the boiler-house. Engineers who spare no pains 
in reducing the steam consumption of their engines 
often neglect to assure themselves that the steam 








used is generated as economically as possible, for- 
getful of the fact that almost the entire field for 
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saving in a modern steam plant lies behind the 
stop-valve. Beginning at the chimney end of the 
plant, Mr. Bennis said that the height of the chim- 
ney should lie between 120 ft. and 180 ft., giving a 
natural draught of from 0.55in. to 0.82 in. of 
water, with an average temperature of 300 deg. 
Fahr. For full-sized Lancashire boilers the chim- 
ney area should equal 6 square feet per boiler up to 
a total of four boilers, and 5 square feet more should 
be allowed for every additional boiler. The chimney 
entrance should be 10 per cent. greater than this, 
and the flue should enter the chimney with an up- 
ward slope of 45 deg. The area through the econo- 
miser should exceed the flue area by about 20 per 
cent., and the economiser walls should be 14 in. 
thick and particularly well built. The minimum 
combined area of the boiler side flues ought uot to be 
less than double that of the main flue. Mr. Bennis 
would have a fuel calorimeter in every boiler-house 
equipment, and a fuel test entered weekly along 
with the coal and water consumption in the log- 
book. It is often the case that a cheap fuel has 
more heating value than a dearer class, as the price 
is influenced to a considerable degree by the con- 
venience with which it can be burnt. A high-class 
mechanical stoker will burn coal which it is almost 
impossible to fire by hand, so that with such 
machinery a largé reduction may often be made in 
the fuel bill. Another valuable adjunct is a CO, 
recorder for checking the firemen’s work by analysis 
of the waste gases. The proportion of CO, should, 
of course, be as high as possible, always provided 
that enough air must be admitted to prevent the 
escape of CO. Usually there is a danger of the 
production of CO if the proportion of CO, is above 
15 per cent. Mr. Bennis claimed that using an 
economiser, superheater, and mechanical stoker, 
as much as 85 per cent. of the heat of the coal 
could be utilised, only 15 per cent. being lost in 
radiation or carried away by the flue gases. He 
believed in working furnaces at the highest 
temperatures obtainable, provided the heat was 
kept uniform. 


EXHIBITION OF SMOKE-ABATEMENT APPLIANCES. 


It is, perhaps, a fortunate coincidence that the 
Exhibition of Smoke-Abatement Appliances, which 
was opened on Tuesday last, at the new hall of 
the Royal Horticultural Society, Vincent-square, 
Westminster, should have taken place while a 
yellow fog of greater or less density enveloped 
the whole of the Metropolis ; although, perhaps, 
there is a certain amount of irony in the situa- 
tion. The gloom which has recently hung over 
us will, no doubt, encourage makers of smoke- 
wreventing apparatus to renewed efforts; while 
it ought to induce all but those who are apathetic, 
and those who are sceptical, to take more interest 
in the subject. This, we suppose, is the object 
of the conference, for the prevention of smoke 
is well understood. It is the cost of it that 
stands in the way of application. The open- 
ing meeting of the conference on smoke-abate- 
ment was held on Tuesday, and was to have 
been presided over by the Duke of Fife, but, 
owing to his absence, Sir W. B. Richmond took 
the chair. The presidential address, which was 
to have been delivered by Sir Oliver Lodge, 
F.R.S., was read by the chairman, as the Presi. 
dent was, unfortunately, not able to attend. 
The address referred to the proposal that smoke 
and fog should be precipitated by electrification 
of the air, but pointed out that the right way 
to deal with town fog was not to produce it ; 
and in this direction the use of gas fires in place 
of coal was strongly advocated. Sir Oliver Lodge 
also treated on the subject of smoke consump- 
tion in boiler furnaces, and the bearing that 
gas and oil-engines have on the lessening of the 
smoke nuisance. A paper entitled ‘‘Is London 
Fog Inevitable?” by Dr. W. N. Shaw, was 
also read at the meeting. At the exhibition 
now open, the leading feature is, as we should 
ely expect, a large array of gas fires 
and cooking stoves. The leading manufacturers 
in this line appear to be represented; and 
though the exhibition, on the whole, is not 
a large one, the collection of appliances is inte- 
resting. Novelties are almost entirely absent, 
though we noticed a combination of hot-water 
boiler with a gas cooking-stove which we had 
not seen before. This is an exhibit by Mr. J. 
Nutting, of Balham, S.W., in which a series of V- 
shaped copper boilers form the grid on which - 
and pans are placed ; the water heated in these 





bars circulates through a tank placed some distance 
above the stove. e arrangement is very simple 
and compact. The same firm also exhibits a patent 
boiler-feed regulator. There are several exhibits 
of smoke-consuming boiler furnaces and mechanical 
stokers, but, though excellent in their way, they 
are too well known to require special mention. 
Messrs. Sanders, Rehders, and Co. exhibit one of 
their ‘‘ Ados” CO, recorders ; but as we intend 
describing this instrument in detail in the near 
future, we will not allude to it further at present. 
The exhibition closes to-day. 


War VEssELs BuILpING IN JAPAN. 


From one of the newspapers just to hand from 
Japan, we learn that the following is the list of 
war vessels building, or about to be laid down, in 
the dockyards of that country :— 

At Kure, the battleship Aki (18,000 tons), about to be 
laid down. 

At Yokosuka, the battleship Satsuma (18,000 tons), 
about to be laid down. 

At Kure, the armoured cruiser Tsukuba (14,000 tons), 
laid down in February, 1905, and expected to be launched 
in February, 1906. 

At Kure, the armoured cruiser Ikoma (14,000 tons), 
laid down in December, 1904, and expected to be launched 
in December, 1905. 

At Yokosuka, the armoured cruiser Kurama (14,000 
tons), laid down, but dates are not given. 

At Kure, the armoured cruiser Ibuki (14,000 tons), 
about to be laid down. 


The Jiji Shimpo, referring to this subject, says 
that the Japanese Admiralty has already elaborated 
a scheme of naval expansion which awaits the 
approval of the Diet. Although Japan has now a 
fairly large and efficient navy, it is recognised that 
some of her best ships are beginning to be out of 
date, and everything goes to indicate the neces- 
sity of building larger ships, with much heavier 
armaments and higher speed. The Jiji says :— 
‘*England is now building the Lord Nelson, a 
battleship with a displacement of 18,000 tons, and 
anarmament of four 12-in. guns ; but English naval 
architects contemplate something much more for- 
midable. Russia’s new navy will certainly be on 
modern models, and Japan must live up to the 
time.” We are informed that the new sub- 
marines, five in number, when performing evolu- 
tions before the Emperor at the naval review, 
proved a great success, and the authorities are 
about to increase the squadron. The Japanese 
believe that the submarine is especially suitable 
for their navy, as its management demands pre- 
cisely the qualities in which the Japanese ofticer 
and sailor excel, courage which never shrinks from 
self-sacrifice and absolute coolness in action. The 
destroyer Asakaze was launched at the Kawasaki 
yard, in Kobe, at the end of October, in the presence 
of a large company, and Captain Ommaney, of 
H.M.S. Andromeda, cut the rope freeing the 
vessel. The Asakaze is one of tive destroyers 
ordered by the Admiralty from this same 
firm. We learn further that a new factory 
for large guns is nearly completed in the neigh- 
bourhood of Tokio, midway between Oji and Ita- 
bashi, covering an area of 100,000 tsubo (83 acres). 
It is said to be very complete in every department 
and fitted with the most improved appliances. 
Much energy has been shown in pushing on the 
work. Four thousand men are said to have been 
employed originally, but the number is now re- 
duced to seventeen or eighteen hundred. The cost 
is put at two million yen, and the shops are now 
about ready to begin operations. lt is quite 
evident that the Japanese are determined to main- 
tain all the advantages they have gained. It is, 
however, to be regretted that political conditions 
should have forced them into the course of mili- 
tarism instead of the peaceful development of the 
resources of their country. 








Licut Rattwars Act, 1896.—The Board of Trade 
have recently confirmed the following order made by 
the Light Railway Commissioners :—Devonport Light 
Railway Order, 1905, authorising the construction of a 
light railway in the county borough of Devonport. 


Port Facruities AT New York.—A proposal for the 
further development of the water front of New York has 
been submitted by Mr. Comptroller Grout. The pro- 
posal involves the improvement and future development 
of Jamaica Bay and ita environs. This bay lies to the 
south-east of Brooklyn, of which it forms part of the 
water boundary. Its area, with that of the lowlands 
surrounding it, is estimated by Mr. Grout at more than 
20 square miles, and it bears no inconsiderable proportion 
to the total area of Brooklyn and Queens. 








NOTES FROM THE NORTH. 
Gtascow, Wednesday. 


Glasgow Pig-Iron Market.—The market was fairly strong 
last Thursday morning, and 8000 tons of Cleveland war- 
rants chan hands at 53s. 1d. to 53s. 2d. cash, and 
from 53s. 44d. to 53s. 6d. one month, and at 54s, 14d. 
three months. At the close sellers quoted 53s. 24d. cash 
and 53s. 7d. one month. Hematite was up about ls. 6d., 
and 1500 tons were dealt in at 70s. 9d. and 71s. 3d. one 
month, closing with sellers at 71s. 6d. one month. After 
having been neglected for some time, Standard foundry 
iron, to the extent of 2500 tons, changed hands at 
52s. Old. cash. In the afternoon the turnover was 
small, but prices were again stronger. Cleveland warrants 
5500 tons—were done at 53s. 6d. cash and thirteen 
days, 533. 7d. twenty-two days, and up to 53s. 84d. one 
month and 54s. 6d. three months. Closing quotations 
were 53s. 5d. cash, and 53s. 94d. one month sellers. Hema. 
tite advanced to 71s. cash, 7is. 6d. one month, and 72s, 
three months, and 2000 tons were dealt in at these prices. 
On Friday morning the tone was again good, and 10,000 
tons of Cleveland warrants were put through at 53s. 9d. 
cash, 53s. 9d. and 543. 1d. one month, and at 54s. 54d. 
three months. Towards the close prices reacted, and 
sellers quoted 53s. 5d. cash and 53s. 9d. one month. 
Hematite was done at 71s. 54d. twenty-seven days 
and at 72s. and 71s. 6d. one month, finishing with sellers 
at 7ls. 7d. one month, the business amounting to 5000 
tons. In the afternoon a strong tone prevailed, and in 
sympathy with the advance in the London metal market, 
Cleveland warrants advanced to 53s. 9d. cash and 54s. 14d. 
one month, with closing sellers at these figures. Three 
months iron was done at 54s. 6d., and the turnover 
was about 16,500 tons. Hematite was also er 
and 1500 tons changed hands at 71s. 9d. to 72s. one month, 
and 72s. 6d. three months, closing with sellers at 
71s. 74d. cash and 72s. one month. On Monday morning 
the market opened quiet, and Cleveland warrants were 
rather easier at 53s. 6d. and 53s. 64d. cash and 54s. 1d. one 
month. Forward iron was strong at 54s. 74d. to 54s. 8d. 
to 54s. 74d. three months, and a large quantity of the total 
turnover of 8000 tons was for the latter period. Closing 
sellers quoted 53s. 7d. cashand 53s, 11d. one month. Hema- 
tite was easier, and was done at 71s. 6d. eleven days and 
72s. to 71s. 6d. one month. The settling prices were :— 
Scotch, 583. 3d.; Cleveland, 53s. 64.; hematite, 7ls.; and 
Standard foundry iron, 52s. 6d. At the afternoon session 
business was again fairly quiet, and Cleveland warrants 
were done round 53s. 54d. cash, forward iron being 
neglected. At the close the quotations were 53s. 6d. 
ab and 53s. 104d. one month sellers. Hematite was 
dealt in at 71s. 6d. twenty-one days and 71s. 74d. one 
month, and closed with sellers at 71s. 9d. one month. The 
total turnover was about 8000 tons. On Tuesday morn- 
ing the market was quiet, and prices were the turn easier. 
Cleveland warrants were dealt in at 533. 5d. cash, 53s. 7d. 
twenty days, and 533. 9d. one month, and at the close 
sellers quoted 53s. 54d. cash and 53s. 94d. one month. 
The business only amounted to 2500 tons. One lot of 
hematite iron was done at 71s. 1d. cash, and closing sellers 
quoted 71s. 3d. cash and 71s. 9d. one month. In the after- 
noon the business was confined to about 8000 tons of 
Cleveland warrants. The tone was flat, and prices 
showed a decline. Cash iron was done at from 53s. 45d. 
down to 53s. 2d. and 53s. 24d., with closing sellers at 
53s. 3d.; forward iron was dealt in at 533. 7d. one month, 
which was also closing sellers’ quotation, and there was 
some dealing at 54s. 44d. four months. Hematite was 
quoted s y at the morning prices. The dealings in the 
market this (Wednesday) morning were confined to 
20,000 tons of Cleveland warrants, nearly a half of 
which was done by one firm near the close of the 
session. Cash iron opened at 53s., fell to 52s. 10d,, and 
then recovered to 53s. 4d., closing at 53s. 44d. sellers. 
Forward iron opened at 53s. 4d. one month, but declined 
to 53a. 24d., and then, on extensive buying, advanced 
smartly to 53s. 9d. one month. Hematite was quoted 
71s. 6d. one month sellers. In the afternoon the tone 
was irregular, and prices fluctuated in narrow limits. 
Cleveland warrants were done at 53s., 53s. 34d., 533. 14d., 
53s. 5d., and 53s. 44d. cash, and at 53s. 44d. to 533. 54d. 
to 53s. 9d. one month, and 1000 tons at 54s. 4d. to 
54s. 3d. three months. The total turnover was 10,000 
tons, and at the close sellers quoted 53s. 5d. cash and 
533. 94d. one month. Hematite—one lot—changed hands 
at 71s. cash, and closed with sellers at 71s. 3d. cash 
and 71s. 9d. one month. The market quotations for 
makers’ No. 1 iron are as follow:—Clyde and Calder, 
68s.; Gartsherrie, 68s. 6d.; Summerlee and Langloan, 
70s.; Coltness, 763. (all shipped at Glasgow); Glen- 
garno2k (shipped at Ardrossan), 68s. ; Shotts (shipped 
at Leith), 688.; Carron (shipped at Grangemouth), 
70s. 


Sulphate of Ammonia.—There is practically no change 
in the sulphate of ammonia market this week. Business 
is dull and prices are unaltered, the current quotation 
being 12/. 10s. to 12/. 12s. 6d. = ton for prompt, and 
about 5s. per ton higher for forward orders—Glasgow 
and Leith. The general belief at present is that sulphate 
is now as low in price as it will probably be for some 
time, and that with the advent of 1906 higher values will 
be easily obtained. The shipments from Leith Harbour 
last week amounted to 1315 tons. 


Scotch Steel Trade.—The Scotch steel trade has not 
undergone any appreciable change during the past few 
weeks. Fresh inquiries have nct been very numerous ; 
but as prices remain high, there is little inducement for 
consumers to place orders at the present time. Makers 
report that in all departments they are fully employed, 
and likely to be so for some time to come. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Hull Coal Trade.—The returns issued of the coal 
trade at Hull for November continue to be satisfactory. 
The total tonnage received into Hull during November 
was 331,600 tons, as compared with 305,384 tons in the 
previous year—an increase of 26,210 tons, or about 8 per 
cent. For the eleven months the total received wis 
3,457,616 tons, as against 3,271,648 tons last year—an 
increase in favour of the present year of 185,968 tons, 
which works out to an increase of just about 6 per cent. 
The total amount exported during November was 
141,277 tons, against 144,672 tons in the corresponding 
month of 1904—a reduction of 3395 tons ; but the figures 
for the year remain in favour of the current period— 
the totals being 1,549,415 tons this, and 1,470,908 tons 
last year. 


New Armour-Plate Miil.—Messrs. Cammel], Laird, 
and Co, have now completed, at their Cyclops Works, a 
new armour-plate mill which is said to be the largest and 
most powerful mill of the kind in the world. The 
drivirg engines, which were supplied by Messrs. Davy 
Brothers, of the Park Works, are of 14,000 horse-power. 
The rolls weigh 42 tons each, and between the roll-housings 
they are 42 ft. 6in. in length. They and the remainder 
-o the work were manufactured by the company them- 
selves. 


The Iron and Stee! Trades.—There are large firms at 
the East End who do not hesitate to state that they are 
so busy that they have difficulty in complying with the 
requirements of their customers. There is an exception- 
ally brisk demand for certain classes of steel, both for 
the home and distant markets. For high-class steels 
America is one of the largest buyers. The consumption 
of Bessemer and Siemens qualities is much greater than 
it was even a few months ago, and arrangements are 
being made for an increasing output. Prices are firm 
at 7/. 15s. for Bessemer, and from 8/. 5s. per ton and 
upwards for Siemens. The iron market is very steady, 
with a continuous demand. For Lincolnshire forge 
53s. 6d. is asked, and for foundry 56s. per ton ; Derby- 
shire forge, 51s. to 52s.; and foundry, 563. to 57s. Makers 
all round are well booked ahead at present. The rolling- 
mills, tilts, and forges have more work on hand now 
than at any part of the year, and full time is being 
made. The engineers and iron-founders furnish much 


more encouraging reports of business, the demand | bars, 


being for their general productions. Much more em- 
ployment is also being found in the shops producing 
forgings and shop material. The activity in the ship- 
building trades is proving most beneficial to many in- 
dustries here. More business is being done in some of 
the tool branches. 


South Yorkshire Coal and Coke.—So far as South York- 
shire is concerned, the contracts with railway companies 
for next year’s supplies are still unsettled. It is stated 
that the coal-owners in North Derbyshire and North 
Notts have given way, and agreed to continue supplies at 
current rates. Those in Yorkshire are very firm in de- 
manding a slight advance, and a settlement may not be 
come to at present. The collieries producing steam 
qualities are working well, there being an excellent de- 
mand for both home use and for export. Business in 
house and gas coals is very good, and prices are main- 
tained. An excellent trade is still being done in all kinds 
of coke, and makers are well employed. There is consider- 
able delay in moving the traffic on account of the fogs. 








Great EasteRN Rarinway Company’s LocoMorive 
DEPARTMENT DinNER.—A re-union of the past and 
present staff of the locomotive department of the Great 
Eastern Railway Company took place in the Abercorn 
Rooms of the Liverpool-street Hotel on Friday last, 
when a company numbering forty-nine sat down to 
dinner under the presidency of Mr. James Holden, 
M. Inst. C.E., M.I. Mech. E. It was then decided to 
make the re-union an annual event. A similar re-union 
of the past and present staff of the locomotive depart- 
ment of the London and North-Western Railway Com- 
pany has now been held for about twenty years. 





Sincie-Paase Exectric Traction ON THE BRIGHTON 
RatLway.—As has already been announced in our columns, 
the London, Brighton, and South Coast pee an” Company 
have decided to electrify their South London line on the 
single-phase high-tension system between Victoria and 
London Bridge. The contract for the complete equip- 
ment of this line has now been placed with the Allge- 
meine Elektricitits Gesellschaft, of Berlin. We are in- 
formed that the guarantees given by this company, as 
well as the prices offered, were more advantageous than 
those received from any other tenderer. An example 
of their work is to be found at Berlin, and the company 
is at present cumgiotin the equipment of this system 
on the Prussian State halsoss at Hamburg. In the 
event of negotiations now pending between the Brighton 
tailway and the contractors being completed, the only 
materials supplied from Germany will be the motor 
equipments for the first few trains, which will be included 
in the proposed contract, All remaining materials, 
including trucks, car bodies, and overhead equipment, 
will be supplied by British manufacturers and carried 
out by British sub-contractors; and any further orders 
for motor equipment, if placed with the Allgemeine 
Elektricitiits Gesellschaft, will be manufactured in Great 
Britain. The policy of the Brighton Railway has been 
one of necessity, and not one of choice, and everything 
that could be specified to be of British manufacture has 
been specified. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MippiessroucH, Wednesday. 
The Cleveland Iron Trade.—Yesterday there was only 


of twelve hours; it has also been engaged upon billets 
for use in the Big Mill. Some of the rails which have 
been made by the Goat Mill have weighed 100 Ib. per 

ard, and have been turned out to the order of the 
Besnes Ayres and Pacific Railway Company. The Big 


a moderate attendance on Change, and business in Cleve-| Mill has made considerable quantities of angles, bars, 
land pig iron was rather quiet, buyers being less inclined | and fish-plates; the production of fish-piates has been 


to operate than they have been of late. Makers, however, 


still took a cheerful view of the situation, and spoke | 


roceeding at the excellent rate of 50 tons per twelve 
ours’ shift. The Siemens department has been well 


most hopefully of the future. At the opening of the | employed upon billets and blooms, both on home and 


market sellers asked and obtained 53s. 6d. for early f.o.b. 
delivery of No. 3 g.m.b. Cleveland pig, but by the close 
second hands were ready enough to sell the ruling 
quality at 53s. 44d. No. 1 was 54s. 104d.; No. 4 foundry, 
5ls. 104d.; grey forge, 51s. 3d.; mottled, 50s. 9d.; and 
white, 503. 6d. East Coast hematite pig was very 
firm, the supply. being still insufficient, and there 
appearing little likelihood of the output being increased, 
owing to the fact that it is anything but easy to 
get full supplies of Spanish ore. Cost of production 
is also increasing, there having been a substantial rise 
in ore. Mixed numbers of hematite were fully 70s. 6d. 
for early delivery ; No. 1 was 71s. ; and No. 4 forge 65s. 
For delivery over periods next year quotations were quite 
ls. above the foregoing rates. Rubio ore of 50 per cent. 
quality was put up to 203. ex-ship Tees for early de- 
livery—an increase of 1s. 3d. The forward price became 
21s. These rates are fully justified when it is remembered 
that the price of ore is 14s. to 14s. 6d. f.o.b. Bilbao, 
and that the freight from that port tothe Tees is 5s. 74d., 
so that when other small charges have been met there can 
be little left for the English dealer. Middlesbrough 
warrants eased by the close to 53s. 24d. cash buyers, To- 
day there was no change in the market so far as quota- 
tions for makers’ iron were concerned. Middlesbrough 
warrants closed 533. 4d. cash buyers. 


Manufactured Iron and Steel.—Very good accounts are 
given of all departments of the manufactured iron and 
steel trades. great deal of work is being turned out, 
and most firms have numerous contracts made. In addi- 
tion to this, inquiries continue on a good scale, and 
altogether the outlook is very cheering. Under such 
conditions it is not at all surprising that still higher rates 
than those now ruling are looked for. Since our last 
report, heavy steel rails have gone up half-a-crown per 
ton, and are now 6/. net at works. arket quotations 
for other descriptions are :—Common iron bars, 7/. ; best 

71. 10s. ; iron ship-plates and iron shi — each 
7l. 5s.; iron ship-rivets, 8/.; steel bars, 6/. 15s. ; steel 
ship-plates, 7/.; steel ship-angles, 6/. 12s. 6d. ; steel sheets 
(singles), 77. 10s. ; steel sheets (doubles), 87. ; steel boiler- 
plates, 8/.; and steel joists, 6/. 7s. 6d.—all less the cus- 
tomary 24 per cent. discount. 


Ooal and Coke.--Consumption of coal is heavy, and, 
in fact, the large production is well taken up. Demand 
for shipment is pretty keen, as is usual just before holiday 
time. Gas coal is now at its highest rate of consumption, 
and quotations are very strong. Bunker coal is in g 
request, and quotations are moving in the right direction, 
from 8s. to 8s. 9d. f.o.b, being now named for unscreened 
Durhams. The value of manufacturing coal tends up- 
wards, as does also that for coking coal. Coke is stiff, 
on the basis of 17s. for average blast-furnace qualities 
delivered here. 








NOTES FROM THE SOUTH-WEST. 

Cardif.—The demand for large steam coal has been 
somewhat inactive, but smalls have been firm. The best 
large coal has made 12s, 3d. to 12s. 9d. per ton, while 
secondary qualities have brought 11s. 6d. to 12s. per ton. 
The house-coal trade has been quiet. The best ordinary 
household qualities have been quoted at 13s. 6d. to 15s. 
= ton, while secondary qualities have made 10s. 6d. to 

1s. per ton; the current price for No. 3 Rhondda large 
has been 13s. 6d. to 13s. 9d. per ton. Coke has remained 
about stationary ; foundry qualities have made 18s. 6d. 
to 19s. per ton, and furnace ditto 16s. 6d. to 17s. per ton. 
As regards iron ore, Rubio has been quoted at 17s. 6d. to 
18s. per ton, and Almeria at 17s. to 18s. per ton upon 
a basis of 50 per cent. of iron, and charges, including 
freight, insurance, &c., to Cardiff or Newport. 


South Wales Coal and Iron.—The exports of coal, 
foreign and coastwise, from the six principal ports— 
Cardiff, Newport, Swansea, Port Talbot, Neath, and 
Llanelly—in November amounted to 2,001,359 tons, as 
compared with 2,085,858 tons in November, 1904. The 
exports from Cardiff were 1,322,745 tons, as compared 
with 1,420,899 tons ; from Newport, 278,974 tons, as com- 
pared with 352,235 tons ; from Swansea, 217,313 tons, as 
compared with 174,188 tons; from Port Talbot, 108,026 
tons, as compared with 88,930 tons; from Neath, 37,789 
tons, as compared with 22,573 tons; and from Llanelly, 
36,512 tons, as compared with 28,043 tons. The aggre- 
gate exports of coal from Cardiff in the first eleven 
months of this year were 15,313,673 tons; from New- 
port, 3,525,342 tons; from Swansea, 2,024,253 tons ; 
from Port Talbot, 965,421 tons; from Neath, 303,384 
tons; and from Llanelly, 315,739 tons. The aggre- 
gate exports of iron and steel from Cardiff were 65,453 
tons; from Newport, 64.782 tons; from Swansea, 22,814 
tons; and from Port Talbot, Neath, and Llanelly, nil. 
The aggregate exports of coke from the six ports were : 
—Cardiff, 56,213 tons; Newport, 16,578 tons ; Swansea, 
11,169 tons; Port Talbot, 14,814 tons; and Neath and 
Llanelly, nil. The aggregate exports of patent fuel from 
the six ports were :—Cardiff, 375,973 tons; Newport, 
61,203 tons; Swansea, 485,148 tons; Port Talbot, 98,180 
tons ; and Neath and Llanelly, nil. 


Dowlais.—The Goat Mill has resumed operations, and 
has been turning out rails at the rate of 400 tons per turn 








foreign account. New blast-furnace plant in course of 
construction is being pushed forward, 


The Swansea Valley.—The steel trade has continued 
active throughout the valley. There has been a pressing 
demand for steel bars ; employment at the tin-plate mills 
has been generally regular. 








Tur CuHarine Cross, West Enp, Aanp City Etxc- 
Tricity Suppty Company.—This company, in conjunc- 
tion with various manufacturers of electrical apparatus, 
has arranged a permanent exhibition of electrically- 


driven machinery, lamps, cooking, and heating apparatus, ~ 


&c., in the City. The exhibition is housed in spacious 
premises above the company’s sub-station at 85, Fen- 
church-street, E.C., and already contains a reprensenta- 
tive collection of apparatus likely to be useful to the 
company’s customers, among the firms exhibiting being 
Electromotore, Limited, Openshaw, the General Electric 
Company, Veritys, the Phenix Company, &c. We un- 
derstand that the company will be pleased to communi- 
cate with any firms who wish to bring their manufactures 
to the notice of the public in this way. 





Ear_y THornycrort TorPEDO-Boats.—The recent fire 
at the Spanish Dockyard, in which the two torpedo-boats 
Ariete and Rayo were burnt, draws attention to these 
two vessels, which were built by Messrs. John I. Thorny- 
croft and Co., at Chiswick, in 1887. Their principal 
characteristics were: — Length, 147 ft. 6 in.; ‘beam, 
14 ft. 6 in.; draught, 5 ft.; speed, 26 knots ; load, 19 tons; 
driven by two sets of compound surface-condensing 
engines, developing 1350 indicated horse-power, supplied 
with steam by two Thornycroft water-tube boilers. Their 
armanent consisted of two four-barrel Nordenfelt 1-in. 
guns—one in the conning-tower forward, and the other on 
the centre line of deck just aft of midship—and two 14-in. 
in diameter bow torpedo-tubes, with two spare torpedoes 
stowed in the well. They are of considerable interest as 
being the first two war vessels to be fitted with water-tube 
boilers. Their speed of 26 knots was, at the time, con- 
sidered phenomenal, being several knots over the speed 
of any other vessel. 


INSTITUTION OF ExzcrricaAL Enoingers.—This Insti- 
tution held their seventeenth annual dinner on Friday, 
the 8th inst., at the Hotel Cecil. The President, Mr. 
John Gavey, C.B., was in the chair, and the guests 
numbered over 400. After the loyal toasts, and the toast 
to the Institution, Sir Alexander Kennedy proposed the 
‘* Electrical Industries,” and stated that no great industry 
had ever built so satisfactory a superstructure on so 
sound a foundation financially as the electrical industry 
had done in the course of the very few years which they 
had taken to attain their present growth. There was 
no industry which had ever done so much towards the 
advancement of the very science upon which it was 
based. In responding to the toast, Mr. E. Cunliffe 
Owen, C.M.G., confirmed that the Olympia Exhibition 
had proved a success. Dr. Budde, President of the 
German Institution of Electrical Engineers, Berlin, also 
responded, and stated that German men of science were 
always ready to join in promoting the international 
solidarity of technical knowledge. 





Messrs. BEARDMORE’S NAVAL ConsTRUCTION Works 
aT Datmurr.—We have been requested by Messrs. 
William Beardmore and Co. to contradict certain state- 
ments which are being persistently circulated regarding 
the staff and work in progress at their Naval Construc- 
tion Works at Dalmuir, on the Clyde. These works, 
which were briefly described in ENGInrEertNG, have been 
laid out with a large measure of foresight and with special 
care, enabling the company to undertake the construction 
of the heaviest and ee of ships, and since the works 
were opened the British Admiralty placed an order for 
the building of the battleship Agamemnon, the largest 
hitherto ordeied from any private firm. A statement 
has been published in several of the papers to the effect 
that the construction of this battleship ‘‘has been sus- 
pended for some time in order to provide against a sub- 
sidence of the ground below the blocks. As there were 
quite 1700 tons built in before this was discovered, 
the matter was serious.” The solicitors for Messrs. 
William Beardmore and Co.—Messrs. Mitchells, John- 
stone, and Co.—have had this statement contradicted, 
and, while reserving all legal claims in the matter, have 
exacted an apology. We share the solicitors’ surprise 
that any responsible newspaper should venture to give 
currency to such serious and damaging statements with- 
out making full inquiry in the proper quarter. A 
further statement has been made in the same papers 
to the effect that changes are being made in connec- 
tion with the personnel of the company, and several 
naval architects have been named in this connection. 
This also has no foundation in fact, since the staff 
of Messrs. William Beardmore and Co. has in the past 
shown that it is equal to any requirements made upon it 
in respect of warship construction or merchant ship- 
building 
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THE LATE MR. ROBERT MANSEL. 


WE regret to have to place on record the death of 
Mr. Robert Mansel, who was for long intimately 
identified with shipbuilding on the River Clyde, and 
with the ne gow oe of applied mathematics appertain- 
ing to naval architecture, particularly in relation to 
the form of hull and to the engine power and speed of 
ships. In this latter respect he differed entirely from 
the methods adopted by the late Dr. Froude ; and 
many will remember the keen controversy which took 
place soon after-the system of model experiments in 
tanks was introduced at Torquay, and later at Haslar. 
At that time Messrs. Denny had just completed the first 
tank set up by a private firm, and the late Mr. William 
Denny championed the methods of his friend, Dr. 
Froude ; while Mr. Mansel, at the meetings of the 
Institution of Engineers and Shipbuilders in Scot- 
land, awakened a keen interest by his grasp of the 
subject and the enormous amount of data which he had 
accumulated. Since that time Mr. Mansel continued 
to apply his system to the analysis of the results of 
trials of noted vessels, even in his advancing years, 
finding in them that intellectual stimulus which, when 
he had entirely given up business, brought him into 
touch with themes that were the great delight of his 
earlier years. 

Mr.. Mansel. was in his 8lst.year, and was born at 
Glasgow. He received his training in the old Ander- 
sonian College and the Mechanics’ Institute, through 
which there passed many of the men who have won inter- 
national fame in connection with the development of 
the steamship as we know it to-day. Later he attended 
the mathematical and natural philosophy classes at 
the old Glasgow College, being the first student to 
sit under Sir illiam.'Thomeon (now Lord Kelvin) on 
his appointment to the Chair of Natural Philosophy ; 
and so apt was Mansel that he was chosen by the 
brilliant young professor as his demonstrator at the 
end of the first session. This friendship, so early 
begun, continued almost throughout life. Mansel’s 
keen interest in the problems of applied science was 
further developed by association with Professors Gor- 
don and Macquorn Rankine. 

In 1850 he entered the works of Robert Napier, 
and continued there for ‘thirteen years. These were 
years full of original work, and, as a consequence, 
young Mansel acquired a sound practical knowledge 
of his craft, while at the same time being stimulated 
in the direction of novelty. During his time there 
was built the last of the ocean-going paddle-wheel 
boats, with the last of the side-lever engines—the 
Scotia, of 1861, while ‘alongside of her was con- 
structed the first of the Cunard screw-steamers. 
At the same time—practically the same year—there 
was built the first ironclad for the British Navy—the 
Black Prince—followed soon after by an armour-clad 
ram, the Hector, and for the Danish Government an 
armour-clad turret ship. As with many of the other 
men who had been reared by David and Robert 
Napier, so soon as experience was acquired Robert 
Mansel commenced business for himself, having as 
his partner Mr. James Aitken. In 1863 they began their 
ad which were situated at Whiteinch, on the north 
side of the River Clyde, 4 miles from Glasgow. For 30 
years they continued to turn out a series of successful 
vessels of moderate size and speed; but ultimately the 

rtnership was dissolved, and since then Mr. Mansel 

as continued to enjoy his leisure, with occasional 

incursions into his old subject of naval architecture, 
making contributions to current literature on the 
subject. 

Mr. Mansel was one of the founders of the organisa- 
tion which ultimately became the Institution of Ship- 
builders and Engineers in Scotland, and took a very 
keen part in its work, occupying the presidential chair 
in due course. He contributed many papers of sound 

ractical value to the Proceedings, and still more 

requently took part in the discussions. He was of a 
uiet and retiring nature, but very much liked by 
shipbuilders, and his death on Sunday, the 9th inst., 
at his home in Dunblane, has awakened a keen regret. 
He is survived by a widow and two sons and a 
daughter. 








Tur CHarine Cross Disaster: ErratuM.—Through 
an error of measurement the span of this roof was in- 
It should be 166 ft. 


—- — in our last issue, 
instead of 130 ft. 6 in. 





Tue ‘“‘CaARMANIA” AT New York.—The Times New 
York correspondent telegraphs that in spite of severe 
weather during the entire voyage, the new Cunard turbine 
steamship Carmania arrived at New York on Sunday on 
achedule time, but did not dock until nee, owing to a 
storm, which made it impossible to take a pi jot on board. 
Everybody in the Carmania was delighted with the 

Experienced passengers said that though the 
was the roughest they had ever known, there was 
never a moment of discomfort. The absence of vibration 
was complete, even during the severest gales, and when 
racing speed was being maintained. Several engineering 
ex s made the voyage in the Carmania, and all were 
enthusiastic about her, 


vessel, 





THE ATTACHMENT OF TURBINE BLADES. 





FOR CYLINDER.» 
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In Mr. E. M. Speakman’s paper on the steam- 
turbine, which we published last week, the author 
made reference to the method of fixing the blades to 
the rotor and stator of the Parsons turbine, expressing 
the opinion that the practice of caulking them with 
pieces of soft metal will be abandoned in favour of 
some more mechanical method. The use of a machine- 
divided strip, into which the blades could be fitted and 
then held in position by a somewhat similar machine- 
divided shroud over the tips, is obviously better 
engineering than caulking the blades directly into 
the rotor or stator, and this plan has been adopted 
by Messrs. Willans and Robinson, of Rugby, in the 
turbines they build. The illustration above shows two 
half rings of blades ready for fixing in a Willans- 
Parsons turbine, one being for the rotor and the other 
to the casing. The blades are assembled between the 
root-strip and the shrouding, so that the whole forms 
half of a complete blade-ring, which can be put bodily 
into the turbine with ease and accuracy. It will be 
seen that the usual binding wire laced through slots 
in the blade-tips and soldered in position is entirely 
absent, and that the method illustrated is a sound 
mechanical job. We understand that turbine rotors 
with similar blading have accidentally rubbed against 
the surrounding casing when running, and no harm 
has. resulted. A similar accident with caulked blades 
would probably have required the renewal of several 
handel blades. 








THE CHARING CROSS ACCIDENT. 
To THE EprTor oF ENGINEERING. 

Srr,—The deplorable catastrophe which has lately 
happened at the Charing Cross Station is now the sub- 
ject of official inquiry, which will doubtless elicit all the 
evidence obtainable respecting the cause or causes of the 
disaster to the roof of that station, But as that inquiry 
will be assisted, rather than prejudiced, by the suggestion 
of possible contributory causes, the following criticism of 
the design of the roof is not only permissible but desirable, 
more especially as the failure of other similar roofs may 
entail a far greater loss of life than we have now to deplore. 

It appears that there are two causes, either of which 
might have caused the collapse of the station roof: the 
failure of the supporting walls, or the failure of the roof 
structure itself. No slight subsidence of the foundations, 
even if such subsidence has taken place, would have 
caused the collapse which has occurred, as the roof prin- 
cipals affected would only have found their new bearing, 
and although the purlins would have been slightly dis- 
torted and the roof covering disturbed, further damage 
could hardly have resulted. It appears, therefore, that 
the cause of the disaster which has resulted must be 
sought in the roof structure, and the fracture of the ties 





which restrained the thrust of the arched upper mem- 
bers of the principals clearly allocates the weak part. 
Assuming, as I believe to be correct, that the sectional 
area of these ties is sufficient, the question arises as to 
what has caused their premature “ fatigue,” and in my 
—— the mode adopted of connecting the lengths of 
the ties and the vertical struts by a rigid sleeve, into 
which the ends of the ties are screwed and the struts 
are fastened, is a sufficient explanation. Wind pressure 
on the roof must cause a distortion of the arched upper 
members of the principals, and, consequently, the alter- 
nate depressing and raising of the vertical struts, result- 
ing in a bending movement on the ties at their polygonal 
— where they are connected by the sleeve joints. 

his bending movement, in alternate directions, acting 
almost entirely on the parts of the ties which arejalready 
weakened by the cutting of a screw-thread, must gra- 
dually destroy their tensile strength and cause their ulti- 
mate failure. 

The fractured tie of the end principal now standing has 
broken at the neck of the easternmost sleeve-joint, and if 
there was any flaw in the tie of the principal which first 
failed, there is little doubt that the bending movement 
descri would be concentrated at this weakened place, 
and would precipitate, if it did not primarily cause, the 
disaster. ; 

The best connection would undoubtedly be a hinged 
joint, which would entirely prevent this bending move- 
ment affecting the material of the tie ; but the ordinary 
connection by means of gusset pieces and cover-plates 
would minimise the disadvantage of a fixed joint, and 
allow of the strengthening of the part of the tie affected, 
a of its being weakened by the cutting of a screw 
t . 

In my visit of inspection I was accompanied by Mr. A. 
Johnston, Inst. C.E., late Commissioner for Rail- 
ways in Queensland, who entirely concurs in the views I 
have here expressed; and I am further constrained to the 
ungrateful task of unsought criticism by the fact that the 
Cannon-street Station roof is, I believe, similarly con- 
structed, and consideration of the points raised appears 
to be imperative for the public safety. 

Iam, &c., a 
B. C. Smrpson, M. Inst. C.E. 
5, Westminster Palace Gardens, Victoria-street, 
December 12, 1905. 


(The tie-bar joints of Cannon-street Station roof are 
| nee joints. Drawings of the latter roof were repro- 

uced in our issue of March 2, 1866 (see ENGINEERING, 
vol. i., 140). We publish our correspondent’s letter 
as it raises a point of interest, but we are enabled to state 
that a flaw has been found in the tie-bar of the principal 
which first failed, and this weakens the theory that the 
disaster was due to faulty design. The flaw was in the 
third panel from the west wall, and had an area — 
to about two-thirds of the nominal section of the bar. 
More than this it is inadvisable to say at the present 
stage.—Ep. E.] 

















DEc. 15, 1905. ] 


ENGINEERING. 











THE WEATHERING OF WINDMILLS. 
To THE EpiTor OF ENGINEERING. : 

Sir,—Having had cause recently to turn some attention 
to the theory of windmills, 1 was interested to find some 
law for the setting of sails. : 

In the article on ‘“‘ Windmills” in the Encyclopedia 
Britannica a theory is put forward in which it is taken 
that the normal pressure on a surface whose normal 
makes @ with the direction of the wind is 

2 cos 0 
1 + cos? 0” 
where p = pressure on the surface when set perpendicular 
to the wind. 

The angle @ between the normal to the surface and the 
direction of the wind is, by definition, the “angle of 
weather ” of the sail, or simply its ‘‘ weather.” 

Obviously, when 6 = 0, n = p, and when @ = 90 deg., 
the surface is edge on to the wind and n = zero. The 
formula is apparently taken as being the simplest to 
satisfy these conditions; but there is nothing to show 
why it should agree with intervening positions. 

Not being satisfied with some of the assumptions made 
in the above theory, I attempted to build up another 
from first principles, in the same way as is often done in 
questions of hydrodynamics :— 

Taking the simple mechanical law 

P=mf, 
instead of using this to find an acceleration from a know) 
set of conditions, we may find a pressure from a know: 
mass and acceleration. Under this interpretation w« 
shall have ‘‘the pressure exerted is equal to the mas 
treated per second multiplied by the loss in its velocity 
caused in that time, both being considered in the direction 
of action of the pressure.’ 
If V be the velocity of the wind, supposed constant, 


n=p 











| 
ae 
and v the velocity of the sail at the point considered, 
this also is taken as constant, depending for variation 
only on the radial distance of the point considered. 


The velocity of a perpendicular to sail = 


Cos ¢ 5 
The velocity of the sail ree! to itself = 
v sin 0; 
*.* the relative velocity perpendicular to sail = 
(V cos 6—v sin @). 

Now imagine a hole cut in the sail of unit area; then 
the J ao of air which would pass through in one seco 
is (V cos @—v sin @) feet in length. Therefore the mass 
per second per unit area is this value multiplied by the 
density p. ‘This mass of air loses the velocity (V cos @ — 
v sin 6) normal to the sail, subject, of course, to the con- 
dition of free escape of spent air. 

Hence our expression ‘‘m f” is 

mf = p(V cos 6—vsin 0)? = P, 
the pressure per unit area. : 

Resolving this into the direction of motion of the sail, 
we get 
p(V cos 6—v sin 6)? sin 6, 

p V2 (cos @-—a sin @)? sin 6, 
is 


r 


Wb 


where a 


v’ 
Differentiating this and equating the differential to zero, 
we get the condition for r to be a maximum, 


— sin 4, 


6 = 
@ COs 0 


m! 
3 sin 








The solution of this for several values of a is on the 
attached graph :— 


Results. 
: sat ee 
a 1.5 1.75 2 2.5 3 
Fi 11y° 10° 9° 7 ay” 





These values are about half of those given by the 
Encyclopedia Britannica :— 


2.5 
16}° 


1.5 3 


oe 


I have only been able to find one report of careful re- 
search into the proper setting of sails, and it is that of 
Smeaton, carried out about 1760 ; this was most thorough 
in investigating the effect of changing the setting, shape, 
style, and area of sails. The results obtained went toshow 
that the Dutch setting was best, and 1 give the following 
numbers from his report. Dutch setting is that the sail 
at half the length outwards has 12 deg. more weather 
than the extremity, and the inner edge has 15 deg. more 
than the extremity :— 
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Dutch sail of uniform 5 20 585 14.5 2.38 
width 7h 22} | 639 15.8 235 
10 25 634 (15.7 2.24 
| 12 27 | -680| 144| 2.02 
Ditto, uniformly en-(| 7.5 223 | 799 16.8/ 23 
larged so that width 10 25 820 16.2 2.27 
at extremity = 1) 12 27 | 799) 15.8 2.02 
times old width. 15 30 762 | 15.1 1.93 


These figures come from the report by Colonel Brown- 
low, referred to in the Encyclopedia Britannica article on 
“Windmills.” 

The first set shows that the best results occur when 
a= 2.33 approximate and 6= 8°. The second set gives 
a=2.27 and 6=10°. 

These values agree fairly closely with those given in 
the above theory; and are widely different from those 
given in the Encyclopedia Britannica. 

he above ‘investigation is quite general, and does not 
appear to violate any fundamental laws. The results 
apply as well to annulus wheels as to sail-mills. 

hould any of your correspondents be able to refer me 
to any more recent results than those I am relying upon, 
I should be pleased to hear of them. 

The theory in the py ay Britannica is put for- 
ward quite tentatively ; but being published in so authori- 
tative a work, its results are bound to bear much weight; 
and as they are so much at variance with experimental 
facts, it is hardly right that they should be unchallenged. 


Yours — 
D. G. FRENCH. 


Emmanuel College, Cambridge. 








SUCTION-GAS PLANTS. 
To THE EpiToR oF ENGINEERING. 

Srr,—As makers of suction-gas plants on the Con- 
tinent, we have read with much interest your report of 
the trials carried out on several suction-gas plants by the 
Highland and Agricultural Society of Scotland. 

e believe these tests were open to both English and 
foreign makers, and, if this is so, we t that we have 
not been made aware of their existence, use we would 
certainly have sent a plant of our make. 

We are much pleased to see that a society of British 
scientists’ has been the first to think of arranging these 
trials, which are of so much interest, both to makers and 
buyers. We believe that similar tests should be carried 
out periodically, so as to show the progress made by each 
maker. ‘ 

May we express a few criticisms as to the way in which 
these trials have been carried out ? 

There is no doubt a certain interest in knowing the 
exact coal consumption of a suction-gas engine, but this 


nd | interest lessens every day, since buyers all know now the 


very low figures at which such an engine will work out. 
These low cunsumptions are’no longer disputed even by 
steam-engine makers or managers of central stations. 

On the other hand, it is often said that a suction plant 
is a very delicate thing, which will only work well in the 
hands of a specialist. It has the reputation of working 
only with very good anthracite, containing practically no 
ash nor tar; further, that after a day’s run the engine 
must be stopped, to clean out the ash and clinkers; so 


that works requiring a continuous run, such as is wanted |in 1900 Messrs. 


in flour-mills, pumping-stations, ice-works, &c., have to 
fo the use of suction-gas plants. 

makers of gas plants know that these criticisms are 
perfectly untrue, or, at least, very exaggerated ; however, 
we have to listen to them daily from customers who are 
solicited for steam or electric power, and it seems to us 
that if the Highland and Agricultural Society could 
arrange their next trials so as to prove the weakness of 
our opponents’ arguments, they would largely serve truth, 
and also the interests of all users of motive power. 





| 





| 


| 


| industries of Great Britain. 
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We would suggest that the trials should bear on the 
following points :— 

1. Test not only with anthracite, but also with a very 
small common hard coal, containing about 8 to 10 per 
cent. volatile matter, and with ordinary small gas coke, 
with a high percentage of ash—say 15 per cent. 

2. Test without stoppage, with a common coal or coke 
of above description, mentioning when and why any 
engine stops. 

3. Thorough examination of the gas plants and engines 
after a continuous run, and report about degree of dirti- 
ness of valves, piston-riags, &c. 

4. Report how often a plant is touched, and why, by 
the attendant. 

5. Water consumption of gas plant. 
consider important, 
water-consumer. 

The results of such a test will show that a good average 
gas plant can work for at least a fortnight without any 
trouble and without tar or dirt in the valves and other 
working parts ; and, this being proved by an official trial, 
the — will know what the arguments of our opponents 
are worth. 


This point we 
use a steam-engine 1s a great 


We are, Sir, yours faithfully, 
47, Rue Lafayette, Paris. J. anp O. G. Prerson. 








COMPOUND LOCOMOTIVES ON THE 
GREAT WESTERN RAILWAY. 
To THE Epiror or ENGINEERING. 

Sir,—In penay to Mr. Bushell’s letter, I much regret 
that I omitted to give the weight of the trains men- 
tioned in my previous letter. In each direction the train 
was composed of the new corridor stock, specially built 
for the *‘Cornish Riviera” service, consisting of five 
eight-wheeled coaches, and one twelve-wheeled dining- 
car, the total weight being 197 tons empty. 

T am, Sir, yours faithfully, 
ARTHUR H. Tompkins, 
Member, Railway Club. 
11, Grosvenor-road, Rugby, December 4, 1905. 








THE TRAINING OF NAVAL ENGINEERS. 
To THe Epiror or ENGINEERING. 

Srr,— Your leader in the issue of the 8th inst. is of in- 
terest to every Englishman, and will, no doubt, be read b 
those at the Admiralty who will adorn the new Board. 
Three years ago I felt so strongly upon the subject of the 
—_— naval engineers Eine shop experience that 
I wrote to Lord Selborne as follows :—‘* May on ina plea 
for some shop training for the naval engineers of the future. 
The best time for this appears to be between the ages of 
16 and 20 or 21. Any engineer who has passed some of 
this time in practical wotk is a better man than one who 
has not.” In the minds of practical engineers there is no 
doubt that a period of manual labour in a shipyard and 
marine engineering works is essential to the thorough 
training of a naval engineer. The engineers of our mer- 
cantile marine are notoriously first-rate men in an emer- 
gency, and it would be a pity if our naval engineers, 
when the trials come, are not found equal to them, if not 
superior. 

T am, Sir, your obedient servant, 
V. DE MICHELE. 

Higham Hall, Rochester, December 10, 1905. 








Messrs. Dorman, Lono, anp Co., Limitep.—The 
annual meeting of this company was held at Middles- 
brough, on Tueday, the 5th inst. Mr. A. J, Dorman 
presided, and moved a resolution recording the share- 


| holders’ appreciation of the service of Sir I. Lowthian Bell, 


the late chairman of the company, to the metallurgical 
The motion was carried in 
silence. Mr. Dorman then moved the adoption of the 
report and balance-sheet. He said he much regretted the 
nature of the balance-sheet, but he was sure the share- 
holders would recognise that the circumstances prevailing 
during the past year could hardly have rendered a dif- 
ferent result possible. Speaking of improyements made 
in the works, he said the cost had exceeded the eatimates, 
and the directors had met with the usual difficulties ; 
but all, he was thankful to say, had now nm com- 
pletely overcome. After analysing the balance-sheet 
and giving an explanation of the company’s interest in 
Messrs. Bell Brothers, Limited, and the North-Eastern 
Steel Company, Mr. Dorman said that with excellent 
machinery, with improving trade, and with good manage- 
ment, he left the shareholders to form their own con- 
clusions as to the possibilities of their undertaking. They 
must not, however, lose sight of the fact that no divi- 
dend could be paid until 37,000/. of arrears were wiped 
out, and he would also point out that owing to the 
peculiar nature of the company, holding, as they did, the 
whole of the ordinary shares of two other large companies 
which had prior charges upon them, they were, per- 
haps, more liable than most undertakings to fluctuations 
of trade. In bad years those companies had very 
little to spare, after paying their first charges; but in 
good years they had large surpluses. For instance, 
ll Brothers made a profit of 350,000/., 
while last year the corresponding total was only 70,000. 
Therefore they would agree that in dealing with sur- 
pluses, the directors should adopt a conservative policy, 
and set aside substantial sums for reserves and deprecia- 
tion. He had little doubt due provision could be made, 
and that the 37,000/. arrears could be paid off without 
interfering with the prospect of a dividend for the coming 
year. The company was never in a better position than 
now for meeting competition of the severest kind, or for 
taking advantage of any improvement in trade. 
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INDUSTRIAL NOTES. 


Tue Labour Party in the Australian Commonwealth 
has succeeded in carrying a clause in the Merchandise 
Marks Bill making the trade-union label a trade-mark 
within the provisions of the Act. To what extent 
this will operate is not yet quite clear; but the mere 
fact that the clause was carried shows the strength and 
influence of the Labour Party in Australia. If the inclu- 
sion of the trade-union label is merely to be voluntary — 
as a trade mark is in this country—the mischief will not 
be great ; but if the Labour men in this newly-created 
Commonwealth seek to impose it as a condition, the 
evil may be great. In this ory under the Mer- 
chandise Marks Act, a person or a firm might register 
the mark selected, and then no one could legally 
infringe it. But the oan ym is purely voluntary 
on the part of the individual, firm, or company. Any 
such business concern here might, if the manufacturers 
desired or willed it, give as a trade mark a trade- 
union label, or add it to the registered mark; but 
to compel them to do either would be resented. In 
the United States many firms or companies consent to 
the label for business purposes. In this country some 
firms advertise that the trade-union rates of wages 
are paid; that, in its way, is a trade-union label. 
But is this all that the Australian Labour Party 
wants and seeks? Already there is a very strong 
anti-union feeling in the country, and every exces- 
sive demand will increase that feeling, and tend to 
strengthen the anti-unionist party in the State. 
To imitate the policy of those denounced is not 

ood policy, nor can it permanently succeed. The 
Cheer Party, with its high ideals—or professed 
ideals—ought to avoid the pitfalls of those whose 
policy it has denounced, in season and out of season, 
when the other parties were in power. Justice and 
equity are the best bases of a nation’s policy. 

The caucus system in Australia would seem to be 
all-powerful, in so far as it applies to the Labour 
Party. Its uncompromising hostility to any indepen- 
dence, in vote or speech, in matters relating to its 
own platform, or programme, causes desertions from 
time to time; but those who suffer appear to be the 
deserters, not the party. The Independent Labour 
Party and the Labour Representation Committee in 
this country appear to be wishful to emulate and 
imitate the tactics of the Australian Labour Party. 
Here, however, such a policy is more difficult—more 
dangerous to the Labour Party itself. Only in Ireland 
could such a policy be maintained, and even there 
secessions occur, even by some of the very best 
men. In Australia one man only seems to have been 
strong enough to cut adrift and stand alone—namely, 
Mr. Trenwith, who left the Victorian Labour Hes | 
some years ago, and is now a senator. Mr. Dalglis 
has tried, is trying, in fact, to stand alone ; but he is 
deserted by his old collesgues and associates, and now 
stands as an Independent in the State elections. His 
attitude is uncompromising. He says that the Cabinet 
must control the Caucus, or the Caucus will control 
the Cabinet—the two systems, as there worked, 
cannot coexist with advantage to the country. He 
therefore would not give the Labour pledge. The 
Labour Caucus has adopted the following platform :— 
(1) Effective reform of the Legislative Council, with a 
view to its ultimate abolition ; (2) taxation of unim- 
proved Jand values, without exemption; (3) non- 
alienation of Crown lands ; (4) old-age pensions ; (5) 
departmental construction of public works ; (6) limi- 
tation of State-borrowing, except for the purpose of 
reproductive works ; (7) maximum working day of 
eight hours; (8) nationalisation or municipalisation 
of the liquor traffic ; (9) graduated income tax, with 
exemptions up to 250/. This is a bold platform with 
which to fight the elections; but some, as for ex- 
ample, Mr. Dalglish, will not subscribe to the whole 
of the above programme. 





Distress committees under the Unemployment Act 
are, in London and in some of the chief centres of in- 
dustry, trying their best to fathom the extent of 
their responsibilities, as well as of their capabilities 
to accomplish what is required of them. While this is 
being done, it is well that those committees, and espe- 
cially the Central Committee for London and all the 
borough councils’ committees, shall understand the 
class of men they have to deal with as the leaders of the 
organised unemployed. To this end the present writer 
sought to secure, and did secure, a copy of the hand- 
bill circulated to create a demonstration opposed to 
the steps taken by Royalty in connection with the 
Queen’s Fund, when the Princess Royal opened the 
Church Army’s Labour Tent, at Kingsway, Strand. 
The following is a copy of that hand-bill, widely cir- 
culated in anticipation of the event :—‘‘ Now then, 


unemployed! The Princess Royal opens a Church 
Army Labour Tent, at Kingsway, Strand, on Wednes- 
day, at 3o’clock. Roll up in your thousands, and 
express your opinion of religious sweaters, who exploit 
the unemployed workers by using their helplessness 
to still further 

Church Army an 


rind the faces of the poor. The 
the Salvation Army are offering to 





supply sweated labour to the railway companies at 
less than 5d. per hour. Carlile and Booth have both 
managed to get the ear of Royalty for their nefarious 
schemes. Let them see they have not the support of 
workmen, least of all the unemployed, whom they 
betray. Trade unionists, denounce the men who use 
charity money to undercut your labour. Curse their 
charity! We want work, not as charity, but as a 
right. God save the people !”—This was signed by a 
member of 8.D.F. and Central Workers’ Committee. 
This precious document deserves a place in Labour’s 
history. What a pity it is that the men who declare 
that they ‘‘ want work” cannot have it thrust upon 
them, and be made to do it at fair rates for a fair 
day’s work. 


The resignation of the Ministry, and the acceptance 
of office by the Liberal Party, is already making a 
stir in the constituencies, in anticipation of an early 
General Election. The effect of a General Election is 
usually to distract trade; but as the election cannot 
take place till the New Year, it may not greatly interfere 
with the Christmas trade, which this year promises to 
be unusually busy. It is expected that there will be a 
contest in every constituency in England, Wales, and 
Scotland ; whether that will be the case in Ireland 
cannot as yet be known. In London every division 
is to be fought. It is computed that the number of 
Labour candidates will be ninety, but the number may 
be reduced or even extended. In any case the Labour 
leaders are vain enough to think that the result will 
greatly benefit the workers—some in one way, some 
in another. Of the total number selected to fight, 
thirty-seven are not endorsed by the Labour Repre- 
sentation Committee, but most of them are put for- 
ward by their own trade unions, and are more or less 
endorsed either by the Trades Union Congress Parlia- 
mentary Committee or by the General Federation of 
Trades, or by both. In a few instances there is 
likely to be some cross-firing. Already, however, there 
seems to have been a process of weeding out as regards 
the men to be opposed by Labour candidates. It 
appears that only in two cases—Govan and Jarrow— 
are Liberals directly attacked by Labour men, while 
in twenty constituencies Tories or Unionists are 


opposed. 


The Amalgamated Engineers’ Monthly Journal takes 
the same view as that expressed in these Notes some 
weeks ago as regards the action of the Chief Registrar 
of Friendly Societies on the question of labour repre- 
sentation. The advice given is to strike out any words 
in the ‘“‘ objects” of the union, as expressed in the 
rules, which the Registrar may object to, and then 
embody such words as may be deemed necessary in the 
‘*means” or other parts of the rules. In dealing with 
the unemployed question the action of the Queen is 
commended in starting the fund, but it is pointed out 
that the remedy does not lie in any such mode of 
relief. No one really believes that it does—it is a 
mitigation of existing distress ; but the 120,000/. sub- 
scribed might be turned to useful account by labour, 
and yet relieve distress, at the same time. The 
membership of the union has now reached 98,084, 
and the decline in the number of unemployed led to 
an increase in the balance in hand. The decrease of 
unemployed goes on, though but slowly. The position 
is much more favourable than at any time in 1904, 
but it is not yet quite so good as in 1903. The other 
matter in the journal is of a more general character ; 
if anything, a little less political than formerly. The 
series of useful articles on the development of the 
steam-engine is concluded in this month’s issue. The 
new technical series will be on ‘‘ Internal Combustion 

i.e., Gas, Petrol, &c., Engines.” Other matters an- 
nounced for the New Year are ‘‘Cycling ” and ‘‘ Muni- 
cipal Notes,” by experts. 


The report of the Amalgamated Society of Car- 
penters and Joiners reiterates its complaint of bad 
trade. The year commenced with 6705 on out-of-work 
benefit, and now the total is only reduced to 4539. 
The worst of it is that many members have received 
the full amount they are entitled to in one year, 
and are still out of work. This is a distressing state 
of things. The membership at the beginning of the 
year was 71,685; it is now reduced to 69,426. The strain 
as been too great for some of the out-of-work mem- 
bers. The total numbers on the funds at date were : 
unemployed benefit, 4539; sick benefit, 1636; super- 
annuation benefit, 1894. It is suggested that the de- 
crease in membership is partly io to the extra 
demands to keep up the funds by levies to the rule 
standard ; but, of course, this was really needful, 
though greatly to be regretted. The state of trade 
throughout South Africa is bad, Out of seventeen 
branches only one reports trade as moderate, sixteen 
as bad. In Canada three branches report trade as 
bad, one as good, and nine as moderate. In New 
Zealand, out of thirteen branches three are marked 
as ‘* bad,” ten as ‘‘ moderate.” In Australia, out of 
twenty-eight branches five are marked ‘‘bad,” twenty- 
two as ‘‘ moderate” to “ good.” Throughout the 





United States trade appears to be from good to very 
good ; out of over sixty branches only one reports 
trade as » and no one is marked as ‘‘ unem- 
ployed.” Indeed, er | few unemployed are enume- 
rated in the whole of the States, and these are mainly 
due to strikes. In the United Kingdom it is dis- 
tressing to see the number of places marked ‘‘ bad” 
in the returns from the branches ; one place in Ireland 
is marked ‘‘ good,” but not even one in Scotland. In 
England the depression seems to be very general, both 
in large towns and small, and in the villages also. 
Seldom have the building trades been so badly em- 
ployed, and yet our population is increasing, houses 
are being built, and improvements are being effected. 
The fact seems to be that there are no great 
works on hand, and the large number of unemployed 
snap up any job that is started, so that it is full 
handed from the first. 





The Jronworkers’ Journal gives prominence to the 
report of the half-yearly general meeting, held last 
month, and to the financial proceedings and position 
of the association. The expenditure was higher 
than usual by reason of ialien at Gateshead and 
sa e, which the council was unable to avert. 
In the end both disputes were satisfactorily arranged. 
In one case the te were restarted at schedule rates ; 
in the other mutual arrangements were made on a 
satisfactory basis, The most gratifying feature in 
connection with this association is the way in which 
it works in oe out the sliding scale arrangements 
in the North of England and in the Midlands by 
Boards in those districts, which practically rule the 
rates of wages in England and Wales, and are a deter- 
mining factor in Scotland also. Difficulties arise some- 
times, and the younger members think that some other 
plan or method is preferable; but, as a general rule, 
the sliding-scale system works well in the iron and 
steel trades. It appears that the nephew of the late 
Sir Benjamin Hingley, so long the president of the 
Midland Wages Board, will take his uncle’s place in 
connection with that Board, so that there will be a 
continuation of the general policy as heretofore. 


The report of the Operative Cotton-Spinners is still 
favourable. There is a substantial increase in the 
number of members, the united membership being 
16,033, as against 15,934 in the month previous, and 
14,412 a year ago ; increase on the month, 99; on the 
year, 1621. The average number on the funds was 
222, or at the rate of 3.15 per cent. ; previous month, 
2.78 per cent.; a year ago, 3.39 per cent. There 
were 33 dispute cases in the month ; some were settled, 
others were pending. The officials were not able to 
deal with all of them in the month. There were 33 
accident cases ; last month, 36 ; a year ago, 44. There 
were also 21 compensation cases; 20 in the previous 
month ; and 16 in the same month a year ago. These 
were mutually arranged by the parties. 





The report of the National Union of Boot and Shoe 
Operatives is more encouraging. It states that the 
trade atmosphere has considerably brightened in all, 
or nearly all, quarters. There is a tone of confidence 
in better times to come—near at hand. There is an 
advance in the price of leather, and manufacturers 
ask for higher prices. Wages are at the lowest 
minimum, and purchasers of foot-gear are reminded 
that they will have to pay more for their goods ; if 
they refuse, they will have to put up with an inferior 
quality of material, for wages cannot go lower. It is 
well to give this hint. The material in boots and 
shoes is of the first importance, execution of produc- 
tion is the next. Quality combines the two. Foot- 
gear is so essentially important that good quality ought 
always to be insisted upon. Trade is arre on all 
sides ; disputes have been few and unimportant. At 
one firm, in Roxton, the men are on strike against a 
proposed reduction. At Leicester a dispute was being 
dealt with at the date of the report. The award of 
Sir Kenelm Digby, in the case of the clickers, press- 
men, lasters, and finishers has not given satisfaction, 
for he declares that the present rates are to remain 
unaltered until 1907. A reduction in the hours of 
labour is to be brought forward as a national ques- 
tion before the Board of Conciliation and Arbitration. 





The Durham Miners’ Circular indicates that dis- 
appointment is felt at no advance in wages, but the 
price of coal has gone up a penny pér ton. Claims for 
coal for miners are to be admitted by the Board in 
future. The association has lost one of its prominent 
council members—Mr. Golightly, by death, much to 
the sorrow of his colleagues. Mr. John Wilson, M.P., 
the general secretary, takes Mr. Justice Darling to task 
over some remarks he made at the Durham Assizes. 
The criticism is not an unjust one, considering the cir- 
cumstances. 

The position of the iron and steel trades in the 
Midlands continues very buoyant in tone, aud the 
outlook is regarded as most encouraging. There was 
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a large attendance at market, and all seemed to speak 
hopefully of the future. The works are everywhere 
running full time, and yet orders are in some instances 
accumulating, as the demands exceed the possible de- 
liveries. Most firms, it is said, are well covered to 
the end of the first quarter in the New Year. Gas 
strips and hoops have been advanced 5s. per ton, and 
the basis of unmarked bars was also advanced 8s. per 
ton. Pig iron has gone up from 10s. to 15s. per ton 
in three months, and now the discount of 24 per cent. 
has been cut off, prices being net. Best bars are in good 
demand, and makers of crown bars report that they 
are unable to keep pace with the pressure for deliveries. 
In all classes of iron the conditions are favourable, and 
the outlook is good. Steel is in very brisk demand ; 
deliveries cannot be made fast enough, and a premium 
is freely given for early delivery. The alleged dying 
trades are full of life and activity. 


The attendance on the Manchester Iron Change was 

ood, and good business was reported to have been 
, vi in the week. Finished iron did not follow the 
advance reported in the Midlands, but prices were very 
firm. The engineering and other iron and steel-using 
industries are slowly improving generally; in some 
branches the improvement is more manifest than in 
others. The signs are hopeful for the incoming New 
Year. 


The wages difficulty in the Welsh coal trade has 
been arranged. The coal-owners have given way on 
the minimum wage, which is to remain unaltered. 
There are to be quarterly audits as heretofore. The 
Federation undertakes no responsibility for non- 
unionists. Other minor points were settled also in 
the men’s favour. It would have been very disastrous 
if a strike or lock-out had b2en resorted to. 


The Boiler-Makers and Iron Shipbuilders on the 
North-East Coast have again put forward their claim 
for an advance in wages of ls. 6d. per week on time 
rates, and 5 per cent. on piece rates. This demand was 
put forward in July last, but it was not energetically 
pressed at that time. The executive of the union have 
now given notice to the North-East Coast Shipbuilders’ 
Association that they desire to reopen the question, 
and wish that the advance shall come into operation 
on the first full pay-day in January next. 





The Amalgamated Society of Smiths and Strikers on 
the North-East Coast has also put forward a similar 
claim, but the demand is for 2s. advance on time rates, 
and 5 per cent. on piece rates, to take effect on the 
first full pay-day in January. 





The Co-operative Wholesale Society have recom- 
mended the grant of 2000/. to the unemployed, and 150/. 
to the women and children evicted at Hemsworth. 





The compositors and printers in the United States 
and Canada are fighting for an eight-hour day. In 
258 cities and towns the employers have conceded the 
terms demanded, the concession being recent in 29 
cases. The American Federation of Labour has levied 
its members in order to help the Typographical Union 
to win the battle. 





The election of a general secretary for the Yorkshire 
Miners’ Association, as successor to the late Mr. Parrott, 
M.P., is to be by ballot of the whole of the members. 
The branches are to send in nominations forthwith. 
The elected member must be a full financial member, 
and obtain a clear majority of the votes recorded. 








Tuses, Liwirep.—The ninth annual meeting of this 
company was held at Birmingham last week. The report 
and accounts showed a trading loss of 12,255/. for the 
year ending September 30, 1905, as compared with a 
profit of 48352. in 1903-4. Mr. A. Chamberlain moved 
the adoption of the report. In explaining the loss of 
12,000/., he said no business could stand a reduction of 
25 per cent. in selling prices without making a loss. In 
1902 prices fell 20 per cent. below 1901; in 1903 they fell 
a further 10 per cent.; in 1904 a further 12 per cent.; and 
in 1905 a further 25 per cent, without any correspondin 
fall in the cost of material; and very few businesses coul 
have stood such a fall and be alive to-day. The value of 
all the cycle tube made and sold last year throughout 
Great Britain was only 96,000/., and there were eleven 
cycle.tube makers fighting for it. The company had had 
its fair share, but much of the tute required was of secon- 
dary quality, which it did not make. Five years ago the 
value of cycle-tube produced was over 500,000/., with fewer 
people to make it. The suggestion of a combination to 
keep up prices was alluring, but it was impracticable ; and 
so far from there being work enough for all if they com- 
bined on prices, there was not enough work for half the 

people engaged in the trade. In 1902, 1903, and 1904 

ubes got a fair share of Admiralty orders ; but when this 
class of work was tendered for at the beginning of 1905, 
at a Dw which would have left a narrow profit, it was 
found that four competitors had quoted lower prices, and 
one had even tendered at 30 per cent. Jess, so Tubes had 
no Admiralty order this year. 








THE MANUFACTURE OF STEEL BARRELS. 


Tux opening of the new works of the Steel Barrel 
Company, Limited, at Uxbridge, on Wednesday, 
December 6, was signalised by a demonstration, toa 
large number of guests, of the processes employed b 
the company in the manufacture of steel barrels, 
drums, tanks, and similar articles. New works be- 
came necessary on account of the rapid growth of the 
company’s business, and have taken the form of large 
galvanised-iron, steel-frame shops, erected in an open 
situation close to the Grand Junction Canal, by which 
coal and iron can be cheaply imported from the Mid- 
lands. The power plant comprises a full-sized Lanca- 
shire boiler by Daniel Adamson and Co., and a Belliss- 
Holmes direct-coupled continuous-current generator. 
The latter has an output of 2100 amperes at 95 volts 
and 380 revolutions ; and in view of the heavy current 
the armature has two independent commutators, one 
at each side and each connected to a separate winding 
on the armature. The two armature circuits are nor- 
mally run in parallel, but, if required, could, of course, 
be put in series, converting the machine into a two or 
three-wire generator, with 190 volts across the outers. 
The chinmey at the works is a standing advertisement 
of the company’s process, consisting as it does of a 
steel shaft 56 ft. high and 4 ft. 6 in. in diameter, made 
of }-in. plates, having both horizontal and vertical 
joints welded electrically. The horizontal joints are 
stiffened by butt-straps welded over the junction of the 

lates. The chimney was erected by the aid of a 
errick in about three hours. 

The principal business of the works is the manufac- 
ture of tanks and barrels of thin sheet steel, with 
electrically-welded joints. To make a barrel, a rect- 
angular kant of steel is taken and passed backwards 
and forwards about half-a-dozen times between a pair 
of heavy rolls curved to the contour of the finished 
barrel. The sheet becomes bent round and assumes 
generally the shape of a barrel. It is then sent 
through a few more times in the same direction, and 
finally sprung off the upper roll, which it had com- 
pletely encircled. The longitudinal cdges are then 
trimmed by a shearing machine, made by Scriven and 
Co., of Leeds, which has knives curved to the correct 
contour, and is passed to the welder. He cramps it on 
a sort of cantilever anvil, with the joint uppermost and 
the edges about } in. open. The anvil forms one pole 
of a 95-volt electric circuit, and a carbon rod, held in 
an insulating handle by the workman, forms the other. 
Small strips of steel, about 2 in. long and 4 in. wide, 
are laid over the joint, and an arc struck by the carbon 
rod. A few seconds suffice to melt a strip well into 
the joint, when it receives a few blows from a hammer, 
and is finished. The next strip is then laid on, welded, 
and hammered as before. 

Each end of the barrel body having been slightly 
opened by a hand hammer, a flanged dish is driven in, 
with the flanged edge outwards and flush with the end 
of the barrel. Two thin strips of steel are cramped 
round the joint, one inside and one outside, and the 
four thicknesses thus formed are welded together by the 
arc to form a solid chimb. The other ol is done in 
the same way. The bunghole is a steel stamping, 
which is placed in a hole punched to receive it, and 
welded in position. Another stamping, bearing the 
name of the owner of the barrel, is usually welded on 
to the end. 

The whole process is very rapid, and the barrels are 
light and very strong. They are largely used for oils, 
explosives, paints, strong sulphuric acid, gin, and 
scores of other purposes. Many barrels and tanks 
have been supplied to garages and motor-bus com- 
panies for the storage of petrol. Barrels and drums 
are made in any size up to 450 gallons, and tanks are 
built up of practically any shape and capacity. 








A SUGGESTED APPLICATION OF THE 
BONUS SYSTEM. 
By Ropert 8, WuHipp.e. 

In many industrial operations the importance of 
controlling some physical quantity is very great ; for 
instance, a given pressure, electrical or otherwise, 
must be kept constant, or must vary in a definite 
manner, in order to prevent serious loss. In electric 
supply stations the voltage must be maintained within 
certain clearly specified limits ; and in gas works, if 
the pressure falls too low, the gas company receives a 
reminder from the ever-watchful examiner. 

The many processes involving heat treatment agree 
in requiring a prolonged and systematic heating of 
the material under manufacture. Automatic regula- 
tion is undoubtedly the most satisfactory form of 
control ; but, err manger this cannot yet be applied 
to many operations, and the human agent has still to 
be employed. 

Instrumental control is now adopted for nearly all 
important manufacturing processes, and it is in this 
connection that the suggested application of the bonus 
system is made. Although an employer may instal 
elaborate scientific instruments, yet it does not follow 
that he feels that the results obtained justified the 


expenditure. Many employers regard their instra- 
ments as Ppa set to watch the culprit who falls 
asleep and allows his fires to burn low, 1:ather than a 
friend who is going to help him to turn out better 
work, The workman, on his part, regards the instru- 


Y | ment as a spy who never sleeps, and never omits to 


tell his master that Jack had a nap in the early hours 
of the morning. Both points of view are very natural, 
and yet they should be most strongly deprecated. 

An instrument responds to the moral atmosphere in 
which it lives; if it is always regarded as a friend, it 
will prove itself to be one in the best sense of the 
word. In many works the pressure or temperatir> 
recorder is fixed in the manager’s office or in some 
place which necessitates a long cold walk at three in 
the morning, in order that the fireman may see the 
true state of affairs. Recorders of all kinds should 
be placed near the man who is responsible for 
the particular operation, the result of which the 
instrument is recording, and the man should be paid 
directly for the success of his efforts. A form of bonus 
system lends itself very readily to this. If, for 
example, a constant temperature (say 700 deg. Cent.) 
has to be maintained, the works or furnace manager 
tells the man that a bonus of 4d. per hour will be paid 


RECORD OF FURNACE TEMPERATURE 
SUGGESTED SCHEME FOR YMENT OF FIREMEN. 
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to him for every hour in which the record is inside 
iven limits, say + 20 deg. Cent.—i.e., between 680 
eg. and 720 deg. Cent. 

n important processes the system could be still 
further extended by holding out a larger inducement 
for more efficient control, a bonus of ld. per hour 
being paid for every hour the record is inside the 
limits of, say, + 10 deg. Cent.—that is, between 
690 deg. and 710 deg. Cent. 

As an additional incentive to efficiency an extra 
bonus of 6d. might be paid if the pen has been kept 
inside the narrow limits for the whoie of the shift. 
Experience shows that it is very difficult to avoid one 
lapse during a night’s shift, and this additional bonus 
might very likely prevent it. The record illustrated 
will further explain the suggestion. 

Before putting the paper on to the recorder drum 
the manager rules a black linc A (see above) down 
the sheet at the particular temperature, or pressure, 
the case may be, at which he wishes the apparatus as 
kept, ruling two red lines, B and B’, for the inner limits 
and two blue lines, C and C!, for the outer ones. These 
lines might be slanting if the temperature is to increase 
or decrease uniformly.* The fireman, who may be 
_— uneducated and knows nothing whatever about 

egrees Centigrade, pounds per square inch, or volts, 
appreciates the fact that if the pen of the instrument 
has been kept between the two red lines, he obtains a 
penny extra for every hour it was inside them. In 
the supposed record sheet illustrated the fireman 
would have earned a bonus of 83d., although he was 
not successful in obtaining the additional bonus of 6d. 
for being inside the inner limits during the whole of 
his shift. There can be little doubt that the majorit 
of employers would find these small bonuses an soon d 
lent investment, both by avoiding damage to the guods 
undergoing treatment, and in keeping down coal con- 
sumption. The amount of the bonuses, the limits, 
&c., must be decided in each individual case. 








Stream Coacues FoR THE GREAT NORTHERN Ral.way, 
—One of some steam coaches recently constructed for the 
Great Northern Railway Company is now supplementing 
the train service between Louth and Grimsby. This is a 
section about 14 miles long, with four intermediate 
stations, in addition to which stops will also be made at 
six haltes. The car provides accommodation for one 
class only, and passengers joining at the haltes will 
obtain tickets from the conductor, while passengers join- 
ing at the four stations will obtain tickets at the booking- 
offices in the usual manner. The coach has a seating 
capacity for about fifty-two passengers; it can be driven 
from both ends, and has a booked speed of 30 miles 
per hour, although during trial trips a higher speed was 
attained. The cost of working these steam-coaches is 
considerably less than the cost of working an ordinary 
train ; and it is therefore possible by their use to give 
a more frequent service in thinly - populated districts 
than is possible with the usual steam trains, while the 
additional stopping places, or haltes, will be extremely 
useful for intermediate villages. Other cars will shortly 
be placed on different sections of the Great Northern 
system. 


* This has been successfully adopted in one large steel 





works. 
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AMERICAN TELEGRAPHY. 


Tue Western Union Telegraph Company is one of 
the most wonderful institutions of the United States. 
The company has made untiring efforts to keep the 
bulk of American telegraph business in its hands. 
This has been a task of no ordinary difficulty ; but the 
object aimed at has, upon the whole, been attained. 
It may be said of the Western Union Company that 
it has blundered into greatness, as it is the outcome 
of endless absorptions of would-be rival concerns 
rather than of any definite policy of its own. The 
Western Union Company has, however, been assisted all 
through by the continual progress of the United States 
in population, business, and wealth, so that the ulti- 
mate outcome has not been unsatisfactory. The course 
taken by the company’s affairs during the twenty years 
ending with 1904 inclusive is indicated by the follow- 
ing table, showing the length of wire stretched and 
the number of telegrams despatched in each year :— 

Miles of Wire. Telegrams. 
, 42,096,583 
43,289,807 
47,394,530 
51,463,955 
54,108,436 
55,878,762 


Year. 
1885 
1886 
1887 
1888 
1889 


69,790,896 
wr 1,155,405 67,903,973 

The company’s receipts advanced from 17,706,834 dols. 
in 1885 to 22,387,029 dols. in 1890, 22,218,019 dols. in 
1895, 24,758,576 dols. in 1900, and 29,249,390 dols. in 
1904. On the other hand, while the working expenses 
in 1885 were 12,005,910 dols., they had risen in 1890 to 
15,374,594 dols. ; in 1895, to 16,076,630 dols. ; in 1900, 
to 18,593,296 dols. ; and in 1904, to 21,36),915 dols. 
It follows that the profits realised in 1885 were 
5,790,924 dols.; in 1890, 7,312,725 dols. ; in 1895, 
6,141,389 dols. ; in 1900, 6,165,364 dols. ; and in 
1904, 7,887,475 dols. The average amount received 
for each telegram forwarded in 1885 was 32.01 cents ; 
in 1890, 32.04 cents ; in 1895, 30.07 cents ; in 1900, 
30.08 cents ; and in 1904, 31.07 cents. In 1881 the 
Western Union Company absorbed by purchase all 
the lines of the American Union and the Atlantic and 
Pacific Telegraph Companies, the former having pre- 
viously in operation upwards of 12,000 miles of line, and 
the latter 8706 miles. The purchase carried the capital 
of the Western Union Company to 100,000,000 dols. 
The Western Union Company has exclusive contracts 
with several international cable companies, workin 
between them eight Atlantic cables. The New Yor 
Mutual Telegraph Company, established in 1881, has 
about 8000 miles of line, 60,000 miles of wire, and 1200 
offices. It has extended its line north and south, work- 
ing from Boston to Chicago, St. Louis, Washington, 
&c. Its capital stock is 2,500,000 dols. The company’s 
line is now leased to and worked by the Western 
Union Telegraph Company at a rental of 6 per cent. 

r annum upon the stock. The Baltimore and Ohio 

elegraph Company, having lines co-extensive with 
that railroad system and its branches, besides many 
newly extended wires south and west, making alto- 
gether 6711 miles of line, and 54,087 miles of wire, 
was purchased in 1887 for 5,000,000 dols. by the 
Western Union Company, which company now owns 
and works it. The lines of the American Rapid Tele- 

raph aay comprising 2684 miles of poles and 
50, 70 miles of wire, and extending from ton to 
New York, Washington, and Chicago, were also pur- 
chased by the Western Union Company for 550,000 dols. 
of its stock at par. These lines have been worked by 
the Western Union Company under a lease since July, 
1885, as parteof its system. The North-Western 
Telegraph Company owns 8000 miles of wire; its 
undertaking is leased to the Western Union Company 
for ninety-nine years, the Western Union guarantee- 
ing dividends at 6 per cent. as from 1896, and also 
providing interest on bonds. 








Tue TAXATION OF MACHINERY AT CaRDIFY.—From a 
correspondence which has been exchanged in November 
last between the Machinery Users’ Association (Incor- 
porated), 22 and 23, Laurence Pountney-lane, E.C., and 


the Board of Guardians, Cardiff, the following figures are | bo 


given by the former Association to illustrate the taxation 
of machinery at Cardiff, where the rates amount to about 
7s. 4d. in the £. The instance of two lathes costing 100/. is 
taken :—Net annual value, 5 per cent., 5/.; property tax 
(if a profit of 5 per cent. be made) of 1s. per annum, 5s.; 
while the same lathes, rated to the poor at 5/. per annum, 
would Py even if no profit were made, 7s. 4d. in the £, 
or 1/. 16s. 8d. perannum. The Association points out that 
while manufacturers often groan under income tax, the 


may pay more for rates in districts where machinery “— 


rated, 
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AIR-COMPRESSING PLANT. 


CONSTRUCTED BY MESSRS. LACY-HULBERT AND CO., LIMITED, ENGINEERS, LONDON. 





WE illustrate above a machine which has lately 
been manufactured by Messrs. Lacy-Hulbert and Co., 
Limited, of 91, Victoria-street, Westminster, at their 
works at Beddington, for one of the large London gas 
companies. It consists of a ‘‘ Boreas” vertical air-com- 
pressor, driven by a suitable small gas-engine, the com- 

ressed air being delivered into a receiver shown at the 
back of the plant. Water-tanks are provided for cooling 
the engine and compressor ; the engine is fitted with 
magneto ignition, and is carefully governed, the ex- 
haust being efficiently silenced 

A p> feature of the machine is the double set 
of gear arranged to provide a small quantity of air at 
high pressure, and a relatively larger quantity of air 
at a low pressure, without alteration to the speed of 
the engine. No clutch is required for starting the 
engine, as a relief-cock is provided on the compressor, 
and the whole plant, self-contained, is mounted on 
springs and substantial wheels, permitting it to be 
readily drawn by one man. 

We understand that this plant is in constant use 
for supplying compressed air for caulking the joints 
of gas-mains and testing the lengths of main when 
laid. The makers inform us that they make a speciality 
of portable air-compressing plants worked by gas, 

trol, or electric power, and arranged for man or 

orse traction, and apparently there is a large field of 
utility for such appliances. 








HARMSWORTH’S SELF-EDUCATOR. 

We have received from the publishers Parts I. and II. 
of this extensively advevtian’s self-educator.* No one 
will deny that Messrs. Harmsworth are capable of accu- 
rately gauging the public taste. Their success in many 
fields of journalism is evidence of their ability in this 
matter. We may, therefore, safely assume that the new 
production will ‘‘fill a want.” It is not a very serious 
want—not one that prompts the sufferer to live laborious 
days and painful nights to er. The new publication 
is like the nursery primer ‘‘ Reading Without Tears ;” 
it does not, as a rule, demand more thought and attention 
than one can give without a mages | the brows. The 
cultivation it aims at is extensive rather than deep, but 
possibly it may prove valuable in rousing the attention 
of its readers, and gf them to seek more detailed 
sources of information. e work is arran in twenty- 
nine groups, most of them divided into sub-sections; so 
evidently all may find there something to interest them. 
We do not profess to have gone through a tithe of them, 
and perhaps we have been unfortunate in stumbling on 
those which are among the less accurate. For instance, 
an article by Dr. Saleeby contains a number of errors, 
th in elementary mechanics and in the rudiments of 
philosophy. Apparently led astray by the popular but 
misleading phrase that heat, light, and electricity are 
different Bes of energy, into believing that a quantity 
of electricity is a quantity of energy, he interprets the 
electrical theory of matter as equivalent to the statement, 
emphasised with all the force of italics, that ‘‘matter is 


* Harmsworth’s Self- Educator, ie forty-eight fort- 


nightly parts, price 7d. each. ndon : ‘armelite 


House. 








merely a particular form of energy.” A logical deduction 
from this statement would be that time is the inverse of 
alength. As for his excursus into philosophy, he makes 
the erroneous assertion that it is recent discoveries in 
physics which have rendered untenable the doctrine of 
materialism. This doctrine has nothing to fear from 
experiments on either matter or energy; and were it 
attackable only on this side, would never have been aban- 
doned. The fatal attack came from another quarter. To 
quote Huxley, in his Essay on ‘‘ Science and Morals ;”— 
“In the second place, the arguments used by Descartes 
and Berkeley to show that our certain knowledge does 
not extend beyond our states of consciousness appear 
to me as irref: ble now as they did when I first became 
acquainted with them. All the materialist writers I 
know of who have tried to bite that file have simply 
broken their teeth.” Some well-known writers are num- 
bered amongst the contributors. Amongst them we note 
Mr. Justin McCarthy, well-known as a writer of fiction 
and of ‘A History of Our Own Times.” Here, however, 
he writes superficially on the history of Babylon. An 
illustration of the Babylonian Marriage Market accom- 
panies the article, but no reference to this appears in the 
text, so that the engraving will convey little information 
to readers ignorant of evadletns. Other well-known 
writers contribute to the publication, but, as a rule, they 
keep on the surface of their subjects. 








THE PanaMA CaNnaL.—The United States War De- 
partment estimates that 3,200,000/. will be required for 
continuing work on.the Panama Canal to June 30, 1907. 
The board of consulting engineers to the Panama Canal 
Commission have decided by a pape majority in favour 
of a sea-level canal.. Their idea is that, even if a sea-level 
canal costs more than a lock canal, and takes longer to 
build, it will ultimately be of more use, as ships would 
pass through it more quickly than if they were obliged to 
go through three or four locks. 


Inpian Rartway Revenve.—The railway revenue of 
the Anglo-Indian Government. came out as follows during 
the ten years ending with 1903-4 inclusive :— 


Year. 
1899-1900 .. 
1900-1 
1901-2 


Revenue. 
16,587,845 
18,293,629 
20,225,968 
20,133,900 
21,557,866 


Revenue. 
14,162,722 
14,572,753 


Year. 

1894-5 
1895-6 
1896-7 
1897-8 1902-3 
1898-9 15,160,534 1903-4 


The policy of the Anglo-Indian Government has been to 
steadily increase the extent of the State railway system, 
by the acquisition of guaranteed lines and the construc- 
tion of new sections under State control. The annual 
revenue derived from the State lines moved on as follows 
during the ten years ending with 1903-4 inclusive :— 


Revenue. 
14,658,223 
16,953,797 
19,277,226 
19,137,656 
20,576,591 


Revenue. Year. 


12,101,386 
12,272,426 


Year. 


13,075,980 


It will be seen that the proportion of State revenue to 
general earnings is steadily increasing ; at the same time 
the system of guaranteed companies has not altogether 
come to an end, although new guarantees are given at 
much more moderate rates of interest. 
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ADJUSTABLE RAILWAY OR 
TRAM-CAR SEAT. 


WE have on previous occasions noticed certain 
ingenious mechanical devices which have been intro- 
duced by Mr. W. S. Laycock, of Sheffield ;. notably 
the ingenious loom he devised for the difficult opera- 
tion of weaving with horse-hair.* Mr. Laycock’s 
inventions have, however, been mostly in the direction 
of providing for the comfort and convenience of 
travellers by land or sea. The device we illustrate 
on the present page is of this nature, it being an 
adjustable seat for the long, open railway-cars of the 
American type, or for tram-cars. As nearly all pas- 
sengers ap er to ride looking forward, it is customary 
to provide a simple swing-back with a fixed seat ; but 
this gives an uncomfortable arrangement, as the seat 
is necessarily horizontal, and the sitter is projected 
forward by the movement of the vehicle, and a restful 
position is not secured. This is especially noticeable 
in some of the electric-cars with cane spring-seats, 
recently introduced in London. Mr. Laycock’s inven- 
tion is to obviate this defect by making the seat tilt 
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automatically as the back is pushed over. Fig. 1 is 


an end elevation of the seat. The two frames, which 
are of metal, are connected by means of wooden longi- 
tudinals } and by metal stay-rods, shown in Fig. 2. It 
will be understood that the mechanism is in duplicate 
for each seat, there being similar parts at both ends, 
but for simplicity we will deal with only one end. To 
the under side of the seat there is attached a metal 
bracket ¢, provided with inclined surfaces of the con- 
tour shown, the seat being supported by these surfaces 
upon projections d formed upon the end plate e, the 
latter being in turn secured to the frame a. This part 
of the mechanism can be traced by reference to the 
front elevation of the seat, Fig. 2, in which the same 
lettering is used. The brackets c are provided with 
projections /, these being designed to engage the upper 
end of a lever g, which is pivoted to the arm of the 
back as shown. The arm at its lower end is secured 
to the end of a rod h, Fig. 2, the latter being supported 
in bearings upon the frame a, in which it can turn. In 
this way the two arms of the back, one at each end, 
are caused to move together. Projecting from the 
lever g is a pin i, which engages in a short vertical 


* Tilustrated in ENGINEEKING, vol. 1., page 132. 





slot in the frame a. The arms are shaped as shown 
at j, best seen in Fig. 2—to a shape that will engage 
projections formed on the frames, the object being to 
prevent the back going too far over. 

Assuming the seat to be in the position shown in 
Fig. 1, when the back is pushed over, the following 
action takes place. The lever g will be caused to — 
about the pin 7, and at the same time the pin wil 
move upwards in its slot until the parts are all in the 
vertical position. The pin will then again move down- 
wards in the slot if the movement of the back be con- 
tinued. During the movement the upper ends of the 
levers acting upon the seat will push it from left to 
right, or in a direction opposed to the movement of 
the seat-back, the inclination of the seat being cor- 
respondingly altered. In this way the seat always 
slopes from the front edge whichever position the back 
may be in, and that is, naturally, the most comfortable 
for the passenger, especially if a rounded, springy 
seat be used. 

In order that the back may assume an angle more 
comfortable for the passenger, a slot may be provided 
in place of the bearings for the rod h, so that the 
latter may have a limited movement at its lower end in 
a transverse direction to the length of the seat. To 
attain this object the end of the arm of the back is pro- 
vided with cheeks in cam surfaces, such as are shown 
at p, Figs. 3 and 4. As the arms are moved, these 
cheeks come into contact with projections p' upon the 
end frame. This causes the ends of the arms to move 
either to the right or to the left, as the case may be, 
and thus to vary the angle of inclination of the back. 

The seat is made by Messrs. W. 8. Laycock, Limited, 
at their Victoria works, Millhouses, near Sheffield ; 
an establishment we described in our issue of October 
3, 1902. 








Tue Frencu Cruiser * Leon Gambetra.”—We give 
below a translation of a letter received from France, 
which will be of interest to those who saw this powerful, 
if strange-looking, cruiser at Spithead during the recent 
visit of the French fleet. The consensus of opinion stated 
to exist amongst French naval engineers as to the best 
rate of combustion for fast, but long-continued, runs is 
referred to in a report by M. Danoy, which has been the 
subject of some controversy in the French reviews de- 
voted to naval affairs. This engineer considers that 90 
kilogrammes per square metre per hour (say about 18 Ib. 
per square foot) is the highest rate of combustion ‘‘ which 
can be kept up indefinitely,” and that 110 kilogrammes, 
or, say, under 22 Ib. per foot, is beyond the desirable 
limit. This, of course, has reference to boilers of the 
large-tube type, such as are used in the French Navy— 
namely, the Balleville and the Niclausse, in which the 
grate area is large in relation to the power— in fact, almost 
as large as the floor-space occupied by the boiler. The 
creditable results of the Leon Gambetta’s passage, so 
far as they depended upon the boilers, speak well 
for the Niclausse system, which. in fact, has always 

roved very successful in the French cruisers. The 
letter above referred to runs as follows:-—-The cruiser 
Leon Gambetta arrived at Marseilles on the morning 
of Wednesday, November 1, with the President of the 
Republic on board, on his return from his travels in 
Spain and Portugal. This cruiser is the most powerful 
and the fastest in the French fleet. Placed on the stocks 
in 1901, under the ministry of M. de Lanessan, the fol- 
lowing are the leading particulars of the design :—Length, 
148.35 metres; beam, 21 metres; displacement, 12,600 
(metric) tons ; the armament comprises four guns of 194 
millimetres ; twelve of 164 millimetres; and twenty-two 
of 147 millimetres, all quick-firing. She is protected witb 
Harvey steel armour-plates from 150 to 100 millimetres 
thick. She was designed to give 22 knots with 27,500 horse- 
power, but on the official trials the mean speed was 23.06 
knots—more than a knot greater than the contract speed, 
with a horse-power of 29,000. During the four days’ trials 
which followed the official trials, the Leon Gambetta 
showed in other respects remarkable qualities of endur- 
ance, working the boilers successively at all rates of com 
bustion, from that corresponding with the lowest speed to 
that required for 22 knots, without the slightest difficulty. 
The Leon Gambetta was built at Brest, with the excep- 
tion of the boilers, which are of the Niclausse type. The 

from Lisbon was made under excellent condi- 
tions The boilers were started y te Saturday afternoon 
at 4 45, and as early as 7 o’clock the engines were running 
at 105 revolutions, developing 16,000 horse-power, with 
a speed of 20 knots ; the rate of combustion was 83 kilo- 
grammes per square metre of grate area. This fine 
ogy _was kept up until Tuesday evening, 6 o’clock. At 
this time the Balearic Isles were in sight, and it was 
necessary, in order not to arrive at Marseilles too soon, to 
reduce the speed to 75 and even 30 revolutions ; advan- 
tage was taken of this time in hand by going round the 
Balearics. At daylight the Leon Gambetta entered the 
port of Marseilles, where she anchored at 7 o’clock, so 
that the President of the Republic could take the train 
in readiness for him at the specified time. After arrival 
the engines and boilers were examined. All were 
found to be in perfect condition, and the captain declared 
he was ready to return to Brest immedia at the same 
speed. It is to be remarked that the speed of 20 knots was 
maintained with a combustion of 83 kilogrammes per 
square metre of grate area; this is precisely the rate of 
combustion which naval engineers have agreed upon as 
practically the highest that can be maintained on a con- 
tinuous run without unduly pressing either the staff or 
the boilers.” 





THE DEADFIT KEYWAY-SLOTTER. 

The photograph reproduced below shows a handy 
workshop tool which will be found serviceable for 
many odd jobs of keyway-cutting. It i8 often hardly 
worth the time and trouble required to take a wheel 
to the slotting-machine for the keyway to be cut, even 
should a suitable machine be available, and the only 
alternative has been difficult handwork witha hammer , 
and ¢hisel. In the device illustrated the cutting-tool 
is formed of a rectangular steel bar, guided by a 
groove in a steel block inserted in the bore of the 
wheel. The tool, which has a cutting lip formed at 
its lower end, is driven through the wheel by blows 
from a hammer. The uide- block is so formed that 
when tightly fixed in the wheel boss by means of the 
peeved, ois he screws at the back, the groove in it is 
inclined to the axis of the wheel by an amount equal 
to the standard keyway taper, thus relieving the 
workman of all responsibility in the matter of ae. 
After each cutting stroke the tool is fed forward by 





inserting a thicker liner behind it in the groove, so 
that each cut is about ,', in. deeper than the previous 
one, The liners are provided with double gib-heads 
to keep them in their place, and are numbered in order 
of thickness. 

The slotter is made in ten sizes, the five larger sizes 
each being arranged for cutting keyways of four 
different widths, the narrower tools working in 
channel-shaped liners held in the main guide. A 
complete set, seven in all, of the type illustrated will 
deal with bosses from }4 in. bore by 34 in. long to 
34 in. bore and 84 in. long. For larger sizes a some- 
what different design is used, in which the metal is 
removed in sections, the ridges being afterwards cut 
away and the keyway smoothed by a finishing tool of 
the full width. The size illustrated will cut keyways 
of ,  in., 8 in., #in., and Z in. wide up to 7 in. long 
in bosses from 2 in. to 2,% in. bore, and together with 
liners, channels, tommy-bar, &c., only weighs 14 lb. 
All that is required in addition is a hammer and a 
suitable anvil or chipping-block to support the work. 

The slotter is said to do very satisfactory work on 
hard cast steel, its great rigidity, as compared with a 
slotting-machine, being so much in its favour. The 
cutting edge of the tool may easily be renewed when 
worn down or broken. There are several holes tapped 
in the back of the guide to allow the position of the 
capstan screws to be altered to suit bosses of different 
lengths, and the threads of both holes and screws are 
hardened. This hardening is probably necessary, but 
does not improve the fit of the screws, particularly as 
the thread of the latter is rather fine. 

The keyway-cutter is sold b 
Brothers, of Carlisle, and 63, 
London, E.C, 


Messrs. Rimington 
ueen Victoria-street, 
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LAUNCHES AND TRIAL TRIPS. 

THE armoured cruiser Warrior was launched by Lady 
Windsor at Pembroke Dock on Saturday, the 25th ult. 
From the same he grind the Empress of India, the Nile, 
the Hannibal, and the Essex have also been launched. 
The Warrior, which must be completed during the next 
financial year, was laid down on November 5, 1903, and 
will cost 1,183,946. Her sister-ships, built in private 
yards, cost as follows: — Achilles, 1,137,781/.; Natal, 
1,162,366/.; and Cochrane, 1,146,133/. This type of 
cruiser was fully described in ENGINEERING, vol. lxxix., 
page 681, and the Yarrow boilers were described in the 
same volume, page 150. 


On Monday, the 27th ult., Messrs. Furness, Withy, 
and Co., Limited, Hartlepool, launched the Clan Mathe- 
son, which they have built to the order of the Clan Line 
(Messrs. a go Irvine, and Co., Glasgow). The vessel 
is over 400 ft. in length, of the three-deck type, with two 
steel decks laid all fore and aft, and is classed 100 A 1 at 
Lloyd’s, the scantlings being considerably in excess of 
that society’s requirements. Her total capacity is 431,718 
cubic feet. Triple-expansion engines will be supplied and 
fitted by Messis. Richardsons, Westgarth, and Co., 
Limited, Hartlepool, with cylinders 26 in., 43 in., and 
71 in. in diameter, with a 48-in, stroke. Steam will be 
supplied at 200 lb. pressure by two boilers working under 
Howden’s system of forced draught. 

On Tuesday, the 28th ult., Messrs. William Doxford 
and Sons, Limited, Sunderland, successfully launched 
their 128th turret vessel, the s.s. Komura, built to the 
order of Messrs. MclIlwraith, McEacharn, and Co., Pro- 
prietary, Limited, London and Melbourne, for their Aus- 
tralian trade. The vessel is 295 ft. in length, 40 ft. in 
breadth, and of 22 ft. moulded depth, and is designed to 
carry 3500 tons of cargo and bunker coal on a draught of 
19 ft. The engines and boilers are also supplied by 
Messrs, Doxford, 


On Tuesday, the 28th ult., Messrs. Short Brothers, 
Limited, launched from their shipbuilding yard at 
Pallion, Sunderland, the screw.steamer Radiance, built 
to the order of Messrs. Freear and Dix, Sunderland, to 
take the highest class in Lloyd’s Registry, on the single- 
deck rule, to carry a deadweight cargo of 5400 tons on a 
moderate draught of water. Her dimensions are :— 
Length, 342 ft.; breadth, 48 ft. 6 in,; depth, moulded, 
24 ft. The machinery will be supplied by the North- 
Eastern Marine Engineering Company, Limited, Sun- 
derland, and consists of engines having cylinders 24 in., 
39 in., and 64 in. in diameter, with a 42-in. stroke, driven 
by two multitubular boilers, at 180 1b. pressure. 


On Wednesday, the 29th ult., Mr. William Walker, of 
Maryport, launched a steel screw coasting steamer, the 
Admiral, built to the order of the Manchester, Liverpool, 
and North Wales Steamship Company, Limited, Liver- 
pool. The dimensions are:—Length between perpen- 
diculars, 121 ft.; breadth, moulded, 22 ft.; depth, moulded, 
10 ft.6in. She will be fitted with compound surface- 
condensing engines, built by Mr. James Ritchie, Glen- 
avon Engine Works, Partick, Glasgow, having cylinders 
15 in. and 32 in. in diameter, with a 22in. stroke. Steam 
will be supplied by a boiler 11 ft. in diameter by 10 ft. 
long. at 130 1b. pressure. The vessel was vane Be | broad- 
side. 











The large turret steamer Belle of France, recent] 
built by Messrs. William Doxford and Sons, Limited, 
Sunderland, for Messrs. Crow, Rudolf, and Co., Liver- 
pool, successfully completed her sea trials on the 30th ult., 
and proceeded to Leith for loading. 





Messrs. Alex. Stephen and Sons, Limited, launched, at 
Linthouse, on Thursday, the 30th ult., for Messrs. 
Maclay and McIntyre, Glasgow, the Livingstonia, a 
sister-ship to the Uganda, recently built by them for the 
same owners. These vessels carry about 7000 tons dead- 
weight on a moderate draught. 





On Friday, the 1st inst., there was launched from the 
shipbuilding yard of Messrs. David and William Hen- 
derson and Co., Limited, Partick, the large steel screw 
cargo steamer Heliopolis, which they have constructed to 
the order of Messrs. Harris and Dixon, Limited, of 
London. The leading dimensions are :—Length, 404 ft. ; 
breadth, 52 ft. 6in. ; depth, moulded, 29 ft. 9 in. ; she 
has a gross tonnage of about 4700 tons, and will be classed 
in Lloyd’s 100 A 1 three-deck rule, with shelter-deck. A set 
of triple-expansion engines will be fitted by the builders ; 
the cylinders are 27 in., 45in., and 73 in. in diameter, 
with a 4-ft. stroke, supplied with steam from three large 
single-ended boilers, working at a pressure of 200 Ib. 


The Laxevaags Engineering and Shipbuilding Com- 
pany, Bergen, Norway, launched on Friday, the 1st inst., 
the s.s. Agga, built to the order of Mr. William Hansen, 
of Bergen. Her principal dimensions are :—Length. 
extreme, 239 ft. 6 in. ; breadth, 35 ft. ; depth, moulded, 
16 ft. 10in. The machinery is also constructed by the 
Laxevaags Company, the cylinders being 16 in. by 254 in. 
by 43 in. in diameter, with a 30-in. stroke. The working 
pressure is 175 lb. per square inch. 








On Saturday, the 2nd inst., the steel screw-steamer 
Albiana, built by the Northumberland Shipbuilding Com- 
pany, Limited, Howdon-on-Tyne, to the order of Messrs. 


urness, Withy, and Co., Limited, West Hartlepool, left 
the Tyne for her trial trip. The steamer is 360 ft. long 
by 48 ft. beam by 30 ft. 10 in. deep, and has been built 
under special survey to the highest class in the British | 





Corporation Regintey. Her machinery has been supplied 
by Messrs. Richardsons, Westgarth, and Co., Limited, 
Sunderland, the cylinders being 25 in., 41 in., and 69 in. 
in diameter, with a 48-in. stroke. Steam will be supplied 
by three large steel boilers at 180 lb. working pressure. 

he steamer will carry about 7250 tons | The 
trial trip proved in every way satisfactory, and a speed 
of 11 knots was easily attained. 





The new turbine screw-steamer Bingera, of 2100 tons, 
built and engined by Messrs. Workman, Clark, and Co., 
Limited, Belfast, for the Australasian passenger trade 
of the British India Steam Navigation Company, Limited, 
underwent her official trials on the Clyde on Tuesday, 
the 5th inst. The vessel has been built in accordance 
with the highest class in Lloyd’s Registry, and complies 
with the rd of Trade requirements for passenger 
service. She has been fitted with steam-turbines, built 
by Messrs. Workman, Clark, and Co., under licence from 
the Parsons Company. The turbines are capable of 
developing 3500 horse-power. Steam is supplied from 
two double-ended multitubular boilers working at 160 lb. 

ressure, under Howden’s system of forced draught. 

be speed trials took place over the measured mile at 
Skelmorlie, when the speed attained was considerably in 
excess of that guaranteed. Very exacting tests were also 
made of the turbines, including reversing from full speed 
ahead to full —_ astern, and turning while running at 
full power, and the behaviour of the vessel under all cir- 
cumstances gave the utmost satisfaction. After under- 
going the various tests, the vessel proceeded down the 
Firth for a 12-hours full-power trial, and notwithstanding 
the heavy weather which prevailed at the time, the 
steadiness of the vessel and total absence of vibration 
were favourably commented on by all on board. 





On Saturday, the 9th inst., Sir Raylton Dixon and 
Co., Limited, launched from their Cleveland dockyards, 
Middlesbrough, a steel sctew cargo and nger 
steamer, the Valasquez, built to the order of Messrs. 
Lamport and Holt, of Liverpool, for service to Brazil 
and in the River Plate. The vessel has been built to 
the highest class in the British Corporation Registry, 
and is the largest vessel built on the Tees. Her principal 
dimensions are :—481 ft. by 51 ft. by 40 ft. 8 in. moulded, 
with a measurement capacity of over 16,600 tons, and a 
dead-weight ey! of x yay, | ad tons. Triple-expan- 
sion engines will be fitted by Messrs. Richardsons, West- 

arth, and Co. Limited, Middlesbrough, having cylinders 

in., 46 in., and 79 in. in diameter, with a 60-in. stroke, 
supplied with steam by three large double-ended and one 
large single-ended boilers, working at 200 lb. pressure. 





The steel screw-steamer Ganiamore, built by the Ailsa 
Shipbuilding mg Limited, at their Troon yard, 
to the order of the Right Hon. the Earl of Leitrim, 
completed, on the 9th inst., her official trials in the 
Firth, when she attained a mean s of 11.1 knots on 
the measured mile, a result which was highly satis- 
factory. The engines, which are triple-expansion, were 
supplied and fitted by Messrs. Koss and Duncan, 
Glasgow. 








Tue P. anp O.—The aggregate tonnage of the fleet of 
the Peninsular and Uriental Steam Navigation Company 
stood at the close of September, 1905, at 404,182 tons. 
The Mooltan, the last of five steamers of the Moldavia 
class, has sailed on her first voyage to Bombay. The 
Delta, the first of four vessels of ce class, has also made 
her first voyage to Bombay, to take up her station in the 
China mail service. Her sister ships, the Delhi, Don- 
gola, and Devanha, will follow shortly. The directors have 
recently accepted a tender from Messrs. Caird and Co. 
for the construction of four twin-screw steamers of the 
intermediate class, with moderate passenger accommoda- 
tion, and large cargo capacity; they will appear under 
the names of the Namur, the Nile, the Nore, and the 
Nyanza. The Oceana and the Oriental have recently 
undergone extensive refits. The Company’s Australian 
trade has been improving in bulk owing to more favour- 
able seasons in the Antipodean continent ; but Australian 
freights have not experienced any change for the better. 
The outward trade to China and Japan has been 
good, but homeward business has been unequal to the 
employment of the tonnage sent outward. The cost of 
navigating the company’s ships in the year ending Sept- 
ember 30, 1905, was 1,125,997/.; this total included 
617,687. for coal, 33,6312 for oil and water, 179,621/. for 
port and light i. towage, and miscellaneous 
charges, and 295,058/. for salaries and w Provi- 
sioning of passengers, officers, and crews during the year 
involved an outlay of 279,226/. Suez Canal dues on pas- 
sengers and ships amounted to 321,274/. General adminis- 
tration at home and abroad cost 177,727/., the principal 
item being 111,940/. for salaries and wages. The mis- 
cellaneous charges of the year, including damages, law, 
quarantine, expenses of steamers laid up, &c., amounted 
to 21,0402. Repairs, stores, and general maintenance 
involved an outey of 245,316/. The allowance made for 
depreciation of the fleet for the past year was 536,040/. 
The amount received for passage money for the year was 
984,6887., while 1,588,784. was received for freights, 
charters, and miscellaneous services. Government con- 
tract services produced 330,653/. for the year, to which 
should be added 13,5002. for an armed cruiser, &c., sub- 
vention. The book value of the fleet stood at the close 
of September, 1905, at 2,960,1497.; but account should 
also taken of 468,997/., representing payments on 
account in respect of new _— and 89,924/. representing 
steam tenders, launches, and lighters. Graving docks, 
workshops and machinery, wharves, buildings and land, 
moorings, &c., at stations, stood in the books at the close 
of September, 1905, at 255, 8932. 





CATALOGUES. 


Tue Consett Iron Company, Limited, Consett, Durham, 
have sent us a printed sheet giving a full-size illustration 
of their own and the Admiralty pattern of chequered 
steel plates, and the sizes to which they are able to roll 
these plates. 

The Baker oil-separator for exhaust steam, manufac- 
tured by Baker’s Patent os am Company, Limited, 
Melrose-street Works, Scarborough, is illustrated and 
described in a ——— recently published by the com- 

ny. The Baker separator is built in thirty-eight dif- 
el sizes, the capacity of which varies from 160]b. 
to 150,000 lb. of steam per hour, and the weight from 
2 ewt. to 13 tons 5 cwt. 

Messrs. Alfred Herbert, Limited, Coventry, have sent 
us their catalogue of machine-tools used in the manufac. 
ture of motor-cars and motor-gearing. The success at- 
tained by our automobile industry is poe due to the 
accuracy of the work turned out by the Herbert machine- 
tools. ‘The catalogue is well got up and shows the high 
finish of the various machines. 

Mr. C. L’Estrange Ewen, A.M.I.N.A., Atlantic 
Chambers, 45, Hope-street, Glasgow, designs and sup- 
plies motors and motor-boats, and has sent us a pamphlet 
giving illustrations and particulars of the various classes 
of boats, yachts, racers, and other craft designed by him. 

Messrs. Edward Bennis and Co., Limited, 28, Victoria- 
street, S.W., have issued two pamphlets describing the 
coal elevating and conveying plant installed by them at 
the Grimethorpe, Frickley, and Carlton Main Collieries, 
and at the Metropolitan Electric Supply Company’s 
works at Acton-lane, N.W. 

Messrs; Aiton and Co., Western Works, Hythe-road, 
Willesden Junction, N.W., have sent us their latest 
catalogue, giving illustrations and dimensions of their 
British Standard cast-iron and cast-steel pipes and fit- 
tings, the latter including all the accessories, brackets, 
hangers, rollers, &c., required in boiler plant and central- 
station installations. 

Friction clutches form the chief subject of the catalogue 
sent us by Messrs. David Bridge and Co., of Castleton 
Iron Works, Castleton, Manchester, examples being given 
numerous uses to which such clutches can be 
applied. In addition, the catalogue includes illustrations 
and tables of rope pee s, belt pulleys, pedestals, bear- 
ings, wall boxes, and shafting. 

We have received from Messrs. Th. and W. Smith, 
Limited, Newcastle-on-Tyne, their catalogue of wire 
ropes, which gives very complete data concerning the 
manufacture of these and their use for mines, cable tram- 
ways, cranes, rigging, &c. The book contains a large 
number of illustrations, showing installations in which 
Smith ropes are used. The firm was established in 1782. 

We have received from Messrs. Frank Pearn and Co., 
Limited, the well-known engineers of West Gorton, 
Manchester, their catalogue on boiler-feed_steam-pumps, 
in which their various types are neatly illustrated and 
carefully described. 


of the ver 








Ralsinc AND Movine Buiipines.—The practice of rais- 
ing houses, if too low, or of moving them bodily from one 
place to another, if wrongly situated, is not new. Many 
attempts have been made to solve the problem in asafe and 
economical manner, and in America, even thirty years 
ago, buildings were taken bodily from one site to another, 
though the methods adopted were more or less primitive 
and unsatisfactory. During the last few years, however, 
considerable advances have been made in this direction. In 
Europe similar operations were in a few instances carried 
out—one in the neighbourhood of Budapest, and others 
in different parts of Germany. The cost of these opera- 
tions was, however, out of all proportion to the value of 
the building moved; and it is oe | comparatively recently 
that a method has been devi by Eugen Ruckgauer, 
architect and contractor, at Stuttgart, in Wurttem- 
berg, by which buildings can, it is claimed, be raised, 
moved, and turned in a manner which meets all reason- 
able requirements as to security and cost. The number of 
houses treated under this system during the last two or 
three years amounts to nearly 100. Among these build- 
ings may be mentioned a large house at Hargarten, 
Lorraine, and an inn at Schramberg, in the Black Forest. 
The former of these two buildings was about 50 ft. long, 
36 ft. deep, and 27 ft. high. It was formed of massive 
stone, and was transported 104 ft. in a straight line, and 
turned 30 deg. The time of preparation occupied two 
weeks, and the actual time occupied by the removal and 
turning was three days, 72 men being employed in the 

rocess. The inn at Schramberg measured about 82 ft. 
. 52 ft. in plan, and had a height of about 27 ft., and it 
was eleva 18 ft. in 14 hours, the time occupied in the 
preparation being 10 cage, In this case the number of 
men employed was 58. Other buildings could be named, 
but the two we have referred to are typical. The lifting 
apparatus or plant consists chiefly of a foundation grat- 
ing and an upper ting, the latter situated imme- 
diately below the object to be raised, and su ported 
by the foundation grating through the intermediary of 
the lifting machinery, which consists of stationary jacks. 
Both gratings are of steel. Loose struts or wooden posts 
are interposed between the jacks and the upper grating, 
and lateral guide-frames are used to steady the building 
during the operation. Horizontal jacks are used for 
sliding a specially-constructed upper tin with its 
load along a foundation grating if it is desired to move & 
building horizontally. This new method appears to 
possess many distinct advantages over older and more 


expensive systems, when it is necessary to move large 
and costly buildings. It is 


being introduced into this 
country by Mr. J. Wetter, 37 and 39, Essex-street, 
Strand, W.C., at whose offices models of the apparatus 


may be seen. 
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‘*ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


Comprtep sy W. LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS OF 1883—1902. 
The number of views given in the Specification Drawings is stated 
eee ames where none ore mentioned, the Mpesthention ts net 
Where inventions are communicated from abroad, the Names, 
é&c., of the Communicators are ngnee Oe. 
ui S Seles ate ained at the Patent O, Sale 
nch, 25, Southampton Buildings, Chancery-lane, W.C., at 
Leg pe y ay 
The date of the advertisement of the ance of a Complete 
ification is, in each case, given after the abstract, unless the 
atent has been sealed, when the date of sealing is given. 
Any person may, at any time within two months from the date of 
the advertisement of the mee of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grou mentioned in the Acts. 


ELECTRICAL APPARATUS. 


23,525. H.J. Dowsing, London. Electrical Radia- 
tors. {t Figs.] November 1, 1904.—This invention relates 
toan improved method by which the electric lamps which are 
usually employed in electrical radiators are supported or steadied 
at or near their upper ends. a is the electric lamp, mounted at 
its lower end by the usual bayonet or other joint or attachment 
to the radiator stove c. The upper end of the lamp a is steadied 
in the following manner :—A slot d of a convenient length is 
formed from the top of the reflectoror back e of the radiator, 
downwards at the back of each lamp a, preferably at the apex of 
the projecting angular part of the reflector, where such is em- 
ployed, as shown, which slots d are intended to receive the devices 
for supporting or steadying the upper portion of the lamp. The 
supporting or steadying device is preferably of the following 
character :—A strip of thin metal is bent or formed so as to sur- 
round and fit more or less closely the up; er part of the lamp, as 
shown, thereby forming a circular band /, with its two adjacent 
ends projecting radially therefrom. These ends are then bent at 
a suitable angle, according to the shape of the reflector or back of 
the radiator, a straight neck being left between the bent ends and 
the circular portion, of a length dependent upon the distance of 
the lamp a from the reflector or back cf the radiator. If, for 
example, the slot d is formed in the apex of the angular portion 
of the reflector, as shown, the ends of the strip are so bent as to 


1g. 1. 






form a Y/, the outer surfaces of which engage with the back of 
the angular part of the reflector. The lamps are first connected 
at their lower ends by the bayonet or other joint or attachment to 
the fixed contact fitting or connector in the lower part of the 
radiator, and cne of the before-mentioned steadying or supporting 
devices f is passed over the top of the lamp a, and into and along 
the slot d in the reflector or back of the radiator, until it rests on 
the bottom of such slot. Instead of forming the supporting or 
steadying device of a strip of thin metal, it may in some cases be 
formed of a ring of helically-wound wire, furnished [with means 
similar to those described for ensuring its engagement with the 
slotted reflector or back of the radiator. In cases where the con- 
tact fittings or connectors are in the upper part of the radiator, 
and the lamps suspended therefrom, the slots d may be continued 
downwards towards the bottom of the reflector, the steadying or 
supporting devices being in that case placed over the lamps before 
the latter are connected to the contact fittings or connectors. Or, 
instead of this long slot, a transverse opening may be made in the 
lower part of the reflector or back large enough to receive the 
bent ends of the yy or steadying device in combination 
with a narrow slot d, into which the neck may be passed, the 
supporting or steadying device being so shaped as to prevent the 
lamp @ from falling in the event of its accidentally coming out of 
the contact fitting or connector. (Accepted September 13, 1905.) 


534. Veritys, Limited, and F. Stanhope, Birming- 
ham. Arc-Lam (2 Figs.| January 11, 1905.—This inven- 
tion relates to a twin or double-carbon arc-lamp (particularly of 
the enclosed type) of the kind in which both arcs (which are 
coupled in series) are controlled by one regulating system, com- 
prising series and shunt coils, and suitable carbon holding and 





(584) 


releasing devices operated therefrom, and comprises the herein- 
after described improvements therein. A number of arc-lamps 
aforesaid are usually placed in series, and the shunt circuit of 
each individual lamp connected directly across the positive and 
negative main terminals of the lamp, with a result that should 


for the time being overloaded, and burns up or is damaged. 
According to this invention, the shunt-coil or shunt-circuit of 
each individual lamp is connected at one end to the conductor, 
which connects in series the two pairs of carbons, so that if either 
or both of the said pairs burn out, become broken, or from any 
other cause become unworkable, the shunt-coil or shunt circuit 
is safe against carrying an overload, the said coil or circuit being 
by such a connection cut out of the circuit as the lamp burns out 
or otherwise goes wrong. The shunt-coil or circuit is connected 
at the other end to either the positive or negative main terminals 
of the particular lamp. a is the positive main, ¢ the negative 
main, d the series coil, ethe shunt-coil, /f, gg the two pairs of 
carbons, and A the corductor which electrically connects the two 
pairs of carbons in series. The end e? of the shunt-coil e is con- 
nected to the conductor / at a point between the points at which 
the said conductor connects with the pairs of carbons, while the 
end e3 of the shunt-coil is connected to the negative maine. In 
practice the lamp-frame and parts connected thereto form the 
conductor. The particular connection described of the shunt- 
coil or circuit does not in any way interfere with its action for 
feeding the carbons, which is carried out as ordinarily. (Accepted 
September 20, 1905.) 


20,009. A. Muirhead, Shortlands. Telegrapby. 
{1 Fyg.] September 16, 1904.—This invention relates to improve- 
ments in the construction and arrangement of the artificial line 
which is required in all systems of multiplex telegraphy to effect 
what is called the ‘‘ balance” (or compensation circuit), and has 
for its object the attainment of greater speed, especially on cables. 
The form of artificial line which it is preferred to employ, and to 
which this invention is ticularly applicable, is that which is 
almost universally used in duplex telegraphy on cables, and is 
known as Muirhead’s inductive resistance. The conductor of this 
artificial line is built up of sheets of tin-foil of a suitable alloy, 
each sheet being cut up into a strip so as to constitute a con- 
tinuous zigzag. Each tin-foil sheet is inserted between three or 
more sheets of ned paper, on the outer surfaces of which are 
two complete or undivided sheets of tin-foil to form what is called 
an element or unit of the artificial line. The end of the tin-foil 
strip of one element or unit is connected to the beginning of the 
strip of the next element or unit, and so on, soas to obtain the 
sum of the resistance of the strips, and also the inductive capacity 
due to their surface. A certain ber of these el ts or units 
are connected together in sections, in which all the exterior com- 
plete sheets of tin-foil are joined ther. Several of these sec- 
tions (seven is a usual and convenient ber) are losed in 
one box, which, with the necessary terminals, is mounted on an 
ebonite slab, as illustrated in the disgram, wherein 8), *; denote 




















the tin-foil strip or conductor of the artificial line, and ¢, cz the 
capacity terminals of the respective sections. These boxes, in 
turn, are joined up to form the complete line. In duplexing 
cables it is found that in most cases, especially when the conductor 
is very large, it is necessiry to insert extra resistance at certain 
points on the series of boxes constituting the artificial line or 
compensating circuit in order to arrive at an effective balance to 
permit of high-speed transmission. These extra resistances are 
required even when the artificial line is made closely in accord- 
ance with the electrical dimensions of the core of the cable as 
determined at the factory. In carrying out this invention, and 
in order to perfect the balance and to facilitate the adjustment 
thereof, instead of inserting resistances at only a few points along 
the artificial line, the effect produced by such additional resist- 
ances is distributed over the whole or a greater portion of the 
artificial line by joining up, as represented in the diagram, a series 
of rheostats 7), “7 of doubly-wound coils between the earth or 
outer sheathing of the cable and the earth or capacity terminals 
of every one of the sections 8), 8; into which the artificial line is 
subdivided. Thus the resistance in the line may be conveniently 
and readily varied. Sometimes the whole or a portion of these 
rheostats 7}, 7; are wound inductively (i.e., singly) when it is 
desired to compensate for the inductance of thecable. The inven- 
tion is applied to other types of artificial line in the way above 
explained, or practically so. (Accepted September 27, 1905.) 


24,379. W.H. Scott, Norwich, and 8. Williamson, 
Motherwell. Electric Driving Gear. [1 Fig.) Novem- 
ber 10, 1904.—This invention relates to apparatus driven by 
electric motors with series windings, in which the motor drives 
the apparatus through a centrifugal friction clutch, and in which 
the acceleration of the speed of heavy loads demands a large portion 
of the power, whilst the power required for maintaining the speed 
attained is comparatively small. The turns of the series winding 
of the motor have to be in number sufficient to give a definite 
maximum speed, and this number of turns is so great as to 
revent the flow of sufficient current to give the necessary power 
or rapid acceleration. To overcome this there is employed an 
electro-magnetic device, which, when the main circuit is com- 
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pleted, puts a resistance in parallel with the series coils, 
thereby shunting current out of them, or short circuits some of 
the said coils. The shunting of the series coils by the resistance, 
or the short-circuiting of some of the coils, causes a heavy current 
to flow in the armature of the motor, so that rapid acceleration 
takes p=. When the required speed is attained, the current will 
have dropped and the resistance will be cut out, or the coils 
which were short-circuited will be put in again, so that when the 
whole current used by the motor Gna the series coils, 
the current will therefore be decreascd and the acceleration 
be stopped, as only the current required for overcoming the 


| current. The armature a2 of this electromagnet is connected by 
the rod ¢ with a lever 6 carrying a ay yy which completes 
the circuit of the shunting resistance D by being brought into 
contact with the contact-piece E, the starting current being 
sufficient to attract the armature a2 for this purpose against the 
pull of the spring F. The armature may be connected with the 
lunger g of a dash-pot G, to cause there to be an interval of time 
tween the completion of the main circuit and the shunting of 
current out of the series coils of the motor through the 
resistance D, so as to allow the motor to attain some s before 
the resistance is put in, and thus prevent too sudden a rush of 
current. The dashpot G is preferably made so that it acts only 
in the direction in which the resistance is put in. When the 
required speed of the apparatus has been attained, the current 
will have decreased so much that it will be insufficient to hold u 
the armature a2 of the electromagnet A, which will be pulled oft 
by the spring F, and the shunting circuit through the resistance 
Dis broken. The whole of the current will then flow through 
the series coils H to the motor, so that the resistance in the motor 
circuit will be increased, and there will be a tendency for the 
excitation of the magnets to be in This will check the 
increase of speed of the motor, and the current in the whole of 
the motor and also in the coil a of the electromagnet A will be 
decreased, so that the opening of the contacts tends, Ly decreasing 
the current in the said coil a, to increase further the opening be- 
tween the contacts, thereby making the action of the apparatus 
very certain and reliable. (Accepted Septemer 27, 1905.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


263. The Economic Safety Gas Company, met 
and C. C, Fowler, London, Carburettors. (8 Figs. 

January 5, 1905.—According to this invention, the air to be car- 
buretted 1s led or forced into the carburettor through a pipe, the 
passage of which is controlled by a throttle or other valve ; the 
air, before entering the carburettor proper, passes through a 
cooling-chamber and thence branches, one portion passing through 
the carburettor, where it is mixed with hydro-carbon vapour, 
and on escaping from the carburettor mingles with the air which 
flows through the other branch. Furthermore, the supply of 
hydro-carbon liquid to the carburettor is controlled by a float feed 
of suitable construction, and the arrangement is such that only a 
shallow layer of the liquid is allowed to accumulate at the bottom 
of the carburettor, the said a being kept in movement by the 
incoming air to be carburetted. a@ represents the hydro-carbon 
tank, ) is the cooling-chamber, and ¢ the carburetting-chamber. 
The cooling-chamber b is provided with a number of partitions ¢ 
which extend from either end of the chamber, so as to provide, in 
the well-known way, a tortuous or sinuous course for the air, 
which, on entering through the pipe d, flows across the cooling- 
chamber in the zig-zag path thus provided, and on reaching the 
other side of the chamber escapes downwards through the orifice 
J provided in the floor thereof; it then returns to the opposite 
side of the chamber by following a similar tortuous course, and is 
there branched, a portion of the cooled air passing down through 
the orifice g (Fig. 3) into the carburetting-chamber c, whilst the 
other = passes upwards through the outlet pipe 2, which 
extends to the mixing-chamber i, where the said air is mixed with 
the air, which iscarburetted. The carburetting-chamber c is pro- 
vided with a series of partitions j so as to form an ordinary 


Fig.1. 
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tortuous or zig-zag passage similar to that provided in the cooling- 
chamber b, so that the cooled air which enters at one side of the 
same through the orifice g flows in a zig-zag to the opposit 
side of the chamber c, where it escapes through the outlet pipe k 
to the mixing-chamber i, The operation of the apparatus is as 
follows—that is to say :—The air to be carburetted enters through 
the pipe d and thence flows into the cooling-chamber 6, through 
which it passes to and fro in the tortuous path above described, 
eventually escaping partly through the orifice g into the carburett- 
ing-chamber c and partly through the outlet pipe A. The portion of 
the air which enters the carlburetting-chamber is also forced to 
flow in the sinuous or serpentine course over the surface of the 
thin layer of hydro-carbon liquid which is contained therein, the 
said air forcing the layer of liquid before it along the zig-zag path, 
and so maintains the said liquid in constant movement. The air 
is thus caused to come into contact with a large surface of the 
hydro-carbon, and as this is only of shallow depth, and is in con- 
stant movement, it is thoroughly vaporised and mixed with the 
air without any residue of heavier oil being left, the liquid as it 
is vaporised being constantly renewed from the float-feed devices 
which maintains it at the same level. The air mixed with the 
hydro-carbon vapour after it has traversed the carburetting- 
chamber ¢ passes out through the outlet & and enters the mixing- 
chamber i, where it meets with the air which has left the cooling- 
chamber through the pipeA. The resultant mixture is drawn off 
through the pipe into the point of consumption. As all the air is 
baffled to practically the same extent, the pressure of the pure 
cooled air will be the same as that of the mixture of air and hydro- 
carbon vapour, so that the mixture of the two will take place 
with facility and celerity in the mixing-chamber i. (Accepted 
September 27, 1905.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


24,889. J. Dewrance, London. Water-Level Indi- 
cators, [4 Figs.) November 16, 1904.—This invention relates 
to water-gauges of the type in which the top and bottom arms 
are respectively provided with automatic valves, whereby, in the 











frictional resistance or doing the work required is flowing. A is 





any particular lamp burn out, its particular shunt-circuit becomes 





an electromagnet, the coil a of which is in series with the main | 
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fluid under pressure is immediately intercepted. In water-gauges 
so fitted it is desirable to i not only against the closing of 
the automatic valve in the top arm during the operation of 
‘* blowing through,” but against ite closing under certain other 
conditions which may accidentally arise in working. With a view 
to holding the automatic valve in the top arm off ite seat.durin: 
the mere operation of ‘‘ blowing through,” it has been 

to suspend or support the valve oj te its seat by means of a 
spring or other flexible carrier. This carrier may assume various 
forms; but in all cases the support it affords to the valve is 
sufficient to hold the latter off its seat during the operation of 
‘*blowing through,” but is insufficient for that pu in the 
event of the gauge-glass breaking. In the event, however, of 
the spring or other flexible carrier itself breaking or otherwise 
failing, the valve seats itself ; bape soe the eer through the 
top arm of the gauge-glass is cl , and a condition of ger 





engendered. This invention is designed to provide against the 
accidental closing of the passage through the top arm as a result 
of such an occurrence ; and with this object the automatic valve 
is suspended in that arm by means of a spring carrier, and the 
orifice against which the valve closes is arranged at the side of, 
or above, instead of underneath the latter. Fig. 1 is a vertical 
section through the top arm of a water-level indicator ; Fig. 2 is 
a horizontal section illustrating an alternative mode of construc- 
tion ; whilst Fig. 3 is a similar view illustrative of another varia- 
tion. In each Cctenes the spring carrier a is sufficiently stiff to 
hold the valve b off its seat b! during the operation of ‘‘ blowing 
through ;” but, upon the gauge-glass ¢ breaking, the valve b is 
forced against its seat b!, and intercepts the escape of the steam. 
In the event, however, of the spring carrier a breaking, the valve 
falls away from the operative position, and, during normal work- 
ing, is no longer capable of gaining its seat b! and closing the 
passage to the gauge-glass. (Accepted September 27, 1905.) 
13,361. R. Schulz, Berlin. Water-Tube Boilers. 
(9 Figs.) June 28, 1905.—In the water-tube boilers described in 
Patent No. 15,848, of 1901, in which there are groups of tubes 
connecting the upper and lower drums, or proceeding from the 
upper drum, and the furnace gases are guided by means of 
groups of tubes laterally bordering the furnaces, the furnace 
gases, combined into a main current, are conveyed, by means of a 
separate transverse e x of fireproof material. placed at one 
end of the grate preferably at the rear wall of the furnace, from 
one group of tubes into the other group of tubes situated at the 
other side of the furnace. In order to provide room for this 
transverse passage, the grate is shortened to the width of the 
transverse passage, as shown clearly in Fig. 8 of Patent No. 15,848, 
of 1901. By this arrangement of the transverse “xy about 
one-third of the area occupied by the boiler is lost to the grate. 
Now, however, it is frequently desirable in boiler-rooms with 
limited area, such as are found on warships, to fully utilise the 
round space at disposal ; also for the grate to be made almost as 
ong as the upper or lower drums. In the two illustrations a 
double furnace boiler is shown in which the grate occupies the 
entire length of the space between the front and back wall of the 
boiler, and the transverse passage x is constructed within this 
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space. The upper part of the furnace chamber is, indeed, some- 
what shortened by this construction, which, however, is im- 
material, as this improved boiler construction allows of as great 
a height as possible being provided for the development of the 
fire. To this also must be added the advantage that the trans- 
verse passage 2 may be arranged, as desired, on the back or front 
wall of the furnace chamber or fire . The figures show 
the latter arrangement ; directly above the furnace door the at 
first inclined inner wall of the transverse e, which, as 
shown, is preferably vided with insulating interstices, extends 
from the front wall of the fire chamber. This arrangement also 
affords the further advantage that ‘he stokehold is separated 
from the fire space of the boiler by the transverse @, and 
therefore remains cooler, as the temperature of the furnace 
gases is considerably lower in the transverse passage 2, where 
they have already given off a portion of their heat, than in the 
fire space. This is of great advantage for the stokers on shi 
As may be seen from the plan view, the fire-flues 1, 2 are easily 

ble either from the front wall or the rear wall for the pur- 
pose of being cleaned. In order to render the transverse passage 
accessible, it is provided with a removable plate 3 which may also 
be formed asa door. (Accepted September 20, 1905.) 


14,249. J. Baldwin and A. Bald Keighley. 
“Valves. [4 Figs.) July 11, 1906.—This invention 

relates to the construction of externally dead-weighted safety- 
valves and similar valves loaded by compression springs, and the 
object is to arrange the valves in such a manner that the escaping 
steam from such a valve may flow into a chamber provided with an 








outlet branch for pipe connection, and to ie many the valve- 
spindle, so that whenever the valve is raised from its seat, on 
returning the valve to its original position, it will rest rly 
upon the seat ; and to combine therewith means by which the 
valve may be raised with ease in the direct axial line of the valve- 
spindle whether under pressure or not, and retained in its elevated 
position without additional ap liance. The valve-block is of the 
ordinary construction, prov Ted with a seating inserted and 
secured in the usual manner. A casing 3 having a pipe outlet 
branch is secured to the block, and encloses a valve 5, which 
is connected to a spindle 6 in such a manner that the valve 
is free to rock thereon. The valve-spindle 6 is supported by 
bearings; one bearing 8 is formed through the top of casing 3, 
and another bearing 9 in cover 10; both these bearings and the 
valve-seating are in the same axial line, and the valve 5 may be 
loaded by dead-weights 11 as shown, or by a compressed spring 
applied in the usual manner. To the casing 3 is secureda bracket 
13, to which is jointed a lever 14, arranged to encirtle the valve- 
spindle, and provided with extensions 15, one on each side, for 
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engaging with a collar 6a secured in a convenient manner to the 
valve-spindle. To lever 14 is jointed the bifurcated end of another 
lever 14a, connected thereto by a pin, thus making a lever of the 
compound type. The portion 144 of the compound lever is, by 
preference, provided with a handle, as shown, and bent so as not 
to unduly project beyond casing 3 when in its normal i - 
tion, and the valve 5 resting on its seat. The bifurcated end of the 
lever 144 is extended, so that the valve 5 is raised from ite seat 
by moving the portion 144 on its pivot through 90 deg. The ex- 
tensions are maintained in contact with-the casing 3, and the 
valve 5 is raised clear of its seat so long as the compound lever 
remains in this position. By constructing and applying a com- 
— lever in the manner shown and described, a central vertical 
ift is imparted to the spindle 6 and valve 5 ; and by the formation 
of the lever the valve iy easily raised from its seat, and when de- 
sired, retained elevated, whether under pressure or not ; and, in 
addition, when the lever is in its normal position, it is folded close 
to the casing 3, as mentioned. The outer end of the portion 144 
is therefore, to a considerable extent, removed from accidental 
interference. (Accepted September 13, 1905.) 


22,537. H. McPhail, Wakefield. Superheaters. 
(10 Figs.}| October 19, 1904.—This invention relates to apparatus 
for superheating or drying steam. A is a brickwork structure in 
which the superheaters are adapted to be arranged when they 
are to be heated independently of a steam-generator furnace. At 
the lower part of this structure are situated the grate bars of the 
furnace A 1 which has an arched crown provided with holes a1 
therein for the gaseous products of combustion from the furnace 
to reach the superheating chamber A 2. C, C are the boxes or 
headers of the superheaters, which are adapted to receive the 
ends of the superheating tubes c. The said headers are formed 
of solid-drawn steel tubes of square or other rectangular shape in 
cross-section, one end of which may be closed by a plate, and the 
other end of which may be furnished with a flanged ring c2 ; this 
end of the box or header may be suitably contracted to bring it 
to a cylindrical shape for the reception of the flanged ring. e 
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superheaters may be arranged in the path of the products of 
combustion from a steam-generator or other furnace, and the 
superheating tubes may be vertical, with their headers horizontal, 
or they may be horizontal, with their headers vertical, or at any 
angle relatively to each other. The structure comprising the 
header or headers and the superheating tubes may be arranged 
vertically, horizontally, or at an angle, or the tubes may be bent to 
any desired shape to suit the space available in the path of the 
combustion gases and to obtain the full benefit of the heat from 
the same. In all cases the superheating tubes are supported by 
perforated ¢ 5 depending from suitable supports or other- 
wise, held in place within the space or chamber containing the 
superheating tubes. In some cases baffles may be provided 
between the perforated plates c5 for the purpose of deflecting 
the products of combustion from their path to the flue or flues 
and directing them amongst the superheating tubes. Thes2 





baffles may be of flat or of bent or angular shape, with their 
or concave portion preferably presented to the flow of 
the p ts oO sti If the superheaters be situated in 
an independently-fired structure A, as illustrated, the flue or flues 
may camel in a straight or diagonal direction relatively to 
the said structure. Suitable dampers a* may be provided for 
—- the draught through the flues and amongst or around 
the superheating tu The furnace may be fed with fuel in the 
nary manner, or by any appropriate form of mechanical 
stoker. Or the superheater may be fired with gas generated for 
the purpose or by waste gas. (Accepted September 13, 1905.) 
26,274. D. Roberts, Grantham. Steam-Generators. 
(2 Figs.}] December 2, 1904.—This invention relates to improve- 
ments in steam-generators or water-tube boilers of the type de- 
scribed in the Specification of Letters Patent No. 5003, of 1902, the 
objects being to provide for the transference of a greater proportion 
of the heat of the furnace to the water than heretofore, and to 
improve the efficiency of such boilers generally. To this end the 
rear or feed sections are cut off from communication with the 
other sections at the bottom, and a suitable water-tight partition 
is arranged in the top headers of the said feed sections, the said 
partition enclosing a nipple tion or tions to the next 
sections. With this arrangement, as the top headers of the feed sec- 
tions are divided into two parts the feed-water, which is admitted 
into the larger part, has to travel, by reason of its greater den- 
sity, down the part of the tubes not enclosed by the partition, and 
rises again in the remainder of the tubes of the feed sections into 
the space formed in the top headers thereof by the water-tight 
partition, and thence through the nipple or nipples into the re- 
maining sections of the boiler. Suitable nipples are also fitted 


A 






































& A ™ bid 
\ ed fh —- = ta 
\ ko g 
\ d e 
\ yi 
\ \N 
\\ 
WX\\ | 
\ \ } 
Y \ \ | 
YS, | | 
a 5 J | 
* - = 3 ine 





6274) 


between the upper parts of the feed sections and the sections con- 
tiguous thereto, such nipple connections being above the water- 
tight partition, in order that hot water from the remaining sec- 
tions may enter the feed sections and raise the temperature 
therein, thereby ensuring a more ready deposit of the soluble 
matter in the feed-water at the bottom of the feed sections. a is 
the furnace, b b are the front generating sections, cis the steam 
and water drum, d d are the back generating sections, and e¢ e the 
rear or feed sections. / fare the top headers of the rear or feed 
sections. e, .and g is the water-tight partition which divides each 
of these headers f into two parts. The latter is of angular sec- 
tion and separates a small s h from each header, the space 
being connected to the top headers of the back generating sec- 
tions d, d by means of nipples. The feed-water enters each sec- 
tion e, then descends by the tubes k, k at the rear of the vertical 
part of the partition g, and flows into the bottom header 1; it 
then ascends the tubes m, m at the front of the vertical part of 
the partition g, passes into the chamber h formed by this parti- 
tion, and thence through the nipples into the top headers of the 
back generating sections d. (Accepted September 20, 1905.) 


17,353. C.G. P. de Laval and E. E. F. Fagerstrom, 
Stockholm. Yielding Bearing. (2 Figs.) August 28, 
1905.—This invention relates to a simple and inexpensive yielding 
bearing, more especially adapted for use with quickly-rotating 
shafts, such as those of steam-turbines. According to the inven- 
tion, the box a is suspended by means of one or more cords or 
wires b extending over at least two supports c, situated one on 
each side of the shaft, the said cords or wires embracing the box 
in such a manner as to retain it in its position of equilibrium 
though still allowing it a certain amount of freedom, owing to the 
elasticity of the cords or wires, to move in all directions and 
occupy different positions ; which freedom is a matter of necessity 
in the case of shafts for turbine discs, in order that these, during 
their rotation, shall acquire their position of equilibrium, and 
revolve about axes containing their centres of gravity. It is 











evident that the cord or wire may be arranged in various ways 
around the journal-box and the supports. Thus, for instance, 
two cords may be used applied around the box, and each of the 
ae may be in the shape of loops of such a length that they 
will be in a state of slight tension when the shaft is occupying 
its position of equilibrium. Another manner is illustrated in the 
drawing, where a cord is used which is wound first around one 
support, then on one side of the box, then on to the opposite 
side of the other support, then beneath that support, and back 
in the opposite direction, forming a kind ofdouble-8. Many other 
modes of coiling are evidently possible, and a greater number of 
supports may used, the main thing being that the box be 
sustained by means of cords or wires from at least two supports 
located on opposite sides of it, so that it cannot move to any 
considerable extent in any direction, though being capable of 
yielding to a certain extent in all directions. (Accepted Sept- 
ember 27, 1905.) 
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Hydraulic Machinery, with an Introduction to Hydraulics. 
By Rosert Gorpon BiatneM.E., A.M. Inst. C.E., &c. 
Second Edition, revised and enlarged. London: E. 
and F. N. Spon, Limited; New York: Spon and 
Chamberlain. [Price 14s. net. ] 

Tas work gives a very complete account of the 

subject which it treats, and this second edition 

has been-fully brought up to date by describing the 
water-turbines in use for the larger power schemes 
in the United States of America and in Canada. 

There is a large amount of practical information, 

and the illustrations are both numerous and good. 

We are especially impressed by a very fine photo- 

reproduction of the largest water-turbine yet con- 

structed, now being erected by the I. P. Morris 

Company at Shawinigan, on the St Maurice River, 

near Montreal. The author indulges in a certain 

amount of mathematics, on the plea that the usual 
attempts to avoid using the calculus, by disguising 
its use in the language of so-called elementary 
mathematics, result in the proofs being long, diffi- 
cult, and not too exact. In this matter the author 
acknowledges the advice and assistance of Professor 

Perry. 

The first eleven sections (the book is not divided 
up into chapters) deal with theoretical hydraulics 
and such things as centre of pressure, stability of 
floating bodies, resistance of ships, equipotential 
surfaces, lines of force, the laws of moving fluids, 
flow of water through orifices and pipes, Bernouilli’s 
law of constant energy, and flow of water over 
weirs are explained and discussed in a complete 
manner. The critical velocity at which a change 
occurs in the law of flow of liquids is carefully con- 
sidered, and Professor Osborne Reynolds’s experi- 
ments on the subject are described. The section 
on the measurement of flowing water has been care- 
fully worked out, and special prominence is given to 
the use of weir-gauges, and it is shown, by following 
the reasoning of the late Professor James Thomp- 
son, why the usual method of multiplying the 
so-called theoretic flow by a coefficient of discharge 
is wrong. An interesting numerical example, con- 
nected with the recent turbine installation at Newry, 
showing how to obtain the maximum power of 
a given waterfall, is worked out. This section con- 
cludes with a description of several water-meters, 
such as Kennedy’s, Schénheyder’s, the Kent abso- 
lute meter, the Venturi meter, and an American 
meter consisting of a scalloped casing in which 
a ‘* piston” of similar shape revolves eccentrically. 
Section 10 deals with jet propulsion and reaction 
wheels, and gives an interesting description of an 
hydraulically-propelled lifeboat, the City of Glas- 
gow, which was under trial, and, so far, was giving 
satisfaction ; a special feature is the provision of a 
jet on each side of the boat, intended for lateral 
propulsion, so as to prevent the boat from bump- 
ing against a wreck. 

Section 12 deals with water-wheels, not very 
exhaustively, but sufficiently for their present-day 
importance. Centrifugal pumps are considered in 
Section 13 in a very complete manner, and the 
principal centrifugal pumps at present in use are 
described. The somewhat difficult theory of these 
pumps is well treated. Turbines are discussed, as 
the next subject, and this forms one of the most 
important sections of the book, and the matter is 
considered both theoretically and practically; a 
simple graphic method of designing the turbine- 
blades is given. The next section consists of a 
description of several existing water-turbine in- 
stallations. The important matter of the speed re- 
gulation of water-turbines is considered at. some 
length, and a great variety of governors are de- 
scribed. One of the most interesting of these is 
the Lombard hydraulic governor of the relay valve 
type, used in connection with the Ontario Power 
Company, to control a 10,000-horse-power unit. 

The relay valve is only 2in. in diameter, and 
yet it is able to contrgl a main valve 16 in. in 
diameter with a 2-ft. stroke under a working pres- 
sure of 200 lb. per square inch. 

_ Hydraulic pressing machinery is the next sub- 

ject dealt with, and a curve of practical utility is 

given, showing the change in pressure required 
during the operation of pressing of one class of 

Manchester goods ; the very rapid rise of pressure 

towards the end is remarkable. Various practical 

applications of the hydraulic press are described, 
such as its use for making lead pipes, pressing 
linseed oil, and for tightening the hoops in the pro- 








cess of cask-making. A description of its use in 
connection with Mr. Greathead’s shield is also de- 
scribed. 

Hydraulic transmission of power forms the next 
important portion of the book, and it is stated 
that the first hydraulic crane was erected on New- 
castle Quay in 1846, being served by water from 
the ordinary town mains. Sufticiently detailed de- 
scriptions of the hydraulic accumulator, of the 
pumping engines, and of the pipe work are given, 
and, as regards the latter, the result of Professor 
Perry’s investigations in respect of the pressure 
due to shock is given. Hydraulic cranes are 
treated of in some detail, and photographic re- 
productions of a great number of various sizes 
are given, amongst which we notice the hy- 
draulic gantry at Messrs. Harland and Wolff's 
yard. Hydraulic lifts are treated very fully, and 
special attention has been paid to the subject of 
safety. The author says that ‘‘to erect a cheap, 
unsafe passenger lift is not only to be penny wise 
and pound foolish, but it is morally criminal. A 
merchant who would not trust his own person inside 
an unsafe vehicle has no right to expect his em- 
ployés to use daily a lift which is dangerous to life 
and limb.” Much attention has been paid to the 
safety gears which have been devised, and they are 
illustrated by several clear engravings. Larger 
hydraulic 1ifts are also described, such as those used 
for canals and graving docks, and are illustrated 
by actual.examples, such as the canal lift at Les 
Fontinettes, near St. Omer. 

The remainder of the book deals principally with 
hydraulic engines and their application to various 
purposes. The Brotherhood hydraulic engine is 
described, also Rigg’s variable-stroke engine, which 
has been designed to reduce the consumption 
of water at light loads, this being effected by 
a variable stroke. The examples given consist 
of bridge and dock-gate machinery, including a 
short description of the arrangements in connection 
with the Tower Bridge ; the use of hydraulic machi- 
nery for gas-stoking is described, and there is a 
fairly complete account of the use of hydraulic 
machinery on board ships, including its use on war- 
ships, for moving guns and turrets. Section 28 
deals with hydraulic machine-tools and gives short 
descriptions of the principal classes in use. The 
advantages of hydraulic riveting are mentioned, and 
some information is given as to the relative cost of 
hand-riveting and hydraulic-riveting. The book 
concludes with short descriptions of some pumping- 
engines, of an apparatus for injecting air into the 
air vessels of pumps, and of the pulsometer, the 
hydraulic intensifier, the hydraulic ram, the hy- 
draulic brake, &c. 

It will be seen from the above that this book 
very completely covers the field included in its 
title ; necessarily to include so much in 459 pages 
does not admit of very full description of many of 
the items; but the book is eminently suited to an 
engineer who desires to obtain a general idea of the 
subject. 





Digest of the Evidence Given before the Royal Commission 
on Coal Supplies (1901-1905). Reprinted from the 
Colliery Guardian after revision by the witnesses. 
Vol. I. 1905. London: The Chichester Press. 

The work done by the Allerton Commission on 

Coal Supplies is of great value, both by reason of 

the scope of the inquiry and of the importance of 

the evidence given. In the years to come constant 
reference will be made to that evidence, and it is 
therefore very desirable that it should be readily 
available in convenient form for all who are inte- 
rested in the subject. The Blue-Books, of course, 
give a complete report ; but a Blue-Book is not the 
most convenient form of * publication for ready 
reference. We believe, therefore, that many will 
welcome the present publication, in which the 
O.lliery Guardian gives a digest of the evidence on 
the separate branches of the inquiry entrusted 
to the Commission. The complete work will consist 
of three volumes ; only the first of these has as yet 
appeared. This volume deals with the evidence 
relating to the coal question as affected by the con- 
ditions under which coal occurs below ground. The 
later volumes will deal with the evidence on the 
treatment and handling of coal after it reaches the 
surface, and on all the circumstances connected 
with its transport and use. Many witnesses, of 
course, dealt in their evidence with all, or more 
than one of, these subjects ; and one of the chief 
advantages of this publication is that such evidence 
is separated and collected under different heads, so 





that the complete evidence on any one branch of 
the subject is found in one place. The preparation 
of this volume must have entailed much labour, 
and great credit is due to our contemporary 
for its successful effort to give a permanent and 
attractive form to the work of the Commission. 
The witnesses have themselves revised the reports 
of their evidence, so that accuracy has been made 
sure. The main heads of inquiry covered by this 
volume are four in number : working of thin seams, 
limit of depth in mining, waste in working, and coal- 
cutting by machinery ; and the first and the final 
reports of the Commission are also given. 
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THE VENTILATION OF THE BAKER- 
STREET AND WATERLOO RAILWAY. 


By G. Rosensuscu, Assoc. M. Inst. C.E. 


Wuen the Central London Railway was first 
built, no form of mechanical ventilation was con- 
templated by the engineers, the form of construc- 
tion and mode of operation being considered such 
as to sufficiently conduce to the maintenance of 
non - polluted air. Unfortunately, the desired 
results were not realised, and further means were 
adopted at considerable expense. Before describ- 





ing these, however, it is well to remind ourselves 
of the form of construction and mode of operation, | 
and also to define more exactly polluted air, the | 
Central London Railway being taken as a typical | 
example of a tube railway. F 

A tube railway of the recognised type consists | 
of two circular and parallel tunnels, entirely sepa- | 
vate except at cross-overs and at stations, the dis- 
tance apart of which may be roughly taken as 0.4 of | 
a mile. In each of these tugnels are run trains, 
unidirectional as to each tunnel, but in opposite 
directions relatively to each other. These trains 
tit the tunnels so closely as to act in the nature of 
air-pistons, and, consequently, push and pull hori- 
zontal columns of air from station to station. That 
this effect takes place has been proved by experiments 
made by the writer at Oxford-circus, where the speed 
of the air in the tunnels reached a velocity of 1400 ft. 
per minute, and varied in direction with the move- 
ment and position of the trains. If the velocity 
and direction of the air were taken at the mouth 
of a running tunnel from the end of the station 
tunnel, it was found that the air first flowed in a 
direction 4 a to the motion of the train, the 
velocity gradually decreasing to 0 just when the 
rear end of the train had entered the tunnel, when 
the air reversed its motion, and followed in the 
direction of the train. 

It was anticipated that these movements would 
result inan interchange with the surface air suff- 
cient to keep the atmosphere pure enough for the 
average passenger, both in the station and running 
tunnels. That this result is partially obtained is, | 
I think, proven in the case of the City and South 
London Railway (where the traftic is much less 
dense than on the Central London Railway), and 
also by the draughts of air experienced in the 
station passages of both these railways. The air on 
the City and South London Railway is undoubtedly 
musty and very unpleasant, showing that it is not 
renewed sufficiently ; but, on the other hand, it is 
chemically well within the limits of the allowable 
percentage of CO,, thus proving that it has been 
renewed to a considerable extent from the surface, 
account being taken of the fact that many CO, 
generating passengers have been carried. 

Non-polluted air, from the hygienic standpoint, 
may be taken to mean air in which the proportion 
of CO, does not exceed the normal allowance of 
13 parts in 10,000, other impurities being corre- 
spondingly normal (authority, Dr. J. 8. Haldane). 
Of course, there is pollution due to tobacco-smoke, 
odour peculiar to location, and other lesser impuri- 
ties, all of which are distasteful, but not necessarily 
injurious to life. Now if sufticient new air can 
be artificially introduced to replace the old air, to 
keep the CO, well below the above-stated maximum, 
the other impurities will likewise be diluted in 
proportion ; and it is reasonable to assume that 
sufficient dilution will be maintained to keep 
tobacco-smoke and odour pollution practically un- 
noticeable. In order to approximate to this 
desired result on a tube railway, several methods 
of procedure are available. 

he most obvious method —employed by Fox on 
the Mersey Tunnel—is to sink shafts mid-way | 
between the stations, and at these points either to! 
exhaust air from or to supply air to the tunnels, the | 
adjoining station shafts acting as corresponding 
intakes or exhaust shafts. The use of this method | 
has to be abandoned, however, in most cases, be- | 
cause of the prohibitive cost of surface rights in 
Central London for these intermediate shafts, even 
ignoring the enormous cost of building them. The. 
plan has been adopted on the Great Northern and 
City Railway, in one instance, at the cable shaft, 
between Essex-road and Old-street stations, where 
land was available on the gencrating-station site. 

On the Central London Railway, when it was, 
found that mechanical ventilation had to be adopted | 
to supplement the train action—the above method | 
being prohibitive, and the stations as designed not | 





‘out 


lending themselves (without structural alterations) 
to the introduction of ventilating apparatus—the 
following expedient was adopted :—A large mine- 
fan of the Guibal type was installed at the terminus 
at the tunnel-mouth at Shepherd’s Bush, and the 
air sucked out the entire distance from the Bank, 
(six miles). In order to accomplish this result it 
is necessary to close the tunnels from the surface 
at all intermediate stations, and to work with a 
high suction, to pull the air that distance in suffi- 
cient quantities. This results in a very high velo- 
city of air, which, coupled with the fact that the 
surface stations must be closed from the tunnels, 
prevents the proper use of the fan during traftic 
hours, and its use is therefore confined to a very 
few hours every night. In other words, the 
attempt is made to give the tunnel every night 


| what Sir B. Baker termed a ‘‘spring cleaning.” 


There is no doubt that the air is very much better 
than before the fan was in commission, but it is 
noticeable that the pollution is constantly increas- 
ing from the morning to the evening, and fre- 
quently at late hours, after a heavy-traffic day, the 
air leaves much to be desired. 

In addition, the efficiency of moving air in this 
manner over a long distance and at high velocity is 
relatively low, the horse-power hours required per 
1,000,000 cubic feet per hour (which for conveni- 
ence may be taken as the standard) being 17 ap- 
proximately (measured at the motor terminals). 

The experience thus gained was used when the 
question of ventilating the Baker-street and Water- 
loo Railway was raised ; and after carefully con- 
sidering all the possible ways, and the means at 
hand for a commercial and workable plant, a com- 
promise was eventually adopted by Mr. J. R. 
Chapman, the chief enginecr of the Underground 
Railways Company, which is as follows :— 

If at every station of a tube railway air be forced 
in from, or taken out to, the surface by means of a 
closed duct to or from a point situated on the tunnel 
platform at an appreciable distance from the phy- 
sical opening of that platform through the passage- 
ways and shafts to the surface, then it is evident 
that this distance will be partially filled by fresh 
air; in the first instance, or plenum method, the 
existing air being replaced by the air forced in, 
and in the second instance the existing air being 
taken out and replaced by air coming from the 
surface down the shafts and through the passage 
openings. In addition, a portion of the tunnel 
length adjacent to the opening of the closed duct 
will be similarly affected. Of course, a constant 
closed circuit of air obtains, and the nearer the duct 
opening is to the passage openings the more this 
actual short-circuiting. If now the trains be run 
through the stations thus treated, it is evident 
that horizontal columns of fresh air are thrust into 
the tunnels from the stations and further pushed 
on by subsequent columns actuated by following 
trains. 

So much of the plan having been definitely de- 
cided upon, the next question to be determined 
was whether the plenum or exhaust system should 
be used. The exhaust system was eventually de- 
cided upon, the following being the reasons against 
and for its use :— 

With the exhaust system the air pulled by the fan 
from the tunnels is thrown out by means of the 
closed duct at the roof of the station building, while 
the fresh air comes in at the street-level and down 
the lift and stairway-shafts. The objection may be 
made that this air is polluted by the horses and 
persons using the streets, and the detritus occa- 
sioned by surface travel in general. No doubt this 
is true to a certain extent, but the surface air of 
London contains so little of impurities, when viewed 
from the standpoint of allowable pollution, as to 
CO,, that the objection is not a valid one, and the 
degree of purity to be attained by taking in air by 
the plenum system at the roof is not appreciably 
greater, because of closer proximity to the innumer- 
able chimney-pots. The great gain is that the 
movement of the fresh air is down the passage- 
ways, and therefore assists the movement given by 
the trains to a horizontal column of fresh air, and 
even adding to it by the injector principle, at the 


| same time preventing the train from pushing fresh 


air up the passage-ways. If, on the other hand, 
the P enuin system were adopted, and the air taken 
y the passage-ways, there is no doubt that the 
trains would push a lot of the newly supplied air up 
the passage-ways. Of course, this argument is 
applicable only to the scheme as laid out. 





stantly borne in mind, and before the exhaust 
system was finally settled upon, the type drawings 
were submitted to the Board of Trade. Particular 


stress was laid upon the feature that the exhaust 


system by taking out air in a closed duct from the 
top of the tunnels, would effectually remove any 
smoke (with the air) that might be occasioned from 
any unforeseen causes. At the same time the 
eee used as exits by the passengers would 
e kept clear with a flow of fresh air coming from 
the surface down the shafts and replacing the 
exhausted air. If, on the other hand, the plenum 
system had been preferred, the Board of Trade 
would doubtless have objected to air leaving the 
tunnels being forced up the passage-ways with the 
passenger movement ; such air would have been the 
carrier of any existing smoke, and thus obstructed 
the exits and befogged the illuminated exit signs. 
The importance of this feature cannot be over- 
estimated, and its value was fully recognised by 
the Board of Trade, who gave their unqualified 
approval to the exhaust system as laid out. 

e type drawing, Figs. 1 and 2, opposite, show- 
ing the arrangement at Waterloo Station, will illus- 
trate the above features. 

If, then, it be conceded that at every station a 
supply of fresh air is available for the use of move- 
ment by the trains, I think it may be safely asserted 
that no small proportion of this fresh air will find 
its way into the tunnels between the stations, and 
into the carriages when the trains are opened at the 
stations. 

To make certain that sufficient air may be avail- 
able, each fan has been designed to exhaust 
1,000,000 cubic feet of air per hour—sufiicient to 
renew all the air in the average length between 
the stations in both tunnels every 30 minutes. In 
addition, the path of suction being a relatively 
short one, and the area of the duct varying between 
12 and 16 square feet (Fig. 3), no great water- 
gauge and velocity are required, and the efficiency 
is relatively high. At Waterloo, where the test 
was made, the ducts are longer and have more 
bends than at the majority of the stations, and 
consequently the result attained was less favourable 
than the average. In fact, the water-gauge was 
raised 0.25 in. above the normal, and consequently 
the necessary horse-power was increased. 

The combined areas of the passage-ways being 
much greater than that of the air-ducts, the speed 
of the air is not sufficient to cause any inconvenience 
to the passengers, and is, in fact, almost un- 
noticeable. 

There is one more point which needed careful 
consideration—namely, the allowable noise made 
by the fan. It was realised that any roar, hum, 
or vibration from the fan would be fatal to the 
scheme, as the proximity of the station buildings 
(wherein the fans are located) to other buildings, 
both business and dwelling, would inevitably re- 
sult in serious complaint and eventual injunctions. 
Extraordinary care was therefore taken in the 
design of the equipment, and it is satisfactory 
to be able to say that the fan is practically noiseless 
in its operation. 


Test of Fan at Waterloo Station, October 17, 1905. 


Volts at motor terminal ... Sai se 57 
Amperes at motor terminal git ewes 12 
Electrical horse-power at motor... oe 8.95 
Revolutions per minute of fan... “e 242 
Water-gauge at fan inlet in inches oS 1.2 
Cubic feet of air passed per minute ... 18,250 
Horse-power hours per 1,000,000 cubic 
feet per hour... +d ie os 8.1 
Notr.—The cubic feet of air were measured by passing 
an anemometer over the entire surface of the opening 
under the platform, measuring 13.25 square feet surface. 
At this point the mean velocity of air was 1377 ft. per 
minute. ; : 
Asacheck the anemometer was held in five different 
positions in the fan inlet for a total length of time of 
approximately 30 minutes, when the average velocity 
obtained was 1290 ft. per minute, which multiplied by 
the area of the intake—14.5 square feet—gives 15,/00 
cubic feet per minute. : 
The water-gauge was measured with a U tube con- 
nected with an air duct, as shown in Fig. 5. 
To obtain these results the following points were 
observed :— . 
The fan was increased in size above that usually 
— for the volume of air to be handled 
and the water-gauge necessary. This resulted in a 
comparatively low speed and a solidity of whee! 
and moving parts. - Concurrently the fan-housing 
was made large, so as to leave a large area between 
the wheel and the housing. Finally the motor ws 


n addition, the safety of the stations was con-| carried on a separate bed-plate and concrete foun- 
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dation, and the wheel was overhung from this bed- 
plate, the result being that absolutely no moving 
parts are attached in any way to the housing or air- 


will clearly show the construction. 
ducts, and consequently there is no tendency to set 


up vibration and produce a sounding-board effect. 
Figs. 4, 6, and 7, giving the details of the fan, 


In how far the desired results have been attained 












can be judged from the preceding figures of tests 
made at Waterloo Station; but the final success of 
the system cannot be assured until trains have been 
run in service for a sufficient length of time, and 
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carrying passengers in sufficient numbers to ensure 
the possible pollution of the air in the tunnels were 
it not efficiently renewed. 

In conclusion, the writer desires to thank Mr. 
William Gilbert for valuable assistance given in 
carrying out the installation and design, and 
Messrs. Heenan and Froude, of Worcester, the 
contractors for the work. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


Tron-NicKEL-MANGANESE-CARBON ALLOYS. 


Aw ordinary general meeting of the Institution 
of Mechanical Hoginders was held on Friday last, 
the 15th inst., the President, Mr. E. P. Martin, 
occupying the chair. After the usual formal busi- 
ness the discussion was renewed on the ‘‘ Seventh 
Report to the Alloys Research Committee : On the 
Properties of a Series of Iron-Nickel-Manganese- 
Carbon Alloys.” This report, which we have pub- 
lished in full in recent issues (see pages 708, 745, 
and 779 ante), was, it will be remembered, read and 
py. discussed at the meeting of the Institution 

eld on Friday, the 17th ult. A report of this dis- 
cussion will be found in our issue of November 24, 
page 686. The authors of the report are Dr. H. 
C. H. Carpenter, Mr. R. A. Hadfield, and Mr. 
Percy Longmuir. 

Professor Arnold re-opened the discussion. He 
said that he was compelled by convention to criti- 
cise the authors in the plural, whereas his remarks 
would really be directed to one in particular. He 
had carefully studied the paper, and, in his opinion, 
the only thing in the nature of discovery—for 
which the authors deserved all credit—was an 
extremely interesting observation on the alloy K, 
which virtually contained 20 per cent. of nickel. On 
making a micrographical examination of that alloy, 
the authors found that certain areas, after stressing 
and on being etched, deposited finely divided carbon. 
He thought this observation should have been 
agree further, as it might have led to results which 

ad not, so far, appeared. No progress, however, 
had been made, the only suggestion offered by the 
authors being that they considered the deposition 
to be of the same order of phenomena as those 
observed by Mr. Beilby in connection with polished 
sections. He would like to enquire what that 
meant, Mr. Beilby had observed what had been 
known since 1863-4, when the speaker's friend, 
Dr. Sorby, first started dry polishing metals. With 
dry polishing a film was formed, and there were 
various opinions as to that film. Lord Rayleigh 
had come toa conclusion which was confirmed by 
observations made at Sheffield. Mr. Beilby had 
arrived at a different conclusion, and had said— 
without supporting his statement by proof, so far 
as the speaker was aware—that the film was due 
to surface tension, and was to be attributed to 
allotropy, the rubbing having produced an allo- 
tropic, hard, non-crystalline metal. The authors 
of the paper, Professor Arnold continued, had 
regarded the remarkable result of stressing the K 
alloy as an analogue to the observation of Mr. 
Beilby, but he (the speaker) could not see that 
any argument could be formed on the fact that 
certain areas of a 20 per cent. piece of nickel steel 
deposited black carbon after stressing. The authors 
had stated that they had made comparative recales- 
cence curves of cast and forged nickel steels, and 
had found the results concordant. They had 
further stated that these curves were made to 
ascertain or to refute the validity of the objection 
made by his colleague, Mr. McWilliam, at a meet- 
ing of the Iron and Steel Institute some eighteen 
months ago. He regretted that the authors should 
have gone to so much trouble in the matter, for it 
had been settled at Sheffield that the recalescence 
curves of a cast metal and of a forged metal were 
peehensy identical. He would add that Mr. 

fcWilliam had made no such objection as that 
attributed to him. The facts were as follow. In 
May, 1904, at a meeting of the Iron and Steel 
Institute, Dr. Carpenter and Mr. Keeling presented 
a paper on the transformation points of carbon 
steels. This paper, although offering many points 
of attack,- was very lightly criticised by Mr. 
McWilliam and himself. It was evident that the 
scientific nature of the criticism, and the spirit in 
which it had been put forward, had n mis- 
understood. He would therefore comment upon 
the manner in which that research had been carried 
out. Buttons of iron containing certain per- 
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tages of carbon, and weighing, he believed, 
about 3 lb. each, were melted in a crucible in an 
atmosphere which, as was obvious from the de- 
scription of the apparatus, was strongly oxidising. 
The samples were thus prepared under conditions 
which, as every metallurgist knew, ought never 
to have been present in steel metallurgy. The 
analyses of the alloys ranged from 0.01 of carbon 
upwards, and the manganese column contained 
nothing but the word ‘“‘trace.” That was a clear 
indication that the alloys must-have been badly 
oxidised. The speaker had always made a point, 
before taking the curves referred to, of seeing that 
any casting he examined would forge, the object of 
forging being to ascertain that the alloy was free 
from oxygen. In his opinion, the alloys in question 
were full of oxygen, and the results obtained 
were consequently of dubious value. The criticism 
had been made because the recalescence curves 
obtained were unlike anything which had been 
arrived at by either Osmond, or the late Sir 
William Roberts-Austen, or by himself. The 
speaker further illustrated his meaning by the aid 
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of micro-sections thrown on the screen, and by 
means of a diagram. The latter we reproduce in 
Fig. 1. The two curves shown were obtained by 
Dr. Carpenter and Mr. Keeling’s research, one 
being for 0.16 carbon steel and the other 0.24 
carbon steel. An interpolated curve—the one in 
the centre—was one taken at random from the 
Sheffield University series, between 0.16 and 0.24. 
He would at the same time point out that the 
method of obtaining such curves at the National 
Physical Laboratory differed from that adopted at 
Sheffield. At the National Physical Laboratory a 
differential galvanometer was used, whereas the 
curves at Sheftield were obtained by an inverse rate 
method direct. Taking the points Ar,, Ar,, and Ar,, 
the speaker indicated the position where the points 
Ar, and Ar, merged into one, as shown on the 
right-hand diagram, and where the point Ar, 
occured. In investigating the properties of these 
steels in such ranges, Professor Arnold continued, 
the apparatus must be so arranged as to sharply 
differentiate the points, in order that the relative 
mechanical value of these points might be ascer- 
tained. In the National Physical Laboratory dia- 
grams exhibited, the curves were all jumbled up 





together, and could not be separated. In the 
speaker’s view, some sort of arrangement should 
have been made by which it would have been 
possible to separate them. He had no doubt 
that some oxygen was present in both the alloys. 
He attributed some defects to the apparatus at 
the National Physical Laboratory, and thought 
that careful investigation would show that the lag 
exhibited by the right-hand diagram was due to 
the fact that the thermo-couple was not in direct 
contact with the metal. Moreover, the operations 
were carried out in air, which, of course, meant an 
additional insulating film of magnetic oxide. At 
Sheffield they made a point of making experiments 
in vacuo, and secured a most intimate metallic 
contact between the couple and the steel, so as to do 
away with any possibility of lag. He would also call 
attention to the differential co-ordinate of the curves 
in the report, which, if the differential apparatus 
were accurately installed, should be in a vertical 
line. Any departure from the vertical indicated 
that something was wrong with the apparatus. So 
far as he had observed, there was nothing approach- 
ing a vertical line in the authors’ curves. He was, 
of course, speaking of a vertical line where no point 
of recalescence was involved. It seemed to him 
that the curves were at all sorts of angles, and this 
he attributed to the apparatus. By varying the 
rate of cooling various inclinations to the vertical 
could be obtained, giving curves, supposed to be 
critical ranges, which had nothing to do with the 
steel under consideration. Referring to the heat- 
ing and cooling curves of pure nickel given in 
the paper, the speaker said that each curve was 
different, which pointed to some variation in the 
apparatus itself. In the K alloy at about 640 deg. 
Cent. a variation would be noticed which inclined 
to the vertical ; the curve showed a bulge at that 
point, which the authors of the paper attributed to 
change in the nickel per se. It seemed to the 
speaker that this was an extraordinary theory to 
put forward, because it was well known that the 
successive lowering of the critical point Ar, by the 


_| additions of nickel was due entirely to the nickel. 


If the nickel were changed, its power of maintain- 
ing the iron in a non-magnetic condition was gone, 
and the iron would become non-magnetic. Thanks 
to the kindness of Mr. Hadfield, he had been able 
to get some specimens which were of much interest 
in this connection. If the point indicated were 
really the critical range at K, it would be magnetic, 
because the change marked by the deviation from 
the vertical had taken place; if the change had 
taken place in the nickel in the iron, it must also 
certainly have taken place in the iron itself. He 
would point out that as a matter of fact the sample 
K as forged was absolutely non-magnetic. K 
quenched in liquid air was strongly magnetic. 
The change point in K was about 80 deg. below 
zero. (See magnetic curves, Fig. 2). Another 
interesting specimen of K was shown by the 
speaker, in which one end had been left as 
forged, and the other quenched in liquid air. In 
this specimen the first-named end was non-mag- 
netic, and the quenched end. magnetic—another 
fact he would like the authors to explain. 

In Dr. Carpenter and Mr. Keeling’s paper it 
was stated that in the differential apparatus they 
could with impunity substitute a cylinder of nickel 
for the platinum anywhere down to 500 deg. of 
heat, but in the paper under discussion it was 
stated that the change in the nickel commenced 
at 646 deg. There was, therefore, a discrepancy 
between the two statements of 146 deg. Another 
point was that the authors had asserted that their 
results were in perfect agreement with M. Guillet’s 
micrographical classification. If that statement 
were well founded, it was an extremely important 
point. M. Guillet had divided nickel steels into the 
pearlitic, the martensitic, and the polyhedral struc- 
tures. In Professor Arnold’s view, M. Guillet’s 
classification was inherently impossible. An ex- 
ample of very perfect reproduction of Swedish 
iron ore of very high quality was shown on the 
screen. The result was a crystals 
of ferrite — polyhedral crystals. e slag bars 
involved in the rolling were shown in transverse 
section, the interspace being polyhedral. The 
next slide exhibited by the speaker showed pure 
pearlite, and when closely examined gave evidence 
of polyhedral structure. The next slide showed 
saturated steel with more than the amount of 
carbon necessary to form pearlite, and cementite 
resulted. The speaker also exhibited, by means of 
the lantern, what he described as the best examples 
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of martensitic structure so far obtained (see Figs. 3 
and 4, subjoined). The martensitic structure was 
essentially one in which there were etching lines in 
three directions developed at angles of 60 deg., and 
consequently forming perfect equilateral triangles. 
This micro-section also exhibited polyhedral struc- 
ture. 





Fig. 4. 


The authors’ micro-sections were then thrown 
on the screen, and these, the speaker continued, 
constituted the actual facts upon which the authors 
confirmed the classification of M. Guillet, and stated 
that up to a certain point of nickel the pearlitic 
structure was dtl ; upon this followed a mar- 
tensitic, and then a polyhedral, form. The speaker 
pointed out that in three instances supposed to 
come within this classification the structures were 
all identical, and he could not see any difference in 
the structures. 

Dr. Carpenter here observed that the steels to 
which the speaker was pointing were of another 
type, and he indicated those which were taken by 
the authors in their comparison ; the steels he 
referred to were above and below the micrographs 
discussed by Professor Arnold, and could not be 
called polyhedral. 

Continuing, Professor Arnold said that these 
results confirmed the opposite of the conclusions 
arrived at by M. Guillet. Summing up this part of 
his remarks, Professor Arnold said that he had ccme 
‘o the conclusion that there was very little light to 
be obtained from these micrographical investiga- 
tious. The Professor next went on to say that 
Mr Hadfield, in his classic paper of 1898, pointed 
out the great influence of carbon and manganese in 
nickel alloys, and experiments made at Sheffield 
had confirmed his prediction that at about 16 
per cent. of nickel there existed a definite 
alloy of iron and nickel with remarkable me- 
chanical properties. The effect of a little carbon 


stroyed the ductility to a great extent. The 
— then pr ed to indicate the magnetic 
effect of 1 per cent. of manganese, and 4 per cent. 
of carbon, and stated that so far from the trans- 
formation taking place somewhere about 150 deg. 
Cent., the transformation in the 20 per cent. nickel 
took place considerably below zero, a fact which 
was borne out by transformation being obtained 
on quenching in liquid air. The point was very 
interesting, as showing roughly the enormous 
magnetic influence in iron and nickel alloys of 
0.4 per cent. of carbon and 1 per cent. of man- 
ganese (see Fig. 2). One more point remained, 
Allotropy had been diverted from iron and carbon 
alloys to these alloys of iron and nickel. He 
showed a test-piece which he had prepared for 
Mr. Hadfield in 1897 — practically a pure iron 
and nickel alloy containing 13 per cent. of nickel. 
The change point Ar, had undoubtedly taken 
place, a according to the allotropic theory, 
the iron must have been in the alpha condition. 
[he members present would see that it was not 
merely a question of being magnetic; it was in- 
tensely magnetic—almost as much so as wrought 
iron. This, according to theory, wasan alloy of alpha 
iron and nickel. From the broken test-piece it was 
observed that the reduction of area was 45 per cent. 
on a stress of 91 tons per square inch. That being 
so, he would ask the meeting to suspend judgment 
on the elaborate theories as to the properties of 
iron and steel being due to allotropic transforma- 
tions. 

Professor Gowland was the next speaker. He 
said that in spite of the destructive criticism of 
his friend, Professor Arnold, he ventured to con- 
gratulate the authors of the report upon a very 
excellent piece of work. That Mr. Hadfield had 
been a co-worker with the other authors was, 
in his opinion, a distinct advantage, in respect that 
the alloys had been properly prepared, and the 
other two authors tg had, in regard to practical 
work, the experience of one engaged in such work 


tween 7 and 10 per cent. of nickel. That would 
lead to the question as to whether the same was 
true of commercial steels, for in the case of the 
steels experimented upon by the authors the 
metal was very pure. Another point upon which 
information would be valuable was how the nickel 
was distributed in large castings. Was there segre- 
gation, and, if so, to what extent did it take place ? 
It was to be regretted that the tests had not been 
duplicated ; though their accuracy might not be 
questioned, two results were certainly better than 
one. It was also to be regretted that the mecha- 
nical tests were not carried out on larger speci- 
mens ; for it was known that such tests of small 
sections were not comparable to those made in 
practical work on larger specimens. Referring to 
Table XI., the speaker pointed out that specimen 
B had less ductility than specimen C ; and B also 
was abnormal in regard to torsion and compression 
tests. He would like to know if there was any ex- 
planation of thisfact. It was just possible that the 
effect of nickel on iron might be similar to that of 
arsenic on copper. It was well known that when a 
small quantity of arsenic was added to copper the 
same ductility was not obtained as when 0.3 per 
cent. to 0.4 per cent. was introduced ; possibly 
nickel et to iron in a similar way. 


Professor Gowland further pointed out that in 


| Table XV. the alternating stress tests were irregular. 


In one specimen (E) the nickel was 4.9 per cent. 
According to all the mechanical tests this would be in 
the brittle zone, but it remained unbroken under the 
alternating stress test, and, in fact, gave the best 
result of all the alloys, except the alloy K, which 
contained 20 per cent. of nickel. He had found in 
alternating stress tests of other metals similar 
erratic results, and he would be glad to know how 
the table was to be interpreted. There was no 
doubt that in time these alternating stress tests 
would give results extremely valuable to engineers, 
but at present the speaker thought they were not 
sufficiently understood. Referring to Table X VIL, 





a go them. As was well known, Mr. Hadfield 
done an extremely important research work 
upon low carbon-nickel steels upon previous occa- 
sions. The report contained valuable additions to 
the results previously obtained by Mr. Hadfield, 
and also to those of M. Guillet, who had worked on 
three different percentages of carbon. This re- 
search, with 0.48 per cent. of carbon, came in very 
well to fill a gap in M. Guillet’s research. A fact 
that was apparent on reading the report was the 
vast amount of work that yet remained to be done 
before there could be obtained a perfect under- 
standing of the properties of the steels treated 
upon. Another point was that in making investi- 
gations on a series of alloys, too wide gaps must not 
be allowed to intervene between the members of 
the series. For instance, in this research, if the 
alloys E and F—that was to say, those of 4.95 per 
cent. and 6.42 per cent. of nickel—had not been 
added to the original series, the sharp beginning 
to the brittle zone would have been missed alto- 
gether. Professor Gowland was not entirely in 
agreement with the authors in regard to what 
had been said about Rudeloff’s alloys, and he did 
not think they were strictly comparable with the 
alloys on which the authors had been working, 
chiefly on account of the presence of manganese. 
In Rudeloff’s alloys (see Table V.) there was a very 
small quantity of manganese, whereas in some of the 
alloys worked upon by the authors of the paper there 
was over 1 per cent. In view of the very important 
effect which manganese might have on these new 
steels, he hardly thought a comparison could be 
made between them. e great difference between 
the alloys of the author and those of Rudeloff— 
both of which contained about 8 per cent. of nickel 
—was due to the difference in manganese. In 
Rudeloff's specimens there was a very small quantity 
of manganese ; the maximum stress was 50 tons to 
the square inch, with an elongation of 14.4 per 
cent. ; but in the authors’ specimens, where the 
manganese was about 1 per cent., the maximum 
stress was about 77 tons to the square inch, with 
practically no elongation. 

Professor Gowland, continuing, said that the 
combined results of the researches of Mr. Hadfield, 
the authors, and M. Guillet were of great value, as 
showing that the danger limit—that was to say, the 
beginning of the brittle zone—was lowered by the 
percentage of carbon. Thus, with 0.45 per cent. 
of carbon, the brittle zone began at 5 per cent. 





of nickel; with 0.12 per cent. of carbon the 





aud manganese was very marked, as it de- 





brittle zone did not begin until somewhere be- | 


which gave the tensile tests obtained from cast 
steels after cooling from 800 deg. Cent., the author 
said it was one of very great value, as it showed 
that the brittleness of all the alloys in the brittle 
zone was diminished by the treatment to which they 
were subjected. It might therefore be concluded 
that it was of great importance to cool down a 
casting from 800 deg., when it would be on the verge 
of the brittle zone with these new steels. The 
speaker did not estimate the authors’ corrosion 
tests as being worth very much, as they ought 
to have been conducted for a very much longer 
period ; probably if they had been prolonged, they 
would have given different results. This was more 
particularly the case, because in some alloys the 
corrosions took place at a different rate in the outer 
and inner layers. For instance, in A corrosion 
might, at first, take place very much more quickly 
than in B; but when the surface layers had been 
removed, B might corrode at a greater rate than A, 
and it had been said that some alloys of nickel and 
iron behaved in that way ; that was to say, they 
resisted well until the surface layers were removed, 
after which corrosion proceeded at a greater rate 
than in the case of carbon steel. He also con- 
sidered that the sulphuric acid tests were worth- 
less, because nickel steel was not likely to be used 
in contact with sulphuric acid. 

Professor Barrett said he very much regretted he 
had not been able to hear the paper read at the 
last meeting. Living in Ireland, he had a con- 
siderable distance to travel to attend a meeting. 
Speaking as an Englishman living in that country, 
he might freely say that he thought more attention 
should be paid on this side of the Channel to the 
work done in the sister isle. It was many years 
since his friend, Mr. Hadfield, had asked him to 
co-operate in testing the physical qualities of that 
remarkable series of alloys of iron which he (Mr. 
Hadfield) had prepared with such infinite trouble 
and cost. The mechanical tests and chemical 
analyses of these alloys were made at the Hecla 
Works ; but the physical, magnetic, and electrical 
tests were made at the speaker’s laboratory, in 
co-operation with his then demonstrator, who was 
now lecturer in electrical technology in the Royal 
College of Science, this gentleman having conducted 
the magnetic tests. The results were published in 
the Transactions of the Royal Dublin Society. 
Several of the results and conclusions contained 
in the present report were published in the Trans- 
actions of the Royal Dublin Society, and he had 
thought that it was possible that some of these in- 
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vestigations might have appeared in the report then | 
before the meeting. The omission might have been 
due to Mr. Hadtield’s modesty, he having been 
joint author of the paper, or it was possible that he 
had forgotten its existence. The speaker did not 
know that the work was being taken up by the 
National Physical Laboratory ; but he felt sure | 
that the omission to acquaint him with the 
fact was not due to a breach of professional 
etiquette. 

Referring to the paper in detuil, Professor 
Barrett said there were two points which he would 
notice : the electrical resistivity and the magnetic 
permeability. The report confirmed the results set 
forth in the original paper, to which the speaker | 
had already referred. The authors pointed out that 
there were irregularities between 3.8 and 11.3 per 
cent. of nickel. The speaker had had no specimens 
in this gap ; and it would appear that there were 
some slight modifications. On looking over the 
correspondence, he found that he had tried to get 
Mr. Hadtield to make some specimens to fill up the 
gap, but it was then impossible to do so, Now 
Mr. Hadfield had obtained intermediate alloys, and 
the few variations in the table given in the report | 
came out between these two points. Referring to | 
the resistiviuies mentioned in the paper (illustrated | 
in Fig. 11, page 745 ante), the speaker said there | 
was a considerable difference between the results of 
resistance obtained for 1287 K, containing 19 to 20 
per cent. of nickel, and those which he obtained 
from a similar alloy. In the specimens containing 
luwer percentages of nickel the results that he 
had obtained and those of the National Physical 
Laboratory were identical, with one or two slight 
differences. In the case of the 19 to 20 per 
cent. alloys Professor Barrett found only 40 
microhms resistance, but the authors gave the re- 
sistance as 75 microhms. This great discrepancy 
would have to be explained, and was probably due 








(For Dessription, see Page 830.) 
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to heat treatment, or to the state of the rods. The | sive—from } in. to 1}in. in diameter. The question 
speaker had used rather narrower rods, and also| of annealing was one of considerable importance ; 
wires, but those of the authors were somewhat mas- | and in this respect he would like to draw attention 
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|to what was said in the report. One particular 
specimen unannealed, and containing 14 per cent. 

|of nickel and 5 per cent. of manganese, had the 
enormous specific resistance of 89 microhms, while 
‘that of the same specimen annealed was only 48 
|microhms; therefore in electrical resistivity heat 
|treatment was exceedingly important. He would 
| point out a mistake in the report (see page 745 
ante). The authors had stated that the resistivity 
of the alloys H to K came out a but they 
did not approach the figure-—97.5— found by 
| the speaker, with an alloy coatalolens 25 per cent. 
of nickel, 5 per cent. of manganese, and 0.6 per 
|cent. of carbon. Professor Barrett said that in 
this case the+carbon should be 1.18 per cent., 

|instead of as stated. The magnetising force the 
| authors had used was higher than that adopted by 
the speaker. In the paper the force was carried up 
to 100 C.G.S. units, whereas he, Professor Barrett, 

| had only gone to 40 units. The additional magnet- 

| ising force did not produce a the curve 
| being almost a straight line e authors did not 
give any hysteresis curves in the magnetic test ; 

it was simply an upgoing curve. But it was very 
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important, the a considered, to give the full 
hysteresis curve loop in this experiment. 

There was a general agreement between the re- 
sults the speaker had obtained and those of the 
authors, with the exception of the alloy 1287 K, 
to which Professor Arnold had drawn attention. 
Professor Barrett found the alloy had a very con- 
siderable magnetic permeability, and Professor 
Arnold had already drawn attention to the fact 
that it was rather high. The authors had remarked 
upon the sudden change in the mechanical proper- 
ties between 44 per cent. and 16 per cent. of hickel ; 
this was in the brittle zone. It was an extremely 
interesting point, and one to which he had drawn 
attention in his paper before the Royal Dublin 
Society. He had pointed out that the curve of 
magnetic tests referred to illustrated the corres- 
pondence between the magnetic permeability 
of the alloy and its mechanical properties. There 
was, however, this difference: Mr. Hadfield had 
found the tenacity of the alloys to change at 
8 per cent., whereas the magnetic properties 
showed the change to take place at 4 per cent. ; 
that had been confirmed by the present investiga- 
tion. The change did really take place at 4 per 
cent., and not 8 per cent., and lasted up to 20 per 
cent. The authors, however, did not appear to have 
tried a higher nickel content than 20 percent. Mr. 
Hadfield had furnished the speaker with three other 
specimens, containing 244 per cent., 30 percent., 
and 31 per cent. of nickel. This showed very 
interesting results, especially in regard to electric 
resistivity, increasing from 45 microhms to 88 
microhms in the 30 per cent. nickel specimen. 
There was also an exceedingly curious change in the 
magnetic properties ; that also was a point of great 
interest. The permeability of very low and very 
high nickel steels ought to be determined for all 
magnetising forces. It had been noticed that with 
the influence of the earth’s magnetic field alone a 
very high nickel steel had a higher permeability 
than a specimen of the very best iron. In future 
experiments he hoped that the magnetic properties 
of silicon steels would be fully investigated. He 


regretted that he had not time to refer in detail to | . 


the subject of recalescence. He little thought in 
1873, when he discovered the phenomenon, that it 
would become such an important factor in steel. In 
sonclusion Professor Barrett said that he was loth 
to sit down until he had expressed the very great 
%bligation the metallurgical world owed to Mr. 
Hadfield for the time he had given in preparing the 
alloys. He (Mr. Hadfield) had set an example to 
English manufacturers of the true scientific spirit, 
which, it was to be hoped, would be widely 
followed. 

Mr. C. Humphrey Wingfield said he could not agree 
with the authors’ suggestion that it was rather an 
advantage than otherwise if, in the shock tests, the 
weight of the tup were insufficient to break all the 
specimens. It was true that those which broke 
were more brittle than those which did not; but he 
considered that their relative toughness would have 
been better shown if the energy required to produce 
fracture had been ascertained and plotted. Speci- 
mens A, O and B, for instance, appeared by Fig. 8 
(see page 712 ante) to be at nearly equal heights; but 
the speaker did not suppose the authors considered 
them, on that account, to be of equal toughness. In 
4 diagram which Mr. Wingfield had placed on the 
wall, and which we reproduce in Fig. 5, the curve of 
Fig. 8 of the report was shown by a dotted line. This 
gave the authors’ expression of energy absorbed by 
impact tests. The thick black line was plotted by 
the speaker to show a hypothetical curve of break- 
ing energy. Mr. Wingfield, however, laid no stress 
on the shape of this curve, for in the absence of 
experiment it was not known ; but it was evident 
that, with the exception of trials E, G, and F, in 
which fracture took place, all the other experimen- 
tal spots obtained by the authors must lie below 
it. As an example, he would suppose trial A to 
be repeated with a heavier cup, the point would 
then rise to, say, A,; a stil’ heavier tup would 
raise it to A,. Thus an experimenter could con- 
siderably modify the result obtained with a given 
specimen. Mr. Wingfield believed, however, that 
the point a, showing the energy absorbed at frac- 
ture, would not rise higher if a still heavier tup were 
used ; and he would fe glad if the authors would 
say whether this were so or not. Captain Sankey 
said he had found this to be the case in his experi- 
ments. Supposing this to be a fact, the space en- 
closed by the thick curve could be reached, but could 
not be invaded by experimental dots; and it seemed 





to him clear that as the results of tests thereby 
became independent of the weight of the apparatus, 
it was most desirable to always fracture the speci- 
men at a single blow. The large angles to which 
some of the specimens bent suggested that a shorter 
specimen, aioe to the diameter, would be more 
likely to break without slipping between the or 
porting jaws, and therefore give more reliab 

results. Referring once more to the wall diagram 
(Fig. 5), he would ask if the authors were prepared 
to say whether with a heavier tup the line A D 
would be more likely to slope in the direction A, 
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than in the direction A,, or vice versd. He suggested 
that a quicker way of ascertaining the relative cor- 
rosibility would be to measure the current produced 
by each sample in succession when combined to 
form a galvanic cell with a standard plate of plati- 
num ; water, sea-water, or some other vehicle being 
used as an excitant. The generalisation given by 
the authors in their remarks on acid corrosion tests 
(see page 747 ante) was of value, and accorded with 
his own experience, that the more uniform the 
microscopic structure the better did the steel resist 
corrosion. 

In replying to the discussion, Dr. Carpenter said 
that, on behalf of his colleagues and himself, he would 
thank the President and members for their cordial 
reception of the report, and he further acknow- 
ledged with great pleasure the uniformly courteous 
way in which the discussion had been conducted. 
In his opening remarks, on November 17, Mr. 
Hadfield had stated that the credit of this research 
was due to Mr. Longmuir and the speaker. It was 
true that the majority of the experiments had 
been carried on at the National Physical Labora- 
tory, and that the report had been drafted by 
Mr. Longmuir and himself; but they, on their 
side, took great pleasure in publicly thanking 
Mr. Hadfield, not only for the splendid series 
of alloys prepared by him for the research, and 
the trouble Se tack to discover the heat treat- 
ment most suitable for the hard alloys prepara- 
tory to their being machined, but also for his 
readiness to help during the investigation itself. 
In the hope that the reply to the discussion on 
November 17 would be made on the joint respon- 
sibility of Mr. Longmuir and himself, he had sub- 
mitted the draft of what he was about to read to 
Mr. Longmuir. The latter wrote, however, that, 
owing to pressure of other work, he had been un- 
able to read the report of the discussion, and asked 
Dr. Carpenter to reply on his behalf. He wished 
to associate himself entirely with Mr. Hadfield in 
his remarks on the mechanical properties of the 
cast alloys at the ordinary temperature, and of 
the forged alloys at the temperature of liquid air. 
The alloy K, which contained 20 per cent. of 
nickel and had an ultimate stress of 157 tons per 





square inch, and an elongation of 154 per cent., was, 
he believed, unparalleled by any alloy yet made. 
With reference to Mr. Hadfield’s desire to disso- 
ciate himself from any interpretation of the text 
which in his-opinion tended to support the theory 
of hardening on the assumption of a hard 
modification of iron, he would state that the 
wording of the report had been chosen in order 
to avoid this much-debated subject. All that he 
would affirm was the ‘incontestible fact that in all 
cases they had examined, the mechanical work 
which stressed the alloy beyond the yield-point 
converted part of the initially soft material into 
hard material. At present he would offer no 
opinion why it was hard. Sir William White, in 
his speech at the previous meeting, had alluded to 
the way in which the report confirmed the work of 
previous investigators in the same field. This, to 
the speaker, had been a_ satisfactory feature 
throughout the research. Since the report had 
been handed over to the Alloys Research Com- 
mittee investigations touching, and even over- 
lapping, it at several places had been published by 
mM Dumas, Mr. Waterhouse, and only last month 
by M. Guillet, and had brought confirmation where 
such overlapping had occurred. 

With reference to Sir William White’s state- 
ment that some of the alloys would hardly yet 
enter the domain of practice ‘‘on the score of 
cost,” he would refer to a paper presented by M. 
Guillet at the last autumn meeting of the Iron and 
Steel Institute under the title of ‘‘On Steel Used 
for Motor-Car Construction in France.” From 
this paper it appeared that alloys with a nickel 

reentage as high as 36 were already in actual use. 
Bich an alloy was considerably more costly than 
any of those descri in the report before the 
meeting. Sir William White had also said that it 
would be worth while to study nickel steels with 
varying quantities of manganese. This had been 


.|dealt with by M. Guillet in a research on nickel 


manganese steels, published only last month. He, 
M. Guillet, had emphasised, as the report had done, 
the metailurgical equivalency of manganese, nickel, 
and carbon. M. Guillet had said :—‘‘ The nickel- 
manganese steels conform to a very simple diagram 
which we established on a priori grounds, and which 
is the resultant of a diagram of the nickel steels on 
the one hand, and of the manganese steels on the 
other hand. Let us add that nickel-manganese 
steels appear to us in numerous cases to be capable 
of replacing nickel steels. They have the advan- 
tage of being less costly, even in the case of steels 
with less carbon.” In such steels, the speaker 
continued, the substitution of nickel by manganese 
would probably result in a lowering of the cost to 
one-third. Sir William White's opinion on this 
point was thus satisfactorily confirmed. 

In response to Sir William’s request that the 
results of the corrosion tests should be expressed in 
terms of surface wear the following figures might 
be quoted :—Alloy B (with 1.2 per cent. of nickel) 
lost 0.005 lb. per square foot per month in a vessel 
of fresh water, and twice as much in the sanie time 
in a vessel of sea-water. K (with 20 per cent. nickel) 
lost 0.004 Ib. and 0.006 Ib. respectively under these 
conditions. These calculations had been made on 
the assumption that the corrosion took place uni- 
formly over the 6 square inches of surface ex- 
posed. This assumption appeared legitimate in 
view of the fact that the surfaces of the cylinders 
were smooth, and that, except where the suspen- 
sion thread covered it, every part of the surface 
was freely exposed to the action of the liquid. 
These figures might be compared with those ob- 
tained by Dr. Calvert and Mr. Johnson, who found 
that iron lost 0.0056 lb. per square foot per month 
when immersed in a vessel containing sea-water. 
Mr. Mallet found that iron boiler-plates lost from 
0,007 Ib. to 0.009 lb. per square foot per month 
in clear sea-water free from polluting influences. 
None of these results differed markedly from one 
another, and the claim of non-corrodibility could 
not be made for any member of the nickel-man- 
ganese series of the report. 

Captain Sankey, at the previous meeting, had 
called attention to the fact that in the Sixth Alloys 
Research Report the ‘‘ normalising temperature 
was 620 deg. Cent., whereas in the present report 
it was 800 deg. Cent.” In reply, Dr. Carpenter 
pointed out that the Sixth Report dealt specific- 
ally with the influence of heat treatment on the 
properties of carbon steels, and that the test-pieces 
were subjected to a temperature not only of 620 
deg. Cent., but also 720 deg., 800 deg., 900 deg., 
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and 1100 deg. Cent. The present report contained 
these words :—‘‘In order to obtain strictly com- 
rative conditions, all the tests have been con- 

ucted on material that has been heated to 800 
deg. Cent. Reference to the heating curves will 
show that a temperature of 800 deg. Cent. 
safely clears the critical ranges ; and this tempera- 
ture was therefore selected as most suitable for 
normalising a series of steels of very dissimilar 
ranges.” A similar temperature was selected by 
Rudeloff in his sixth — on nickel steels. In 
using the term ‘‘ normalise” for such heat treat- 
ment as was involved in raising an alloy to a tem- 
perature above its critical ranges, followed by a 
gradual cooling (neither intentionally hastened 
nor retarded) to the ordinary temperature, the 
authors followed a practice similar to that intro- 
duced by Professor Arnold. The speaker was 
indebted to Captain Sankey for drawing attention 
to the necessity for correcting the elongation on 
the 2-in. lengths of the test-pieces, so as to make 
them conform to the standard agreed upon by the 
Engineering Standards Committee. As he (Captain 
Sankey) had pointed out, this would make the 
figures somewhat higher. The question had been 
raised by Captain Sankey whether there was a 
possibility that the unequal distribution of nickel 
in a large ingot, containing an average of 34 per 
cent. of that metal, would result in the presence of 
brittle areas containing over 4} per cent. of nickel. 
This point was of the greatest interest ; but the 
present research would throw no light on it, and, 
so far as he had been able to ascertain, metal- 
lurgical literature contained no information on the 
subject. 

The graphic method of Captain Sankey, in which 
the results of the tensile tests were represented 
by lean-to diagrams, was one that he would be glad 
to adopt. He associated himself entirely with 
Captain Sankey in the latter’s statement that the 
time had come for the standardisation of methods 
of impact testing, and in his (Captain Sankey’s) 
desire that the matter should be taken up by a 
committee appointed by the Institution. A special 
study of this test had been made in France during 
the last fifteen years, and the results had been 
collected in a volume published recently by the 
Society for the Encouragement of National Indus- 
try, the title being ‘‘ Contribution to the Study of 
Brittleness in Irons and Steels.” Four different 
methods of impact testing were described. In some 
of them the bars were not notched. Moreover, 
both the shape and depth of the notch varied 
within wide limits, and, as Captain Sankey had 
remarked, the results obtained with one machine 
were not comparable with those given by any of 
the others. owever, the literature now supplied 
a sufficiently broad experimental basis for discus- 
sion with a view to arriving at a standardisation 
of methods which should hold good until know- 
ledge of brittleness was more complete and more 
scientific than at present. He had hoped that 
Captain Sankey would make a definite proposal 
with regard to this matter at the meeting. 

Replying to Mr. Harbord, Dr. Carpenter was 
obliged for his suggestion that a column should be 
added giving the ratio of the elastic limit to the 
maximum stress. This would er in the final 
report. Stress-strain diagrams had not been ob- 
tained, and he regretted that the ‘‘general”’ elonga- 
tion could not be given. He would be glad, how- 
ever, to bear this point in mind in future re- 
searches. In regard to Mr. Harbord’s citation of 
M. Frémont’s view, as to the necessity of a blow 
such as would cause fracture in shock tests in order 
to obtain accurate results, he fully acknowledged 
the weight of this criticism; but he noted Mr. Har- 
bord’s admission that the point was one upon which 
as yet general agreement had not been reached. 
Moreover, M. F'rémont was not quite consistent. It 
appeared from a paper by Osmond and Frémont, on 
‘* The Mechanical Properties of Individual Crystals 
of Iron,” published in the November issue of the 
Revue de Metallurgie, that specimens undergoing this 
test were not always broken by the impact. Thusan 
unnotched specimen, whose axis was inclined about 
30 deg. to cleavage planes, bent without breaking, 
aud absorbed 36 kilogrammetres; whereas another, 
having its cleavage planes at right angles to its 
length, broke at an angle of 74 deg., and absorbed 
only an insignificant amount of work. The fracture 
followed a cleavage plane. This very difference in 
behaviour was used by the authors to enable them 
to conclude that ‘‘ intercrystalline brittleness in 
one direction can be associated with extreme plas- 


ticity in another sufficiently different direction.” 
Mr. West’s and Mr. Stromeyer’s remarks dealt 
with points raised in the discussion by other 
speakers, and Dr. Carpenter did not consider that 
they called for a reply from him. 

The foregoing remarks of Dr. Carpenter were in 
reply to the discussion at the previous meeting, on 
November 17th. He next proceeded to deal with 
the remarks that had been made that evening. 
He said he would like to have more time to 
consider some of the points that had been raised, 
but there were one or two questions that might be 
dealt with then. Taking first Professor Arnold’s 
criticism, he would refer to what was stated in the 
report itself. The Professor appeared to be under 
the impression that in the report an analogy was 
drawn between the effect of mechanical work on 
the alloy K and the behaviour of a metal when 
polished. He was not aware whether Professor 
Arnold had read Mr. Beilby’s paper, to which 
reference had been made. It was possible that 
polishing was mentioned in that contribution, but 
it was certainly not the main feature. The point in 
the paper consisted in the fact that mechanical work, 
due to wire-drawing of silver wire, converted the 
silver, which was initially soft, into a hard modifi- 
cation. This hard state could be re-transformed 
into the soft condition by annealing. An attack 
had also been made upon the method of investi- 
gating the critical ranges as followed at the 
National Physical Laboratory. He was of opinion 
that the method Professor Arnold employed was in 
principle, if not in in detail, that introduced by 
Osmond. a Arnold here signified his assent 
to this.] In this paper there was a direct compari- 
son of the results which the two methods gave. 
He would refer to the quotation from Osmond’s 
paper contained in the report, and in this quotation 
Osmond had specifically stated the disadvantages 
under which his own method laboured—namely, that 
although capable of giving information as to the 
critical ranges which were associated with large 
thermo-evolution, it was not suitable for following 
changes in which only a small amount of heat was 
given out. Osmond said that ‘‘in these doubt- 
ful cases the method described by Sir William 
Roberts-Austen could be applied with great advan- 

e.” The speaker would further point out that 
the method of Sir William Roberts-Austen was 
actually introduced in one of the Alloys Research 
Reports, and he, Dr. Carpenter, believed that in 
the discussion which followed that report Professor 
Arnold referred quite favourably to the method. 
The system adopted by the authors of the present 
report was even more sensitive, and he would like 
to give a direct comparison of the sensitivity of 
this method with that used by Professor Arnold. 
The speaker thought that Professor Arnold’s tem- 
perature scale was 2.8 deg. Cent. for 1 millimetre, 
whereas the scale adopted by the authors of the 

per was 8 millimetres for 1 deg. Cent. It would 
« seen, therefore, that as far as the temperature 
measurements were concerned, the authors’ scale 
was twenty times more sensitive ; on that point, 
therefore, the report did not compare unfavourably 
with Professor Arnold’s procedure. 

The work of the authors had been impeached 
by Professor Arnold on the ground that the 
steels were ruined by oxygen. If that were so, 
he would ask how the Professor explained the 
fact that a curve was obtained from an iron not 
quite carbonless, but very nearly so, which was as 
nearly as possible identical with the curve con- 
structed by Sir William Roberts-Austen, the metal 
being in a vacuum?! It was further found that the 
furnace in which the alloys were melted was not an 
oxidising, but a reducing furnace. He could not refer 
to all Professor Arnold’s criticisms at the time. The 
reason the tests were not duplicated, as suggested by 
Professor Gowland, was that there was not sufficient 
material, it being preferred to do as wide a range 
as possible with a given amvount of material, rather 
than duplicate or triplicate the tests. Thesmallness of 
the specimens had also been referred to in connection 
with the mechanical tests, but it should be remem- 
bered that the testing-machine at the National Phy- 
sical Laboratory was but a 10-ton machine. One 
of the specimens had an ultimate stress of 110 tons, 
and it would be seen that in order to break this 
specimen a comparatively small section had to be 
used. The abnormality of B in the test was a point 
of great interest, and he was much obliged to Pro- 
fessor Gowland for referring to it. The kink in 
the curve appeared to be due to the effect of nickel, 





and the curve returned in the case of the alloy C: 





there was, however, no light on the point at pre- 
sent. The fact that the cast specimens were less 
brittle than the forged specimens was one upon 
which the authors had spent a good deal of thought, 
but they did not see their way to say anything 
further on this subject, although the result was 
very interesting. 

The speaker was in the main in agreement 
with Professor Gowland in his criticisms on the 
corrosion tests, and certainly in future larger 

ieces, taking the form of sheets, would be used. 

he corrosion would probably be made galvanic. 
It would seem to him that Professor Gowland did 
not quite understand the reason for making corro- 
sion tests in sulphuric acid. In the report it was 
stated specifically that the course was followed in 
order to make the series comparable with Mr, Had- 
field’s tests. He was sorry that the reference due 
to Professor Barrett had not been made, but that 
would be remedied in the final report. He would 
like to leave Mr. Wingfield’s remarks on the impact 
test for the present. 

Mr. Hadfield, on being called upon by the Presi- 
dent to reply on his part to the discussion, said he 
had very little to add to that which he had remarked 
at the previous meeting. He hoped he had put his 
views clearly forward, especially in regard to the 
composition of the alloys, as mentioned by Professor 
Arnold. It was quite right to conclude that it 
would be impossible to draw from these particular 
alloys conclusions as to the exact qualities of alloys 
of iron and nickel. As Dr. Carpenter had pointed 
out, the specimens treated upon were specifically 
alloys of iron, carbon, nickel, and manganese. His 
original series of iron and nickel alloys contained a 
certain percentage of manganese, and Dr. Carpenter 
had requested him to keep as nearly as possible to 
the same percentage of manganese as was present 
in the original alloys. This the speaker considered 
to be a wise decision under the circumstances, 
because the object in view was to carry out obser- 
vations on a particular percentage of carbon, and 
he was inclined to think that the manganese present 
did assist in producing a more uniform series of 
alloys. Professor Gowland, in referring to this 
point, had said that no doubt manganese had a con- 
siderable effect, and Professor Arnold had also 

ointed out that manganese had a large influence 
in this respect. ._He warned students and young 
men against drawing conclusions from the report 
as to the exact qualities of the iron-nickel alloy, 
unless they bore in mind the important percentages 
of manganese present. Speaking upon Professor 
Barrett’s remarks, Mr. Hadfield thought that as 
the Professor's work was so classic, and on such dif- 
ferent lines, it was really not comparable to the 
work detailed in the report. Personally, he would 
always acknowledge, with the greatest pleasure, how 
much he had been indebted to Professor Barrett, 
one of the first scientific men with whom he had 
come in contact, and from whom he found such an 
exceedingly ready response in carrying out experi- 
ments of an unusual nature. Probably Professor 
Barrett thought Sheffield a very remarkable place, 
on account of its production of such peculiar aon 
which were non-magnetic and of such high resist- 
ance, entirely upsetting the ordinary notions of 
the alloys of iron and steel. 

Dr. Carpenter next had thrown on the screen 
some micro-photographs, for the purpose of sup- 
porting the contention of the authors that their 
results were in uniformity with those of mM. Guillet. 
The first micro-section illustrated the steel referred 
to in the report as pearlitic, and was typical of 
steels of the first quality, having good ductility. 
The second and third photographs were typical of 
steels in the brittle range, while the fourth photo- 
graph showed the needle-like structure very peer y: 
The three types of steel were perfectly distinct, 
and the authors had found that every property 
examined changed upon passing from one to the 
other of the types. 

Mr. Martin, in closing the discussion, said that 
the report was one of great importance, and indi- 
cated the immense advance made, within the work- 
ing lives of many of those present, in the manufac- 
ture of steel, both by the Bessemer and Siemens 
processes ; and when the quality of steel now pro- 
duced was compared with that of former times, 
the advance was seen to be simply marvellous. 

Mr. Longmuir, who, as stated above, had not 
been able to attend the discussion on the report, 
but who had been furnished with a proof of the 
first day’s discussion, sent to the Secretary a wriiten 
contribution for publication with the Proceedings, 
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in which he specially emphasised the following 
ons :—Tensile tests of the cast material showed, 
e remarked :— 


In the case of F an elongation of 6.2 per cent on 1.7 in. 
” G ” 4.5 ” 1.7 ,, 
H a 6.2 a LF 50 


These results materially differed from those ob- 
tained from the corresponding forged alloys, and he 
had never previously met with steels which gave 
better elongations in the cast than in the forged 
state. He could not explain this divergence ; 
however, the results were there, and the matter 
required further investigation. Turning to the 
solidification ranges, the faet that these determi- 
nations were made in the air should be emphasised. 
Whilst the influence of oxygen, or, rather, oxides, 
was not known so far as the solidification ranges of 
nickel steels were concerned, the probability was 
that these ranges were lowered. A similar lowering 
occurred in the case of copper, where the freezing- 
point might be anything between 1084 deg. Cent. 
and 1065 deg. Cent., according to the extent of 
oxidation. Another analogy was found in the case 
of silver, and, as Le Chatelier and Boudouard had 
shown, a true point could only be obtained in an 
atmosphere offnitrogen. It was, Mr. Longmuir 





considered, a matter of some regret that the area 
shown in the micrographs on Plates 1 and 2) 
(Figs. 23 and 24) was so small, and that the original 
scale of those on Plate 2 (Fig. 24) had been reduced. 


MATERIALS UNDER PuRE SHEAR. 

A paper by Mr. E. G. Izod, of Rugby, entitled | 
‘* Behaviour of Materials of Construction under 
Pure Shear,” was next read in abstract by the | 
Secretary. This paper we print in full on page 847 | 
in our present issue. 

The discussion was opened by Professor Lilly, 
who said that the title of the paper stated it dealt 
|with materials under pure shear ; that was a mis- 
|take, There was no other means of applying what 
is called pure shear in a practical way than by the 
torsion test. All that should be dealt with were 
shearing stresses, such as were obtained by single 
or by double shear. Commenting upon the state- 
ments made in the paper, Professor Lilly said that 
if an ordinary bar were subjected to single or double | 
shear, and it were sheared, a certain value would 
be obtained. If the thickness of the bar were| 
doubled, and the test were again made, the same | 
value for the shearing stress would not be ob- 
|tained. Mr. Wicksteed had made some tests of 
jthis kind with a 300-ton testing-machine, which, | 
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the speaker said, had been published in ENGINEER- 
1nG.* The, tests were upon steel bars 3 in. wide, 
and ranging from 3 in. to 24 in. in thickness. The 
values that Mr. Wicksteed obtained for the shear- 
ing stress varied from 19.5 tons per square inch 
with a 4-in. thickness to 17.5 tons per square 
inch when the bar was 2} in. thick. It would 
be seen, therefore, that under exactly the same 
conditions of testing Mr Wicksteed got different 
values for the value F,; in other words, shear 


| testing, or double-shear testing, constituted a de- 


structive test, and therefore the load was not 
uniformly applied all over the section; with 
different depths different results were reached. 
Mr. Wicksteed further showed that the depth of 
penetration varied. It was only ,}; in. at the com- 
mencement, and it went up to 0.55 in. when the 
bar was 24 in. thick. This showed that the value 
F, depended upon the bar under trial. Mr. Izod's 
paper only gave the ratio F, to F, for bars 1 in. 
thick and 2 in. wide. It would have added much 
to the value of the paper if Mr. Izod had made 
tests for compressive strength at the same time, 
for it was of the utmost importance to know the 
relation between the compressive strength, the 


* See ENGINEERING, vol Ixxviii., page 211, 
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shear strength, and the tensile strength. The | fore stated to be inconceivable that a bar could be|a bar of uniform section, jequal to the mini- 


shear stress was the one usually assumed from 
the torsion test, and it was obviously true that for 
materials there must be a direct relation between 
the compression test and the shearing and tension 


tests ; it would have been a great deal better if the | 
third test had been added. He was of opinion | object of testing Sir George 


broken by dilating to any extent, and it was con-|mum section of the sketch, for the reason that 
cluded that the only possible way in which a bar | there was, as shown by the diagonal line, a very 
could be broken was by overcoming a certain resist-| large section resisting shearing. The larger dia- 
ance to shear. |meters above and below the U-shaped groove 

The speaker had made experiments with the | resisted shear. Another practical. result was 
Darwin’s conclusions, | that in rivet working the greatest shearing stress 


that for all isotropic materials the strength was in | and he found that they were absolutely confirmed. | was produced at 45 deg. In another blackboard 


the following order: the compressive strength | When the material broke, it did so because such a 
would stand first, the shear strength next, whilst | tensile stress was — as instantly produced a 
the tensile strength would come third. He found | shearing stress ; and that shearing stress, when it 
this confirmed by experiments he had made, and reached the maximum resistance to shear, would 
it was only under quite exceptional conditions | be succeeded immediately by the rupture of the 
that the shear strength was less than the tensile | bar. It would be interesting, if time permitted, 
strength. | to go into the question further, but he would state 


Professor Carus Wilson regretted the short time | that, in his mind, what actually produced rupture 


to be given to the di ion of th , beca in the bar was a matter of extreme importance. 
he ped ee ot ~rpecwty Mend wad nee |If the author would take the actual loads, com- 
ance than the deductions of the author appeared t» pute them upon the reduced area, and compare 
make it. Mr. Izod had come to the conclusion | that with the maximum shearing stress, he would 


sketch, reproduced in Fig. 7, the circle in the 
centre. represented the rivet-hole, and the re- 
sistance to shear would be represented by the 
diagonal line drawn across the plate. By putting 
a second hole as shown, the resistance would 
naturally be reduced, it being remembered that it 
was the resistance of the section to shear, and not 
to tension, that determined the strength. 

In summing up the discussion, the President 
requested Professor Carus Wilson to supplement 
his remarks by a written communication, in order 
that it might be incorporated in the Proceedings. 


that the problem he had investigated was_ in- 


|in every case get equality and identity. It might|The author of the paper was not present, but he 


soluble ; but this was not the case. The figures |! first sight be difficult to see how it came| was sure all would join in a hearty vote of thanks 


given in the paper were themselves capable of 
affording a complete answer to the problem. The 


question of the relation of the tensile stress to the criterion of the strength of any material of any | next. 


shearing stress was comprehensible, easy to under- 
stand, and perfectly easy to demonstrate by ex- 
periment. The author’s mistake arose from 


about that the bar broke by shearing, and not by | to him for his contribution, which would come up 
tension. The resistance to shearing was the true | for further discussion at the meeting on January 18 





|kind. Taking a test-bar, there would be produced = 
|across the section a tendency to separate, but at| Mrtier’s Jomriess-Srcrion Inpuction Coris,—The 


| the same time there was set up a tendency to | (vances in wireless telegraphy, radiography, &c., have 
given a great impetus to the manufacture of induction 





adopting an arbitrary method of estimating the | slide, and the tendency to slide was one-half of the | Fo. during the last few years, and these instruments are 
tensile stress by taking the maximum load on jtendency to separate. The tendency to slide | now of far better design and construction than formerly. 
the original area. In investigating the relation of |took place over the whole of the cross -sec- |The old method of winding the secondary in layers from 


physical quantities, such as shearing stress and 
tensile stress, it stood to reason that results could 
not be obtained if a perfectly arbitrary measure 
were taken of the tensile stress. If the author 
had taken the actual tensile stress at rupture on the 
reduced area, and estimated from that the true 
shearing stress at rupture, and then compared the 
result to the shearing stress obtained on the same 
specimen, he would have found absolute identity. 
The speaker had himself made experiments on this 
subject at Cooper’s Hill, and the results were pub- 
lished about ten years ago in the Proceedings of 
the Royal Society. Over a very large range of 
specimens he had ascertained that the tensile 
strength at rupture, as measured in the actual sec- 
tion, was equal to the maximum shearing stress. In 
every case there was not more than 5 per cent. 
difference, and the mean difference was only 3 per 
cent. Dr. (now Sir George) Darwin had shown 
some time ago that when a bar was subjected to 
longitudinal stress, two results were produced : 
there was a tendency to make the material dilate, 
and there was a tendency to produce torsion in each 
element of the material dealt with. It was there. 


| 


| 


tional area. What happened at rupture was | end to end was unsatisfactory on account of the enormous 























potential difference between the consecutive layers, which 
Fig.6. Fig.1. | led to frequent breakdowns of the insulation. In view of 
pe | this, the secondary was built up of a number of separate 
improvement, necessitated a great number of soldered con- 
nections to join up the discs in series. Mr. Leslie Miller, 
|of 93, Hatton Garden, E.C., who has made most of the 
| X-ray outfits for the London hospitals, has introduced a 

| method of winding the secondary which, while retaining 

| the method of sections, entirely eliminates joints in the 

|secondary. The wire is wound on a revolving horizontal 

(976 € - the ag wound amas on it —_ ~ “yf edge to 

, . | the outer by a special machine. Another disc o per is 

that in any small element about to fail, the | then laid ia the coil, and the wire wound Soak on the 
tendency to slide was greater than the resist- | upper surface of the paper from the outer to the inner 
ance, and sliding therefore took place. It might | ge. This is continued indefinitely until a complete 
be asked how it came about that the bar | cylindrical secondary is made without any joint in the 
|wire. In an ordinary 12-in. coil there are about 900 of 

answer was two-fold. In the first place, a great | tion that it is claimed that no breakdown of the secondary 
many bars did break diagonally, whilet round bars | of any coil so wound has ever occurred either during test 
constantly broke with a cone. The speaker next | or afterwards, and in fact all coils sold are guaranteed 
proceeded to illustrate his meaning by a sketch on paw —" yer an saenying = oy of oe Shed 
, : | insulation does not depend on paraffin wax, and similar 

the h blackboard showing . round — with -” | coils have heen for somé years in use in Khartoum, Cairo, 
U-shaped groove turned in it, as in Fig. 6. This | Calcutta, Bombay, and other towns where the summer 





| thin discs placed side by side, which, although a considerable 

Sennen} | table. A disc of insulating paper is fixed on the table, 

broke straight across, and not diagonally. The | these sections in the secondary. So perfect is the insula- 
bar would be 20 to 30 per cent, stronger than | temperature is often over 110 deg. Fahr. 
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CRANES DRIVEN BY SINGLE-PHASE 
MOTORS. 


Up to within a short time ago the development of 
single-phase motors of the larger sizes was principally in 
connection with traction work. Soon necessity arose to 
use them also for cranes and general hoisting machinery, 
especially in towns provided with a single - phase 
supply of current ; and an installation of this kind has 
been recently put to work at Cologne, Germany,where 
a number of wharf-cranes have been erected, and have, 
so far, given most satisfactory results. 

Each of these wharf-cranes has a lifting capacity of 
4 tons, a lifting speed of about 120 ft. per minute, and 
a travelling speed of 50 ft. per minute. The available 
lifting height is 70 ft., of which 43 ft. are above quay 
level, and the jib radius is 40 ft., Each of the cranes 
consists of two main parts, the travelling-gantry and 
the jib-crane, as shown in Fig. 1, page 824, and 
Figs. 3, 4, and 5, page 825. 

The travelling-gantry, shown in detail in Figs. 3 
to 5, is a rigid structure of steel plates and angles, 
and travels on four wheels of 3 ft. 4 in. diameter. 
The two wheels on the water side are double-flanged, 
while the other two wheels are only single-flanged. ‘The 
motion is transmitted from the travelling motor by 
means of long shafts and bevel wheels. Une of the 
wheel-trucks carries a drum for a flexible electric 
cable, the electric current for which is taken from 
various connecting: boxes at intervals along the wharf. 

The jib-crane, located on the top of the travelling- 
gantry, rests on four rollers, and slews around an 
upright centre post of peculiar design. This post is of 
forged steel, and is surrounded by a phosphor-bronze 
bush, the contact surface of which is curved. On the 
top of the centre post there is a spherical pivot-bearing. 
Both bearings are rigidly connected to the lower frame 
of the jib crane, the relative positions of these bearings 
being fixed accurately by means of bolts and nuts. 
The whole weight of the jib crane is taken up by these 
bearings, and the four rollers are lifted off the circular 
track so long as no load is suspended from the hook. 
The friction produced within the bearing will by the 
above arrangement be reduced to a minimum ; and the 
trials have shown that each of these cranes will con- 
tinue slewing for an additional 180 deg. if the motor 
current is suddenly interrupted, and the brakes have 
been detached. As soon as the load is attached to the 
hook the centre bearings give way, and the rollers 
touch the circular track, the latter taking up the load. 

The lifting gear is designed for the use of a hook as 
well as of a crab bucket. It consists of a 40-brake- 
horse-power motor, the necessary spur gear, a main 
hoisting barrel and an auxiliary barrel, driven by the 
main barrel by means of a friction coupling. If the 
hook is used for lifting the load, only the main barrel 
will be in operation. It is fitted with a band-brake, 
which is lifted by a small brake motor, the work of 
which corresponds to that of the electromagnets of 
cranes driven by continuous current. As soon as the 
current is interrupted, a weight, previously held in 
position through the action of the motor, drops down 
and tightens the brake, thus sustaining the load in 
position. The brake can also be operated by means of 
a hand-lever, in order to allow of lowering the load 
without current. If the crane is to be used for un- 
loading coal or other material by means of a grab 
bucket, the auxiliary barrel will be coupled to the 
main barrel for the purpose of operating the dumping 
mechanism of the bucket. The auxiliary barrel is also 
equipped with a band-brake. The opening of the 
bucket is done in the usual way, by stopping one barrel 
while the other barrel continues revolving. 

The electric current available is single-phase alter- 
nating current of 2100 volts and 50 cycles per second. 
It is transformed for the cranes to 500 volts. The 
40-horse-power lifting motor is an induction motor of 
the multipolar type, having 10 poles. Armature and 
collector resemble those of a continuous - current 
motor. There are ten sets of carbon brushes, two of 
which serve for the induction of a separate current, 
which, being out of phase with the main current, pro- 
duces a rotating field. The motor seen in Fig 2, page 
824, thus runs as a two phase motor for a short period 
atstarting. The separate current is interrupted as soon 
as full speed has been reached. The motor develops a 
very high starting torque. At atorque of 24 times 
the normal, no sparking or heating can be noticed. At 
higher torques there will occu: a slight sparking at 
the brushes, which, however, does no harm to the 
brushes or to the collector. The two 10-horse-power 
motors for travelling and slewing are also of the above 
design, each having six poles and a separate current 
+ for starting. 

The speed variation of the motors is secured by 
changing the primary —— impressed on the motor 


by means of transformers which perform the service | 


of controller resistances. The efficiency thus obtained 
is superior to that obtained by the use of resistances, 
as in the former only very little energy is lost in re- 
ducing the voltage, whereas in the latter a large 
amount is wasted in the resistances. In the present 


case the operating mechwnism for each motor consists ! 


| 





therefore of controller and transformer. One controller 
with transformer is provided for the lifting motor, and 
one controller with transformer for both the slewing 
and travelling motors together, the current being 
directed to either of them by means of a switch. 
Fig. 6 shows the diagrams of connections. By means 
of the controller the transformer is connected to the 
high-tension mains, while the motor is connected 
to one of the steps of the transformer according to 
the speed desired. The cylinder of the lifting controller 
is fitted with seven steps, and the cylinder of the 
travelling (slewing) controller with six. Both con- 
trollers with their transformers attached are mounted 
on the same base-plate. There is only one lever for 
the two controllers, the cylinders of both controllers 
being worked by universal gear. The movements of 
the operator’s hand are in accordance with the in- 
tended movements of the crane-hook. 

The small brake electromotor for the lifting appa- 
ratus, referred to previously, is also an induction- 
motor with collector, but is supplied with lower 
voltage than the other three motors, a small trans- 
former being provided for that purpose. 

The cranes have been manufactured by the Benrath 
Engineering Seg of Benrath, near Diisseldorf, 
Germany, and 36, Victoria-street, London, 8.W. This 
type of crane has been adopted for the ney Hamburg 

arbour, where over two hundred similar cranes, 
although for continuous current, have been erected by 
the same firm. 
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MULTIPLE DRILLING-MACHINE FOR 
YARROW BOILERS. 

Tuk photograph reproduced on page 828 was taken 
from a special multiple drilling-machine, for drilling 
tube holes in drums and water-pockets of Yarrow 
water-tube boilers. The machine consists of a massive 
cross-slide carrying four strong, movable saddles. The 
saddles are traversed in either direction by a screw 
driven by spur-gearing. This is started by a friction 
clutch operated from one of the saddles. Each saddle 
also is provided with a handle connected to mitre- 
gearing, by means of which the position of any saddle 
may be adjusted by hand without reference to the 
others. 

The steel spindles are balanced, and have a self- 
acting variable rack-feed motion ; also a quick motion 
up and down by hand for quickly adjusting the drill 
through the jig, driven by gearing and fitted with a 
clutch, so that each spindle can be stopped or started 
independently. 

The cross-slide is carried on two massive uprights, 
placed so as to pass the longest drum. These uprights 
are of box section, reaching to the floor, and secured 
firmly to the bed which carries the table. The table 
is given a sliding motion by two strong screws coupled 
by cross-shaft and vertical shaft, and carried by a 
heavy bed with three bearing surfaces, the bed being 
firmly secured to the uprights, and also carrying the 
centre support for relieving any tendency of the cross- 
slide to twist. The height under the drill-points when 
the spindles are full up is sufficient to admit the largest 
diameter drum. 

The machine is driven by a 30-brake-horse-power 
electric motor, with suitable reducing gear, working 
direct, and bolted to the back of the cross-slide. It 
is titted with a water service for each drill and a pump 
for lubrication, and with two cradles for carrying the 
drams and two for carrying the water-pockets. The 
total weight of the machine is 20 tons. It was built 
by Messrs. Campbells and Hunter, Limited, Leeds, to 
the order of Messrs. Scott’s Shipbuilding and Engi- 
neering Company, Limited, Greenock, N.B. 








FOUR-CYLINDER LOCOMOTIVE FOR THE 
EASTERN RAILWAY OF FRANCE. 
By H. W. Hanpvry, A.M. Inst. C.E. 


Tue Eastern Railway Company of France, which has 
now a large number of four-cylinder compounds engaged 
upon the various sections of its system, exhibited one 
of the latest of this type (‘‘ No. 3610”) at the Liége 
Exhibition. The engine shown was one of fifty loco- 
motives recently constructed by the company at its 
works at Epernay, differing principally from those 
hitherto built in having piston instead of slide valves. 

On glancing at the per ga of ‘* No. 3584,” one 
of the same series, of which we give an engraving 
in Fig. 1 on page 829, it will be noticed that this 
locomotive is somewhat lacking in the neatness of 
design which is so prominent a feature of our own 
practice; but we suppose that as long as a locomo- 
tive is able to deal in a satisfactory manner with 
the particular traffic for which it is designed—and in 
this case there is not the least doubt, experience 
having amply demonstrated that fact—that is all that 
is required of it, although at the same time we 
must confess to a desire to see an esthetic taste 
displayed in combination with efficiency. However, 
continuing, it will be noted that this locomotive is 
six-coupled, and has a Icading four-wheel bogie, and 


also that the high-pressure cylinders are situated out- 
side the frames, between the leading coupled wheels 
and the trailing wheels of the bogie, and that they 
drive the second pair of coupled wheels; while the 
low-pressure cylinders are placed between the frames 
under the smoke-box, and drive the first pair of 
coupled wheels. The bogie wheels are 920 milli- 
metres (36.25 in.) in diameter, and the coupled wheels 
1750 millimetres (68 9 in.), these and the other leading 
dimensions eee given in Figs. 2 and 3 on the two- 
page plate which we publish this week. The wheel 
centres are of cast steel, and the tyres of Siemens- 
Martin steel, attached to the former on the outside 
faces by means of a lip fitting into a dovetail recess 
in the wheel centre, and on the inside faces by means 
of a ring in a similar recess, the edge of the tyre being 
hammered over it when in place. The cranked axle 
is of the usual type, the cranks being placed at 
90 deg. to each other. As the crank-pins on the 
second pair of coupled wheels are placed at 180 deg. 
to the corresponding crank on the same side of the 
engine, an equal turning movement is obtained, and 
at the same time the reciprocating forces practically 
balance each other. Thé axle-boxes are of wrought 
iron, the bearings being of bronze, and lined with 
an anti-friction metal. :The axles are lubricated from 
oil-reservoirs attached to the side of the boiler, each 
oil-pipe being provided with a small valve, by means 
of which the supply of oil is cut off when the engine 
is standing. The axle-box guides are similarly 
lubricated. 

We append the following additional particulars re- 
ferring to the wheels and axles :— 


Wheel-base of the bogie... 1.950 m. ( 6 ft. 4? in.) 
~ ae... .. 60... Ws, ) 
total... 8.150 ,, (26 ., &,, ) 


Bogie "axles, diameter of, 


at the centre 150 mm. (5.9 in.) 


Leading axle, diameter of, 

atthecentre... As =, 62.) 
Intermediate axle, dia- 

meter of, at the centre _ , Re, ) 
Traiiing axle, diameter cf, 

atthecentie ... 180 ,, (7.09,, ) 


Diameter and length of 
bogie axle journals 150 mm. and 230 mm. 
(5.9 in. and 9.05 in.) 

respectively 

Diameter and length of 
coupled axle journals ... 200 mm. and 220 mm. 
(7.87 in. and 8.66 in. ) 

respectively 

It should be observed that the bogie is of the sliding 
tyPe, allowing lateral displacement of 55 millimetres 
(2.16 in.) on each side. It is brought back into its 
normal position by means of two springs of eleven 
plates 75 millimetres (2.95 in.) broad and 10 milli- 
metres (0.39 in.) thick. The ordinary bogie springs, 
four in number, are situated above the axle-boxes, and 
are connected by means of rods and beams in order to 
distribute the weight. The springs on the coupled 
wheels are similarly compensated, but are situated 
beneath, instead of above, the axle-boxes. The springs 
of the bogie, and those of the coupled wheels, have 
respectively fifteen and twelve plates, those of the 
former being 90 millimetres (3.54 in.) broad and 8 milli- 
metres (0.31 in.) thick, and those of the latter 120 
— (4.72 in.) broad and 11 millimetres (0.43 in. ) 
thick. 

The high-pressure cylinders are horizontal, and 350 
millimetres (13.78 in.) in diameter, while the low- 
pressure cylinders, which are in one casting with the 
receivers, are inclined 75 millimetres per metre (or 
1 in 13), and are 550 millimetres (21.65 in.) in dia- 
meter. The piston-valves of the two sets of cylindeis 
are respectively 220 and 300 millimetres in diameter 
(8.66 in. and 11.81 in.). The arrangement of the 
cylinders is shown in Figs. 4 to 6 on the two - page 
plate. The stroke is 640 millimetres (25.2 in.), and 
the cylinder volume ratio 2.547. Lubrication is pro- 
vided by a sight-feed lubricator having two main 
feed-pipes each, in the neighbourhood of the cylinders, 
dividing into two separate branches, one supplying 
each cylinder. 

It will be noticed, by referring to Figs. 7, 8, and 
9 on the two-page plate, that the valve-chambers 
are provided with two cast-iron liners, one for each 
end of the valve, these being pressed up against copper 
rings as an additional means of keeping them steam- 
tight. Pins passing through the exterior walls of the 
valve-chambers into the liners secure them in position, 
preventing any turning movement. The steam ports 
are provided with zigzag bars all round the periphery, 
thus keeping the piston - valve rings in position 
throughout its travel. Views showing the position 
of the piston-valves, together with the development 
of both the high and Gagrmene cylinder ports, 
are given in Figs. 10 to 13. This design of port 
also ensures equal frictional resistance all round the 
valves. It will be seen that one bar only passes 
straight across the port, this being intended to mask 
the cut in the split rings. Care has been taken to 
keep the exhaust passages distinct from those of ad- 





mission and from the walls of the cylinders, so that 
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heat should not be lost owing to contact with them. 
The valves having internal admission, allowed of this 
being more readily carried out than would have been 
the case had there been external admission. It is not 
necessary to’ enter into the obvious advantage of 
internal-admission valves, the principle, perhaps, of 
which is, that of being able to dispense with special 
packing of the valve-spindle; at the same time we 
would point out that with such valves it is necessary 
to bifurcate the exhaust-pipe, unless, as in some cases, 
a special passage behind the valve is provided, con- 
necting the ends of the valve-chamber. The former 
arrangement, which has been adopted in the present 
instance, is, we think, to be preferred, as with a con- 
necting passage it would be a more difficult matter to 
avoid the cooling of the live steam by contact with the 
walls of the exhaust-steam passages before referred to. 

The bodies of the piston-valves are of cast iron, 
each of the piston-heads being furnished with two 
cast-iron split-rings. The one ring rests on a bearing 
in the b pay tee the other in a steel junk-rin 
attached to the piston-head by means of six studs ro 
nuts ; both rings being sufficiently slack to admit of 
their free movement. A bronze ring, having an easy 
fit on the piston-head, separates the split-rings. 
These bronze rings are turned slightly smaller than 
the bore of the valve-chamber liners, and the piston 
reposes on them, not being supported by the spindle 
in its bearings, as is the usual practice. It will be 
observed that the valve is quite free from the spindle, 
the flange at one end, and the steel washer secured by 
a nut at the other, effecting the reciprocating motion, 
just sufficient freedom being allowed (of course, the 
minimum possible to avoid ‘* knocking’’) to enable the 
valve to rest on its bearings in the liners, A key in 
the spindle, fitting into a recess in the valve, prevents 
any turning movement of the latter. Similar keys or 
pins are also provided in the case of the split-rings for 
the same purpose. The maximum travel of the high- 
pressure cylinder valves is 142 millimetres (5.6 in.), 
and of the low-pressure cylinder valves, 141 milli- 
metres (5.55 in.). 

The motion is, as usual, of the Walschaert type, and 

one set is provided for each cylinder. The reversing 
gear, which is situated on the left-hand side of the cab, 
is so arranged that the distribution of the steam may 
be regulated simultaneously in both cylinders, or in- 
dependently, as required. This gear is that in which 
co-axial screws are employed, one operating the high- 
eg motion, the other the low-pressure motion. 
When starting, the high and low-pressure gear are 
moved simultaneously to the positions in which the 
required distribution in the low-pressure cylinders is 
obtained, the latter being then fixed by a catch, and 
the high-pressure gear afterwards regulated inde- 
pendently. 

The connecting and coupling rods are of steel, and 
are of I section, all being fitted with bronze bearings. 
The leading and trailing crank-pins are 90 millimetres 
(3.54 in.) in diameter, and 95 millimetres (3.74 in.) in 
length, while the intermediate are 125 millimetres 
(4.92 in.) in diameter, and 110 millimetres (4.33 in.) in 
length. The connecting-rods of the low-pressure 
cylinder are 1800 millimetres (70.86 in.) in length from 
centre to centre, and those of the high-pressure 
cylinders 1900 millimetres (74.8 in. ). 

It will be observed in Fig. 9 that the starting or 
intercepting valves are placed parallel to the valve 
chambers, and also that they are of the rotary type. 
A somewhat different arrangement was used in pre- 
vious engines of this class, one valve only being pro- 
vided ; in the case of the particular engine we are 
describing, however, two, one for each group of 
a high and low-pressure cylinder, have been fur- 
nished. The chambers of these valves, like those ot 
the piston-valves, form part of the same casting as 
their respective low-pressure cylinders. The exhaust- 
pipes from the high-pressure cylinders are suitably 
connected, by means of packed joints, to the ends of 
these chambers. On referring to the figure it will be 
seen that there are two openings in the valve, the one 
communicating direct to the exhaust-pipe, the other 
with the receiver, when corresponding with similar 
openings in the valve-chamber. These valves are 
operated by a single cylinder, to which they are con- 
nected by a simple linkwork, the cylinder being 
worked a compressed air taken from the brake 
reservoir. The general arrangement of this is clearly 
shown in Fig. 6. The position of the starting-valve, 
the small valve for introducing live steam into the 
receiver when starting, and the path of the steam at 
tat moment, and also when the engine is working as 
a compound, are indicated in elevation in Fig. 4, and 
in plan in Fig. 5. These drawings are, we think, so 
clear that it is unnecessary to enter into a fuller 
description of the working of these valves, so that we 
shall now proceed to refer to the boiler. 

This is of the Belpaire type, constructed of mild steel, 
the body being cylindrical and built up of three plates, 
arranged telescopically, the smallest exterior diameter 
being 1550 millimetres (61 in.). 
double-riveted, the longitudinal ones being butt-jointed 


copper, the crown being attached to the shell by 
vertical steel stays screwed through the plates from 
the inside of the fire-box and provided with nuts on 
the outside. In the case of the two front rows provi- 
sion is made for the expansion of the copper tube-plate 
according to the usual practice. The stays between 
the fire-box and the shell at the sides, back, and front 
are of copper, a hole 6 millimetres (0.23 in.) in dia- 
meter being pierced through them. This hole is 
naturally closed when riveting, but it is afterwards 
opened up from the inside of the fire-box, the other 
end being kept sealed. A similar hole is pierced in 
the roof stays, but only for a distance rather greater 
than that occupied by the screwed portion of the stays. 
Serve tubes, of which there are 120, are used, and in 
addition eight plain tubes, these being of smaller dia- 
meter, and arranged in two vertical rows of four on 
each side of the tube-plate. The pitch of all the 
tubes is the same, and consequently, owing to the 
smaller diameter of the plain tubes, the distance 
between two adjacent tubes is greater than in the 
case of the Serve tubes. It is claimed that this arrange- 
ment of giving additional distance between the tubes 
of the two outside rows adds to the life of the tube- 
late, as it has been found that fracture usually arises 
in this locality. 

The principal particulars of the boiler, apart from 
those already given, are as follow :— 


15 atmospheres 


a ... 8.609 m. (28 ft. 3 in.) 
Distance from the rail to 
the centre of the boiler 2.530 ,, (8 ,, 38 ,, ) 
Barrel plates, thicknessof 17 and 164 mm. (0.67 in. 
and 0.65 in.) 


Boiler pressure 
Total length 


Fire - box cover - plate, 
thickness of ae 17 mm. (0.67 in.) 
Interior capacity ... ... 8.375 cub. m, (295.8 cu. ft.) 


Volume of water (100 
millimetres (3.9 in.) 


above top of firebox) ... 5.669 ,, (200.2 ,, ) 
Volume of steam... - 2706 34, (95.7 os 
Smoke-box, length of, 

inside... ia “ 1.800 m. (70.86 in.) 
Smoke-box, diameter of, 

inside... ae a8 1.482 ,, (58.3 ,, ) 
Grate, length of ... 2.570 ,, (8 ft. 5 in. 

» breadth of .. ee 1 m. (3 ft. 38 in.) 

»» . area of . 2.57 sq. m. (27.66 sq. ft.) 


Fire-box plates “(except 


tube-plate), thickness of 16 mm. (0.63 in.) 


Fire-box tube-plate i ww « Gea) 
Serve tubes, exterior dia- 
meter of ... 7 « RB 


siya at ) 
Serve tubes, thickness of 23. Wil. ) 
Plain tubes, exterior dia- 

meter of ... ots soo Se Se a DO 
Plain tubes, thickness of 2.375 ,, (0.093 ,, ) 
Distance between tube- 


plates... Bier ... 4,200 m. (13 ft. 92 in.) 
Heating surface of the 
fire-box 13.69 sq. m. (147 sq. ft.) 


Heating surface of tubes 
(interior surface) win « Ge ~.) 


Heating surface, total... 200.26 ,, (2155 ,, ) 


Two safety-valves, 70 millimetres (2.75 in.) in dia- 
meter, are attached to the top of the firebox, one 
being of Adams’s and the other of ordinary type. 
The feed is supplied by means of two Friedmann in- 
jectors. The regulator-valve, which is outside the 
dome at the front, is in a horizontal position, the open- 
ing in the valve-face in the T-pipe joint to the steam- 
pipes being angular, so as to admit steam to the high- 
pressure cylinders gradually as the valve is being 
opened. The regulator rod passes through the dome 
near the base, and extends into the cab, where a suit- 
able handle for operating it is provided. The regulator- 
valve and dome and the live-steam valve for starting 
purposes are shown in Fig. 4. 

The brake employed is the Westinghouse, the pump, 
however, being on the Fives-Lille system and double- 
acting. The brakeis applied to the coupled wheels by 
the aid of two vertical single-piston cylinders, 305 
millimetres (12 in.) in diameter, and to those of the 
bogie by two horizontal double-piston cylinders, 185 
millimetres (7.28 in.) in diameter. 

A Flaman speed-indicator, operated from the crank 
of the rear axle in the usual manner, is fitted to this 
engine, as to all locomotives now constructed by the 
Eastern Railway of France. A _ record of a run 
between Chaumont and Belfort, as taken by the indi- 
cator, is reproduced in Fig. 14 on the two-page plate. 
Air-relief or snifting-valves and pressure relief-valves 
are placed on the steam-pipes and cylinders are. 
tively. The Lancrenon train-heating device, as applied 
to all this company’s locomotives, is fitted to this 
engine. This system consists simply of an arrange- 
ment of valves for taking compressed air from the 
brake reservoir and live steam from the boiler, the air 
and steam being allowed to mingle in a suitable 
chamber in the pipe by which the mixture is after- 
wards conducted along the train. Valves are placed 








All the seams are |on this pipe for regulating the flow either forward or 


backward, depending upon which way the engine is 





and having straps inside and out. The fire-box is of 


Gresham steam sanding apparatus is fitted to this 
engine. 

The weight of this locomotive in full working order 
(water level 100 millimetres (3.9 in.) from the top of 
the firebox, 430 kilogrammes (84 cwt.) of coal on the 
and 100 kilogrammes (220 lb.) of sand in the 

xes) is 69,614 kilogrammes (68 tons 10 cwt, 1 qr.), 
the weight when empty being 63.415 kilogrammes 
(62 tons 8 cwt. 1 qr.). 

The distributed weight in working order is as 
follows :— 


Kilo- _ 

grammer. Tons Cwt. Qrs. Lb, 

On the bogie . 2.150 = 19 146 3 18 
On the leading 

wheels ... ~~ 1646 = 16 4 0 9 
On the Interme- 

diatewheels ... 16,554 = 16 5 3 9 
On the trailing 

wheels ... — 0 le a ee 
Total adhesive 

weight .. 494644 = 48 13 2 16 


This locomotive is intended for working heavy traffic, 
and is, we understand, capable of running at an average 
speed of 80 kilometres (49.7 miles) with a maximum of 
110 kilometres (68.3 miles) per hour. It is designed 
7 M. L. Salomon, the engineer-in-chief to the 

astern Railway of France, to whom we are indebted 
for particulars, and for the drawings from which the 
engravings illustrating this article have been prepared. 








“Our SupMaRiNnEs:” ErratumM.—In Mr. Stephen 
Terry’s letter on ‘‘Our Submarines,” published on page 
740 ante, ‘‘Mr. Anthony Lieter” should read ‘‘ Mr. 
Anthony Lyster,” and “rolling barrels on steel cams over 
open hatches,” should read ‘‘rolling barrels or steel 
drums...” Incalling our attention to these printer's 
errors, Mr. Terry suggests that the pump and its flexible 
piping he mentions in his letter should be provided with 
a tar into which all the gear and necessary wrenches, 
funnels, &c., would fit; this, he adds, could be readily slung. 


*“‘Ruopesia Revirw.”—We have received from the 
editor, whose offices are 30, Fleet-street, E.C., a copy of 
the second number of this review, a quarterly for share- 
holders and settlers, which contains a number of ver 
interesting articles on Rhodesian matters, financial, 
mining, and agricultural. The one entitled ‘‘Share- 
holders’ Losses and Rhodes’ Forgotten Promise; an 
Open Letter to Dr. Jameson,” is perhaps the most 
striking. It concludes thus:—‘‘. . . So the Rhodesian 
mining déldcle drifts, with no one to stay it. One feels 
sometimes that it was a kindly hand after all which 
beckoned Cecil Rhodes so soon to his sleep in the 
Matoppos. But if he comes back, as he thought he 
would, after death, to see how his work progresses, there 
is one man he will look for to deal with the débdcle—the 
man whose name was the last word on his lips in the 
cottage at Muizenberg.” 





Srncie-Puase Exectric TRACTION ON THE BRIGHTON 
Rai.way.—Referring to our paragraphon page 809 ante, we 
are informed by the British Thomson-Houston Company, 
Limited, that it is associated with the Allgemeine Fle 
tricitiits Gesellschaft in the latter company’s tender to the 
London, Brighton, and South Coast Railway Company 
for the electrification of the South London line. It is 
proposed to use the Winter-Eichberg system, the British 
patents for which are owned by the Thomson-Houston 
Company. The latter company confirms the general 
statement made in our paragraph to the effect that after 
the first few equipments the motors and control apparatus 
will be manufactured in Rugby, where a large amount of 
work already for the first order, including the switch gear, 
is to be carried out. The British Thomson-Houston Com- 
pany adds that the reason why the first equipments are 
to be made in Germany lies so ely in the fact that these 
are to be duplicates of those which have already been suc- 
cessfully built by the German company, and can be sup- 
plied at earlier dates than would otherwise be possible. 





GRADUATES’ ASSOCIATION OF THE INSTITUTION OF 
MECHANICAL ENGINEERS.—At the meeting of this asso- 
ciation, held on December 11, a paper was read by Mr. 
A. W. Waddy, graduate, of London, entitled ‘* Notes on 
Organisation in Small Engineering Works.” The author 
opened his paper by insisting on the absolute necessity 
of avoiding verbal orders, pointing out the troubles arising 
from trusting too much to one’s memory, and suggesting 
that all orders should be typed with a carbon copy. 
Books of account did not enter into the paper, as being in 
the secretary’s department, and only indirectly under the 
manager. Such ks as the goods-book, order-book, 
job-book, symbol lists, and specification sheets were dealt 
with, and the various samples shown were criticised. The 
general lay-out of the works was touched upon, and the 
advantages of studying the comfort of the men. General 
rules were laid down for drawing-office practice ; and the 
allocation of patterns and tools, such as milling cutters, 
taps, drills, &c., to the various jobs, was discussed at 
length, opinion being divided between considering these 
as running expenses, chargeable on all jobs at a rate fixed 
by previous experience, or Ganging SS up to the job on 
which they were originally used. Mr. J. Hossiter Hoyle, 
member of council, occupied the chair. The following 
uates took part in the discussion :—M. G. Duncan, 





Sdward Barrs, 8. S. Nevill, P. Petrie, A. B. Symons, 


T. Drayton, A. Marshall, and F. A. Smith. Mr. Waddy 
being run ; safety valves being also provided. The | replied. 
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THE WORKS OF THE NEW ARROL-JOHNSTON 


CAR CO., 


LTD., PAISLEY. 





Fic. 1. Tae Macuine-SHopr. 


In our issue of November 10 (page 618 ante) we|and 5-cwt. power, and in the distance there will be 
illustrated and described the new Arrol-Johnston | seen a Bliss 600-lb. drop-hammer, alongside which 
12—-15 horse-power car, and in the succeeding issue | are a Brett furnace and trimming-press. This is used 
(page 655) we published detailed drawings with a de-| for the smaller drop-forgings. Adjacent to the smithy 
scription of their 24—30 horse-power car. At that| there is a case-hardening department, the process 
time we mentioned that an interesting feature of | being extensively employed, especially in connection 
both cars was that they were entirely of British with the parts of the mechanism of the car subjected 
manufacture, with the exception, of course, of what to wear. These are in all cases ground There is also 
may be termed special items, such as tyres, lamps, | an annealing furnace, where iron and steel castings 
&c. The works where their cars are manufactured and forgings are dealt with. 
are exceptionally well equipped, and include many} The main machine-shop, of which representative 
interesting features, and we now publish some repre- | views are given in Fig. 1 above, and Fig. 6, page 836, 
sentative views of the shops. The establishment covers | is a building about 200 ft. square, and there is inita fine 
an area of 64 acres, 44 acres being roofed in, and in| collection of lighter machine-tools of modern make ; 
the organisation considerable care ard research has| but in preference to describing these separately, it 
been completed, not only to ensure a prompt and | may be more interesting to offer general notes taken 
efficient production, but to achieve economy. during our visit regarding the procedure and the work 


In describing the works in detail we may begin with 
the foundry and smithy. In the five crucible furnaces 
in the former there are produced castings of a great 
variety of metals, including not only cast iron and 
steel, but aluminium, delta metal, phosphor-bronze, 
brazing gun-metals, &c. The gun-metal and phosphor 
bronze are used for bushes and bearings, the alumi- 
nium for engine-casings and the like. The followin 
table shows the tensile strength and elongation inal 
at in these several metals. 


done by the respective tools. 

As incidently remarked in connection with the 
foundry work, the company prefer to work from bars 
instead of from drop-forging blanks or castings, and 
there is an extensive equipment of hollow-spindle 
lathes ranging from a small Brown and Sharpe ma- 
chine, dealing with 4-in. wires, up to the Bardons 
and Oliver tool, which takes 34-in. bars. Such work 
as is beyond the capacity of these machines is sawn 
from the bar and machined in chuck-lathes. This 


cutting off of the larger size is done in a Nutter Barnes 
saw, which deals with sections up to 9 in. in diameter. 
Bars up to 6 in. are operated in a Hurlburt Rogers 


Tensile Strength Elongation 
per Sq. In. in 2 In. 





Tons, Per Cent. 
Oast steel... at 4 cutting-off machine, with accelerating feed. As the 
Delta metal ... N 30 20 tool advances during the parting-off cut, the speed of 
Gun-metal .. —... 17 20 to 22 revolution is accelerated by means of a pair of ex- 
Aluminium 10 to 12 — | panding cones, so that the velocity of the cut is kept 
Phosphor-bronze 1 12 | approximately constant, and thereby more work is 


The phosphor-bronze is, as a rule, cast in chills, in| got out of the tool. For handling the blanks when 
order that it may not cut up the tools in the machine. | cut off there are, for the larger pieces, three (tisholt 
For some of the repetition work plate-casting .is em-| lathes and two Herbert combination turret lathes. 
ployed ; but, as we shall prssently show, the more | The practice is to have at least two operations pro- 





widely adopted practice is to work from the bar, the | ceeding simultaneously on each job on these tools ; for 
details of design of the car being arranged with that | instance, forming down to shape and drilling or 
end in view. All the castings are pickled, and the| reamering a central hole. To save the considerable | 
cast steel is invariably annealed. Of the foundry a/end-thrust on the spindles of these large lathes, with | 
view is given in Fig. 4, page 836, and a fair sample | its consequent wear and tear when drilling at econo- 
of the work shown. |mical speeds with high-speed drills, the holes are | 
The smithy is a building about 100 ft. long by 70 ft. | opened out at the highest ible speed in vertical | 
wide, ventilated by a 4-ft. Blackman electrically-| drilling-machines before the blanks are chucked. | 
driven fan. The twelve hearths are supplied with | After this the holes are enlarged to size and reamered | 
blast from Root blowers, and, as shown in the photo- | to finished dimensions in the special tools in less time | 
graph of the smithy reproduced in Fig. 3, page 836, than would otherwise be required ; but small units, of | 
they are connected with a large single main flue, dis-| which large quantities of standard dimensions are re- 
charging ultimately into the chimney shaft. The steam- | quired, are produced in automatic screwing-machines. 
hammers, occupying a central position, are of 7}-cwt. | there are five precision grinders, four by Brown and 


Sharpe, and one by Reinecker. The last named is 
principally used for the grinding up of hardened 
bushes, such as are required in roller-bearings. With- 
out exception, all the running surfaces are ground, 
whether case-hardened or not. 

Considerable attention has been devoted to the 
utilisation to the utmost advantage of high-speed 
cutting steels. The speeds are very high, notwith- 
standing the hard nature of the material used. In 
consequence of this, the lathe centres are found to 
suffer somewhat severely, and to obviate inconvenience 
from delay as a consequence, the whole of the lathes 
have had their headstocks bored out to one or other 
of three standard Morse tapers, so that centres which 
have been manufactured in the tool-room in consider- 
able quantities, and subsequently stored, can be fitted 
into these tapersas replacement. In this way as soon 
asa centre gives out owing to heavy cutting or other- 
wise, it is replaced practically in a few minutes. 

The tool- room, which immediately adjoins the 
machine-shop, is very properly regarded as an impor- 
tant department of the works, and the practice ob- 
taining is certainly commendable. The ordinary 
smiths are not allowed to harden any of the high- 
speed steel tools. These, after being forged to shape, 
are forwarded to the tool-room and there hardened as 
well as ground by experienced workmen. A special 
fireproof hardening-room is attached to the depart- 
ment. Here there is in use a large and small blow- 
pipe furnace for heating the tools preparatory to 
hardening in oil or water. A feature of the furnaces- 
they are of the regenerative type—is the utilisation 
of a high-pressure Roots blower, while the design of 
furnace is such that the flame is not at any time in 
direct contact with the tool. There is consequently 
no chance of it being burned, notwithstanding the 
very high temperature which is maintained. The 
milling cutters and reamers used in the machine-shop 
are all made at the works. In the tool-room there is 
a Brown and Sharpe universal milling-machine ; two 
Hendy and Norton tool-room lathes, one of which is 


| equipped with a backing-off attachment for the manu- 
| facture of relief cutters ; one large and two small F. F. 


Reed lathes ; American twist-drill grinders and Rodal 
twist-drill grinders for small work, a Gisholt tool- 
grinder, a Brown and Sharpe universal and cutter 
grinder, with other tools. : 

All gauges, jigs, and the dies for drop-forging work 
are also manufactured in this department. In view 
of the difficulty of telling when the taper-plug gauge 
is in contact throughout its whole length in the corre- 
sponding external gauge, a segment is cut out of the 
external gauge previous to hardenirg and grinding 
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This serves the double purpose of eliminating the pos- 
sibility of changes due to internal stresses in course of 


| 


Fic. 2. Tue Erectine-SuHop. 


PREMIUM CARD. DATE of Issue 


time, and of ensuring that accuracy will at once be ob-| Orper No.| Max’sNo. ComMencen,) Tie Rate. 


served. The company also make in large quantities their 
own limit-gauges, which are of case-hardened steel. 


In the erecting-shop, of which an engraving is | 
given in Fig. 2, above, there are a number of small | 
electric portable drills, which are found very useful. | 


There is also a light drilling-machine, driven by an | 


electric motor, which can be used by the erectors and 
repair squad at times when the machine-shop may not 
be in operation. 

In the electrical department the company manufac- 
ture their own magnetos, ignition-plugs, and all other 
electrical appliances. required in the car ; and careful 
record is here kept of the efficiency in test and other- 
wise of these appliances. 

The testing department is adjacent to the working 
floor, so that motors and finished cars can be readily 
tested at any time. For the testing of motors a dynamo 
with a lamp resistance is used, by which the power deve- 
loped by the motor at various speeds and under varying 
conditions can be ascertained in a comparatively short 
trial. Arrangements are also made whereby the 
efficiency of a completed car can be determined with 
ease. There is a pair of rollers connected to a dynamo, 
and the road wheels of the car are brought into con- 
tact with these rollers. The car is started and put 
into gear in the usual way, and the power transmitted 
by the road wheels to the roller-shaft and thence to 
the dynamo can readily be measured on the switch- 
board. The comparative data thus obtained have 
been of great value to the company. 

In addition to the more purely engineering shops 
described, there is a coach- uilding department, in 
close communication with which are the joiners’ and 
the pattern-makers’ shops. The coach-building de- 
partment consists of three bays, one of which is illus- 
trated in the engraving, Fig. 5, page 836. The paint- 
ing-shop is of equal size with the coach-building 
department, access to it being by a lift. Wood is 
used principally in the construction of bodies, but as 
the public now demand elegant designs, reverse 
curves are much in evidence. These cannot be got in 
wood, so that sheet metal has now found a large 
field in motor-car body-building, and it is both lighter 
and cheaper than wood, and at the same time takes 
on a higher finish when painted. 





ALLOWED. 


FOR PIECES 


FINIsHED TIME TAKEN ToTAL 
WAGE. 


Item No. Too. No. 


Cuecken sy No. or Pieces Datgor TIME SAVED TorTaL 
PASSED. PA8siING PREMIUMS. 





PREMIUMS 
Paip. 
ee eee Te ote nh weet DATE. 


This card is to be finally handed into the office when the 
operation specified thereon has been checked and passed. Re- 
marks and calculations may be made on the back. 


MATERIAL CARD. DATE. 


OrperR No. Item No. Man's No. Bin No. QUANTITY. 











STuREs REQUIRED. Rate. VALUE. 





Put only one kind of article on each | 
card. | } 
| 

! 

| 


This card to be used for obtaining goods 
from Stores. Remarks may be made on back. 


FOREMAN 


| All the departments are lighted with inverted in- 
candescent gas lamps. As regards the power supply, 
|a change is now being effected, and a new station 
| being equipped. This new plant includes a Siemens 
dynamo driven by a Crossley gas-engine supplied with 
fuel from suction gas-producers. The engines now 
being installed will develop 250 brake horse-power, 
giving an electric output of 180 kilowatts. In the 
machine-shop, motors of 25 horse-power will be fitted 
for driving lines of shaft where there are groups of 
small tools ; but in the case of larger machines inde- 
pendent motors will be fitted. 

The administration and cost-keeping is carried out 
with the assistance of a complete card system. Rowan’s 
premium system of wage-paying is adopted, and there 
are separate cards for material, for premium wage, as 
well as for ordinary wages where it is not possible 
to adopt the bonus system. Different colours are 
used, pink being ee for the premium, green for 
the material, and yellow for the time-cards. We re- 
produce two representative cards, and it will be seen 
that these enable the office staff each evening to keep 
a check, not only of the workers’ time, but also of the 
progress of any given item. A summation is made at 
the end of each week of all cards appertaining to a 
particular order. In this way a correct statement 
each week is prepared showing the total value of 
remunerative work performed, which is comparable 
with the total wages paid. It is thus possible from 
week to week to ascertain, by the ratio of directly 
remunerative to incidental work, whether the out- 
put or the incidental charges are increasing or de- 
creasing. 

In connection with the work in progress, as indeed 
| throughout the whole of the works, the card system is 
'also employed. All work is passed after inspection to 
the stores, where it is stocked by a name and index 
betes Cards are prepared giving this name and 
|index number, and these are fled according to the 
|number, with catch-cards interspersed to facilitate 
|reference. The items are store in bins or racks, 
| which are identified horizontally by letters, and verti- 
cally by numbers, so that any item is readily located. 
The jigs, fixtures, and drop-forging dies are all indexed 
in the same way in the tool-store. Here the position 
of each tool is further indicated by ‘‘ shadowing ;” 
the outline of the article is painted in black on a white 
ground, so that when the article is in use in the shop 
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there should be over this the worker’s check, or the 
shadow should be covered by the article itself. 

These and many other points which might be 
similarly dealt with show that not only in the design 
of car, but in the method of manufacture as well as in 
organisation, the company have attained a high degree 
of efficiency. 








NOTES FROM THE NORTH. 
Grascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning the 
tone of the pig-iron market was a shade easier, and the 
turnover was only 2500 tons of Cleveland warrants. This 
business was done at 533. 14d. cash, 53s. 64d, twenty-nine 
days, and 533. 6d. one month, the close being firmer at 
533. 24d. cash and 53s. 74d. one month sellers. The sett- 
ling prices were :—Scotch, 58s. 3d.; Cleveland, 53s. 14d.; 
hematite, 703. 9d. ; and Standard foundry iron, 52s. 6d. 
In the afternoon the tone was firmer, but the business 
was again very stall, consisting of about 3500 tons of 
Cleveland warrants round 53s. 3d. cash. At the close 
sellers quoted 533. o-- cash, 53s. 74d. one month, and 
54s. 4d. three months. Hematite was offered at 71s. 
cash sellers, but no business was done. On Friday 
morning the dealing wes small, and Cleveland war- 
rants were firm at 53s, 4)d. cash, and 533. 84d. to 
533. 74d. one month, closing at 533. 4d. cash, and 53s. 8d. 
one month sellers. Hematite was easier, and one lot was 
done at 70s. 104d. one month, with closing sellers at 71s. 
one month. e turnover was about 3500 tons. In the 
afternoon Cleveland warrants were easier, and 7500 tons 
changed hands at 53s. 24d. to 53s. 1id. cash, 533. 4d. 
fourteen days, and 53s. 7d. to 53s. 6d. one month, closing 
at 533. 2d. cash and 53. 64d. one month sellers. 
Hematite, 2000 tons, were done at 71s. and 70s. 
one montb, and at the close buyers offered 703. 11d., 
but sellers quoted 71s. 3d. one month. Standard 
foundry iron was quoted at 523. 1d. cash sellers. 
Ono Monday gem | Cleveland warrants were easier, 
and 11,000 tons were dealt in at 53s. and 53s. 04d. cash, 
533. 1d. four days, and 53s, 4d. to 53s. 44d. one month. 
Closing sellers quoted 533. 1d. cash and 53s. 5d. one 
month. One lot of hematite was put through at 70s. 104d. 
one month, and at the close sellers — 71s. one month. 
At the afternoon session a further decline took place, and 
Cleveland warrants were done down to 52s. i04d. cash 
and 53s. 24d. to 53s. 14d. one month. Other dealing was 
at 533. twenty-one days, and there were buyers at 533. 9d. 
three months, but no sellers. Hematite was also weak, 
and one lot was done at 70s. 74d. one month, with closing 
sellers at 70s. 34, cash and 70s. 9d. one month. Cleve- 
land closed at 528. 11d. cash and 53s. 3d. one month, and 
the turnover was 12,000 tons. The downward tendency 
of the market continued on Tuesday morning, and 
12,000 tons of Cleveland warrants were done at 52s. 74d. 
to 52s. 6d. cash and at 533. to 52s. 104d. one month 
and at the close sellers quoted 52s. 64d. cash an 
52s. 1ld. one month. Hematite was easier, and 1000 
tons changed hands at 703. 3d. one month, with clos- 
ing sellers at 14d. less. The weakness of the market 
enerally was due to the heavy storing of hematite iron, 
the increase being 2231 tons on the day. Standard foundr 
iron, to the extent of 6000 tons, was dealt in at 51s. 8d. 
and 51s. 84d. ten days. A steady tone prevailed in the 
afternoon, and 7500 tons of Cleveland warrants changed 
hands at 52s. 7d. to 52s. 6d. cash, and at 52s. 10}d. to 
523. 10d. one month. At the close the quotations were 
52a. 64d. cash and 52s. 11d. one month sellers. One lot 
of Standard foundry iron was done at 51s. 74d. seven 
days. There was a good tone on the market to-day 
(Wednesday), and Cleveland warrants recovered slightly, 
and were done at 52s. 6d. and 52s. 9d. , and 53s. 1d. 
one month. The turnover was 10,500 tons, and at the 
close of the first session sellers quoted 52s. 94d. cash and 
53s. 2d. one month. Hematite was steady, and 1500 
tons changed hands at 70s. 3d. one month, with closing 
sellers at 703. 44d. one month. The settling prices were : 
Scotch, 58s.; Cleveland, 52s. 9d.; hematite, 693. 104d.; 
and Standard foundry iron, 51s. 74d. In the afternoon, 
the improvement in prices continued, and 7000 tons of 
Cleveland warrants were dealt in at 52s, 104d. cash and 
53s. 2d. to 533. 3d. one month, and 53s. 11d. three months. 
Other transactions were at 52s. 114d. fourteen days, and 
53a. seven days, and at the close sellers quoted 52s. 94d. 
cash and 63s. 24d. one month. Hematite was not dealt 
in, but was quoted dearer at 70s. 9d. one month sellers. 
The following are the market quotations for makers’ 
No. 1 iron:—Clyde and Calder, 68s.; Gartsherrie, 
683. 6d.; Summerlee and oom 70s. ; Coltness, 76s. 
(all ship at Glasgow); Glengarno:k (shipped at 
Ardrossan), 68s. ; Shotts (shipped at Leith), 68s.; Carron 
(shipped at Grangemouth), 70s. 


Scotch Pig Iron and Hematite.—During the past week, 
it is reported, there has beerf quite a pronounced revival 
in the demand for the various brands of Scotch pig iron. 
The makers, although heavily booked ahead already, 
have, in some instances, agreed t» the renewal of running 
contracts into the first six months of next year, and in 
other cases on to the end of March. Full current prices 
are being paid, and the outlook for producersduring the 
ensuing year is exceedingly bright. Scotch hematite is 
just now in excellent demand, and although there are at 
present 49 furnaces in operation as guy 38 a year 
ago, makers state that they are behind with their de- 
liveries. The present price is nemed at 73s. 6d. per ton. 


Sulphate of Ammonia.—The sulphate of ammonia 
market continues dull, but with a rather better inquiry. 
The current price is round 12/. 10s. per ton for prompt 
delivery, although it is reported that sales have taken 

lace at 1s. 3d. less. The amount shipped from Leith 

t week was only 354 tons. 





Scotch Steel Trade.—A steady feeling continues to mark 
the Scotch steel trade, and not only will the latter half 
of this year be a memorable one in the trade, but, owing 
to the heavy booking for the first part of 1906, the out- 
look is exceedingly bright. Inquiries have lately been 
very good; but makers generally cannot promise early 
delivery. It is not expected that the annual stoppage 
will be of extra long duration at this time, as buyers are 
pushing for delivery. Prices are firm and raw material 
continues dear. 


Institution of Engineers and Shipbuilders.—At a meet- 
ing of the Institution of Efigineers and Shipbuilders in 
Scotland, held in Glasgow last night, a paper on ‘* The 
Evolution and Prospects of the Elastic Fluid Turbine” 
was read by Mr. R. M. Neilson, of Manchester. Another 
paper, on “The Application of (aowetng Charts to 
Slide-Valve Design,” was read by Mr. William J. 
Goudie. Mr. James Gilchrist, the president, occupied 
the chair, and there was a large attendance of members. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, ts gay 

Messrs. Samuel Oxborn and Co., Limited. — For 
family reasons the business of Messrs. Samuel Osborn 
and m of the Clyde Steel and Iron Works, Sheffield, 
has been turned into a private limited company. No 
prospectus has been issued, and no shares offered to the 

ublic. The present a Messrs. W. F. Osborn, 
Reval Osborn, and F, M. Osborn (sons of the late 
Samuel Osborn, the founder of the firm), Mr. Arnold 
Pye-Smith and hisson, Mr. A. Stanley Pye-Smith, retain 
their interest in the business, and are directors of the 
new company. Mr. William McKinnel and Mr. Frank 
H. Kirk, who have keen connected with the firm for 


9d. many years, have also joined the Board. 


Iron and Steel Trades.—Owing to the improved state 
of all branches of the heavy trades, the re this year 
will be much shorter than of late. This will the case 
in the armour-plate mills and finishing shops, as well as 
in the forges and railway material departments. The 
demand for light steel forgings for motor-cars, electrical 
machinery, and other engineering work, is very heavy 
just now, and the outlook in these branches is regarded 
as encouraging. Owing to the cost of transit, the manu- 
facture of steel rails for export has practically left the 
city; but a fair trade is going on in meeting the re- 
quirements of home railway companies whose lines 
run within easy reach. Efforts to attract the cycle 
trade to Sheffield seem to have failed, and even the 
production of wires for spokes and other accessories 
1s being given up. Local firms cannot compete success- 
fully with makers in the cycle centres. Manufacturers of 
edge and other tools report improvement in business both 
on home and foreign account, although the demand from 
Russia is practically dead. Skate manufacturers have 
given up hope of any appreciable amount of business this 
season. It is now eleven years since there was a large 
demand and stocks were cleared off, and what were accu- 
mulated — the ensuing summer are to a very large 
extent now on hand. 


South Yorkshire Coal Trade.—There has been more than 
usual difficulty this year in settling the contracts for 
supply next year. There was an agreement among the 
coal.owners that 6d. per ton advance on expiring contracts 
should be insisted upon. At a meeting of the South 
Yorkshire coal-owners, held in Sheffield on Tuesday, it 
was stated that the coal-owners in Derbyshire and Not- 
tinghamshire had given way, and had agreed to accept 
current rates. The South Yorkshire owners are still 
firm in their demand for the extra 6d., but whether they 
will be able to enforce it is still open to doubt. There is 
a well-sustained demand for steam coal], both for export 
and for manufacturing purposes, and the house and gas- 
coal] pits are running full time, as consumers are anxious 
to have plenty of stocks on hand to carry them over the 
holidays. There has been a very marked improvement 
in the demand for common coal ; and smudge, that wasa 
drug in the market. is now selling freely at advanced 
prices for export to Germany. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Yesterday there was a 
fairly numerous attendance on ’Change, and the market, 
though quiet, was very satisfactory, considering the 
season of the year. Few transactions, it is true, were 
recorded in Cleveland iron, but quotations were firm, 
and traders spoke most hopefully of the future, altogether 
Lemay | the unsatisfactory statistical position. fo. 3 
g-m.b. Cleveland pig was 52s. 9d. f.o.b. Merchants sold 
at that, and rather pressed iron on the market at the 
figure; but some of the leading producers did not care to 
do business at such a price, and preferred to hold off until 
after the holidays, when they hope to see some improve- 
ment. No. 1 was 54s. 3d. ; No. 4 foundry, 51s. 3d. ; grey 
forge, 51s. ; mottled, 50s. 6d. ; and white, 503. East Coast 
hematite pig was firm, the tendency being decidedly up- 
wards, seeing that the output is much too small to meet 
requirements, and the cost of make is increasing. Mixed 
num realised 70s. 6d. for early delivery; No. 1 was 71s. 
and No. 4 forge 65s. About a couple of shillings above these 
rates was named for forward business. Spanish ore was 
very strong. Rubio, of 50 per cent. quality, was 20s. to 
2is. ex-ship Tees, and dealers could not name less, seeing 
that the f.o.b. price at Bilbao was 14s. 6d., and besides 
minor charges, the freight to the Tees 5s. 6d. In addi- 


tion, the merchant here has to take all risk of the ore 
coming up to the guarantee of 50 per cent. 





Shipments and Stocks.—Shipments of pig iron from the 
Tees this year are very disappointing. They will not 
reach 1,000,000 tons. It is a dozen years since they fell 
below that quantity. Stocks of Cleveland pig are now 
pretty heavy. The iron held by Messrs. Connal and Co., 
the warrant storekeepers, is now approaching 700,000 
tons, but this week for the first time for many months 
there has been a withdrawal. 


Manufacturcd Iron and Stecl.—All branches of the 
manufactured iron and steel industries are full of work, 
and the outlook is excellent. Some people, in fact, 
predict that 1906 will see some record makes. Be that 
as it may, it is very gratifying to know that nearly every 
firm in the district have contracts made which will keep 
them occupied for quite twelve months. Common iron 
bars are 7/.; best bars, 7/. 10s.; steel bars, 6/. 15s. ; iron 
ship-plates, 7/. 5s.; steel ship-plates, 7/.; iron ship-angles, 
71. 5s.; steel ship-angles, 6/. 12s. 6d.; iron ship-rivets, 8/.; 
steel boiler-plates, 8/.; steel sheets (singles), 7/. 10s. ; 
steel sheets (doubles), 8/.; steel joists, 6/. 7s. 6d.; and 
heavy sections of steel rails, 6/.—all less the customary 
24 per cent. discount, except rails, which are net at 
works. 


Coal and Coke.—There is next to no coal free for sale 
for this year. What there is realises high rates. Values 
promise to be higher next year than recent quotations. 
Coke is strong. For delivery here over the first half of 
1906, average blast-furnace kinds are owe pry! put at 
17s. 64, Export coke is in the neighbourhood of 20s. f.0.b, 








Contracts.—The Whessoe Foundry Company, Ltd., 
Darlington, has secured a contract from the Admiralty 
for the construction cf twenty-three large tanks, which 
on completion will be erected at Gibraltar and stations 
in the Mediterranean, for the storage of oil to be used as 
fuel by the Navy. Each tank will have ‘a capacity of 
1,640,000 gallons, or an aggregate forthe twenty-three tanks 
of 37,720,000 gallons. The contract follows on an order for 
four trial tanks which are partially erected at Portland.— 
A stedm railroad ranning from MacKey’s Ferry to Beau- 
fort, N.C., will be built for the Virginia and Carolina 
Coast Railway Company. This road will extend a total 
length of approximately 120 miles. The contract has 
been alts. to Messrs. J. G. White and Co., 43, Ex- 
change-place, New York, who will do all the clearing, 
grading, and track-laying work, as well as the building of 
steel bridges and viaducts.—Messrs. Mellowes and Go , 
Limited, of Corporation-street, Sheffield, and 28, Victoria- 
street, Westminster, S.W., have received orders for sup- 
plying and fixing their patent ‘‘ Eclipse” roof glazing 
on the extensions of the Ordnance Works, Coventry, 
belonging to Messrs. Cammell, Laird, and Co., Limited, 
and on the extensions to the Crewe station of the London 
and North-Western Railway.—Messrs. Johnson and 
Phillips, Limited, Old Charlton, have recently booked 
a contract for conduits, feeder and arc-lighting cables, 
underground boxes, and lamp-pillars for the Admiralty, 
and an order from the East India Railway Company for 
the supply of motors, transformers, and complete elec- 
trical plant for Lilloah.—The Mirrlees-Watson Com- 
pany, Limited, of Glasgow, have in hand the following 
condensing installations:—The Gloucester Corporation : 
One set of surface plant—duty 30,000 lb. ; the Moss Bay 
Hematite Coal and Steel Company : One elevated counter- 
current jet-condensing plant—duty 70,000 1b.; the County 
Borough of Devonport: One set surface plant, duty 
25,000 lb. ; the County of London Electric Supply Com- 
pany (per the British Wisusen-Hicaten Company): One 
set sub-base surface plant for Curtis turbine—duty 
29,250 lb. ; North Metropolitan Electric Power Supply 
Company (Willesden Station) : Two sets, each 22,000 Ib., 
surface plant for turbine installation (the latter is a repeat 
order) ; the Bentley Pits, Doncaster (per Mr, P. J. Mit- 
chell): Elevated counter-current jet -condenser—duty 
22,000 lb. ; for Malaga (per Messrs. Mather and Platt, 
Limited): Elevated counter-current jet-condenser-—duty 
23,000 lb.; for Rangoon (per the British Thomson-Houston 
Company): Two elevated counter-current jet-condensers 
—duty each 15,000 Ib., and one similar set—duty 12,000 Ib. ; 
the Kearsley Spinning Company (per the Electrical Com- 

ny, oy mae & One surface plant, having 3650 square 
eet ; the South Wales Electric Power Distribution Com- 

ny, Cwmbran Station (per Messrs. Bramwell and 

arris): Three sets surface plant—duty each 20,000 lb. ; 
the South Metropolitan Electric Power Company (per 
Messrs. Willans and Robinson, Limited): Surface plant— 
duty 32,500 1b. ; the Shoreditch-Bow Council (per Messrs. 
Willans and Robinson, Limited): One set surface plant— 
duty 27,000 lb. ; the Beckenham Urban District Council : 
One set surface plant—duty 9000 lb.—Messrs. Clarkson, 
Limited, of Chelmsford, inform us that owing to the 
satisfactory results of the trials which have been made 
with the ‘‘Chelmsford” bus, by the Ambulance Com- 
mittee of the Metropolitan Asylums Board, a further 
order has been placed with them.— Messrs. Thomas 
Piggott and Co, makers of pipes and steel structures, 
have just succeesfully completed two steel chimneys in 
South Wales, one 175 ft. bigh and the other 125 ft.— 
Messrs. Giepel and Lange’s tender to the Metropolitan 
Borough of Poplar for provision of plant for the manu- 
facture of disinfectant from salt water by electrolysis has 
been accepted.—The Mexican Government have decided 
in favour of the Allgemeine Elektricitiits Gesellschaft’s 
“Telefunken” system of wireless telegraphy for th« 
establishment of a wireless connection between Mazatlan 
and San Jose del Cabo, the distance between these points 
being about 200 miles. At the request of the Govern- 
ment, the stations in question are arranged for different 
wave lengths, as they are designed not only for inter- 
1 pce with each other, but also with moving 
ships. 
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NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam-coal trade has not shown any 
material change; the best Admiralty has made 
123, 6d. to 12s. per ton, while secon qualities 
have ranged from lls. 6d. to 123. 3d. per ton. Small 
steam coal has been somewhat scarce, and best bunker 
qualities have made 8s, 3d. to 8s. 6d. per ton. Household 
coal has been well maintained ; the best ordinary qualities 
have brought 13s. 6d. to 153. per ton, while secondary 

ualities have ranged from 10s. 6d. to 11s. per ton; No. 3 

hondda large has realised 13s. 6d. to 13s. 9d. per ton. 
Coke has shown little change ; foundry qualities have been 
quoted at 183. 6d. to 19s. per ton, and furnace ditto at 
163. 6d. to 17s. per ton. As iron ore, Rubio and 
Almeria have made 18s. to 1 6d. per ton, upon a 
basis of 50 per cent. of iron, and charges, including 
freight, insurance, &c., to Cardiff or Newport. 


Dowiais.—The Goat Mill has been engaged on heavy 
rails for foreign railways, and a considerable production 
has been effected ; billets have also been made to some 
extent. The output of the Big Mill has been of a mis- 
cellaneous character. The Siemens furnaces have been 
working at high pressure. 


Another Steam-Coach Service.— Arrangements have been 
completed by the London and South-Western Railway 
Company for the introduction of a steam-coach service 
between Bournemouth and Christchurch. The cars are 
intended to accommodate eight first-class and thirty-two 
third-class passengers each, and the normal speed will 
30 miles per hour. E!even journeys will be made in each 
direction daily. 


Industrial Amalgamation.—Mr. A. J. Secretan has 
addressed a circular to shareholders in the Ebbw Vale 
Steel, Iron, and Coal Company, Limited, and Messrs. 
Guest, Keen, and Nettlefold, Limited, suggesting a 
scheme of amalgamation. The object of the scheme 1s to 
effect economies in production, with the view of meeting 
and defeating foreign competition. 


Rapid Coaling.—The battleship Goliath, when recently 
coaling at Portsmouth, took in 1050 tons in four hours. 


The Avon Valley.—This a | seems destined to 
become a rival of the Rhondda. The proximity of Port 
Talbot, with its excellent shipping accommodation, is a 
factor of preat importance. The nearest colliery to the 
docks is the ve Rhondda, where a good supply of coal 
has been worked for years, About two years ago the 
management commenced operations for sinking to the 
lower seams, and the work is going on with every promise 
of success. Already a depth of about 400 yards has been 
reached, and the different strata occur just as the manage- 
ment had anticipated. Near the Dyffryn is the Whit- 
worth estate, which is exciting more than local interest. 
Mr. F. E. Jacobs, M.E., of the Dyffryn Colliery, is the 
consulting engineer of the Whitworth collieries. At 
Glyncorrwg sinking is completed, and the prospects 
before the district are bright. Glyncorrwg can be 
reached by three railways, which connect with the South 
Wales Mineral Railway—viz., the Great Western Rail- 
way, the Rhondda and Swansea Bay Railway, and the 
Port Talbot Railway. Extensive operations are going 
on at the Great Western Railway Colliery, Abergwynfi. 
This colliery is the only one owned by the Great Western 
Railway pe ys The company is erecting fitting shops, 
carpenters’ and blacksmiths’ shops, and it is pro in 
future to do engineering work locally. The coal is of 
excellent quality and of vast extent. 








Society or Encingrrs.— The 6lst annual general 
meeting of the Society of Engineers was held on Monday, 
December 11, 1905, at the offices of the Society, 17, 
Victoria-street, Westminster. The chair was occupied 
by Mr. Nicholas J. West, President. The followin 
gentlemen were duly elected by ballot, as the counci 
and officers for 1906:— As President, Mr. Maurice 
Wilson ; as Vice-Presidents, Messrs. Richard St. George 
Moore, Joseph William Wilson, and William Henry 
Holttum ; as Ordinary Members of Council, Messrs. John 
Aird, J — Bernays, Alexander Graham Drury, Geo: 
Abraham Goodwin, George Green, Edward John Silcock, 
Diogo Andrew Symons, and Francis George Bloyd; as 
honorary secretary and treasurer, Mr. David Butler 
Butler; as honorary auditor, Mr. Samuel Wood, F.C.A. 
The President announced that the Right Hon. Lord 
Rayleigh, F.R.S., O.M., chairman of the National 
Physical Laboratory, and Sir Alexander Richardson 
Binnie, president of the Institution of Civil Engineers, 
had been elected by the council as honorary members of 
the Society, thus filling the vacancies created in the list 
of honorary members by the deaths of Sir Lowthian Bell, 
Bart., F.R.S., and Mr. James Mansergh, past president 
of the Institution of Civil Engineers. Fhe president 
announced that the following premiums had been awarded 
by the council ay = during the past session :— 
The President’s Gold Medal to Mr. Sherard Cowper- 
Coles, for his paper on “The Metallic Preservation 
and Ornamentation of Iron and Steel Surfaces ;” the 

mer Premium of Books to Mr. Ernest Romney 
Matthews, for his paper on “‘The Parade Extension 
Works at Bridlington ;” a Society’s Premium of Books to 
Mr. Benjamin Laurenson Bradley, for his paper on ‘‘The 
Grindleford Stone Quarries and their Working ;” and a 
Society’s Premium of Books to Mr. William Pollard 
Digby, for_his paper on “ Statistics of British and 
American Rolling-Stock.” A vote of thanks was ac- 
corded to the scrutineers, and the ings terminated 
. 4 a vote of thanks to the President, council, and 
officers for 1905, which was duly acknowledged. 


be | exempted from the above restriction. In future the 





MISCELLANEA. 


It is stated that the Hamburg-Amerika Line has re- 
purchased from Russia, at a comparatively very low price, 
the ships it had sold to that country during the Russo- 
Japanese war. 


It is stated that the Italian Minister of Marine has de- 
cided to carry out experiments with motor-boats, the 
object being to substitute eventually this new type of 
craft for the comparatively heavy and bulky steam- 
launches and pinnaces now used. The experiments are 
to be made with a number of boats of various sizes, dis- 
tributed among the battleships in the Mediterranean 
waters. | 


| electricity or by blast-furnace gas. If onsey is used 
|as the means of transmission, and is genera 


by gas- 
engines located close to the blast-furnace, the losses in 
transformation and transmission will reach 20 per cent., 
so that the engines will have to be of 1200 horse-power 
instead of 1000 horse-power. If, on the other hand, the 
gas is transmitted, a main will be required, which, for the 
power stated, will have to be 16 in. in diameter if the loss 
of head in the main is 40 in. of water. About 50 horse- 
power will be needed to maintain this flow. It is estimated 
that the main will cost in place about 4140/. ; the compress- 
ing plant, 5202. ; whilst accessories and sundries will bring 
the total cost of the transmission plant up to 4840/. The 
cost of the plant required for transmitting the same power 


| by electricity would, on the other hand, be 4680/. In 


A new system of mounting the bodies of heavy motor-| working cost, interest, and depreciation, however, the 


cars has been introduced by the St. Pancras Iron Com- 


advantage lies with the gas, the total annual expenditure 


ny, Limited, who have recently taken up the manu- | being estimated at 713/. for the gas, and at 768/. for the 


acture of these useful aids to transport. In their car 


| electrical plant. It should, however, be noted that the 


a regular fore-carriage is fitted, although the steering is | calorific value of blast-furnace gas is low, and has in the 

on the Ackerman system. The platform is attach to| estimate been valued at 1000 calories per cubic metre (112.4 

this fore-carriage by a fore-and-aft hinge, so that the in-| British thermal units per cubic foot). Producer-gas runs 

equalities of the load cannot bring any strains on the | up to 150 British thermal units per cubic foot, and much 

body framing, which is stiffened in a manner practically | higher pressures than the 40 in, of water assumed above 

equivalent to the three-point system. |are quite feasible. In Staffordshire poneeene is being 
© 


The Swiss Federal Council has put before the Federal | ‘istributed with a fall of pressure in t 


Assembly a Bill to prevent the export of electrical energy | 
proceeding from the Swiss waterfalls without special | 
authorisation from the Federal Council. All concessions | 
which form part of existing international treaties are | 


Federal Council will only grant its authorisation in cases 
in which Swiss interests will not risk being affected, 
and this authorisation will be liable to be withdrawn 
at any time. 


The Swiss Federal engineers are fully convinced that 
the electric traction system in use on the Valtellina Rail- 
way, where three-phase high-tension current is generated, 
this being transformed down in sub-stations to 3000 volts, 
at which pressure it is carried on the overhead line, is 
perfectly applicable to traction in the Simplon Tunnel, 
although it is not perhaps the most perfect system. If it 
were used, however, electric traction could commence in 
the Tunnel by May 1 next. Messrs. Brown, Boveri, 
and Co. have come forward to carry out the work of 
electrification. 


yn nage to the Moniteur Industriel, from 1830 to 1904 
inclusive, the coal production in Belgium reached a total 
of 911,865,419 tons, only one-fifth of which was exported ; 
the value of this total coal output reached 10,265 million 
francs (410,000,000/.). The shafts now reach the follow- 
ing average depths: 477 metres (1565 ft.) in Hainaut ; 
295 metres (968 ft.) in Namur; and 336 metres (1102 ft.) 
in Liége. Although the present basins are far from 
being exhausted, it is hoped that coal-mines will shortly 
be opened in the Campine, the sandy north-east district 
of Belgium. 


In a note published in the Révue Generale des Sciences 
Ch. Guilleaume, of the International Bureau of 
Weights and Measures, draws attention to a curious con- 
nection between the melting-point of metals and their 
coefficients of expansion by heat. The product of the 
absolute temperature in Centigrade units, multiplied by 
the coefficient of expansion per degree Centigrade, is prac- 
tically constant and equal to 0.02 for all pure metals. It 
follows, therefore, that these metals melt when the dis- 
tance between these molecules is 2 percent. greater than 
at the absolute zero. 


In a recent issue of the Stevens Indicator, Professor 
J. E. Denton discusses the recent experiments on the 
thermal pro ies of steam, made at the Munich Poly- 
technic b essrs. Knoblauch, Linde, and Klebe, These 
lead to the following formula, connecting the pressure 
temperature and volume of steam :— 


PV =BT-p(1 rap)[ o( 3 y = D | 
where P = pressure in kilogrammes per square metre. 
U = volume of 1 kilogramme in cubic metres. 


T = absolute temperature Centigrade ; whilst the | q 


constants have the following values:—B = 47.1, a = 
0.000002, C = 0.031, D = 0.0052. The pressures corre- 
sponding to different temperatures of saturated steam 
were slightly less than those of ult, the maximum 
difference being } per cent. for the range between 100 deg. 
and 140 deg. Cent., and 0.4 per cent. between 140 deg. 
and 180 deg. Cent. The latent heats determined were 
ter than those of Regnault by 0.4 to 0.7 per cent. 
he specific heat of superheated steam, as calculated 
—_ these experiments by Professor Denton, is as 
follow :— 


| Correspond- Mean ee See ” Constant 


Absolute Pres- ing Tempera- 





mains equivalent 
to5 lb. per square inch. Under these conditions a 12-in. 
pipe 5 miles long will supply 243,000 cubic feet of gas 
per hour, equivalent to about 3500 brake horse- power. 








Miuitary BAaLLooninc.—The United States Army is 
to have three new balloons, under authority granted by 
Mr. Secretary Taft, upon the recommendation of the 
chief signal-officer of the service. The balloons are of a 
new type, made in France. Hitherto the military balloon 
has been a most expensive equipment, on account of its 
covering, which, in some cases, was of goldbeater’s skin. 
Now, with the latest improvement made, the covering will 
be of a new web of silk with a covering made of aluminium 
foil, a feature which contributes to durability as well as 
to lightness in weight and cheapness in cost. It has the 
additional advantage of protecting the contents of the 
bag, the cover being impervious to the passage of gas. 
The new balloons will be ordered at once, and will be 
sbipped to Omaha, the general depdt of the American 
signal corps, and to Benicia, California, where some ex- 
periments with military ballooning will be conducted. 





TRIALS OF Suction-Gas PLANTS AT THE Cominc Roya 
AGRICULTURAL Suow, Derpy.—It has been decided. by 
the Royal Agricultural Society of England to carry out a 
series of trials of suction-gas plants at the coming Show 
to be held at Derby next year. The winner of the 
first prize will receive a gold medal, and those who 
are second a silver medal. The plants are to consist 
of a gas-generator and engine complete, of 15 to 25 
brake horse-power, and the trials will be carried out 
in a special shed provided for the purpose. A rope 
or web brake, particulars of which will iven later, 
must be fitted to each engine fiy-wheel. The engines 
will be run for nine hours under full load, after 
which they will be shut down for the night, and will 
resume running the following day. Half-load trials will 
also be conducted, but they will be of shorter duration 
than the full-load trials ; and light or no-load trials will 
occupy only two hours. Points to which special atten- 
tion will be directed are:—(1) Attendance necessary ; 
(2) general design, including facility of cleaning and 
space; (3) regularity of working; (4) fuel consumption 
and water consumption ; (5) price ; (6) relative proportion 
of gas-producer and engine; (7) volume swept by piston 
relative to brake horse-power. The trials will take place 
during the week previous ‘to the Show, commencing on 
Monday, June 18. 





RECONSTRUCTING THE Russian Navy.—The naval 
section of the Imperial Russian Technical Society has 
completed an investigation as to the possibilities of con- 
structing a new Russian fleet in Russian Yonge 
yards, and has arrived at the conclusion that this can be 
one. In five years the Baltic Works can build eight 
first-class cruisers, and the Galerny Island and New 
Admiralty Yards twelve first-class Cetsloshipa. Kron- 
stadt, with its Peter Dock, is in a position to construct 
armoured cruisers of the improved Bayan type and sea- 
going gunboats or torpedo transports. Torpedo cruisers 
and submersibles may be ordered from the Neva Works 
and from Lange’s Works at Riga. Sea-going torpedo 
boats (including een gee | and AB + om torpedo 
boats can be successfully built in the shipbuilding yards 
of Finland, Riga, Reval, and Libau, which can probably 
also take in hand the construction of part of the teapese 
transports or storeships required. The Putiley Works 
can complete in the same period four cruisers of the 
Bayan type, and a number of torpedo boats and gunboats. 
As to works in the south of Russia, it is estimated that 
Nicolaieff and Sevastopol can complete four battleships 
and cruisers of the Bayan type, and some torpedo boats. 
In regard to machinery, orders may be placed with the 
Baltic, the Franco-Russian, the Sormovo, the Briansk, 
and the St. Petersburg Metal Works, the Nicolaieff 
Works, and those of Nobel and Lessner (St. Petersburg). 
As to guns and torpedo gear, ——— precise data are not 





sure, Pounds ture of = 
Saturated 
— Steen in Range of Superheat. 
6 Centigrade pen ae 
rees. . 
10 deg. C. 50 deg. O. 100deg. C. 
99.48 164 0.567 0.551 | 0.537 
139.32 178 0.597 0.577 | 0.559 
190.70 192 0.634 0.609 0.586 
266.20 208 0.686 0.656 0.626 





The long-suspected variability of the specific heat of 
steam with the pressure is thus confirmed. 

In a recent issue of the Zeitschrift fiir Electrotechnik is 
published a comparative estimate of the cost of transmit- 
ting 1000 horse-power for a distance of 4 kilometres by 


forthcoming as to the capacity of the Government Works 
for their production, the Society is of opinion that their 
output might be increased to the desired extent. Private 
works can supply a large quantity of torpedoes and 
projectiles. The manufacture of armour-plating presents 
| the greatest difficulty, and in all probability some orders 
| will have to be placed abroad. e first thing, however. 
which obviously has to be done is to restore internal 
tranquility in Russia. 
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ANTI-FOREIGN AGITATION IN 
CHINA. 


Our Chinese trade connections count for one of 
the most important commercial assets which we 
possess; and as the United States has, during 
recent years, been competing to some purpose, we 
are peculiarly interested in the boycott of American 
go which has been in progress for some time 
past, because it gives us an opportunity of getting 
our own back, perhaps fur good. At all events, 
we are benefiting considerably now from the 
Chinese boycott of American merchandise; and 
even if the grievance of the former against the 
latter nities Be remedied, it must be a long time 
before the bad feeling is removed and cordial re- 
lations established again. The trouble had its 
origin in the exclusion of Chinese from United 
States territory. Our friends on the other side 
are, in more than one respect, like the Dutch, in 
giving too little and asking too much; and while 
they are only too anxious to extend their trade in 
China, they decidedly object to the Chinese obtain- 
ing too much of a footing in their own land of 
freedom, and have passed stringent enactments 
towards this end. The Chinese object, and feeling 
that they are strong enough, they retaliate. Last 
year Mr. Wong Kai-kah, the Chinese vice-com- 
missioner to the St. Louis Exposition, publicly 
expressed the hope that the merchants and busi- 
ness men of the States, who were desirous of doing 
busivess with China, would consider and investigate 
the treatment accorded to his fellow-countrymen 
in the States, and act ‘* before the root of retalia- 
tion has grown,too deep to be torn up.” Since 
that time efforts have been made to negotiate such 
a treaty as would render impossible the insulting 
treatment of which the better class of Chinese 
visiting America have long complained. These 
efforts have been defeated, Ho mane the head 
of the Bureau of Immigration and his chief, the 
Secretary of Commerce and Labour, have stub- 
bornly negatived every proposal to make the pos- 
session of a certificate viséd by United States 


ss9| Consular or other officers in China, final evidence 


of the right of its holder to enter America. It is 
not denied that the policy of the Bureau of Immi- 
gration, whether forming part of the Treasury 
Department or the Department of Commerce and 
Labour, has consistently been to make the ad- 
ministration of the Chinese Exclusion Acts as 
offensive as possible, and in this they have been 
ably vacate Sy by the rulings of the Law Depart- 
ment of the United States. The attitude of Presi- 
dent Roosevelt is sane, but it seems to stop short 
of completeness. He recognises that his country 
cannot go into the international court of equity 
unless it goes with clean hands. ‘‘ We cannot 
expect China to do us justice unless we do China 
justice.” But the President insisted that the abso- 


1) lute exclusion of Chinese labour is a duty which 


is owing to the wage-earners of his country. 
The Chinese Government will probably ask in 
what way the Chinese immigrant of the ibeusing 
class differs s» essentially from the labourer of any 





other nationality as to demand the institution of a 
species of quarantine against his entrance. The 
immigration laws are framed to exclude paupers, 
criminals, physically and mentally unfit persons, 
and those who have bound themselves before going 
to the country under any form of contract. The 
Chinese Government would be only following the 
precedent adopted by all civilised nations in de- 
manding that its subjects who may desire to go 
to the United States should be as free to do so as 
the subjects of European countries, such as Italy, 
Austria, and Russia. 

The boycott movement first took definite shape in 
resolutions adopted by the Shanghai Chamber of 
Commerce, in which it was declared that all those 
connected. with that body had decided to cease 
trafficin American goods until such time as a satis- 
factory settlement should be arrived at. Mer- 
chants in other parts of China adopted a similar 
attitude, and within a day or two a message 
received from the United States Consul-General 
at Singapore announced that the movement had 
spread to the Straits Settlements, where the 
Chinese control most of the trade. Since then 
there has been a remarkable falling off in ex- 
ports from the United States to China; while the 
Chinese export trade, being largely in specialities 
which America cannot very well do without, has 
suffered little. It is at Canton and interior ports 
in the south of China that the boycott is mos; 
vigorously persevered in. The acting Viceroy at 
Canton is anti-foreign in his attitude and bitterly 
anti-American. So far from endeavouring to re- 
press the boycott agitation in the summary fashion 
adopted by Yuan Shih-kai at Tientsin, he delibe- 
rately encouraged it, and some of his subordinates 
visited with pains and penalties native merchants 
who had ventured to disregard the orders of the 
boycott leaders. 

he responsible author of the whole movement 
is Tsung Shao-ching—-a man of respectable com- 
mercial standing, who had had a well-established 
character for activity in works of age gee 
and enterprises calling for a display of public 
spirit. He is in every way a progressive China- 
man, having been one of the trustees of the 
International Institute and an energetic leader 
in Red-Cross work. Mr. Tsung says that not 
only must the treaty be revised, but that the 
Hawaiian and Philippine Islands must be thrown 
open to Chinese immigration. His ultimatum is 
that if this is not done the boycott will be 
continued. Should the author of this manifesto 
have the power to carry his threat into execu- 
tion, it would obviously be a very difficult matter 
to relieve American trade in China from a very 
troublesome embargo. While the native mer- 
chants in Shanghai have apparently been convinced 
that the boycott inflicts as much damage on them 
as it does on those who are its immediate objects, 
the Cantonese have clearly reached no such con- 
clusiun, and, meanwhile, an anti-American agita- 
tion is reported to be rife in Nanking, and even 
to be showing itself in the north of Niuchwang. 
In certain cotton goods the Americans have estab- 
lished a big reputation in China, and. their par- 
ticular ‘‘ chops” have in the past been regarded as 
a standard of value equal to some of the best 
English marks. In other directions they have 
managed to establish a steady market, and a per- 
sistence in their attitude of exclusion would be 
particularly unfortunate for them just now, when 
the country is being opened up by railways, and 
when industrial developments in many directions 
are furnishing Western manufacturers with an ex- 
cellent chance of extending their trade, 

Last month there was published at Washington 
a report bya special agent of the United States 
Government on the opportunities existing in China 
for the introduction of electrical machinery and 
supplies of every description. Mr. Burrill fully 
describes the little that has been done for China in 
introducing electricity. He speaks of it as an 
inviting field neglected. ‘‘ China,” he says, ‘‘ has 
enjoyed less development along civil and electrical 
engineering lines than any other country of its size 
and importance in the world, and presents a field 
which had evidently appealed to German, British, 
and Japanese firms, for they are on the ground, 
although inefficiently represented, and nly 
equipped to handle a business which has offered, 
and will continue to present, great possibilities for 
our home engineers and manufacturers if they will 
attack the proposition with the same energy and 
business ability that characterise their operations 
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and assure success in the United States.” Shanghai 
has, under municipal control, unquestionably the 
best-equipped electrical plant in China, and a con- 
cession has recently been granted for a modern 
electric railway system. Canton has also an electric 
light and power company, which has obtained a 
30 years’ monopoly ; and it is maintained by those 
best informed as to the situation that conditions 
would justify the installation of an electrical 
surface road. -Hong Kong has a paying electric 
surface road, in addition to a fair electric light 
and power company. Peking has an electric 
light plant. About five years ago the German 
firm of Siemens and Halske began the construction 
of a surface road, but the work was interrupted 
in 1900, and it has not yet been completed. 
Hankow is about to acquire an electric light 
and power plant ; and having regard to the fasci- 
nation which electric tramways have for all the 
Orientals, there is little doubt that the inaugura- 
tion of an electrical system of traction would be 
popular and profitable there and elsewhere. There 
are a number of small isolated plants for both light 
and power scattered throughout China ; and these, 
acting as an introduction for larger and more elabo- 
rate work along the same lines, are gradually being 
supplanted by the installation of general plants. 
It is not unfair to assume that these central plants 
will in time educate and prepare the native popu- 
lation for the great construction work for which 
China apparently offers opportunities to foreign 
skill and enterprise. ‘‘ As there are no firms in 
this part of the country carrying even a fair supply 
of electrical material,” says Mr. Burrill, ‘‘ there 
is constant complaint of delay in the delivery of 
goods ordered for construction work. This uncer- 
tainty, coupled with the difficulties of ensuring 
their arrival in proper condition and according to 
plans and specifications, makes it almost impossible, 
according to electrical engineers, to give satisfactory 
estimates on any branch of the work. In sharp con- 
trast to this condition may be cited the success of 
the Babcock and Wilcox Company. This firm has in 
the last two years planted over 11,000 horse-power 
in the ports along the coast, and is one of the few 
companies engaged in the manufacture of mecha- 
nical accessories having a properly-appointed agent 
with sufficient knowledge of this line to superintend 
the installation of his own material.” 

Another American Government representative 
in China hes sent home a report on tariff taxation 
methods 1a the country, and incidentally he cor- 
rects an erroneous impression which has got abroad 
as to the present rights of foreigners to trade there. 
Foreigners can reside in China for trade and 
seneral purposes only in the open treaty ports. 

here seems to be a hazy idea that these limitations 
are no longer in force and that they can be avoided. 
As a matter of fact, it is doubtful if there has been 
a time since the troubles of 1900 when these rules 
as to trade and residence were so carefully and 
persistently enforced. There has been in recent 
years a gradual lengthening of the list of open 
ports, and the right of trade has slowly been 
extended in this manner. But the Government 
at Peking, and especially the local governments 
of the provinces and prefectures, still enforce ex- 
clusion when possible. One of the chief reasons 
why this is the case has to do with the re- 
lation of the open-port system to the inland, or 
likin, tax system of the Empire—a system that 
should be thoroughly understood by all men doing 
business with or in China. Originally the open 

ywrts were five in number:—Amoy, Canton, 
‘ingpo, Shanghai, and Foochow. They now 
number thirty-six, as follow :—Kiukiang, Wuhu, 
Nankin, Ningpo, Canton, Kiungchow, Mengtse, 
Tengyueh, Niuchwang, Chungking, Chinkiang, 
Wenchow, Kongmoon, Kowloon, Szemas, Tientsin, 
Ichang, Shanghai, Foochow, Samshui, Lappa, 
Chingwantao, Chefoo, Shasi, Soochow, Amoy, 
Wuchow, Kiashow, Yochow, Changsha, Hankow, 
Hangchow, Swatow, Pakhoi, Lunchow, and San- 
tuao. Some of the last named are only partially 
opened for trade, and many of those included in 
the list are small places connected with larger ports. 
A few other ports have been brought within mea- 
surable distance of foreign trade by special regula- 
tions and arrangements ; but some of the largest 
and most important cities of the Empire are not 
free to foreigners at all. Peking, the capital of the 
Empire, is a closed port. For instance, in this 


district also the two largest cities—Chanchew and 
Chinchou—cities of three-quarters of a million 
people each—are closed to foreign trade, and foreign 





goods can be entered only in the open ports above 
named by the payment of the Imperial Maritime 
Customs duties of about 5 per cent. ad valorem. In 
the opinion of the American Consul above referred 
to, it need not be expected that these regulations 
will be radically modified for some time, though 
from time to time in the immediate future it may 
reasonably be expected that there will be more 
ports opened up to trade, just as there have been 
in the immediate past. The opening of ports, 
however, is so intimately connected with the 
Customs tariff and taxation systems of China that 
until there is a complete change in the methods of 
taxation there cannot be, and will not be, any 
complete change in the matter of exclusion from 

rts other than those announced as opened to 
oreign trade. This matter of taxation not only 
has a direct bearing upon the opening of ports 
and its general relation to the trade of the Empire, 
but it also has a direct bearing upon foreign trade 
in its effect upon the,distribution of foreign guuds 
in the interior of the Empire after they have 
entered at an open port and have paid the Customs 
tariffs agreed upon in the commercial treaties with 
the several Powers. This, indeed, is the most 
important phase of the likin administration as 
affecting foreigners. While China is not a Free 
Trade country, the tariff charged upon imports 
in the Empire is small enough to have com- 
paratively little influence upon trade where the 
taxation stops at a seaport tariff. The Empire 
presents conditions in this line which are hard 
to duplicate in any other country. Speaking 
generally, a duty of 5 per cent. ad valorem is 
charged upon all imports. Some special articles, 
like opium and similar products, pay a higher tax. 
Taxation, however, does not stop here. This tax 
merely admits the goods to an open port. If they 
are shipped inland, additional taxes are charged, 
mostly under native control, and generally termed 
“likin.” Foreign trade is affected directly by this 
likin system. Under the commercial treaties 
between China and most of the Powers foreign 
goods can be sent to an open port where 5 per 
cent. duty is charged, and then can be sent to the 
interior, under what is known as a transit pass, 
upon payment of 2} per cent. ud valorem in addi- 
tion thereto, the latter tax under the treaties being 
supposed to take the place of all likin exactions 
upon the goods covered by the pass. As a matter 
of fact, and in actual practice, the transit pass 
system is disregarded in many cases, and foreign 
goods aro kept out of the interior, or are subjected 
to ruinous taxation under likin charges. Where 
the transit pass is respected there is often some 
local regulation whereby goods under such a pass 
can only be sent to some particular point in a 
district. When the goods are removed from this 
particular district, when, may be, in some out-of- 
the-way likin station, to be sold to consumers 
elsewhere, additional taxes are levied. 








THE CHARING CROSS DISASTER. 

From the evidence given at the inquest on the 
death of the six men who lost their lives in the 
recent disaster at Charing Cross Station it is 
possible to form a fairly good idea of what actually 
occurred. The first symptom of anything wrong 
appears to have been a loud report, variously 
likened to the report of a gun, a gas explosion, 
or a railway collision ; one witness, however, stated 
that it had a certain duration, and was comparable 
to the tearing of a row of rivets. However it 
sounded, there is little doubt that it was caused 
by the fracture of the tie-rod of the principal 
nearest the end screen. It was heard by several 
persons in neighbouring buildings, who looked 
towards the station and noticed a slow subsidence 
of the crown of the roof above the principal in 
question. The men on the roof ran to seek a 
safer position, but almost at once returned, 
although the sagging continued to increase. It 
is impossible that they should not have recognised 
the danger of their position; but, nevertheless, 
they set to work, some to lighten the roof by 
removing the zinc and glass covering, and others 
to lower ropes through the framing, with the object, 
apparently, of lashing the bracing together inside. 

he evidence was not clear on the latter point, 
but the fact that the men stuck to their posts on a 
subsiding roof, in the hope of averting an awful 
disaster, is an instance 7 hacen in the face of 
imminent danger which well deserved the apprecia- 
tive remarks of the coroner. Equal presence of 





mind was shown by an inspector on the platform 
beneath, who, seeing the broken tie-rod, communi- 
cated with the signal-box to warn the driver of an 
in-coming Continental train which was due to arrive. 
The distortion of the roof increased until the spread- 
ing of the principal forced outwards the western wall 
of the station, to which it was attached by suspen- 
sion links. The wall bulged and cracked, and the 
principal collapsed, bringing down with it the part 
of the roof which it carried. The end screen, thus 
left unsupported, swayed inwards, probably pulled 
by the falling purlins, and fell across the platforms 
almost simultaneously with the rest of the wreckage. 

It appears from the evidence that the end of the 
western wall, which fell on and wrecked the 
Avenue Theatre, fell either at the same moment as, 
or a moment after, the collapse of the roof, al- 
though cracks in it had been heard and seen 
almost from the beginning of the disaster. Whether 
the failure of the wall brought down the wind- 
screen, or whether the falling of the screen gave 
the final push to the tottering wall, is not of much 
importance. Most of the witnesses seemed to agree 
that the latter was the case; and this view is, to 
some extent, confirmed by the fact that the screen- 
footing scored a deep mark in the lower part of the 
broken wall, and was prevented from falling com- 
pletely down by the support it obtained from the 
side of the wall. From the snapping of the tie-rod 
to the falling of the wall appears to have been 
about a quarter of an hour. 

The immediate cause of the disaster was a flaw 
in the tie-bar, which reduced the effective cross- 
section of the bar to about one-third of its nominal 
area. One of the witnesses is reported to have said 
that ‘‘about two-thirds of the surface was cor- 
roded ;” and the context makes it appear that it 
was the surface of the tie-rod of which he was 
speaking. There is nothing extraordinary in a 
superficial corrosion of a tie-bar exposed to steam 
and smoke for forty years ; and there is also nothing 
alarming in the fact. Superficial corrosion cannot 
fail to be seen at the periodical examinations of 
ironwork ; and it is absolutely incredible that it 
should have been allowed to go on unchecked in 
this case until two-thirds of the bar were eaten 
away. Besides, the remaining ties of that prin- 
cipal were no more corroded than their age and 
position would warrant, and what slight corrosion 
there was was quite immaterial in considering their 
strength. What the witness probably referred to 
was the appearance of the fractured end, but the 
evidence is not sufficient to enable one to judge 
whether the metal had always been discontinuous 
at that point, or whether it had developed a crack 
at some more or less distant period. 

The roof had been under inspection and repair 
by a gang of workmen since July last. A staging 
35 ft. wide, and extending across the station, had 
been erected below the roof at the first principal, 
and at the time of the accident the wind-screen 
had been finished and twenty-eight lattice bracings 
renewed. The ironwork of the roof was being 
cleaned by flare-lamps, and then scraped and in- 
spected before repainting. The tie-rods on the 
west side had not yet been come to, as they were 
below the staging and out of reach at the time. 
The roof was inspected last between two and three 
years ago, and had been thoroughly examined and 
repainted about six years previously. The last 
inspection did not include every tie-bar, certain 
selected ones only being scraped and examined. 

Immediately after the fall of the roof the station 
was closed to the public, as were also the side 
streets parallel to it, until it was known that no 
further danger was to be apprehended. As it was 
getting dark at the time, a company of the Electrical 
Engineer Volunteers, with a searchlight, were sent 
for, and the work of clearing away the wreckage 
and providing against further mishaps was at once 
taken in hand. The falling ironwork had struck 
and broken the tie-bar of the second principal, the 
three eastern panels of which were left unsupported 
by ties. No time was obviously to be lost in 
putting this principal in a safer condition, as in its 
then state it might have collapsed at any moment. 
To this end a set of six-rope blocks, threaded with 
a steel hawser, were connected to the ends of the 
principal, and a moderate tension put on with « 
crab. The same was done with the two next prin- 
cipals, and the load on their tie-bars being thus 
lightened, fear of further collapse of the roof, or of 
the overturning of the walls, was removed. 

Work since the accident has continued day and 
night without intermission, and now the whole of 
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the ironwork has been cut to pieces and lifted by 
breakdown cranes, into trucks and carried away. 
Several railway carriages were smashed to splinters 
by falling iron, and these have also been removed, 
so that the work of repair is now unhampered by 
piles of wreckage. Concurrently with the work 
of clearing the ground, strong wooden towers were 
built on the platforms. These are very rigidly 
built of sawn timber bolted together, each tower 
having eight uprights braced together in all direc- 
tions, and standing directly under the crippled 
principal. The towers run up to the underside of 
the curved roof, which they divide approximately 
into three equal parts, and are connected at the 
top by heavy timbers strutted at the centre from 
the sides of the towers. Equally strong staging is 
being carried out at a lower level from the walls to 
the towers, and preparations are being completed 
for taking down the principal. 

It has been decided by the engineers of the 
railway company not to replace the end of the roof, 
but to take down the entire structure and provide 
the station with a lower roof, having platform spans, 
instead of bridging the whole width of the station. 
Such a type of roof, though not so impressive, is 
considerably cheaper than one large arched span, 
and has been adopted in more than one large 
modern station. The entire removal of the old 
roof, even if not necessary from an engineering 
point of view, will do much to calm the nerves of 
the non-technical public, and will render extensions 
of the station easier if it should become necessary to 
make them. To remove the roof will involve taking 
down 13 principals, each weighing about 12 tons, 
24 lattice girders, and 18 purlins, weighing together 
probably more than the principals, and 85,000 
square feet of glass and zinc covering, weighing, 
together with its glazing-bars, about 250 tons. It 
is hoped to get the station re-opened for traflic in 
February next, but it is out of the question that 
the work could be completed by that time. A 
temporary wooden roof will probably be erected, 
so that the work of renewal can be going on above 
it while the railway traffic will be carried on beneath 
its protection. 

The suggestion has again been put forward in 
certain quarters that the whole station should be 
abolished. This idea was first mooted some months 
ago, when it was proposed to use the bridge for 
ordinary traflic, and lay down tram-lines upon it 
for the advantage of the Tramway Committee of 
the London County Council. Apart altogether 
from the uselessness of the vast expenditure en- 
tailed, the suggestion is totally retrograde. The 
Strand is one of the most inaccessible by rail of the 
main business streets of London, and to deprive it 
of the Charing Cross terminus would be a most 
serious matter. A huge mistake was made by not 
carrying the South-Western Railway across the 
river—a mistake which now can never be remedied, 
but which inflicts loss and trouble daily on thou- 
sands of people. The elimination of Charing Cross 
Station would cripple the business of one of the 
most important parts of London. 








EXHIBITION OF SCIENTIFIC APPA- 
RATUS BY THE PHYSICAL SOCIETY. 

Tue Physical Society of London has for several 
years been encouraging its Fellows and visitors to 
exhibit and show novel apparatus and experi- 
ments, not necessarily original, at the meetings. 
A further step to bring theoretical and applied 
science into more direct contact was taken last 
Friday, when an exhibition of electrical, optical, 
and other physical apparatus was substituted for 
the ordinary fortnightly meeting held in the physi- 
cal lecture theatre of the Royal College of Science, 
South Kensington. Invitations had been issued to 
the members of cognate societies, and by seven 
o'clock, the specified hour, the rooms were already 
crowded with a very representative gathering, 
who much appreciated the display. Manufactur- 
ing firms were on this occasion the only exhibitors, 
and we think that they will regard the exhibition 
as successful. Mr. W. R. Cooper, M.A., the 
honorary secretary of the Physical Society, must 
be congratulated upon the very satisfactory result 
of his innovation, which, no doubt, will be repeated 
next winter, when the Society will be in more 
Spacious quarters. It will be seen from our brief 
notice that quite a number of novelties could be 
examined. In the descriptive notes handed to the 
visitors, the names of the firms appeared in alpha- 


betical order, and it will be best to follow this 
arrangement. 

Most of the optical novelties had already been 
shown at the Optical Convention, and we may 
refer our readers to our issues of last June as to the 
exhibits of Messrs. R. and J. Beck, Limited, and of 
some other firms. The fine set of correct and de- 
fective proof-glasses, the great optical bench, and 
the Thorp diffraction gratings were then noticed. 
The pocket direct vision diffraction spectrosope, 
fitted with a Thorp grating and a travelling indi- 
cator, reflected in the field of view, is a novel 
addition ; the position of the traveller is read upon 
a graduated milled head. The Beck spherometer, 
an upright cylindrical apparatus, is so arranged that 
the measuring point is held up against the surface 
of the lens by a uniform counter-balance pressure, 
this balance being pivoted slightly to one side of 
the central plunger, so that while all the strains 
are practically along a central line, the measure- 
ment of the plunger is enormously magnified. 
Differences between a flat proof-glass and the 
curve to be tested can be read off on a graduated 
barrel to 0.00001 in. The London microscope for 
petrological work embodies the Allan D. Dick 
principle, according to which the stage is fixed, 
and the eye-piece is made to revolve together with 
the two polarising prisms, so that the object re- 
mains perfectly centred. The double quartz plate 
of Evans, also adopted by Messrs. Beck, renders the 
instrument very convenient for determining the 
angles between the optical axes of crystals. 

The Cambridge Scientific Instrument Company 
exhibited several interesting novelties. The fibre 
galvanometer of Professor Einthoven, of Leiden, 
which we mentioned in our issue of November 4, 
1904, on page 620, was shown as mounted by Mr. 
Duddell. The silvered quartz fibre is stretched under 
adjustable tension in the field of a very powerful 
electro-magnet. When a current passes through 
this thread, the thread is laterally deflected, and a 
magnified image of the deflected thread is thrown 
on a screen, or a record is secured on a moving 
photographic plate. By dipping his hands into 
salt water the visitor could watch the beat of his 
pulse. Some characteristic card diagrams and other 
curves obtained by Einthoven with this sensitive 
dead-beat instrument were also on view. Mr. 
Duddell’s thermo-galvanometer for the measure- 
ment of very small alternating currents and the 
Ayrton-Perry-Duddell twisted strip ammeter, ver 
useful in supply stations for observing the quic 
variations in the voltage produced by the cyclic 
irregularity of the engine or by phase-swinging 
between the alternators and other apparatus — 
have recently been described. In the galvanometer 
of A. Broca, as modified by Dr. Harker in the 
National Physical Laboratory, the suspended 
system consists of a pair of needles whose axis 
is vertical, the one needle having its north-pointing 
pole in the middle, the other being magnetised 
oppositely ; the coils are readily exchangeable. The 
Dolezalek electrometer has its needle suspended by 
a quartz fibre, which is rendered conducting by 
being dipped into a solution of calcium chloride, 
or charged by contact with a movable wire. The 
Grassot flux-meter was shown combined with a 
Duddell magnetic standard. When an exploring 
coil is approached to the poles of a horseshoe mag- 
net, the needle of the flux-meter is deflected, and 
the deflection is said to be proportional to the 
electromotive impulse and independent of its time- 
distribution—i,e., the deflection is said to be the 
same for quick and slow approach or recession from 
the magnet. This independence is or might be 
attained in the ballistic instrument with the aid of 
a suspended coil of large inertia and inappreciable 
torsional control, so that in a field of uniform in- 
tensity the retarding couple should be proportional 
to the angular velocity. 

In the new form of Callendar recording thermo- 
couple of the Cambridge Company, the galvano- 
meter boom carries a knife-edge which is depressed, 
once every half-minute, upon an inked thread, one 
point of which is brought in contact with a drum, 
so that a dotted record, e.., of a recalescence 
curve is produced. The astronomical micrometer 
for measurements of celestial photographs is distin- 
guished by a very gentle movement of the slide, 
obtained with the aid of a string pulley suspension. 
The Burton levelling stand—a geometrical gimbal 
construction for two independent levelling motions 
about mutually perpendicular axes—and Mr. 8S. 
Chalmers’s parallel glass and prism tester should 





also be mentioned. The latter apparatus consists 


of two parallel tubes ; two images of an illuminated 
slit are seen if the glasses are not truly parallel or 
right-angled. 

Messrs. Crompton and Co. showed the electro- 
meter of Mr. W. A. Price, in which the fixed and 
moving members are parts of spheres ; the pivot is 
at the common centre of the two spheres, and the 
air-gap between them remains constant. An elec- 
trical pyrometer for engineering measurement was 
shown. It consists of a steel tube, nearly 3 ft. in 
length, down the centre of which runs an insulated 
nickel rod, welded to the one end of the tube ; the 
other closed end is pushed into the fire. This form of 
thermo-couple is recommended for temperatures 
up to 1100 deg. Cent.; for lower ranges a couple of 
copper and constantan is used. A set of aged 
manganin laboratory resistance standards immersed 
in petroleum was also exhibited. 

Messrs. Elliott Brothers had a large and fine 
collection of electrical apparatus, portable tri- 
phase wattmeters of the Heap type ; multiple range 
transformers for 5, 25, 100, and 400 amperes ;_ galva- 
nometers, potentiometers, resistances, Wheatstone 
telegraph instruments, &c.; they had also the 
‘*Century ” die castings on view. These castings, of 
an aluminium alloy, can be made true to 0.0001 in. 
straight from the mould, it is claimed. 

Messrs. Everett, Edgcumbe, and Co. showed, 
among other apparatus, anew portable Watt photo- 
meter of the Trotter type—a box folding up toa 
length of about 2 ft. When photometric balance has 
been obtained, the watts and the watts per candle 
power can be read off by depressing keys of a watt- 
meter contained in the photometer case. The in- 
strument seems to be a very useful novelty. A less 
ambitious portable photometer of the size of a photo- 
graphic hand-camera, also used for demonstration, 


has the advantage that it can be applied for rapid - 


testing without exclusion of stray light. The bench 
is replaced by a spring tape, graduated in candle- 
power. The standard lamp is put on the respec- 
tive candle-power mark, and balanced against any 
other lamp under the ordinary illumination. The 
standard is then exchanged against the lamp to be 
tested. The standard photometer of the same firm 
is provided with a Trotter head, and also with a 
flicker head, so that readings can be taken on the 
flicker principle as well, which is convenient 
for comparing lights of different colours. In the 
Trotter photometer, it will be remembered, the 
screen consists of two pieces of cardboard, set at 
an angle, which are seen separate until balance is 
produced. The frequency-indicator consists of 
a number of steel tongues, with different oscil- 
lation periods, of which only the one or two 
swinging in unison with the exciter will respond. 
It thus resembles the Frahm instrument, which 
we cescribed some years ago; but it is excited 
by an electro-magnet energised by the alternating 
current, and not mechanically. Differences of 
half a period can be easily distinguished. 

The new electrolytic prepayment meter of Messrs. 
Fricker and Miller. promises well, though one 
can foresee various difficulties. The coin inserted 
into a glass cell, fitting into a box of about 
1 cubic foot, allows a definite length of anode—a 
rolled-up copper sheet—to sink into a solution of 
copper nitrate. When this length of copper anode 
has been dissolved, the current is automatically 
broken. In the actual apparatus the roll is made 
for 600 pennies, and the width of the strip is cut 
to give the required weight. 

Messrs. Peter Heele, who were not represented 
at the Optical Convention, took this opportunity of 
displaying their beautiful instruments, comprising 
several novelties fitted with parts made of the 
‘*uviol” glass of Messrs. Schott and Genossen, 
of Jena, which is oe to ultra-violet rays. 
The Vogel spectrograph has two prisms of this 
glass, and gives a spectrum 8 centimetres in length. 
The large spectrograph is provided with three 
uviol prisms, and the spectrum has a length of 
15 centimetres, the camera objective having 40 milli- 
metres aperture and 60 centimetres focal length. 
In the solar spectroscope of the Evershed pattern, 
a dispersion of 60 deg. is produced with the aid of 
six prisms in two direct-vision combinations, 
and different parts of the spectrum are brought 
under observation by means of a plain mirror 
rotated by a micrometer screw, which also works 
the vernier arm; the whole instrument can be 
rotated to observe any portion of the solar limb. 


D. | The new large direct-vision spectroscope consists of 


two tubes connected by a central vertical pivot ; 





the collimator and one set of three prisms are 
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stationary ; the observing telescope, with the other 

rism set, can be turned through several degrees 
ty means of a micrometer screw. The instrument 
is fitted with a micrometer eye-piece, and the 
whole can be inclined at any degree. 

Messrs. A. Hilger always have some noteworthy 
novelty. The one spectroscope shown, for measur- 
ing direct in wave-lengths within 1 Angstrom unit, 
is of the constant deviation type which we recently 
noticed; it is calibrated on over two hundred 
spectrum lines, and provided with a spiral drum 
giving a scale-length of 84 in. he table 
spectroscope and goniometer exhibited has a divided 
circle 10 in. in diameter, which can be rotated to 
eliminate errors of division, and is provided with 
two platinoid divisions: one on the top, on which 
the prism table and vernier allow of reading to 30 
seconds of arc; and one on the edge, on which 
the telescope and micrometer eye-piece read to 
1 second. The levelling-table for the prisms is 
worked optically flat, and stands on three levelling- 
screws in the three radial grooves in the rotating 
table, which has a slow rack-and-pinion motion. 
The collimator is fitted with an adjustable slit, drum- 
head, wedge for varying the aperture, comparison 
prism and adjusting-screws for ensuring parallel 
closing of the jaws. The telescope fitting consists 
of a sleeve, 6 in. long, moving on a fine-ground 
steel spindle. There are three eye-pieces, each 
with cross- webs ; the massive base is of cast iron. 

Messrs. Isenthal and Co. experimented with the 
Gehrcke vacuum oscillographs which we described 
under the name ‘‘ cathode glow oscillograph ” on 
page 222 of our issue of February 17 last. The two 
wire electrodes are co-axial, and separated by a hori- 
zontal disc of mica. The electrode ends glow, and the 
glow is seen in a mirror turned by hand. The in- 
strument was connected with the slip-ring of a small 
direct-current motor, and the irregular glow patches 
indicated some defect in the winding. The Grisson 
electrolytic condenser, also displayed, is a glass cell 
of about 1 cubic foot, with two electrodes—sus- 
pended sheets of folded aluminium foil, immersed 
in soda solution. The capacity of this condenser is 
100 microfarads, and it will stand 125 volts, yielding 
currents of 15 amperes. The mercury vapour lamp 
of the firm is made for therapeutical treatment by 
ultra-violet rays, and is energised by currents of 
about 100 volts. The tube, 65 centimetres in length, 
is of uviol glass, and fitted with carbon electrodes. 

The cymometer with which the Marconi Wireless 
Telegraph Company gave demonstrations was re- 
ferred to in last week’s ENGINEERING, in connection 
with Professor Fleming’s Cantor lecture. Mr. Dyke 
showed how complete resonance curves can be 
plotted with the aid of a thermo-ammeter, pushed 
over the inductance-bar. The thermo-ammeter 
consists of a bismuth-iron couple and a coil of 
twelve turns of wire, connected with an ammeter, 
and the resulting resonance curve resembled an M 
whose two halves were not quite equal. The point 
illustrated is that when two circuits of the same 
frequency are coupled, oscillations of two frequen- 
cies will be excited, unless the coefticient of coup- 
ling be very small. 

Messrs. Nalder Brothers and Thompson showed 
a portable standard testing-set, the electrostatic 
instrument being the special feature. Messrs. 
Newton and Co. exhibited projecting lanterns, 
rec ypengers and other apparatus ; Messrs. R. W. 

aul, an electric pyrometer; Paul-Harris portable 
test wires; Nernst-Paul lamps and lanterns, galvano- 
meters, &c ; Messrs. J. Pitkin and Co., Holden- 
D’ Arsonval galvanometers, pyrometers, &c, ; Messrs. 
Rumney and Rumney, the Bastian mercury vapour 
lamp, with which demonstrations were given, and 
medical high-tension apparatus ; and the Syn- 
chronome Company, electrical clocks, and their new 
automatic switches for such clocks with dead-beat 
escapement and gravity arm-drive, provided with 
spring or roller, fur the pendulum. 

Messrs. Carl Zeiss exhibited a beautiful optical 
appliance for visual percepticn of ultra-microscopic 
are being the arrangement by means of which 

iedentopf and Zsigmondy render colloidal gold 
particles of less than 10 » visible. The solution 
is contained in a trough fitted with quartz windows 
and illuminated by a narrow lateral beam, the image 
of the are being projected on to the precision slit 
by one aplanat, while a second aplanat projects an 
image of the slit. The gold particles in the track 
of the beam become highly luminous, and produce 
visible diffraction effects, thou h the 


—s them- 
selves are too small to be distinguished. It looks 
as if globular particles were in constant motion, 


although the liquid is stationary. The firm further 
showed a new auto-collimation spectroscope and 
spectrograph for wave-length measurements fitted 
with one double prism of uviol or other glasses. 
The instrument is also constructed for illumination 
from both sides, so that two spectra appear above 
one another, convenient for comparison ; a disper- 
sion of 40 deg. is realised. 








THE MEASUREMENT OF HIGH-FRE- 
QUENCY CURRENTS AND ELECTRIC 
WAVES. 


In commencing the concluding lecture of his course 
on the above subject at the Society of Arts, on 
Monday last, Professor J. A. Fleming, F.R.S., 
recalled the fact that on the previous occasions he 
had discussed the measurement of various electric 
quantities with which they were concerned, and 
he now proposed to deal with the phenomena of 
stationary waves on wires. 

In acoustics, he said, we were familiar not only 
with progressive waves travelling through space, but 
also with so-called stationary air waves in pipes or 
on strings. Thusa skilled violinist could, by touch- 
ing a string at the proper point, cause it to yield 
the upper harmonics as. well as the fundamental 
note, the form of the string in the different cases 
being represented in Fig. 1, page 841. In the case of 
water, again, the surface waves produced by rubbing 
the finger on the rim of the containing glass were 
also of the stationary kind, whilst the wavelets 
resulting when a stone was thrown into water were 
of the progressive type. In a similar fashion we 
could produce on wires stationary waves of elec- 
tric potential, or cause free waves to move 
along them. Taking the case of an _ infinitely 
long wire having capacity, resistance, and dielec- 
tric conductance per unit of length; then if an 
electromotive force was applied at any point, 
there would be a fall of pressure or voltage drop 
down each element of length, and also a fall or 
drop of current. The equations connecting these 
could be written down, and expressed the fact that 
the voltage and current did not instantly appear at 
all parts of the wire ; but that if a sudden electro- 
motive force were applied at one point, the poten- 
tial or current was propagated along the wire ata 
velocity which, for the case in which the resistance 
and leakage were small, was given by the relation 


velocity = ——. 
‘ VC L 

If the electromotive force, he continued, were a 
periodic one, the amplitude of the oscillations in 
the above case also diminished with the distance 
from the point of application. The character of this 
decrease in the amplitude of the wave was illus- 
trated by a mechanical model, consisting of a 
number of bobs moved by a long series of eccen- 
trics mounted on a single shaft. The eccentricities 
diminished from one to the other, whilst the 
eccentric angle continuously increased from end 
to end of the series. On rotating the eccentric 
shaft the motion of the bobs gave a striking re- 
presentation of the decay of the wave. In the 
case of the Ferranti cables, laid some years ago 
between London and Deptford, the amplitude, Pro- 
fessor Fleming said, would be reduced to one-half its 
initial value in a distance of 168 miles. The con- 
stants for this cable were R = 0.324 ohm per mile, 
L = 0.00029 Henry per mile, C = 0.367 microfarad 
per mile, and the insulation resistance 720 megohms 
per mile. The periodicity was 83 per second. The 
wave-length in this case was 940 miles, and the 
wave velocity 77,700 miles per second 

Taking next the case of an alternating electro- 
motive force applied to a cable of finite length, 
then the wave of potential, he stated, would be re- 
flected back at the far end, and by interference 
with the direct wave would produce standing waves 
of potential, just as happened when a cord fixed 
at one end was suitably jerked at the other. 
In order that these standing waves might be 
ws it was necessary that the length of the 

nite wire should bear a certain relation to the 
wave-length of the potential wave on the wire. 
The distance from loop to loop was half a wave- 
length, and as wave velocity = wave-length x fre- 
quency, we had 

1 
J/CL* 

If one end of this wire were connected to a con- 
denser circuit with a capacity C! and inductance 


An = 





L', the value of n would be 


1 
” eNO LL 
and hence the wave-length in the wire was 
A=27 (ony 


' cL 
If, then, the length of the wire was adjusted to 
be 1 = * ; o ; or 2 standing waves of potential 


would be produced on this wire, the form of the 
wave for the three different values of | being shown 
in Fig. 2 on the opposite page. 

On a straight wire the waves move with the 
velocity of light, and / would therefore be.incon- 
veniently long for experimental demonstration. 
Moreover, on such a wire the nodes and loops were 
not, the speaker said, very sharply defined. By 
increasing the inductance per unit length, whilst 
still keeping the capacity small, it was possible, 
however, to reduce greatly the speed of the wave, 
and hence the wave-length for a given frequency. 

A piece of apparatus devised on these lines was 
shown in Fig. 3, where a helix consisting of 5470 
turns of silk-covered wire was wound on an ebonite 
tube 210 centimetres long. The total capacity was 
45 microfarads, and the tutal inductance 32 x 10° 
centimetres, whence the capacity per centimetre 
was 

c=. © mnfds. and L = *2 * 10° 
2L0 x 106 210 
su that the wave velocity was 173 x 16° centimetres, 
or 1100 miles per second. If this helix were sup- 
ported on insulating stands and coupled up at one 
end with an oscillating circuit, fitted with variable 
capacity and inductance, various arrangements of 
standing waves could, Professor Fleming stated, 
be produced on it, corresponding to those repre- 
sented in Fig. 2, and also to still higher harmonics. 

In showing the experiment Professor Fleming 
used as indicator a neon tube, which lit up when 
near a loop of potential, and remained dark at the 
nodes; that isto say, the tubes shown at V, and V,, 
Fig. 4, glowed brightly, whilst those at V, and V, 
remained dark. : 

In the figure in question H H represents the 
helix connected at one end to the oscillatory circuit 
with a condenser, an inductance, and a spark-gap 
shown below. The capacities and inductances in 
this circuit, corresponding to different arrange- 
ments of standing wave on the helix, were stated to 
be as follow :— 








Condenser Circuit. Helix. 
A r 
— BBs! 4 5 a | Bao 
228 S$ = ¢& | 825 
-y Le ® a8 252 
aie) 2§ - S SOE 
5 & > ES | 5 
cm. sec. cm. | _ sec. 
Fundamental .. .00£ 110,000 | 0.197x10% 871 | 172x106 
Ist harmonic .. .002887 25,000 0.588x1(6 292 172 x 106 
2nd a= 001461 18,000 | 0.977x106 175 172 x 106 
3rd o a6 9,000 1.379x166 124 171 x 106 
4th * 6,000 | 1.70 x 106 95 163 x 106 
5th we 5,000 | 1.90 x106 80 152 x 108 


Continuing, Professor Fleming pointed out that 
the free end of the helix was always a loop of 
potential, whilst the end coupled to the circuit was 
always a node. Conversely, at the free end there 
was a node of current, since no current could flow 
either in or out of this section whilst the coupled 
end was aloop of current. He stated that by means 
of the neon tube the distance between the nodes of 
potential could be very accurately measured, and 
the wave-length deduced therefrom, since the fre- 
quency being known, being the same as that of the 
oscillatory circuit, the inductance and capacity of 
which could be measured. When these were care- 
fully determined, a very good agreement was found 
between the wave-length as deduced from the mea- 
sured distance between the nodes and that obtained 
by calculation from the inductance and capacity. 
This was well shown by the above table, where the 
product of the frequency and wave-length was 
closely approximate to the velocities recorded in 
the last columns; though with the higher harmonics 
the agreement was less good, since it was difficult 
to measure accurately the small inductances then 
used. 

The currents in the helix were not always in 
the same direction in neighbouring parts of it. At 
distances equal to that between two nodes the 
currents at any instant were always in opposite 





directions. Each part of the helix between two 
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nodes was therefore, in a certain sense, acting, besides that of coupling one end of the latter | wasteful as our methods of generating light. In 
independently, — | direct to the circuit. This method was represented | spite of all that had been described and patented 

Such a helix could be used as acymometer. In his|in Fig. 6, where a few coils interpolated in the | we were still waiting for some simple and satis- 
last lecture Professor Fleming had shown a closed-| oscillating circuit passed round the helix, from | factory means of determining the distance and 
circuit cymometer, but an open type was provided by | which they were separated by an ebonite tube. | direction of the radiant point ; but he was certain 
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such a helix when arranged as in Fig. 5, where A was 
the aerial. A plate P,, inductively connected to the 
aerial, was placed near and parallel toa similar plate 
P, connected to the oscillatory circuit, thus forming a 
small condenser, which was charged and discharged 
at each complete oscillation. By sliding along the 
helix the saddle S,, a point was reached where 
stationary waves of the type shown were produced 
in the helix, the nodes of which could be determined 
by use of the neon tube. Knowing the velocity of 
propagation in this helix, the distance between the 
nodes gave the frequency, which was the same as 
that of the aerial under test. In the latter case 
the velocity was that of light, or 180,000 miles per 
second, so that the wave-length for the aerial was 
determined by dividing this by the frequency 
found, as just explained. 

Professor Slaby, of Berlin, had used a cymo- 
meter of this kind to a large extent. His practice 
was to take in his hand a helix, the constants of 
which were known, and bring it near the aerial to 
be tested, moving the position of the hand to 
shorten the helix until a faint brush was apparent 
at the free end. This brush was made more appa- 
rent by fixing at this point a pad consisting of 
some fluorescent salts with particles of gold-leaf 
embedded in it. It was assumed that in this case 
the wave-length in the helix was four times the 
effective length of the latter. This, however, was 
open to some uncertainty, since Macdonald’s theory 
and the speaker’s own experiments both pointed to 
the coefficient being nearer 5 than 4. oreover, 
the fluorescent indicator was not nearly so sensi- 
tive as the neon tube. In measuring the wave- 
lengths of aerials care was necessary not to intro- 
duce a disturbance due to the reaction of the 
measuring instrument, just as in measuring an 
hydraulic pressure it would be improper to use a 
gauge as large as a house. The closed-circuit cymo- 
meter was in this respect better than the open 
type, as the two plates forming the condenser- 
coupling between the instrument and the oscillatory 
circuit were liable to alter materially the capacity. 

Returning to the subject of stationary waves, 
Professor Fleming pointed out that there was 
another method of establishing these on the helix 
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Owing to induction, waves of erga and current 
were set up in the helix, and these could be mapped 
out by the neon tube precisely as before. 

In this case both ends of the helix are current 
nodes and potential antinodes, whilst the centre 
is a current antinode and a potential node. By 
appropriately adjusting the frequency of the con- 
denser circuit we could, Professor Fleming said, 
establish harmonic oscillations in the spiral and 
make loops and nodes of potential along it, just as 
in the case of the spiral insulated at one end only. 
{n this case, however, the whole length of the helix 
was rather less than half the free wave-length. 
It had generally been assumed, or might be 
shown by a certain simple analysis, that when 
oscillations were set up in an insulated linear 
conductor the fundamental oscillation was twice 
the length of the wire. Mr. H. Macdonald had, 
however, shown by a more complete analysis that 
the proper figure was 2.53, and this conclusion 
had been confirmed experimentally by Professor 
Pollard in Australia. It followed from this that 
the wave-length corresponding to a simple earth 
aerial was A = 51. If, however, an inductance 
coil was coupled to this wire, the conditions were 
totally altered, and it was much more difficult to 
discover the wave-length radiated by it. Thus, if 
a wireless antenna was 70_ft. long, and was coupled 
to a coil 60 ft. long, the effective length of the 
antenna was not 130 ft., the sum of these, but very 
much more. As an empirical formula, Professor 
Fleming said he had used the expression 


A= a(l + Md), 


where | was the length of the straight part of the 
wire, and |, that of the coil, whilst M had a value 
ranging from2 to 5. The only satisfactory method 
of determining the length of the radiated wave was, 
however, to measure the frequency of the oscilla- 
tions in the antenna by means of the cymometer. 
This instrument would, of course, also tell us 
whether there were one or two waves, and give the 
length of each. In practical wireless telegraphy, 
with a coupling coefficient of k = 0.4 to 0.6 one 
radiated wave might have 20 per cent. to 50 per 
cent. greater length than the other, these lengths 
being connected with the natural free length by 
the formulz 


hy =r Jl —k 
No =Ay VL +k 





In the case of the antenna established, A, was| 
1000 ft., and A, = 1400 ft., whilst k = 0.5. 

In concluding his lecture, Professor Fleming | 
said that he had not by any means exhausted the 
subject of high-frequency currents and electric | 
waves. One of the greatest desiderata was in con- | 
nection with some more satisfactory quantitative | 
detector of electric waves which would enable us| 
to measure the maximum value of the wave-train, | 
and not only its integral effect. In spite of all| 
yet done there was still immense room for advance | 
in the matter, and he was confident that before long | 
they would have improved methods of generating | 


these waves. Those at present in use were as’ 
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that the possibilities in this respect were by no 
means exhausted, and that the problems involved 
would be solved in wavs perhaps least foreseen. 








NOTES. 
CoNVERSAZIONE OF THE Royal COLLEGE OF SCIENCE. 

THE annual conversazione of the Royal College of 
Science and Royal School of Mines was held last 
Wednesday in the college building at South Ken- 
sington. The students are the hosts on these occa- 
sions, and the scientific exhibits are arranged by 
them, while the professors attend as guests. A large 
number of manufacturers had also sent novelties. 
The programme enumerated the many exhibits, or 
most of them, a commendable practice, as the 
visitor otherwise might overlook a good deal. 
Among the novelties in the chemical department we 
notice the new Wilson eudiometer, made by Messrs. 
Townson and Mercer, in which the gases are 
accurately measured before being brought together ; 
and the soaps and perfumes of Messrs. T. Cook 
and Sons. So far as possible the natural and 
artificial scents were placed next to one another, 
and the comparison was in some cases not in 
favour of the artificial product. The physical 
apparatus comprised a number of those which, 
the previous week, had been shown in the 
Physical Society; the apparatus for demonstra- 
ting ripples in mercury belongs to the college. 
The mechanical laboratory proved well stocked 
with models, working and otherwise. Demonstra- 
tions were given of the quasi rigidity of chains and 
belts, while being driven at high speed, and of the 
stability of a jet of water, issuing through a sharp- 
edged hole in a tank under a head of 2 ft. A con- 
tinuous record was taken from an 8-horse-power 
petrol-motor driving a light dynamo. In the mining 


| department in the basement the Eisenbeis coal- 


cutter coupled with a Reavel electrical air-com- 
pressor, and the Schram-Harker. hand diamond 
prospecting drill were shown at work. The Kisenbeis 
coal-cutter can be turned about its vertical or in- 
clined axis while in operation, and the air blows off if 
the tool does not strike any rock; the diamond- 
drill is provided with a tubular tool, through which 
water is forced, and the crown of which is set with 
diamonds. The chief attraction of the metallurgical 
department was the exemplification of Japanese 
smelting methods, arranged under the direction of 
Professor Uriyamu Gaurando, late director of the 
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Imperial Japanese Mint, at Osaka. A ‘‘cire 
verdue”’ casting of a lead vase was also made by 
rofessor Gowland. The fine collection of Japanese 
coins—old and modern—art metalwork, sword- 
guards, &c., should be mentioned. The engineer 
would have been interested in the zoological de- 
partment in the microtone of Minot, a small 
machine which cuts, or rather shaves off, sections 
0.001 millimetre in thickness. The botanical 
exhibits comprised a collection of South African 
plants, gathered during the visit of the British Asso- 
ciation. Both the astro-physical department in the 
main building, and the solar physics observatory in 
the grounds opposite, across the Exhibition-road, 
contained instruments used during the recent total 
eclipse of the sun, and photographs and records 
obtained with their aid in Spain. The 10-in. equa- 
torial refracting telescope, and the 3-ft. reflecting 
telescope were explained by Dr. Lockyer, Mr. 
Rolston, and the other assistants ; but the sky did 
not allow the visitors to study celestial nebulae. 


Tue Navat PRoGRAMME. 


The Admiralty have now definitely completed 
the contracts in connection with all the ships em- 
braced in the Naval Programme for the current 
year. The last of the ships—three armoured 
cruisers of the Invincible class—have now been 
ordered from Sir W. G. Armstrong, Whitworth, 
and Co., Limited, of Newcastle-upon-Tyne, John 
Brown and Co., Limited, of Clydebank, and 
the Fairfield Shipbuilding and Engineering Com 
pany, Limited, of Glasgow. The ae Estimates 
embraced a fourth cruiser of the same type, 
but it has been decided to defer the con- 
struction of this vessel. The cruisers’ will, 
we understand, be the most powerful that have 
yet been built, but, in conformity with the desire 
of the Admiralty, we refrain from giving any detaile. 
It may, however, be said that they will be fitted 
with turbine machinery, which is to be constructed 
under the Parsons patent, and that the speed to 
be attained will, as is also the case with the 
offensive and defensive qualities, excel that of any of 
the preceding vessels. These three vessels, with the 
Dreadnought,* building at the Portsmouth Dock- 
yard, make the four armoured ships which the Ad- 
miralty, in their recent exposition of naval policy, 
indicated as the annual instalment of new work to 
be commenced each year. The machinery of the 
Dreadnought, as has already been indicated, is also 
of the Parsons type, and the contract for it has 
been placed with Messrs. Vickers Sons and Maxim, 
Limited, of Barrow-in-Furness. The other new 
work includes five ocean-going torpedo-boat de- 
stroyers, which, we understand, are to have a 
speed of 33 knots, and these have been ordered 
from Sir W. G. Armstrong, Whitworth, and Co.; 
Messrs. Cammell, Laird, and Co., of Birkenhead ; 
Messrs. J. I. Thornycroft and Co., of Chiswick ; 
Messrs. Yarrow and Co., of London ; and Messrs. 
J.S. White and Co., of Cowes. Twelve coastal 
torpedo-boat destroyers were also included, and 
the contracts for these have been placed with the 
three last-named firms ; five will be built by Messrs. 
White, five by Messrs. Thornycroft, and two by 
Messrs. Yarrow; while eleven new submarine boats 
are to be built by Messrs. Vickers Sons and 
Maxim, Limited, of Barrow-in-Furness. This con- 
stitutes quite a satisfactory year’s programme, 
especially when it is borne in mind that, consistent 
with the strong progressive policy which has charac- 
terised Sir John Fisher’s administration of naval 
affairs, each type of vessel will far exceed, alike in 
fighting power and speed, the predecessors of its 
respective class. Obviously the determination is 
that each unit of the British Navy should have a 
considerable superiority over a prospective com- 
batant in any ** friendly” Power ; and the realisa- 
tion of this idea could not be in better hands than 
those of the First Lord and the chiefs of the 
Technical Department at Whitehall. 


Tue CuHarn CABLE FOR THE Express CUNARDERS. 


The photograph reproduced herewith shows 
the largest chain cable ever made for ships’ use, 


Company by Messrs. Swan, Hunter, and Wigham- 
Richardson, Limited, of Wallsend-on-Tyne. The 
cable was manufactured by the old-established firm 
of Messrs. Brown, Lenox, and Co., of Pontypridd, 
South Wales, who have been engaged in the manu- 


* See ENGINEERING, vol. lxxix., page 675. 





the destruction of life and property caused by 
this cable being destined for the new quadruple- | railway accidents has not been caused so much by 
screw turbine vessel now being built for the Cunard | the actual collision or derailment as by the fire 








facture of cables for the Admiralty for nearly a 
century. This company made the cables for the 
famous Great Eastern, the links of which were of 
the then unheard-of diameter of 23 in., though until 
recently the company have not done work regularly 
for the merchant marine. Messrs. Brown, Lenox, 
and Co. have not only forged the links of the 
chain illustrated, but have manufactured the iron 
bars and the crucible steel studs. The iron is 
3} in. in diameter at the smallest part of the link ; 
each link is about 22} in. in length, and with the 
cast-steel stud weighs about 160 1b. The Cunard 
Company recently required three links to be tested 
to destruction ; so three links were cut from the 
cable and sent to Lloyd’s proving-house at Nether- 
ton, Staffordshire. The testing-machine there is 
one of the most powerful in the country, and is 
licensed by the Board of Trade to test chains an1 
anchors of the largest sizes. Under the Admiralty 
. pS a ” 





preof strain of 198.8 tons, each link elongated 
nearly } in. The statutory breaking-stress of 
265.7 tons was next applied, the result being a 
further elongation of the links of about ? in. Then 
an attempt was made to test the sample to destruc- 
tion, but the full power of the machine of 350 tons 
failed to break it ; indeed, itis understood that the 
actual tension applied was over 370 tons. An 
examination of the links after this test showed no 
sign of fracture nor defect of any kind, although 
the stress applied was about 90 per cent. above the 
Admiralty proof stress. Mr. Peskett, Naval 
Architect to the Cunard Company, represented the 
latter company at the tests at Netherton, and 
expressed great satisfaction with the results. The 
building of the huge Cunarders has called for 
record-breaking achievements in almost every 
branch of engineering, and the way in which manu- 
facturers have risen to the special requirements of 
the occasion is a credit to themselves and a good 
augury for the success of the vessels. 


Sree, Rattway CaRRIAGEs. 


Complete immunity from railway accidents is a 
privilege that does not belong to any railway 
company. Some of the companies are, of course, 
freer than others from these unpleasant occurrences, 
but sooner or later they all suffer, and disasters 
more or less serious fall to their lot. It is there- 
fore to the advantage of every company to take 
such steps as may reduce to a minimum the 
loss of life and property that attends collisions 
between, or derailment of, passenger trains when 
running at high speed. For many years it has 
been noticeable that, in America particularly, 


which usually followed the catastrophe. This 
danger from fire appears to be a growing one, 
either from the increased use of oil or gas for 
lighting the carriages, or from the adoption of 
electricity as a motive power. If anything were 
needed to strengthen the argument that non- 
inflammable materials should be used in the con- 





struction of railway coaches, and particularly in 
those used in tunnels and tubes, we need only 
refer to the appalling loss of life that occurred on 
the Paris underground railway in August, 1902. 
In this country it has not been usual for the 
wreckage caused by a railway accident to catch 
fire, though such things have occurred ; but lately 
there have not been wanting indications that this 
additional danger must be taken into account, 
and more so as electric traction increases. One of 
the surest ways of guarding against fire is the 
adoption of coaches constructed entirely, or almost 
entirely, of steel ; and we are glad to see that the 
matter is receiving the attention of our railway 
companies and of our manufacturers. In addition 
to the great advantage that they are incombustible, 
steel coaches have the strong recommendation that 
they are lighter than wooden ones in proportion 
to the load they carry, a considerable economy in 
the cost of haulage being thereby secured by their 
use. It is claimed also that their lasting qualities 
are superior to those of the wooden coaches. The 
G. N. and City Railway wnweg oe | is now taking a 
leading part in this matter, having eighteen steel 
coaches at present under construction at the works 
of the Brush Electrical Engineering Company, 
Limited, Loughborough, where, through the cour- 
tesy of the manufacturers, we recently had the 
opportunity of inspecting several of them in 
various stages of progress. The underframes, cor- 
ner-posts, intermediate pillars, car-lines and outside 
panels of each coach are entirely of steel. The floor 
also is of sheet steel, covered with a 1-in. layer of 
lito-silo, a non-inflammable composition which is 
somewhat like linoleum in appearance, and has a high 
coefficient of friction. The inside panelling is of 
aluminium sheets ;; in. thick, which run as high 
as the roof-rail. The legs of the seats are malleable 
iron. A small quantity of wood is used, chiefly 
for ornamental purposes, but it could be dispensed 
with if necessary. The coaches are 41 ft. long over 
the body, 49 ft. 6 in. long over the platform, 
9 ft. 2 in. wide over the pillars, and 9 ft. 4 in. 
wide over all. The height from the floor 
to the roof is 8 ft. 5 in., and the height from 
the rail to the top is 12 ft. 44 in. The weight of 
the car body is 10 tons 13 cwt. 2 qrs., and the 
weight, complete with trucks, but without electrical 
equipment, is 17 tons 11 cwt. 2 qrs. There is 
seating accommodation for 64 passengers. There 
is nothing in the appearance of the finished coach 
to indicate that it is made of steel, except that the 
extra width inside due to the thin steel sides is 
very noticeable. This is a decided advantage to 
the passengers, as it gives more room in the seats, 
which are placed across the car. The details of 
the coaches are interesting; but as we intend in 
the near future to publish a fuller account of these, 
together with drawings, we need not allude further 
to them here. While at Loughborough we had the 
opportunity also of inspecting a patented type of 
self-discharging double-hopper coal wagon made of 
steel. This wagon has a capacity of 20 tons, and 
weighs when empty 8 tons 10 cwt. 








BRITISH F1irRE-PREVENTION ComMMITTEE.—The pamphlet 
No. 101, issued by this committee, refers to tests of a 
cement concrete floor made of seven slabs of different 
qualities of cement, to record the effect of a fire of three 
hours’ duration, the temperature to reach 1800 deg. Fahr., 
and not to exceed 2200 deg., followed by the application 
of water for two minutes. The floor was divided into 
seven separate bays, each bay being in the clear 10 ft. 2in. 
long and 2 ft. 7 in. wide between the concrete casing of 
the beams. The seventh slab made of Thames ballast con- 
crete was the least satisfactory, though all the slabs re- 
mained in position. 





Coat in CoLorapo.—A new coal-field has been dis- 
covered in Colorado, and was investigated by the United 
States Geological Survey last summer. As a result of 
this it was found that, far back in the geological age, 
lava in thick sheets was forced into the coal forma- 
tion of Routt County, Colorado, and this produced a 
change to anthracite or semi-anthracite in coal-beds 
within a range of from 50 ft. to 75 ft. It was not pos- 
sible to determine to what extent the lava beds had influ- 
enced the coal seams, as the country is densely wooded, 
and the outcrops of rocks are very few ; but the cretaceous 
coals examined were distributed through a vertical thick- 
ness of from 1000 ft. to 2000 ft. It is known that 
anthracite coal occurs there in patches on an area of at 
least 50 square miles, and it is estimated that there are 
probably about 500 square miles which afford a thickness 
of more than 10 ft. of coal that can be worked. Only a 
few tunnels have so far been driven more than 100 ft. in 
order to obtain coal for domestic purposes. When, 
however, the Denver and North-Western Railroad 
comes into the district this coal-field will assume greater 
importance. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, December 12. 
THE past week has been rather quiet in the iron 
trade ; the only surprising development has been the 
purchase of Bessemer iron from abroad by some of our 
steel plants, and the purchase of several large lots of 
iron for pipe-making by domestic consumers. Very 
few large transactions are now being made, and inquiry 
has fallen off to a remarkable degree. The United 
States Steel Corporation, however, is still in the 
market, and wants large supplies for delivery during 
the first three months of next year; but the amounts 
are unknown. Some of the Southern furnaces are 
willing to take a few orders at the outside figures, but 
no contract for Southern iron has been placed for 
several days. It is probable that a quiet condition 
will exist until after the New Year. It is reported 
that 36,000 tons of hematite iron have been purchased 
at Middlesbrough, and it is also understood that con- 
siderable quantities of steel spiegeleisen and ferro- 
manganese have been contracted for in Germany. The 
holiday season will probably intervene before some of 
the large steel-buying concerns renew their inquiries, 
and in the meantime prices will remain about at their 
ye level. One lot of 15,000 tons of basic iron has 
n purchased for the Pencoyd Works of this city, 
making the total of 40,000 tons which has been 
secu by that concern. Additional sales of 25,000 
tons of basic iron have been made within the past 
week, to say nothing of two or three lots of Bessemer. 
The larger engineering plants, the larger pump 
works, and the larger implement establishments are 
all using up their iron more rapidly than was figured 
out two months ago, when most of their contracts 
were placed. These interests will probably be in the 
market during January for additional supplies, as it 
is understood that they are booking considerable 
business for delivery during the second and third 
quarters of the year. The bar mills are all crowded 
with work, and their retail sales indicate a higher 
ae than has prevailed for some weeks past. The 
ardware industry is exceptionally active, and full 
time is maintained in all plants. A general advance 
of 2dols, per ton is about to be made in bolts and 
nuts on account of dearer steel. The nail factories 
have been unable to accumulate stocks, and the 
railroad demand for spikes has kept the entire capa- 
city oversold. The general tone of the market is very 
strong, and the manufacturing interests will welcome 
a little relaxation, but the lull will not continue long 
after the opening of the year. Great activity prevails 
in the construction of facilities for railway operations, 
such as round-houses, machine-shops, terminal sta- 
tions, bridges, &c. The Pennsylvania Railroad Com- 
pany has just spoken for an opportunity to place an 
order for 250 locomotives, to be made some time next 
year, the date being left open. The steel-car builders 
have been obliged to decline the acceptance of some 
offers recently made, because of their oversold condi- 
tion. Most of the steel-car builders are extending 
their capacity, and by the opening of spring there will 
be oo difficulty in accepting all the business that is 
offered. 








THE ATTACHMENT OF TURBINE BLADES. 
To THE EpitTor or ENGINEERING. 
Srr,—Referring to page 810 of your last issue (Decem 
ber 15), where you gave a photographic reproduction of 
the turbine blading manufactured by Messrs. Willans 
and Robinson, Limited, I desire to inform you that the 
rooting of this blading is carried out in accordance with 
ay eee, as described in British Patent No. 6055, 

of 1904, 
I am, Sir, yours faithfully, 
H. RIAtt SANKEY, 
Capt. R.E. (Ret.), M. Inst. C.E. 
7, Dean’s-yard, Westminster, 8.W., Dec. 20, 1905. 








THE CHARING CROSS DISASTER. 
To THe EprTor or ENGINEERING. 
Sir,—Will you permit me to furnish the following 
explanation, in reply to your editorial note, referring to 
my letter in your last issue on the above subject. 

_I was quite aware that the fractured ends of the first 
tie-rod that failed show a flaw which is said to have 
reduced the effective sectional area to about one-third of 
its proper total; but as this matter is now the subject 
of official enquiry, and as it does not appear to affect my 
argument, I intentionally avoided any special reference 
to it. How far the lesion of the other two-thirds of this 
sectional area may be due to the original flaw in the 
metal, or to gradual growth through destructive forces, 
will doubtless be elucidated in that enquiry, as far as is 
now possible ; but my contention is only that, in the case 
of an original flaw in the metal, cxpeclillg near the attach- 
ment of a vertical strut, the ding movement described 
would be more or less concentrated on the place so 
weakened, and that the consequence would be the gradual 
deterioration of the metal until failure resulted. This, 
of course, presupposes that the original flaw caused greater 
weakness than the cutting of the screw-thread ; otherwise 
the destructive effect would still be at the neck of the 
sleeve joint. 

I thank you for your correction of my supposition re- 





specting the Cannon-street roof, where, I see, the tie-rod 
connections are hinged, as advocated in my previous 
letter. The adoption of this joint suggests that its 
advantages were recognised, although the danger of the 
connection at Charing Cross was apparently not fully 


T am, Sir, yours faithfully, 
B..C. Suvpson, M. Inst. C.E. 
5, Westminster Palace-gardens, Victoria-street, S.W., 
December 19, 1905. 








IRON-NICKEL-MANGANESE-CARBON 
ALLOYS. 


To THE EpiToR OF ENGINEERING. 

Srr,—Last Friday evening, shortly after I had com- 
menced to open the adjourned discussion at the Institu- 
tion of Mechanical Engineers, on the Seventh Report to 
the Alloys Research Committee, the Secretary quietly 
conveyed to me the President’s ruling that I must cease 
to refer to the details of a paper previously read before 
the Iron and Steel Institute. 1, of course, at once bowed 
to the ruling of the chair; but, as the authors of the 
Seventh Report had therein quoted the paper in question 
at least eight times, my power of pee my — 
with the facts was necessarily much crippled. With pro- 
found deference to the President (who, I feel sure, was 
not quite cognisant of the exact state of affairs), I con- 
sider that the matter thus excluded by his ruling from 
the proceedings of the Institution of Mechanical Engi- 
neers is so vital to the points at issue that I am com- 
pelled to do that which I most dislike—namely, discuss 
a | rigne! ae sy to a scientific institution in the scien- 
tific press. The facts are as follows:—I expressed m 
strong conviction that some iron-carbon alloys dealt with 
in the pogent, and previously described by Dr. Carpenter 
and Mr. ee the Iron and Steel Institute in 
May, 1904, had been melted in a strongly oxidising atmo- 
sphere, and were of dubious value for experimental pur- 
poses. One of the authors of the Le ap in replying, 
stated emai that he had definitely ascertained the 
atmosphere of the furnace to be reducing. The following 
details will prove to any steel metallurgist the strongly 
oxidising nature of the flame employed. 

On page 58 of the Seventh Report, the first metal in 
Table X1X. is stated to contain 0.02 per cent. of carbon 
and a trace of manganese. This metal was originally 
melted from Swedish bar iron containing about 0.05 per 
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cent. of carbon and about 0.1 per cent. of manganese. 
(See Journal of the Iron and Steel Institute, 1904, No, I., 


page 227.) 

So that the furnace at the National Physical Labora- 
tory is capable of oxidising the carbon from 0.05 down to 
0.02, and the manganese from 0.1 down to “‘ trace” in a 
reducing flame! I am convinced, though I have never 
seen it, that the iron button in question was oxidised, 
riddled with blow-holes, and quite unfit for research 
purposes, 

Turning to another subject, I must remark that the 
President’s prohibition almost paralysed my power of 
driving home to the minds of members facts of vital im- 
portance connected with the erratic behaviour of the 
recalescence installation at the National Physical Labo- 
ratory. Therefore I now quote from Dr. Carpenter’s and 
Mr. Keeling’s paper (see Journal of the Iron and Steel 
Institute, 1904, No. I., page 237) the interdicted para- 
graph I wished to quote on Friday night :— 

**In the case of two metal cylinders of equal size, 
specific heat, and emissivity, and in a uniformly-heated 
furnace, the cooling curve would, in the absence of 
critical changes, be a vertical straight line; and if these 
conditions were not fulfilled, the cooling curve would be a 
smooth curve approximating to a straight line, but 
inclined to the vertical. This has n experimentally 
tested by taking a cooling curve with nickel and platinum 
as the metals ; the curve was inclined to the vertical, and 
no departure from a straight line was noticeable. This 
fact has enabled us to interpret with confidence those 
parts of the curve where small differences of tempera- 
ture are indicated. It is interesting to note that platinum 
can be replaced by nickel in the differential cooling 
method between 1200 and 500.” 

I will now discuss this paragraph in conjunction with 
the data on Fig. 19, page 69 of the Report,* first remark- 
ing that I was again handicapped during the discussion 
by the modesty of the authors in not including among 


* See ENGINEERING, page 747 ante. 





the wall diagrams the three cooling curves of nearly pure 
nickel depicted in Fig. 19. Thoroughly sound reasons 
for this coyness will presently reveal themselves. 

Taking the experiments of Dr. Carpenter and Mr. 
Keeling in 1904, one finds that in the differential recales- 
cence installation at the National Physical Laboratory, 
nickel may be substituted for platinum, if the tempera- 
ture does not fall below 500 deg. Cent.; also that blank 
cooling determinations on the installation register ‘‘a 
straight line inclined to the vertical.” This, per se, shows 
at different rates a variation in the temperature of the 
two proportional couples which register the differential 
co-ordinate the points in which, when joined, should pro- 
duce theoretically a vertical line. However, waiving this 
na, let an inclination of 10 deg. to the vertical 
be assumed, one then obtains with pure nickel the straight 
line — to the left in the annexed figure, representing 
the Hibernian curve given by nickel at the Nationa! Phy- 
sical Laboratory in 1904, say between 800 deg. and 500 
deg. Cent. But to the right will be found the three 
cooling curves of pure nickel published by the National 
Physical Laboratory in 1905, in the Seventh Report of the 
Alloys Research Committee, page 69, Fig. 19. These 
curves are consistent in disagreeing, not only with each 
other, but also ange with the results recorded by 
sagen | the same installation in1904—namely, ‘‘straight 
ines inclined to the vertical.” They, in fact, present 
between 800 deg. Cent. and 50 deg. Cent., a remarkable 
variety of spinal deformities. These variations are due, 
not to nicke), the thermal transformation of which takes 
place somewhat sharply about 355 deg. Cent., but chiefly 
to a series of changes of direction due to variation in the 
rate of cooling, and to variations in the temperatures of 
the platinum and nickel cylinders. In these circum- 
stances the vaunted delicacy of the National Physical 
Laboratory apparatus renders it readily capable of regis- 
tering exaggerated and prolonged thermal critical ranges 
whick do not really exist. 

Tosum up. The differential recalescence installation 
as used at the National Physical Laboratory is unreliable 
from the following causes:—1. The rate of cooling is too 
slow. 2. The rate of cooling varies, causing changes of 
direction in the curves registered, which may be inter- 
preted at will as critical thermal changes. 3. The tem- 
perature between the steel and platinum cylinders varies 
with the rate of cooling, and hence registers thermal 
disturbances in the steel when such are not present. 4. 
The cooling in air, as opposed toa vacuum, as practised at 
the University of Sheffield, and the packing of the couples 
in asbestos, as opposed to the Sheffield system of metallic 
contact, causes ‘* lag,” because the recalescence of: the 
steel has to be radiated and conducted through a layer of 
magnetic oxide and the asbestos, before it reaches the 
couple, and is conducted to the galvanometer. 

I much regret to have been compelled to discuss these 
matters in rcs but for nearly two years the authori- 
ties at the National Physical Laboratory have entirely 
oy my friendly representations on the points at issue. 

wish to again reiterate the fact that the conventionali- 
ties of the case compel me to criticise the authors of the 
Seventh Report in the plural, when, as a matter of fact, 
my criticism is quite singular. 

May I, Sir, voice a widely-spread feeling throughout 
the country, that some officials at the National Phy- 
sical Laboratory are inclined to thrust aside the work and 
opinions of many British experts who had won their 
spurs in scientific research and discussion, when these 
same young gentlemen were still wearing the Eton collars 
of the school-boy. And, finally, may I tender to the 
metallurgical students of the National Physical Labora- 
tory three items of advice which I have previously ven- 
tured to tender to research students in Sheffield, in Glas- 
gow, and at Johannesburg :— 

1. Always ascertain and acknowledge the labours of 
those who othe preceded you. 

2. Avoid jumping to conclusions. 

3. Invariably remember the aphorism of a famous 
University don, who once gaid: ‘* We are none of us infal- 
lible, not even the youngest of us.” 

Yours faithfully, 
J, O. ARNOLD, 

Department of Applied Science, St. George’s-square, 

Sheffield, December 18, 1905. 








Tue InstiruTion or Civit Encingers: Stupents’ 
MeertTinc.—A meeting of students of the Institution of 
Civil Engineers was held at the Institution on Friday 
evening, the 15th inst., Mr. E. W. Monkhouse, M.A., 
M, Inst. C.E., in the chair, when a paper on *‘ Photo- 
metric Tests of Street Illumination in Westminster” was 
read by Mr. E. E. Mann, Stud. Inst. C.E. The reading 
of the paper was followed by a discussion, in which 
Messrs. L. F. de P. Peyrecave, A. E. Snape, B.Sc., R. J. 
Francis, H, 8. Hoskings, W. T. Butler, D. E. Sparks, 
H. 8. Coppock, B.Sc., and J. E. Montgomery, Studs. 
Inst. C.E., took part. 





Rarttway Coat Contracts.—At a meeting of South 
Yorkshire coalowners, on Tuesday, the 19th inst., it was 
decided to accept an offer of the North: Eastern Railway 
Company to pay 8s. 6d. per ton for its next year’s coal 
supplies. The contracts at present running were placed 
at 8s. 3d. and 8s. per ton, the majority Sein at the 
former figure. The firmer tone of the steam-coal market 
during the autumn led to the conclusion that the railway 
companies would be asked to pay an advance on the 
existing rates, and tenders were sent in to the Midland, 
the North-Eastern, the Great Northern, the Lancashire 
and Yorkshire, and the Great Central Railway Com- 
panies on the basis of 8s. 6d. per ton for the first half of 
the year, and 9s. per ton for the second half, or 8s. 9d. per 
ton for the whole of the year. In three or four instances 
a counter offer of 8s. 3d. per ton for the year was received. 
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THE ALLIS-CHALMERS 





Tue recent starting up of a steam-turbine at the 
Washington-street power-house of the Utica Gas and 
Electric Company, Utica, N.Y., calls attention to the 
fact that this is the first turbine to be put into operation by 
the Allis Chalmers Company, though this particular 
machine was built for them by Messrs. Willans and 
Robinson, Limited, of Rugby. The turbine is rated at 
1500 kilowatts normal pace 4 and runs at a speed of 1800 
revolutions per minute. It is direct-coupled to an Allis- 
Chalmers 2-phase 60-cycle revolving field alternator, 
operating at volts. The unit has a continuous over- 
luad capacity of 25 per cent., with a 3-hour 50 per cent. 
overl capacity, without exceeding a safe generator 
temperature, and is capable of a 100 per cent. safe momen- 
tary overload. Artiticial ventilation by means of an elec- 
trically-driven fan-blower will, however, enable the unit 
to be run safely beyond its rated overload capacity. The 
turbine is of the Parsons type, which has proved itself 
eminently successful in numerous installations both here 
and abroad. The construction adopted, however, em- 
bodies a number of features which are new in America, 
and which are claimed to be distinct improv ts. The 
chief age ge J feature of this construction is the 

lading, which, while it is of the Parsons reaction type 
as regards the principle of operation, differs in mechanical 
construction in a number of details. The roots of the 
blades (see Fig. 2) are drop-forged into dovetail shape 
by special machinery, and are inserted in slots cut in 
foundation or base rings, these slots being formed by 
special machine tools in such a way as to exactly conform 
to the shapes of the blade roots. The foundation-rings 
themselves are similar to those shown in our last issue, 

e 810. They are of dovetail shape in cross-section, 
and are inserted in dovetailed grooves cut in the turbine 
cylinder and spindle respectively, in which they are 
firmly held by key-pieces, much in the same way that the 
well-known ‘‘ Lewis bolt” is fastened. In order to 
further ensure the integrity of the construction, the key- 
pieces or rings after being driven into place are upset into 
undercut grooves. 

Another noticeable feature of the blading is the method 
of reinforcing and protecting the tips of the blades. This 
point in steam-turbine design is one upon which much 
thought has been expended by various inventors, and the 
Allis-Chalmers Company claim that the construction 
shown in Figs. 2 and 3 solves all difficulties. In forming 
the blades a shouldered projection is left at the tip. This 
is inserted in a slot punched ina shroud ring, the slots 
being punched by special machinery in such a way as to 
produce accurate spacing, and at the same time form the 
slots so that they will give the proper angles to the blades 
independent of the slots in the base ring. After the blade 
tips are inserted in the slots in the shroud rings, they are 
riveted over by specially-arranged pneumatic machinery. 

The shroud rin as shown in Fig. 3, are made in 
channel ee with outwardly-projecting flanges, which, 
after assembly in the turbine, are turned and bored to 
give the necessary working clearance. The flanges of the 
channels are made so thin that, although a 4 sufficient 
for stiffness, the shroud ring does not have the disadvan- 
tage of a solid shroud, which a quires a dangerous tem- 
perature by friction in case of an accidental contact of 
the rotating and stationary parts. It is claimed for this 
construction that the blades are stiffened inst the 
effect of vibration in a much more substantial manner 
than by any other means thus far employed,. 

Another special feature of this turbine will be noticed 
by referring to Fig. 1, which represents the rotor of a 
1500-kilowatt machine. It will be seen that the usual 





low-pressure ‘“‘balance-piston” is absent, the figure 
showing only two balance-pistons instead of the three 
pistons formerly used in this type of turbine, where it is 
said to have been found difficult to produce a balance- 
piston of the size required for balancing the low-pressure 
atage of the turbine, and at the same time make it 
sufficiently rigid to run with the necessary small working 
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Fig. 2. 


clearance. In the construction shown there is, how- 
ever, a third balance-piston ; but instead of being at 
the high-pressure end of the turbine, as formerly ar- 
ranged, it is at the low-pressure end, and as it is smaller 
than the large end of the drum, it is hidden from sight 
in the a. By making this piston in such a way 
that its circular area is equal to the annular area of the 
istons used in the older construction, the low-pressure 
nce-piston is made much smaller. Instead of reducing 
the leakage past this piston by means of ‘‘dummy 
packing,” as in the high-pressure and intermediate pis- 
tons, and as used in the low-pressure pistons of the older 
construction, a labyrinth king of the radial baffin, 
type has been adopted, thus eliminating small axia 
clearance in this turbine. A considerable advantage is 
claimed for this construction, in permitting of the use of 
smaller working clearances in the high-pressure and in- 
termediate halance-pistons. 

The Allis-Chalmers Company is working in conjunction 
with the Turbine Davlacegliy ndicate of England, included 
in which are the firms of Messrs. Willans and Robinson 
and Messrs. Yarrow and Co.; and an arrangement has 
also been made with the Hon. Charles Parsons. 

The first steam-turbine of the Allis-Chalmers Com- 
pany’s own make, of 5500 kilowatts capacity, has re- 
cently been shipped, and others are following as fast as 
the present crowded condition of the shops will povesls, 








Prrsonat.—Mr. W. C. Mitchell, general superinten- 
dent of the British Westinghouse Electric and Manufac- 
turing Company, Limited (late of the Illinois Steel Com- 

ny, Chicago, and the Nicopol Mariupol Mining and 

tallurgical Company, Mariupol, Russia), has resign 
his ition, to associate himself with Mr. Charles P. 
Markham, Chesterfield, Ter England.—Mr. M. 
Ratcliffe Barnett, M. Inst. C.E., has an office at 124, 
St. Vincent-street, Glasgow, and is prepared to under- 
take all work usually entrusted to a civil engineer. 
For the lust seventeen years Mr. Barnett has been en- 
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gaged on several of the largest, water-works scheme 
in the country, and has had considerable experience 
in engineering arbitrations. — The Underfeed Stoker 
Company, Limited, of London, have opened a branch 
office at Baltic Chambers, 50, Wellington - street, 
Glasgow. Mr. B. Wyatt Bagshawe, A.M.I. Mech. E., 
who has m connected with the company since its 
formation, has been placed in charge, and will act 
as the company’s representative. — Mr. Gilbert C. 
Vyle, A.M. Inst. C.E., has resigned his position as 
works manager and assistant to the general manager of 
the ——— department of the General Electric Com- 
pany’s Works at Salford, and will act as a consulting 
engineer at 14, Ridgefield, Manchester.—We learn that 
Mr. John Cowan has resigned the managing directorship 
of the Stirling Boiler Company, Limited, of Motherwell, 
and 25, Victoria-street, Westminster. The directors 
have appointed Mr. E. G. Constantine, A.M. Inst. C.E., 
M.I. Mech. E., of Manchester, to be managing director, 
and he will enter upon his duties at Motherwell on 
January 1 next. Mr. Cowan still retains his interest in 
the company, and will continue*to be chairman of the 
directors.—We learn that Mr. Bertram S. Giles, M.1I.E.E., 
has been appointed by Messrs. Mather and Platt, Li- 
mited, chief representative for London and the South 
of England for their electrical and hydraulic departments. 
Mr. Giles was previously emploved for nearly seventeen 
ro by Messrs. Mather and Platt, Limited, at their 

lford Iron Works.—Mr. George F. Wheeler informs us 
that he has been compelled to give up his position in the 
engineers’ office of Messrs. Cammell, Laird, and Co., 
Limited, Cyclops Works, Sheffield, owing to the dust in 
the works part of the town affecting his eyes, and has 
pened a consulting engineer's office at Donnington, near 
ewport, Salop.—At the exhibition at Westminster of 
the Smoke Abatement Society Messrs. Ed. Bennis 
and Co., Limited, have obtained the highest award 
for mechanical stokers and compressed-air furnaces 
the only Silver Medal); they also took the Bronze 

edal for the new Bennis - Miller - Bennett chain 
grate. 
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MILLING AND WORM-WHEEL CUTTING-MACHINE. 


CONSTRUCTED AT THE NEWTON MACHINE-TOOL WORKS, PHILADELPHIA. 








WE illustrate above a handy form of plain milling- 
machine arranged as an automatic worm-wheel cut- 
ting-machine. It is manufactured at the Newton 
Machine-Tool Works, 24th and Vine-streets, Philadel- 
phia. The general arrangement is clearly shown by 
our illustration, which is from a photograph. 

The table of this machine is 6 ft. 6 in. long, being large 
enough to take worm-wheels up to 48 in. in diameter, 
and it will swing a cutter up to 7 in. in diameter. The 
worm-wheel is driven by a spindle 2}4 in. in diameter, 
which is revolved by an accurately-cut worm-wheel 
and worm of steep lead, through change-wheels which 
mesh directly into the driving-gear. When the ma- 
chine is being used for cutting worm-wheels, the feed 
motion to the table is obtained from the dividing-shaft 
by gearing, which acts directly on the feed-screw 
through a clutch. The arrangement may be clearly 
seen at the end of the machine in our engraving. 

The machine is well adapted for cutting the Hindley 
type of worms and worm-wheels by placing the worm 
to be cut on the cutter-arbor, and the cutter on the 
vertical spindle of the dividing-box. When milling 
is to be done, the dividing-box and shaft, which are 
shown clamped to the table, are removed. 

The machine will mill work up to 6 ft. in length, the 
table being 6 ft. 6 in. long and 16 in. wide. Work 
20 in. wide is admitted between the uprights. For 
milling, the machine has six changes of automatic 
feed and power quick-return. 








INDUSTRIAL NOTES. 

For the first time in the history of this country a 
man from the ranks of labour has been chosen as a 
Minister of the Crown. The honour has fallen to Mr. 
John Burns, the Member for Battersea. Some others 
may have worked up to the position from r pecu- 
niary beginnings, but in this case the individual is 
recognised as a fellow-workman by all sections of 
labour. The new President of the Local Government 
Board is a worker in other senses; and it is ex- 
pected that he will devote all his energies to the 
office he is called upon to fill. He is a plucky man 
also ; one not to be bullied, even by his labour col- 
leagues or mob-orators in the parks. His qualities fit 
him for the task, and it is an onerous one, all the more 
onerous by reason of the Act passed by the late Govern- 
ment and by his predecessor in office relating to unem- 
ployment. It is a position which will test the Right 
Honourable member’s abilities as an administrator, 
and his — of temper and tact. He will have an 
able and experienced staff to rely upon, but they are 
mostly used to the old ways and methods, whereas 








how there will of necessity be changes, especially in | 





the Poor Law Department ; and this is by far the 
greater part of the work. The Board is, after all, but 
an enlargement of the old Poor Law Board, whose 
home was in Whitehall Gardens, not in a palatial 
building, such as now. Of course, the President of 
the Local Government Board will not have a free hand 
to do as he pleases. There is the Cabinet to control 
the whole machinery of Government; then there are the 
precedents of the Local Government Board itself, and 
the permanent officials, who are not easily moved from 
a beaten track ; and last, but not least, there are the 
Acts of Parliament which govern the whole, and the 
Statutory Rules and Orders as regards administration. 
Nevertheless there is scope for a — Minister, 
with tact, knowledge to initiate new legislation, 
amended rules and orders, and otherwise bring the 
department up to date. 





The first allocation of the Queen’s Fund was made 
last week, the cheques being posted on the 13th inst., 
at which date the fund had reached about 120,000/. 
Of course, the aggregate will reach a much higher 
amount ; indeed, before the cheques were issued an- 
other sum of 1000/. was announced, and doubtless 
there were balances at many banks, other than the 
central. London will have a large share, 32,912/. 
being apportioned to it, and the central committee 
allocated 10,000/. more on account; but these sums 
do not represent the total for Greater London. East 
Ham has 495/., and West Ham 1330/., Edmonton 
255/., Hornsey 380/., Leyton 242/. 10., Tottenham 
560/., Walthamstow 450/., Willesden 620/., and Croy- 
don 340/. The next larger sums were: for Leeds 1065/., 
Manchester 1457/., Leicester 530/., Bristol 860/., Brad- 
ford 660/., Nottingham 527/. 10s., and Salford 5400. 
The lowest sum was for Erith—57/. 10s., Kettering 70/., 
and Chatham 87/. The allocations were only made to 
the distress committees which had applied up to the 
end of November. Some portions of the distribution 
by the various committees were doubtless made ere the 
close of last week. What proportion of this will go in 
doles, and what proportion in payment for honest 
work, remains to be seen. The County Council declare 
that they have been spending money in useful work ; 
perhaps some of the borough councils have been doing 
the same. There are plenty of things to be done that 
really want doing, if efficient administrators were on 
the alert. What ratepayers resent is waste, extrava- 
gance, incompetence, and corruption in public bodies. 





The state of the labour market, as shown by the 4882 
returns to the Labour Department of the Board of 
Trade—viz., 3572 from employers or their associations, 
1222 from trade unions, and 88 from other sources— 








indicates that employment generally continues to im- 
prove ; the most noticeable improvement being in the 
pig iron, iron and steel, tinplate and engineering trades. 
The remaining trades are about the same as in the 
previous month. As compared with a year ago, there 
is a general improvement in employment, except in 
the building trades, which, on the whole, are about 
the same. The most marked improvement was in the 
metal, engineering, and textile trades. 





Employment in the building trades continues dull, 
and is rather worse than in the previous month ; but 
on the whole is much the same as a year ago. The 
percentage of trade-union members unemployed among 
carpenters and joiners was 8.3 at the end of the month, 
as compared with 8 in the previous month, and 10.1 a 
year ago. The percentage for plumbers was 11.1, 
12 in the previous month, and 10.5 a year ago. 

Employment in the coal-mining industry was about 
the same as in the previous month, and was better 
than a year ago. There has been an improvement in 
employment at house and gas-coal pits, and some fall- 
ing off at anthracite and steam-coal pits. The average 
number of days worked per week during the four 
weeks was 5.28, compared with 5.32 days in the four 
previous weeks, and 5.14daysa yearago. The average 
for November in the ten years 1895 to 1904 was 5.35 
days per week. 

The iron-mining trade was good, and about the same 
asa month anda year ago. Atthe 116 mines and open 
works covered by the returns received from employers, 
the average weekly number of days worked during 
the four weeks ended November 25 was 5.81, as com- 
pared with 5.85 a month ago, and 5.88 a year ago. 

Employment in the pig-iron industry continued 
good, being better than in the previous month, and 
much better than a year ago. Returns relating to the 
works of 108 ironmasters showed that 335 furnaces, 
employing about 23,700 workpeople, were in blast— 
four furnaces more than a month ago, and 31 more 
than a year ago. The number of furnaces now in blast 
is greater than in any month since November, 1900. 

At iron and steel works employment continued 
brisk ; it was better than a month ago, and consider- 
ably better than a year ago, the number employed in 
199 works included in the returns being 777 greater 
than a month ago, and 8604, or 10.1 per cent., greater 
than a year ago. The returns show that the volume 
of employment—shifts worked multiplied by numbers 
employed—was 0.6 per cent. greater than in the 
previous month, and 13.7 per cent. greater than a 
year ago. 

In tin-plate manufacture trade showed a further 
improvement, and was much better than a year ago. 
At the end of November 427 mills were working, 
compared with 423 at the end of October, and with 
400 at the end of November, 1904. The number of 
mills working in November was greater than in any 
month during the ten years 1896 to 1905. 

Employment in the engineering trades continued to 
improve, and was fairly good generally ; it was better 
than a month ago, and very much better than a year 
ago. The percentage of trade-union members un- 
employed was 3 6, as compared with 4,1 in the previous 
month and 7.8 a year ago. 

The shjpbuilding ~ showed little change as 
com with a month ago, but employment was 
considerably better than a year ago. The percentage 
of trade-union members unemployed was 11.8, as com- 
pared with 11.9 per cent. in the previous month, and 
16.6 per cent. a year ago. 

In the woollen trade employment continued very 
good, and was better than a year ago. Returns from 

rms employing 24,166 workpeople showed a decrease 
of 0.9 per cent. in the amount of wages paid compared 
with the last week in the previous month, and an 
increase of 3.7 per cent. compared with a year ago. 

Employment continued very brisk in the cotton 
trade, and was considerably better than a year ago. 
Returns from firms employing 134,336 workpeople 
showed a decrease of 0.5 per cent. in the amount of 
wages paid compared with the last week in the previous 
month, and an increase of 7.3 per cent. compared with 
a year ago. 

The worsted trade continued moderate, and better 
than a year ago. Returns from firms employing 42,850 
work people ound a decrease of 0.9 per cent. in the 
amount of wages paid compared with the last week 
in the previous month, and an increase of 3.9 per cent. 
compared with a year ago. 

The flax (linen) trade continued fair, and employ- 
ment was better than a year ago, especially in the 
weaving department. Returns from firms employing 
48,152 workpeople showed an increase of 0.2 per cent. 
in the amount of wages paid compared with the last 
week in the apioce month, and of 3.8 per cent. com- 
pared with the corresponding week a year ago. 

Employment in the jute trade was reported as fair 
—about the same as a month ago. Returas from 
firms employing 19,917 workpeople showed a decline 
of 0.4 per cent. in the amount of wages paid as com- 


846 


ENGINEERING. 





[Dec. 22, 1905. 








pared with the last week in the previous month, and 
of 1.8 per cent. as compared with the corresponding 
week a year ago. 

The silk industry showed an improvement com- 
pared with the previous month, and was better than 
a year ago, both as regards the number of work- 
people employed and of spindles and looms work- 
ing. Returns from firms employing 11,098 work- 
people showed an increase of 1.6 per cent. compared 
with a month ago, and of 0.9 per cent. compared with 
a year ago in the number of throwing and spinning 
spindles at work; the number of looms working 
showed an increase of 3.3 per cent. compared with the 
previous month, and of 2.9 per cent. compared with a 
year ago. 





Employment in the boot’ and shoe trade continued 

uiet, but was considerably better than a year ago. 

eturns from 504 firms, employing 66,637 workpeople, 
and paying 62,632/. in wages, showed a decrease of 
0.5 per cent. in the amount of wages paid compared 
with the previous month, and an increase of 9.1 per 
cent. compared with a year ago. 

The other leather trades were still quiet on the 
whole, and showed a slight decline on the previous 
month in the leather-making branches. Compared with 
a year ago, howéver, they were considerably better. 
Trade unions with a membership of 4701 had 6.8 per 
cent, unemployed at the end of the month, as com- 
pared with 5.6 per cent. in the previous month and 
11.2 per cent. a year ago. 

In the bespoke branch of the tailoring trade employ- 
ment in London showed a decline as compared with 
the previous month, but was still much better than a 
year ago; in the provinces it was bad. In the ready- 
made branch it continued moderate, and was better 
than a year ago. 





Employment in the peer py - machine mills 
was fairly good in England, good in Scotland, and 
better on the whole than a month ago and a year ago. 
In the hand-made trade, employment, though not so 
good as in machine mills, was better than a month ago 
and a year ago. 

In the printing and bookbinding trades prospects 
were good—slightly better than a year ago. Compared 
with a month ago, a considerable seasonal improve- 
ment was shown. ‘The percentage of unemployed 
trade-union members in the printing trades was 3.2, 
as compared with 5.2 in the month previous, and 3.4 
a year ago; in the bookbinding trades the per- 
centages at the same periods were 2.5, 3.5, and 3.5 
respectively. 

Employment in the furnishing and woodworking 
trades continued fair on the whole, and was the same 
as a month ago; it was better than a yearago. The 
percentage of trade-union members unemployed was 
5.4, compared with 5.3 in the previous month, and 
with 7.8 a year ago. 

The glass trades were moderate on the whole, 
and employment was better than a month ago and a 

ear ago. In the pottery trades employment continued 
hair generally, and was better than a year ago. It was 
dull in the brick and tile trades —worse than a month 
ago. 





% 

Agricultural labourers who take day work were in 
somewhat irregular employment in some counties 
owing to unfavourable weather. The advanced state 
of farm operations caused the supply of casual labour 
to be somewhat in excess of the demand in some 
districts. 

Employment of dock and riverside labour on the 
whole continued moderate, and was rather better than 
a month ago. The average number of labourers em- 

loyed daily at the docks and principal wharves in 

ondon during the month was 12,446—an increase of 
2.9 per cent. on last month, and a decrease of 3.3 per 
cent. on a year ago. 





Nineteen new labour disputes began in the month, 
compared with nine in the aber month, and 25 in 
the same month a year ago. The total number of work- 
people affected by disputes which began or were in 
progress during the month was 9811, or 305 more 
than in the previous month, and 2575 more than in 
November, 1904. 

The aggregate duration of all disputes of the month, 
new and old, amounted to 169,800 working days, or 
6200 less than in the previous month, and 102,600 
more than in November, 1904. 

Definite results were reported in the case of 12 dis- 
putes, new and old, _— 1516 persons. Of these 
disputes, two were decided in favour of the work- 
people, five in favour of the employers, and five were 
compromised. 





The net effect of all the changes in rates of wages 
reported in the month was an increase in wages of 
1250/. per week. The chan affected 25,700 work- 
9 all of whom received advances. The changes 
of the previous month affected 20,900 workpeople, the 





net result: being an increase of about 610/. per week. 
During November, 1904, the number of workpeople 
affected was nearly 154,400, and the net result a 
decrease of nearly 6700/. per week. 

The principal changes were increases affecting 6000 
steel-melters and pitmen, gas-producer men, &c., in 
Great Britain ; 3000 iron puddlers and millmen, 3500 
steel millmen and 5000 moulders, in Scotland ; and 
5000 engineers on the Clyde. 

Two changes, affecting the 3000 iron puddlers and 
millmen and the 3500 steel millmen referred to above, 
were arranged by conciliation boards; and three 
changes, affecting over 4200 workpeople engaged in 
steel manufacture, took effect under sliding scales. 
The remaining changes, affecting nearly 15,000 work- 
people, were arranged directly between employers and 
workpeople, or their representatives; only one of 
these changes, affecting 200 workpeople, was preceded 
by a dispute causing a stoppage of work. 





The report of the Boiler-Makers and Iron-Ship- 
builders is rather disappointing as regards the number 
out of employment. The total number on the funds was 
8181; last month, 8252. The difference is on the right 
side, as the decrease was in the number of unemployed, 
and slightly in the sick list ; but there was an increase 
in the number claiming superannuation. It is pointed 
out as an encouraging feature that usually at this 
season of the year there is an increase of unemployed, 
whereas now there is a decrease, the tendency being 
strongly in that direction. It is a most commendable 
thing for a union such as this to maintain its old, sick, 
and unemployed members. If the thriftless and worth- 
less will not work, they must be made to understand that 
they will not be allowed to sponge on the hard-workin 
thrifty men. The larger proportion of the unemploy: 
members of this union is to be found in the “‘ repairing 
centres ;” in the new work centres there is a steady 
improvement, and the outlook is good for the New 
Year. The question of amending the representation 
to the Trades Union Congress is before the members. 
The resolution to organise dockyard workmen has 
been carried by over two to one, and the council will 
therefore take steps to carry out the resolution. The 
proposal to admit drillers as members was lost by 
a majority of over three to one; the council deplore 
the vote, and blame the committee in the Mersey dis- 
trict for their action in the matter. The vote fora 
4d. levy for the General Federation of Trades has been 
lost by a substantial majority ; the amount will now 
have to be paid out of the general fund. The refusal 
by a majority to vote a levy for an old official is de- 
plored by the executive. 





The Miners’ Federation of Great Britain held a 
special conference at Birmingham last week to discuss 
the wages settlement in South Wales. The English 
and Scottish Federations disapprove of the terms and 
conditions, as the wages rate agreed upon is 5 per 
cent. below the maximum, and 10 per cent. below the 
rates now being paid in the other federation areas. 
But as the South Wales Miners’ Federation had entered 
into a binding agreement for four years, it was thought 
best not to take any adverse action. This was, and is, 
a wise decision, as ‘‘no useful purpose could be 
served” by opposition. The matter, therefore, was 
allowed to drop. There was one point in the agree- 
ment arrived at between the representatives of the 
South Wales Mine-Owners and the Miners’ Federation, 
which was not made clear in the short note on the sub- 
ject in a previous issue—namely, that which referred to 
non-unionists. It appears that the Miners’ Federation 
was held responsible for the action of non-unionists, 
as well as for unionists. This it was, probably, that led 
to strikes at various collieries. The men tried to force 
non-union miners into the union. Now that the re- 
sponsibility is shifted, perhaps the question will be- 
come less acute. It would, indeed, be a hard matter 
for a trade union to be held responsible for any action 
taken by men outside its pale. 





Judges sometimes take a curious view of the word- 
ing of an Act of Parliament. This is especially the 
case as regards the Employers’ Liability Act and the 
Compensation for Injuries Act. Perhaps the funniest 
thing that has yet happened in this way is the decision 
of the Shoreditch County Court Judge. A driver 
claimed 5/. damages for injury by a fall in the passage 
leading to some stables, along which he had to go to 
do his work. With the rights or wrongs of the claim 
we have nothing to do, but the judge decided that 
‘manual work” is not ‘‘ manual labour” within the 
meaning of the Act. This is a strange view to take. 





The position of the iron and steel trades in the 
Midlands continues good. There was a good attend- 
ance at last week’s market, and there was a buoyant 
tone. There is no scarcity of employment, and the 
demand for material is such that the works will run 
full time i up to the Christmas holidays. In- 
quiries are plentiful enough, but in many instances it 
is not possible to obtain prompt supplies. There are 
no stocks of pig iron to fall back upon, and consumers 





complain that they cannot obtain deliveries at any 
reasonable price. The whole output is going into 
immediate consumption, which is insufficient to meet 
consumers’ requirements. Other furnaces are to be 
blown in with the New Year. For some brands it is 
said that prohibitive prices are being asked. Steel is 
also scarce. British steel can only be obtained in 
small lots. German steel is not offered freely, but 
the price has not been advanced. Negotiations for the 
reorganisation of the Unmarked-Bar Association are 
reported to be progressing satisfactorily. The demand 
for unmarked bars is said to be good at the advanced 
rates, in some cases beyond quoted rates. Hoop and 
strip are in good sale at the advanced rates, as also 
are sheets. Altogether the situation is good, and the 
outlook most favourable. 





The prevailing tone was good on the Manchester 
Iron ’Change last week. Makers of pig iron are 
well booked ahead, and for the New Year's delivery 
higher rates are asked, though quotations were the 
same on Friday as at Tuesday’s market. Finished 
iron is reported to be strong; prices are unchanged, 
but there was less buying, as consumers’ requirements 
were perhaps satisfied for the present. Steel is in 
active request, and in some cases <= ged rates are 
asked for early delivery. Boiler and tank plates, 
material for bridge and girder work, and hoops are in 
good demand. The outlook for the New Year is re- 
garded as good generally, and there are not wanting 
— of a further improvement in the engineering and 
other iron and steel-using industries. 

The boiler-makers and iron-shipbuilders on the 
North-East Coast have secured the advance asked for, 
but the time of the concession dates from the first full 
pay-day in March, instead of January, as the men 
desired. It is most satisfactory that the representa- 
tives of both parties agreed without a strike. 


It is expected that the United Machine-Workers 
will be taken over by the Amalgamated Society of 
Engineers, There are over 6000 members, so that the 
engineers will be considerably over 100,000 strong 
when the amalgamation is completed. Mr. Arrandale, 
the general secretary of the machine-workers, will 
become a paid official of the engineers’ union. 





For the first time in the history of combinations a 
large masters’ association has been mulcted in damages 
in a court of law for conspiracy in restraint of trade. 
The Ottawa Master-Plumbers’ Association and the 
Central Supply Association each paid 1000/. ; indivi- 
dual members who pleaded guilty were let off at 
fines ranging from 100/. to 50/. each. 





Payment oF District Surveyors By SALARES.—The 
payment of fixed salaries to the district surveyors 
under the London County Council, instead of their 
remuneration being, as at present, derived from fees, 
has often been discussed ; and it seems now as though 
the matter may be definitely settled, and the change 
made, for a recent report of the Building Act Com- 
mittee states that the matter has for a considerable 
time received the most careful attention of the com- 
mittee. In the London Building Acts (Amendment) 
Bill, 1905, provisions were inserted with the object 
of facilitating a proper system of salaries, but the pro- 
visions were withdrawn. As far back as 1894 the Council 
had the power conferred upon them to pay their district 
surveyors fixed salaries if they chose; but so far the 
power has not been exercised. There are many things 
to be said in favour of the alteration, but it is not 
altogether an easy matter, for the change must be effected 
without detriment to the public interests, and at the 
same time no injustice must be done to the existing district 
surveyors. There must, however, be ways of getting over 
thedifficulties. In the provinces, officials in similar posi- 
tions are paid by salaries, and it is really an anomaly that 
in London there should be a body of men whose fees are 
sey by the public. London is now divided into districts 
or purposes of the administration of the Building Act 
and over each of these is appointed a surveyor, whose duty 
it is to see that the Act is properly administered, and 
these surveyors receive their fees from the builders accord- 
ing to a fixed scale laid down in the third schedule of the 
London Building Act, 1894. Asa guide to the Council 
in the matter, the Building Act Committee has drawn 
up a scheme which may be taken as a_ model. 
This scheme provides for the division of London into 
thirty-three districts, each consisting, as far as pos- 
sible, of one or more county electorial divisions, and 
it is suggested that for sixteen of these districts a 
salary of 1000/. a year net, for eleven districts a salary of 
8007. a year net, and for the remaining six districts a 
salary of 500/. a year net should be paid to the district 
surveyor, and that in each case the expense of clerical 
and professional assistance required by the surveyor, 23 
well as the office expenses, should be paid by the Council. 
The total cost of the scheme would be about 40,2407. : 
but as the fees received during the year which ended 
December 31, 1904, amounted to nearly 53,000/., a con- 
siderable margin would be left to secure against loss by 


shrinkage of fees, &c. If put into operation at once, the 
scheme would involve the compulsory retirement of sever:- 
teen district surveyors, and entail the payment of a large 
amount in compensation. It is proposed that the change, 
if adopted, should take effect from April 1, 1906. 
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THE STEAM-TURBINE. 


At the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, December 5, Sir Alexander 
Binnie, President, in the chair, the paper read was entitled 
‘*The Steam-Turbine,” » A the Hon. Charles A. Parsons, 
C.B., F.R.S., and Mr. G. G. Stoney, MM. Inst. C.E, 
The following is an abstract of the paper :— 

The evolution of the steam-turbine is traced from the 
time of Hero of Alexandria, following the chief steps in 
development that have led to the types in present use. 
Then the general theory of the working of the steam- 
turbine is given, and the chief features of the flow and 
expansion of steam and the conditions essential to 
economy are touched upon. 

After describing and discussing the chief characteris- 
tics of the three types of steam-turbine, which practically 
cover the whole field of useful turbine inventions—viz., 
the Parsons turbine, introdu in 1884, the De Laval 
turbine in 1888, and the Curtis turbine in 1902—the deve- 
lopment of the Parsons turbine is dealt with. 

A table shows the progress which has been made in 
the reduction of steam consumption since the first tur- 
bines were built, and various diagrams illustrate the 
manner in which steam consumption is influenced by the 
size of the plant and the degree of vacuum attained. The 
importance of a good vacuum to the economical working 
of steam-turbines is urged, and the authors point out 
certain special conditions and arrangements which must 
be observed in order to obtain a vacuum of 27} in. to 28 in. 

An apparatus, called a vacuum - ——. is de- 
scribed, which has been designed by the authors, and 
which consists of a steam jet placed in a contracted pipe 
between the condenser and the air-pump. With this 
apparatus a total net reduction of steam consumption of 
about 8 per cent. at full load has been obtained. 

Various applications of steam-turbines for driving pumps 
and for working fans for colliery ventilation and blast- 
furnace work are then briefly alluded to. Another 
application is the propulsion of coal-gas along the mains 
in large towns. 

The remainder of the paper deals with the geetnntion 
of the steam-turbine to marine propulsion. The various 
phases in the development of the steam-turbine for this 
paeee are traced, and the several vessels to which it 

as been applied are described, beginning with the 
Turbinia of 1894, and thereafter in succession the torpedo- 
boat destroyers Viper and Cobra, the Clyde steamers 
King Edward and Queen Alexandra, and various yachts 
and passenger steamers for cross-Channel traffic, down 
to the installation of turbines in the third-class cruiser 
i and the most recent applications to Atlantic 

iners. 

The experience gained from the cross-Channel steamers 
and yachts showed that turbine vessels e valu- 
able characteristics that the propellers do not race in a 
heavy seaway ; that the vessels maintain their smooth- 
water speed to a remarkable extent in a heavy seaway ; 
and that they start, stop, and manceuvre promptly. 

Tables appended to the paper give the principal dimen- 
sions of the various vessels, and the results of compara- 
tive trials between similar vessels propelled by steam- 
turbines and reciprocating engines. 

The questions of coal consumption and steam consump- 
tion are discussed, and the steam-turbine is compared 
with the reciprocating engine in this respect. 

The authors then consider and explain various arrange- 
ments of turbine machinery in warships to secure economy 
at all speeds. They describe the results of trials of diffe- 
rent arrangements as carried out in the torpedo-boat 
destroyers Velox and Eden, and also of comparative trials 
made with the third-class cruiser Amethyst, and with 
sister-vessels driven by reciprocating engines. Curves 
are given showing the coal and water consumption in 
these latter trials. 

The paper is also illustrated by drawings, showing the 
arrangements of turbine machinery suitable foran Atlantic 
liner, for a cross-Channel steamer, and for a warship. 








THE BEHAVIOUR OF MATERIALS UNDER 
SHEAR 


Behaviour of Materials of Construction under 
Pure Shear.* 


By E. G. Izop, Associate Member, of Rugby. 
_ Tue title of this paper ep | perhaps rather far-reach- 
ing, it may not be out of place to explain that in the 
following series of experiments only the better-known and 
more commercially used materials were tested, though it 
is hoped that the results obtained may be somewhat of a 
guide ih forecasting results from other materials that do 
not come within the scope of these experiments. Time 
was such an important factor in carrying out these tests 
that the author could not make them as complete as could 
be wished, but he hopes that some of the results now set 
forward may be found useful and interesting. 
he experiments were carried out at University College 
Engineering Laboratory, and were undertaken in the 
first case to investigate the effect of shear on cast iron, 
concerning which there seemed rather a lack of data, and 
these proving useful, they were extended to embrace a 
somewhat wider field, as shown in the results attached. 
The main stumbling-block in experiments on shear seems 
to be that bending or stretching of the outer fibres in the 
specimens tested cannot be entirely eliminated, and to 
remedy this as far as possible a.particular form of shear- 
ing apparatus has been used. 
page 848 ; a is a stiff 


The apparatus is shown in Fiz. 1, 
cast-iron body composed of two projecting supports, which 


* Paper read before the Institution of Mechanical 
Engineers, December 15, 1905. 








are cast in one with the bed-plate. These nets carry 
hardened steel Voge bb, with edges ground for cutting 
edges ; these side plates are screwed to the supports by 
the holding-down bolts which grip the specimen, the 
edges being spaced exactly 4 in. apart, which is the 
general — adopted for the experiments. The plates 
are capable of fine adjustment by means of the small set- 
screws cccc. Between these side plates another cast-iron 
block d slides, which also holds a steel plate e with cutting 
edges; this middle plate exactly fits between the two 
side-plates, so that the opposite edges shall induce as near 
perfect shear as ible. The specimen is then screwed 
down to the middle plate hy means of the cap and 
holding-down bolts, Fig. 8, page 849, and the projecting 
ends p: on the two side =e and held firmly by the 
caps g and side bolts ; the whole ap; tus is then placed 
between the compression plates of the testing-machine, 
and the tests carried out in the usual manner. The pro- 
jecting lugs h served as guides to ensure the middle block 
d moving fairly between the side plates. The apparatus is 
shown in the testing-machine, Fig. 9, page 819. The test- 
ing-machine used was a 100,000-1b. Greenwood and Batley 
horizontal machine, and all the jockey weights were care- 
fully calibrated. The specimens used were as nearly alike 
as could possibly be obtained, but a great deal depended 
on the form in which the material was supplied, this 
varying with different makers ; in all cases a rectangular 
section was used for the shearing tests, while for the 
tensile tests a general rule was followed where possible 
for the flat and round specimens. 

Several experiments were made in the early stages to 
determine the effect of form or shape of section on the 
ultimate shear stress, which perhaps deserves a passing 
mention. A mild-steel bar was taken, and specimens cut 
from it consecutively, and treated in a different manner 
as ~~ the shearing area, suchas __ 

1. Nicked with various widths of cutting tool. 

2. Fine saw cuts to various depths. 

3. Turned grooves with various radii at the bottom. 

4. Recesses machined for the knife-edges, &c. 

These gave results practically identical with those from 
the plain bar, so that the rectangular rections as tested 
cout be relied upon to give satisfactory results and an 
accurate measure of the ultimate shear strength for all 
materials, 

A summary of all the results obtained is shown in 
Table I, below, and plotted against materials base in 
Fig. 2, page 848. i 
a large number of separate tests; where the elongation 
percentage is given, it is the corrected elongation per- 
centage fora standard bar 2 in. long and ,; in. in diameter, 


having therefore a ratio of ; = 3.54. 
Ultimate tensile stress is designated by F*. 
Ultimate shear stress is designated by F,. 

TABLE I.—Summary Table of Results. 


Results plotted on “‘ Materials” base, Figs. 2, 3, and 5 
(page 848). 
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= dD; 13.7 os #200 16.1 118 
a ae ..| 185] .. | 6900! 14.8 110 
Cast aluminium:bronze | 33.1 | 12.5 | 7 19.9 60 
»» phosphor-bronze ..| 13.4 | 2.2 17.2 128 
Special cast phosphor- | 
bronze .. oe --| 1%7| 80 18.4 93 
Gun-metal as 12.1) 7.8 12.5 103 
Special gun-metal 19 26.5 14.3 75 
Yellow brass - 7.6! 6.6 9.4 126 
Special yellow brass 16 35.0 11.8 74 
Delta metal os . | 47.8 | 28.3 | 24.2 51 
Rolled phosphor-bronze| 39.5 | 11.7 | 24.2 61 
Aluminium - : 6.4 | 25.5 | 4.5 70 
- alloy.. 12.7 9.6 7.6 59 
Wolframinium .. --| 12.6 9.2 7.5 &9 
Wrought-iron bar at: a 22.5 | 19.4 75 
Mild-steel plate, 0.14) 
carbon .. ne --| 26.9 | 34.7 21 78 
Swedish crucible steel :— 
0.12 carbon .. .. | 24.9) 43 18.5 74 
0.48 ,, oe -.| 421 | 26 28.8 68 
0.71 ,, - ..| 563) 15 36.6 65 
OTT io es --| 613; 38.3 62 


Cast Iron.—Four brands were tested, and the mean 
results givea higher ultimate shear stress for cast iron 
than is generally accepted; the average for all brands 
being 14.9 tons per square inch, while in several cases 
it exceeded 16 tons. An attempt was made to estab- 


lish a rule as a guide to the ratio ¥, , but this ratio did 


t 

not se ia to be dependent on any of the other results ob- 
served. Though the variation with different brands is not 
reat, yet it cannot be said to follow any law which can be 
Sedessd from these experiments. Analysis is plotted 
inst these results in Fig. 5. The fractured specimens 
showed that, even though the material was well supported 
round the rye by the holding-down caps, yet a 
local stretching took place in the outer skin ; in this case, 
of course, showing as a slight crack across the specimen 
about 3 in. from the shearing plane. It was observed 
also that the fracture line took the form of an § bend, 
with the bulge towards the knife-edge, as shown in Fig. 

10, page 849. ; 
Cast Aluminium- Bronze.—These specimens have a high 


Each figure in the table is the mean of | F 





ultimate tensile stress with rather low ultimate shear 
stress, the ratio F, being only 60 per cent. The shear 


t 
fracture (Fig. 13, 849) did not show much sign of the 
knive-edges having had a cutting action on the material, 
it having ap ntly stood the load up to the maximum 
without much deformation, and then entirely fractured 
at this load. In the tensile tests it was noted that the 
reduction of area before and at fracture was not local, 
but extended over the whole length of the bar, breaking 
it up into corrugated ridges almost as though the material 
was rolled and tibrous. 

Cast Phosphor-Bronze.—The ordinary material gave a 


high ratio Fr. , and the same material was specially treated 


in casting, with the result that the whole of the figures 
were improved, the ratio - * , however, decreasing from 


t 

128 to 93 per cent. A very curious fracture was observed 
with the special material, which is a very aggravated 
form of the fracture noticed in mild steel, &c. hen the 
specimen was sheared, it was found that the fracture line 
had taken two distinct paths in such a manner that there 
was a plus of the material left in the shear plane un- 
touched by the knife-edges. This fracture appeared in 
all the shear tests of the special phosphor-bronze, and is 
shown very clearly in Fig. 17, page 849, where there is also 
shown a shear fracture of ordinary cast phosphor-bronze. 
This is possibly due to the very homogeneous nature of 
the special material, as the fracture line has ap ntly 
started in a similar manner to that explained in the mild- 
steel tests (referred to below), but has simultaneously ex- 
tended to the opposite knife-edge in such a manner that 
there is left the knot or plug of material mentioned above, 

Gun-Metal.—In this ease, similarly to that of phosphor- 
bronze, the special treatment has considerably improved 


the test figures, though the ratio r: has dropped from 


103 to 75 per cent. 

Yellow Brass.—The improvement due to special treat- 
ment is here even more marked than in the two previous 
cases, though the variation in results is what might be ex- 
pected from the former tests. 

Delta Metal.—This gave the highest ultimate tensile 
stress of all the materials, the ultimate shear stress being 
equal to that of rolled phosphor-bronze, while the ratio 


F, was 51 per cent. The shear fracture was fine and 


clean, but presented a curious feature in that the material 
showed no trace of cutting of the knife-edges except at 
the extreme outside of the specimen, where the metal 
had apparently bunched up into a knot, and was either 
entirely cut by the descending knife-edges or else torn 
clean away, leaving two projections in one portion of the 
sheared specimen, with corresponding recesses in the 
other. This peculiarity is shown very clearly in Fig. 15, 
page 849, 

‘olled Phosphor-Bronze.—This proved very tough 
material, with high ultimate tensile stress—39.5 tons per 
square inch—and a fairly low elongation. The ultimate 
shear stress was 24.2, and there is a rather low ratio 


ts of 61 percent. Shear fracture was very smooth and 
t 
clean, and showed traces of the knife-edges, with very 
little stretching of the outer fibres. 

Aluminium.—This gave fairly high elongation with 


ratio > of 71.4. Shear fracture was smooth and clean, 


t 
showing the cutting action of the knife-edges very plainly. 
Aluminium Alloy.—Ultimate tensile stress in this case 
was nearly double that of aluminium, while the ratio 


* was only 60 per cent., or 10 per cent. less, Shear 

t 
fracture showed the peculiar ridge described later in mild 
steel tests, Fig. 14, page 849. 

Wolframinium.—This gave results almost coinciding 
with the former aluminium alloy, the only difference 
being, if anything, slightly lower elongation percentage. 
The shear fracture was similar to No. 4 alloy and mild 
steel. 

Mild Steel and Wrought Iron.—It was intended to 
make these tests on a large number of steels with vary- 
ing percentages of carbon, including the higher carbon 
steels ; but, unfortunately, steel-makers who would have 
supplied a series of test-pieces with their proportionate 
analyses were not able to furnish them at the last minute, 
consequently the experiments are not so complete as 
they might be. The author was enabled to include, how- 
ever, a series of tests on som. Swedish crucible steel, 
with varying my yn of carbon, and these results 
are plotted in Fig. 4, page 848. Contrary to expectation, 


the ratio Fr decreased as the carbon content increased ; 
t 


but the author is inclined to think that this confirms the 
deductions arrived at from the curve in Fig. 6, and ex- 


plained later—namely, that as the ratio - falls from 80 
t 


to 60 per cent., the elongation percentage also decreases, 
whereas if the elongation dropped considerably lower than 
10 per cent., as might be expected with higher carbon 


steels, the ratio i. would be proportionately higher. 
t 


A very curious feature of the tests on mild steel was 
the peculiar form of fracture, there being left a very de- 
cided knife-edge standing away from the rest of the 
material, as shown in Fig. 11, e 849, and in the speci- 
men exhibited. This peculiarity was noted in two other 
materials tested; and to investigate it, a specimen of 
mild steel was specially prepared with horizontal and 
vertical lines drawn ;; in. apart, each side of the shearing 
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plane; this was then placed in the machine and theJoad| From a selected board of each, specimens for tension | menced to move. In teak specimens sheared acrose the 
taken off when the specimen was half sheared. The|and shear were cut alternately, in order to ensure any in the fibres did not hold together as in the other woods, 
effect of the shearing action is shown in Fig. 12, page 849, | possible variation in the quality of the board being well | but broke op hea the main specimen at about ?in. from 
which shows views from each end of the half-sh speci- | distributed. The shear specimens were cut 8 in. by 2 in. | the shearing plane. This is shown in Fig. 16, page 849, 


men exhibited. It can be seen that the fracture starts along | by 1 in., and tested along and across the grain. The| The percentage of moisture in each wood was obtained 
a line inclined at an angle to the vertical shearing _— results are given in Table II., page 848. | by carefully weighing the broken specimens, then placing 
but in an opposite direction to that of cast iron, which was| On testing the woods in shear across the grain, it was | them in a temperature of 212 deg. Fahr. for 80 hours, and 
towards and under each respective knife-edge, while in this | observed that the specimen remained steady up to a weighing again immediately on removal. Towards the 
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Fig.1 GEAR FOR SHEAR EXPERIMENTS. 
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case of mild steel the direction is to the other side of the 
ELONGATION PER CENT., WITH RATIO 


vertical plane, and away from the knife-edge. The cause 
of the projecting ledge mentioned above is most probably 
explained as follows :—When the knife-edges move towards 
each other under the gradually =. pe: load, the fracture ° 
line starts obliquely from each, and as they come together 

the fibres of the intervening material are compressed and 
twisted yp nearly a right angle until, finally, fracture 
takes place along the fibres. The knife-edges separate 
this isolated portion through the vertical ae in which 
they are forced to move, thus making the ridge mentioned, 
the front of which is due to the cutting action of the 
helip-edee, while the back is due to the primary fracture 
line at the commencement of tke load. This experiment 
also showed that it was emer yf impossible to prevent 
a certain amuunt of stretching of the top fibres in shearing 

er wert ay ts was = sup — by 4 50 70 90 0 ' : + ry 

ing-down ca ese were affec or fin. . 
side of the chentieg e, roe dawa wy the inelitation of roy ee & — (suse) SWEAR IN INCHES. 


the top portion of the vertical lines; this stretching or 
ding is due to the fact that, when the load comes on | certain load, and then sheared through about three-fourths | conclusion of the experiments it occurred to the anther 


the specimen, a certain amount of compression takes | of its shearing area, when it required a further increase | that the apparently pure double-shear, induced by the 
place before any fracture occurs, which brings the | of load, sometimes as much as twice the amount, to com-| apparatus used, might not be simultaneous over the 
material away from the holding-down caps, and so leaves | pletely shear the specimen ; the author has named this | w ole area ; and to investigate the matter an arrangement 
it to a certain extent unsupported and free to stretch. the ‘crippling load,” and it is shown more clearly in a| was eg as follows:—To the centre block carrying 
Woods.—Four kinds of wood were used for these tests. | shear stress-strain diagram, Fig. 7, page 848, which was the middle knife-edge a stiff steel beam was screwed, 
1. Pollard oak. drawn for a specimen of deal sh across the grain. |each end of which carried a steel gel to the cross- 
2. Yellow deal. The exception to this is the case of oak, in which no “crip-| piece of the testing-machine which carried the com- 
3. Yellow pine. pling load” is really apparent, and which sheared through | pression plate two brackets were fixed, which carried 
4. . at its maximum load directly the centre knife-edge com- smoked iron plates, the steel pointers on the beams rest- 
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ing lightly on each, and were adjusted with s <= ees 
move without friction on the plates. The multip ying 
effect each side of the centre-block was, by means of the 
long steel beam, 16 to 1—that is, a movement of 4 in. on 
the pointer would mean a corresponding movement of 
the knife-edge of ,4, in. A specimen was placed in the 
shearing shackles, and the whole just gripped between 


the compression plates sufficiently to prevent slipping ; | 


would record the movement and locate it. This. arrange- 


ment would also give a fairly accurate stress-strain 
diagram for any material tested, and some observations 
were taken on a specimen of yellow deal, from which the 
stress-strain curve, Fig. 7, was plotted. A specimen 
of mild-steel bar tested with this gear on showed that the 
material remained perfectly steady up to half its maxi- 
mum load, after which it began to shear, the move- 








such as cast iron or those with very little or no elongation, 
seem to indicate that the ultimate shear stress exceeds the 
ultimate tensile stress by as much as 20 or 25 per cent., 
while from the fibrous materials, or, more properly 
speaking, those with a fairly high measure of ductility, 
the ultimate shear stress may be anything from 0 to 50 
per cent. less than the ultimate tensile stress. 

A curve was drawn, Fig. 6, showing the variation of 
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Ordinary. 


Fie. 17. 


Specially Treated. | 
SHEAR Fractures oF PHospHOR-BRONZE. | 
the steel beam was then screwed down to the centre | ment of the knife-edges being regular for successive incre- | 
block, and the pointers adjusted to rest lightly on the | ments of load until fracture took place. In all -the | 
smoked plates, A zero line was then drawn on each | experiments this arrangement showed that there was no | 
plate at the place where the pointers rested ; small incre- | tendency for one side to fail before the other, the shear 
ments of load were then put on, and each pointer care- | being apparently simultaneous over the whole area, 
fully watched and the itions marked for the corre-| All the results obtained in these experiments seem to | 
sponding loads. It can be seen that, should there be any | Point to the fact that there is no common law connecting 
tendency of the knife-edges not to move absolutely in | the ultimate shearing stress with the ultimate tensile 
synchronism due to even a small failure of one side of the | stress, the ratio 
specimen before the other, the beam would immediately | F 
set itself at some small angle, and consequently the pointers | materials. 


varying greatly with different 
t 
The test figures from the crystalline materials, 





Fic. 16. Sear Fracrures or Teak (AcRoss 


Gra). 


elongation percentage with the ratio my , and from this 


t 
it can be seen that there is a certain amount of uni- 


a 
x 


formity in the results. When the ratio —* is close to the 
60 per cent., the elongation in every case shows very 
little variation from 10 per cent. Below and above the 
60 per cent, ratio the elongation increases, that at 50 od 
cent. ratio being almost equal to that at 70 per cent., while 
from the 79 per cent. ratio upwards the variation is in- 
clined to be regular, the elongation decreasing as the 


ratio “ becomes higher, until with a very small or 
t 
practically no elongation the ratio might be expected 
to reach 120 per cent. or 130 per cent—that is, that the 
ultimate shear stress would exceed the ultimate tensile 
stress by 20 or 30 per cent. Further experiments might 
throw more light on this subject, and the author regrets 
that he was unable to extend the series of tests to 
embrace a wider and, consequently, more interesting 
field. All the results obtained are shown plotted to a 
base of materials in Figs. 2, 3, and 5 (see opposite page). 
Curves, sketches of apparatus used, and also a series of 
peotesrephe of fractures of test-pieces, &c., are appended. 
hey are tabulated under the different headings in order 
to give a better reference for any details; and to those 
who are interested in the subject of strength of materials 
they, together with the samples shown, will do more to 


| shed a small light on the subject than any remarks by 


the author. In conclusion, the author wishes to thank 


| Professor T. Hudson Beare for the great interest he has 
| atall times taken in the experiments, and also the under- 
| mentioned firms for the extreme courtesy and kindness 


which they have shown in supplying material for the 


| experiments, and in providing information and data for 
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TABLE II.—Tests or Woop tn SHEAR AND TENSION. 


Weight 
Kind of of Ultimate Tensile Across Grain 


Ultimate Shear Percentage of 
Stress. © i 


Percentage of 


Percentage of 





rippling | Ultimate Shear Ultimate Shear 
Load across | Stress across Stress alon Percentage 
Wood. Cubic Stress. Crippling Load. | ~ Grain of Ulti-| Grain of Ulti- Grain of Ulti- of Moisture. 
Foot. } Across , Along ™ate Tensile | mate Tensile mate Tensile 
Grain. | Grain. Stress. | Stress. Stress. 
Ib. Ib. per !tons per lb. persq.in. Ib. per Ib. per 
sq. in. | sq. in. eq. in. sq. in. 
Pine 39.5 9,176 4.09 1930 4872 470 21 53 5.1 15.7 
ak 47.7 15,908 | 7.14 |{ Apparently }) 5292 | son s 83 55 12.6 
Deal 26.46 7,834 3.49 | 1195 2668 442 15.2 34 . 10.6 
Teak 4.37 2764 3960 1022 23.2 40.4 10.4 10 


45.0 9,807 


use with the tests:—The British Aluminium Company, 
the Delta Metal Company, the Phosphor-Bronze Com- 
pany, the Leeds Forge Company, and Messrs. Willans 
and Robinson. The author wishes also to express his 
thanks to Mr. E. M. Eden, of University College, who 
kindly carried out a second series of shear tests on the 
specially-treated alloys. 








THE LAW OF MASTER AND SERVANT. 

Smith vy. Coles.—This case, which was heard in the 
Court of Appeal on October 26, raised a question under 
the Workmen’s Compensation Act, 1900—namely, whether 
a man employed on a farm was employed in agriculture 
within the meaning of the Act. F 

Mr. Robert Wallace, K.O., and Mr. Macgillivray 
appeared for the employer; Mr. C. E. Dyer and Mr. 
T H. Walker appeared for the applicant. 

The applicant, who was a skilled carpenter, was em- 
ployed on a farm. He used to keep the fences and gates 
in repair on the farm, and did other carpentering work. 
For two or’ three months in the year he acted as game- 
keeper on the farm, and he also assisted at the hay and 
corn harvests, and he made corn and straw ricks, and did 
some carting, and he sometimes helped with the thresh- 
ing. The applicant, having been injured by an accident, 
claimed compensation under the Workmen’s Compensa- 
tion Acts, 1897 and 1900. The County Court Judge came 
to the conclusion that the applicant was employed in 
agriculture within Section 1 of the Act of 1900, and made 
an award in his favour. 

The Court of Appeal (Collins, M.R., Romer and 
Mathew, L.JJ.) held that there was evidence upon 
which the County Court Judge could so find. Lord 
Justice Romer, in the course of his judgment, said that 
the Acts were expressed in a, not in technical 
language. The islature had not attempted to define 
agriculture, but had only pointed out that they intended 
it to include certain things which might otherwise have 
been in doubt. In the present case they had to deal 
with a man who was always employed on and for the 
purposes of a farm. He could not say that the County 
Court Judge had come to a wrong conclusion. 

Osmond vy. Campbell and Harrison.—This case was 
heard in the Court of Appeal on October 26, It raised 
the question as to how compensation should be assessed 
in a case where the claimant was partially dependent on 
the deceased. 

Mr. J. A. Compston appeared for the employers, and 
Mr. J. J. Wright appeared for the workman. 

The facts of the case were, shortly, these: —A workman 
inet with a fatal accident in the course of his employment. 
His weekly earnings were about 1/. a week, and his wife, 
in addition, earned a sum of 1s, 10)d. a week, In pro- 
ceedings by the widow for the assessment of compensation 
under the Workmen’s Compensation Act, 1897, the County 
Court Judge awarded her 150/. Upon appeal, the em- 
ployers contended that in the case of partial dependency, 
in order to ascertain the sum that was ‘‘reasonable and 
proportionate to the injury” to the dependents within 
the meaning of Schedule 1, Clause 1 (qa) (ii.) to the Act, 
the amount required to be expended on the maintenance 
of the deceased workman in his lifetime should 
deducted from his earnings, and the maximum sum 
payable as compensation should be proportionately 


reduced. 

The Court of Appeal (Collins, M.R., Romer and 
Mathew, L.JJ.) dismissed the appeal, holding that the 
principle upon which compensation should be assessed 
was the same in the case of partial dependency as in the 
case of total dependency, except that in the former case 
the applicant’s other source of income, besides the de- 
conan man’s earnings, must be taken into account in 
assessing the compensation, and that the County Court 
Judge had acted upon a right principle in assessing the 
compensation. 

Mathew, L.J.: The maximum amount which could 
have been awarded had there been total dependency was 
about 156/, The case, however, is not one of total depen- 
dency, and the County Court Judge has taken that into 
account in awarding compensation. I agree with the 
Master of the Rolls that the two clauses as to compensa- 
tion in the cases of total and partial dependency must 
be construed together. 

Rogers v. Mayor, &c., of Cardiff.—This case, which was 
heard before the same tribunal on October 27, raised an 
important question as to the meaning of employment ‘‘on, 
» or — an engineering work,” upon which so much 

epends. 
r. Bailhache appeared for the Corporation of Cardiff, 
and Mr. A. Parsons appeared for the workman. 

It appeared that the applicant was a workman em- 


ployed by the respondents in the work of repairing the 
overhead wires of their electric tramway system at 
Cardiff. For the purpose of reaching the wires he used a 





be| Mr. O’Connor a 


tall trolley, which was drawn by a horse from place to 
place as required. Having finished repairing the wires 
at one place, he was driving the trolley to another place 
about three-quarters of a mile away, for the — of 
effecting repairs at that-place, when the horse bolted, and 
the applicant was thrown out and injured. The accident 
occurred about 200 yards from the place where the re- 
pairs had been effected, in a street along which the tram 
lines were laid. The County Court Judge held that the 
place where the accident happened was ‘on, or in, or 
about engineering work” within Section 7 of the Work- 
men’s Compensation Act, 1897, and he made an award in 
favour of the applicant. 

In the case of Fletcher v. London United Tramways, 
Limited (18 T.L.R., 639), it had been decided that a 
tramway along a road was a railroad within Section 7, 
Sub-section 2, of the Act, which defines engineering work 
to be “‘ any work of construction or alteration or repair 
of a railroad, harbour, dock, canal, or sewer. . .” 

The Master of the Rolls, in the course of his judgment, 
dismissing the appeal, said that there was evidence which 


clusion that the work of repairing the tramway wires as 
a whole was one engineering work, and that therefore the 
accident happened within the area of that work. 

The whole of the work of repairing the wires of the 
tramway included the business of inspecting and ascer- 
taining where the defects existed, and it was the duty of 
the applicant to ascertain defects and amend them. 

The Lords Justices concurred. 

Adams v. Shaddock.—This case, which came before the 
Court of Appeal on November 1, 1905, also raised a ques- 
tion as to meaning of the phrase ‘‘ engineering work.” 

Mr. John Sankey appeared for the applicant ; Mr. W. 
Shakespeare for the employer. 

It appeared that a contractor entered into a contract 
with a telephone company, which had statutory powers 
to carry wires across a road upon which tramway lines 
were laid, to carry a wire across and underneath the road. 
The contractor excavated a trench from one side of the 
road nearly up to the outer rail of the down tramway line, 
and he also excavated a trench in the road between the 
up and down tramway lines for the purpose of laying the 
wire, and it was proposed to make a similar trench on 
the other side of the up tramway line. A workman in 
his employment was engaged in making a hole or tunnel 
under the down line, so as to make a connection between 
the two trenches, when he was killed by a passing tram- 
car. Neither the tramway lines nor the working of the 
tramway were interfered with by the work. 

The Court decided (Lord Justice Romer dissenting) 


was part of the tramway, and that asa trench was ex- 
cavated there, this was an ‘‘alteration of a railroad ”— 
namely, a tramway—within Section 7, Sub-Section 2, of the 
Workmen’s Compensation Act, 1897 ; that, therefore, the 
deceased workman was at the time of the accident em- 
ployed on or about the work of alteration of the tramway, 
= his widow was entitled to compensation under the 

ct. 

Morris v. Mayor of Lambeth.—This case was heard in 
the Court of Appeal on November 2. Mr. Blackwell and 

red for the applicant; Mr. Ruegg, 

K.C., and Mr. Dickens for the Borough Council. The 
applicant was a watchman in the employment of a borough 
council, who was employed to a at night some sewer 
work, his duty being to look after tools and traffic lam 
and to prevent accidents. There was a watch-box for 
him to sit in. The tools were kept in a shanty which 
was constructed of scaffold-poles, trestles, planks, and a 
tarpaulin. Upon the night in question there was a 
fire outside the watch-box, but as it was raining the 
applicant lighted a fire in the shanty, and pro- 
ceeded to cook his food there. While so en 4 
the shanty fell down and injured him. The evidence 
showed that the workmen were in the habit of 
having their food in the shanty in the daytime, and 
there was no evidence that the applicant was expressly 
ee ge from making use of the shanty, though the 

rough engineer gave evidence that the applicant had 
no business in the shanty at all, and that he would dis- 
charge a watchman if he had a fire in the shanty at night. 
| In proceedings to assess compensation under the Act of 
| 1897, the County Court Judge found that the applicant 
| was not properly in the shanty, having regard to his 
duties, and that, therefore, the accident did not arise out 
| of the employment. It was decided that, in the absence 
| of a prohibition against the applicant using the shanty, 
| the evidence showed that the accident arose out of and in 
| the course of the employment, and the Act applied. 
| Tulloch v. Waygood.—At Oxford County Court, on 
l November 25, 1905, his Honour Judge Snagge decided an 
important case under the Workmen’s Compensation Act. 
, The evidence in the case—Tulloch v. we and Co., 
| Limited—had been taken in August at W: tock County 





justified the County Court Judge in coming to the con- | ¢ 


that the space between the up and down tramway lines | q 


Court, and the matter had then been adjourned for legal 


ann F 
r. W. Addington Willis, instructed by Messrs. 
Spencer, Gibson, and Son, appeared for the applicant, 
Tulloch, and Mr. Ellis Hill, instructed by Messrs. Leslie 
Field, Brownjohn, and Co., appeared for the respondents. 
The evidence, which was practically admitted, was that 
on May 4, 1904, Tulloch, who was a skilled man, with 
twenty years’ experience in the work, was sent by the 
respondents to the Duke of Marlborough’s residence, 
Blenheim Palace, to examine and, if necessary, repair an 
hydraulic lift which was used for dinner purposes, to 
carry dishes, &c., from the basement to the serving-room. 
The lift was worked by hydraulic pressure on a ram or 
plunger, to which a pulley was attached for the multipli- 
cation of motion. On May 5, Tulloch repaired a leak and 
some defects in the starting-valve. For the purpose of 
ascertaining this and other defects it was necessary for 


him to use the hydraulic power to work the lift. It was 
further necessary to do so to adjust the cage or the 
mechanism to such a position that he might be able to 


deal with the defects, and it was also necessary to use 

this power for the purpose of testing his repairs. That 

such use of power was necessary was admitted by his 

Grace’s engineer, who was the only witness called by 

the respondents, and who said that Tulloch could not 

have done his work without employing the hydraulic 
wer. 

On the 6th, having repaired a further leak, Tulloch 
examined the guides of the cage, and found they needed 
attention. He adjusted the cage so as to enable him to 
remedy the lower guides, and having done this, he 
brought the cage down by the hydraulic power to deal 
with the upper guides. To get at these he had to go 
through the lift-door on the serving-room floor, get on to 
the top of the cage, and then stand on a beam between 
the side of the cage and the wall. Finding the guides 
were out of his reach, he pulled the starting-rope to raise 
the cage a little higher, but it refused to act. He there- 
ore p to go down stairs to see what was the 
matter, and whilst getting across the top of the cage it 
suddenly came up, crushing his head between the cage 
and a beam, and inflicting terrible injuries. The base of 
his skull was doubly fractured, his jaw bones broken, and 
his jaw forced to the side of his face, the bone below his 
right eye was broken, and his eye reversed in its socket. 
and his whole head put out of shape. In consequence of 
his injuries he is able to earn only the sum of lJ. 15s. a 
week, as against the 3/. 8s. 3d., his average earnings 
before the accident. 

On the legal argument it was contended by counsel 
for the respondents that, first, the work in question could 
not be described as ‘‘engineering work,” but was merely 
plumbing ; and, secondly, that the work did not come 
within the definition above given. It was contended that 
as the word ‘‘ work” there used had been held to mean 
the subject of the operation, and not the operation itself, 
it included the machinery driven by water-power, and 
that the meaning of the definition was that such machinery 
and power must be something imported by the contractor 
for the purpose of the repairing, and could not include 
such as was part of the thing to be repaired. 

On the part of the applicant it was contended that this 
was engineering work, done on behalf of engineers, by a 
skilled workman, and that even if it was described as 
‘*plumbing,” that would not take it out of the statute if the 
conditions of the definition were found to exist. Secondly, 
it was urged that the operation fell exactly within the 
description of the definition, inasmuch as machinery 
riven by water-power was u for the repairing, and 
that there was no warrant for saying that such machinery 
and power must be imported. So to decide would 
necessitate the reading of other and qualifying word 
into the definition. The Scottish case of Reid v. Flemin 
was also cited. 

His Honour, in giving judgment, said that the first 
question was whether the particular job upon which the 
applicant was engaged involved the employment of 
mechanical power for the purpose of executing repairs to 
the particular arrangement which he was sent to repair. 
It seemed that the lift was set in motion by water-power, 
and that power was operated by a valve which let the 
water in and out of a cylinder, and by a balance-weight. 
For the purpose of proper working it was necessary that 
the water-valve should be in order. If it leaked, the appli- 
cant had to ascertain, first, the exact cause of the leak, the 
extent of the defect, and the best means of remedy, and 
application of that remedy. Then it was necessary to set 
the lift in motion for the purpose of running the lift out of 
the way, and of testing the work after he had completed 
it. It was tolerably clear that if the lift was driven by 
mechanical power, as it certainly was—i.e., by water 
power—the moving of the lift was part of the operation. 

Was it necessary for the purpose of repairs? It was 
admitted that the repairs included testing, and that for 
the purpose of testing it was ry that the applicant 
should set the lift in motion; he must move the lift to 
test his work, so he was bound to move it. So that it 
was part of his job to set the lift in motion, and he 
thereby set in operation mechanical power necessary to 
move the lift. It is clear that so far he came within the 
definition of ‘‘ engineering work.” 

Then a point had been raised—namely, whether the 
mechanical power mentioned in the definition has refer- 
ence only to mechanical power supplied by the con- 
tractors or undertakers, or whether it includes part of 
the arrangement that is to be repaired. 

The accident had occurred through the mechanical 
power. In his opinion, the fact that the machinery and the, 
mechanical power were part of the arrangement to be 
repaired had nothing to do with the question. There 
would therefore be an award in favour of the applicant. 








Execution was stayed pending appeal. 
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LAUNCHES AND TRIAL TRIPS. 


Tue Isle of bef ar a steam fleeter, built to the order of 
the Hull Steam ng and Ice Company, Limited, was 
launched from the yard of Earle’s Shipbuilding and Engi- 
neering Company, Limited, on Saturday, the 2nd inst. 
Her dimensions are 108 ft. 4 in. by 21 ft. 6 in. | 11 ft. 6 in. 
depth of hold. She has been built to Lloyd’s require- 
ments, and is provided with the usual trawling outfit for 
this class of vessel. The machinery will consist of a set 
of oe engines, having cylinders 10in., 17 in., 
and 28 in. in diameter, with a 22-in. stroke, steam being 
supplied by a erento cylindrical boiler working at 
a pressure of 185 1b, per square inch. 


The Taarnholm, the third of the vessels built by 


Messrs. Wood, Skinner, and Co., Limited, of Bill Quay- |} 


on-Tyne, to the order of the Dampskibsselskabet, of 
Copenhagen, left the Tyne on Saturday, the 9th inst., 
for her official trial trip. The steamer is of the single- 
deck type. Her machinery, which has been constructed 
and fitted at the Northumberland Engine Works, Walls- 
end, of the North-Eastern Marine Engineering Com- 
pany, Limited, consists of triple-expansion engines, 
having cylinders 19in., 3lin., and 51 in. in diameter, 
with a 33-in. stroke, steam being supplied by two large 
steel multitubular boilers, working at a pressure of 
180 Ib. per square inch. On the trial run the machinery 
worked without the slightest hitch and gave complete 
satisfaction. 

A fast passenger steamer, the Golo, was launched on 
Monday, the 11th inst., from the Neptune Yard of 
Messrs. Swan, Hunter, and Wigham-Richardson, Limited. 
This steamer is being built to the order of Messrs. 
Fraissinet and Co., of Marseilles, for their mail and 
passenger service between Nice and Corsica. She is of 
steel, 273 ft. in length by 344 ft. beam, is being con- 
structed under the special survey of the Bureau Veritas 
and of the owners’ inspectors, and will be propelled by 
four-crank triple-expansion engines on the Y arrow-Schlick- 
Tweedy system, which, together with the boilers, are 
being built by the same firm. The engines are designed 
to drive the vessel at a speed of 17 knots. 





_ The London and Glasgow Engineering and Shipbuild- 
ing Company, Limited, launched, from their yard at 
Govan, on Tuesday, the 12th inst., the Cordova, a steel 
twin-screw steamer for the Lloyd Italiano Societa Di 
Navigazione, Genoa, for their passenger and cargo service 
between the Mediterranean and South American ports. 
The dimensions of the vessel are 400 ft. by 47 ft. by 
29 ft. 6 in. moulded to spar-deck, the gross tonnage being 
about 4500 tons. The vessel is built to the highest class in 
Bureau Veritas, under special survey. She will be fitted 
by the builders with two sets of triple-expansion engines. 


On Tuesday, the 12th inst., Messrs. William Doxford 
and Sons, Limited, launched from their East Yard a large 
turret vessel, the Ryton, for the Red ‘‘R” Steamshi 
Company, Limited (Messrs. Stephens, Sutton, an 
Stephens), Newcastle. The vessel is of their usual 
single-deck turret design, and is 350 ft. long, 51 ft. in 
breadth, and 264 ft. moulded depth, capable of carrying 
6800 tons of cargo and bunker coal on a draught of 22 ft., 
the engines and boilers, provided by Messrs. Doxford, 
enabling as of 9 knots to be attained. The Bureau 
Veritas Registry have assigned to the vessel their highest 
classi fication. 





Messrs. Irvine’s Shipbuilding and Dry Docks Company, 
Limited, West Hartlepool, launched, on Tuesday, the 
12th inst., the steel screw passenger and cargo steamer 
Sieglinde, for the Dampfschiffs Rhoderei *‘ Union ” 
Aktien-Gesellschaft, Hamburg. The vessel is the second 
of four which Messrs. Irvine have in hand for the above 
owners. She is intended for the North and South 
American trade, and is of the following dimensions :— 
Length, 332 ft.; breadth, 45 ft.; and depth, moulded, 
24 ft. 9 in.; and classed 100 Al in German Lloyd’s 
highest class. Engines of the triple-expansion type are 
being built and fitted by Messrs. Richardsons, Westgarth, 
and Co., Limited, Hartlepool, having cylinders 23} in., 
38 in., and 64in. in diameter, with a stroke of 42 in., 
steam being —— by three large main boilers working 
at a pressure of 180 lb. per square inch. 





There was launched on Tuesday, the 12th inst., from 
the yard of the Caledonian Engineering and Shipbuilding 
Company, Preston, a twin-screw passenger and cargo- 
steamer, the Moruya, intended for the Australian coast- 
ing trade. Her dimensions are as follow: — Length, 
149 ft.; breadth, 25 ft. 6in.; depth, moulded, 7 ft. 8 in. 


The machinery consists of two sets of compound surface- h 


condensing engines, 13} in. and 28 in. in diameter, witha 
20-in. stroke, driving twin-screws, and working at 130 lb. 
poomere. The vessel has been designed by Messrs. 

race and Porter, of 26, African House, Water-street, 
Liverpool. 





Messrs. John Cran and Co. launched on Wednesday, 
the 13th inst., from their shipbuilding yard in Queen’s 
Dock, a tug and passenger tender, the Linsara, which 
they have built to the order of Messrs. Muir, Tilston, 
and Co., Glasgow, for Mr. José Stein, Buenos Ayres. 
Her machinery is also being supplied by the builders. 


_ There was launched from the yard of Earle’s Shipbuild- 
ing and Engineering Company, Limited, on Thursday, 
the 14th inst., the Crown, a steam trawler, built to the 





order of Messrs. Moodys and Kelly, for the Crown Steam- 
Fishing Company, Limited, Grimsby. Her dimensions 
are :—Length, 130 ft. ; breadth, 22 ft. 3 in. ; and depth, 





moulded, 12 ft. 10in. The machinery consists of a set 
of triple-expansion engines, having cylinders 12} in., 
22in., and 36 in. in diameter, with a 24-in. stroke, steam 
ney d supplied by a large single-ended boiler working at 
180 lb. pressure. 





Messrs. William Simons and Co., Limited, Renfrew, 
launched on Thursday, the 14th inst., a light draught 
twin-screw suction hopper-dredger named the Tethys, 
constructed to the order of the New South Wales Govern- 
ment for the removal of the sand bars on the New South 
Wales sea This vessel has been specially designed 
by the builders for work in shallow rivers, her load 
draught being 6 ft.; the forefoot is well cut away to facili- 
tate rapid turning. Two independent sets of triple-ex- 
pansion engines are fitted for propelling the vessel at a 
= of about 10 knots, steam being supplied from two 

abcock and Wilcox water-tube boilers constructed for 
a working pressure of 200 lb. per square inch. Two 
ageey sand-dredging pumps are provided, each driven 

y an independent set of triple-expansion engines, and 
each connected to a separate suction-pipe, one on either 
side of the dredger looking aft, and arranged to dred 
when the vessel is steaming slowly ahead. The Tethys 
was launched complete with steam up, ready for work. 





There was launched from the shipyard of Messrs. 
Cochrane and Sons, shipbuilders, Selby, on Thursday, 
the 14th inst., a steel screw trawler, the Bromelia ; the 
me oy dimensions of which are :—Length, 126 ft. 2 in.; 

readth, 22 ft.; and depth of hold, 11 ft. 6in. The vessel 
has been built to the order of the North-Eastern Steam 
Fishing Company, Limited, of Grimsby, and will be fitted 
with powerfu ._\* engines by Messrs. C. D. 
Holmes and Co., of Hull. 


On Thursday, the 14th inst., Messrs. Harland and 
Wolff, Belfast, launched the steel screw-steamer Manipur, 
the third of the four steamers of similar dimensions they 
have been engaged upon to the order of Messrs, Thomas 
and John Brocklebank, Limited, for their Liverpool- 
Calcutta service. The new vessel, which is 470 ft. long 
by 58 ft. beam, and about 8000 tons gross, will have a 
ea pn carrying capacity of over 11,000 tons, this 
vessel and the sister-ships being the largest cargo steamers 
in the Calcutta trade. The engines and boilers for the 
vessel are also being construc by Messrs. Harland 
and Wolff, the engines being of the quadruple-expansion 
type. 








Messrs. Workman, Clark, and Co., Limited, of Belfast, 
launched, on Thursday, the 14th inst., from their South 
ae a steamer, the Suva, for the British India Steam 

‘avigation Company, Limited. She is intended for her 
owners’ Australasian passenger trade, and is of about 
2600 tons gross. She has been built under Lloyd’s 
survey for their highest class, and will comply with the 
Board of Trade requirements for passenger service. The 
engines are of the triple-expansion type, complete with 
all necessary auxiliaries, and steam is supplied by two 
cylindrical multitubular steel boilers, working ata pres- 
sure of 200 Ib., under Howden’s system of forced draught. 


On Thursday, the 14th inst., there was launched from 
the yard of the Sunderland Shipbuilding Company, 
Limited, a steel screw-steamer, the Niobe, of the fol- 
lowing dimensions :—240 ft. between perpendiculars, by 
34 ft. breadth, extreme, by 16 ft. 8in. depth, built 
to Bureau Veritas highest class, under special survey. 
The vessel will carry 1700 tons dead - weight. The 
engines are by the North-Eastern Marine Engineer- 
ing Company, Limited, Sunderland, and have cylinders 
184 in., 31 in., and 51 in. in diameter, with a 36-in. stroke, 
steam bein = ied by two large boilers working at a 

ressure of 180 lb. per square inch. The vessel has been 

uilt to the order of Messrs. G. Lamy and Co., of Caen. 








THE INFLUENCE OF NITROGEN ON IRON AND STEEL.— 
Hjalmar Braune (vide the Revue de Meétallurgic, 1905) 
finds from experiment that when iron is heated at 800 deg. 
Cent. in an atmosphere of ammonia, iron nitride is pro- 
duced, forming a solid solution with iron, lowering its 
melting - point, and lessening its power of Giseiving 
carbon. The nitride may be caused to diffuse equally 
through the iron by subsequent annealing. The size of 
the ferrite crystals diminishes as the percentage of nitrogen 
increases, and at 0.20 per cent. of nitrogen the cellular 
structure of the ferrite disappears, a system of linear 
markings oppecing, The tensile strength of iron in- 
creases with the proportion of nitrogen, the ductility 
falling rapidly, whilst the magnetic coercive force an 
ysteresis are greatly increased. Steel containing 1.15 
per cent. of carbon mes brittle with 0.040 to 0.045 
per cent. of nitrogen. In the case of quenched steels, 
the nitride remains in solid solution in the martensite. 
Professor Henri Le Chatelier states in the same volume 
of the Revue de Métallurgie that Braune’s discovery of the 
influence .of nitrogen on iron and steel explains the dif- 
ference in fragility often observed between steels of 
identical composition. Iron does not combine directly 
with atmospheric nitrogen, the presence of a basic slag 
and of reducing agents is necessary ; it is therefore chiefly 
in the blast-furnace and in the basic converter that ab- 
sorption of nitrogen takes place, probably through the 
formation of cyanides. Furnaces producing much potas- 
sium — are known to yield an inferior quality of 
iron. The linear markings observed in ferrite crystals 
containing nitogen are identical with Neumann’s lines, 
and are probably due totwinning, which takes place more 
av in iron nitride during polishing than in pure 
errite. 








CATALOGUES. 


In sending us their new catalogue of boiler and engine 
fittings, Messrs. Charles Winn and , of Granville- 
street, Birmingham, call our attention to their improved 
parallel slide stop-valves and to their asbestos-packed 
automatic water-gauges and protectors, which it illus- 
trates and describes among a | number of other 
specialities. The book is very carefully got up; dimen- 
sions and prices are given in each case. } 

Messrs. W. G. J, Limited, Castle Engine Works, 
Stafford, have issued a catalogue illustrating their loco- 
motives and rolling stock, and their material for per- 
manent-way construction, pressed-steel sleepers, switches 
and crossings, turn-tables, &c. - ve ; 

The Gilbert Arc Lamp Company, Limited, of Ching- 
ford, Essex, have sent us their new catalogue, which 
deals with arc lamps of every type, accessories for eame, 
and shows different applications to street-lighting. A 
number of interesting data are given concerning the 
form of current used by different towns and corporations 
which have adopted the Gilbert arc lamps, also concernin 
the working of the latter; the action and advantages o 


8© | 41] the various accessories and fittings are entered into in 


detail. The catalogue forms a good text-book on the 
subject. 

The Otis Elevator Company, of New York, have sent 
us a copy of their catalogue, giving illustrated descrip- 
tions of their elevating machinery. 

Messrs. Mather and Platt, Limited, Manchester, 
illustrate and describe in their November, fourth edition, 
catalogue their are gas-engines, As they manufac- 
ture dynamos as well as gas-engines, they are thus able 
to put down complete generating installations. Several 
of these are illustrated. 

The pamphlets, Nos. 185 to 188, issued by the British 
Thomson-Houston Company, Limited, give illustrated 
descriptions of their flexible ear for grooved trolley wire, 
which combines many advantages over the rigid suspen- 
sion type ; of their portable electrical measuring instru- 
ments and switchboard instruments. 

The Lacre Motor-Car Company, Limited, 1 to 5, 
Poland-street, Oxford-street, W., have issued a catalogue 
showing their motor-vans and lorries. The company have 
also made a speciality of motor-wagonettes, buses, and 
broughams. ‘ : 

The General Electric Company, Limited, of Witton, 
near Birmingham, publish a card giving data on their 
‘** Witton” continuous-current motors, open, protected, or 
semi-enclosed. 

Messrs. A. G. Mumford, Limited, Culver-street Engi- 
neering Works, Colchester, have issued a pamphlet: on 
their vertical direct-acting ‘‘ Simplex” boiler feed, 
ballast, and air-pumps fitted with the Mumford and 
Anthony patent positive action valve-gear as adopted in 
the Navy. 

We have received from Messrs. B. J. Hall and Co., 
39, Victoria-street, S.W., their December catalogue of 
drawing-office requisites. 

Messrs. Edward G. Herbert, Limited, Rosamond.street 
East, Manchester, have issued illustrated sheets showing 
their circular and eccentric sawing-machines and fittings. 

Messrs. R. and J. Beck, Limited, 68, Cornhill, E.C., 
have sent us their latest catalogues of telescopes, spectro- 
scopes, and surveying instruments. : 

‘* Electrical Novelties” forms the title of a pamphlet 
recently published by Messrs. F. Darton and Co., 
Clerkenwell Optical Works, 142, St. John-street, E.C., 
which contains particulars of a large number of small 
model electric motors, dynamo castings and fittings, 
armature stampings, and so forth for the use of amateurs, 
small electric lamps, ringing signals, and accessories. 

The United States Metallic Packing Nex aryl Limited, 
Soho Works, Bradford, have issued a booklet which deals 
with their ‘‘C. and I.” portable electric drilling ma- 
chine. Examples of the use of this machine in ship- 
building, boiler works, permanent -way construction, 
and engineering works are shown. 

Messrs. Matthews and Yates, Limited, ventilating, 
heating, and electrical engineers, Standard-buildings, City- 
square, Leeds, have prepared a sheet which deals with 
the Factory and Workshop Act of 1905 in regard to the 
disposal of dust, and calls attention to their ‘‘Cyclone ” 
systems for ventilation and dust-collecting, Messrs. 
Matthews and Yates are issuing this sheet to the wool 
and other industries. 








Ovr Coat ABRoAD.—The exports of coal from the 
United Kingdom show a tendency to gradually increase, 
even the movement to France being apparently unaffected 
by the new export duty. The exports for November 


d | were 3,990,798 tons, as compared with 3,901,503 tons in 


November, 1904, and 3,666,595 tons in November, 1903. 
The principal shipments in November compare as follow 
with the corresponding exports in November, 1904, and 
November, 1903 :— 














Country. Nov., 1905. Nov., 1904. Nov., 1903. 
tons tons tons 
Sweden 309,505 277,444 258,884 
Denmark 225,104 211,831 196,534 
Germany 685,236 606,938 510,861 
France 672,338 605,265 614,348 
Spain 205,895 202,989 174,866 
Italy .. 462,618 479,731 499,853 


The aggregate exports of coal from the United Kingdom 
to November 30, this year, were 43,463,534 tons, as com- 

red with 42,461,143 tons in the corresponding period of 
Lene and 41,261,705 tons in the corresponding period of 
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MOTOR ROAD VEHICLES. 


25,362. D. Stewart and Co. (1 Limited, and T. 
G) . Side- agons. (2 Figs.) 

November 22, 1904.—This invention relates to tipping-wagons 
in which a wagon body of large cubic capacity is supported upon 
bearing rollers on an under-carriage or frame, having a horizontal 
upper surface, and is adapted to be traversed across the under- 
carriage and to disc! on either side ; the present improve- 
ments have mainly for their object the provision of simple means 
for traversing the wegen, body and tilting it. As shown by the 
drawings, the wagon ly A, which is preferably of rectangular 
cross-section, divided into com ments and furnished with 
doors on each side, is carried on rollers C borne by cross-beams 
BD on the under-frame E, and in effecting the tipping operation 
the wagon body is moved laterally to bring its centre of gravity 
approximately over the ends of the cross-beams D by means of 
a worm or worms F on a crosg- carried in bearings on the 
under-frame E engaging with the teeth of a rack fitted on the 
underside of the wagon body A, the worm-shaft being operated 
by a hand-wheel or like means on either side of the wagon. 
Either end of the wagon body has secured to it a channel bar or 
beam I, whereinto is entered a pin and roller J projecting from a 
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worm-wheel K enggetied in bearings in a bracket or standard on 
the under-frame E. This worm-wheel K is rotated by means of 
a worm on a cross-shaft, also carried by the bracket and fur- 
nished with an operating hand-wheel, or like device on either 
side of the wagon. Hooked brackets are secured to the under- 
side of the wagon body in such positions that on completion of 
the lateral movement of the body A they en with the pro- 
jecting axles of the supporting rollers C, and limit the lateral 
movement while permitting of the turning or tilting motion of 
the wagon body, which latter movement is effected by rotating 
the worm-wheel K with the projecting pin and roller J, whereby 
said roller bears on the upper flange of the channel bar or beam 
I. When the — of the wagon body is thus effected, and the 
centre of gravity is beyond the beam ends, the lower flange of 
the channel beam I bears on the pin and roller J, thus limiting 
the tipping motion, which is under complete control. When the 
wagon y A is divided into compartments, any one or more 
of them may be discharged to either side. The arrangements 
described are — to railway and like wagons, as well as 
to road locomotives or steam-wagons and trailers attached to 
self-propelled vehicles. (Sealed December 7, 1905.) 


MINING, METALLURGY, AND METAL- 
WORKING. 


3359. Fraser and Chalmers, Limited, London. 
(FP. H. Milthouse, Randfontein, Transvaal, and W. McFarlane, 
Ft gee ransvaal.) Stamp-Mills. [3 Figs.) February 
17, 19056.—This invention relates to my yt means for securing 
parts to shafts such as for securing the tappets to the stems of 





4 





SY 
SS 
ETL 





\\S 
we MM MMMM 


WN 











(se) 


stamp-mills, whereby the parts may be simply and readily assem- 
bled and separated. The invention as applied to stamp-mills 
consists in recessing the tappet on its inner surface adjacent to 
the stem, and providing such recess with oppositely inclined 
faces in either direction, so arranged that by the interposition of 


wedges or parts between the inclined faces of the recess and the 
stem, together with suitable means for forcing such wedges 
apart, the tappet is fixed to the stem against either upward or 
downward movement thereon. The tappet 1 is provided with a 
recess 2 on the inner surface thereof, having two oppositely-in- 
clined faces 3, 4, which slope towards each other from the outer 
ends of the t, so that the deepest part of the recess is 
at or about the centre thereof. Two = or wedges 5, 6, in the 
form of gibs, each having one surface inclined to correspond with 
the respective inclined surface of the tappet, and the remaining 
face shaped to fit the stem 8 of the stamp-mill, are located within 
the so that they each fit between one inclined face of the 
sone and the stem. These gibs 5, 6 are forced apart by a pin 
or cotter 9, of prey rectangular section, which passes trans- 
versely through the tappet and the recess at or about the centre 
thereof, an enlarged groove 10 being provided for its reception 
at its point of contact with the gibs to allow for tightening up of 
the latter. Such an arrangement provides a simple and expedi- 
tious means of — and removing tappets on or from the stems 
of stamp-mills, it being only necessary to knock out the pin or 
cotter 9 and loosen the wedges 5, 6 to remove the tappet 1. 
(Sealed December 7, 1905.) 


944. F. Anderson and J. S. Jarvis, East Rand, 
Transvaal. Stamp-Mills. (4 Figs.) January 17, 1905.— 
This invention relates to means for fixing the tappets upon the 
stems of a stamp battery, and its object is to provide a mops 
which is easily fixed or removed, is cheap, and is not subjected to 
the excessive bursting stress which occurs in the common type of 
tappet. In carrying out this invention, the bore of a solid 
tappet is suitably recessed on one side, as at b, b, to receive a nl 
of wedges c,c. These wedges are located one in the upper half 
and one in the lower half of the tappet, and are curved to fit 
against the stem. They are doubly tapered—that is to say, longi- 
tudinally away from the centre of the tappet, and transversely 
from one side to the other, the result being virtually a single 
taper in a direction helical with respect to the stamp stem ; 
the thicker edge of each is cut away obliquely, and against 
a correspondingly oblique wall or side in the recess. The 
arrangement is such that upon the wedges c, c being thrust apart 
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by a cotter A driven in between them, or by other proper means, 
each has a double motion—firstly, longitudinally away from the 
centre of the tappet, which brings the longitudinal taper into 
play ; and, secondly and concurrently, a transverse or rotative 
movement around the stem, causing its transverse taper to 
become operative. Again, the oblique edge of one wedge is cut 
to the opposite hand to that of the other. It will thus be evident 
that any ion or slip tending to slacken one wedge, whether 
os gene | or transversely, will have an exactly opposite 
effect upon the other wedge, and thus the tappet automatically 
secures itself — forces tending to dislodge it. An important 
result is that the wedges do not need to be tightened to the same 
extent as do the cotters of an ordinary tappet, and in consequence 
the improved tappet can be made of cheaper material than the 
present ones. Apertures g are provided above and below the 
cotter slot, through which a tool may be inserted to slacken the 
wedges when desired. (Accepted October 4, 1905.) 









RAILWAYS AND TRAMWAYS. 


23,135. A. E. ting, West Bridgford, and J. 
Nottingham. Point-Shifters. (4 Figs.) (cto- 

ber 27, 1904.—According to this invention, a junction-point is 
arranged to move bodily, transversely and sideways, to the rails, 
and so that both of its ends move together. The junction-point a 
is provided with two downward extensions to fit on a rocking 
shaftc. The junction-point is grooved and otherwise formed upon 
its upper surface to conform to the surface of the stationary rails, 
and works between the fixed rails within a cut-away part. The 
upper surface of the point moves bodily in this cut-away part, 
from the rocking shaft c transversely and sideways to the 
direction of the fixed rails; that is to say, both ends of the point 
move together transversely and sideways of the fixed rails, in 
contradistinction to the one end moving transversely, and the 
other end being a kind of pivot, and therefore the rocking shaft c 
is provided so that the said transverse bodily movement, par- 
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ticularly of the upper surface, can be carried into effect, the said 
shaft being horizontal and the movement in an arc from the axis of 
the shaft. The rocking shaft c has rigid with it an arm c4, weighted 
at c); this arm together with the junction-point a and the rock- 
ing shaft c forming a bell-crank lever, moved by the weight c® and 
by a solenoid ¢, which is, in a convenient, way not shown, in 
electrical connection with a contact disposed within the track. 
The full lines in Fig. 1 show the position of the junction-point 
on the curve, this position being gained by the weight c®, whilat 
the dotted lines show the said junction-point off the curve and 
opening the straight, this position being brought about by the 

peration of the id ¢, _ into action by the driver of a car 
bringing into effect, over the terminal within the track at the 
right time, electromagnetic devices which are entirely under his 
control, these devices working in conjunction with suitable known 








means for, at the same time, operating the frog or trolley switch. 


The street box f in greater part. encloses the junction-point, but 
an opening is provided in its upper surface, just sufficient for the 
proper working of the upper surface of the said point. The one 
side of the said box is provided, so that when the straight rail is 
open a portion of or surface of the junction-point swings 
under a lip f? of the said side, the under portion of this lip being’ 
curved to the radial movement of the said upper surface. It’ 
will be seen that the junction-point is nominally held on the 
curve by the weight 5, and that the solenoid ¢ is excited to pull 
it over to open the straight rail. While in this pulled-over posi- 
tion it is locked by a catch, and then subsequent! 1 d bya 
second solenoid, the operation of the two solerioids being absolutely 
ens the control of the driver of the car. (Sealed December 7, 





STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


2290. W. H. A. Robertson, Bourneville. Tubular 
Boiler. (4 Figs.) February 6, 1905.—This invention relates to 
those multitubular steam-boilers which comprise a vertical shell 
having an enclosed fire-box, the products of combustion from 
which are passed through two sets of fire-tubes into cppetisly 
arranged combustion chambers, and from thence through further 
groups of fire-tubes into oppositely disposed flues, which are con- 
nected with a chimney common to both flues, the object of the 
present improvements being to construct a boiler of this class with 
a horizontal fire-tube. shell, thereby rendering it unnecessary to 
cut away the shell for the passage of the fire-tubes, at the same 
time enabling the fire-tubes to be extended in length without 
cutting away or enlarging the diameter of the shell. By oppo- 
sitely arranging the fire-tubes as hereafter described in a hori- 
zontal cylinder instead of in a vertical one, whereby the cutting 
of the cylinder is obviated, a considerable increase in strength is 
obtained with a proportionate decrease of weight, while at the 
same time the number of joints is materially reduced. The fire- 
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box A, which may be either flat or domed, as shown, is arranged 
centrally with regard to the boiler B, which is horizontal and 
cylindrical in shape, and is provided with the end-plates C, in 
which the ends of the fire-tubes D are fixed at a sufficient space 
from the outer end-plates E to form a combustion chamber at 
each end, each of which is divided into two parts F, F! by divi- 
sion plates. The fire-box A is connected with parts F of the com- 
bustion chambers by the large fire-tubes H which are preferably 
corrugated, while the parts F! of the combustion chambers are 
connected to the jacket flues J, which are in turn connected with 
the chimney K. It will be seen that by this arrangement the 
gases generated in the fire-box A are divived and pass in opposite 
directions through the fire-tubes H into the parts F of the com- 
bustion chamber, from whence they pass through a portion of the 
tubes D into the other parts F! of the combustion chamber, and 
thence to the jacket flues J, any of the gases remaining passing 
away by the chimney K. For effecting the more perfect combus- 
tion of the gases the blast-pipes L may be connected to any con- 
venient parts of the combustion chamber, the blast consisting of 
either live steam or the exhaust from engine or feed-water heater. 
(Sealed December 7, 1905.) 


15,379. W. Harbinger, Blackwall. Fluid - Dis- 
tribution Valves. [4 Figs.) July 26, 1905.—This invention 
relates to fluid-distribution valves, and has for object to provide 
a valve which is simple and efficient in use, and in which that 
portion of the ports to be filled and exhausted during the passage 
of fluid to and from the cylinder are of small capacity. A fluid- 
distribution valve made in accordance with this invention com- 
prises a piston provided with , and adapted to slide close to 
the external surface of the cylinder, so as to open and shut the 
close to the bore of the cylinder. The wall a of the cylinder 
is provided with ports b. c isthe valve a, provided with adinis- 
sion ports d and exhaust ports e. f isthesteam-chest. In use the 
piston is reciprocated, and timed to open and close the admission 
and exhaust as required. When steam is cut off by the valve, live 
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steam is shut up in the ports d, and becomes available for use as 
soon as the ports are in the position to re-admit the steam, and 
consequently they are not needlessly filled and exhausted with 
each stroke of the piston ; in like manner the exhaust ports are 
closed to the admission of steam close to the cylinder. e valve- 
piston may be formed in two parts, and connected together by a 
screwed rod g. In this manner the parts can be adjusted in 
relation to one another, and the weight of the valve can be 
reduced considerably. The ports d may be curved or straight or 
of any desired shape, and the valve piston may be circular, 
rectangular, or as desired in cross-section. In valves made in 
accordance with this invention the pressure on the valve is well 
balanced, and there is practically no waste of steam in the ports, 





and the moving re are few, and are not likely to get out of 
order. (Accepted October 4, 1905.) 
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CHARLES BROWN. 


A Frew weeks ago we recorded briefly (see page 
481 ante) the death, on October 6, of Mr. Charles 
Brown, the record of whose life constitutes a most 
important chapter of the development of manufac- 
turing engineering on the Continent, and particu- 
larly in Switzerland. Charles Brown was born on 
July 30, 1827, at Uxbridge, near London. A few 
years later his family moved to Woolwich, which at 
that time, as now, was the principal arsenal of the 
country. With regard to his youth, Charles Brown 
has himself written as follows :— 

‘*T was brought up at one of the well-known 
sectarian schools—almost the only ones which were 
then to be found in England. Tuition in these 
schools was, however, most scanty, seeing that the 


principal object of the teachers was to impress | 


upon the minds of the scholars the importance of 
their particular sect. This finally led me, in 1841, 
to leave the school in question, 
carrying with me the grossest 
ignorance of all elements which 
would have proved of import- 
ance for my future life, though 
well up in matters relating to 
the religion of the sect, and, 
as @ consequence, ever ready to 
apply the principles of the Bible 
to all the occurrences and situa- 
tions of life. 

‘* The ambition of my parents 
was to see me become an orna- 
ment to the sect to which they 
were completely devoted, but 
my desires and inclinations were 
turned towards an entirely dif- 
ferent direction. The large 
Government works which I daily 
had the opportunity of visiting 
impressed me to such an extent 
that they created in me a longing 
for science, and science applied 
to the mechanical arts, It was 
the time when railways were 
being developed throughout the 
world ; when the discoveries of 
Faraday in electricity, the deve- 
lopments in galvano-plastics, in 
photography, telegraphy, and 
other important branches were 
engrossing all minds ; a period 
of immense activity, rich in the 
number of subjects dealt with. 
Against the desire of my parents, 
therefore, I decided to devote 
myself to engineering pursuits, 
which had for me far greater 
attraction than the efforts of the 
sectarians.” 

Charles Brown had a bright 
and cheerful disposition, and 
early gave proofs of a large share 
of common-sense and capability. 
He had an instinctive liking for 
books and publications; a pre- 
deliction which he maintained 
to the last days of his life. Not- 
withstanding the little encou- 
ragement he received from his 
family, he managed to make the 
acquaintance of Mr. John An- 
derson, general engineer manager 
of the Woolwich Arsenal, and 
later on that of Professors Barlow and Davis, 
of the French Professor, and of Mr. James 
March, chief chemist in the Arsenal Laboratory. 
On the advice and with the help of these gen- 
tlemen, the youth took the opportunity that was 
offered him of learning the principles of science 
in theory and practice, and this led him to decide 
upon spending a few years in the shops of some 
engineering works. But a great difficulty arose in 


carrying out this plan, seeing that in these early | 


days it was necessary to sign a seven years’ agree- 
ment, and during the working hours it was not pos- 
sible to leave the shops in order to attend any tech- 
nical courses. With a view, therefore, to increase 
his practical knowledge of mechanics, the youth 
put down a small plant of his own, with lathe and 
boring-machine, and started manufacturing models, 
small engines, and apparatus for physical tests, and 
solved many a small proble m for his patrons above- 


named. Notwithstanding the difficulties which at 
that period stood in the 


way of ambitious youths, 





Charles Brown succeeded by his own exertions, 
his indefatigable activity, and absolute will-power, 
in perfecting himself so as to be able in his nine- 
teenth 
Through the influence of Faraday, he was then 
taken on in the works of Messrs. Maudslay, Sons, 
and Field, where he worked with Mitchell—who later 
on was a partner in the firm of Armstrong, Mitchell, 
and Co., of Newcastle—and with C. Walker, both 
of whom also made names in the engineering world. 
Charles Brown remained with Messrs. Maudslay 
until 1851, first under Lambert; later on he was 
allowed to work under the late Charles Sells, the 
capable engine-builder, who had the direction of 
the works. He has often stated that he owed 
a great deal to the latter; he frequently added 
also that Sells was the most conscientious, the 
hardest-working, and the most clear-headed man 
he ever met in the whole course of his life. 

At Maudslay’s Charles Brown laid the foundation 
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for his future achievements ; and after a very 
short time his abilities were so highly thought 
of that in 1851 he was asked by Messrs. Sulzer 
Brothers, of Winterthur, to enter their service. 
This firm then owned but a small works, con- 
sisting mainly of a foundry, a boiler-shop, and 
a small repairing-shop, the latter equipped with a 
couple of lathes, boring-machines, &c., giving 
occupation to about seventy men. The task 
placed before the young Englishman was the re- 
| construction of the works and the starting of manu- 
| facturing operations on modern lines; a ‘task 
| which, when he first contemplated it on the actual 
| spot, appeared in its magnitude almost impossible 
to achieve, and he longed to be back again in the 
London fog. He was not long, however, in master- 


ing his first feelings of despondency ; his principals | 
placed the necessary financial means at his disposal | 
|for putting down plant and developing the new 


works ; and, after twenty years of activity, Brown 


had raised the number of men employed to 1700. 





sar—in 1846—to commence his active life. | 


(We may mention here in passing that they number 
| 5000 at the present day.) The small factory, in his 
able hands, was soon modernised and improved, 
the machine-tools were replaced by new ones, and 
the Sulzer Works were in a very short time reputed 
to be among the best equipped in Europe. While at 
these works Charles Brown designed and introduced 
| the well-known Sulzer valve-gear, which has been 
most extensively copied, its merits being universally 
recognised, while it has also given rise to very 
numerous other gears allied to it in principle. En- 
gines of the Sulzer type have long enjoyed a reputa- 
tion for exceptional steam economy, and, as years 
have gone by, have more and more established a pre- 
dominating position on the Continent. At the Paris 
Exhibitions of 1867, 1889, and 1900, the engines 
with this gear obtained the highest awards. It may 
be noted that the valves, being of the drop type, are 
peculiarly adapted for use with superheated steam. 
In 1871 Charles Brown severed his connection 
with the Sulzer Works, and laid 
the foundation of the Swiss 
Locomotive Works, of Winter- 
thur. Here he developed a modi- 
fication of his previeus valve- 
gear, which is identified with 
his name. The Brown valve- 
gear was noticeable on account 
of the fact that no steam eccen- 
tric was used, the valves, which 
were of the drop type, being 
actuated by a simple radial link 
motion worked from the centre 
of the connecting-rod. The ex- 
haust-valves were worked by an 
eccentric through a _ rocking- 
lever, and both sets of valves 
were closed by springs and pro- 
vided with steam buffers to pre- 
vent shock. One of these engines 
was a prominent feature of the 
Paris Exhibition of 1878, and 
was designed so that the weight 
rested on three points only—the 
cylinder foot and the two pedestal 
bases—thus preventing the dis- 
tortion possible in other types if 
placed on bad foundations. The 
success which Brown met in loco- 
motive construction, especially 
in regard to locomotives for 
mountain traffic, was so rapid 
that his engines won the highest 
awards at the Paris Exhibi- 
tion’ of 1878. In the same 
way as he brought the stationary 
engine to the highest possible 
degree of efficiency and beauty, 
so in locomotive construction he 
obtained such admirable results 
that, notwithstanding the com- 
paratively unsatisfactory situa- 
tion of Switzerland as an indus- 
trial country, his types found 
application throughout the whole 
world. Among the engines which 
bear witness to the fertility of 
his mind may be mentioned a 
twin locomotive he constructed 
in 1878, for the Villa Real and 
Villa Regoa Tramway in Por- 
tugal, of 35.4-in. gauge. This 
really consisted of two small 
six - coupled tank-engines, sepa- 
rated by a long platform, slung by extensions of its 


sides from the top of the boilers of the locomotives. 


The platform was 26 ft. 7 in. long, and designed to 
carry a load of 15 tons up gradients of 1 in 124, and 
round curves of 82 ft. radius. His tramway loco- 
motives also showed his ability to cope with mecha- 
nical difficulties. For want of space the cylinders 
were placed above the coupled wheels on each side, 
and each connecting-rod worked a vertical rucking- 
beam, from the lower end of which a second con- 
necting-rod drove a crank-pin in the driving-wheel. 
In spite of prophecies as to trouble with the ful- 
crum of the main lever, these engines worked 


|smoothly and well, and were made in considerable 


numbers. 

In the early ‘eighties Charles Brown, whose 
tastes were always those of the pioneer, had become 
tired of locomotive construction ; he longed for a 


‘different class of work, and selected electricity ; 
and in the same way as he had introduced on the 
Continent the manufacture of high-class engines 
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and locomotives, he also had a prominent part in 
creating the Swiss electrical industry. As early as 
1884 he founded the electric department of the 
Oerlikon Works, and thanks to his knowledge 
and experience, his electric machines also con- 
stituted a new departure in construction. A 
great impetus was given to this new branch of 
industry, largely owing to the designs and im- 
provements made and carried out by his son, Mr. 
C. E. L. Brown, who succeeded his father in the 
Oerlikon Works in 1885. An admirable proof 
of the fact that the son had inherited the ability 
of his father was afforded by the large Lauffen- 
Frankfort power-transmission scheme which the 
former carried out in connection with the Frank- 
fort Exhibition. We may note incidentally that 
the now well-known iris diaphragm, commonly 
used in photographic lenses, is due to a brother of 
Mr. Charles Brown — viz, the late Mr. John 
Brown, of Brighton—so that inventive talent runs 
in the family. In 1891 Mr. C, E. L. Brown and his 
brother, Sydney Brown, founded the now famous 
works of eae Boveri, and Co.; and were later 


on induced by their father to add to their electrical | 


manufactures that of the Parsons steam-turbine. 


With regard to this, we may mention that, at the} 


Paris Exhibition of 1889, Charles Brown, Sen., took 
the opportunity of the exhibit made of a turbo- 
generator to express to a small group of engineers 
who surrounded him the opinion that the turbine 
would supersede the piston engine ; and he pro- 
phesied that in the twentieth century rotary 
mechanisms would rule to the same extent as the 
reciprocating motions ruled in the nineteenth. On 
other occasions, he frequently took the opportunity 
of laying great stress on the immense importance of 
Parsons’s discovery, and made many attempts to 
induce Continental manufacturers to take up the 
manufacture of the turbine ; but was unsuccessful 
_until, as above stated, his sons yielded to his 
persuasions. 

In the autumn of 1894, on the occasion of a 
visit he paid to the new electricity works at 
Frankfort, put down by Mr. W. H. Lindley, he 
was struck by the enormous floor area reserved for 
future extensions, this large space being rendered 
necessary by the adoption of slow-speed recipro- 
cating units. He exclaimed, ‘‘ Why, Mr. Lindley, 
you had better see Parsons; he will be able to 
place 30,000 horse-power where you have put down 
3000.” This remark of Brown’s was not unheeded ; 
for Mr. Lindley, whose determination and energy 
are well known, introduced the steam-turbine a 
few years later on the Continent—at Elberfeld—a 
venture which the engineers to other large works 
had been afraid to undertake. 

When new ideas were brought forward, show- 
ing advantages over established practice, Charles 
Brown would ‘‘scrap” the old without mercy, 
even although some of his own best work were 
involved in the sacrifice. He had much artistic 
feeling, and aimed at giving a graceful design 
to his productions, whilst maintaining intact all 
their efticiency for the purposes for which they were 
designed. When he had solved a mechanical or 
manufacturing problem, however, he lost interest 
in it, though at any moment ready to destroy his 
own solution if a better offered or occurred to him. 
He had little instinct for business, his enjoyment 
being found in the exercise of his exceptional 
talent for invention, rather than in securing great 
— advantages from the products of his 
rain. He had an extraordinarily wide and accurate 
knowledge of all departments of technology, and 
was in constant correspondence with the leading 
engineers in Europe and America, who were glad to 
consult him in all mechanical difficulties. Up tothe 
very day before his death he was actively engaged 
in his favourite pursuit. 

In his fifty-eighth year Charles Brown was 
offered the general direction of the Armstrong 
works at Pozzuoli, near Na»les, then in course 
of organisation ; he could, however, settle down 
in this sphere of action, and find in it scope for 
his activity, for but a short number of years; 
and he soon afterwards returned to Basle, where 
he continued his practice as consulting engi- 
neer. His sketch-books, which have been pre- 
served, afford ample proof of his activity and 
originality in all branches of technology. In 
addition to his great creative faculties, Charles 
Brown also possessed to an extraordinary degree 
the talent of communicating his knowledge to third 
parties. Numerous are the engineers scattered 


through every land who have been fortunate enough 





to gain knowledge from him. He was able to dis- 
cover the capabilities of each, from the locksmith 
to the responsible engine-builder, and to develop 
these capabilities. In the same way as when he 
first went to Switzerland, many years ago, he quickly 
taught agricultural labourers to fashion iron and 
steel, so did he perfectly understand how to proceed 
in educating the rising generation of engineering 
pupils ; and to him, in a very large measure, little 
Switzerland is indebted that her engineering works 
to-day enjoy such a high international reputation. 

His instinct for grace of form, combined with 
his great practical knowledge, forms the main 
basis on which are built his successes. In all his 
designs, his principal maxim which he followed 
| Was this :—‘‘ The great science of construction is 
| to leave out pieces.” A few years ago an eminent 
| American engineer, after having taken a journey 
| throughout Europe, stated that Brown’s designs 
| were like coloured threads laid on the Continent 
of Europe, pointing back to Switzerland, their place 
of origin, from which they radiated. 

In order to show the high regard in which 
Charles Brown was held by those who knew him 
best, we may be allowed to give here the words 
spoken on the day the cremation took place— 
October 9-—by Mr. Sulzer-Steiner, Sen. :—‘‘Charles 
Brown was an eminent, highly-talented con- 
structor, who not only by his talent, but also by 
his excellent character and his pleasing manners, 
won all sympathies. He became in a short time a 
creative personality in the technical world ; he is 
no less than the founder of mechanical industry in 
Switzerland, and his influence was felt over our 
borders, in Germany and Italy. With his great 
talents were coupled a most complete assiduity, 
and it was granted him to continue his work up 
to his very last days without interruption: death 
found him at his work-table.” 











WILLIAMSBURG BRIDGE, NEW YORK. 
By Frank W. Sxrxyer, M. Am. Soc. C.E. 
(Concluded from page 789.) 

Design of Approaches.—The approaches to the 
trussed spans are about 2500 ft., and 1744 ft. long, 
with about 13,000 and 6000 tons of steel on the 
Manhattan and Brooklyn sides of the river re- 
spectively. Each approach is a gentle incline, 
rising from grade at the terminus to the tops of 
the anchorage piers, and comprises two sections : 
a solid fill between masonry retaining-walls at the 
land end, and a steel plate-girder viaduct at the 
anchorage, or river end. The design on the Brook- 
lyn side is substantially like that on the Manhattan 
side, which is here described. The embankment 
approach on the Manhattan side is about 400 ft. 
long and about 120 ft. wide over all, with a grade 
of 3 per cent., and a height rising to 20 ft. above 
the surface at the viaduct end. There are four 
parallel longitudinal walls, 11 ft. and 57 ft. from 
the axis of the bridge. The centre walls are of 
brick, with concrete footings and granite copings, 
and have stone piers on pile foundations built into 
them, about 40 ft. apart, to carry the columns for 
the elevated -railroad spans. At the end of the 
approach the space between these walls is un- 
occupied, but for most of their length the footwalk 
is located there at grade, and connects at the viaduct 
‘end with the viaduct platform by stairways. The 
| outer walls are of ashlar granite masonry, and the 
spaces between them and the inner walls are back- 
‘filled and paved for the roadway and trolley-tracks. 

The transverse intersecting streets are spanned 
by plate-girder bridges, with plate-girder stringers 
and floor-beams, and main girders from 58 ft. long 
|and 6 ft. deep to 93 ft. long and 9$ ft. deep, with 

pavements carried on solid buckle-plate or riveted 
transverse trough floors. These girders are shown 
‘in course of erection in Fig. 150, page 856. The 
bicycle paths are carried over the footwalks, be- 
tween the elevated - railroad columns from the 
| bridge entrances to the viaducts, where they and 
| the footwalks are brought overhead to the level 
of the elevated-railroad tracks, on both sides of 
them. The space below the elevated - railroad 
tracks is vacant. The arrangement is shown in 
Fig. 5 on our two-page plate of October 27. The 
large well areas in the anchorage piers are covered 
| with solid paved concrete decks, supported by red 
| brick arches on plate-girders, about 5 ft. apart. Over 
the embankment the elevated-railroad structure is 
virtually a separate viaduct, with the two tracks 
carried on wooden cross-ties on four lines of girders 














22 ft. a transversely, without longitudinal brac- 
ing. The girders have lateral and sway bracing, 
and at every third panel have one expansion end, 
seated on cast saddles in web-pockets on the 69-in. 
transverse plate-girders, which are web-connected 
to the column tops. 

The Manhattan viaduct has four longitudinal 
rows of vertical columns, 11 ft. and 43} ft. from the 
axis of the bridge on both sides. The transverse 
rows of four columns divide the viaduct into 
thirty-two 624-ft. panels, of which the alternate 
ones, except at the low end, are braced with hori- 
zontal struts and diagonals in longitudinal planes 
to form towers. All columns have rectangular 
cross-sections, made with two 24-in. web-plates 
and four 3}-in. by 3$-in. flange-angles, latticed, 
and have extended caps or solid-web knee-braces, 
on which the longitudinal and transverse girders 
are seated. The longitudinal girders, 6} ft. deep, 
are seated on the column caps, with slotted-hole 
bolted connections for expansion at every second 
bearing, and riveted connections at the fixed ends. 
They are connected by a lateral and sway-bracing of 
riveted angles, and carry plate-girder floor-beams 
about 21 ft. apart, which rest on the top flanges and 
cantilever 134 ft. beyond the outer girders. They 
have 54-in. webs and 6-in. by 6-in. flange-angles, 
and support web-connected plate-girder stringers 
with solid buckle-plate floor and concrete pavement. 
The fixed ends of the stringers are riveted, and the 
expansion ends slide on bracket seats. (See Figs. 
184 and 185, page 857.) 

In the tower bracing the horizontal struts are 
made of pairs of rolled or built channels, latticed, 
and the diagonal members have [-shaped cross- 
sections made with two pairs of angles, back to 
back, latticed. The lowest horizontal struts are 
14 ft. above grade, so as to give clearance for longi- 
tudinal and transverse passage through the towers. 
All strut connections are field- riveted between 
jaw-plates, which are shop-riveted to the columns. 
The outer edges of the upper and lower decks 
are protected by latticed steel hand-rails, with 
heavy riveted posts, and the copings of the em- 
bankment approach - walls are surmounted by 
bronze hand-rails. The expansion joints in the 
side-walk platforms at the anchorages are made 
with dovetailed horizontal cast-steel aprons, like 
combs with inte:meshing bars, 18 in. long, }} in. 
wide, and }§ in. apart in the clear. 

Eveclion ef the Approach - Viaducts.—The steel 
work was delivered by lighters, and unloaded by 
two 15-ton boom-derricks, which stored on the 
dock about 800 tons of materials in piles about 
16 ft. high, and loaded it on distribution-cars 
drawn by a locomotive on a standard gauge service 
track alongside the viaduct, in the 192-ft. wide 
right-of-way. The cars were unloaded either by 
the large overhead traveller on the viaduct which 
hoisted the members, or by a boom-derrick on a 
special car next the locomotive, and operated by 
the locomotive moving back and forth with the fall 
line of the hoisting tackle. In some cases, when 
the materials were received faster than they could 
be stored on the dock or erected, the 17-ton longi- 
tudinal girders were unloaded from the cars on the 
service track by one of the main traveller booms, 
passed by it to the other boom, and loaded by it on 
10-horse trucks on the opposite side of the right 
of way, where they were hauled to the required 
places, and skidded to the ground. 

The columns and lower deck of the viaduct were 
erected by an overhead traveller with trussed 
booms. It ran on the erected girders, and, from 
the last panel of them, its booms reached forward 
and erected the columns and girders of the next 
panel in advance, on to which it moved when 
assembled, and so on. This traveller was built of 
steel, weighed about 70 tons, and had a horizontal 
framework of longitudinal and transverse girders 
and diagonal struts supporting a floor platform 
60 ft. long by 87 ft. wide, mounted on 12 double- 
flange 13-in. wheels, running on the lines of the 
four longitudinal girders. At the forward end of 
the platform there was a transverse bent, with two 
vertical braced masts, 30 ft. high and 54} ft. apart. 
To each mast was pivoted a triangular riveted truss, 
75 ft. long and 30 ft. deep, with inclined stiff top 
and bottom chords. 

The lower chord of each had a rectangular cross- 
section, made with a pair of 15-in. channels, lat- 
ticed, and supporting on their lower flanges the 
wheels of a toolbia. from which the 20-ton hoisting 
tackle was suspended, as shown in Fig. 150, page 





57 in. deep, supported on pairs of vertical columns ' 


850. The trolley was pulled outwards by a tra- 
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versing line from the hoisting-engine, and the 
boom was inclined sufficiently to cause the trolley 
to return towards the mast by gravity. Each 
boom was commanded by a separate hoisting- 
engine, operating four lines: one for the travers- 
ing, one for the four-part hoisting tackle, and one 
for each of the swinging tackles attached to it 
near the point, and to the centre and sides of 
the horizontal platform. Two wide horizontal 
angles were riveted to the centre line of each 
boom truss from end to end, and had shackle-holes 
about 1 ft. apart to receive snatch-blocks for hoist- 
ing light loads. The heel of the boom-truss was 
seated on two phosphor-bronze discs, 12 in. in dia- 
meter and 1 in. thick. 

When the traveller wasin service it was anchored 
to the longitudinal girders of the viaduct by four 
pairs of hook-clamps engaging their top flanges, 
and operated by screw adjustments. Each truss- 
boom revolved 180 deg. on a vertical axis, and the 
two together commanded the whole right-of-way 
and service track on the surface and the whole 
lower story of the viaduct. The booms first set the 
four columns of the advance bent of the viaduct, 
left them in stable equilibrium on their broad 
bases, and seated the 15-ton longitudinal girders 
on them, assembled the transverse struts, and, when 
the connections were service bolted, moved forward 
on this panel and erected the next, and so on. 

The traveller was operated by eleven men, in- 
cluding two signallers, and was moved forward by 
one of its hoisting-engines winding up on an 
anchored line, preventer tackles being attached in 
the rear to ensure against its running off the end of 
the track, on account of the 3 per cent. down grade. 
This traveller, supplemented by the auxiliary 
wooden traveller, was designed to have a capacity 
of 3000 tons per month, but delays in the receipt 
of materials prevented this amount of viaduct steel 
from being actually assembled in one month, 
although that rate was maintained for shorter 
intervals. Pairs of flat hooks of different sizes, 
some of them 2 in. by 8 in., where shackled to the 
hoisting tackle and used to lift the columns ; some 
of them were grooved to clear the rivet-heads under 
the column caps, and others were split to make 
forks engaging the transverse vertical webs of the 
stiffener angles. 


The main traveller was followed by a 22-ft. by| 


25-ft. wooden tower traveller, 40 ft. high, braced 
on all sides with two panels of diagonal pin- 
connected rods, and carrying, on the rear side, 
two stiff-leg derricks with 42-ft. masts and 54-ft. 
10-ton booms, operated by a hoisting-engine on the 
lower platform of the tower. The traveller was 
mounted on four 12-in. double - flange wheels 
running on the rails of the 22-ft. gauge track of 
the steel traveller, and anchored, when in use, by 
a pair of clamps engaging the top flanges of the 
viaduct girders. It set the 10-ton 46-ft. transverse 
girders and all the members of the second story 
of the viaduct. 

Between the two travellers were two cars carry- 
ing the power plant, consisting of a gasoline-engine 
and air-compressor, an air-receiver, a gasoline tank, 
and two water-tanks. This plant sufficed for the 
operation of six pneumatic riveting-hammers and 
occasional drills, reamers, and chippers. 

The tower traveller was first assembled on the 
surface of the ground, next to the anchorage 
pier, and erected the first panel of the main 
viaduct columns and girders, which served as a 
platform, on which it erected the steel traveller at 
the required level. After the steel traveller had 
advanced to the second panel of the viaduct, it dis- 
membered the wooden tower traveller and re- 
erected it on the viaduct platform. After the com- 
pletion of the New York viaduct both travellers 
were taken to pieces, carried across the river, and 
re-erected, to build the Brooklyn viaduct. 

Design of Shore Spans.—Between the anchorage 
and main tower on each side of the river the super- 
structure consists of two spans, with a combined 
length of 5964 ft., which correspond almost exactly 
in dimensions and materials with the centre sus- 
pended main span, except that they are not sup- 
ported by suspenders at the panel points, but have 
end bearings (Figs. 152 to 161 on Plates XX. and 
XXT.). One span, 355 ft. 8% in. long, is sup- 
ported at one end with a pin-bearing and roller- 
shoe under each truss on the top of the anchorage 
pier, and by similar bearings on the top of an 
intermediate tower, the two | being 296 ft. 
4% in. apart, the trusses overhanging the latter 
by three panels, to form a cantilever arm, 59 ft. 








3? in. long, which has end lower chord-pins 
‘supporting the ends of the trusses in the adja- 
cent shore span. These pins engage vertical slots 
with half-hole bearings in the feet of the end 
posts, and the trusses are 240 ft. 93 in. long to 
similar bearings on the ends of the stiffening- 
trusses of the main span, which project one 
panel, or 23} ft. from their lower chord-pin bear- 
ings on the short rocker-posts in the centre lines 
of the main towers. Further details of the steel- 
work are shown in Figs. 171 to 183 on Plate XXII., 
and Figs. 184 and 185, page 857. 

The towers forming the fulcrums for the canti- 
lever trusses, and supporting the river ends of the 
long spans, are about 86 ft. high, exclusive of the 
pedestals and base castings, and are symmetrical 
about the bridge axis, each half consisting of a 
complete tower supporting one truss, and con- 
nected to the opposite tower only by transverse 
horizontal girders and an arched portal at the top. 
They are shown in Figs. 162 to 165, Plate XIX., 
Each tower has two battered posts in each of two 
vertical longitudinal planes, united by cross-bracing 
and horizontal struts, forming five panels in each 
face. The column caps support three transverse 
plate girders 81 in. deep, with 6-in. by 8-in. flange 
angles, reinforced webs 2? in. thick, and a 96-in. 
by 4-in. cover-plate uniting their top flanges and 
receiving, in the centre, a grillage of transverse 
12-in. channels 8 ft. long, on which the cast-steel 
fulcrum estals are seated. The girders are also 
connected by vertical transverse diaphragms. 

Each column has a 24-in. by 27-in. rectangular 
closed section ; the struts are made with pairs of 
channels, latticed, and the diagonals have I-shape 
cross-sections, made with pairs of angles back to 
back, latticed, all bein eld-riveted to pairs of 
jaw-plates shop-riveted to the columns. The 
towers are connected at the top by a pair of 71-in. 
plate girders, and portal arches in the planes of the 
columns. The columns are seated on cast-steel 
webbed pedestals, 5 ft. square, with their cap-plates 
inclined to correspond with the column batter, and 
allow the column feet to be planed square (Fig. 168, 
Plate XIX.). Each column is seated ona pyramidal 
masonry pier, 6 ft. 4 in. square under the coping 
and about 12 ft. high. The piers have foundations 
built in pits excavated 11 ft. below high water. In 
them piles were driven, capped with 12-in. timbers 
laid in concrete, and covered by two crossed 
courses of 12-in. by 12-in. timber, a 5-ft. bed of 
concrete, 38 ft. square, and three off-set courses of 
dimensioned masonry, on which the piers are 
seated, and back-filled nearly to their copings. 
Each column is anchored by a 2-in. up-set vertical 
bolt, 244 ft. long, which s through the pier 
and engages a reaction casting bedded in the con- 
crete footing. In order to make the foundation 
absolutely secure against settlement, each of its 169 
14-in. piles was driven to a refusal of 2 in. under 
a 15-ft. blow of a 4000-lb. hammer, after which it 
received five more blows. 

Erection of Shore Spans.—All of the shore spans 
were erected on framed timber falsework (Fig. 151, 
page 856), over 100 ft. high and about 90 ft. wide 
on the top, which was of massive construction, and 
notable for the excellence of its connections and the 
thorough bracing. All of it was built with new 
square timber of the best quality, and care was 
taken to use it in long lengths without unnecessary 
cutting or framing, so that after the bridge was 
erected it was sold for a good price as merchantable 
timber. All connections were bolted, and there 
was no notching or mortising allowed. Large 
travelling timber towers, equipped with long and 
strong derrick-booms, moved from end to end of 
the falsework, erecting the trusses and assembling 
all other members of the spans. 

Adjacent to the main towers on both sides of 
the river, the falsework was supported on piles, cut 
off and capped 10 ft. or 12 ft. above low water. 
All bents were about 20 ft. apart longitudinally, 
located at the panel points of the trusses. On the 
New York side there were nine pile bents, each 
having six piles on one side and seven piles on the 
other side of the dock, built out to the pier on the 
axis of the bridge, which directly supported five of 
the falsework posts. The tops of the piles were 
longitudinally cross-braced in every panel. The 
falsework was built in three stories, and each bent 
had eight vertical and four battered posts, and 
was symmetrical about the bridge axis. The bents 
were braced longitudinally and transversely, as 
indicated in the engravings, and were connected 
by ten lines of 12-in. by 14-in. stringers on the top, 


and by four lines of 12-in. by 12-in. longitudinal 
timbers bolted to each of the lower sills. The 
columns and sills were 12 in. by 12 in., and the 
other members were 8-in. by 10-in., 4-in. by 8-in., 
3-in. by 12-in., and 6-in. by 12-in. timbers. All 
splices were made with pairs of wooden side-plates 
secured with }-in. bolts and washers. All mem- 
bers were bolted at intersections. The first two 
bents of the falsework were erected by the derricks 
in the main tower, then two stiff-leg derricks 
were set on the top of the falsework, which 
derricks erected the succeeding bents until the 
main traveller was completed on the falsework, the 
erection of which it completed. The arrangement 
is shown in Fig. 169, page 857. 

The traveller was a 41-ft. by 62-ft. tower, about 
50 ft. high, carried on eight four-wheel trucks 
running on two 17}-ft. gauge tracks, 44 ft. apart 
on centres. It had a clearance about 27 ft. wide 
and 33 ft. high over the elevated-railroad struc- 
ture, which allowed it to pass over that and the 
material tracks running through it. It was pro- 
vided with two stiff-leg derricks with 34-ft. booms 
on the front upper corners, and two 44-ft. booms 
on the rear lower corners, and carried two hoisting- 
engines to operate its booms. The vertical posts 
were 10-in. by 10-in. and 12-in. by 12-in. timbers, 
braced by 4-in. by 8-in. diagonals. 

The traveller had clearance between the main 
trusses, and first assembled the bottom chords and 
the three sections of each long lower-deck floor- 
beam. The diagonal-web members were then 
assembled as described for the centre span, and 
the top-chord sections connected to them. Mean- 
time the elevated-railroad structure was assembled, 
and finally the overhead transverse trusses wero 
erected as the traveller moved away, and the 
lateral diagonals were connected up, the riveters 
following the erectors as fast as convenient. 

The Brooklyn Falsework and Traveller.—The Brook- 
lyn falsework, shown in Fig. 151, e 856, con- 
sisted of transverse trestle bents about 100 ft. high, 
80 ft. wide on the top, 90 ft. wide at the base, and 
20 ft. apart. They were made in four stories, and 
were plooed near the anchorage, on the ground 
and near the main pier, on pile bents capped about 
7 ft. above high-water level. Each bent virtual] 
consisted of two separate bents, one under sow | 
truss, connected together by continuous caps Le- 
tween stories, and by diagonal bracing. On each 
side of the centre line there were two vertical and 
two batter posts, and the centre of the upper cap 
was supported by another vertical post two stories 
high, with its foot supported by knee-braces from 
each side. 

This arrangement left clearance for the material 
track previously built on its centre line, for the 
service of the anchorage pier construction. This 
was a wooden trestle viaduct about 30 ft. wide and 
14 ft. high. The trestle bents were connected 
longitudinally by four lines of heavy multiple 
wooden stringers, and on each of the low caps, by 
a line of longitudinal timbers at each vertical post, 
and there was cross-bracing in every longitudinal 
panel between vertical posts. Where the falsework 
crossed Kent-avenue—an important thoroughfare 
with electric-car tracks—there was a double-trestle 
bent on each side of the street at the kerb, which 
bents supported a bridge spanning the full width 
of the street. The bridge was made with several 
queen-post trusses, having wooden compression 
members and steel tension members. 

The long transverse cap timbers of the trestle 
bents were made continuous by splicing together, 
with scarf joints and vertical bolts, but without fish- 
plates, two or more lengths of timber. None of 
the timber was mortised or framed, the tops and 
bottoms of the posts took bearing on the surfaces 
of the cap timbers, and were spliced across them 
by wooden scabs secured by j-in. bolts. The posts 
were 12 in. by 12 in., the upper and intermediate caps 
14 in. by 12 in. and 8 in. by 12 in., the stringers 
14 in. by 8 in., and the braces 4 in. by 10 in., and 
4-in. by 8-in. timbers. On land, each half of each 
transverse bent was seated on a separate 12-in. by 
16-in. sill, with a 4-ft. by 4-ft. timber grillage on 
the levelled surface of the ground under each post. 

Between the bulkhead line and the main pier 
each bent was seated on the 12-in. by 16-in. cap of 
a bent of 26 vertical piles, 80ft. or more in length, 
driven in water about 60 ft. deep. On account of 
the depth and velocity of the water, the soft 
bottom, and the great weight carried, unusual care 
was taken to brace this substructure work very 





thoroughly. At low-water level, about 12 ft. below 
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the pile tops, each bent was braced by a pair of 
horizontal 6-in. by 12-in. timbers, bolted across 
the piles, and the space between this brace and the 
top was cross-braced by four panels of 4-in. by 
10-in. timbers. 

The two middle piles, and two piles at each end 
of each bent, were cut 12 in. short, and received a 
longitudinal 12-in. by 12-in. brace under the trans- 
verse cap. A 90-ft. spur pile was driven at each 
end of each bent, on each side, four in all for each 
bent, and its head was accurately notched to a 
bearing against the lower face and one vertical side 
of one of these longitudinal timbers. The arrange 
ment is shown in Fig. 170, page 857. The two 
centre piles and the two oa piles in each bent 
were also connected with the corresponding piles 
in the adjacent bents by pairs of 6-in. by 12-in. 
longitudinal timbers, the panels above which were 
cross-braced by 4-in. by 10-in. timbers. All panels 
between longitudinal and transverse timbers in the 
horizontal plane of the pile-tops were braced by 
diagonal timbers. All horizontal members were 
12-in. by 12-in. timbers, butt-jointed at splices, 
and connected there with two 5-in. by 12-in. planks, 
and eight {-in. bolts. 

The land falsework was erected first, beginning 
at the river end, and was assembled by two stiff-leg 
boom derricks, moving on the top and each setting 
one-half of each successive bent in advance. At 
the street-crossing the stringers were projected 
one panel length beyond the last bent, and their 
outer ends supported on knee-braces, thus allowing 
the travellers t» move out on them and reach over 
and set the uext falsework bent on the opposite 
side of the street, and continue with the erection 
without stopping to place the trusses, which were 
erected afterwards at convenience, being assembled 
at ground level and hoisted bodily to position. The 
intermediate tower was erected from the falsework 
before the latter was completed to the anchorage. 
After the end span and the cantilever arm had been 


























Fie. 151. Brooktyn FALSEWORK AND STREET-CROSSING. 


assembled on the shore falsework, the bents were 
taken down and set up again on the pile bents for 
the other span. 

The erection of the spans corresponded to that 
of the New York spans, except that it was done 
with an entirely different type of traveller. It 
consisted of a 394-ft. by 44-ft. tower, 52 ft. high, 


mounted on six four-wheel trucks, of 3-ft. gauge, 
and having clearance between the trusses. It was 
made with three two-post transverse vertical bents 
with overhanging transverse caps, knee-braced at 
the ends, to carry pairs of longitudinal lifting-beams, 
from which tackles were suspended in the planes 
of the trusses, It was built of 14-in. by 14-in. and 
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10-in. by 14-in. timber, and single and double pin- 
connected, j-in. diagonal adjustable rods, with steel 
connection plates bolted to the timber. Over each 
corner-post there was a boom-derrick with a 14-in. 
by 14-in. mast and two 14-in. by 14-in. stiff legs in 
the tower faces, anchored at the top by vertical 
l-in. rods. The traveller was floored at the base 
and carried two hoisting-engines ; it set the floor- 
beams and stringers in advance and moved forward 
on two tracks laid on them. It may be seen in 
Fig. 151, opposite. 

_ The Builders of the Bridge.—The bridge was de- 
signed and constructed under the direction of Mr. 
L. L. Buck, M. Am. Soc. C.E., M. Inst. C.E., 
one of the most eminent and able bridge engineers 
in America. He had previously accomplished some 
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of the most difficult feats of bridge engineering 
which had at that time been executed on the 
Western Continent. Early in his career he erected 
one of the first iron viaducts ever built in South 
America, across a very deep and almost inaccessible 
gorge in the Andes, with no improved plant and 
with few skilled workmen, developing for the 
purpose a novel and daring scheme of suspension 
cables, travelling falsework spans, and cableway 
trolley-hoists. 

He successively rebuilt the different parts of 
the famous railroad suspension bridge across the 
Niagara River, with a span of 840 ft. and a height 
of 240 ft. First he built new anchorages, trans- 
ferred their share of the total load to them, and 
reinforced the corroded wire cables. Several years 
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afterwards he replaced the old wooden stiffening- 
trusses with the first steel chord trusses ever built, 
and put in new floors; later he repaired the 
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masonry towers by replacing many large face-|slipped from an icy platform, and fell about 


stones under pressure, and finally he removed the 
masonry towers and substituted steel ones, trans- 
ferring the cables from one to the other rapidly and 
safely, accomplishing all these unprecedented feats 
without closing the bridge to traffic, and without 
the loss of a single life, although very few of 
the many workmen employed were skilled bridge- 
erectors. 

Some years later he removed this bridge, and 
built in exactly the same alignment the 550-ft. 
steel spandrel braced railroad and highway span 
which was erected by the cantilever method around 
the suspension bridge. The traffic was diverted, 
and the old structure removed without ea tame 
the service. Just below Niagara Falls the highway 
is carried across the gorge by a bridge which origin- 
ally consisted of a 1200-ft. suspension span, which 
he replaced by an arch of 840 ft. span—the longest 
in the world--which was safely and rapidly con- 
structed during severe winter weather, when the 
structure was constantly exposed to high winds and 
to the heavy spray from the cataract, which often 
covered it with a solid coating of ice, inches thick. 
Besides these notable bridges he executed other 
important works, and gained an experience well 
qualifying him to undertake the Williamsburg 
Bridge. 

Mr, O. F. Nichols, M. Am. Soc. C.E., M. Inst. 
C.E., chief of staff, had also had many years’ 
experience in steel bridge construction, including 
the chief engineership of a bridge-shop, the con- 
struction of one of the largest bridges across the 
Ohio River, and the chief engineership and superin- 
tendency of the design, construction, and operation 
of an important and extensive elevated-railroad 
system in Brooklyn. He designed some of the more 
recent elevated-railroad structures in New York, 
and directed very difficult and critical work in the 
reinforcement of a large bridge across the St. 
Lawrence, which was thus saved after disaster had 
occurred to a portion of it. 

The able execution of this and other important 
and responsible work qualified him for the onerous 
and exacting duties demanded by his position, and 
for those of chief engineer of the department of 
bridges of Greater New York, which he now occu- 
pies, and which includes the responsibility for the 
finished Williamsburg and Brooklyn bridges, and 
the construction of the great Blackwell’s Island and 
Manhattan cantilever and suspension spans men- 
tioned in the beginning of this description. 

There were about fourteen assistant engineers 
employed on tho design, inspection, and construc- 
tion of the Williamsburg Bridge, besides those in 
the service of the contractors. Some of them were 
experienced bridge engineers, and others were more 
recent graduates from Re gee asec selected 
by competitive examination, and because of special 
abilities. 

The work was classified, and separated into a 
number of different independent contracts calcu- 
lated to promote rapidity and efficiency of construc- 
tion and economy of cost, several contracts being 
under simultaneous construction. The contracts 
fur each main pier, each anchorage pier, and the 
masonry for the approaches were awarded to sepa- 
rate bidders, the contracts for the manufacture and 
erection of the shore spans, towers, approach-via- 
ducts, suspended span and cables were separate ; 
but in some cases more than one contract was 
awarded to the same bidder. 

The average force employed was about 400 
men, and the maximum about 800 men, when 
operations were in full swing on the towers and 
anchorages. When the main spans and viaducts 
were being erected, the total number of men was 
reduced. 

About twenty lives were lost on the bridge 
during its construction, most of them from falls. 
As many as 250 men were employed on the cum- 
amano work at once, but it is notable that no 
ives were lost on account of the very heavy pres- 
sure encountered—an unprecedented record for 
such large and deep caissons. 

There were a number of very narrow escapes, 
one of them happening to a workman on the false- 
work suspension bridge at the New York tower fire. 
He had barely crossed from one bridge to the 
other by a transverse platform when the bridge 
on which he had been working fell, and the one 


to which he retreated swayed so violently that 
he climbed from it to the main cable above, and 
managed to crawl on it to the Brooklyn tower. 
After the bridge was opened to traffic a riveter 





150 ft. into the river, turning completely over 
several times in his fall. He rose to the surface of 
the water, and was rescued comparatively un- 
injured, except for the shock, which subsequently 
caused pneumonia. Still more miraculous was the 
escape of a riveter’s apprentice boy, carrying tools 
on the approach viaduct. He slipped on a grease 
spot, and fell from a narrow girder over 100 ft. high, 
turned several somersaults, and landed on a sand 

ile. Before help arrived he rose, and ‘‘tried to see 
if he was dead,” as he said he feared. The only 
injuries he sustained were a broken arm and 
unimportant bruises. 

Special Data.—It is interesting to note that the 
combined strength of the four main cables is sufti- 
cient to lift thirty armoured steel cruisers like the 
Olympia, or sixteen battleships like the Oregon, or 
to carry 2000 loaded freight-cars on its suspended 
span. One of the 254,000,000-lb. anchorage piers 
weighs twice as much as the 32-storey Park Row 
Building, New York—the tallest in the world—and 
contains in its reaction platform and anchor chains 
half as much steel as there is in the American 
Surety Office Building, 85 ft. square and 21 stories 
high. One of the 30U0-ton towers weighs twice as 
much as the 840-ft. Niagara arch bridge—the 
longest arch span in the world. One tower and its 
piers together weigh about 82,000,000 lb.—nearly 
six times as much as the entire steel framework 
and foundation girders of the Park Row Building. 
The total weight of one anchorage pier is about 
254,000,000 lb., that of one caisson is about 1965 
tons. The suspended trusses of the centre span 
would, if deprived of their cable supports, and used 
like ordinary spans, supported at the ends only, be 
capable of carrying their live loads safely for a 
span of about 300 ft. They could carry their own 
dead load only for a span of about half their 
ae length. The saddles have a calculated 
ongitudinal movement of about 5 in. on their 
roller beds. The centre of the suspended span 
rises and falls about 4} in. under extreme tem- 
perature variations. All of the steel-work, except 
the cables, was manufactured in. two bridge shops 
by the standard plant installed for their regular 
bridgework, which work was carried on at the same 
time in the shops. The steel-work was entirely com- 
pleted at the shops, and was assembled at the site 
without having onde previously assembled at the 
shops ; the members were finished and inspected 
there, but were not erected until delivered at the 
site. All clearances were accurate, and substan- 
tially no fitting, cutting, or alteration of members 
was required at the site. 








THE BIRMINGHAM UNIVERSITY. 
By C. Aurrep Sairn, B.Sc., A.M.I. Mech. E. 
(Concluded from page 613.) 
THe MIniInG DEPARTMENT. 


THE organisation of this department dates from 
the appointment of Professor R. A. 8S. Redmayne, 
M.Sc., in 1902. He has thrown himself into the 
work in a manner most energetic ; and although he 
came a stranger to the Midlands, has gained so 
much esteem among the local mining engineers, 
that in 1904 he was elected president of the South 
Staffordshire and East Worcestershire Institute of 
Mining Engineers. In a recent paper read before 
the Institution of Mining Engineers, he described 
the scheme of instruction and the nature of the 
equipment, from which we gather many of the 
following details. Already the mining school has 
attracted students from India, South Africa, and 
other parts of the Empire. 

On his return from his tour in South Africa, 
Mr. Joseph Chamberlain presented to the Mining 
Department some very valuable specimens of gold 
ores, and plans prepared by some of the most 
famous consulting engineers on the Rand. 


Tue ExperimentaL Coat-MIne. 


This is situated in the south-east portion of the 
ground devoted to the new Universify buildings, 
and takes up an area of nearly an acre. It is 
now completed. That such a mine would be 
of great use for experimental research work, and 
for practical instruction to students, was in the 
mind of Professor Redmayne before he occupied 
the chair of mining at Birmingham; and he 
immediately brought the subject forward on his 
accession to the chair, with the result that his 
scheme is now an accomplished fact. The average 





radient of the ground in which the workings are 
faid out is about 9 deg. ‘‘Cut-and-cover” tunnelling 
has been used in the construction of the mine, the 
material excavated being mostly soft gravel. The 
material taken from another part of the site—from 
foundations and levelling--has been dumped on the 
mine, and the floor is about 10 ft. below the sur- 
face. The walls and flat roof are made of con- 
crete. 

Ample arrangements are being made for measur- 
ing air volumes and velocities. The mine is used 
for instruction and underground surveying, and the 
connection of surface with underground surveys ; 
then there are arrangements for testing the under- 
ground ventilation, friction of air-currents, and 
experiments illustrating the action of ventilating- 
fans. The fan exhaust-chamber is so arranged 
that more than one fan can be run at one time, and 
trials can be made of one type of fan against 
another in exactly similar conditions of mining. 
Thus very useful and original research is possible. 
The present fan is electrically driven, as will be 
the case with the future ones. 

The two chief methods of working coal—namely, 
the ‘‘ long-wall” and the ‘‘bord and pillar” 
methods—are exemplified in the mine. 

The whole of the site was surveyed and levelled, 
and the workings pegged out by the students, 
before the work of excavation was begun. 

At the end of last year the Indian Government 
instituted four mining scholarships of 150l. a year, 
in addition to travelling expenses and the college 
fees at the University. These scholarships were 
to enable students to receive technical instruc- 
tion in Europe or America, so far as it is appli- 
cable to mining. The first four recipients of these 
scholarships have been sent to Birmingham Univer- 
sity to be trained as mine managers, and five more 
arrived during the present season. Some other 
Indian students have come on their own account, 
and there are also students from Scotland, Lan- 
cashire, Northumberland, Cumberland, France, and 
South Africa, as well, of course, as from the Mid- 
lands and South of England. 

Scheme of Instruction.—Mining is a very ex- 
tensive and diversified subject, so the courses of 
instruction and study to be pursued at the Uni- 
versity have been so arranged as to meet the 
requirements of those who intend to become (1) 
practising and consulting mining engineers; (2) 
colliery managers ; (3) managers of metal mines ; 
(4) teachers of mining ; (5) mine surveyors; (6) 
land and estate agents ; and finally (7) landowners 
and owners of collieries, and those generally in- 
terested in mines and quarries. 

In the work undertaken by the University it will 
be observed that the field covered by County Council 
mining lecturers is in no wise trespassed upon, and 
no evening classes are held. Admirable work is 
being accomplished in the Midlands by the able 
lecturers in mining appointed by the County 
Councils ; the classes are large, and the students, 
in the majority of cases, enthusiastic. Some of the 
more advanced of the latter naturally proceed to 
the University, and constitute a very desirable class 
of students. 

The full three years’ curriculum has_ been 
arranged on the principle of giving a thorough 
grounding in pure science during the first two 
years (with instruction in the theory and practice 
of mining), and devoting the third, and last, year 
entirely to the application of the scientific know- 
ledge so acquired to engineering—mining, me- 
chanical, civil, electrical, and metallurgical; all 
specialising and research work being relegated to a 
post-graduate or fourth year. 

Mining Course.—The complete mining course 
includes :— 

First Year. (a) Mathematics, under which are 
comprehended algebra, trigonometry, and geo- 
metry. (6) Physics, lecture and laboratory, in- 
cluding mechanics, sound, light, heat, magnetism, 
and electricity. (c) Geology, physical, historical, 
and local, with field-work. (d) Mining and mining 
engineering, lecture, class, and out-door work 
(Course 1.). 

Second Year. (a) Chemistry, lecture and labora- 
tory, comprising the general principles of chemical 
science, the systematic study of the properties of 
the more important elements and their compounds, 
and an indication of some of the chief applications 
of chemistry in the arts and manufactures, with 
chemical analysis. Periodical visits are made to 
some of the great factories in or near Birmingham 
in which chemical and metallurgical industries are 
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carried on, these excursions being conducted by 


the professor. (b) Geology, petrological, struc-| g 


tural, stratigraphical and areal (field work), eco- 
nomic geology of Great Britain, mineralogy, and 
petrography. (c) Engineering drawing, machine 
drawing. (d) Mining, lecture, laboratory, and out- 
door work (Course 2). 

Third Year. (a) Engineering, lecture and labora- 
tory practice. A course in descriptive engineering : 
boilers, steam-engines, gas and oil-engines, tools for 
wood and iron, applied mechanics and graphics, 
electrical engineering. (b) Metallurgy and metal- 
lurgical laboratory. (c) Mining, lecture and labora- 
tory (Course 3). 

The detailed courses in mining are as follow :— 
The first year’s work is devoted to such subjects as 
prospecting and boring, sinking, underground 
development and systems of working, surface and 
underground transport of minerals, winding, drain- 
age, ventilation, sorting and screening of minerals, 
and surveying and planning. During the second 
year the details of colliery and mine management 
and mining jurisprudence are considered, in addi- 
tion to which there is an advanced course in 
surveying and planning. To the third year is 
allotted the study of the foreign coal and metal- 
mining conditions, and the dressing and prepara- 
tion of fuels and ores for the market. 

It will have been observed that there is no 
mining laboratory practice during the first year, 
but a considerable length of time is given to labora- 
tory work in the second and third years. Allusion 
is made to the nature of the laboratory work, 
when treating of the apparatus and general equip- 
ment of the department. 

Summer School of Practical Mining.—This school 
takes place in every long vacation, the object being 
to devote several weeks in each year entirely to the 
detailed study of the plant and methods of working 
of a particular class of important mines. On the 
termination of the summer school the students 
prepare a report on all the work done, which they 
submit to the professor for his inspection. The 


year before last was devoted to the study of! 


the mining of clay-band and hematite iron ores of 
the North of England, and the coal-mining methods 
of Cumberland, Northumberland, and Durham. 
Last year the students specialised in gold, man- 
ganese, lead and slate mining in North Wales, 
as well as carrying out a topographical survey, 
and railway traverse for some miles through 
mountainous country. 

Occasional Visits to Mines.—Besides the summer 
school, numerous visits to the collieries and other 
mines of the Midlands are made during the 
session. 

Practical Surveying.—Underground surveying, 
and the modes of connecting surface and under- 
ground surveys, will be carried out in the experi- 
mental mine, now nearly completed, which for this 
purpose alone will constitute a most valuable piece 
of apparatus. 

The Equipment.—The basement floor of Block C 
is assigned to mining. The entrance to the latter 
department is shown in Fig. 25, page 864, small re- 
search-rooms being on each side of the passage and 
the large laboratory at the end. In addition to this 
space, it may be.stated that the mining lecture- 
theatre and the professor’s private room will both 
be on the upper ground floor, on the north side of 
the corridor. The lecture-theatre is 34 ft. long and 
25 ft. wide. In the basement floor a passage, 8 ft. 
wide, passes lengthwise through the radial portion 
of the block, dividing it into equal lateral portions, 
and the various rooms open right and left from this 
passage, as shown in Fig. 26, page 804. 

1. The Musewm.—It is important that the 
museum should be as large as the exigencies of the 
building will permit, as it will be required to con- 
tain a large and varied collection of things germane 
to mining, including large models of several classes 
of mines ; parts of actual mining machinery, appli- 
ances and tools, safety and other lamps ;, minerals, 
ores, and ore-dressing products from different 
mines; coals and other mineral fuels from the 
Midlands and various parts of the world ; surveying 
instruments of all sorts, working drawings, photo- 
graphs, and many other things useful in teaching 
mining. 

The reason for placing the museum at this end of 
the block is that the students will then have, on 
their way to the laboratories, draughting and other 
class-rooms to pass through it ; the object aimed at 
being the making of them familiar with the con- 
tents whilst waiting or loitering on their way, so 








that object-lessons may be daily presented to their 


aze, 

2. Draughting-Room, for the plotting of mining 
and other surveys and levellings, and instruction in 
mining drawing generally. The electric light is 
arranged so as to permit of late work being done, 
if necessary, with the minimum of discomfort. 
Each student will be provided with a separate 
drawing-table, locker for his board, T-square, &c. 

3. Departmental Library.—This library is a great 
desideratum, and although a good beginning has 
been made, both by purchase and with several 
valuable presentations, it will be a matter of more 
or less slow growth. . Within the past two years a 
fairly good collection of books, plans, &c., has been 
got together. It is intended to make this collection 
of such a nature that it will attract not only students, 
but all persons interested in mining throughout the 
Midlands, for the purposes of reference and con- 
sultation, and to form a centralising point for local 
and world-wide mining literature. 

4. A Class-Room for the instruction of advanced 
students, which will also contain the surveying 
instruments in use, and some of the models in 
daily use. 

5. The Small Research Coal-Mining Laboratory, 
and a Photographic Dark Room.—In the former, 
research work in mineral fuels and other experi- 
mental work germane to coal-mining will be carried 
out by advanced students, and instruction given in 
testing the relative value of fuels, &c. It will con- 
tain also the frames for tracing and photographing 
negatives, and large vats for developing prints, 
drying-racks, &c. 

6. The Large Coal-Mining Laboratory, in which 
many operations relating to coal-mining will be 
practically demonstrated, and experiments carried 
out by the students, such as the construction and 
working of machine-drills, coal-cutting machinery, 
socketing of ropes, determination of the strength 
of materials (such as ropes, girders, props, and 
wooden beams), the construction and testing of 
safety lamps, and the analysis of mine air. Appa- 
ratus for all of these purposes are either now ob- 
tained or being designed. Additional laboratory 
instruction and experimental research work will 
be carried on in the experimental coal-mine, placed 
outside the building. 

The cross, or end part contains (1) the large 
metal-mining laboratory (the largest individual 
mining laboratory in the world); (2) a smaller 
mechanical assay laboratory, in which instruction 
and experimental work will be carried out on a few 
ounces of ore at a time, with small hand-worked 
apparatus ; and (3) a general store-room, common 
to all of the mining laboratories. 

The clementary metallurgical laboratory is shown 
in Fig. 27 on page 864, and the dry-assay room, 
with its crucible furnaces, in Pig. 28. A general 
view of the large metal-mining laboratory just 
mentioned is given in Fig. 29, page 860, and in the 
illustrations (Figs. 30 and 31) on page 861, which 
show parts of the same laboratory, most of the 
machinery details below may be identified. 

Plant.—The following is a detailed description of 
the plant already under order, and being con- 
structed by Messrs. Fraser and Chalmers, Limited, 
of Erith. 

1. Large Laboratory.—Crushers :—A 7-in. by 9-in. 
Dodge crusher ; and a No. 0 Gates crusher, with 
cast-steel head and liners. 

Elevator :—A belt and bucket elevator, about 
20 ft. between centres, 8-in. belt, and 7-in. buckets 
for elevating the crushed ore to the bin. 

Stamp-mill :—An improved Challenge ore-feeder 
of the suspended type, and tappet-driven. A three- 
stamp mill (the stamps each weighing 2501b.), with 
timber framework of pitch pine, the copper plates 
being electro-plated. The foundation-block for the 
stamp-mortar is built up of pitch pine, arranged so 
as to take up, as far as possible, the vibration due 
to the stamping. 

Huntington mill :—-An improved Challenge ore- 
feeder of the truck type, and pulley-driven ; a 3}-ft. 
Huntington mill, with frame of pitch pine ; three 
sheets of copper 4 in. thick, 42 in. long, and 36 in. 
wide, electro-plated, with 1 oz. of silver per square 
foot, comprising an amalgamating table 9 ft. long. 

Sizers :—A McDermott and a Browne hydro- 
metrical sizer, with three cones. 

Vanners and dressing-tables : A 4-ft. frue vanner, 
with plain belt and legs, sills, and concentrate 
boxes ; a Wilfley table, 3 ft. wide and 8 ft. long, 
with return wheel elevator. A 12-ft. revolving 
table or buddle, with sheet-zinc covering. 





Rolls :—A set of 16-in. by 10-in, Cornish rolls, 
with forged-steel shells, belt-driven. 
Screen : —A cylindrical revolving screen, 30 in. in 


‘diameter by 84 in. long, screen covering in three 


sizes, making three products and oversize, with 
housing and spouts. 

Elevator :—A belt and bucket elevator, about 
20-in. centres, 6-in. belt, and 5-in. bucket, for 
elevating the crushed ore from the rolls to the 
screen. 

Jigs :—A three-compartment Hartz jig, with body 
of tank steel, and brass screens; and a_ two- 
compartment Collom jig, with body of tank steel. 

Ball-mill:—A No. 0 Krupp ball-mill, on a cast- 
iron framing, and with tight and loose pulleys. 

Amalgamating-pan, barrel, &c.: A 30-in. amal- 
gamating pan, and a 24-in. by 30-in. amalgamating 
barrel, a 60-in. settler, and a steam-jacket drying- 
table of steel plate, with steam-pipe coil; a 
Knowles vertical triplex pump, with plungers, 4 in. 
in diameter and a 6-in. stroke, of the B style. 

2. The Small Research Laboratory will contain a 
4-in. by 1}-in. Blake hand-crusher; a sample- 
grinder ; a set of shaking tables, 12 in. wide and 
48 in. long, having a double-screen frame, arranged 
to be run by hand ; twenty screens of assorted mesh 
of brass wire, all 12 in. by 48 in. ; and one ex- 
perimental hand-jig. 

The plant in the large laboratory is driven 
by electric motors. The power required will 
amount to about 20 horse-power in all. The maxi- 
mum quantity of water required would be about 
200 gallons per minute if all the large machincs 
were going at once, but as this will never happen, 
150 gallons per minute, or even less, will be the 
most that is likely to be required at any one time. 
But as this is more than it is desirable to draw 
from the city mains, it has been arranged, therefore, 
to use the same water over and over again, passing 
it through a settling-tank of about 2000 gailons 
capacity, and elevating it toa distributing-tank Ly 
means of a pump. Using the same water over 
again involves the use of muddy water for washing, 
but as the ore will also be used over and over 
again, this muddiness will not increase. This 
arrangement is being pursued in the mining labora- 
tories at Columbia University, New York City, and 
Professor Munroe assured the writer that it had 
answered admirably. It is as well, of course, to 
treat but one kind of ore ata time, and to clean out 
all pumps, pipes, and tanks before treating another 
ore; but at Columbia University this does not 
prevent them from using two or three machines 
simultaneously (on the same ore) if necessary. 

The distributing mains will be large—some as 
large as 6 in. in diameter—in order to keep the 
velocity-head low at all times, so that the discharge 
remains practically constant at any faucet, even if 
several are opened and closed on the same line. 

The general contractor for the work of the new 
University building is Mr. Thomas Rowbotham, of 
Coventry-road, Birmingham. When it is remem- 
bered that one of the building contracts placed in 
the hands of Mr. Rowbotham by the Council of the 
University was to the value of 250,000/., it will be 
realised how important has been the work which he 
has undertaken and so successfully carried out. 
It is worthy of note that on more than one occasion 
the Chancellor and other members of the Council 
of the University have expressed their appreciation 
of the excellent work which has been done by the 
general contractor. It has just been decided that 
two more new blocks, to be devoted to physics and 
chemistry respectively, are to be added to the Uni- 
versity. The work is to be put in hand at once, 
and the big tower, which will rise to a height of 
320 ft. from the ground level, is also to be con- 
structed. 

It may be mentioned that the mining students 
have organised amongst themselves a Mining 
Society, which meets fortnightly during the term 
time, when papers are read and debates on mining 
subjects engaged in. The best papers are published 
in the Quarterly Journal of the ee Uni- 
versity School of Mines. 


Tue Facurty or CoMMERCE. 


The Birmingham University for the first two or 
three years of its life was chiefly known on account 
of its Faculty of Commerce. It is now entering 
upon the fourth year of its existence. Although 
Birmingham was the first English University to 
make provision for the higher education of the man 
of commerce, other nations had already made 
moves in this direction. Now other English 
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universities will follow the lead of Birmingham. 
There is a great desire to make this faculty meet 
the needs of the commercial men in the district. 
The Dean of the Faculty, Professor Ashley, is a 
man of great euergy and foresight. Students 
who are looking forward to the commercial side of 
business are very properly taking the commerce 
course, but those who also want to know a little of 
the engineering side are taking courses in the 
engineering department as subsidiary to the com- 
mercial work. It is hoped that men who intend to 
have a mainly technical training will see the 
desirability of knowing more of the commercial 
side of things, and will take courses in the Faculty 
of Commerce as subsidiary to their engineering, or 
mining, or metallurgical training. Several of the 
engineers have already taken advantage of the 
accounting instruction. Probably, in a few years a 
certain amount of accounting will be made a neces- 
sary part of the engineering course. Last year it 
was made a necessary part of the brewing course, 
and the students of this faculty will in future go 
through this most admirable training. The course 
in ‘‘ Public Finance,” which includes municipal 
taxation and loans, is obviously useful to city 
surveyors and engineers, and men in railway service 
might be interested in the lectures on the economics 
of transport. Of this faculty we may say that it 
does not aim at giving prescriptions for’ business 
success, for that would be quixotic, but it seeks to 
accustom men to think carefully and systematically 
about their work, and the ways to do it. The 
members of the staff of this faculty include the 
Dean, Professor Ashley, M.A. (who was previously 
at Harvard University), Professor Dicksee, a well- 
known authority on accountancy, and Mr. Kirkaldy. 
Teaching in the Spanish language is conducted by 
the well-known Spanish scholar, Mr. de Arteaga. 
At the Midland Institute (which will possibly in 
time become incorporated with the University), 
evening classes in commercial subjects have been 
given for some years, but up to the present there 
has been a disposition on the part of the Birmingham 
University Council to leave evening work entirely 
alone. Hence the lectures are most in business 
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hours, and so it is obviously impossible for many 


business men to avail themselves of the oppor- | 


tunities afforded by the University. As time goes 
on, however, more and more students in applied 
science subjects will avail themselves of the oppor- 
tunities offered to them here to gain some know- 
ledge of commercial subjects. 


A reference to this faculty appears in the report | 


of the special committee sent to America, stating 
that ‘‘ students in the commercial education course 
should not be allowed to enter at too early an age. 
Twenty is quite early enough; and it would be 
most desirable that they should have taken a degree 
in Arts before studying for the commercial degree ; 
and certainly the highest commercial degree should 
be given to those already in possession of an Arts 
degree.” The Committee realise fully that the at- 
tempt at a University education is a new experiment, 
and one which, if a success, may influence greatly the 
future of the country. ‘‘ Your committee, however, 
point to the fact that a Faculty of Commerce, so orga- 
nised and based on the actualities of business experi- 
ence, would at the present moment stand alone, 
and would therefore attract to the Birmingham 
University all who feel the need of such education, 
and would also, to a much greater extent, create a 
new demand.” The faculty has already proved 
that the above prophecy was a correct one. The 
advantage of obtaining a general education in the 
principles of commerce must be obvious to all 
engineers : and this faculty should certainly attract 
to the Midland University students who will later 
in life obtain their livelihood as commercial en- 
gineers. 

It is easy to relate what has been done at 
Birmingham, but it is difficult to forecast the 
future. 
merce, the creation of a School of Brewing, and the 


erection of the huge workshops and laboratories | 
described above, all show clearly that Birmingham | 


means to move with the times. The space at our 
disposal has not permitted us to describe the other 
departments of the University, but it must be 
remembered that applied science is but a portion of 
the catholic curriculum ; the Faculties of Medicine, 


The establishment of a Faculty of Com- | 


Arts, and Science are in a most healthy and efficient 
state. The engineer student will gain the ad- 
vantage of meeting and forming friendships with 
the students of these faculties. The various social 
and scientific societies are very popular, and this 
side of the student’s education is by no means 
underrated. At no distant date it is hoped to 
establish a hall of residence ; for the present, there 
are reading, writing, and billiard rooms provided. 
The Vice-Chancellor (Alderman Beale) has been 
most generous, and has greatly encouraged the 
social life of the University. There is an engineer- 
ing and a metallurgical society, both of which have 
their proceedings printed in ‘The University 
Engineering Journal” of Birmingham, which was 
founded some three years ago. The professors of 
applied science have -greatly encouraged these 
technical societies, and there is no doubt that the 
student who learns how to discuss a paper, or to 
‘*think standing,” has gained a great advantage 
over his less experienced fellow. The greatest 
| lessons of life are not taught in the class-room ; it 
cannot be too often insisted upon that universities 
are wanted to turn out men, and not human 
machines. The students absolutely manage their 
own affairs, and the staff do everything in their 
power to encourage their independence. 

The great expenditure of money, the many hours 
|of committee work given so ungrudgingly by the 
| Building and Sites Committee of the University 
| Council, and the efforts of the staff, must bring 
| results which will probably affect not only the dis- 
|trict around Birmingham, but the whole of the 
| British Empire. Midland engineers believe in and 
|encourage the ideals of the University Council. 
The co-operation of the local firms is, above all, 
necessary for the success of the scheme ; and any- 
thing which has for its object the bringing together 
of the practical men of the locality and the 
University students and staff is always approved. 
It may be that in a few years’ time it will be possible 
to have at Bournbrook the headquarters of all of 
|the Midland technical societies, for centralisation 
would prevent a great deal of overlapping, and 
|mean increased efficiency. What is especially 
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wanted in this district is a large technical library 
and reading-room. The University authorities 
would do a great educational work by establishing 
such a room at Bournbrook. They would help 
societies whose aims are somewhat similar to those 
of the University, and we deg make the applied 
science section very popular with the engineers of 
the district. 





NAVAL ENGINEERS AND ADMIRALTY 
POLICY 


To THe Eprtor or ENGINEERING. 

Srr,—It is now three years since the Admiralty issued 
the epoch-making memurandum which practically revo- 
lutionised the then existing regulations with regard to 
the personnel of the engineering branch of the Royal 
Navy. It was the commencement of the movement 
whereby the engineers were to be merged into the ranks 
of the executive; whether the innovation satisfied the 
engineers or not still remains a moot point; that it was 
a blow aimed at their complete though gradual disappear- 
ance every student of naval matters was upon. 

That is now a page in naval history. at students of 
naval matters were in doubt about was the efficiency and 
competency of the new officer that was to replace the 
recognised and efficient engineer whose end was clearly 
proclaimed in the memorandum referred to. 

That the Admiralty were wise in avoiding the fatal 
blunder made by America, when that country, by a mere 
stroke of the pen so to speak, merged her engineers into 
“line officers,” or what, perhaps, was worse, her line 
officers into engineers, goes without saying ; for by that 
hurried change the American Navy was thrown into a 
most chaotic condition, which will take years to reduce 
to order and harmonious working. The extinction of the 
Keyham trained engineer was to slow and painless, 
though his legitimate claims for executive rank was met 
by the concession of relative consecutive rank only—the 
mere shadow of what was asked for and of what was 
necessary to meet equitably the case put forward by the 
engineers for advancement—and a slight increase in 
monetary emoluments. 

Critics of the new scheme (and their name was legion) 
were anxious to know by what process the new type of 
engineer was to be produced. That he was to as 
efficient, or even more so, than the one he was displacin 
was a foregone conclusion ; but by what means that en 
was to be attained was left very obscure. Amongst the 
ranks of those who know what a difficult matter it is to 
make an efficient engineer—there should be no limit to 
the efficiency of naval engineers—great doubt existed as 
to the wisdom of the Soe pee change unless adequate 
safeguards were provided and adopted to prevent any 
lowering of the professional standard and status of those 
who were intended to take charge of the machinery of 
our ships of war. It was expected that after the nominal 
military and naval training which every naval officer gets 
as a cadet and midshipman that he would then com- 
mence to specialise in engineering, and continue so to do 
until he was at least as thoroughly trained as the Keyham 
man that he was to displace. This, at least, was what 
those versed in the Navy’s ways expected. That very 
reasonable expectation is not to be realised unless the 
new type of officer is very different, both + “ed and 
mentally, from the one whose shoes he is to fill. 

According to the terms of the new statement of Admi- 
ralty policy, just issued, the new officers are not to 
separate into different branches, such as engineers, gun- 
ners, marines, torpedo, or navigators. All officers are to 
have identical training until they become lieutenants, and 
not until one year’s sea service in that capacity has 
transpired is the specialisation to commence. In other 
words, before special training begins for what is one of 
the most complex-professions of modern civilisation, the 
average age of the candidates will be 21 years. Is it 
possible to superimpose the wide and extensive learning 
that an engineer requires upon the elementary stages of 
seamanship, gunnery, torpedo, and engineering know- 
ledge that Am imbibed during his training at college 
and at sea’? It must be clearly understood that no manual 
work is to be included in the special curriculum of the 
system designed to give this: new type of engineer officer 
his professional training. ‘Chey will all be supposed to 
“have sufficient practical eng of workmanship” 
when their special course begins. here, one might ask, 
and how, has this practical knowledge of workmanship 
been obtained ? 

It is not expected that a high degree of handicraft, as 
workmen, is necessary ; but it must be at least contended 
that the officer, who is to superintend and be responsible 
for the nice adjustments in a battleship’s engines, should 
know when the technically trained artificer has made a 
* fit” or not. 

This is bed rock in engineering. Like learning to 
swim, you must get into the water. And so with en- 
gineering, ‘‘ He who drives fat oxen must himself be fat.” 
Let it be clearly stated, and definitely so, that the future 
naval engineer who has nothing more to stand by than 
the mere flirting with workshop practice, that he gets as 
a cadet or middy, will be seriously handicapped pro- 
fessionally with his subordinate artificer engineers and 
artificers in nine-tenths of his duties down below. This 
will never do. The engineering profession cannot stand 
silently by and witness such a reversal of all engineering 
experience in this experiment about to be carried out 
in the nation’s first and only line of defence. With the 
special courses of instruction that these officers are to 
undergo so that they may become lieutenants (E), one 
is not disposed to quarrel, always observing that the 


training is thorough, practical, and sufficiently technical 
and scientific to equip them for their duties. But an 





all-round workshop practice, at least equivalent to that 
given at Keyham to the present disappearing naval 
engineers, should be demanded and insisted upon by the 
British public, or disaster will ensue. ; 

The foregoing by no means attempts to deal in detail 
with all the complex ramifications involved in this fore- 
shadowing of the special training which the future naval 
engineer will have to undergo; sufficient, however, has 
been stated to show that there are grave misgivings in 
the minds of experienced naval officers as to the ultimate 
result of an untried scheme with no apparently profes- 
sional backing behind it for its recommendation. 

Another item in the detail of personnel, so far as the 
engineering branch is concerned, is embodied in the ‘‘ Ad- 
miralty statement” under review, and it is by no means 
an unimportant one. At last the stoker element is to 
have an opportunity of rising to become warrant officers. 
This in itself is a most wise and generous concession, 
although perhaps a little belated. 

But it 1s not this phase of the question of personnel 
that it is wished to refer to; a statement far more 
startling than the foregoing is contained in the policy 
under discussion. 

It is apparently the intention of My Lords to convert 
——— firemen into engine-room watch-keepers. 

his, assuredly, is a leap in the dark indeed. 

It is contended by the Admiralty authorities that the 
engine-room artificer is too costly a rating to be kept for 
one-third of his time in watch-keeping duties. The ques- 
tion suggests itself, Can a watch-keeping officer be too costly 
when such great responsibilities are thrust upon him? 
But will the fraction saved in wages (that fractional dif- 
ference between an engine-room artificer’s wage and a 
chief stoker’s wage, which would represent 2s. per day on 
the average) be worth considering when all the possi- 
bilities of such a change in procedure are taken into 
serious and sober consideration ? 

As to cost. It is intended by the Admiralty to 
specially train the stokers for this most onerous and 
responsible position of watch-keeping. What about the 
cost of training? Surely the proposed innovation should 
be debited with it. 

As this will not appear as a separate item in the esti- 
mates, the authorities can safely rely upon it not being 
discovered. 

To the lay mind this question of watch-keeping in the 
engine-room of our fighting ships may not appear to be a 
very serious or important one; but it is, for all that, as 
will appear when the following conditions and statements 
are clearly understood. The senior officer in charge of 
the watch in the engine-room is morally responsible for 
the speed of the vessel—i.e., that he must be prepared at 
all moments of his watch to go any speed (within the 
limits of the ship) that the exigencies of the moment 
demand. When at tactics, this may vary from 5 or 6 
knots up to the maximum of the slowest ship in the 
Fleet—say 16 knots. Now the range of speeds be- 
tween the figures given are so varying that a very high 
order of intelligence is absolutely necessary on the engine- 
room platform to direct and supervise the complex ma- 
chinery and boilers, and men that are toiling, so that the 
desi results aoe | be obtained. Can this high order 
of intelligence be obtained from amongst the firemen in 
His Majesty’s Navy ? 

It is exceedingly doubtful if such is the case, unless the 
naval fireman has undergone a mental metamorphosis 
during the past decade ; if he has, the evidences of such 
a change are not very patent or apparent. Speeds— 

iston speeds—have risen enormously ; boiler pressures 
Save been increased from 100 lb. to 300 Ib. during the 
past fifteen years; auxiliary engines and fittings of every 
complex description have been added wherever there was 
a spare foot of space on the decks or bulkheads, until the 
bowels of a fighting ship have become a mere rythmic 
mass of moving parts, as intricate as it can conceivably 
well be. All this, it is airily proposed, costing anything 
from three-quarters to one million sterling per unit, is to 
be placed in the relatively irresponsible hands of those 
whose only bit of mechanical knowledge has been gained 
by watching the engine-room artificers doing their skilled 
and technical duties. It is allowed that watch-keepers, 
in addition to the attenuated mechanical staff which pre- 
vails to-day, are necessary in our ships of war. This fact 
has been piped into the ears of the Admiralty for many 
years past ; but that these watch-keepers should be me- 
chanics, or engineers (if the latter term may be used), 
went without eg The naval firemen are a splendid 
set of fellows, but, like the rest of poor suffering humanity, 
they have their limitations, and the absence of a trained 
mechanical intelligence, carrying with it, as it does, a 
trained ear to detect instantly by the beat of every stroke 
of the engines whether everything is correct or not, is one 
ofthem. That is their measure of fitness for the i- 
tion the a pena putting them in, ol 
that measure they fail tocome up to gauge requirements. 
The foregoing is only a part, however, of the objections 
that can be urged against this revolutionary proposal. 
The ordinary person, with the welfare of the Navy at 
heart, with a decently long memory, which can recall 
changes, violent and otherwise, in the personnel of engine- 
room ratings, remembers the time when only highly respon- 
sible commissioned officers were allowed to manipulate 
the starting levers of ships’ engines, and be in charge of the 
watches. Following the commissioned engineer-officer 
as the watch-keeper came the engine-room artificer, who 
is now, and has been for some years, the practical watch- 
keeper in the engine-rooms of the Navy. Now to put 
those trying duties upon a rating that is totally un- 
skilled in engineering work—using the word ‘“‘ unskilled” 
in the sense in which it is usually understood in profes- 
sional circles—is taking a leap that may lead the nation 
to disaster. 

It is not proposed, or suggested, that these new watch- 





keepers should have even the normal training which the 
was gives to its ‘“‘mechanicians.” To quote ‘‘ Ad- 
miralty Policy,” again it states, page 18: ‘‘'The existing 
course of training for a mechanician will, therefore, be 
modified with a view to these requirements, since only 
sufficient knowledge of tools will be required to ensure 
that he is able to discharge efficiently his watch-keeper’s 
duties [mark this]. Instruction in workmanship will 
be limited to the principal trades of fitters and turners, 
&c.;” so that it can easily be seen that the Admiralty 
intend to modify the existing perfunctory arrangements 
for making the firemen into handy men, so that time can 

saved whilst they are learning watch-keeping duties, 
The scheme thus outlined is short-sighted, ill-conceived, 
and will prove wholly unworkable in practice. Let the 
Navy get more engine-room artificers, so that there will 
always be a margin to draw upon for repair work when 
the ship is under v~. 

In time of war the country will want them, for their 
ratings cannot be filled by this projected watch-keeping 
stoker. The war between America and Spain caused the 
Americans to enlist a t number of artificers, who 
were sent away from Key West in improvised repair- 
ships. The Japanese, too, in the war just over, found it 
necessary to enter additional mechanics in great numbers, 
so as to supply wastage in the fleet. Such would be our 
ss too, in case of necessity. 

t is practically admitted by the authorities that we 
have not enough skilled mechanics to carry out the ordi- 
nary duties of a man-of-war, and the unstatesmanlike pro- 
— to get over the difficulty is to create this new class 

rom men who are mechanically unskilled, and who do 

not possess that prestige and price for a profession or 
trade which apprenticeship, as in the case of the artificer, 
creates. 

A lot could be urged against this precious scheme from 
purely an executive point of view, if circumstances per- 
mitted. 

Is the new watch-keeping stoker to be wholly in charge, 
whilst on duty, ofall those below at that particular time ? 
The question is very pertinent, and its answer is preg- 
nant with suggestions. That he should be so goes with- 
out saying, for the officer in charge of the watch, whether 
on the bridge or the engine-room platform, must be 


supreme. 

Such being the case, it is not difficult to imagine a 
situation where all the engine-room artificers at work, in 
or around the engine-room at their various duties, will be 
under the charge of a fireman. This is so obvious that it 
requires no elaborating. Now how will this work out in 
practice? Asa matter of fact, it will not work out 
smoothly at all. 

It must not be forgotten that in a few short years the 
engine-room artificer will be the engineering backbone of 
the Royal Navy. 

Even to-day the senior men are holding positions of 
great responsibility, and, what is also true, some of their 
number hold commissioned rank. Those who know the 
conditions under which these men receive their work- 
shop and technical training, which they bring into the 
Navy when they are journeymen mechanics, and who 
also know the rigid caste which prevails amongst them, 
do not exaggerate the possibilities one little bit by stating 
that trouble in the department will occur if this projected 
scheme of watch-keeping stokers is pursued. 

This is not at all a fanciful or fevered prophecy. 
Whether the engine-room artificer will be right or wrong 
in objecting to the new order of things is not the object 
now to beargued. The broad fact remains that he imagines 
himself ay commercially a more valuable man than a 
stoker, and in that belief he is to be reckoned with. 

The difficulty will not be removed by the fact that the 
Admiralty will in the future train all its own artificers, 
for on a point of this sort ‘‘an Amurath to Amurath 
succeeds.” It was always so; in all ages, in all civilisa- 
tions, and in all grades of society. 

Why, even among the engine-room artificers them- 
selves there are cliques and caste, and lines of demarca- 
tion known perhaps only to themselves, but which never- 
theless exist. 

Somehow, whenever, or nearly always, when the 
Admiralty has brought about an innovation in the en- 
gineering personnel of the Navy, observers have been 
reminded of the Tibetan prayer wheels. These wheels 
are kept turning, and so the same prayers keep coming 
uppermost ; and so with this policy of the Admiralty. A 
turn is given to the wheel, and we are face to face with 
the same old hoary difficulty ; another step, when the 
ill-effects of the last one have hardly worn off. 

It is hoped that some abler pen than the one jotting 
down these rough notes will be taken up, so that lines 
may be written that will burn themselves into the minds 
of the powers that be, and that these short-sighted and 
retrogressive policies may be abandoned. An old denizen 
of the engine-room has strung together these few ideas 
in the hope that they may perhaps find their way to 

uarters where naval affairs should be wisely considered. 

e has no axe to grind, no interests to push ; the welfare 
of the Navy, and the welfare of the State, is his only 
excuse for having penned them. 

Yours truly, 
Inspector OF Macurnery, R.N. 








THE WEATHERING OF WINDMILLS. 
To Tue Eprror or ENGINEERING. 

Srr,—In your last issue Mr. D. G. French expresses 4 
wish to be referred to more recent conclusions than those 
arrived at by Smeaton in connection with the above 
subject. I may therefore draw his attention to the ex- 
periments that have been conducted by M. Pour La Cour 
at the Government Research Mill, at Askov, in Denmark. 

The results are published periodically in a pamphlet 
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entitled ‘‘ Forsogmullen,” to be obtained, I believe, from 
M. Ernst Bojesen, Det Nordiske Torlag, Copenhagen. 

There is an abstract in the Minutes of Proceedings, 
Institution of Civil Engineers, 1900-01, vol. cxlv., part 3, 
page 387, from which I condense the following. These ex- 
periments, which were made from a large number of 
models, driven by an artificial wind and confirmed by 
observations on large mills, go to prove that to obtain 
the greatest power within a given diameter, the form 
given to the sails should be as follows :— 

(a) The mill should have four arms; the sail surface 
being about rectangular, with a width of about one- 
fourth to one-fifth of the radius, and a length of three- 
quarters of the radius. 

(vb) The cross-section of the vane at the tip should not 
be a straight line; the leading side ann be bent or 
curved at an obtuse salient angle with the rest of the 
sail. The breadth of the leading or bent portion should 
be from one-fourth to one-sixth of the sail’s breadth. 

(c) The versed sine of the arc or angle should be 3 to 
4 per cent. of the chord or of the straight line subtending 
the angle; inwards from the tip the curved or bent 
section should be gradually flattened down to a straight 
line at the inner edge of the sail. 

(d) The bevel of the chord or of the straight line sub- 
tending the angle of the bend should be 10 deg. with the 
plane of motion at the tip increasing uniformly, so that 
it would become 25 deg. at the axis if the sail were con- 
tinued through the whole length of the radius. 

(e) The speed of the tips should be 2.4 times that of 
the wind. 

(f) The work yielded by a mill constructed under these 
conditions should be 0.04 foot-pound per square foot with 
a wind velocity of 3.28 (1 metre) per second, and will 
vary as the cube of the wind’s velocity. 

Wolff, in ‘‘The Windmill as a Prime Mover” (John 
Wiley and Sons, New York), investigates the subject 
very fully from the mathematical standpoint, and criti- 
cises Rankine’s and Weisbach’s formule. 

In all mathematical treatment of the subject I have 
hitherto seen, the sail surface is treated as a plane instead 
of being curved or bent at the extremity. M. La Cour 
lays great stress upon the -- of receiving the 
wind’s impulse on a hollow surface. 

This has been the practice since Smeaton’s time (vide 
his reports), if not before ; my own idea is it probably 
originated in the necessity of leading the wind on to the 
cloth sail, so as to avoid the flapping of the front edge; 
but in all shuttered sweeps, both old and new, that I have 
been able to examine, the practice is still followed. It is 
also worthy of note that the vanes of disc mills are now 
made concave, it is stated with improved results. 

For comparison I have tabulated the statements of 
various authorities for the weather angle at different 
parts of the radius. 


| | | 
Best 














Marts of 1. 2% 8 4 6° | 6 Velocity Authority. 
a cf Tips. 
deg deg deg deg deg \deg 
is 19 18 16 12.5) 7 27to2.7 Smeaton. 
26.4 20.6 15.3 12.410.3, 9 2 Euler and 
Maclaurin. 
24 #21 18 4/9 | 8 oe Forrester. 
22.5 21 (18515 |10.5| 5 |2.6 nearly Molesworth. 
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Approx. 22.5 oe | ae Do 10 2.4 La Cour. 
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sail where it is 0 deg. or 

+ by 2. 
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2.8 See remarks, 
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12.5 10.6 85 7 For 2.5 |D. G. French. 
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It should be pointed out that if the mill has a sub- 
stantial body, the extremities of the sail will flap when 
passingit. For this reason the tips of such sails are made 
square when working under these conditions, and the 
versed sine of the arc should be increased (according to 
the Askov experiments, from 4 to 6 per cent.). 

Two.points from a practical standpoint occur to me in 
connection with Mr. French’s conclusions. In the first 
place, a sail weathered under his conditions would pre- 
sent to the wind a convex surface in the direction of the 
length. (If he will plot a line representing the inner 
edge, he will see what I mean.) The same applies to the 
theoretical conclusions of some of the other authorities 
quoted. This is opposed to practice, which has always 
dictated a hollow *‘ bosom” (to use the millwright’s term) 
to receive the wind. 

Another important point is that the angles given by 
him would be very disadvantageous, unless moving at 
a high relative velocity to the wind—except at the inner 
edge where the leverage is small—consequently a mill 
constructed under these conditions would not start in 
light winds, and would stop if the wind fell below a 
certain velocity, unless the load was very much reduced. 
_From the foregoing reasoning I think it may be con- 
cluded that square tips (under certain conditions) with a 
hollow form of sail, are modifications imposed prac- 
tical considerations upon what may theoretically be the 
best angles. 

The disc type of sail has, of course, advantages of its 
own. Owing to its relatively large sail area and the in- 
creased weather usually given to the vanes, the starting 
“torque” is greater, and the peripheral velocity less; 
hence it is admirably adapted for pumping and similar 
operations. According to the Askov experiments, it is 


= nearly so effective as the four-armed type in a good 
oreeze. 

In conclusion, I cannot help thinking that carefully 
— experiments can alone determine the best form 
of sail. 


Except fer the Danish trials we have no record 


of any, other than Smeaton’s of 150 years ago. This 
seems a reproach to English engineers. 

The Cambridge trials of wind-engines in 1903 were, no 
doubt, admirable in their way, but not of the nature here 
referred to. 

Apologising for the length of this letter, 

am, yours faithfully, 
LANCASTER BURNE. 
14, Victoria-street, London, 8. W., 
December 20, 1905, 





RANKINE AND A UNITED STATES 
CORRECTOR. 
To THE Eprtor or ENGINEERING. 

Srr,—I have come across a very interesting book con- 
sisting of ‘‘ Notes on Rankine’s Civil Engineering,” after 
the notes of two American professers, edited by Mr. David 
C. Humphreys, and one specially interesting page in it 
is that in which Rankine is corrected in reference to the 
simple matter of the bending moment for a beam. 

To fix our ideas, suppose a cantilever E F fixed into a 
wall at F loaded with w rf foot run. Take origin of co- 
ordinates at the outer end E, the z’s being measured along 
the beam. 

Rankine writes the expression for the bending moment 
at any point 2! from the free end thus: 


a x 
M -| | w dx? 
0 0 


This the American commentator says is incorrect and 
should be written thus: 
ai 
| wdx? 
z 


zl 
M -| 
0 


It will make matters clearer if we note at this point 
that the equation originally started with is 


u={ 
0 


Now the fact appears to be that, starting from equation 
(3), Rankine’s equation (1) is correct, and equation (2) of 
the American commentator is wrong. 

Now, although somewhat long, it may be worth while 
to pore Rankine’s equation without reference to equa- 
tion (3). 

Referring to Fig. 1, suppose the beam of weight w 


foot to be divided, as shown, into infinitely small lenetiee. 


(1) 


(2) 


F dz . . - (3) 
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We will now find the bending moment at the centre of 
each of the small portions. First, the moment at the 
centre of 2 is 

w dx dx. 


Next, to find the B.M. at the centre of 3, suppose in the 
first place we cut the part of the beam from 1 to the 
centre of 2 entirely away, and replace it by its equivalent 
forces as in Fig. 2—namely, a bending moment w dx dx 
and a shear w dz. 

Now to find the moment at B the centre of 3, we have 
the moment at A plus the moment of the shear at A :— 

BMat B= wdxdz+ wdxdzx (4) 

‘Next cut away the beam at B and replace by the B.M. 

of equation (4) and the shear 


y 
0 


Then the moment at C is 


ious 


Similarly the bending moment at D is :— 


Br rs 
[ w dx | dx + [ wdx ] dx + 
0 0 
Xe . 
[| w dx | a + wdzx dx. 
0 


This is equivalent generally to 


[if }e 


See, 


or, as Rankine puts it, 
0 0 

It seems strange that the American author could ever 
have thought Rankine’s expression wrong, because the 
expression within the brackets in Equation 5 is simply 


the value of the shear. : 
IT am, Sir, your obedient cnvent, 
TE 


w dx, 


w az | dx+wdzxdx. 


w dx? 
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ADMIRALTY COAL AND BRIQUETTES. 
To THE EpiToR OF ENGINEERING. 
Srr,—I should esteem it a great favour if you or one 
of your readers would kindly inform me what reliable 








tive calorific values of Admiralty coal and Admiralty 
briquettes. 

The references thereto in the Royal Commission on 
Coal Supplies (1901 to 1905) at pages 143 to 145 and 379 
are confusing and contradictory. 

As this Commission has cost the country upwards of 
20,000/., it ought to have supplied this information, as 
well as how long the Admiralty, or smokeless Welsh, 
coal is likely to last out to supply our Navy. 

Indeed, this last question was within their reference, 
or instructions. 

I am, Sir, yours, &c., 
J. Lawrence Hamitton, M,R,C.S8, 

30, Sussex-square, Brighton. 





“THE ALLIS-CHALMERS STEAM- 
TURBINE.” 
To THE Epitror or ENGINEERING. 

Sir,—With reference to the description of the above, 
published in last week’s ENGINEERING, in which it is 
stated that the Allis-Chalmers Company of America is 
working in conjunction with the Turbine Advisory Syndi- 
cate of England, which comprised Messrs. Willans and 
Robinson, Limited, among other firms, it may be desir- 
able to say that the Turbine Advisory Syndicate bas been 
dissolved, and that the firms composing it are working in 
accord with, and under the licence of, the Hon. Charles 
Parsons, though still on terms of friendly co-opera- 
tion and mutual help with the Allis-Chalmers Com- 
pany. The turbine described is of the ordinary 
pattern of Messrs. Willans and Robinson (subject 
to a few later improvements), and it embodies the now 
well-known oe patents of Willans and Robinson 
and Captain H. R. Sankey, the property of Messrs. 
Willans and Robinson. The American rights in these 
have been assigned to the Allis-Chalmers Company. 
Though nothing of the kind is said, it might me 
infe from the description, by a careless reader, 
that some features of the design are of American origin, 

and it may be useful to say that this is not the case. 

Yours faithfully, 
WrLians AND Rosrnson, Limirep, 
C. 8. Essex, Secretary. 
Victoria Works, Rugby, December 27, 1905, 








INTERNATIONAL Motor-BoaT Racrs.—The dates fixed 
for the international motor-boat races in England are 


r| August 6 to 18. The races for the ‘‘ Entente Cordiale ” 


and the Motorist and Traveller challenge-cups will be 
held between these dates. 





British Motor-Boat Cius.—Two lectures have been 
arranged to be delivered in the club-room at the Craven 
Hotel, Craven-street, Strand, W.C. The first will be on 
‘Screw Propellers ;” it will take place on January 18 at 
8 p.m., and will be ayes by Mr. Ramsay Smith. The 
second lecture will delivered about the middle of 
February, and wil! be on ‘The Practical Handling of 
Motor-Boats,” by Lieutenant W. Windham. 





THe Panama CanaL.—An Emergency Appropriation 
Bill, pranting 11,000,000 dols. for work on the eng 
Canal, has passed both Houses of Congress. There are 
now 4100 men employed in carrying out sanitary reforms 
in the Isthmus of Panama. The work has been so effec- 
tual that yellow fever has been virtually extirpated. In 
August, 1882, the second year of the French occupancy, 
with a force of 1900 men, the death-rate was 112 per 1000, 
In August, 1905, with a force of 12,000 men, the corre- 
sponding death-rate was slightly less than 1 per 1000. 
Six steam navvies are now at work in the Culebra cutting, 
and they have removed approximately 1,000,000 cubic 
yards of material; 2000 men are also employed in and 
about the Culebra cutting. 





CrysTAL PALACE ENGINEERING ScHoot.—The ‘* Wilson 
Premium” for the best paper read before the Crystal 
Palace paw J ey! during the present session 
has been awarded by the Council to Mr. W. L. Wilkin- 
son for his r on ‘‘ Building and Road Construction 
in India.” Other papers read during the session were :— 
**Motor-Car Construction,” by Mr. J. R. Barnes; the 
‘*Construction of Tube Railways,” by Mr. A. W. Agnew ; 
and the ‘‘Electro-Thermal Treatment of Metals,” by 
Mr. D. Gollan. The premium was presented to Mr. 
Wilkinson by Sir William Mather, M.P., M. Inst. C.E., 
M.I. Mech. E., on the occasion of the ninety-ninth dis- 
tribution of certificates at the above school on Thursday, 
the 21st. inst., at which he presided. 





Prrsonat.—Mr. D. G. Sutherland, who for the last 
five years has been chief engineer of Messrs. Bruce 
Peebles and Co.’s contract department, has become 
a partner in Messrs. Mitchell, Graham, and Son, 
46, Buccleuch-street, Edinburgh.—On and after January 1, 
1906, the Burma Railway Company’s office in Gresham 
House, Old Broad-street, E.C., will be 199 (third floor) 
instead of 76.—Mr. Pollock informs us that he has retired 
from the firm of Pollock, Whyte, and Waddel, gas and 
oil-engine makers, Johnstone, and has started business 
under the name of Pollock and Co., Star Works, John- 
stone, N.B., where he intends building gas-engines from 
14 to 80 brake horse-power ; oil-engines from 1 to 20 brake 
horse-power ; and suction gas-producers up to 250 brake 
horse-power.—The name of the Straker Steam Vehicle 
Company, Limited, has been altered to that of Messrs. 


Sidney Straker and Squire, Limited, and the business 
of — Straker and Squire has been incorporated 
with it. 





tests have been carried out and published as to the rela- 
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BELGIAN COAL-MINING. 


Tue output of coal in Belgium in 1904 was 22.761,430 
tons. This total was made up as follows:—Hainaut, 
16,152.560 tons; Namur, 721,{20 tons; and Liége, 
5,887,350 tons. The average value of the coal raised in 
the Hainaut in 1904 was 9s. 11d. per ton; in the pro- 
vince of Namur, 9s. 2d. per ton; and in the pro- 
vince of Liége, 10s. 9d. per ton, giving an average 
for the whole kingdom of 10s. ld. per ton. Of 
the coal produced in Belgium last year, the value of 
that consumed by the collieries themselves was esti- 
mated at 5s. per ton. There remained 20,377,090 tons 
available for sales to the public and estimated as 
worth 10,856,102/. The number of persons employed in 
Belgian coal-mining in 1904 was 138,567. or 1025! less 
than the corresponding total for 1903. Of the 138,567 
persons engaged in the Belgian coal industry, 100,476 were 
engaged below ground, and 38,091 above ground. The 
total representing the persons employed below ground 
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(For Description, see Page 858.) 
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comprised 36 women, or 19 less than the corresponding 
number similarly employed in 1903. The employment of 
females below ground in Belgian coal-mining is accord- 
ingly nearly atan end. Of the 38,091 persons employed 
above ground, 1432 were females above 21 years of age, 
3612 females from 16 to 21 years of age, and 2761 females 
from 12 to 16 years of age. Wages amounted in 1904 to 
6,500,061/., or 354,2737., or 54 per cent., less than in 1903. 
Small deductions are made from the wages paid to 
Belgian coal-miners to secure the development of funds 
for provident purposes ; and the actual net amount paid 
in wages was redu in consequence to 6,402,1942. 
Wages figured for 60} per cent., in 1904, of the whole ex- 
penses attending Belgian coal-mining ; the other working 
charges, besides wages, amounted for the year to 4,284, 250/., 
so that the aggregate expenditure was 10,784,316/., or an 








Dry-Assay Room. 


| of 1,719,7667. A further 1,586,040 tons of coal were em- 

ployed in 1904 in the production of 1,735,480 tons of 
| agglomerates. The imports of coal into Belgium in 1904 
| amounted to 3,701,240 tons, while the exports for the 
year were 5,067,037 tons. 








Water iN Leicester.—With a continuation of dry 
weather the water famine at Leicester is becoming more 
threatening, and it is feared that the supply will have to 
be further curtailed, although it is now cut off for ten 
hours out of the twenty-four. One of the three reservoirs 
is now down to the dregs, and the other two contain only 
a quarter of their normal quantity. About 300,000 
gallons per day are obtained from a colliery shaft, and 80 
great is the emergency that 200,000 gallons per day are 





average of 9s. 5d. per ton raised. 

Of the coal raised in Belgium in 1904, 2,918,980 tons 
were employed in the production of coke, of which | 
2,211,820 tons were turned out, of an estimated value 


being pumped from a well sunk in a field adjoining & 
cemetery. The water, when analysed, was found to be 
wholesome. 
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THE TIMBERING OF THE CHARING CROSS STATION ROOF. 
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| In our last issue we reviewed the evidence given 
| by eye-witnesses of the recent disaster at Charing 
| Cross Station, and briefly outlined the steps taken by 
| the Railway Company to deal with the situation. By 
| the courtesy of Mr. P. C. Tempest, M. Inst. C.E., 
the engineer to the company, we are now able to pub- 
| lish in Figs. 1 to 4, on the present page and page 868, 
| reproductions of photographs showing the work in 
progress at the station, and to supplement these views 
with a brief description. 

As we have already mentioned, the first efforts of 
the company were directed towards preventing further 
danger, and the feet of the three end principals 
were therefore connected by steel ropes to relieve the 
strain on their tie-rods. The blocks for these ropes 
were got in position by the aid of a fire-escape, 
the first set being fixed during the night of Decem- 
ber 5, four o’clock on the afternoon of that day being 
the time of the accident. The tension on the blocks was 
computed at 7 or 8 tons ; this was calculated from the 
sag of the ropes and also the work done in tightening by 
the men at thecrab. The next day saw the two other 
principals similarly supported, and work was then com- 
menced on one of the two strong wooden towers shown 
in our illustrations as supporting the roof. Meanwhile, 
of course, gangs of men were engaged in clearing away 
the wreckage of coaches and the fallen iron-work which 
considerably hindered the operations. 

On Friday morning, December 8, work was started 
on the second tower, and a week later both the towers 
had reached the roof, 80 ft. above, and had been 
packed so as to support the weight of the rib of the 
principal. The two towers, as will be seen in the 
illustrations, stand on the platforms centrally under 
the end principal. This principal had its tie-rod 
broken by the falling roof, and the tie-rod will be 
seen hanging in all the views. The towers are at 
about 38-ft. centres, but do not divide the span quite 
symmetrically, on account of the position of the plat- 
forms. Each tower covers an area of 25 ft. by 10 ft., 
and consists of eight uprights strongly braced to- 
gether. The uprights each consist of three thick- 
nesses of 9-in. by 3-in. planking, bolted together in 
such lengths that all joints are widely separated, and 
a structure of approximately uniform strength is ob- 
tained. Four uprights of each tower come on each 
side of the end principal. 

Timbering was then erected inside the station walls 
and connected to the towers, and the towers con- 
nected together by strong stagings. It is intended 











866 


ENGINEERING. 





[DeEc. 29, 1905. 








to a the rib of the principal at seven points 
altogether from the timber-work, and to take it down in 
sections. Before this can be done the purlins must, 
of course, be removed, and for this purpose a sheer-legs 
will be erected on the timbering. here the rib is 
supported near the ends, blocks of timber have been 
bolted inside it to form suitable footings for the props, 
otherwise the latter might slip under the oblique 
thrust, or, at any rate, might give trouble when the rib 
is cut. One of these timber cushions can be seen on the 
right-hand side of the rib in Figs. 3and4. The photo- 
graphs reproduced in Figs. 1, 3, and 4 were taken on De- 
cember 23, while Fig. 2 was taken on December 25, and 
in it the progress made with the staging can be seen. 
Work is proceeding night and day, and the energy 
shown by the engineers of the company in the face of 
so sudden and unforeseen a disaster will be recognised 
by all who can appreciate the magnitude of the task 
so unexpectedly put upon them. 








NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—The market opened quiet 
last Thursday forenoon, but the tone was firm. Cleve- 
land warrants advanced to 53s. 1d. cash and six days, 
533. 4d. to 53s. 5d. twenty-nine days, and 533. 5d. one 
month. The turnover was 5000 tons, and at the close 
seliers quoted 53s. 2d. cash and 53s. 6d. one month. 
Hematite, 500 tons, was done at 71s. 14d. three months, 
closing sellers quoting 71s. one month. ‘The settling prices 
were :—Scotch, 583.; Cleveland, 53s. 14d.; hematite, 
703. 44d.; and Standard foundry iron, 51s. 9d. At the 
afternoon session Cleveland warrants were steady, and 
about 6000 tons changed hands at 53s. 24d. to 533. 2d. cash, 
533. 64d. twenty-eight days, and at 533. 7d. one month, 
with closing sellers at 533. 24d. cash and 533. 7d. one 
month. The market was strong for hematite, and 1500 
tons were done at advanced prices—namely, 703. 9d. 
cash, and 71s. 3d. to 71s. 6d. one month. Closing sellers 
quoted 7ls. 74d. one month. Oa Friday morning the 
tone was again strong, and Cleveland warrants, after 
opening at 533, 5d., advanced to 53s, 84d. cash, closing 
with sellers at 53s. 9d. cash. Forward warrants were done 
at 54s. and 543. 04d. one month, closing with sellers at 
543. ld. The turnover was about 7500 tons Cleveland, 


and 1000 tons hematite at 71s. 7)d. to 71s. 10}d. one | 7) 


month. At the close sellers quoted 723. one month. In 
the afternoon the market was a bit weaker, and Cleve- 
Jand warrants were done easier at 53s. 8d. to 53s. 7d. cash, 
533. 7d. seven days, and 533. 104d. one month, and closed 
with sellers at 533. 7d. cash, and 53s. 1ld. one month. 
The turnover was 10,000 tons. Hematite was steady, and 
1500 tons were dealt in at 72s. one month. Standard 
foundry iron advanced about 6d., and 500 tons were done 
at 523, 94. seven ag Coe at the close quoting the 
same figure for cash. The market was closed on Monday 
(Christmas Day), end also on Tuesday. When business 
commenced this (Wednesday) morning the tone was 
tirm, and Cleveland warrants advan . Cash iron 
was done at 53s. 7d. to 533. 104d., and forward iron 
at 543. to 543. 24d. one month, and some dealing took 
place at 5is. fourteen days. The business amounted 
to about 11,000 tons, and at the close sellers quoted 
53s. 10d. cash and 543. 3d. one month. Hematite, to 
the extent of 1500 tons, changed hands at 72s. 6d. one 
month, or 6d. up, and at 723 1d. twelve days, and 
closed firm at 72s. 74d. one month sellers. In the 
afternoon a strong feeling prevailed, and Cleveland 
warrants advanced to 54s. and 53s. 114d. cash, and to 
54s. 4d. one month and 55s. three months. Some business 
was also doné at 54s. 24d. twenty-two days. One lot of 
hematite was done at 733. three months. The total turn- 
over was about 4500 tons, and the closing quotations for 
Cleveland warrants were 533. 114d. cash and 543. 34d. one 
month. Standard ge | iron was quoted 52s. 6d. 
buyers and 52s. 104d. sellers; but no dealings were 
recorded. The following are the market quotations for 
makers’ No, 1 iron :—Clyde and Calder, 68s.; Gart- 
eh * 6d.; mo ey ganeen, ™ a. 

ip at Glasgow); Glengarno>k (ship at 
Ardrossan), ay ; Shotts Gsoned at Leith), 683. ; an 
Carron (shipped at Grangemouth), 70s. 


Sulphate of Ammonia.—A slight chan 
has just taken place in the price of sulphate of ammonia. 
The better inquiry referred to last week has ripened into 
business, with the result that the price has firmed, and 
even advanced a little, as sellers were found rather short 
of supplies, The present price is firm at 12/. 10s. to 
12/. 123, 6d. for prompt delivery, but it is doubtful if 
holders would sell at the smaller value. The shipments 
from Leith Harbour last week amounted to 1133 tons. 


Scotch Steel Trade.—Throughout the past few weeks 
there has beer scarcely any change of importance in the 
Scotch steel trade. The great increase of shipbuilding 
orders since the middle of this year has strengthened the 
industry, and the various local works have all received a 
share of the consequent orders for steel material. Work 
is being hurried out this week with all speed, and almost 
every department is going at full pressure. Inquiries 
have lately been received here for considerable quantities 
of structural steel for Canada and the United States. 
Early delivery is, of course, one of the stipulations, but 
it is ramoured that makers are anxious to secure the busi- 
ness, and the negotiations are likely to result in the 
orders being placed in the district. 


Anather Advance in Galvanised Sheets.—The local 
makers of galvanised sheets have just announced another 
advance in the price of corrugated material. The rise is 


for the better 


one of 5s. per ton, and is the third at least this year, 
and brings the price now to 12/. 23. 6d. per ton. This 
represents the official minimum, but there are makers 
here who will not sell even at that figure, for not only 
are they already well booked for months to come, but 
5 find inquiry fairly active for delivery on to the end 
of June. 


Shipbuilding.—The Ardrossan Dry Dock and Ship- 
building Company, Limited, who have for some time 
been busy with Admiralty work, have just secured two 
commissions which are likely to keep their yard going 
well for some time to come. By La Compagnie Pont- 
briand, Limited, Sorel, Quebec, they have been asked to 
build a tug 100 ft. by 22 ft. by 15 ft. for shipment to 
Canada. They are also to build to the order of Mr. 
Livar, Fleetwood, a steel screw trawler, of 130 ft. by 
22 ft. 6 in. by 12 ft. 10in, for delivery in May. This 
latter vessel is to be fitted with triple-expansion engines 
by Messrs. Renfrew Brothers, Irvine. —The tonnage 
launched from the Clyde shipbuilding yards during this 
year constitutesa record. The number of vessels is 319, 
with an aggregate of 540,080 tons. Measrs. Russell and 
Co., Port Glasgow, have again taken first place, with 
eighteen vessels, making a total of 71,540 tons, and 
Measrs. Connell and Co. come next with ten vessels, 
making a total of 39,428 tons. Fourteen firms turned out 
a total tonnage of over 20,000 tons, as against six firms 
with over that tonnage last year. The prospects for next 
year on the Clyde are very bright, as quite a number of 
yards have enough work on hand to carry them well on 
to this time next year. 








Tue “Ipauo.”—The United States battleship Idaho 
has been launched from the yard of the William Cramp 
Ship and Engine Building Company, Philadelphia. The 
Iduho is a sister-ship of the Mississippi, and has a dis- 
placement of 13,000 tons. 





EXTRAORDINARY Rattway Transport.—The Darling- 
ton Forge Company, Limited, recently completed cast- 
steel stern-frames and brackets for two new turbine 
express steamers which the Cunard Steamship Company 
is having built for its trans-Atlantic trade at Messrs. 
John Brown and Co.’s yard at Clydebank, and at 
Messrs. Swan, Hunter, and Wigham-Richardson’s estab- 
lishment at Wallsend-on-Tyne. These stern-frames and 
brackets are by far the largest ever constructed in the 
annals of shipbuilding, and for their conveyance from 
arlington very elaborate arrangements had to be 
made, as, although the stern-frame was loaded upon a 
specially-designed 5U-ton trolley wagon, certain of its 

rts were found to very seriously exceed the ordinary 

ritish railway loading gauge. It was consequently 
impossible to convey the article by railway from Dar- 
lington to Wallsend-on-Tyne, and arrangements were 
concluded for shipping it at Messrs. Richardsons, West- 
garth, and Co.’s sheer-legs at Middlesbrough. To afford 
some illustration of the exceptional dimensions of the 
stern-post, it may be noted that 69 tons of molten 
metal {were required in its castings, and that, when 
loaded upon the trolley wagon, the distance from rail 
level to the top of the frame was 13 ft., and the ex- 
treme width 15 ft. 6in. On the 6-ft. side the wing 
of the frame overlapped the side of the wagon 8 ft. 6 in., 
while on the other side the overlap was 3 ft. 6in. In 
addition to requisitioning both sets of metals on either 
side of the ‘‘stern-frame special ” for its entire passage, 
it was not deemed advisable to travel at a speed at any 
point exceeding 3 miles per hour. For use in case of 
emergency a mammoth travelling crane was placed at 
either end of the wagon loaded with the stern-post, and 
a special staff of experienced loaders accompanied the 
train. 





Contracts.—Messrs. Clayton and Shuttleworth, of 
Lincoln, have just purchased a new Merryweather 
“‘Greenwich” engine of the vertical type, capable of 
delivering 500 gallons per minute, with suction hose and 
fittings. The boiler, which is of the firm’s quick-steaming 
water-tube type, is fitted with detachable burner for 
oil ; a fire-grate is also provided, so that either liquid- 
fuel or coal can be used.—Messrs. Clarke, Chapman, and 


q|Co., Limited, have secured contracts for supplying six 


sets of capstan rs to the Japanese Government for 
vessels building in Japan, and also for coal and boat 
hoists for the Japanese Navy.—Messrs. R. and W. Haw- 
thorne, Leslie. and Co., Limited, of the Forth Banks 
Locomotive Works, Newcastle, have completed four 
large ‘‘Consolidation” freight engines for the Gold 
Coast Government Railways. The engines have been 
built for a 3-ft. 6-in. gauge; their cylinders are 17 in. in 
diameter by 21-in. stroke, and their coupled wheels have 
a diameter of 3 ft. 4in. There are eight coupled wheels 
with a leading two-wheel pony truck. Each tender 
is carried upon two four-wheeled bogie trucks.—The 
Leeds Forge Company, Limited, has booked several 
contracts for steel trucks for the Egyptian Government 
Railways. The company has also executed a large order 
for South America, comprising 500 bogie trucks to carry 
40 tons each. The company has further received orders 
from the Continent for 1700 bogie trucks, and from the 
Natal Government Railways for narrow-gauge rolling- 
stock. — The Holwell Iron Company, Limited, of As- 
fordby, Melton Mowbray, and 28, Victoria-street, West- 
minster, has secured the contract for cast-iron pipes, 
cytecers for pump-well, &c., tong in connection with 
the Etton Extension Corporation Water Works, for the 
= of Peterborough.—We hear that Mesars. C. A. Zadig 
and Co., engineers and contractors, of 73, Queen Victoria- 
street, London, E.C., have secured an order for 200 miles 
of portable railway and 240 switches for the Japanese 





Government. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Messrs. Cammell, Laird, and Co.—It is understood that, 
as a sequel to the working arrangement which has been 
decided upon between Messrs. Cammell, Laird, and Co., 
of Sheffield and Birkenhead, and the Fairfield Shipping 
Company, of Glasgow, Messrs. A. Gracie and W. M. 
Rhodes, of the Fairfield directorate, have been added to 
the Cammell-Laird board, and Mr. J. M. Laird, chairman 
of Messrs. Cammell, Laird, and Co., and Mr. R. R. 

Bevis have been elected to the Fairfield directorate. 


Tron and Steel Trades.— At the East End works holidays 
have been much shorter than they were last year. Then 
many works were closed for a fortnight, and some for even 
three weeks. Now as they have all resumed 
operations except where repairs and renewals are not 
completed. In most departments there is plenty of 
business on hand, and employment is certain for some 
little time ahead. It is quite expected that after the 
turn of the quarter orders will come in freely for all 
kinds of raw material, and that both furnaces and mills 
will be kept fully occupied. Prospects in the lighter 
trades are not so encouraging. The great bulk of the 
orders received were cleared off before Christmas, and 
there is no need to shorten the idle season. The increased 
cost of silver has seriously affected the demand for silver 
and plated wares, and owing to the dearness of ivory, 

rl, stag, and other hafting material, the demand for 
Seeb-cless cutlery is quiet. Steady improvement is going 
on in the various tool trades, both for the home and 
foreign markets. Makers of engineers’ heavy tools report 
that they are better employed. 


The South Yorkshire Coal Trade.—The holidays have 
been generally observed at all the South Yorkshire col- 
lieries. Work was suspended at the end of last week, 
and was not, as a rule, resumed until Wednesday, The 
deliveries of all qualities of fuel were very heavy before 
Christmas, and it will take some days to work off stocks. 
Prospects of a large demand for the new year are en- 
couraging, but prices are still low. The explanation is 
that although the demand has been unusually heavy, the 
means of supply have been greater, and in consequence 
there is the keenest competition and cutting down of 
quotations. New colliaries are being constantly opened 
out, and by new methods of working in old pits the output 
has increased. The railway contracts are still under con- 
sideration. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—The market was re-opened 
to-day after the Christmas holidays, but very few people 
put in an appearance on ‘Change, and, as was to be 
expected, business was quiet. At the same time, 
quotations for pig iron were very strong, and a 
very cheerful view was taken of prospects for the 
future. No. 3 g.m.b. Cleveland pig was 53s. $d. f.o.b. 
No. 1 was 55s.; No. 4 foundry, 523.; grey forge, 
51s. 6d.; mottled, 51s.; and white, 50s. 6d. East Coast 
hematite pig was very firm, as was only natural with the 
output still a good deal too small to satisfy demand. 
Mixed numbers were fully 70s. 6d.; No. 1, 71s. ; and 
No. 4 forge, 65s. ; all for early delivery. Forward rates 
were about 2s. above these prices. Spanish ore was stiff, 
but without-quotable change. Middlesbrough warrants 
closed 53s. 104d. cash buyers. 


Manufactured Iron and Steel.—Excellent accounts are 
given of all branches of the manufactured iron and steel 
trades, and the outlook is very promising. Of course, 
holidays have checked the production somewhat this 
week. Firms generally are well booked up for next year, 
and further orders are confidently anticipated. Under 
these circumstances quotations have, naturally, a decided 
upward tendency. Market rates stand :—Common iron 
bars, 71. ; best bi 71. 10s.; iron ship-plates and iron 
ship-angles, each 7/. 5s.; iron ship-rivets, 8/.; steel bars, 
61. 15s. ; steel ship-plates, 7/.; steel ship-angles, 6/. 12s. 6d.; 
steel boiler-plates, 8/.; steel sheets (singles), Zl. 10s. ; 
steel sheets (doubles), 8/.; steel joists, 6/. 7s. 6d.; and 
heavy sections of steel rails, 6/.—all less the customary 
24 i cent. discount, except rails, which are net at 
work 


Coal and Coke.—Fuel fully maintains its value Coal 
prices are similar to those of a week ago. Coke is tirm, 
and average blast-furnace qualities are 17s. 6d. delivered 
here over the first half of next year. 








Power-TRANSMISSION CABLES.—The Canadian Niagura 
Power Company has applied to the Dominion Govern- 
ment, as well as to the United States Government, for 
ee to erect power-transmission cables across the 

‘iagara between Fort Erie and Buffalo. The construc- 
tion of this proposed line will be interesting, because the 
river at that point is wide, and carries a great deal of 
traffic. Unless the cables are carried across the river on 
the International bridge, the span from shore-line to 
shore-line will be long, and the cables will have to be 
erected at a considerable height. At Niagara Falls the 
Canadian Niagara Power Company has cables erected on 
the upper steel arch bridge connecting with the station of 
the Niagara Falls Power Company. Down stream, about 
five miles, the Niagara, Lockport, and Ontario Power 
Company has nine cables strung across from shore to 


shore, towers being set on eithershore ; and it is over this 
transmission line that Lockport and other cities eastward 
from Niagara will be supplied with power. 
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NOTES FROM THE SOUTH-WEST. 


Cardiff.—The principal business done in steam coal has 
been for shipment after the holidays. Quotations for 
all descriptions of large coal have been well maintained, 
the best qualities having ranged from 12s, 6d. to 12s. 9d. 
per ton, while secondary sorts have brought from lls. 6d. 
to 12s. 3d. per ton. The demand for house coal has not 
been particularly active ; the best ordinary qualities have 
made 13s. 6d. to 15s. per ton, while secondary descrip- 
tions have brought 10s. 6d. to 11s. per ton ; No. 3 Rhondda 
large has been quoted at 13s. 6d. to 13s. 9d. per ton. 
Foundry coke has realised 18s. 6d. to 19s. per ton, while 
furnace ditto has made 163. 6d. to 17s. per ton. As 
regards iron ore, Rubio and Almeria have made 18s. to 
18s. 6d. per ton, upon a basis of 50 per cent. of iron, and 
charges, including freight, insurance, &c., to Cardiff or 
Newport. 

The Swansea Vallcy.—The steel trade has shown some 
activity. In consequence of a recent increase in the 
price of steel bars, steel-smelters will claim an advance 
of 5 per cent. in wages with the commencement of the 
New Year. The tin-plate and sheet mills have been 
generally well employed ; work, however, at some of the 
tin houses has been irregular. The demand for patent 
fuel has shown some weakness, and miners engaged in 
working coal for fuel purposes round Birelgrove have 
been only partially employed. A better tone has pre- 
vailed at anthracite collieries. 


Brecon and Merthyr Railway.—Negotiations have been 
pending for a lease of the Brecon and Merthyr Railway 
to the Barry Railway Company ; but they have not been 
concluded in sufficient time to enable the subject to be 
brought before Parliament next session. The proposal 
has accordingly to stand over for the present. 


Doulais.—Up to the holidays there was an increased 
output at the Goat Mill; some quantity of billets was 
turned out, but steel rails were principally made. The 
orders executed have been largely on export account. 
There has been a full out-turn at the Big Mill, nny 
of fishplates and small colliery rails. The output of the 
Bessemer department has improved. 


Port Talbot.—Port Talbot Steel Works, the erection of 
which involved an outlay of 120,000/., and which have 
been idle for eighteen months, have been acquired by 
Baldwin’s, Limited. The erection of blast-furnaces is in 
contemplation. 

Electric Light at Cardiff.—At the last sitting of the 
electrical and lighting committee of the Cardiff Town 
Council it was stated that the premises of 1209 consumers 
were now connected to the mains, representing an equiva- 
lent of 144,383 eight-candle-power lamps. The last total 
showed an increase of 21 per cent. as compared with 
December, 1904. The estimated revenue for the month 
also came out at 3827/., as compared with 3354/. 


Bristol Merchant Venturers’ College.—Sir A. Binnie, 
President of the Institution of Civil Engineers, distri- 
buted medals, prizes, and certificates to'successful students 
of the Bristol Merchant Venturers’ Technical College on 
Thursday evening last week. 

More Welsh Coal.—The Clyne Valley Colliery Com- 
pany, Limited, has struck the 5-ft. vein. 

Power in South Wales.—The South Wales Electrical 
Power and Distribution Company has deposited a Bill 
for consideration by Parliament next session. The com- 
pany is seeking pa Bam to raise additional capital to an 
extent not exceeding 1,000,000/. 








Tue Late Mr. C. R. Bettamy, LiverPoo: TRAMWAYS 
Manacer.—The death is announced of the manager and 
founder of the Liverpool eg system, Mr. C. R. 
Bellamy, on Saturday evening, the 23rd inst. A fort- 
night ago Mr. Bellamy sprained his ankle, which neces- 
sitated fis lying up. Asa result of the accident mortifi- 
cation set in, and gradually crept to his vital organs. 
Deceased was only 49 years of age, and in early life was 
gas engineer to the Liverpool Corporation. On the Cor- 
poration municipalising the tramways it fell to Mr. 
Bellamy to organise the system, which he accomplished 
in such a manner as to elicit the highest commendation 
from all quarters. 





ARGENTINE Raitways.—A syndicate of French and 
Belgian capitalists, represented at Buenos Ayres by the 
manager of the Spanish Bank, has offered to supply the 
necessary funds for the construction of 2500 miles of line 
recently sanctioned by the Argentine Congress. It is 
proposed that debentures, hypothecated upon the lines, 
should be issued by the Argentine Government, so that 
there would appear to be less in the offer of the Franco- 
Belgian syndicate to supply the necessary capital than 
might at first sight he supposed. The Argentine Govern- 
ment has the matter under its consideration. The syndi- 
cate is also stated to have offered to expropriate 
the Buenos Ayres Great Southern and the Buenos 
Ayres Western Railways for the account of the 
national government. According to the terms of the 
concession under which the Buenos Ayres Great Southern 
Railway has been constructed, the Argentine Govern- 
ment has the right to expropriate or purchase the line at 
any time upon paying its fair value as fixed by arbitra- 
tion, plus 20 per cent. upon such value as indemnification. 
The concession of the Becnee Ayres Western Railway 

rovides that the line cannot be expropriated until after 
orty years from April 28, 1898. It is felt that the 
present is not an —— period for the Government 
to acquire two of the t railways in Argentina, as the 
time has not yet arrived when the country can dispense 


with the assistance of British capital. 





* | ing, and by drilling respectively. 





MISCELLANEA. 


Tue Official Bulletin published monthly by the National 
Association of Master Steam and Hot-Water Fitters, 
260, West Broadway, New York, reproduces the reports 
and tables issued by the British Standards Committee 
on Pipe Flanges. It contains also two tables giving the 
standard flanges adopted in the United States on July 18, 
1894, and June 28, 1901. 


In their Annual Trade Review, of which they have 
sent us an advance proof, Messrs. Bolling and Lowe, 
2, Laurence Pountney-hill, E.C., estimate that the 
British steel output will show an increase of one million 
tons over last year, largely due to decreased imports. 
Our production of pig iron for the year will amount to 
94 million tons, the production of the United States 
being 23 million tons, and that of Germany 104 million 
tons. They report favourably on most of our metal 
markets and industries, and regard the outlook for the 
coming year as promising. 


Ina <% published in a recent issue of the Physical 
Review, Mr. A. P. Carman gives a description of some 
preliminary experiments on the resistance of tubes to 
collapse. he tubes tested were of brass, and ranged in 
mean diameter from 0.35 in. up to 0.72 in. The thick- 
ness of the tubing ranged between 0.016 in. and 0.053 in., 
whilst the range of lengths was from about half diameter 
long up to 170 diameters. In accordance with the usual 
theory, it was found that beyond a certain ratio of length 
to diameter, the resistance to collapse was independent of 
the length, though for lesser ratios than this the collapsing 
pressure, in agreement with Fairbairn’s experiments, 
diminished as the length increased. The highest pres- 
sure reached in the experiments was about 850 atmo- 
spheres. Mr. Carman proposes to continue the research, 
as, owing to variations in the quality of the material tested, 
the data obtained were insufficient to permit of a proper 
comparison between calculation by theory and the actual 
experimental results. 


The Moniteur Industriel publishes the following figures, 
which show the production of the Belgian coal-fields in the 
two most prosperous years they have experienced :— 


; 1900. 1873. 
Production ... 23,462,817 tons 15,778,401 tons 
Price per ton 13s. 114d. 17s. 14d. 
Total value ...  16,335.0002. 13,505, 0002, 
Number of workmen ... 132,744 107,902 
Annual wage ... aa 561. 10s. 541. 2s. 
Profit per ton ... 3 3s. 5d. 4s. 9d. 


The average price per ton fell, in 1901, to 12s. 2d.; in 
1902, to 10s. 7d.; and in 1903, to 10s, 5d. Of the profit 
made in 1900, about one-half only was distributed to the 
shareholders, the remainder having been set apart for 
sinking and reserve funds, and for improving the working 
of the mines. The Belgian coal industry did not suffer 
to the extent that might have been expected from the 
crisis in the iron and steel industries of the last few years, 
and its situation to-day shows a marked improvement. 


Some experiments illustrating the damage which may 
be done by punching or shearing steel plates have been 
recently nf at the Pittsburg Testing Laboratory for 
the American Railway Maintenance of Way Association. 
The steels tested were partly basic and partly acid, there 
being three different grades of each, showing respectively 
an average tensile strength of 60,000 Ib., 65,000 Ib., and 
70,000 lb. per square inch. The plates ranged in thickness 
from $in. up tog in. All the specimens were 3 in. wide 
and 16 in. long. Some of them had simply two sheared 
edges, and in others the edges were planed, whilst in the 
remaining experiments holes }4 in. in diameter were put 
through the specimens by punching, punching and reamer- 
i i ith basic steel all the 
sheared specimens began to tear at one edge first, giving 
way finally with a silky but very irregular fracture. All 
the punched specimens showed several openings around 
the edge of the hole near the fracture, and broke 
suddenly, whilst the reamed and drilled specimens 
yielded gradually. The punched specimens of acid 
steel sometimes showed a silky fracture on one side 
of the hole, and a granular fracture on the other, and 
with the thicker punched specimens the fracture was often 
wholly granular. With the thicker reamed and drilled 
specimens of this steel the fracture was always granular. 
The conclusions arrived at were that punching and shear- 
ing slightly reduced the ultimate strength of structural 
steel, but very largely diminished its perme The bad 
effect could, however, it appeared, be removed by reamer- 
ing and planing. 


Ina paper read before the Society of Naval Architects 
and Marine Engineers, at New York, Mr. D, W. Taylor 
gave the results of experiments made by him with 
the ventilating fans fitted to warshi These showed 
that the average commercial fan had an efficiency of 
about 50 per cent. As to the Jay-out of piping through 
which the air is conducted to different parts of the 
ship, Mr. Taylor summarises his conclusions thus :— 
(1) Angles of branches.—For the general run of branches 
make the angle anything less than 45 deg.; 30 deg. 
is a very good angle to use, but it is not necessary 
to adhere to it rigidly. For branches at the extreme end 
of the main, where the velocity is very much reduced, 
the branch angles should be increased and the last 
branch should generally lead off at 90 deg. : (2) Elbows 
in branches.—For one 90-deg. elbow add 3 ft. to the 
length of the branch ; for two, add 7 ft. ; and for three, 
add 10 ft. For elbows less than 90 deg. add in propor- 
tion. This applies to elbows whose ius to the centre 
of the pipe is 1} diameters. A smaller radius should not 
be used. (3) Outlet for branches.—Connect the branch 





with its outlet fitting by a cone expanding 1} in. to the foot, 
making its diameter such that the air — he at discharge 
will be 1000 ft. per minute. (4) Mains.—Use round 
mains wherever practicable. Make the standard con- 
ditions at the first outlet 5 lb. pressure, and 2000 ft. per 
minute velocity. As the branches lead off, do not change 
the size of the main until sufficient air has n removed 
to reduce the velocity to a value between 1200 ft. and 
1500 ft. per minute. Then contract the main witha taper 
of 14 in. to the foot until the area is so reduced that the 
velocity again becomes 2000 ft. per minute. Repeat the 
contraction wherever necessary, but do not reduce the 
final diameter of the main to less than twice the diameter 
of the last branch. 


As the result of a series of tests made on behalf of the 
Chicago, Milwaukee, and St. Paul Railroad, on which a 
large amount of ferro-concrete has been used, the follow- 
ing suggestions as to the use and design of this material 
have been drawn up:—(1) An amount of steel equal to 
about 0.75 per cent. of the concrete above the steel is as 
much as can be economically used in beams sustaining 
heavy loads, and subject to large shearing stresses. (2) 
Diagonal reinforcement should be used at the ends of all 
large concrete beams, not only to develop the full strength 
of the beam, but to prevent a sudden failure. (3) Dia- 
gonal reinforcing bars should be brought well up to the top 
of the beam, and securely anchored against shipping. (4) 
The use of small bars is preferable for several reasons. 
The elastic limit is higher, they give a better distribution 
of the stresses, and they offer better opportunity to 
obtain a satisfactory reinforcement. Also they are 
much easier to handle, and bend in the field. (5) 
The use of bars larger than 1 in. is particularly objec- 
tionable, both from a practical and a theoretical stand- 

int. (6) The ultimate strength of a reinforced concrete 

m is reached when the steel has been stressed up to 
its elastic limit. (7) The location of the neutral axis 
varies with the amount of steel and the class of the con- 
crete. With an amount of steel equal to about 0.75 per 
cent. of the area of the concrete, and with an average 
class of concrete, the distance from the neutral axis to 
the top of the beam at rupture is about one-third of the 
distance from the centre of the steel to the top of the 
beam. (8) After obtaining the approximate location of 
the neutral axis, it makes little difference whether the 
distance from the neutral axis to the centre of the com- 
pressive area is taken as § Y as in the cave of the tri- 
angular area, or 3-5 Y as for a parabolic area, the differ- 
ence in the resulting resisting moment being less than 


‘3 percent. (9) Experimental methods are desirable for 


determining the position of the neutral axis, as it enables 
one to design a beam without making an assumption as 
to the modulus of elasticity of the concrete, which may 
easily vary 100 per cent. from its actual value. If the 
neutral axis has been determined by experiment, and a 
class of concrete used that will develop the elastic limit 
of the steel, the value of the modulus of elasticity of the 
concrete is not essential. 


At a meeting of the American Society of Mechanical 
Engineers, recently held in New York, a paper was read 
by Mr. R. J. Durley, of Montreal, entitled ‘‘On the 
Measurement of Air Flowing into the Atmosphere 
through Circular Orifices in Thin Plates and under Small 
Differences of Pressure.” The investigations described 
in the paper included heads of from 1 in. to 5in. of water, 
and orifices up to 4 in. in diameter, and the results were 
expressed by the following formula :— 


D = 0.62990 a ,/ é 
ad 


where 


D = discharge in pounds per second. 
C = an experimental coefficient. 
d = diameter of orifice in inches. 
i = pressure difference in inches of water. 
T = absolute temperature of the air, Fahr. 


The valués of the coefficient C were found to be those 
aren Yin. the’ table below, the height of the barometer 
ing 30 in. 











| 
2 | 

yee 2-In, 3-In, 4In, 5-In, 
in Inches. | Head. Head. Head. Head. Head. 
r 0.608 0.€06 0.610 0.618 0.616 

4 0.€02 0.605 0.608 0.610 0.613 

1 0.61 0.603 0.605 0.€06 0.607 

14 0.601 0.601 | 0.602 0.608 0.603 

2 0.6 0.6 0.6 0.600 0.600 

24 0.599 0.599 0.599 0.598 0.698 

3 0.509 | 0,598 0.597 0.596 0.596 

84 0.599 | 0.597 0.596 0.595 0.594 

4 0.598 | 0,597 0.595 0.504 0.593 

4} 0.598 0.596 0.594 0.598 0.592 





The author stated that the general conclusions to which 
he had come were :—(1) The coefficient for small orifices 
increases as the h increases, but at a lesser rate the 
larger the orifice, till for the 2-in. orifice it is almost con- 
stant. For orifices larger than 2 in. it decreases as the 
head inc’ and at a greater rate the larger the orifice. 
(2) The coefficient decreases as the diameter of the orifice 
increases, and at a greater rate the higher the head. (3) 
The coefficient does not change ap poet with tempe- 
rature (between 40 deg. and 100 deg. Fahr.). (4) The 


coefficient (at heads under 6 in.) is not appreciably 
affected by the size of the box, if the ratio of the areas of 
the box and orifice is at least 20:1. All the experiments 
were made at the McGill University, Montreal, and the 
orifices used were straight-bored in iron plates No. 15 
B. and §., or 0.057 in. thick. 
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“THE EDUCATIONAL TRAINING OF 
THE ENGINEER.” 

In a recent address, delivered in Scotland by a 
civil engineer high in his profession, reference was 
made to ‘‘ the educational training of the engineer” 
as being a ‘‘ hackneyed” subject. We are not 
aware that the word quoted has a meaning in North 


:| Britain different from that which it bears in the 


south ; but to us it seems that, though the educa- 
tional training of the engineer may be a subject 
often discussed—and this, we believe, was what 
the speaker meant—the magnitude of its import- 
tance prevents it ever becoming hackneyed, in the 
popular acceptation of the term, as threadbare and 
outworn ; or, to adopt the Shakespearean reading, 


** So common- -hackneved i in the eyes of men, 
So stale and cheap,” 


as to make it profitless fur discussion. 

In the able address to which we referred above 
—namely, that recently delivered by Mr. Donald 
E. Matheson, as President of the Glasgow Asso- 
ciation of Students of the Institution of Civil 
Engineers—it was stated that ‘‘in engineering work 
there is no more important part of the structure 
than the foundation ; similarly, the foundation of 
training is one of the most important parts of the 
fabric of engineering education.” We have heard 
so much of late about the evils of early specialisa- 
tion that it is worth while to devote a few words 
to the question. Mr. Matheson pointed out to 
the students that the shortness of our time pre- 
cludes the possibility of learning much more than 
will serve to make our living. If one could live 
for a thousand years, the case would be different ; 
but it is impossible for a man to become proficient 
in every branch of the profession. We have lately 
seen the imagined danger of too early specialisation 
used as an argument against the teaching of science 
in schools ; whilst some speak as if science-teach- 
ing would lead to the production of narrow-minded 
pedants, without eyes to see, and hardly brains to 
consider any subject but their own. 

Putting aside for the moment the practical or 
material benefits of science, we might fairly ask 
whether the questioning of Nature in her har- 
monies is less expanding to the mind than the 


4sE/ study of obscure passages of ancient writers; at 


whose meaning we can do no more than guess, 
with a result that would, possibly, in nine cases 
out of ten, surprise no one more than the writers 
themselves, could they return to life. The value 
of science as a study rests in its perfect sanity ; 
that which the Americans call ‘‘ level-headedness.” 


6| It gives the widest scope for the imagination, but 


leaves no room for fantastical imaginings ; the con- 
ception must be true, or the whole fabric of specu- 
lation falls. ‘The place of science in general 
education,” said Sir William Huggins in his recent 
address to the Royal Society, ‘‘ may be considered 


” gg9 | under two aspects : firstly, the intrinsic value of 


the teaching of science as a means of enlarging the 
powers of the mind ; and, secondly, its relative value 
as compared with the teaching of the classics. The 
elements of the science of Nature, when properly 
taught, have a claim to a very high place in general 
education, since Nature is always close to us asa 
living intelligence which responds to questions put 
to her by experiment.” 








As a public-school man, Sir William Huggins will 
not be thought prejudiced against the humanities 
—in fact, he says, ‘‘ humanistic studies and ex- 
perimental science are equally essential ”—but he 

laces science-teaching before the study of classical 
anguages. ‘‘'T'wo faculties of the mind,” he says, 
‘* which it is of the highest importance to enlarge, 
especially in early youth, and to develop by exer- 
cise, are wonder and imagination. nder the 
ordinary premature language - teaching of the 
grammar schools, even the wonder and imagination 
natural to young minds become so stunted in their 
growth as to remain more or less dormant through 
life. On the other hand, natural science brings 
them into full activity and greatly stimulates their 
development.” Yet, as Sir William Huggins re- 
minds us, the public schools, until recently, ex- 
cluded all teaching of the science of Nature from 
their scheme of studies—‘‘ a thing incredible were 
it not familiar fact . . . though man’s relation to 
Nature is more intimate than to his fellow-man.” 
We may compare this with the procedure of that 
eminently wise and scientific people—the Japanese, 
who, as Mr. Matheson tells us, enlist the very 
toys of the children’s play-room for an educational 
influence. It is difficult, indeed, to begin to specialise 
too early; remembering always that the words 
‘*speciat” and ‘‘ exclusive ” have different meanings. 
r. Matheson, speaking to his student audience 
with the authority of one who has had to grapple 
with many engineering problems—for he is, as 
the majority of our readers doubtless know, engi- 
neer to the Caledonian Railway—is of opinion 
that not only the engineering professor, but 
rhaps also the Council of the Institution of Civil 
ngineers, do not appreciate that there should 
be a medium as to the value accorded to practice 
and theory respectively. ‘‘To many civil engi- 
neers,” he adds, ‘‘ practical knowledge and experi- 
ence are more valuable than profoundly scientific 
attainments ; and while in examination, science 
should continue to be the criterion in the Uni- 
versity Engineering Degree, practical knowledge 
should take a higher place in the standard of 
judging in candidature for associate membership 
of the Institution of Civil Engineers.” It may 
be—at any rate, it is the opinion of many—that 
the Council of the Institution has put itself over- 
much in the hands of the professors in framing 
examination papers. One can understand that to 
frame an examination paper is not a task lightly 
to be approached by veterans who graduated in 
their profession during a pre-examination era— 
before technical education had become, as Mr. 
Matheson would say, a ‘‘ hackneyed ” subject, and 
when the technical colleges that now abound 
throughout the kingdom were mostly unfounded ; 
but they might take heart of grace to temper the 
abstractions of the academy with the more tangible 
qualifications by which they themselves achieved 
successes. 

In order to qualify for his profession it is needful 
that engineers of all classes should be engaged in 
the actual doing of physical work upon engineerin 
structures. Sir John Wolfe Barry has emphasised 
this point. ‘‘ Practical knowledge,” he said in his 
presidential address of 1897, ‘‘is at least as necessary 
as theory ; and while advocating the cultivation of 
the latter, I feel very strongly the importance of 
the former. Such practical training as will make 
a true engineer can only be secured in the old- 
fashioned way—by a young man seeing work done 
and learning from it the lessons of experience.” 
To those following the mechanical branch of civil 
engineering, these exhortations would seem un- 
necessary ; but there has been another ‘“ old- 
fashioned way,” which makes the advice by no means 
superfluous. If one should find complete designs 
for the whole equipment, say, of a railway—per- 
manent way, buildings, and rolling stock, from bal- 
lasting to the most intricate details of locomotive 
construction—-emanating from one office in West- 
minster, one would wonder from whence the ‘‘ prac- 
tical training” in all this vast field of engineering 
had been acquired, if one did not recognise the fact 
that the staff of such an office must include men 
whose training had not been confined to ‘‘ rigidly 
ne the old- fashioned apprenticeship in the civil 
engineer’s office” mentioned by Mr. Matheson. 

. Matheson’s programme of engineering educa- 
tion is comprehensive enough. In the course of 
his address he sketched the advice he would give 
to an imaginary young man coming to him for 
— nce in regard to his engineering career. The 

t question taken up is the ever-debated one— 
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whether the college course, or the term of pupilage 
with a civil engineer in practice, should be first 
taken. Mr.- Matheson is for the college course 
preceding pupilage, because ‘‘the young engineer 
must first construct the foundation of preliminary 
training.” He assumes that a ps i should 
know at the age of 14 what his vocation in life will 
be, and from that time until he leaves school—say 
at 16—his studies should be directed accordingly. 
This, it will be seen, would give two years of 
specialisation during the school course ; but, we 
would point out, it is somewhat difficult in schools 
to get instruction out of the regular routine ; and 
this is necessarily the case, for the curriculum of 
the school cannot be disturbed for one or two boys. 
Unless, therefore, the boy attend a school where 
engineering is made a subject, any attempt to give 
him a special course would only be likely to lead to 
the neglect of the regular studies, with nothing 
worth very much being substituted. The better 
plan would be to take the boy from school and 
depend on private tuition ; but that, besides being 
costly, is a somewhat risky course to take with the 
average boy. From fourteen to sixteen school 
discipline is an excellent thing. 

There is, however, generally no reason why the 
lad’s career should not be mapped out at a somewhat 
earlier age than fourteen, and the school selected 
which would give an education most appropriate to 
the purpose in view. For the most part, at the age 
of twelve, when the boy is leaving the preparatory 
school, the germs of character will have sprouted 
and the parent will be able to judge what will be 
the form of the mature plant. Most often the boy 
will have formed an opinion founded on impres- 
sions from his surroundings ; and if parents are 
wise, they will take care to guide that opinion into 
a channel where success is most likely to be 
secured ; one of the most important circumstances 
being the influence that friends or relatives may be 
able to wield. In the present case we may suppose 
that the boy shows aptitude for engineering, and 
his friends have influence in that field ; then, we 
hold, his school education should be directed 
towards engineering proficiency from about the age 
of twelve, and a school suited for the purpose should 
be selected. 

Here the parent will be met with the great 
initial difficulty. Education has been so largely 
in the hands of the classical and clerical party that 
schools devot.d to preparation for a career involv- 
ing the application of science are extremely rare. 
In many schools there is, it is true, a modern side, 
or a science side, but it is too often ill-conducted, 
and more or less neglected in favour of the classical 
division. However, there are some schools better 
than others for the purpose, and to one of these the 
lad should be sent at the age of twelve, for it is 
undesirable to make a change later. He should 
remain at school until sixteen, but in some cases it 
might be seventeen, depending on the time of year 
the birthday falls and the season at which the col- 
lege course commences. 

There is one very practical matter that has to 
be considered: the entrance examination, without 
vassing which it is not possible to be accepted 
by the best technical colleges. Now -although 
it is generally of a somewhat elementary nature, 
such as would trouble no boy of ordinary intel- 
ligence properly trained, yet it includes sub- 
jects so neglected at many schools that, without 
special coaching, the average schoolboy of sixteen 
would be likely to fail. Even of those who do get 
through, too often the professors and lecturers at 
the technical colleges complain that they find them 
so ill-grounded in school subjects that they can- 
not take advantage of the instruction provided. 

To return to Mr. Matheson’s address, we find he 
states that after the three years’ college course— 
during which the student should spend his vaca- 
tions in the workshops attached to a bridge-build- 
ing yard—at the age of nineteen he should enter a 
mechanical engineering workshop, to spend a year 
there as ‘‘a 6 o'clock man.” After this he should 
be articled to a civil engineer in practice, and serve 
an apprenticeship of three years. A point that 
Mr. hens lays stress upon is that the first 
few months of this time should be spent with the 
correspondence department, in doing clerical work. 
The soundness of this advice will, we think, be 
acknowledged when it is remembered how lament- 
ably many young engineers come to grief through 
lack of business knowledge, and failure to grasp 
the importance of business methods. It is, how- 
over, often difficult to get young gentlemen, whose 





parents have just paid a stiff premium, to devote 
themselves to occupations so clerk-like ; and this 
would be as apparent with those freshly from works 
as from college, for heads swell in machine-shops 
as well as in the class-room. The bulk of the time 
of the civil engineer’s apprenticeship course, how- 
ever, would naturally be passed in the drawing- 
office and in the field ; and on the completion of the 
three years Mr. Matheson would have the future 
civil engineer enter asa pupil, for at least one year, 
in the office of a busy architect, so that he may ‘‘ get 
experience in planning—the desideratum of the 
engineer—-and study architectural construction and 
design.” Having gone through this programme, 
and technical knowledge acquired at college being 
maintained and supplemented by attendance at 
evening classes, the young engineer, now twenty- 
four or twenty-five years of age, may consider he 
is qualified to ‘‘seek employment as assistant,” 
the ‘‘ market-price ” for his services being ‘‘ some- 
thing under 100/. a year.” 

We think that the majority of those ‘‘ parents, 
guardians, or friends” who are thinking of a 
career for young men will not consider this pro- 
gramme of the strenuous life a very attractive one. 
After a costly school education to the age of six- 
teen or seventeen—and all school education in 
England is costly—an expense of 4001. to 4501. has, 
at a moderate computation, to be faced for the 
college course, including fees and living expenses. 
Then there is a premium for the one year in the 
mechanical workshops, and this might be any- 
thing from 501. to 100/., or more —say another 
1501. to 2001. for this year. The premium for the 
three years’ course with the civil engineer we 
will put at the moderate figure of 3001.; it 
might be less, but it might very possibly be 
more if the firm were one of any standing. We 
will, however, consider the three years’ appren- 
ticeship to cost 7501. After that, there is the 
year in the architect’s office, with a possibility 
of a 501. premium, or 200/. for all expenses. 
For the young man hiniself, whose views, after 
all, are deserving of some consideration, there 
is the prospect of continuous work and study 
combined. 

The sum of the amounts we have named gives a 


total expenditure for fees and support of the|p 


embryo civil engineer of 1500l., but it might easily 
exceed this amount by 25 to 30 per cent., whilst if 
fashionable and expensive firms were in contem- 
plation, the total might be even doubled. There- 
fore, after eight years’ work, and an expenditure of 
anything ranging from fifteen hundred to two or 
three thousand pounds, the completed civil engi- 
neer may reasonably expect to get a salary of under 
100. a year to help towards his keep. He is, how- 
ever, in much the same plight as some of his former 
schoolfellows who have taken to other professions. 
The young barrister may work longer before 
obtaining remunerative employment—which may 
never come at all; the solicitor’s time of pupilage 
may be shorter, but his ultimate professional chances 
—as a solicitor, not as a man of affairs—-are less 
brilliant ; the young doctor has as long a term of pro- 
bation, but the fees for instruction are less ; whilst 
in the Church piety must be its own reward. Taking 
the services of the Crown and State; to enter the 
higher grade of the Civil Service practically involves 
a costly university education for the average man ; 
and the same thing applies, with the added need 
of influence, to the digleantio service ; the Army 
and Navy stand on much the same platform as the 
Church, with patriotism substituted for piety. Truly 
the lot of the middle-class parent with a family of 
sons, and a wife who insists on a ‘‘ genteel occupa- 
tion ’—to use an expression of our forefathers—is 
not an easy one. 

To return finally to Mr. Matheson’s paper, we 
tind the career of the civil engineer traced beyond 
his term of pupilage. For the next five or six years 
he must ‘walk warily, be content with bread 
and butter, and, within reasonable limits, sacrifice 
everything to gain experience.” The first two 
years of the period should be spent in a civil engi- 
neer’s employment, where, acting as assistant, the 
young engineer would be engaged in field work and 
in the preparation of working drawings. After this 
he should seek a post on the engineering staff of a 
contractor undertaking works of magnitude and 
varied character. Mr. Matheson puts great stress 
on the need for civil engineers being engaged in 
the actual carrying out of work. He says that 
employment on the engineering staff of a con- 
tractor is more important at this stage of the 





career than work in the office of the professional 
man. ‘A civil engineer,” he says, ‘‘ cannot be 
properly trained otherwise. He can in no other 
way that I know ‘get at the bottom of things,’ 
or learn ‘ to.do things’ in civil engineering. How 
he can acquire sufticient practical knowledge of 
construction and of the quality of work, become 
competent in direction, and mature any capabi- 
lities he may have for organisation and administra- 
tion without having had experience in executive 
charge in construction, passes my comprehension.”’ 

We regret we have not space to give further 
quotations from Mr. Matheson’s pregnant address ; 
and we can only conclude by recommending it to 
all civil engineers in prospect or in the making. 











THE MUNICIPAL TELEPHONE 
SYSTEMS. 

As a result of the Parliamentary debate on the 
telephone agreement, in the course of which the 
Postmaster-General stated that he was willing to 
negotiate with the various municipalities which 
have started telephone systems for the purchase 
of those systems, negotiations have been opened 
between the Corporations of Glasgow, Hull, 
Brighton, Portsmouth, and Swansea, with a view 
to the sale of the municipal telephone systems now 
existing in those towns. It isreported in the Press 
that Post-Office engineers have been occupied in 
making a detailed inspection of the telephone 
plants of the municipalities. We trust that as a 
result of these inspections the technical status of 
the municipal telephone systems will be cleared 
up, and that the advanced municipal traders will 
get a lesson in the importance of depreciation 
and of correct technical practice which they richly 
deserve. We have at various times pointed out 
that much municipal telephone work has been badly 
done, and there has been a certain amount of 
correspondence on the subject in the columns of 
ENGINEERING. The inferior character of the muni- 
cipal telephone plants has also been reviewed at 
the various Local Government Board inquiries, and 
has been more or less severely commented upon in 
several of the technical journals. 

Reviewing the short history of municipal tele- 
hony, it seems to afford a striking object-lesson 
in many of the most pronounced evils of irrespon- 
sible municipal trading : delusive estimates greatly 
exceeded in actual performance; unsound and 
inefticient technical work, adopted partly through 
lack of expert supervision and partly to obtain 
cheapness in first cost ; uncommercial management 
and unsound finance, the whole covered by a stolid 
imperviousness to criticism and suggestion, and by a 
steadfast persistence in a mistaken policy regardless 
of the ulterior consequences. It is unusual for 
municipal trading to be brought up with a round 
turn ; but in this case that is about to happen, and 
the ulterior consequences of ignorance and mis- 
management are about to occur. 

A short survey of what the municipalities have 
to offer to the Postmaster-General in the way of 
telephone plant and equipment shows that the 
ideas of seller and purchaser are likely to be far 
apart when it comes to fixing a price. The munici- 

lities have intimated, through various paragraphs 
in the Press, that they expect to get the full book 
value for their plants, and, indeed, even an allow- 
ance for goodwill. On the other hand, certain 
standards of telephone working and _ telephone 
plant exist in the Post Office, and it is difficult to 
see how these standards can be reconciled with the 
valuation at which the municipalities hold their 
telephone systems, much less with any idea of 
payment for goodwill. Exchange telephone work- 
ing is not a widely-understood branch of electrical 
engineering ; but it is well known that the central- 
battery method of working was perfected several 
years before the first of the municipal systems was 
begun. Central-battery working involves a central 
power plant at the exchange, which performs tie 
functions formerly performed by the hand-generat «rs 
and local batteries attached to the subscribers 
instruments, and the switchboard signals consist of 
incandescent lamps instead of indicators, the lamps 
being worked off the same power plant, and 
governed automatically by the switch-hook of the 
subscriber's instrument and by the switchboard 
plugs and cords. The improvements in working 
effected by this equipment are so many that the 
central-battery method has become the standard 
method of working large telephone exchanges all 
over the world. It was adopted by the National 
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Telephone Company at several exchanges in this 
country before the Glasgow municipal exchange 
was started, and was adopted by the Post Office 
for the system in London, which was begun at 
about the same time as the Glasgow system. 

The municipal authorities which have built tele- 
phone systems have one and all ignored the general 
state of the art of telephone engineering, and 
although all their systems have been built within 
the last three or four years, they have gone 
back to the days of magneto-generators, indicator 
switchboards, and local-battery working. Indeed, 
at Glasgow the extremely defective and inefficient 
call-wire system was adopted, although the Post- 
master-General suggested the adoption of more 
modern methods before the actual plans for the work 
were begun. At Glasgow, incidentally, we get an 
illustration of the obstinate persistence of municipal 
authorities in a mistaken policy, and of the cost of 
it. The inherent defects of the call-wire system 
were discovered almost directly the Glasgow 
municipal exchanges got to work, and the service 
was unsatisfactory from the beginning. Notwith- 
standing this the Glasgow Corporation have con- 
tinued to add to their system along the same lines, 
and have now spent over 350,000/. on a plant 
which, to a very large extent, is absolutely obsolete. 
Of this amount about two-thirds have been spent 
since it was discovered, what was well-known by 
telephone engineers before, but what the Glasgow 
Corporation preferred to discover for themselves— 
that an effective service could not be given by the 
call-wire system. 

The result of the mistaken technical policy 
followed by the municipalities in telephony is that 
the various municipal telephone systems contain a 
collection of magneto telephone sets and indicator 
switchboards which are wholly of an obsolete type, 
and practically worthless to the Postmaster-General. 
As the subscribers’ instruments and the exchange 
equipment taken together represent about a third 
of the total capital cost of a telephone system, it is 
evident that the municipalities will shortly have a 
disagreeable awakening on a question which they 
have hitherto sedulously shelved—the question of 
depreciation. 

It is not in exchange and subscribers’ station 
equipment alone that the telephone-owning munici- 
palities have disregarded standard telephone prac- 
tice ; in the character of the line plant they have 
adopted they have been almost equally unfortu- 
nate. The line plant is the main framework, 
so to speak, of a city telephone system, and a 
well - designed and solidly constructed system 
of distribution is essential to the satisfactory 
working of the service, and to the durability 
of the system as a whole. With central-battery 
working, especially, it is necessary to have a 
line plant which shall be, as far as possible, com- 
pletely underground, or at least protected, the 
entire distance from the exchange to the sub- 
scribers’ stations. In the municipal systems, as the 
central battery was not adopted, and as the whole 
problem of building a city telephone system was 
approached in a very superficial manner, the line 
plants constructed fall far short of the requisite 
standard. The cable plant is in all cases consider- 
ably depreciated by the adoption of the expedient 
of using armoured cable buried solid in the ground, 
instead of cable laid in ducts, which is both the 
more flexible and more durable method of construc- 
tion. At Glasgow about a third of the total length 
of cable in use consists of armoured cable buried 
solid. In the other towns similar practice has been 
followed. The extent to which this type of cable 
construction has been adopted, and the amount of 
replacement and reconstruction which will be in- 
volved in bringing the municipal plants up to 
modern standards, will be interesting problems for 
the Post-Office engineers to solve. In Glasgow a 
considerable amount of underground plant of one 
kind and another has been built, but in the smaller 
towns the tendency has been to keep the under- 
ground construction, which is expensive, down to a 
minimum, and to use open overhead wires very 
largely, even in the central portions of the towns. 
This is distinctly contrary to modern telephone 
practice, and will necessarily largely depreciate the 
value of the lee as a whole, as much of this 
overhead work, which tends in towns to become 
very quickly overloaded and disorderly, will be un- 
available for central-battery working. 

To sum up these various points, we see that the 
Post master-General is invited by the telephone- 
owning municipalities to purchase telephone sys- 








tems which, as regards about one-third of the|the canal without having to make any difficult 
plant in each system, are practically worthless ;| turns. The breakwaters necessary for the formation 
and as regards the other two-thirds, through depar- | of this harbour of San Cristobal will be an item of 


tures from well-established practice, are worth | great expense. 


very much less than the amount of money expended 
in construction. It will naturally be asked, Why 
have the municipalities got themselves into such an 
unfortunate situation in respect to their telephone 
investments? The reply would be that the muni- 
cipalities attacked the whole question of furnishing 
telephone service from the wrong point of view, 
and adopted a wholly uncommercial price for the 
service. The price of the service seems to have 
been the only point considered; the estimates 
which purported to justify the price were accepted 
in blind faith, and no attempt was made either to 
check the estimates or to ensure proper attention 
to correct telephone engineering practice. That 
the estimates were wholly delusive is amply proved 
by the results of actual practice in Glasgow, where 
the cost of the system has been nearly double the 
estimated cost in proportion to subscribers served. 
That the technical practice adopted was inadequate 
has been proved by the inefticiency of the service, 
officially admitted by the Committee a long time 
ago. But, having adopted an uncommercial price, 
and having embarked upon a business on uncom- 
mercial lines, the municipalities have preferred to 
scrape along, saving money in the wrong way by 
constructing inferior plant and by maintaining in 
use inefticient equipment, instead of boldly replacing 
it when its inefticiency was discovered. Rather than 
admit that they had made fundamental mistakes, 
an admission which would have involved an entire 
re-casting of the plant and of the business, the 
municipalities have preferred to throw good money 
after bad, trusting to coming out, even in the end, at 
the expense of someone else. This thoroughly un- 
commercial and unpractical manner of conducting 
important technical businesses is one of the worst 
features of municipal trading. It results in waste 
of capital, and it results in much iajury, both 
direct and indirect, to legitimate private enterprise. 
It is far more prevalent in municipal trading than 
is generally believed, and it is fast becoming one of 
the most serious undermining influences which 
legitimate private enterprise in this country has to 
cope with. In the present instance matters have 
reached such a turn that a thorough investigation 
and exposure of municipal methods in the manage- 
ment of a technical business seem likely to be 
brought about, and the results should be highly 
useful to those who are endeavouring to impose a 
check on irresponsible municipal extravagance and 
mismanagement. 








PANAMA CANAL 

In his Message to Congress, President Roosevelt 
made reference to the Panama Canal, and pro- 
mised an early report of the Advisory Board of 
American and European Engineers on the question 
whether the canal would be one with several locks 
above sea-level, or be at sea-level with a single 
tide lock. As a matter of fact, the decision of 
this Advisory Board is already known, though it 
will not be announced publicly until next month, 
when it meets in Brussels—that city having been 
decided upon in preference to Paris, as being more 
conveniently situated for several of the members. 
A sea-level canal has been decided upon; it will 
have a width at the bottom of 150 ft., except in the 
Culebra Cut, where the width will be 200 ft. The 
greater width in the Culebra Cut is necessary to 
allow two ships to pass each other safely between 
the high banks of the canal which will be formed 
by the very deep excavation. The plan, as adopted 
by the board, would make Limon Bay one of the 
largest harbours in the world. Almost through 
the middle of the bay a breakwater will be built, 
and a shorter breakwater will be built from San 
Cristobal, which is American territory, thereby 
leaving Colon, which belongs to the Republic of 
Panama, outside the American canal works. San 
Cristobal is expected to become the chief city on 
the Atlantic side of the canal, and the promontory 
on which arises the statue of Columbus will be 
covered with official buildings, docks, coaling 
stations, and all the works necessary for an im- 
yortant harbour. The canal constructed by the 
_s began atSan Cristobal. It is now proposed 
by the Board to build a short direct canal from Mindi 


On the Pacific side at Panama the 
| plans as adopted are also different from those of 
bene French Canal Company. The French canal 
/ends at La Boca, and it was found as one of the 
| difficulties that the Rio Grande with its many 
branches crosses the canal, and in the rainy season 
inundates and does great damage to the works 
already constructed by the French. Therefore it 
was decided that the canal should be built nearer 
to the city of Panama, and should run between two 
hills, one called Sosa, and the other the well-known 
Ancon. On Ancon the American hospitals are 
built, and it is one of the most healthy places 
on the isthmus. At this place the one lock, neces- 
sitated through the differences in the tides of the 
Atlantic and the Pacific, will be built. This lock, 
however, will not retard the progress of ships 
through the canal. In the first place ships coming 
from the Pacific will have to stop some time, any 
way, to be visited by health officers and by civilian 
authorities ; and, furthermore, during a large part 
of the day this lock will be entirely open, as the 
levels of both oceans will be equally high. At the 
Panama end no plans have, as yet, been made for 
breakwaters. The cost of the sea-level canal is 
estimated by the engineers at 46,000,000/. This 
amount seems much larger than the amount neces- 
sary for the construction of the lock canal; but 
the New York Journal of Commerce says it is 
claimed by the advocates of the sea-level plan to 
be in reality only comparatively slightly higher. 
It was pointed out in the meetings of the Board 
that a lock canal would necessitate between 
6,000,000/. and 8,000,000/. as payment for private 
grounds and the land belonging to the Republic of 
Panama, which would be inundated by the con- 
struction of the lock system. This item, in the 
view of the majority of the Board, is entirely 
done away with by the adoption of the sea-level 
canal. 

The Advisory Board is known to be at variance as 
between a sea-level and a lock canal; but the 
balance of opinion is easily with the first-named, 
and it is stated authoritatively that a compromise 
plan was never brought forward. M. Bunau- 
Varilla, an engineer who had high standing in his 
own country, and who was prominently connected 
with the Panama Canal scheme under both the 
French companies, has made a suggestion. It is 
that the Panama Canal be first constructed with a 
summit level 130 ft. above the sea, to which ships 
shall climb on either side by a series of locks, and 
be let down on the other side by another series of 
locks. This would involve the construction of two 
| huge dams, with resulting lakes, one at Bohio and 
the other at Gamboa ; but the lofty waterway could 
be completed in four years, and open to the com- 
merce of the world, at a cost far below present 
estimates. Then, while the commerce went on its 
way, the process of lowering the level to the sea 
and widening and deepening the cut until there 
was a ship channel from the Atlantic to the Pacific, 
45 ft. deep and 500 ft. wide at the bottom, could also 
yo on unobstructed and unobstructing. It would 
have all the advantage of water excavation and 
water conveyance of material, which is the most 
economical. It would take twenty years, and cost 
60,000,000/., but, according to the sanguine pro- 
jector of the plan, the annual cost of the work 
might be defrayed from the revenues of the canal 
already in operation. When it was done, the liga- 
ture that connects the two American continents 
would be effectually severed by the Straits of 
Panama, and the argosies and navies of the world 
could float from ocean to ocean unhindered by 
locks or changing tides. 








IRRIGATION. 

NorHinG impressed the visitors to South Africa 
who attended the British Association meeting, and 
especially those who afterwards saw the Nile 
Valley, so much as the need of irrigation. Most 
of the South African land seems to lie waste for 
want of water. Yet bush often grows where no 


| grass is visible, indicating that there must be water 
jata certain depth; and it is notorious that water 


is frequently struck at relatively small depths. The 
average annual. rainfall recorded at 278 South 





to Limon Bay, thereby making the distance shorter | 
by a few hundred yards, and also facilitating navi- 
gation and making it possible forships to sail into 


African stations, for the ten years ending 1894, was 
23.8 in.—that is, almost the same as the rainfall of 
London, The West Coast is decidedly dry ; some 
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districts are very wet. Walfish Bay has in some re- 
cent years not had more than 0.3 in. of rain ; the 
Western Karroo gets about 10 in.; while Zululand 
receives 40 in., and Bishop’s Court, 4° miles from 
Cape Town, over 55 in. The average of 24 in. 
should, and would, suffice to keep the country 
fairly well watered if it were more regularly distri- 
buted over the seasons and districts. Some parts 
receive all their rain during a few winter months, 
others during the summer months ; not many dis- 
tricts enjoy a fair distribution of rainy days, while 
perennial rivers are scarce, and periodical torrents 
frequent. Irrigation under the circumstances is 
both one of the most important and’ one of the 
most difficult problems. 

It was, therefore, very appropriate that Colonel 
Sir Colin Scott Moncrieff, x .S.1., K.C.M.G., 
R.E., LL.D., should select irrigation as the sub- 
ject for his presidential address to the Engineering 
Section of the British Association. Sir Colin could 
not dwell on South African features, for his un- 
equalled experience has been gained in other coun- 
tries, and, so far, very little has been done for irriga- 
tion in South Africa. Sir Colin, indeed, refrained 
from offering any general advice on matters which, 
as his address demonstrates, uire a particular 
study in each individual case. But he dealt with 
the three chief aspects of his subject—from the 
engineering, agricultural, and economical stand- 
points. 

Modern engineering has not devised any new 
methods of irrigation, nor has it supplanted all the 
old. The earliest Egyptian sculptures show water 
being raised by a bucket attached to one end of a 
long pole, with a heavy counterweight at the other. 
The peasants on the Nile water their fields by 
these shadoofs to this day ; tier above tier they 
ply their work so as to raise water up to 16 ft. 

he natives of Northern India suspend a shallow 
bucket between two strings held by men, who thus 
bale up the water. The wooden water-wheel of 
the Egyptians, with buckets or pots of earthen- 
ware, marks a higher step. It is worked by 
bullocks. In the deep wells of India a large 
bag is lowered, and the rope d over a 
pulley ; the bullocks run downhill while hauling 
the bag up. The trailing-wheel, so conspicuous on 
the Rand mines, is the modern development of the 
old bucket water-wheel. On the banks of the 
Nile hundreds of portable centrifugal pumps, 
driven by steam-engines, can now be seen; with 
their aid the farmer can grow sugar-cane and cotton 
instead of grain. Windmill pumping is of little 
use, unless a wind velocity of six miles per hour 
can be relied on, as in some of the Western States of 
America. Artesian wells are not of very great im- 
portance for irrigation either. There are about 800 
such wells in Algiers, of an average depth of 142 ft., 
scattered over a large gathering-ground ; and over 
8000 in California, of an average depth of 210 ft. 
and a yield of 0.12 cubic foot per second. The 
disadvantage about raising water from wells or 
rivers is that human or mechanical power is needed 
for its distribution. On the other hand, there is 
the advantage that the farmer can flood his land 
when he likes, independent of his neighbours ; and 
in India 30 per cent. of the whole annual irrigation 
over 13 million acres is effected by wells. 

With canal irrigation water is diverted from a 
lake or river, and distributed by gravitation, when 
a suitable slope can be given to the channel. If 
the water alone, and not also the fertilising mud, 
is to be supplied, a natural or artificial lake forms 
the best supply source, and storage of the water 
will often have to be resorted to. The quantities 
of water to be stored are surprisingly large. In 
India 1,000,000 cubic feet are required for 6 or 8 
acres of rice-field, and about a third of that bulk for 
wheat. Hollows for such huge volumes cannot be 
excavated, and dams are built across valleys or rivers 
to pond up the water behind. The practical limit- 
ing height of dams seem to be 15 ft. to. 150 ft. When 
the valley slope is very flat, one acre may have to be 
drowned to irrigate anotheracre. The higher dams 
are always of masonry or concrete, resting on sound 
rock foundations ; the earth dams should, at least, 
have a central core of puddle, resting on rock, and 
rising to the highest water level. The water may be 
allowed to spill over a masonry dam, but never over 
an earth dam; want of proper weirs has caused 


many reservoir accidents. The outlet sluices like- 
wise demand most careful attention ; they should 
serve as scouring outlets, lest the reservoir silts up. 
In India, where such reservoirs or tanks have been 
in common use from time immemorial, the banks 





aré gradually raised, as it does not pay to dig out 
the silt, and the tanks are ultimately abandoned, 
and new ones built. 

In Northern India irrigation is practised on the 
largest scale. The greatest feeding canal, dis- 
charging between 10,500 and 3000 cubic feet per 
second, was derived from the Chenab in 1889, 
to carry water into unpopulated desert land ; 
ten years after its opening it irrigated 1,829,000 
acres and supported a population of 800,000 
colonists from more congested parts of India, The 
Ganges Canal, opened in 1854, when there were 
neither railways nor steam-engines within a thou- 
sand miles, has a length of 9900 miles, including 
distributing channels. It was supplemented in 
1878 by a canal, drawn from the Ganges, 130 ft. 
lower down, and these two canals now irrigate 
1,700,000 acres. On all these canals are engi- 
neering works of very high class. The original 
Ganges Canal, which has a width of 200 ft. and 
a depth of 10 ft., crosses four great torrents— 
two by broad super- passages and one by a majestic 
aqueduct of fifteen arches, each of 50-ft. span ; 
the fourth and most difficult torrent is taken across 
the canal at the same level, through a row of forty- 
seven flood-gates, each 10 ft. wide. The so-called 
inundation canals, tapping the flooded rivers for 
the benefit of distant plains, are also of high 
value. 

The three great rivers of Southern India rise in 
the Ghats, which run along the western coast, and 
receive the rainfall of the south-west monsoon. 
Dams have been drawn across the apex of the 
deltas of these rivers on the eastern shore, and 
rice-fields thrive where drought and famine were 
too common; but supplemental reservoirs will 
have to be created, as aes rivers are in flood for 
a few months only, and contain very little water 
during the greater part of the year. The bold 
piece of irrigation engineering carried out a few 
aes ago on the Periyar River will be remem- 

red. The river descends from the Ghats to the 
west coast, where the water cannot be utilised, 
but where floods had to be prevented ; through a 
tunnel, the water is scotia to the east, where 
there are vast plains much in need of water. The 
native State of Mysore has 40,000 tanks, three or 
four per square mile—hundreds sometimes in the 
basin of one river. All these tanks must constantly 
be watched. Ifa tropical rainstorm finds a tank— 
asmall one even—neglected, where rats and porcu- 
wen have been allowed to burrow, the flood may 

urst one dam after the other, and sweep them 
away like a pack of cards. A very remarkable dam 
is now being constructed near Mari Kanave, in 
Mysore. The narrow neck of a valley of 2075 
square miles is being closed by a dam 142 ft. 
high. It is not expected that the basin of 
30,000,000,000 cubic feet will be filled more than 
once in thirty years, nor is so high a dam directly 
required for irrigation ; but a waste weir would 
otherwise have to be built, at a great expense, to 
prevent submergence of a lower dam. 

Egypt, Central Asia, and Southern Europe are 
the other countries in which Sir C. Scott Moncrieff 
has made his reputation as an engineer. Egypt, 
the gift of the Nile,* as Herodotus said, forms a 
valley 780 miles long, and apart from the delta—130 
miles in length—never more than 8 miles in width, 
at some spots less than half-a-mile. East and west 
lie broken hills and valleys, wild crags, and levels, 
all absolutely sterile sand and rock. The Nile 
rises from June to August, to sink afterwards— 
rapidly at first—till the floods once more come 
down the Blue Nile from Abyssinia. That the 
rains falling in the vast basin of the White Nile 
are of no importance has finally been settled by 
Captain Lyons’s observations. By a system of em- 
bankments, along and at right angles to the river, 
the valley has from ancient times been divided 
into a series of oblongs, from 3000 to 50,000 
acres in area. Through short deep cuts through 
the embankments, the oblongs, 3 ft. or 4 ft. 
deep, are filled with the fertile muddy water, 
one after the other, until the water is finally 
allowed to join the now fast receding river. The 
soaked soil used to give one crop on the follow- 
ing April, though not a drop of rain might fall. 
This was the condition until about a hundred 
years ago, when Muhammed Ali Pasha, once a 
simple Albanian officer, became ruler. The difference 





* The ancients designated several deltas, ¢.g., also that 
of the Euphrates and Tigris, as gifts of the respective 
rivers. 





of level between the High and Low Nile is 26 ft., 
and the Low Nile level is 20 ft. below the level of 
the country, so that a canal running 12 ft. deep 
in the flood would have its bed 13 ft. above the 
low-water surface. Ali Pasha had all the canals 
deepened and the mud--dug out—an enormous 
labour. Then he was advised to raise the water 
surface by erecting a dam—known as the bar- 
rage—across the apex of the delta, 12 miles 
north of Cairo. ow many thousands of lives 
were sacrificed in these operations, which were 
carried out on the corvée system, nobody 
troubled to ascertain. The barrage cost enormous 
sums, and was condemmed as useless as soon as 
finished. The English engineers from India, who 
came over with the British occupation in 1883, 
restored the barrage and derived three great main 
canals, for the western, central, and eastern delta, 
from it. Masonry head-sluices, aqueducts, and 
escape weirs constructed in Upper Egypt improved 
matters immensely, and there was finally little 
left to be done, unless the water at disposal could 
be increased. This the great dam at Assuan has 
accomplished. It stands on the dyke of granite 
which produces the First Cataract, 600 miles south 
of Cairo, and forms a wall, also of granite, 6400 ft. 
in length, and from 82 ft. to 23 ft. in thickness, 
pierced with 180 sluices. To avoid any silting up 
by the mud, the water is stored as late as Nov- 
ember, when it is fairly clear. Thanks to this 
great work and to other important improvements, 
especially also a system of drainage canals, which, 
according to Sir W. Willcocks, should have one- 
third the capacity of the irrigation canals, two 
crops of cotton and cane sugar can be grown, 
instead of one of wheat and barley. 

Of irrigation in America, Sir C. Scott Moncrieff 
had not much to say. We find there bold engi- 
neering as well as crude, temporary timber work. 
The canal of the Idaho Company discharges 2585 
cubic feet per second; the Turlook Canal, in 
California, 1400 cubic feet ; the North Colorado 
Canal, 2490 cubic feet per second. They have all 
been constructed by companies—not by the Govern- 
ment. 

High-class irrigation can best be studied in 
Italy, in Piedmont and Lombardy. The great 
Cavour Canal takes its rise from the left bank of 
the Po, a few miles below Turin, and cuts right 
across the whole drainage of the country. From 
October to May it carries 3800 cubic feet per second ; 
in the summer the colder glacier water rushing 
down the Dora Baltea and Sesia supplements the 
much reduced supply. Lombardy is Setter off still, 
in so far as the water is drawn from the great 
natural basins of the Lakes Maggiore and of Como. 
The Naviglio Grande, branched off from the left 
bank of the Ticino, serves both for navigation and 
irrigation, and discharges from 3000 to 4000 cubic 
feet per second. The Villoresi Canal, constructed 
during recent years, also draws its water from the 
Ticino, and is capable of discharging 6700 cubic 
feet per second, of which 4200 cubic feet go to 
feed the Naviglio. 

Nowhere is irrigation carried on at less expense, 
and nowhere are the administrative arrangements 
more perfect, than in these Italian provinces. 
Before irrigation works can be started, the geology 
and meteorology of the district, the nature of the 
soil, the sources of water supply, and many other 
features have to be thoroughly studied. Rivers— 
at any rate, those above a certain size—should be 
regarded as national property, and this is done in 
Italy. Vested rights het d not be allowed to spring 
up, and means of control must be devised to ensure 
that everybody should receive as much water as he is 
entitled to, and no more. That is difficult to attain. 
In America and Italy water is generally charged by 
the module. But no satisfactory module seems, so 
far, to have been invented which will deliver at 
constant discharge through a sluice when the head 
of water is subject to variation. These conditions 
prevail in the plains of Northern India. The culti- 
vator pays, not in proportion to the volume of 
water he uses, but on the area he waters, and 
according to the nature of the crop. When the 
crop is nearly ripe, the canal watchman—a Govern- 
ment official—the village accountant, and the in- 
terested farmers go over the fields. The watch- 
man points out the fields which have been 
watered, and the accountant takes the volume 
from his books and maps. The assessment then 
made can be appealed against. The system works 
fairly well, but it is not satisfactory, and leaves 
the door open to corruption. Government con- 
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struction, management, and control, such as are 
practised in India and in Egypt are, however, best 
in principle, though apt to become formal and 
inelastic. 

The Cavour Canal was constructed in 1862, by an 
English and French syndicate, whose concession 
was taken over by the Government in 1874. The 
administration is now centred in the Irrigation 
Association West of the Sesia, which owes its 
existence to the great statesman Cavour. The 
association purchases a certain amount of water 
from the State, has acquired all the private rights, 
and distributes 2275 cubic feet per second through 
9600 miles of distributory channels to 14,000 
members. There is in each parish a consorzio of 
all who take water ; these consorzios elect deputies 
to a kind of water parliament; the duties are 
honorary. The parliament appoints three com- 
mittees—the direction general, the surveillance 
committee, and the council of arbitration. This 
latter council, of three members, settles questions 
relating to the water-rates and disputes between 
members ; it may inflict fines, and enforce their 
payment, and is so generally respected that appeals 
to the law courts, which are permitted, are practi- 
cally unheard of. The Government maintains the 
great canals, and keeps also the smaller channels 
in repair, at the expense of the association. 

Mr. Elwood Mead, who reported last year on 
irrigation in North Italy to the United States 
Department of Agriculture, speaks very. highly of 
the system, and Sir Colin Scott Moncrieff com- 
mented on the loyal way in which the Italian 
farmers submit to these regulations. It is not an 
easy matter to distribute water between a number 
of farms at different levels fairly and justly, and, 
after all, one sluice surreptitiously kept open for 
one night may materially increase the value of 
the crop. We may, further, remember that the 
famous aqueducts of the Romans, who were better 
architects than engineers, but had perfected the 
distribution and rating of water to a remarkable 
degree, were frequently left leaky on purpose 
by corrupt officials. The Italians thus inherited 
the tradition both of g highly organised water supply 
and of corrupt evasion of the regulations. 

Considering this high spirit of honour, Sir C. 
Scott Moncrieff does not see why syndicates of 
farmers should not construct and maintain irriga- 
tion systems. Nevertheless he would rather have 
the Government take the initiative. It was not 
the least meritorious feature of his address that 
he drew attention to these economical conditions, 
which a comparatively new country should care- 
fully study before entering upon or sanctioning any 
big irrigation project. 








MILAN INTERNATIONAL EXHIBI- 
TION, 1906. 

THe preparations for the Milan International 
Exhibition of 1906 are being pushed forward with 
ceaseless activity, and no fewer than 3000 men are 
ae continuously upon the various buildings 
and the arrangement of the grounds. As is well 
known, two areas were allotted by the Municipality 
of Milan for the Exhibition site, one being a por- 
tion of the city park, and the other the Parade 
Ground not far distant ; these two‘areas are con- 
nected by an electric tramway, which of itself will 
form an exhibit. But it has recently been found 
that the demands for space are greater than could 
be supplied by the double site just mentioned, and 
accordingly two other areas have been secured 
near the Parade Ground ; these together will pro- 
vide an additional 80,000 square metres of space 
(20 acres), which will yet be insufficient for ultimate 
requirements. 

A recent visit to Milan has shown that the 
aaa are strongly in favour of most of the 

uildings being ready in time for the early opening, 
about the middle of April next; the somewhat 
shapeless skeletons are assuming form and beauty 
in their clothing of cement and plaster, and even 
the elaborate decorations, with which most of the 
facades will be enriched, are well advanced. As a 
rule, the buildings are exceedingly light and tem- 
porary in character—the larger galleries of slender 
steel-work, and the smaller of timber framing. 
Exceptions, however, are found in several of the 
buildings. Thus, that devoted to the retrospective 
history of land transport is sup to be fire- 
roof ; it will contain, amongst other objects, price- 
ess treasures from the Vatican and contributions 
from the King of Italy. The Aquarium is to be 4 





permanent building, and will ultimately be a sort 
of Natural History Museum for the city of Milan. 

The principal motive of the Exhibition is to 
celebrate the opening of the Simplon Tunnel, and 
therefore it is natural to find preparations for a 
large exhibit which will show a section of the tunnel 
itself, reproduced with the utmost precision of 
detail, even down to a fac-simile reproduction of 
the roughened rock walls of the original ; it will 
be large enough to illustrate all the typical boring 
and other machinery employed in the execution of 
this great work, which, it is confidently believed, 
will revolutionise the commercial standing of Italy. 
This model, as well as the Aquarium, will be 
near the principal Park entrance to the Exhibition; 
but the largest building in this area will be the 
Concert and Festival Hall, which will contain 
seating accommodation for 3000 visitors ; the main 
hall of this building will be very richly decorated, 
about 40001. being devoted to this purpose alone. 
From the Festival Hall leads the Fine Arts Gallery, 
which will contain a wholly national section. The 
buildings just named, together with the Hall of 
Modern Decorative Art and a number of isolated 
buildings, especially that of the city of Milan, will 
occupy most of the space available in the park. 

The Parade Ground is covered with various 
structures, and altogether there will be at least 
250,000 square metres (62 acres) under roof. The 
principal building will undoubtedly be that known as 
the Working Hall, where products will be exhibited 
only as the results of processes ; and large as the 
floor area is—over 30,000 square metres (7.5 acres)— 
it has proved quite insufficient to meet the demands 
of those exhibitors who are prepared to show their 
methods of manufacture by a series of machines in 
motion. For it is the intention of the Exhibition 
authorities that nothing shall be shown at rest in 
this building ; and as electricity, which will be pro- 
vided by the authorities, will be the moving power, 
steam and gas-motors will find no place. e Hall 
of Transportation will also occupy an area of 30,000 
square metres (7.5 acres), and several miles of rail- 
way track will be laid upon its floors. Although 
Italy contributes largely to this section, it is 
probable that foreign countries — notably Ger- 
many, France, Belgium, and Austria—will be the 
principal contributors, for all these countries are 
courting Italy Pr now in view of her vast require- 
ments for railway rolling stock and fixed plant, 
requirements which she cannot possibly fill herself. 
Associated with the transport section will be the 
hall for automobiles, cycles, &c.; this covers an 
area of 10,000 square metres (2.5 acres), and has 
already proved altogether insufficient for its pur- 
pose. It is interesting to note, as showing the 
position which Italy occupies to-day in the auto- 
mobile industry, that she will fill half of this large 
space with motot-cars. The hall devoted to marine 
exhibits will also be of very great importance ; one of 
its principal architectural features will be a lofty 
lighthouse with a powerful revolving light. Asso- 
ciated with this section will be pavilions by my 
and by Ansaldo Armstrong ; in the former will 
shown an armoured turret with guns mounted, the 
whole weighing over 350 tons. 

The Hall of Decorative Arts will occupy a very 
large area ; it, however, is placed in the Park, and 
will contain, amongst other exhibits, models of the 
great monument to Vittorio Emanuele, and of the 
Palace of Justice, both, some day, to be completed 
in Rome. It is prescribed by the authorities that 
this hall is only to contain objects which combine 
artistic merit with industrial eon rather difficult 
regulation to observe strictly, especially as regards 
foreign nations. So far as France is concerned, this 
difficulty will not exist, for she is constructing on 
the Parade Ground a large and beautiful building, 
covering an area of 10,000 square metres (2.5 acres), 
and in which, no doubt, the term ‘‘ decorative 
arts” will have an elastic meaning. Of other large 
national pavilions, we may mention that of Austria, 
occupying 12,000 square metres (3 acres), a con- 
siderable part of which will be devoted to exhibits 
of transport. Belgium will also have its rome | 
to be erected on the space in the Parade Ground, 
originally dedicated to the aeronautical exhibit. 
The buildings devoted to agriculture will cover 
more than 20,000 square metres (5 acres), and one 
of the most interesting and instructive pavilions is 
that devoted to the industrial development of the 
Italian people in South America. 

We have said that two additional areas have now 
been allotted to the Exhibition ; both of these are 
near the Parade Ground. One, of 40,000 square 





metres (10 acres), will be chiefly occupied by the 
aeronautical exhibits, where captive, free, and dirig- 
ible balloons will be shown, together with extensive 
exhibits connected with the science of aerostation. 
As balloon ascents will be made a special feature 
of the Exhibition, and as this will naturally attract 
large crowds of visitors, extensive tribunes, capable 
of accommodating some thousands of persons, will 
be erected. The second additional space, also 40,000 
square metres (10 acres) in extent, is the old firing 
ground at Milan. Miscellaneous buildings, chiefly 
of popular interest, will be collected here ; amongst 
other things a lake will.be made large enough for 
the display of miniature naval manceuvres. In the 
foregoing paragraphs we have indicated only the 
leading features of the forthcoming exhibition at 
Milan, but we have said enough to show that while 
it will, fortunately, not be on the enormous scale of 
recent similar celebrations, it will be exceptionally 
attractive, both from a popular and a business point 
of view, and it will be the first important exhibi- 
tion in which a very large display of machinery in 
motion will be driven electrically. 





WARSHIP CONSTRUCTION, 

From some points of view the most important 
feature in a review of warship construction during 
the closing year must be the decisive action of the 
Board of Admiralty in the direction of reform, not 
only in reference to the work done by contractors, 
but particularly to that carried out in the dockyards. 
We have been steadily moving forward in the matter 
of rapidity in warship construction, which of itself 
constitutes an element in economical production, 
while, at the same time, all new ships have been, 
upon completion, placed in commission, affording 
the nation an earlier return on capital expenditure, 
and bringing officers afloat sooner into line with 
progress in practical science. These advantages 
have been more fully realised by the present 
Board than by any of its predecessors, a fact which 
is entirely due to the advocacy of Sir John Fisher, 
whose recent advancement to the position of 
Admiral of the Fleet secures his services to the 
country for several more years, so that the reforms 
that he has advocated are much more likely to be 
realised. Hitherto three years has been regarded 
in this country as a very satisfactory period for the 
construction of a ship, from the completion of the 
plans to the flying of the pennant ; and for large 
armoured cruisers a corresponding period was re- 
quired. As a consequence of reforms it is now 
anticipated that under normal éonditions the largest 
of the present-day ships will be completed well 
within two and a half years, an achievement which is 
very satisfactory, in view especially of the increase 
in the number of guns and gun-mountings required, 
and generally in the size and power of the ship. 
The dockyards have during recent years been 

eatly improved, and at the moment when Sir 
| aoe Williamson, C.B., is demitting office as 
Director of Dockyards, after fifteen years’ service, 
everyone recognises the work he has done during a 

riod of great pressure. His successor, Mr. J S. 

arshall, C.B., has been trained in the service, and 
there are probably few with such a wide knowledge 
of naval construction in the dockyards, which, 
combined with an active, progressive temperament, 
will ensure a full realisation of the new conditions 
to be brought into force with the beginning of the 
New Year. One great advantage is that he will 
have an executive assistant at the Admiralty, to 
relieve him of a large part of the time-absorbing 
clerical work, and that he will thus be able to visit 
very frequently the dockyards and private establish- 
ments, accompanied in all cases by an engineering 
assistant ; he will thus be ae cognisant of 
all that is going forward, and will be able to ensure 
that there is co-ordination in procedure. As acon- 
sequence, it has been found possible to dispense with 
the civil technical assistants to the Admiral-Superin- 
tendents of the Dockyards, as Mr. Marshall will 
be almost continuously in personal association 
with the officers at the Royal Works. The Chief 
Constructors and Chief Engineers of the three large 
establishments at Chatham, Portsmouth, and Devon- 
port are to be known as ‘‘ Managers,” and are to 
act with the same power and authority as the 
managers of private concerns under their managing 
directors. ey will also have complete command 
over the supplies, and will be free to employ or 
discharge men who are upon the hired list. The 
probabilities, therefore, are that in addition to rapid 
construction there wil] be increased economy. 
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In the future the intention is to have on the 
stocks in two of these yards one large ship, with 
another completing after launching, so that there 
will be sufficient facility for the education of the 
staff and men, and for keeping them in a satis- 
factory state of efficiency for the extensive repair 
work which is, after all, the most important func- 
tion of the Royal establishments. This repair 
work is being systematised; all new ships are 
at once put into commission for only two years, 
a much more careful record is taken of work 
done on the ships and on the machinery, while 
the engineers on board are encouraged to do 
more overhaul work than formerly. During the 
past year a very considerable amount of repair 
work has been done, six battleships having been 
dealt with—namely, the Trafalgar, Prince George, 
Renown, Nile, Jupiter, and Royal Oak—while 
twelve cruisers have had extensive repairs. It will 
therefore be understood that while the record of 
new work can never be large, in comparison espe- 
cially with the great commercial establishments, the 
business done is extensive and important. 

Only three new ships have been launched from 
the Royal Dockyards—two battleships and a 
cruiser ; while from private yards there have been 
floated three similar armoured cruisers, a scout, 
and nine torpedo-boat destroyers, all of them of 
253 knots’ sea speed. These, with submarine 
craft, make up the total of twenty-three fighting 
ships for the Navy, with a total displacement of 
96,200 tons; while the collective horse-power of 
the propelling machinery is 212,500 indicated horse- 
power. 

TaBLE I.—Fighting Ships Launched. 





Value of 
No. Tons. Indicated Ships 
Horse- rs 
Power. sere 
pleted. 
£ 
In 1905. Dockyards .. .. 8 46,250) 59,500 4,034,000 
Private yards(H.M.S.) 19 | 49,950 153,000 4,828,000 
on » (foreign) 5 33,745 48,100 3,185,000 
Total in 1905 ..| 27 129,945 260,600 | 12,017,000 


In 1904. Dockyards .. ... 4] 57,100 80,500 4,660,000 
Private yards (H.M.S8.) 31 67,552 279,500 6,015,000 
» »~=Cforeign)| 6 | 2800) 3,200 62,000 





Total in 1904 .. 40 127,452 | 363,200 | 10,737,000 














In 1908, Dockyards .. ..| 4 28,290) 42,800 2,384,000 
Private yards(H.M.S.) 31 120,456 277,300 9,848,000 

- » (foreign) 7 4,237 17,190 368,000 

Total in 1903 ..| 42 152,983 | 337,290 12,609,000 

In 1902. Dockyards .. .. 5 651,660| 77,000 3,723,000 
Private yards(H.MS.) 10 40,494 108,000 3,208,000 

os » (foreign) 7 990 8,550 145,000 

Total in 1902 --| 2B 93,044 | 193,550 7,076,000 

In 1901. Dockyards .. ..| 8 64,910) 114,800 4,901,200 
Private yards(H.M.S.) 24 144,190 275,000 —_11,002,600 

Pa » (foreign) 7 2,442 47,500 340,000 

Total in 1901 .. 39 | 211,542 | 436,700 | 16,243,800 

In 1900, Dockyards .. 1 @ 5,230 11,200 394,600 
Private yards(H.M.S.) 17 30,374) 125,800 | 2,531,600 

x » (foreign) 8 25,827 42,750 1,925,000 

Total in 1900 ..| 29 | 61,481 | 179,750 4,851,200 

In 1899. Dockyards .. -. 6) 66,900 | 78,000 4,901,100 
Private yards(H.M.S.) 12 58,222 111,000 8,791,000 

a » (foreign) 16 | 47,170) 124,000 3,767,000 

Total in 1899 .., 84 | 167,292 | 813,000 12,459,100 

In 1898. Dockyards .. --| 8 | 70,955 84,800 4,441,000 
Private vards(H.M.S.) 22 70,033 168,800 4,242,000 

ss » (foreign) 18 | 52,365 144,250 3,480,000 





Total in 1898. 48 198,853 $97,850 | 12,163,000 

The number of ships is considerably less than 
the average of the past four years. Thus, in 1904 
there were thirty-five vessels, of 124,652 tons, 
launched for the Navy, and in 1903 thirty-five 
vessels, of 148,746 tons. In 1902 the total was about 
the same as this year, but in 1901 the tonnage was 
more than double that of the closing year. In 
other words, the average tonnaze of the four pre- 
ceding years was 143,000 tons, which is nearly 50 
per cent. more than this year. 

The horse-power is proportionately less. The 
total of 212,000 horse-power compares with the 
359,000 in the previous year, 320,000 in 1903, and 
185,000 in 1902. 

Fortunately, a larger amount of foreign warship 
work has been turned out, due principally to the 
launching of two battleships for the Japanese Navy 
—the Katori, built and engined by Messrs. Vickers 
Sons and Maxim, Limited, and the Kashima, built 
by Sir W. G. Armstrong, Whitworth, and Co., 
Limited, and engined by eam. Humphrys, Ten- 


nant, and Co., Limited. The remaining work was 





torpedo-craft by Messrs. Yarrow, so that the total 
tonnage of fighting ships launched in 1905 is about 
the average, the displacement tonnage of the 
twenty-seven vessels included being 129,945 tons 
—2500 tons more than the previous year ; but the 
machinery is only of 260,000 horsepower, or 100,000 
less than the previous year. The results for several 
years are recorded in Table I. 

As shown in Table II., the dockyard tonnage 
is considerably short of the average output of 
the preceding fifteen years. It is true that 


TABLE II.—Sixteen Years’ Production of British 


























Navy Ships. 
Dockyard. | Private Yard. Total. 
Year. 
No Tons. No. Tons. No. Tons. 
1890 8 22,520 13 42,475 21 64,995 
1891 8 68,100 10 39,150 18 107,250 
1892 9 50,450 13 90,750 22 141,200 
1893 9 32,400 5 1,919 14 34,319 
1894 8 26,700 19 4,825 27 31,525 
1895 8 70,350 28 66,412 36 136,762 
1896 9 70,970 26 36,515 35 107,485 
1897 4 31,885 | 22 34,111 26 65,996 
1898 8 70,955 22 | 70,088/ 30 140,988 
1899 6 66,900 12 53,222 18 120,122 
1900 q 5,230 17 30,374 21 85,604 
1901 8 64,910 24 | 144,190 32 209,100 
1902 5 51,560 10 40,494 15 92,054 
1903 4 28,290 31 120,456 35 148,746 
1904 4 57,100 31 67,552 35 124,652 
1905 3 46,250 19 | 49,950 22 96,200 
Totals eo} 105 764,570 302 | 892,428 407 1,656,998 


there is much in favour of confining the dockyards 
as far as possible to repair work ; but when 
it is noted that the total output of the private 
establishments and dockyards is only 96,000 tons, 
as compared with an average of over 104,000 tons 
for the past fifteen years, it will be recognised 
that the year has not been quite a satisfactory 
one, especially when one considers the great ad- 
vance in construction in other navies, and we hope 
that there will be increased activity in the coming 


year. 
In Table III. we give the production from 
each of the naval yards. It will be noted that 


TasLe III.—The Production from Each Naval Yard. 


Total. | Average 











1905. 1904, for for 
Yard. 16 Year: 16 Years. 

No. | Tons. No. | Tons. Tons. Tons. 
Portsmouth .. 2 82,700 206,131 12,883 
Chatham 16,3£0 1 10,850 207,562 12,973 
Devonport . 1 16,350 - - 165,118 10,320 
Pembroke .. 1 13,550 1 13,550 155,020 9,689 
Sheerness - - — $1,299 1,956 


Portsmouth has not this year launched any vessel. 
In the previous year there were two battleships 
included, and the second of these is now nearing 
completion. The establishment has also been fully 
engaged on the Dreadnought, which is to be 
constructed in an unprecedentedly short period, 
and although it is only four months since the 
plans were forwarded to the establishment, nearly 
5000 tons of material have already been worked 
into the structure, and the probabilities are that 
the vessel will be launched in less than six 
months from the actual beginning of work. Sheer- 
ness has not launched any vessel, either this 
year or last year; indeed, this establishment 
is for the future to be practically confined to 
the maintenance of our torpedo flotilla in a 
satisfactory condition. As to the vessels con- 
structed, the two battleships are of the King 
Edward VII. class, the Chatham ship being the 
Africa, supplied with machinery by Messrs. John 
Brown and Co., of Clydebank ; while the Devon- 
ort vessel is the Hibernia, for which Messrs. 

arland and Wolff, Limited, Belfast, have con- 
structed the machinery. We have so frequently 
referred to these vessels that no further reference 
is needed here (see ENGINEERING, vol. lxxviii., page 
407). There are eight of these vessels which are open 
to criticism, owing to their possession of so many 
6-in. guns. These are too large for defence against 
torpedo attack, and too small to be of use for long- 
range fighting. This is being remedied in the 
later ships—the Agamemnon and the Lord Nelson 
—-to be launched from Messrs. Palmer’s and Messrs. 
Beardmore’s works respectively in the spring- 
time. These vessels will contain ten 9.2-in. as well 
as four 12-in. guns, so that six of the 9.2-in. guns 
take the place of the ten 6-in. guns in the earlier 





battleships. In the Dreadnought, however, the 
intermediate calibre of gun has been entirely dis- 
pensed with, the whole of the armament being of 
12-in. calibre. | 

The four cruisers included are: the Warrior, built 
at Pembroke, and supplied with machinery by the 
Wallsend Slipway and Engineering Company, 
Limited ; the Natal, built and engined by Vickers 
Sons and Maxim, Limited; the Cochran, by the 
Fairfield Shipbuilding and Engineering Company, 
Limited ; and the Achilles, built by Sir W. G. 
Armstrong, Whitworth, and Co., Limited, and 
engined by Messrs. Hawthorn, Leslie, and Co., 
Limited. These vessels, the only ones on this 
year’s list designed by Sir Philip Watts, as Director 
of Naval Construction, are considerable advances 
upon apy preceding vessels, as they carry six 
9.2-in. and four 7.5-in. guns. A slight reduction 
in the legend speed was involved owing to this in- 
creased offensive power, but one of the ships of the 
class has proved so exceptionally efficient in respect 
of her lines and her propellers that there is no 
doubt that there will be no forfeiture in speed in 
connection with these vessels: the Black Prince 
considerably exceeded 23 knots. The scout in- 
cluded is the Skirmisher, built by Messrs. Vickers 
Sons and Maxim, Limited, and she will be referred 
to presently in connection with the steam trials of 
the year. 

The destroyers are: three built by Messrs. 
Yarrow, two by Messrs. Palmer, two by Messrs. 
White, of Cowes, one by Messrs. Cammell, Laird, 
and Co., and one by Messrs. Thornycroft and Co. 
All are of the 254-knot type ; but, as was pointed 
out in last week’s issue (see page 842 ante), the 
new vessels to be built for sea service are to have 
a speed of 33 knots, and are to be fitted with 
turbine machinery. 

An unusually large number of vessels have passed 
through their trials, and the absence of all untoward 
incident, as well as the satisfactory results achieved, 
show clearly that Sir John Durston and his staff 
have overcome all the difficulties incidental to the 
introduction of the water-tube boiler system, and 
to the great increase in steam pressures. That the 
advance has had a great influence on the efliciency 
of warships is proved by the fact that in only two 
cases amongst all the 34 vessels tried is the speed 
less than 23 knots, and these two are ships which 
were designed three or four years ago; one is a 
battleship of the King Edward VII. class, which had 
its inception in 1901, while the other exception— 
the second-class cruiser the Encounter—-belongs to 
a class of corresponding date. In future it would 
seem as if 21 to 22 knots would be the speed 
for battleships, and, in view of this, great credit 
is due to the Engineer-in-Chief of the Navy and 
his colleagues for the courage which has enabled 
them to triumph over difficulties. 

In Table IV. there is set out the main results of 
the performance on official trial of the large ships, 
including one battleship, eight first-class armoured 
cruisers, and a second-class cruiser. It will be 
seen that practically all these vessels have a com- 
bination of water-tube and cylindrical boilers ; but 
the only point which need be here referred to is 
the marked difference in practice where the Yarrow 
boiler is inuse. A glance at the heating and grate 
surfaces will show that in the Hampshire, for in- 
stance, the ratio of heating surface to grate area is 
50:1, whereas in the other vessels it is 35 to 
36:1. It would be interesting to determine whether 
in practice this greater heating surface—which is also 
larger in proportion to the power than in the case 
of the other boiler installations—has influenced 
economy. But it is found that in the case of the 
six cruisers of the Devonshire class very irregular 
results have been realised, notably in the second 
thirty-hours’ trial at about 70 per cent. of the total 
power. These vessels are alike so far as hull and 
engine proportions are concerned, and the varia- 
tions in coal consumption are due either to the 
difference in the design of the steam-generator or to 
the personal equation. The best result, it will be 
seen, is got from Messrs. Beardmore’s ship, the Car- 
narvon, fitted with Niclausse boilers, the rate here 
being 1.781b. per horse-power hour; while the 
second ship is Scotts’ cruiser, the Argyll, with Bab- 
cock and Wilcox boilers. Then comes the Yarrow- 
boilered Elswick ship, the Hampshire. The varia- 
tion in these results is almost within the margin of 
error, especially when it is remembered that in 
reckoning the power, no account is taken of the 
large number of auxiliary engines working on the 
ship. When, however, we find that in boiler in- 
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TABLE IV.—RESULTS OF OFFICIAL STEAM TRIALS OF ARMOURED SHIPS MADE DURING 1905. 


First 30 Hours’ Triau. 





























. oO 
J g i $35 $0 
NAME OF TYPE OF = BUILDERS §=MAKERS OF | s E a E E#o i5 
VESSEL. SHIP. SHIP. MACHINERY. § 3 = d ic “6 pee oe 
A B a R 2 z ES PIS25 
2 ow bo < Ss SP ~ ees | 
4, ee |digige! ¥ Qaest 
5 eS $i/2@ 35 & 38585 
a e = S i n - eae . tes 
en —— i seis 
tons sq. ft. jsq. ft. knots Ib. Ib 
New Zealand Battleship Portsmouth | Humphrys, Ten- 16,350 Niclausse & 45,968) 1874 3979 9 log. 2 _— 
Dockyard nant, and Co. cylindrical | 
Carnarvon First-class Beardmore Ditto 10,850 Ditto 53,706, 1549 4758 14.3 ,, 21l 19.6 
cruiser and Co. 
Devonshire si Ditto a Thames Company 10,850 Ditto 53,866 1524 | 4532 18.07 ,, 2.05 21.4 
Yar 
Antrim .. mat Ditto J. Brown and J. Brown and Co. |10,850 Yarrow and)58,437 1185 4668 14.46 ,, 2.06 18.4 
Co. cylindrical 
Roxburgh si Ditto London and London and Glas-/10,850 Diirrand 53,890 1468 4635 14.38 ,, 2.108 18.5 
: Glasgow Co. gow Company cylindrical 
Hampshire e Ditto Armstrong’s Hawthorn, Lesiie,' 10,850 Yarrow and 60,129 1197 4687 14.6 ,, 2.02 20.4 
- Company and Co. cylindrical 
Argyll .. _ Ditto Scotts’ Co., Scotts’ Company, 10,850 Babcock and 55,305 1504 4726 13.7 ,, 1.94 20.2 
Greenock Greenock Wilcox and 
; : cylindrical 
Duke of Edin- Ditto Pembroke Hawthorn, Leslie,’ 13,550 Ditto 62,651 1715 5039 144 ,, 2.2 19.8 
burgh | fa and Co. 
Black Prince .. Ditto Thames Com-| Thames Company | 13,550! Ditto 62,467/ 1780 4879 14.6M.M. 2.11 211 
pany | 
Encounter Second-class Devonport Devonport Yard 5,880 Diirr 34,158; 903 2597 13.0 log. 1.9 17.58 
cruiser Yar | | 





TABLE V.—RESULTS OF 


M.M. = Measured Mile. 


Seconp 380 Hours’ Tria. E:eut Hours’ Futu-Power Tria, 




















é re 2 ee RE ye 

Ses te Soest: 

- Eeec= § E@oan 

~_ o™ = ° —_ 
5 s-EGEE p= E SES 
38 , |Pobleane fF ; es: 
Ss BS lade 535 z SB —S88 88. 
co @ 3 s 2 rv 
ef | g Jecsek ge | 2 gee che 

knots Ib. Ib. knots Ib. Ib. 

12,981 (16.87 log. 1.83 18,440 18.59M.M. 2.1 

15,221 (21.43M.M. 1.78 16.84 21,464 23.30 ,, 2.28 + 21.9 
14,833 (21.07 ,, 2.02 19.6 21,442 2297 ,, 1.79 18.9 
14,628 (21.33 ,, 1.95 16.48 21,604 23.02 ,, 2.22 182 
15,087 (21.54 ,, 1.99 166 | 22,102 2863 ,, 238 17.9 
14,445 21.47 ,, 1.84 17.9 | 21,508 2347 ,, 1.87/ 188 
15,108 (20.8 ,, 1.82 17.28 21,190 2238 ,, 2.2 18.9 
16,908 (21.1 ,, | 1.87 1832 23,685 2284 ,, 1.96 191 

16,699 (21.51 ,, 1.99 19.10) 23,989 28.65 ,, 21 | 19 


9,008 18.95 ,, 1.98 15.49) 13,008 21.03 ,, 2.09 16.4 


OFFICIAL STEAM TRIALS OF SCOUTS, 1905. 
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| First 48 Hours. 


EIGHT HOURS’ FULL. 


HOURS’ TRIAL. POWER TRIAL. 


Seconp 48 Hours. Last 6} Tiovrs or Arover, 















































—_ OF BUILDERS OF MAKERS OF 3 : 2 . as 
VESSEL. SHIP. MACHINERY. ; g g see eee ¢ Sez 
2 5 ewe Bis EES| E ERs 
e | Ss & s = = eo) xe a A} - 
i a an oo 
¢ . me eee g &! &. ane ze 
° roy e ~~ i ak ~ ~~ A 
3 5 ° ao < 3s ao 3 ge | as ; 3 
e g 4) 2] gs | gs5| 5 S aah | as | & | aHé 
Fi og (2 |e|a8| bo get) ge | 2 igeki ae | | | ge 
a a ons sq. ft. |sq. tt.| | knots Ib. | knots Ib. knots \s 
Sentinel Vickers Sons and Maxim | Vickers Sons and Maxim | 2940 Normand 44,053 | 715 | 1043 10.73 2.25 1012 10.631 (cal.) 2.27 17,488 | 25.07 
Skirmisher Ditto Dit 2940 Ditto 44,053 | 715 | 904 | 10.61 2.55 995 10.9 ,, 249 | 17,013 | 25.19 
Pathfinder Cammell, Laird, and Co. | Cammell, Laird, and Co. | 3000 Laird 43,800 | 657 | 1037 10.83 2.41 1063 wae le 2.35 17,176 25.34 
Patrol _, _ Ditto __ Ditto 3000 Ditto 43,800 | 656 | 1173 | 10.79 2.19 1170 10.97 ,, 217 | 16,460 | 25.06 
Forward Fa‘rfield Company Fairfield Company | 2045 Thornycroft 42,960 | 752 833 | 10.55 2.67 845 10.32 ,, 2.65 15,018 | 25.15 
Foresight .. Ditto Ditto | 2945 Ditto 42,960 | 7&2] 808 | 10.53 259 812 10.57 ,, | 265 14,277 | 25.12 
Adventure... Arms'‘rong’sComp:ny Hawthorn, Leslie, and Co.) 2940 Yarrow 42,686 | 784 | 1030 | 10.30 2.42 | Not stated | 10.24 ,, 2.43 | 15,850 | 25.42 - 
Attentive .. Ditto Ditto | 2940 Ditto 42,686 | 784 | 1105 | 10.32 234 1010/1036, 2.34 | 16,212 | 25.88 
TAELE VJ.—Resvcts or Orriciat Trrats or TorPEpO-BoAT DestRoyERS, 1905. | range between 23.63 and 23 knots, and there can be 
' ; /no doubt that the higher rate can easily be attained 
| Four Hours’ | Four Hours’ Coa, | in all of the ships, provided the propellers are suit- 
Grasp Triat. | Comsumrnon Tara. jable. The Argyll was tried without having been 
docked for hull cleaning. 
: e : | @ 2 | % 45 | The cases of the Duke of Edinburgh and Black 
NAME OF | BuripeRs oF Sur. MAKERS OF + | Tyre or Bower. | 3 5 + EES Pri hich ] hi d ~ 1 by Si 
ves erence e | | 2 : S S £m rince, which are later ships, designed by Sir 
= E = = .~ 8 | Philip Watts, K.C.B., are interesting, because in 
= tig | » & |? , “rai 8 - 
g | e < ae a | a8 . | & 5 | this case the machinery was made to standardised 
e | . 2 | sé 3 3 3 328 | drawings, and gauges, templates, and jigs were 
A zm 5 | EX | & | S* | & |S*°™ | made for all the working parts. These are being 
~ |tons ae mak knote | aeet th | used also in connection A a four agg ag 
Boyne Hawthorn, Leslie | Hawthorn, Leslie | 55(| Modified Yarrow | 14,852 | 276 | 7457 (| 25.72) 7106 | 25.40) 2.31 launched this year—the arrior, Achilles, atal, 
Moy - Oammell, Laird ao 55 Laird | 14,880 | 233 | 7388 25.60 | 7173 | 25.26) 2.5 and Cochran. Weshould like now only to point out 
Ouse .. Ditto Ditto 550| Ditto 14,880 | 233 | 7844 | 25.56| 7301 | 25.33| 265 | that although the two vessels tried were built to 
Gals 2, Yarrow Yarrow 606 Yarrow | 16,000 | 269 | 7515 | 25.90| 7592 | 1.91 | attain a speed of 22) knots, the Black Prince has 
Jarry .. Vito Ditto ) ditto 16,000 | 269 | 7859 | 26.51| 7665 1.92 ‘eal 0% en iL y . set] , 

Swale |_| Palmers Company (Palmers Company | 550| Reed | 15,520 | 319 | 7466 | 25.59| 7308 | 226 | realised 23.65 knots for very little more than the 
Ure Ditto Ditto 550| Ditto | 15,520 | 319 | 7899 | 25.65| 7222 | 244 | designed power; and when the Duke of Edinburgh 
ear... itto Ditto 55 Ditto | 15,520 | 819 | 7204 | 25.62| 7268 232 lis fitted wi ope will do equall 
Colne... Thornycroft Thornycroft 550) Thornycroft-Schultz) 16,160 268 | 7884 | 25.57| 7784 2.29 be ll — the te 0 dletin ao 1 vail iy 
Doon ..| Hawthorn, Leslie | Hawthorn, Leslie | 55) Yarrow | 14,852 | 276 | 7358 | 25.80| 7252 2.05 wel, is type is a distinct advance, especially in 

Kail es ; Ditto a itto 55C| oi Ditto | 14,852 | 276 | 7239 | 25.74] 7310 1.91 | gun-power, upon the Devonshire class. 

Ness ..| J. 8. White J. 8. White 535) yhite-Forster | 15,640 | 251 7163 25.62) 7112 1.95 : e e 

Nith |. Ditto Ditto 535| Ditto 15,640 | 251 | 7177 | 25.69| 7264 194 |, The results of the trials with the scouts are 

Chelmer. . Thornycroft Thornycroft 550/Thornycroft. Schultz) 16,160 | 268 | 8034 25.70) 8094 2.39 | interesting because of the conditions imposed. 

other ..| Palmers Company Palmers Company | 550 ee 15,520 319 | 7213 25.51) 7152 2.47 These v i ave a n ] Be 

Liffey ..| Cammell, Laird, | Cammell, Laird | 5£6 Laird 14,880 233 | 7884 | 25.51| 7391 2.68 nd vessels, which have ready bee ful y de 
scribed in ENGINEERING, are practically all of the 


stallations almost exactly corresponding there is| The speed attained by the vessels of the cruiser 


a difference of quite 10 per cent., as in the Devon- 
shire and Carnarvon, one begins to doubt the 
prudence of attempting any precise deduction. 
Again, on the full-power trials the variance is still 
more marked, and it is found that’ the most 
economical on the second 30 hours’ trial becomes 
now practically the most expensive. As regards 
design of machinery, the results are certainly 
interesting : in all cases the water used per indi- 
cated horse-power for all purposes is given. It 
will be noticed that in the full - power trial the 


average result is about 18lb. At first sight this may different design, so as to arrive by a process of trial | 


seem large, but it must be borne in mind that in 
these cruisers there are in all something like 
100 steam cylinders, some of them working simple 
and exhausting at a high pressure, and from only 
eight of them is indicated horse-power reckoned. 


class has in all cases proved very satisfactory. The 
six vessels of the Devonshire class were fitted with 
propellers of different proportions and surface, and 
| most valuable data are being collated as the result not 
only of the official trials, but of the quarterly tests 
in service, which latter are of a more searching and 
| more suggestive character than heretofore. In recent 
times some propellers have greatly improved the 
| speed for a given power, and it is not improbable 
that in the first ships of each class the specification 
will require the supplying of various propellers of 


|and error at the most suitable ratio of surface to 
| diameter and pitch. 

| The full-speed performances of the six vessels of 
| the Devonshire class are very striking. It will be 





|seen that the speeds for almost the same power 


i 


same displacement, but they differ in length. 
The minimising of length made it more difficult to 
realise the speed, but, as shown in Table V., each 
vessel easily exceeded the designed rate. The 
boilers here are all of the ‘‘ express” type, and the 
ratio of heating to grate area is about 63:1, while 
each square foot of heating surface is called upon 
to produce steam for two-fifths of a horse-power. 
The coal consumption ranged from 2.19]b. to2.671b., 
and the speed from 25.06 to 25.88 knots. There is, 
however, a marked difference in the power, the two 
Fairfield ships getting their speed, as shown in the 
table, for considerably less power than others. 

In Table VI. there are given the results of the 
official trials of the torpedo-boat destroyers. In all, 
sixteen vessels have been tested, and all of these 
are of the 25}-knot type, the intention being to 
ensure a larger measure of seaworthiness than in the 
previous ships. Since they were designed it has 











876 


ENGINEERING. 


[Dec. 29, 1905. 








been shown that there was no special need for this 
increase in scantlings, and the Admiralty have 
therefore reverted to a lighter craft, in order to get 
a speed of 33 knots. The practice is for these 
vessels to run a four hours’ speed trial, distinct 
from the coal-consumption trial], and it will be seen 
that the speeds vary from 26.51 knots, realised by 
a Yarrow boat, down to 25.51 knots. As a rule, 
however, the speeds averaged about 25} knots. 
The case of the Yarrow boat, the Garry, was par- 
ticularly interesting, as the form of stern was the 
outcome of observations in connection with the in- 
fluence of the depth of water upon the speed of 
such fast and light craft. (See ENGINEERING, page 
99 ante.) 








NOTES. 
RatLways IN RHOopESIA. 

Very satisfactory progress is being made with 
the extension of railways in Rhodesia; and from 
the annual report of the Mashonaland Railway 
Company we find that that company, which is con- 
cerned with the railways of Rhodesia as well as of 
Mashonaland, is now operating 1397 miles of track, 
of which 518 miles are owned by the company, and 
the remainder is worked under an agreement. This 
contract includes the line from Beira across country 
to Buluwayo, and thence northward to the Zambesi, 
and onwards, over the bridge, to Kalomo. From 
this point the track is now being extended north- 
wards to the Rhodesian Broken Hill copper 
country, and some 121 miles have been laid. 
Earthworks and telegraphs have been completed 
for a total of 205 miles, and bridges for 120 
miles. If this rate of progress be maintained, the 
rails should, before the middle of next year, reach 
the mines, where considerable bodies of high-grade 
lead and zinc ores are exposed. Other companies 
are developing copper properties in the Kafue and 
neighbouring districts, and the results are likely 
to lead to increase in traffic. Thus far there has 
not been very material development in the volume 
of traffic; but the company have done well in 
reducing rates both for passengers and minerals. 
The revised tariffs which came into operation on 
October 1 last represent reductions varying from 
10 per cent. to over 35 per cent., while the ship- 
ping rates to Beira, and the lighterage and pierage 
charges at this port have been reduced. The 
Mozambique Company have also abolished some 
of the wharfage charges previously made, and it is 
expected that this will influence the cost of living 
in Rhodesia, and will ultimately give the Beira and 
Mashonaland Railway route a larger share of the 
Rhodesia traftic, since it is much shorter than the 
Cape route. Improvements in wharfage and 
landing accommodation at Beira are under con- 
sideration. Fares on the Beira route have been 
reduced from 44d. to 3d. first-class, from 3d. to 2d. 
for the second-class, and from 14d. to 1d. for third- 
class passengers, and these latter rates represent 
the tariff throughout the whole system. The ratio 
of expenditure to gross receipts is, for the ti 
year, 65.8 per cent., the net revenue being 73,2901, 
which is about an average, although considerably 
lower than in some years, when exceptionally satis- 
factory conditions obtained. 


Tue Emiss1on SPECTRUM OF THE WELSBACH 
MANTLE. 


As there is still a good deal of controversy re- 
garding the nature of the incandescent-gas light, 
the determination, by H. Rubens, of Berlin, of 
the emission spectrum of a Welsbach flame is a 
matter of considerable interest. Rubens gave an 
account of his researches before the German 
Naturforscher-Versammlung at Meran, in Tyrol, 
thisautumn. The energy determinations were made 
with a mirror spectrometer and one of Rubens’s 
linear thermo-junctions, and with the aid of a 
fluorspar prism for rays of wave-length 8 » and of 
a sylvin Sy for rays of 18». ‘The experiments 
concerned (1) a Welsbach burner with a Deyea 
mantle (consisting of 99.2 per cent. of thoria and 
0.8 per cent. of ceria), but without chimney ; (2) the 
same burner without mantle—practically, there- 
fore, a Bunsen burner; (3) the same burner and 
mantle, but the mantle previously coated with iron 
oxide. This coating was obtained by dipping the 
mantle into ink, and by subsequent calcination. 
The energy curves (1) and (2) are very similar 
to one another; but the (1) curve lies much 
higher than the curve (2), especially for the 


short and for the very long waves, Under certain 





assumptions the curve expressing the difference 
between curves (1) and (2) may be taken as showing 
the energy distribution in the mantle spectrum ; 
and we find that the chief energy lies in the short 
blue waves and in the very long waves, while the 
radiation of waves of medium: length (red light) 
is unimportant. So far former experiments by 
Rubens and by Bose and Nernst are confirmed ; it 
had appeared rather strange that both short waves 
(Bose and Nernst) and very long waves (Rubens) 
should predominate in the same spectrum. The 
mantle coated with iron oxide became only red in 
the flame, and its temperature was 1000 deg. or 
1100 deg. Cent., against the 1500 deg. or 1600 deg. 
Cent. of the incandescent mantle, these tempera- 
tures being estimated with the aid of the optical 
pyrometer. But the total energy emission of this 
coated mantle was about twice as great as that of the 
proper mantle, especially in the range from 2 » up 
to 5y4. Taking 1527 deg. Cent., equal to 1800 deg. 
Cent. absolute, as the mean temperature of the 
ordinary mantle, Rubens compared the energy as 
measured with the energy radiated by an abso- 
lutely black body of the same temperature, making 
use of Planck’s formula. It resulted that the 
black body of that temperature would give out 
thirty-two times as much energy as the Wels- 
bach mantle. The total emissivity of the Welsbach 
mantle is, therefore, very low, which would 
account for its high temperature ; an allowance 
has, in these estimates, of course, to be made 
for the fact that the mantle forms a grating, and 
not a continuous surface. Ayrton and Bose and 
Nernst had previously found that the Welsbach 
mantle radiates the same amount of energy whether 
heated by the gas or directly by an electric current. 
That would show—and was pointed out during the 
discussion of Mr. Swinburne’s r on ‘‘ Tempera- 
ture and Efficiency of Thermal Ra 

Physical Society the other day—that it is not 
necessary to assume a kind of catalytic effect to 
explain the high incandescence of certain mixtures 
of rare earths, containing much thoria and a little 
ceria. All the same, itis not clear why only small 
percentages of ceria have this strong effect. But 
this is a general problem. We do not understand 
the nature of the influence exercised by small 
amounts of impurities. 


THE Kow.oon-Canton Ratiway. 

In our notices of the trade and industries of 
Hong Kong we have more than once indicated 
that the changing conditions in the various ports 
in China, and the development of railway com- 
munication in the interior, were tending to isolate 
Hong Kong, and change the position of the centre of 
magnitude of the foreign trade of China. This has 
been distinctly recognised, not only by the foreign 
merchants in Hong Kong, but also by the local 
authorities; and the Governor, in his annual 
reports to the Colonial Secretary, has frequently re- 
ferred to it. Information has come to hand that at 
an extraordinary meeting of members of the Hong 
Kong Legislative Council a Bill was introduced, and 
passed into law, authorising the Governor, Major 
Sir Matthew Nathan, to raise, as occasion re- 
quires, loans, not exceeding 2,000,000/. sterling, 
for the purpose of defraying the cost of a railway 
from Kowloon and ‘for other railway purposes.” 
The ordinance, which is to be cited as ‘‘ The Rail- 
ways Loan Ordinance, 1905,” states that the money 
will be borrowed by the sale of inscribed stock 
under the provisions of the General Loan and In- 
scribed Stock Ordinance, 1893, and the contribu- 
tion to the sinking fund, as contemplated in 
Sections 7 and 8 of that Bill, is to commence at 
the expiration of five years from the date on which 
the interest on the Inscribed Stock, to be issued 
under the new Ordinance, begins to accrue. The 
Governor explained that, in addition to authorising 
him to raise funds for the construction of the Hong 
Kong section of the railway from Canton to Kowloon, 
the Bill was connected with the agreement between 
Chang Chih Tung and the Hong Kong Government 
for a loan by Hong Kong of 1,100,000/., which has 
been floated for the purpose of purchasing the 
Hankow-Canton Railway concession from the 
J. P. Morgan syndicate. The full particulars of 
this agreement have been published in the Uni- 
versal Gazette (Chinese), and a translation of it 
has been sent to this country; but as it is of a 
purely financial nature, we refer those who are 
specially interested in the details to the agreement 
itself. It is, meantime, sufficient to note that it 
consists of ten articles with a preamble, and it is 


diation ” at the M 





agreed to raise a loan for the amount named on 
behalf of the Viceroys and Governors of Hupeh, 
Hunan, and Canton, and their Successors, to redeem 
the Hankow-Canton Railway from the American 
syndicate. The terms of the loan are for ten years, 
counting from October 6, 1905. The principal and 
interest of the loan will be repayable in ten annual 
instalments, and the rate of interest is 44 per cent. 
perannum. The security for the loan is the opium 
revenue derived from the three provinces of Hupeh, 
Hunan, and Canton. The terms of the agreement 
differ somewhat from the version telegraphed from 
Peking, and no allusion is made to the employ- 
ment of British engineers on the Canton-Hankow 
Railway, or to Great Britain being given the first 
option of taking up a further foreign loan should 
necessity arise. ur present object, however, is 
not to examine details so much as to direct atten- 
tion to the general position. It is satisfactory to 
find that the British authorities have at last taken 
a forward step, which, when fully carried out, 
will bring Hong Kong into communication with 
the vast area of China, and thus help to neu- 
tralise the competition which is now being 
offered by the other open ports of China. As 
we have frequently pointed out, it is in the 
Pacific area that the struggle will be made for com- 
mercial supremacy, and it is of the utmost import- 
ance that Hong Kong should be able to take full 
advantage of all the developments which occur. 
It will probably become the most important dis- 
tributive centre in the world, and as such it is of 
great value to Britain. 








LAUNCHES AND TRIAL TRIPS. 

Messrs. Napier and Miller, Limited, Yoker, launched 
on Wednesday, the 14th inst., the steel screw-steamer 
English Monarch, which they have built to the order of 
essrs. Raeburn and Verel, G w, for the Monarch 
Steamshi oe any | Limited. The vessel is built to the 
highest class under British Corporation rules. Her prin- 
cipal dimensions are :—Length, 400 ft.; breadth, 52 ft.; 
depth, moulded, 30 ft.; with a ~~ tonnage of about 
5100 tons. The machinery, which is being supplied by 
Messrs. David Rowan and Co., Glasgow, consists of 
Sepecepnyee engines, having cylinders 27 in., 44 in., 
and 73 in. in diameter, with a 48-in. stroke, also two 
boilers of large size and a donkey boiler. This is the 
last vessel to be launched from the Yoker shipyard, the 
firm having now a new shipyard all but sumly at Old 
Kilpatrick. 


On Wednesday, the 20th inst., the s.s. Teespool, built 
by Messrs. Ropner and Son, of Stockton-on-Tees, made 
her official trial trip in the Tees Bay. The steamer has 
been built to the order of the Pool Shipping ompeny, 
Limited, West Hartlepool (of which compan essrs. 
R. Ropner and Co. are managers), and is fitted with the 
builder’s patent improved trunk deck. The vessel is 
366 ft. in length, and has a dead-weight carrying capacity 
of about 7300 tons. The engines are of the triple-expan- 
sion type, of abont 1850 indicated horse-power, by Messrs. 
Blair and Co., Limited, of Stockton-on-Tees. After a 
very satisfactory trial trip, during which a — of 11 
knots was attained, the steamer proceeded on her voyage 
to Baltimore. 





Messrs. William Doxford and Sons, Limited, Pallion, 
launched on Friday, the 22nd inst., their twentieth 
steamer for the year, being the s.s. Oxelésund, built to 
the order of Messrs. Oxeliésunds Rederiaktiebolag, Consul 
Percy Tham, manager. She was built specially for the 
Swedish ore trade, to carry 3300 tons dead-weight. Her 
engines have cylinders 21 in., 35 in., and 57 in. in diameter, 
with a stroke of 39 in. She is fitted with two large 
boilers, giving her a speed of 94 knots. 

On Friday, the 22nd inst., Messrs. R. Craggs and Sons, 
Limited, laynched from their Tees Dockyard, Middles- 
brough, the Martazan, a steel cargo-steamer of the 
strengthened spar-deck type, 363 ft. 6 in. long, 47 ft. 
beam, 26 ft. depth, mane A iy This vessel is being built 
under special survey to take the highest class under 
Lloyd’s. The machinery will be fit by Messrs. Blair 
and Co., Limited, of Stockton-on-Tees, having cylinders 
24 in., 40 in., and 66 in. in diameter, with a 45-in. stroke, 
steam being supplied by two large single-ended boilers, 
working at 180 lb. pressure to the square inch. The 
saad ten been built to the order of Messrs. Henry 
Fernie and Son, of Liverpool. 


On Tuesday, the 26th inst., Messrs. Craig, Taylor, and 
Co., Limited, launched from their shipbuilding yard, 
Thornaby-on-Tees, a spar-deck screw-steamer, the Vir- 

inia, of the following y atin mal :—337 ft. by 41 ft. 9 in. 
= 27 ft. 9 in. depth, moulded. She is built of steel, to 
special eu class in Lloyd’s and Austrian Veritas, under 





special survey. Her engines have been constructed by 
the North-Eastern Marine Engineering Company, Li- 
mited, Sunderland, the cylinders being 24 in., 40 in., 
and 65 in. in diameter, with a 45-in. stroke, steam bein 
supplied by two | steel boilers at 1801b. pressure, wi 
Howden’s forced ught, bronze propeller, &c. The 
v has been built to the order of Messrs. Fratellj 
Cosulich, of Trieste. 





= 




















"80909 “Q'] Jo xoq aed oie soqujd uty, ‘suoyvjonb yFnorq 
-SO[PpIf, 0} O18 S[IvI [9098 favoy “m0 iad ee soorid [ejeul ey, “GI O8 93 “4G, OL Woy qysiom al ArvA Worqm jo sjuezu0o 8} ‘aT390q aed SI Jeapisyornb jo aoud oh “sesvo I9j0 
® at 7g pue ‘uo. pue[easg[y puv ‘aqizeuley ‘soquyd-ury JO 9889 9} Ul “SZ sjueseider aul] [eJUOZLIOY Yove puev ‘sfup qoyTVUl OMY sjuesoider OUl]T [BOIRIOA ORS SUIVIZBIpP Sursueduosoe o43 NT 
“MIGINZAON “#3780L90 “eIBNIAdIS .Asnanv amr ‘Inar AYN “Wid HIUIN AUYNUEI4 ‘$0, AuvaNYr 10590 
Z St it t¢ § 629% OC 0 8 OD GES Ub bt Lt HU OF tt O + BC Ht 9 LS SH EC SH MT HU S LETH OS MCH#HA DF ERE EC S 
SERSESEE See eeeeee : 1771 7 SS (Re eS eee 2 OSS SSS eee ee ey HS 8 ee btebetetes | | | | | | \owivins Wael!!!) lllttlitil~ s 





o 
Zz 
ee 
fy 
i 
Zz 
O 
a 
tx) 


"Laag ‘Day ‘ATIOL “ana ‘AVIA “Wad V "HOUVN 


(‘sayy puoi “olt-hig yoo pun yoppy uopuoT fo sjioday ymagg wos papdwoo fymwadg) 








‘S061 ‘SVWISLUHO OL ‘F06l ‘“SVIWISIUHO WOU STVIAW AO SHOINd AHL NI SNOILVOLONTA YNIMOHS SWVUYVIA 














ENGINEERING. 


[Dec. 29, 1905. 











INDUSTRIAL NOTES. 


Tue number of Labour candidates selected for the 
coming election is about ninety. Some of these 
are Labour candidates only in name, for they never 
had to rely upon weekly wages. However, the 
run as Labour candidates, and- are endorsed as suc 
by the bodies to which they are allied and by whom 
they are supported—not financially, but morally. 
But let it not be thought for one moment that 
all the Labour candidates run on the same ticket. 
There are as many groups of them as in the French 
Chamber of Deputies. There are the Social Demo- 
cratic group. the Labour Representation Committee 
group, the Trades Congress group, the General Fede- 
ration group, the Miners’ group, and the Independent 
Labour Party group. There is a kind of underatand- 
ing between four of these groups not to interfere with 
each other’s candidates. There are some who stand 
independently of all those groups, but they are not of 
the Independent Labour Party. In several instances 
Liberalism and Labour run together, each supporting 
the other. In one case a notable trade unionist is 
opposing a notable Social Democratic Federation can- 
didate. There is a lack of unity, even of cohesion, in 
this state of things, and Labour’s disunity will be the 
other parties’ opportunity. What the French work- 
men call the ‘‘ solidarity” of Labour is absent gene- 
rally in these contests, except in the case of the 
Miners, and they unite in support of their own men. 
To what extent the constituencies will endorse the 
candidatures —in sume instances thrust upon them— 
remains to be seen. Only when the declarations of the 
polls are made can we count up the victories and defeats 
of Labour. That there will be some victories is pretty 
certain, but there will also be many disappointments. 
The attitude of some of the Labour leaders towards 
the new President of the Local Government Board 
shows that a cantankerous spirit is abroad ; and = 
sonal spleen is often more powerful as a factor than 
professed patriotism. 





Attention was called in a recent issue to the very 
meagre programme of the Parliamentary Committee 
of the Trades Union Congress, in view of the near 
approach of the General Election. Recent events and 
circumstances—the resignation of the Government, 
and the accession of the Liberal Party to power—have 
led to a manifesto of greater length and extended 

rogramme. As this is a document of historic interest 
rom the industrial point of view, a resumé of its con- 
tents will not be out of place. It says:—‘‘ For the 

t ten years monopoly has been unchecked, and a 
Goosen which came into office to give old-age 
pensions to the aged poor have impoverished the 
people to benefit the idle rich. There has been adven- 
ture abroad, and wholesale plunder at home ; we have 
been governed without a policy. United by no common 
principle, either of honesty or public policy, afraid to 
trust the people, they clung to office while a prop was 
left to hold them up. During the past the Labour 
Party has been struggling against great disadvantages, 
majorities in the House of Commons being wholly on 
the side of Capital. You are the wealth-producers of 
the country, and, having the franchise, you should use 
it in your own interests. Employers do this, and use 
a'l the influence they possess to divide your ranks, 
and persuade you to vote for their interests instead of 
your own. The Trades Union Congress has year by 
year passed resolutions in favour of social reforms 
which can only be made law by the return of a Labour 
Party to the House of Commons.” The wording of a 
manifesto of this kind will not bear severe criticism ; 
indeed, no political manifesto or address to the con- 
stituencies will, the platform speeches and election 
literature even less so. It is boldly outspoken, and 
represents, no doubt, the feelings of the vast majority 
of the organised labour parties in the country. It is 
cadasaber to appeal to workmen of all grades in the 
coming electorial contests now pending. 


The programme now is:—‘‘ The principles of the 
Trades Dispute Bill, its object being to wipe out the 
decision in the Taff Vale case. The amendment of the 
Compensation Act, so as to give compensation to all 
workers in every trade from the date of the accident. 
Amendment of the Truck Act, to prevent stoppages 
of any description off wages. Amendment of the 
Unemployed Act, so that empl»yment can be found, 
at trade-union rates, for those unable to obtain work. 
The abolition of enforced Chinese labour in South 
Africa. The establishment of a State pension fund. 
An extension of the Housing of the Working Classes 
Act. The Returning Officers’ fees to be a charge 
on the national exchequer. Adult suffrage. The 
establishment of an eight-hour working day.” It 
will be seen that Socialist influence has been at work 
in the formulation of the programme, but not to any 
great extent. The old formula of ‘‘ taking over all the 
means of production, distribution, and exchange ” 
is not even hinted at. In addition to the above 
‘** planks in the pe seeped working men are advised 
to ** vote for all Labour and other candidates who are 





prepared to resist taxes on food and industry, and to 
support an amendment of the Education Act, and the 
a reforms embodied in the programme of the 
Trades Union Congress.” The General Election, it is 
said, will only extend to three or four weeks, and all 
working-class voters are appealed to to work zealously 
while the opportunity is given to them. It adds :— 
*“*We want something beyond the old demand for a 
living wage. The demand of Labour to-day should be 
for a higher standard of living.” The electors are 
advised to vote for Labour candidates of any school of 
thought : ‘‘ let there be no division.” This is a broad 
appeal ; but the differences in the ranks of Labour, as 
seen in the list of candidates, are nearly as wide as 
those which separate the other political parties in the 
State. 





The manifesto of the Labour Representation Com. 
mittee is more vague and general. It is a kind of negative 
criticism of Segielative work not done, or badly done. 
The committee, it is said, have endorsed over fifty candi- 
datures ; whether they are all fitted with constituencies, 
or constituencies with the candidates, is not very clear. 
It says :—‘‘ This election is to decide whether or not 
labour is to be fairly represented in Parliament.” 
Well, that is for the constituencies todecide. Work- 
men have the vote, and under the ballot they can vote 
as they please. The manifesto complains of ‘‘ landlords, 
employers, lawyers, brewers, and financiers being those 
in power. Why not labour?” The reply is obvious, 
because the workers have hitherto preferred those 
whom the manifesto condemns, except in a few divi- 
sions of the country. The manifesto continues : 
—* The trade unions ask for the same liberty as 
capital enjoys. They are refused.” whom are 
the ahead ? This was true when the franchise was 
withheld, and before the Ballot Act was passed ; it 
is not truenow. If the people, the voters in the con- 
stituencies, refuse to elect, that is their business. In 
the majority of cases working-class voters out-number 
all the rest; if they really desire Labour candidates, 
they can elect them. 





The manifesto of the National Society of Amalga- 
mated Brass- Workers is sectional, compared with the 
other two. But it acquires importance for the 
following reasons :—1. It is issued from Birmingham, 
which is the headquarters of the union. 2. Its 

eneral secretary has all along been opposed to Mr. 
Chamberlain's policy, and he offered to contest the 
seat against the ex-Colonial Secretary, but the union 
could not afford to dispense with his services as 
secretary. He left that office for a time to become a 
factory inspector, but the union offered such terms 
if he would return that he relinquished his Govern- 
ment appointment. 3. The Brass-Workers’ Union 
is not only a strong one in itself—well organised—-but 
it is the chief mover in the proposal for a federation 
of all the metal trades into one group, possibly ulti- 
mately toend in amalgamation. 4. Lastly, the manifesto 
would seem to represent the views of a large number of 
industries connected with the use of iron, steel, and 
other metals. It appeals to the workers to support 
Labour and Progressive candidates at the General 
Election. Its programme includes many of the points 
in the two preceding manifestoes, but adds two which 
may be doubtful inapplication. These are ‘‘ the pre- 
vention of the employment of women on men’s work, 
and the control of labour-saving appliances.” These 
may be far-reaching. Women’s associations will 
oppose the first, and the second will, or may, involve 
disputes with cumpoyere as to the use of labour-saving 
appliances. Both proposals will evoke opposition, 
but they are made in such vague terms that they may 
not cause any split at the (ieneral Election. The 
manifesto shows which way the wind is blowing in 
the circles of organised labour, and indicates that 


political action is likely to be had recourse to in the | P°° 


near future by the industrial organisations in this 
country—by trade unions and by labour councils, as 
well as by the great central bodies. 


Yet another manifesto from trade unions. In this 
instance it is the Boilermakers and Iron-Shipbuilders 
—one of the best organised unions in this country. 
It is well that these manifestoes appear publicly and 
early, as employers will by this means know the 

rincipal subjects which call for attention in the new 

arlisment, and will thereby be able to prepare such 
replies and raise such objections as to them may seem 
fit. The chief subjects enumerated by the above- 
named union are ‘‘the restoration of trade-union rights, 
Compensation Act Amendment, abolition of forced 
Chinese labour, amendment of the Unemployed Act, 
shorter working day, and old-age pensions.” After the 
enumeration of the above the manifesto goes on to 
say :—‘“‘ We know that many trade questions have 
pressed heavily upon you, matters that must be righted 
in the near future. The means of righting them are 


by the strength of our own organisation—a strength 
which is seriously imperilled by the present condi- 
tions of the law governing trade unionism. We 
have heard continual grumblings, but are you in 





earnest? Do you mean what you say? The chance 
isat hand. For the first time for over five years you 
are asked to vote. It is a sacred trust, more sacred 
at this election than it has ever been before ; for the 
wrong is a great one, and the righting of that wrong 
a sacred duty. Every man should, aye, must, vote 
for a candidate who will pledge himself definitely and 
plainly to vote for the Trades Disputes Bill as passed 
recently by the House of Commons. Let no other 
consideration weigh with you. Do not be led astray 
by the cry for fiscal change. Right your trade-union 
wrongs first. When they are righted there will be time 
to consider other matters. All the Labour candidates, 
however labelled, are agreed on this question.” The 
manifesto goes on to say that the other candidates 
must be voted for only if they give the pledge. 





The iron and steel trades in the Midlands continue in 
a buoyant condition. The order-books of producers 
are fairly filled for the earlier portion of the New Year, 
and there seems to be no lack of orders if only con- 
sumers can be assured of early delivery. (enerally 
there is anabsence of stocks, so that those unprovided 
for have to take their chance in the scramble for sup- 
plies. The indications, therefore, are that prices will 
advance at the quarterly meetings next to be held. 
Employment in the engineering trades has improved 
and is still improving. Taking the chief centres— 
Birmingham, olverhampton, and Coventry—the 
proportion of unemployed trade-union members was 
only 2 per cent. ; previous month, 2.8; and a year 
ago, 5.1 per cent. Taking the chief centres as 
above, at Birmingham employment was fair gene- 
rally, showing an improvement over the previous 
month ; with tool-makers it was good ; at Wolverhamp- 
ton and district it was good ; at West Bromwich, Coven- 
try and Redditch it was fair. In the motor industry 
employment was good ; in the cycle trade it was mode- 
rate. The outlook generally is encouraging for the 
New Year. In the miscellaneous iron, steel, and 
other metal-using industries there were some varia- 
tions, as usual. Brass-workers generally were fairly 
well employed—much better than in the previous 
month ; with bedstead makers trade was fair; there 
was also an improvement in the fender and fire-brass 
trades. The tube trade was good, overtime being 
eneral. Makers of nuts, bolts, and nails were fairly 

usy. Chain-makers were fairly employed ; anvil and 
vice-makers were busy, but anchor-smiths were slack. 
Axle and spring-makers were busy generally, as also 
were those engaged on railway and constructional work. 
Makers of locks, keys, and general hardware were 
still slack. In the edge-tool, cutlery, and file trades 
there was some improvement ; in some instances there 
was an access of seasonal work. In other sections 
there were also indications of improvement, so that 
the outlook is not discouraging. 


The position of the iron and steel trades in the Lan- 
cashire districts continues good generally, though 
there seems to have been a lull in the buying as com- 
pared with a week or twoago. The reason perhaps 
is that consumers have satisfied their requirements 
for the time being. The improvement in the engineer- 
ing trades continues steadily, if not so rapidly as could 
be desired. The proportion of unemployed in the 
Manchester, Salford, and Liverpool districts, as given 
in the Board of Trade returns by the Labour Depart- 
ment, was 3.1 per cent., as compared with 3.8 per 
cent. in the ew month, and 9.3 per cent. 
a year ago. n the Oldham, Bolton, Blackburn, 
and Burnley districts the proportion was 3.3 per 
cent.—the same as in the previous month; but in 
the same month a year ago it was 12.1 per cent., 
the improvement, therefore, as compared with a year 
ago, is — In the Manchester and Salford 
district a good deal of overtime is reported ; at Liver- 
1 employment was fair; at Birkenhead and Bootle 
it was dull. Iron-founders were busier, but some other 
branches were still dull. At Blackburn trade was good 
generally ; at Bolton, Bury, and Burnley it was fair ; 
at Preston, mcderate. At Burnley the textile machi- 
nery branches were good. At Oldham engineers were 
not quite so busy, and brass-founders were quiet. At 
Barrow employment was fair, the improvement of last 
month being continued. Machine-workers, engine- 
workers, iron-grinders and glaziers, and wire-workers 
were well employed generally. Altogether the posi- 
tion was favourable, and the outlook was very good 
for the New Year. A year ago the situation was 
bad, and the outlook sales gloomy. The change is 
wholly for the better. 


The position of affairs in Russia grows worse and 
worse. Strikes, partial and general, are the order of 
the day. It is difficult to determine which are purely 
industrial and which are political, so mixed is the 
condition of affairs. In some instances the workmen 
have refused to follow the lead of socialistic and 
political leaders, but the political elements seem to 
prevail. Strikes are being used as political levers in 
the majority of cases now that there is a chance of 
combination. 
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The position of affairs in the Transvaal as regards 
Chinese labour has so far changed that the importation 
will cease. The situation is altogether altered with 
the advent to power of a Liberal Government which 
had, in Opposition, made this subject one with which 
to attack the late occupants of the Treasury Bench. 
The Government now have to show their sincerity by 
action. 





Perhaps the greatest event in connection with the 
unemployment movement is the gift of 100,000/. for 
the purpose of helping industrious men on the land, 
by the creation of small allotments. It is an attempt 
to create a class of peasant proprietors, whose business 
it will be to supply the markets with such household 
products as may be possible after satisfying their own 
wants, as is largely done in France. The movement 
will be a real benefit to the class for whom intended, 
and for the country at large. 








Cur.ery.—The value of the cutlery exported from the 
United States in November was 62,978/., as compared 
with 58,042/. in November, 1904, and 53,991/. in Nov- 
ember, 1903. In the eleven months ending November 30, 
this year, the value of our cutlery exports was, however, 
only 609,064/., as compared with 631,683. and 623,629/. 
in the corresponding periods of 1904 and 1903 respectively. 
Australasia is now the best external market for British 
cutlery, Canada ranking second, and the United States 
third. It is satisfactory to note that British cutlery has 
still a certain footing upon American markets, although 
the development of the American hardware industry has 
been very great during the last quarter of a century. 
The value of the cutlery which we sent to the United 
States to November 30, this year, amounted to 72,335/., 
as compared with 72,2527. and 87,442/. in the correspond- 
ing periods of 1904 and 1903 respectively. Argentina 
took British cutlery to November 30, this year, to the 
extent of 25,840/., as compared with 27,598/. and 21,721/. 
Brazil also took our cutlery to the value of 31,319/. in the 
first eleven months of this year, as compa’ with 
32,9587. and 27,5867. respectively. The colonial demand 
has moved as follows in the first eleven months of the 
last three years :-— 





Colonial Group. 1905. 1904. 1903. 
£ £ £ 
British South Africa 49,550 65,674 108,608 
British India 64,217 66,484 60,656 
Australasia .. 121,682 127,504 102,355 
Canada 78,247 78,649 72,513 








It will be ceen that the foregoing recapitulation affords 
another illustration of the inveterate trade depression 
unhappily prevailing in South Africa. 


Go.p.—The value of the gold imported into the Unjted 
Kingdom in November was 4,314 763/., as compared with 
2,094,665/. in November, 1904, and 1,769,964/. in Nov- 
ember, 1903. In these totals the three gold-producing 
groups of colonies figured for the following amounts :— 








Colonial Group. Nov., 1905. Nov., 1904. | Nov., 1903. 

£ £ £ 
British South Africa 2,377,827 1,343,976 1,043,381 
British India é 1,241,214 207,654 210,973 
Australasia .. 349,563 324,890 305,413 


It will be seen that the deliveries of gold both from 
South Africa and India, exhibit a great increase in 
November ; so far as South Africa is concerned this result 
is largely attributable to increased production, but the 
same remark can scarcely be applied to Indian gold. The 
aggregate imports of gold into the United Kingdom in 
the first eleven months of this year were 36,376,387/., as 
compared with 30,053,554/. in the corresponding period 
of 1904, and 25,469,642/. in the corresponding period of 
1903. In these totals South African, Indian, and Austra- 
lasian gold figured as follows :— 





Colonial Group. 1905. 1904. 1903. 

, £ £ £ 
British South Africa -»| 19,900,452 | 14,427,144 12,205,762 
British India o -. 6,862,162 6,700,096 3,605,724 
Australasia .. -. 3,898,583 4,316,558 5,440,164 


The large increase in the South African deliveries will 
not escape attention ; the introduction of Chinese labour 
has, of course, contributed to the greatly increased pro- 
duction. Gold was imported from Canada in the first 
eleven months of this year to the extent of 1120/.; 
but, as a rule, Canadian gold is either retained at 
home or finds its pe A into the United States. To 
adjust commercial balances gold was imported from 
Germany to November 30, this year, to the value of 
2,131,789/., as compared with 1,834,572/. in the corres- 
ponding period of 1904, and 131,368/. in the corresponding 

riod of 1903. Gold was exported from the United 

ingdom in November to the extent of 1,550,287/., as 
compared with 5,217,937/. in November, 1904, and 
3,7 65,662. in November, 1903. The aggregate exports to 
November 30, this year, were 27,084,930/., as compared 
with 29,937,659/. and 23,845,883/. in the corresponding 
periods of 1904 and 1903 respectively. 





INDIAN RAILWAY PROPERTY. 


Tue principal current features of the Indian railway 
world continue to be the impending purchase by the 
Secretary of State for India in Council of the under- 
takings of the Madras and the Bombay, Baroda, and 
Central India Companies. The Secretary of State has 
arranged terms of purchase with the Bombay, Baroda, 
and Central India Railway (see page 61 ante); but 
matters are not yet adjusted with the Madras Rail- 
way. The two companies are, however, to be dealt 
with in much the same manner, the purchase price 
being determined by the mean market value of their 
stocks during three years. Rather more than a year 
and a quarter has still to elapse before the mean 
market value of Madras Railway stocks can be finally 
arrived at. In the case of the Bombay, Baroda, and 
Central India Railway the purchase price is to be paid 
partly in stock of the nominal amount of 2,000,000/., 
which is to form the working capital of a newly con- 
stituted company, and partly in India 3 per cent. 
stock. Neither of the two companies will dis- 
appear altogether from the ws eye, but two re- 
constituted companies will formed for working 
the lines. While the Secretary of State for India 
has decided to gradually increase the State railway 
network, he is chary of undertaking the working 
of the traffic, as it is considered—and probably 
wisely considered—that a private company, with a 
chance of still getting something out of current busi- 
ness, will conduct it to more advantage. 

As regards the latest experience of the Madras 
Railway, the past year witnessed the largest collec- 
tion of revenue ever received by the company in any 
twelve months, the receipts in 1904 having been 
1,227,702/., as compared with 1,131,497/. in 1903. 
The company had, however, to contend in 1904 with 
one rather serious drawback—viz., a heavy increase in 
the working expenses, which came out at 560,146/., as 
compared with 493,612/. in 1903. The increase in the 
working charges was practically unavoidable, the 
additional outlay having been incurred in replacing 
old iron rails with steel rails, in strengthening the 
road and bridges so as to bring them up to current 
requirements, in improving and enlarging workshops, 
and in renewing engines and vehicles. The line is 
now approaching fifty years in age, and the old equip- 
ment has done excellent service. It is estimated that 
in about three years the present heavy replacements 
will be completed, and that the system will then enter 
upon a term of renewed youth, and that with moder:. 
equipment it will be able to take full advantage of the 
growth of its business. The outlay which is now being 
incurred is, in fact, adding very considerably to the 
actual value of the pro rty as a going concern; but 
it has the effect of checking the growth of net revenue 
and preventing the distribution of any supplementary 
dividends, so that the company’s stocks have a less 
prima facie market value than they probably actually 
possess. This would not matter very much if the 

riod of compulsory purchase had not nearly arrived ; 

ut the consequence of the existing state of affairs is 
that the proprietors will part with their property for 
something below its real value. 

The position and prospects of the Madras Railway 
have greatly improved of late years. At one time the 
return obtained upon the capital was decidedly indif- 
ferent ; but by careful management, the development of 
feeders, and the working of adjoining lines, the receipts 
have been very materially increased. In the five years 
ending with 1875 inclusive the revenue collected aver- 
aged 575,955/. per annum, and the average return upon 
the capital expended was 2/. 6s. per cent. per annum. 
In the next five years, ending with 1880 inclusive, the 
average annual revenue advanced to 670,418/., and the 
average return upon the capital expended stood at 
2]. 2s. 9d. - cent. per annum. In the five years 
ending with 1885 inclusive the revenue collected 
averaged 635,454/. per annum, and the average return 
upon the capital expended was 2/. 6s. 1d. per cent. per 
annum. In the five years ending with 1890 inclusive 
the average revenue advanced to 793,590/. per annum, 
and the average return upon the capital expended 
rose to 3/. ls. 3d. per cent. per annum. In the five 
years ending with 1895 inclusive the revenue aver- 
aged 935,670/. per annum, and the return upon capital 
expended averaged 4/. ls. 4d. per cent. per annum. 
In the five years ending with 1900 inclusive the 
revenue averaged 1,003,593/. per annum, and the 
average return upon the capital expended was 4/. 9s. 7d. 
per cent. per annum. In 1901 the revenue collected 
was 1,050,168/., and the return upon the capital ex- 
pended was 4/. 12s. 9d. per cent. per annum. In 1902 
the revenue rose to 1,070,859/., and the return upon 
the capital expended stood at 4/. 11s. 8d. per cent. per 
annum. In 1903 the revenue was 1,131,497/., and the 
return upon the capital expended was 4/. 6s. 8d. per 
cent. per annum. In 1904 the revenue amoun to 
1,227,702/., and the return upon the capital expended 
was 4/. 15s. 9d. per cent. per annum. In the first 
half of 1905 the revenue was 610,735/., or at the rate 
of 1,221,470/. per annum, and the return upon the 
capital expended was 4/. 10s, 6d. per cent. per annum. 





It is not only possible, but probable, that the in- 
creased return obtained during the last ten or fifteen 
ears upon the capital expended will become still 
= ; but if so, it is the Secretary of State for India 
in Council, and not the proprietors, who will benefit 
from the favourable change. One circumstance which 
has favourably affected the Madras Railway has been 
the progress of gold-mining industry in the province 
of Mysore. A line was constructed for the accommo 
dation of the Kolar group of mines ; this line, which 
is known as the Mysore State Kolar Gold-Fields 
Railway, is worked by the Madras Railway for the 
Mysore State Government, and the return obtained by 
the Mysore Government upon the capital which it had 
expended upon the line amounted last half year to 
5.90 per cent. per annum. This was a very good 
result ; but it compared somewhat indifferently with 
a corresponding return of 8.29 per cent. per annum 
in the second half of 1904. There was some reduction 
in the earnings of the line in the first half of this year, 
and this was explained by a falling off in the quantity 
of coal taken to the Mysore gold-fields during the 
riod under review. The Madras Railway also works, 
or the Indian Government, the Nilgiri Railway, an 
East Coast line, and the Shoranur and Cochin line. 
This latter line is worked for the Cochin State. The 
three lines do not appear to be particularly successful ; 
but they have, none the less, helped to bring additional 
traffic to the Madras system. 

The Bombay, Baroda, and Central India Railway 
contrived to give its shareholders a dividend for the 
first half of this year at the comfortable rate of 8 per 
cent. per annum ; but the grim announcement is made 
that the 5 per cent, guarantee upon the company’s 
stock came to an end at the close of June of this 
year, the fifty years’ contract concluded in June, 
1855, having run out. The guarantee period ended 
with something of a fiourish, the return obtained 
from the working of the original system having 
been 5.37 per cent. The 8 per cent. per annum 
earned during the past six months was, to some 
extent, due to profits attending the working of 
various State lines and Native State lines. Thus, 
while the company was working at the close of June 
3017 miles of line, the original Bombay, Baroda, and 
Central India Railway undertaking only figured. in 
this total for 504 miles, 1920 miles having been worked 
for the Anglo-Indian Government, and 593 miles for 
various States and companies. The gauge of the 
Bombay, Baroda, and Central India Railway, and its 
affiliated lines, is confusion worse confounded, 828 
miles being upon a 5-ft. 6-in. gauge, 2057 miles 
upon a metre gauge, and 132 miles upon a 2- ft. 
6-in. gauge. The capital expended by the Bombay, 
Baroda and Central India Railway to the close 
of June, 1905, was 10,963,721/. Of this capital, 
10,904,5907. had been raised by the company, 
and the Secretary of State for India in Council 
had advanced the balance of 59,1307. We have al- 
ready o— in substance the terms of purchase 
arranged by the Secretary of State; it remains, how- 
ever, to add that the company, which is to be recon- 
stituted, with a capital of 2,000,000/., is to be gua- 
ranteed 3 per cent. ~ annum upon that amount, 
while the capital is to be repayable at par at the close 
of 25 years. The balance of the purchase price, 
amounting to 9,685,580/., is to be provided by an issue 
of India 3 per cent. stock at 96. The proprietors 
will accordingly receive, on the agreed-on price of 
154/. 15s. 5d. for each 100/. of their stock, 267. 93. 9d. 
of 3 per cent. stock in a reconstituted company and 
133/. 12s. 6d. India 3 per cent. stock. Owing to 
serious cracks in the arch of the Giorakhat Bridge be- 
tween Limkhera and Jekot, through traffic over the 
bridge was stopped on the night of March 22, 1905. 
The arches were then relieved by girders, and through 
traffic was restored at 8.30 a.m., March 25. The 
interruption, accordingly, only lasted for 604 hours. 
During this interval goods traffic was absolutely 
stopped, and pena and mails were transhipped 
at the point of interruption. 








CaNADIAN PrrroteuM,—The annual report of the 
United States Geological Survey affords some interesting 
information as to the production of petroleum in Canada. 
Last year the new Leamington field produced 25,241 
barrels, which was an increase of about 24,000 barrels 
over 1903. This field is near a former natural gas-field in 
the south-eastern portion of Essex county. The Moore 
field is noted for the first time with a production of nearly 
37,000 barrels ; it is situated in Moore township, Lambton 
county, which produced ed gal 85 per cent. of the total 
output of petroleum in Canada. Several new wells in the 
New Brunswick field produced a lubricating petrolum. 
A well producing twelve barrels of petroleum per day 
was drilled in Southern Alberta, near South Kootenay 
Pass. There are numerous natural showings of petroleum 
and natural gas on the eastern flank of the Rocky Moun- 
tains, extending from the United States line to the Arctic 
Ocean. For the past three years active operations have 
been carried on in New Brunswick, near Memramcook, a 
few miles south of Moncton, by the New Brunswick 
Petroleum Company. Two fields are now being worked, 
four or five miles apart ; they are knownas the Dover and 
St. Joseph’s College. 
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TESTS OF DE LAVAL STEAM-TURBINE. 
By Tos. B. Morey, B.Sc. 

1. Arrangement of Plant. —The steam-turbine which 
was employed in the following investigation, which 
was carried out under the auspices of the Carnegie 
Trust, from whom the author holds a Research 
Scholarship, is of the De Laval type, 50 horse-power 
size, and of the standard pattern manufactured by 
Messrs. Greenwood and Batley, Leeds. The desiga 
and details of this steam-turbine are now well known, 
and nee not be here described. 

The turbine drives, by means of double helical 
gearing, a dynamo with two armatures, or, rather, 
what is practically two dynamos with one yoke (the 
object of this arrangement being to balance the forces 
acting on the driving-pinion on the turbine-shaft, so 
that the flexible turbine-shaft is subjected to practi- 
cally no bending moment). The turbine, gearing, and 
dynamo are mounted on one bed-plate. In all the 
tests to be described the exhaust steam from the 
turbine was condensed in a surface-condenser. The 
circulating water for the condenser is supplied from a 
large tank in the roof of the building. The condensed 
steam is discharged by an Edwards air-pump driven 
by an electro-motor. The installation forms part of 
the permanent plant of the James Watt Laboratories, 
Glasgow University, and the dynamos are connected 
to the permanent switchboard in the usual manner. 

2. Orjects of Investigation.—The aim of the tests is 
twofold. Iu the first case to find and differentiate 
as far as possible the energy losses in the various parts 
of the turbine when working under normal conditions ; 
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and in the second case to find the steam economy 
under various conditions as to load, steam pressure, 
and vacuum, 

3. Testing of Dynamos.—-As the dynamos were to 
be used to measure the brake horse-power* of the 
turbine, an electrical test of the dynamo had first to be 
made. The dynamos were uncoupled from the gearing 
shafts and their fields connected in parallel. Each 
armature was then in turn supplied with current from 
a 250-volt secondary battery and driven as a motor. 
The currents in the field and armature circuits were 
measured by delicate ammeters (those on the switch- 
board permanently connected to the dynamos not 
being sufficiently sensitive), and the voltage of the 
supply current and revolutions per minute of the 
armature also observed; series of readings being taken 
at various speeds. The resistances of the field- 
windings and armatures, including brushes and leads, 
were also measured while still warm from running. 
These observations enable the losses of the dynamos 
to be calculated as follows :—The running test deter- 
mines the power which must be supplied to drive the 
dynamos at a certain speed, and also determines the 
currents in the windings. From the resistances of 
these windings the C’R losses in the wire can be calcu- 
lated. Then the C’R loss subtracted from the power 
supplied gives the power lost in eddy currents, 
hysteresis, bearing friction, &c. These tests were 
repeated after the dynamos had been in use for about 
four months. No great difference was found in the 
results. Variations in speed from 1400 to 1550 revo- 
lutions per minute were found to have practically no 
effect on the power loss ; and as the speed was always 
well within these limits (from 1460 to 1520) during 
the su uent trials, the mean value of the losses at 
1500 revolutions per minute was always taken in the 
calculations. 

It is assumed that the losses in hysteresis, &c., are 


constant at all loads, this assumption being justified | scription (condensing or non-condensing) of the nozzles 


by keeping the voltage and speed constant. The 
results of the dynamo tests are :— 





* The gearing is considered to be an essential part of 
the turbine, so brake horse-power is taken as horse-power 
transmitted through the couplings between the gearing 
and the dynamos. 


Dynamo. 


A. B. 
Resistance of field winding... 130 ohms. 125 ohms. 
at armature (ter- 

minal to terminal) ... | OE. 0.14 ,, 
in hysteresis, friction, 
| ea sie ved ... 700 watts 800 watts. 

4. Auxiliary Apparatus.— Bourdon pressure-gauges 
were fitted, one to the steam-pipe supplying the 
turbine and one between the steam-chamber of the 
turbine and the governor valve, to record the pressure | 
of the steam after it had been throttled by the action | 
of the governor. A Bourdon vacuum-gauge indicated | 
the vacuum of the exhaust steam. A thermometer 
was placed in a pocket fitted in the exhaust-pipe close 
to the turbine, since it is often the case with De Laval 
turbines that. the exhaust steam is slightly super- 
heated. It was, however, found that in the present | 
on (the boiler steam being usually wet) the | 
exhaust steam was seldom superheated ; and in the) 
few cases in which it was superheated the superheat | 
was very small. The speed of the dynamos was 
measured by means of a tachometer. From this 
speed that of the turbine wheel is calculated from 
the gearing ratio, which is 230:11. The wetness of 
the steam supply was measured by a calorimeter of | 
the Barr-Barrus surface-condensin a The steam | 
was sampled by a bent ape tube placed in the | 
steam-pipe close to the turbine, and led through the! 
inner tube of the calorimeter, while the condensing | 
water (supplied at constant head) passed through the | 
outer casing. The calorimeter was covered with hair- | 











felt to avoid radiation. During turbine trials the’ 


wetness test lasting 8 minutes was made, readings of the 
calorimeter temperatures being taken every 2 minutes. 
The steam consumption was measured by noting toa 
second the time of rising of the weighing-machine 
beam for each increment of 40 1b. or 50 Ib. (or less, 
according to the rate of flow) in the condensed steam 
collected in the tank. The initial temperature of the 
condensing water was measured by a thermometer 
placed in the supply tank. The harometric height 
was also observed. Each trial lasted 20 minutes, this 
time being found to be ample. 

6. Method of Finding Brake Horse-Power of Tur- 
bine.—The following specimen calculation will show 


| the method of deducing the brake horse-power of the 


turbine from the experimental data :— 


Dynamo constants (see Section 3) A. B. 
Resistance of field .. a oa 130 ohms. 125 ohms. 
a ature .. | as 0.14 ,, 
Total dynamo losses in hysteresis, 
friction, &c. a a me 1500 watts 
Data from Trial :— 
Field voltages any ad “s 165 165 
Current at switchboard .. - 52.2 53.1 
Voltage Se ga oe 251 251 
Armature current A = 52.2 + es amperes = 53.5 amperes. 
165 


» B=6531+ — amperes = 54.4 amperes. 


” 
C2R loss in armature A = 53.52 x 0.15 watt = 430 watts. 
B = 54.42 x 0.14 ,, =414 ,, 
(53.5 + 54.4) 251 watts. 
oa 


ots ” 


1500 _ ,, 
(27,100 + 1500 + 430 + 414) watts, 
39.5 horse- power. 
39.5 


Total output from armatures 


Hysteresis, friction, &c... 
Power supplied to dynamos 


Brake horse-power of turbine 


ECONOMY OF TURBINE UNDER VARYING LOAD. 


_ STEAM PRESS. IGOLBS. PER SQ.IN. (GAUGE). 


EXHAUST PRESS. 2L8S.PRER SQ. IN. ABSOLUTE. 





a 
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calorimeter was kept continually in action, the con- 
densed steam and condensing water being diverted 
from waste into suitable vessels for weighing, when a 
calorimeter test was desired. The calorimeter was 
— with the requisite thermometers in suitable 
pockets for determining the initial and final tempera- 
tures of the condensing water and the temperature 
of the condensed steam. The calorimeter was tested 
for radiation losses, and these were found to be negli- 
gible at the temperature of the tests. 

A tank mounted on a weighing-machine was used 
for collecting and weighing the condensed steam from 
the main condenser. The flow of condensing water 
to the main condenser was measured by means of a 
Venturi gauge in the supply-pipe, which was pre- 
viously calibrated. The output of the dynamos was 
measured by suitable voltmeters and ammeters, All 
thermometers used were corrected by comparison with 
astandard. Pressure-gauges were corrected by means 
of a Crosby dead-weight gauge-tester, and vacuum- 
gauges by comparison with a mercury column. 

5. Method of Conducting Steam Trials of Turbine.— 
The dynamos were connected in parallel (at the switch- 
board), and the current from them was passed through 
|a wire resistance. The load was adjusted by cutting 
out or adding resistance as phates toe and was usually 
adjusted to i. the maximum for a particular steam 
pressure and number of nozzles open—i.e., was such 





that the turbine was running at normal speed with as 
|little throttling as. possible at the governor-valve. 
| After each adjustment of load, some time—1l0 or 15 
| minutes being usually sufficient—was allowed to ela 

| before taking any readings. The number and de- 


in use was noted. Readings were taken every five 
minutes of the pressure before and after the governor- 
valve, the vacuum, the speed, the Venturi gauge in 
the condensing water-pipe, temperature of condensed 
steam, temperature of condensing water discharge, 
voltage and current at switchboard for each dynamo, 
and field voltage of each dynamo. During each trial a 





<< Sea? 
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Power of Turbine. 


7. Tests to Find the Power Expended in Friction of 
the Turbine Wheel in the Surrounding Steam, and the 
Power Expended in Friction in the Gearing and Bear- 
ings.—The dynamos were supplied with current from 
a 250-volt secondary battery, and, running as motors, 
drove the turbine wheel and gearing. A small quan- 
ad of low-pressure steam was admitted to the 
exhaust-pipe of the turbine, the condenser and air- 
pump being kept running. The wheel-chamber of the 
turbine was thus kept full of steam at a vacuum. 
The vacuum was regulated by opening slightly an air- 
cock on the air-pump and by regulating the flow of 
condensing water. The voltage and amperes of the 
supply current to each dynamo, the field voltages, 
revolutions, and vacuum were observed. From the 
electrical measurements, by calculations similar to 
those described for finding brake horse-power, the 
power transmitted from the dynamos to the gearing 
and turbine-wheel are found. The barometric height 
was also observed. 

The results of the tests plotted on squared paper 
give a very flat mean curve, shown in Fig. 1. Since 
the experiments were not all taken under the same 
barometric conditions, absolute pressures in inches 
of mercury are taken as abscissi in each case, instead 
of the vacuum. By slightly producing this curve to 
meet the vertical axis, the intercept obtained (i.¢., the 
power required to drive the turbine and gearing with 
no pressure in the casing) represents the power ab- 
sorbed in friction in the gearing and the bearings of the 
turbine and gear-wheels. 4 

8. Results of Tests to Analyse Power Losses in 
Turbine.—The following Table L gives the mean cor- 
rected data and results of the steam trials of the tur- 
bine as described in Section 5 :— 


Tasie I. 
Number of trial. ee _ I. HU. 
Number and description of Three Four 
nozzles in operation condensing condensing 


Pressure of steam before governor 4 os 
valve sé + hi .. 188 Ib. p. 8q.in. 187 Ib. p. sq. in 
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TABLE I.—(continued). Taste II, 
Pressure of steam after governor Number oftrial .. bs = L II. 
valve =... sve 166 1B, p. qin. 1471b. p. sq. in. ee minute supplied to tur- —— on 
Steam Calori T.U. per minute useful work || 1,685 2,048 
: m Ol wmeter. T.U. per minute friction, wheel 
Weight of condensing water .. 124} Ib. 137% Ib. and steam. . a x i 81 82 
mo conde steam... 55», 58 T.U. per minute friction, bear- 
Initial temperature of g ings, &. .. ‘a . ae 22 22 
water - oe «. +. 52.2 deg. F. 50.9 deg. F. T.U. per minute rejected in ex- : 
Final temperature of condensing haust 4 a as 12 14,930 17,730 
water “ - . -. 102.1 ,, 44 Remainder (radiation leakage and 
Final temperature of densed = CRO ce "3. Fe oe 482 18 
eam -. 109. ». 
wee of steam |. xf ed . es. pc. ” aa a8 * The disparity in the remainders in the two trials points to the 


Total heat of 1 1b. of steam sup- 
plied from water at 32 ~* F. 1187 B.T.U. 1137 B.T.U. 
Steam consumption of turbine..14.5 1b. p.min. 17.5 1b. p. min. 
B.T.U. per minute supplied to 





turbine = ee 17,200 19,900 
Vacuum in inches . . a oé 26.7 26.6 
Barometric height. . és o 29.8 29.8 
Revolutions per minute of 

dynamos .. in ‘a a 1,478 1,487 

evoluti per minute of tur- 

bine-wheel zs esi és 16,250 16,350 


ECONOMY OF TURBINE UNDER VARYING PRESSURE. 
RBR.-SNOZZLES OPEN; LOAD ALSO VARYING. 


per sq iv. 
OF TURBINE UNDER 
ALSO VARYING; 4 





hn 


Steam Corsumption -lbs per B.H.P. hour: 


25 te 
wes!) Vacuum in inches.(Barometer-30) 
Ne2. 6. 













Zz 


SECTIONS OF NOZZLES. 


Dynamo Output. 

Field voltage, dynamo A.. - 165 195 

e “tg mee 165 195 
Amperes (at switchboard), 

dynamo A ss - 9s 62.2 62.6 
Amperes (at switchboard), 

dynamo B.. ea os Me 63.1 €3.6 
Voltage (at switchboard), 

dynamos A and B ie 251 255.5 
Output of dynamos in kilowatts 26.4 32.2 
B H. P. of turbine.. 39.5 48 


B.T.U. per minute converted 


into useful work. . 1,685 2,048 
Condenser. 

Condensing water (from Venturi 327 Ib. per 453 Ib. per 

gauge) .. os oe o> min. min. 
Initial temperature of condens- 

ing water .. a eS .. 65.4 deg. F. 55.5 deg. F. 
Final temperature of condensing 

water ‘ oi om rs oo ‘s 92 P- 
Temperature of condensed steam 101 ,, 100 ine 
B.T.U. per minute in condensing 

water s = ae 13,930 16,540 
B.T.U. per minute (measured 

from 32 deg. Fahr.) in con- 

densed steam... ue . 1,000 1,199 
Total B.T.U. per minute in ex- 

haust ¥ va s +“ 14,930 17,730 


The work absorbed per minute in friction in the 
bearings and gearing, and in friction of the turbine 
wheel and the surrounding steam, for the particular 
vacuum conditions of the above trials, is found from 
the curve in Fig. 1, page 880 (Section 7). 

The results, expressed in B.T.U. per minute, are 
given in Table Il, following, which shows the dis- 
tribution of the energy losses in the turbine. 


probability of error in the tests. The error probably lies in the 
determination of the heat in the exhaust by means of the con- 
densing water, as this is the least t easur tin the 
test. To express the results as percentages in a cycle of opera- 
tions, the base of heat measurement (taken above as 32 deg. Fahr.) 
should be the temperature of the feed water supplied to the boiler. 
Taking this as 75 deg. Fahr., the following le III. gives the 
distribution of energy expressed in percentages. 


Taste III. 








Number of trial .. ““ - we I. Il. 
Energy supplied to turbine .. - 100 100 


y 




















~~ €58) 





canes Inches. 


Energy usefully available cn 10.2 10.7 
» friction, wheeland steam .. 0.49 0.43 
a i" bearings and gearing 0.13 0.1 
»  rejectedinexhaust .. : 86.3 88.67 
» remaining (radiation, &.) .. 2.88 0.1 


From these results we have :— 
Thermal efficiency £ = (100 -86.3 ) per cent. = 13.7 per cent. 
= 11.3 


ie . = (100-88.67),, 09 
Mechanical efficiency I. = 10.2 - a = 94.3 - 
10.82 
i, = 107 = 06.4 
11.23 


9. Economy Tests of Turbine.—A large number of 
trials were made similar to those already described, 
except that the wetness of the steam and the heat 
rejected to the condenser were not measured, the 











NOZZLE N°! 


NOZZLE NOS. 





object being simply to find the steam economy under 
varying conditions. 

Fig. 2, 880, shows the mean curves obtained by 
plotting the steam consumption per brake horse-power 
as ordinates and the brake horse - power or load as 
abscissm, corrections being made for tests of slightly 
differing pressure and vacuum. These curves are the 
means for a steam pressure of 160 1b. per square inch, 
and an exhaust pressure of 2 lb. absolute, correspond- 
ing to about 26 in. vacuum when the barometer is at 
30 in. 

Fig. 3 shows the effect on the steam consumption 
of varying the pressure, the load also varying. 

Fig. 4 shows the effect of varying the vacuum 
in the condenser. The tests from which this curve 
is drawn were made with the steam pressure and the 
number of nozzles open kept uniform, so that the total 
steam consumption (except as affected by the governor 
valve) is constant ; the load is therefore not constant, 
varying from 48 brake horse-power at the 26 6-in. 
vacuum to 12.5 brake horse-power at the 5.9-in. vacuum. 





Fig.i. A 





NOZZLE N° 2. 


: 
k 








Gauge Pressure, Lbs. per Sq. In. 





In all the tests the speed was kept as nearly as 
possible the same, The curves show that for maximum 
economy it is exceedingly important to have a good 
vacuum, and that for any given load the smallest 
number of nozzles sufficient for the load should be 
used. The best economy obtained was 21.4 lb. per 
brake horse-power hour, the steam pressure being 
188 lb. per square inch, vacuum 26.7 in., with the 
barometer at 29.8 in. and three nozzles in use. The 
reason why better economy was obtained from three 
nozzles than from four is that when the four nozzles 
were in use, with a good vacuum and high pressure, 
the load was never the maximum possible, as this 
would have exceeded the output for which the 
dynamos, circuit-breakers, &c., were designed. 

Tests were made with non-condensing nozzles—i.e., 
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nozzles designed to expand the steam efficiently only 
to atmospheric pressure, and hence to pass more 
steam in order to carry the required load—instead 
of the condensing ones. As was to be expected, the 
use of these nozzles increases the rung, | of the tur- 
bine, but diminishes its economy. Thus, for a load of 
50 brake horse-power, using steam at 180 lb. per 
square inch, and vacuum 26 in., the consumption with 
three condensing nozzles would be from the curve 
about 21 lb. of steam per brake horse-power hour ; 
with three non-condensing nozzles the consumption was 
found to be 28 lb. of steam per brake horse-power 
hour. : 

The foregoing results do not include the power 
necessary to drive the air-pump for the condenser. 
The air-pump was separately driven, and required on 
an average at normal loads 1.2 horse-power (measured 
from volts and amperes of supply current to motor). 


EXPERIMENTS ON THE FALL OF PRESSURE OF STEAM 
IN Passinc THROUGH NozzLEs. 

10. Description of Nozzles. Experiments were carried 
out on three nozzles. The nozzles were all bored 
out of gun-metal blanks of the same size to the 
sections shown in the accompanying diagram, Figs. 5, 
6, and 7, page 881. Nos. 2and 3 are of practically 
the same diameter at the narrowest section, but of 
different tapers. 

a principal dimensions are given in the following 
table :— 

Nozzle Dimensions. 


: : Minimum Maximum 
Number. Length. Diameter. | Diameter. Taper. 
in. in. : in. 
1 13 0.1614 
2 355 0.320 0.875 _ linb.4 
$s Sys 0.313 0.50 1 in 15.5 


Nos. 2 and 3 have }-in. fillet at the small end. 


ll. Arrangement of Apparatus.—The apparatus is 
shown in Fig. 8, page 831. It is an arrangement for 
carrying a small ‘‘search - tube” A in the axis of the 
nozzle, and communicating with a pressure-gauge B. 
The small tube (which was ;; in. outside diameter) 
was jointed to a heavy #-in. tube C, which passed 
steam-tight through stuffing-box D, and was screwed 
for part of its length, so that it could be moved up 
and down by means of the screwed sleeve and hand- 
wheel E, On top of the tube C was fixed a small 
ean B. The search-tube was guided at 
its lower end by a brass bridge F fixed to the nozzle 
blank G. It was closed at the lower end, and had a 
hole »’; in. in diameter bored in one side, about 54 in. 
from the closed end. The travel was such that this 
hole could be placed at any part of the nozzie axis 
from 1 in. above to 1 in. below: the nozzle. The pres- 
sure at the hole was thus communicated to and indi- 
cated by the gauge B. The position of the hole in 
the nozzle was found from the measurements of the 
apparatus, and the height above the flange of an arrow- 
head H marked on the tube C. 

12. Method and Results of Experiments.—Prelimi- 
nary experiments, in which the flow of steam was 
measured for various pressures above and below the 
nozzles, showed that the presence of the search- 
tube did not affect the quantity of steam passing per 
square inch of area of narrowest section (deducting 
area of tube when it is in place). It was therefore 
assumed that the presence of the search-tube dves not 
materially affect the condition of the steam flowing in 
the nozzle, and thus that the recorded pressures of the 
search-tube are also the pressures for the ordinary 
condition of flow through the nozzle. Experiments 
were conducted as follows :—By means of valves at 
each side of the nozzle the steam pressures in the 
upper and lower chamber were maintained constant 
throughout each experiment. 

Starting with the tube raised to such a point that 
gauge B indicated the supply pressure of the steam, 
readings were taken of the heig t of the arrow-head H 
and the coresponding pressure indicated by the gauge 
B, at intervals depending upon the rapidity of pres- 
sure change. The corrected results are plotted, giving 
the curves shown in Figs. 10, 12, 13, 14, 16, and 17, 

ge 881. Series of readings were also taken with 
the search - tube, starting at its lowest point and 
working upwards. In some cases different pressures 
were obtained at certain paris of the nozzle; these 
are shown by the dotted curves on the diagrams. 
This difference was very distinct, and can probably 
only be due to the formation of eddies at the hole in 
the search-tube, caused by the high velocity of the 
steam passing the hole, these eddies preventing the 
proper communication of pressure to the gauge, a 
different sequence of pressures (with tube rising and 
with tube falling) thus producing different results. 

It will be seen that in the case of the convergent 
nozzle (No. 1), Figs. 1 and 9, nearly all the fall of 
= takes place at the mouth of the nozzle. 

ozzles 2 and 3, Figs. 11 and 15, show slightly diffe- 
rent slopes of pressure at the first part of the curve, 
though in each the curves for different final pres- 





sures practically coincide at first. Some of the curves 
are shown separately to avoid confusion. 

The steam-turbine tests described above were carried 
out by the writer at the Glasgow University, under the 
Research Scheme of the Carnegie Trust for the univer- 
sities of Scotland. 





THE JOHN COCKERILL COMPANY. 
Tue John Cockerill Company did well in its financial 
ome 1904-5, the gross industrial profits of the concern 
aving amounted for the twelve months to 217,819/., 
or, in round figures, 50,000/. more than the corres- 
ponding gross profit of 1903-4. The share capital of 
the bap pe | was increased in 1904-5 to 500,000/., and the 
council of administration was enabled to propose a divi- 
dend for the year upon the increased capital at the same 
rate as that attained in 1903-4. Not only was the divi- 
dend upon the increased share capital maintained, but 
premises and tools were also written down to the ex- 
tent of 17 per cent. out of revenue, their reduced 
value standing in the books at the close of June, 1905, 
at 528,984/. The financial position of the company is 
exceptionally sound, for while its capital does not exceed 
,0001,, it s collieries and mineral concessions, 
remises, tools, and even an important flotilla. At the 
iége Exhibition last year the company took prizes in 
thirteen classes, comprising steam-engines, motors, loco- 
motives, and railway plant, navigation plant, tnoage 
models, metallurgical products, &c. The company ob- 
tained two successes, with the assistance of engineers of 
the Belgian State Railways and the Belgian Navy. In 
the first place the company developed with this assist- 
ance a type of compound locomotive attaining a high 
speed and working with superheated steam. It is claimed 
for this locomotive that it has solved the difficult problem 
of single traction instead of double traction in the case 
of heavy trains. The company, secondly, launched last 
ear the mail turbine steamer Princess Elizabeth, which 
t the nger steamer record for speed, while she 
also developed excellent nautical qualities. We have 
already stated that the gross profits of the ounatay 
for 1904-5 were 217,819/., but this was redu by 
allowances for depreciation, interest, and other charges 
to 63,600/., admitting of a dividend of 2/. 83. per 20/. 
share for the year. At the commencement of October, 
1905, the company had orders in hand to the value of 
545,960/., as compared with 555,160/. at the commence- 
ment of October, 1904. The working staff and employés 
of the company comprised at the close of June, 1905, 
9328 persons, as compared with 9369 at the close of June, 
1904. The amount paid in wages for 1904-5 was 485,685/., 
as compared with 475,660/. distributed for 1903-4. The 
company gives assistance in connection with injuries and 
sickness, and contributes to various contingency, pension, 
hospital, and provident funds. Altogether, the payments 
and allowances made by the company under these heads 
amounted in 1904-5 to 28,827/., reduced to 26,950/. by 
subscriptions and contributions made by the workpeople 
themselves. 








Water Suprpty or Cape Town.—A new reservoir at 
Newlands, on the slopes of Table Mountain, has just 
been completed %, the Cape Town Suburban ——— 
Water Board, he reservoir was declared open by 
Colonel Crewe, the Colonial Secretery ; and Mr. Earp, 
chairman of the Suburban Water Board, stated on the 
occasion that the reservoir is situated at an elevation of 
450 ft. above sea-level. Its length is 960ft., its breadt 
200 ft., and its area at top water-level about 44 acres. 
The depth of the reservoir is 28 ft. from floor to top of 
wall, and the depth of the water 25 ft. The capacity is 
30,000,000 gallons. The total quantity of excavation was 
about 220,000 cubic yards, all of which has gone into an 
embankment. The quantity of concrete used was 26,0(0 
cubic yards, requiring 50,000 tons of broken stone, 20,000 
tons of sand, and 36,000 casks of cement. The total 
cost has been 131,000/. It was not a cheap reservoir, 


— because it was built in a dear time, but mainly ’ 


, being on the slope of a mountain, the whole 
of the capacity had to be obtained by excavation. 
The cost works out at about 43607. per 1,000,000 gallons 
storage capacity. About seven years ago the four muni- 
cipalities represented upon the Subur Water Board 
realised that a considerable augmentation of the water 
supply was necessary, and that it was a vain hope 
to look for that augmentation from Table Mountain. 
Accordingly investigations were made beyond the limits 
of the Peninsula, which resulted in the purchase of 
Oliphant’s Hoek and Steenbras River. The new reservoir, 
holding as it does some 30,000,000 gallons, has a certain 
value in addition to the part it is intended to fulfil as a 
service reservoir fora largescheme. An old reservoir near 
has a capacity of only 750,000 gallons, and as there are cer- 
tain springs and streams on the mountain slopes which run 
strongly after heavy rains, the old reservoir was too small 
for storing this water. The greatly increased size of the 
new reservoir meets this want, and it is anticipated that 
it will add about 200,000 gallons per day to the supply 
in the dry months of the year. The total daily supply, 
therefore, in dry years will be in round figures about 
1,300,000 gallons, to serve a population of about 65,000. 
This represents 20 gallons per head ; but it is felt that to 
supply the Cape Government railways, to enable a water- 
borne system of sewage to be introduced, to sufficiently 
water roads and gardens, and to provide for wash-houses 
and other municipal requirements, an adequate daily 
supply for a climate such as that of Cape Town must 

en at at least 35 gallons per head. It should beadded 
that the reservoir just opened was designed by Mr. J. M. 
Wright, C.E. 





YEAR-BOOKS AND ANNUALS. 

Taschenbuch der Kriegsflotten. Edited by Captain- 
Lieutenant B. WryeEr. blished by J. F. Lehmann, 
Munich. Seventh year, 1906. [Price 4.50 marks. ]— 
This pocket-book contains the list of war-ships of all 
nations, with their principal dimensions, armament, 
protection, &c,, and gives a comparison between the 
naval power of the larger European nations, the United 
States, and Japan. It deals also with the naval arma- 
ment of the fleets of these nations, and with other 
maritime matters which are of more immediate interest 
to German officers and members of the German Navy 
League, for whom the book is, no doubt, primarily 
issued. The sketches and views of ships, which 
occupy 170 pages, are neatly printed. 


The Guide to South Africa, for the Use of Tourists, 
Sportsmen, Invalids, and Settlers. 1905-1906 Edi- 
tion. Edited by A. SamLerR Brown and G. Gorpon 
Brown. Published by Messrs. Sampson Low, Mar- 
ston, and Co., Limited, St. Dunstan’s House, Fetter- 
lane, Fleet-street, E.C. [Price 2s. 6d.|—This inte- 
resting guide contains about 500 closely-printed pages 
and a number of good maps on South Africa. The 
information it gives covers data as to shipping, fares, 
distances, clothing required, coinage, weights and 
measures, accommodation and hotel tarifis, and a 
number of useful particulars which apply to all classes 
of travellers to that part of the world. The climate 
of the country throughout is dealt with in detail, as 
also are the precautions to be taken ; and the advan- 
tages of one State over another from the point of view 
of the climatic conditions; the different States, their 
area, population, and resources, are reviewed sepa- 
rately; agriculture, its prospects, and mining, are 
largely entered into. Part II. is set apart specially 
as a guide-book and gazetteer, and deals with tours 
through the whole of South Africa by twenty-three 
different routes. Statistics, prices, accommodation 
available, means and cost of traffic in the different 
towns and villages traversed, and a quantity of other 
valuable information is also given. The book is care- 
fully compiled, and it could be studied with advantage 
by all intending travellers to South Africa, whatever 
be their pursuits. 








The Post-Ofice London Directory for 1906, with 
County Suburbs. London: Kelly’s Directories, Limited, 
182 to 184, High Holborn, W.C. [Price to Sub- 
scribers, London Directory only, 25s.; with county 
suburbs, in one volume, 32s. 6d.; in two volumes, 36s. | 
—This is the 107th edition of the Post Office London 
Directory, and the second year in which the suburbs 
have been included with it in one volume. As was 
the case last year, both volumes are obtainable sepa- 
rately. The publishers state that they have frequently 
been asked to print matter in the body of the directory 
in large and varied type. They have always declined 
to do so, but have now decided to meet the wishes of 
those who may desire to have their names printed in 
black letters, at an extra charge. This will, no 
doubt, still further increase the bulk of the volume. 
As it now stands, and with the London County 


h | suburbs, it contains, exclusive of advertisements, 4631 


ages—an increase of 62 pages over last year. This, 

owever, cannot be helped, and is not a fault by any 
means. The main object of a directory is to give 
accurate data; and we are confident that in this 
respect Kelly’s 1906 Directory will maintain the well- 
deserved reputation it has earned. 


Who's Who, 1906. London: A. and C. Black, Soho- 
square, W.C. [Price 7s. 6d.] This work is now re- 
=— as almost indispensible, giving, as it does, 

rief and accurate information regarding the career of 
men whose names are frequently before the public in 
an official or other capacity ; and the number of bio- 
graphies may be judged from the fact that on an 
average there are eight or nine on a page, and that in 
all there are 1900 pages. 

Who’s Who Year-Book, 1906. London: A. and C. 
Black, Soho-square, W.C. [Price Is. net.] Formerly 
there appeared in ‘*‘ Who’s Who” official lists regarding 
Members of Parliament, the Bar, the Privy Council, 
Clubs, and various Governmental and professional 
organisations ; but it was found, as the number of 
biographies increased, that it was desirable to publish 
these valuable lists in a separate form, and thus this 
year-book had its origin. It is two or three years 
since it was first published independently, and it has 
since grown in extent and usefulness. There is in it 
a surprising amount of information regarding official 
organisations, schools, clubs, &c., so that it is an in- 
valuable desk companion. 





Hazel’s Annual for 1906. Edited by W. Paumer, 
B.A. (London). London: Hazell, Watson, and 


be | Viney, Long Acre, W.C. This annual has this year 


reached its majority, and it is to-day in a stronger 
position than in any of the preceding twenty years. 
In its 640 pages there are given short intelligent 
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articles on many topics of current interest, and this 
year again there is added an index, which greatly 
assists in finding the information desired, although the 
articles are themselves arranged in alphabetical order. 





School Calendars, &c.—We have received a copy of 
the London University Guide and University Corre- 
spondence College Calendar for 1906, which contains 
the regulations for examinations to be held in 1906 
and 1907. 





Diaries, Calendars, Almanacks, <:c.—-We have re- 
ceived from the Peninsular and Oriental Steam Navi- 
gation Company their sailing almanack for 1906, 
which gives the dates of the outward and home- 
ward mails to and from the Far East during the 
coming year. The same company have also sent 
us their 1906 pocket-diary, containing the names 
of their agents and oe ge <sagnine throughout the 
world, the list of their ships, and sailing dates, 
various statistical data, and maps of communica- 
tions between Continental ports, of India, Australia, 
New Zealand, China, and Japan.—We have further 
received almanacks from the following firms :— Messrs. 
Geo. Cradock and Co., wire-rope and mining-steel 
makers, Wakefield; Messrs. John Rogerson and 
Co., Limited, Wolsingham, manufacturers of steel 
castings and forgings; the United States Metallic 
Packing Company, Limited, Soho Works, Bradford. — 
Messrs. Siemens Brothers and Co., Limited, have sent 
us an elegant pocket-diary, which gives conversion 
tables, wire-gauge tables, and tables of the firm’s 
standard sizes of conductors. It contains also an 
insurance coupon.—The diary of Messrs. Edward 
Wood and Co., Limited, of 88, Cannon-street, and of 
Ocean Iron Works, Manchester, contains a number 
of new tables of safe loads for compound girders and 
stanchions, in addition to other useful information. 
It is of a convenient size, and its thinness is a special 
recommendation.—Messrs. Robert Boyle and Son, 
ventilating engineers, London and Glasgow, have sent 
us a celluloid almanack for the waistcoat pocket.— 
Messrs. Thomas Robinson and Son, Limited, wood- 
working engineers, Railway Works, Rochdale, have 
issued a nicely got up week - by - week calendar, 
strictly for business use, as it leaves out Sundays. — 
Messrs. Arnold Goodwin and Sons, Limited, repairing 
engineers, Sumner-street, Southwark Bridge- road, 8. E., 
have a neat wall calendar, which shows their ‘‘ Beatall ” 
ulleys, piston-rings, and engines.—The Gloucester 

ilway Carriage and Wagon Company, Limited, 
Gloucester, have issued a diary showing their speciali- 
ties, and giving a list of the stations and junctions 
attended by their wagon-repairers; the names and 
addresses of the latter are also stated. The book 
contains other notes of interest, and the diary has 
been carefully prepared with a view to record the 

riodic recurrence of fixed engagements. Messrs. 
eeiast, Lindsay, and Co., Limited, of Blackness 
Foundry, Dundee, have sent us a very handy waistcoat- 
pocket note-book, with calendar. It has the merit 
of being practically free of advertisements. 








LoOcoMOTIVES IN THE UNITED States. — The number 
of locomotives upon American railroads in 1903 was 
estimated at 44,529. The corresponding total for 1902 
was 41,626; for 1901, 39,720; for 1900, 38,065; for 1899, 
27,245; for 1898, 36,746; and for 1897, 36,410. It follows 
that 8119 additional engines were placed upon American 
railroads during the seven years ending with 1903 
inclusive. To the total of 44,529, representing the 
number of locomotives upon the American rail: net- 
work in 1903, the New England States contributed 2555; 
the Middle Atlantic States, 12,783 ; the Central Northern 
States, 12,536; the South Atlantic States, 3848 ; the Gulf 
and Mississippi Valley States, 1730; the South-Western 
States, 5501; the North-Western States, 3752; and the 
Pacific States, 1824. 





A Prenistoric Trer.—The New York Engineering 
News states that during some excavations that were made 
for the foundation of a high building near the lower end of 
Manhattan Island, there was recently uncovered a piece 
of wood which there is no reason to doubt once formed 

rt of a tree that, in geological history, grew before the 

ce Age. The bed rock where it was found is about 40 ft. 
below the street kerb, and on the top of the rock there is 
astratum about 11 ft. thick, composed of hard-pan and 
boulders. On the top of this is ordinary quicksand and 
muck. The wood was found on the top of the bed of 
rock embedded in the hard-pan, at a distance of about 
12 in. from the surface of the rock. The material actually 
surrounding the wood was formed of shells and peat, 
Towards the lower end of Manhattan Island the rock 
slopes from the north to the south, and passes below the 
tide-level. Below this point the island is really a great 
sand and silt deposit, cast up on the rock by the tides and 
currents of recent geological times. Beneath the recently 
deposited sand and silt, however, and next to the rock, 
there is a layer of boulders, gravel, &c , which are evi- 
— of glacial origin. It was here that the wood was 
found. When taken out it was of alight brown colour, 
and was rather soft, It retained, however, considerable 


ROYAL METEOROLOGICAL SOCIETY. 


THE monthly meeting of this society was held on 
Wednesday evening, the 20th inst., at the Institution of 
Civil Engineers, Great -street, Westminster, Mr. 
Richard Bentley, F.S.A., President, in the chair. : 

Mr. G. C. Simpson gave an interesting account of his 
“Attempt to Fly Kites for Meteorvlogical Purposes from 
the Mission Ship attached to a Deep-Sea Fishing Fleet in 
the North Sea.” These observations, which were made in 
July and August last, were carried out on behalf of the 
joint Kite Committee of the Royal Meteorological Society 
and of the British Association. By the kindness of the 
Royal National Mission to Deep-Sea Fishermen, the kites 
were flown from the deck of the mission-ship Queen Alex- 
andra, attached to the Red Cross Fleet. Owing to the 
vessel being almost continuously employed in trawling, 
the opportunities for flying kites were very limited ; 
nevertheless, Mr. Simpson was able to secure eight 
ascents during the time he was on board the vessel, and 
he now gave the results obtained. The greatest height 
reached was 5800 ft. : : 

Mr. C. J. P. Cave described his method of fi ing pie 
in Barbados in April and May of last year, and Mr. W. H. 
Dines, F.R.S., who had examined the records, said that 
the humidity traces show generally a value of about 
60 per cent. at the surface, rising to 80 to 90 per cent. at 
heights from 1000 ft. to 2000 ft., and then falling off 
again in some cases to 50 per cent., or | as the height 
increases. These values are lower than might have been 
expected over a tropical ocean. The increase is of the 
olan kind ; but the maximum value occurs at a far 
lower elevation than is the case in Europe. It is probable 
that the relative humidity forms an extremely accurate 
index to the vertical circulation, a low ey ye 
a descending current of air; and so it may oe ene 
that there is some settling down of the atmosphere over 
the region of the smaller West Indian Islands in April 
and May. ‘ 

The other papers read at the meeting were :— 

‘* Temperature Observations during the Partial Solar 
Eclipse, August 30, 1905,” by W. H Dines, F.R.S.; 
‘*Comparison between Glaisher’s Factors and Ferrel’s 
Psychrometric Formula,” by J. R. Sutton, M.A. ; and 
** A Rapid Method of Finding the Elastic Force of Aqueous 
Vapour, &c., from Dry and Wet Bulb Thermometer Read- 
ings,” by John Ball, Ph.D. 








HEAT ECONOMY IN FACTORIES. 

At the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, December 19, Sir Alexander 
Binnie, President, in the chair, the r read was en- 
titled *‘ Heat Economy in Factories,” by H. A. Mavor, M. 
Inst. C.E. The following is an abstract of the paper :— 

In an investigation undertaken in 1898 on the compara- 
tive costs of power in factories in the United Kingdom, 
the author found great difficulty in obtaining accurate 
data, owing in many cases to the fact that the fuel con- 
sumed was applied for heating as well as for power. 
This circumstance - to offer inducements for 
further examination of the question, and the poe is an 
account of a method of inquiry which has resulted ina 
simplification of the problem, and in the acquisition of 
useful results. The method consists in dealing with the 
heat-production and distribution by a system of double- 
entry accounts, in which the boilers are debited with the 
heat represented by the coal, and credited with the heat 
represented by the steam. These credits are carried to 
the debit of accounts dealing with the various uses to 
which the steam is put in the factories. These accounts, 
again, are credited with the work performed, the balances 
being carried to a balancing account, which brings out 
the efficiency of the prime movers and separates out the 
useful work and the losses in such form that the losses 
can be divided into necessary and avoidable losses, the 
whole giving a comprehensive view of the conditions of 
efficiency in terms of British thermal units :— 

Six specimen balance-sheets are given in the paper, 

and the accounts are shown in detail, the cases chosen 

being :— 

A. A factory in which there is a small amount of heat- 
ing and a number of steam-engines. 

B. A factory where the power is obtained from one 
large engine and the heating occupies a promi- 
nent place. 

C. A similar factory where there are many engines 
and a scattered and complicated heating system. 

D. A factory where there are a number of engines of 
various sizes and a considerable amount of heat- 
ing and boiling. 

E. A factory similar to D. 

F. A blast-furnace plant. 

The balancing accounts in each case are discussed in 

detail, and indications are given of the methods of arriv- 

ing at the results, showing the bearing which the ascer- 
tained efficiencies have upon existing methods of working, 
and the proposed modifications thereof. 








Braziv.—Messrs. Manlove, Alliott and Co., Ltd., of Not- 
tingham, are now a in shipping to Pernambuco all 
the ironwork, firebricks, and other material required for the 
erection of a refuse-destructor for that town. The order 


CATALOGUES. 


Tue British Insulated and Helsby Cables, Limited, of 
Prescott, Lancs, have sent us their pamphlet, which 
describes the machinery they build for the automatic 
annealing of metals on the Bates-Peard patent. A 
number of installations built by the company for various 
ra are shown, and their advantages set forth. 

e have received from Messrs. John Shaw and Co., 
Maryhill Works, Glasgow, a specimen sheet of their pipe 
and fittings catalogue. 

Messrs. Mechan and Sons, Limited, Scotstoun Iron 
Works, Glasgow, have sent us several of their printed 
sheets and pamphlets, regarding Professor Watkinson’s 
patent superheaters, steam dryers, and oil separators, 
which they manufacture. 

From Messrs. Hodgson, Wright, and Wood, Century 
Works, Pellon-lane, Halifax, we have received illustrated 
lists describing their shunt-wound, continuous-current, 
protected and open-type motors; their shunt-, or com- 
pound-wound, continuous-current dynamos, and their 
other machines and electrical fittings. 

Messrs. C. Whittaker and Co., 1900, Limited, of Has- 
lingden and Accrington, publish a catalogue giving a few 
views of their works and of steam-engine plants they have 
put down. They also manufacture the mechanical equip- 
ment of sewage works, calico- pais machinery, dyeing 
and bleaching machinery, brick-making plant, and grind- 
ing, elevating, and screening installations, 

ro’ yn form the subject of a small pamphlet 
recently issued by Messrs. Thomas Smith and Sons, of 
Saltley, Limited, Saltley Mill, Birmingham, which shows 
the numerous tools and machinery parts they manu- 
facture. 

The Sturtevant Engineering Company, Limited, 147, 
Queen Victoria-street, E.C., have sent us their “ steel- 
plate” fan catalogue. They have designed these fans for 
moving large volumes of air against relatively small 
resistance with the least possible expenditure of power, 
for mechanical-draught installations, for removing smoke 
from forges, for exhausting steam, foul gases, &c. When 
required for exhausting very hot gases the fan-wheel and 
em are specially constructed, and the bearings pro- 
vided with special arrangements to prevent overheating. 
Messrs. Sturtevant, while giving particulars of their 
machines in tabulated form, do not publish tables of fan 
capacity, as these vary within large limits according to 
working conditions, They prefer that clients should 
state the requirements the machine has to meet, when 
they quote for the type and size of fan which will -best 
fulfil the conditions with the least expenditure of power. 

We have received from the Electrical Company, 
Limited, 121 to 125, Charing Cross-road, W.C., a pamphlet 
which shows the application of electric power to machi- 
nery in shipbuilding yards and other wor 








Our Locomotive Exports.—The year now closing 
appears likely to be a favourable period in connection 
with our export locomotive trade, the value of the engines 
sent ab in November having been 245,404/., as com- 
pee with 128,531/. in November, 1904, and 211,286/. in 

ovember, 1903. The ae of last month were 
helped up very considerably by a good demand for British 
locomotives from South America ; the exports to British 
South Africa, British India, and Australasia left, how- 
ever, something to be desired. South America took 
British locomotives in November to the value of 172,6452., 
as compared with 52,818. in November, 1904, and 18,882/. 
in November, 1903. The shipments to the three we 
colonial groups will be seen, however, to have been dis 
appointing. 


Nov., 1905. Nov.,1904,  Nov., 1903, 








Colonial Group. 

' £ £ £ 
British South Africa os 852 16,309 32,489 
British India ee os 21,009 27,733 48,749 
Australasia .. ee es 161 7,558 1,072 


In the eleven months ending November 30, this year, the 
shipments of locomotives, and parts of locomotives, 
attained an aggregate value of 2,146,282/., as compared 
with 1,698,893/. in the corresponding period of 1904, and 
2,192,434/. in the mage see | period of 1903. In these 
totals South America figured for 685,882/., 336,816/., and 
209, 9817. goog The magnitude of the South 
American demand for British locomotives is explained 
by the heavy investment of British capital in Argentine 
railways, trade following, if not exactly the flag, at any 
rate the invested capital. The colonial demand for 
British locomotives in the first eleven months of this 
year compared as follows with the corresponding ship- 
ments in the corresponding periuds of 1904 and 1903 
respectively :— 





Colonial Group. 1905. 1904. 1908. 





£ & 
British South Africa 996 459,054 563,713 
British India oe 746,733 474,753 526,079 
Australasia .. 23,217 93,667 847,802 





was placed by a special representative of the Govern- 
ment, who visited this 7 and the Continent to 
examine into the best type of destructor. The contract 
was signed in Paris on October 23 last, a condition being 
that delivery would be made before the end of the year. 
The installation consists of seven cells, one of which is 
specially arranged to take the carcases of diseased 
animals. A water-tube boiler is being supplied for the 


It thus appears that the substantial increase observable 
in our locomotive exports to November 30, this year, is 
explained by a very encouraging demand on South 
American account and liberal equipment orders from 
Anglo-Indian railway companies. The weakness of the 
South African demand is explained by the profound 
depression prevailing in the South African colonies. The 
Australian demand for British locomotives this year has 








elasticity, It was probably waterlogged for a long period 
ed in the glacial drift. 


before it was buri 


utilisation of a certain amount of the heat generated. 


also been disappointingly limited. 
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**ENGINEERING” ILLUSTRATED PATENT 
RECOR 


Compitep sy W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS OF 1883 —1902. 

The number of views given in the Specification Drawings is stated 
in each case; where none are mentioned, the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, 
k&e., of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sale 

ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 8d, 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement of the a ‘ance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acta. 


ELECTRICAL APPARATUS. 

706. Chamberlain and Hookham, Limited, and 
Pig Holden, Birmin ‘ Electricity Meters. 
{5 Figs.) October 21, 1904.—The improvements relate to electri- 
city meters which have two connecting trains or dials, one regis- 
tering the current consumed, and the other the money value of 
that current. The invention consists in so arranging tise second dial 
train that the hands may be readily set to zero by one movement 
and without opening the meter-case. Fig. 1 shows two sets of 
wheel trains—one for units and one for values, driven off the same 
spindle A by means of two wheels B and ©. The wheel B, which 
drives the upper set of hands, which indicate units, is soldered 
upon the quis A, while the wheel C, which drives the lower set 
of hands, is fixed tightly, but only held by friction. A square is 
filed upon one of the spindles of the lower train of wheels, thus 
enabling the wheels of this train to be turned backwards by means 
of a key inserted through an opening in the case. The friction 
of the wheel C upon the spindle A is, however, sufficient to 
enable the former to drive the train of wheels. If a ratchet and 
paw! arrangement is used instead of trusting to friction to drive 
the wheel OC, the paw] must be raised when it is desired to set 
the hands bac'...ards, or obviously they may be also set to zero 








by moving them forwards a sufficient number of turns. Fig. 2 
shows an arrangement for setting the dials to zero. In this case 
aftera certain registration has been made upon the value-dials 
and the corresponding tof payment has been made, the 
dials are rotated so as to bring the zero of each dial up to the 
hand in whatever ition that is. The hands in this counter 
are driven in the ordinary way by the wheel train, but each circle 
of the value-dials is separate and is mounted loosely upon a short 
tube, through which the hand passes. A toothed wheel F is 
attached to the back of the dial, and this may be turned round 
by means of a key fitting upon the square end of a pinion 
G which gears with it. Fig. 3 shows an arrangement whereby 
each hand may be set direct to zero without affecting the gearing. 
In this case the hands are friction-tight upon the pinions, and 
each carries or forms part of a heart-sha; cam, By pressing a 
point H against the edge of such a cam it is brought back to 
zero, the point may then be removed and the hand is ready to 
commence caghteting again. Twosuch points are shown mounted 
upon a common moving frame I. When it is desired to set the 
hands to zero, this frame is moved towards the hands by means 





of an eccentric J, This device is commonly employed in chrono- | 


graphs for resetting the hands after use. (Sealed December 7, 
1905.) 


24,850. J. A. Fleming, London. Detecting and 
Meas Alternating Electric Currents. [3 Figs.) 
November 16, 1904.—This invention relates to certain new and 
useful devices for converting alternating electric currents, and 
especially ye alternating electric currents, or electric 
oscillations, into continuous electric currents for the purpose 
of making them detectable by, and measurable with, ordinary 
direct-current instruments, such as .a mirror galvanometer of 
the usual type or any ordinary direct-current ammeter, This can 
be done if the alternating current can be rectified, and many 
means have been devised, and are used, for rectifying low-fre- 
quency alternating currents. But the forms of rectifiers now in 
use are, however, inapplicable for high-frequency currents. The 
patentee has discovered that if two conductors are enclosed in a 
vessel in which a good vacuum is made, one being heated to a 
high temperature, the space between the hot and cold conductors 
possesses a unilateral electric conductivity, and negative electri- 
city can pass from the hot conductor to the cold conductor, but 
not in the reverse direction. a@ ie a glass bulb, and bd is a carbon 
filament like the carbon filament of an incandescent lamp, suit- 
able, say, for taking a current of 6 to 8 volts and 2 to 4 amperes. 
¢ isa cylinder of aluminium, ope: atthe top and bottom, which 


suspended and steadied by platinum wires d, and the ends of the 
filament b are connected to platinum wires connected to leads 
eand f. Asavery high vacuum should be obtained in the bulb a, 
and as a considerable quantity of air is occluded in the conduc- 
tors, these should be heated when the bulb is being exhausted. 
The filament b can be conveniently heated by ing a current 
through it, whilst the cylinder ¢ can be hea’ by surrounding 
the bulb a with a resistance coil, h which a current is 
passed, the whole being enclosed in a box lined with asbestos or 
the like. When the cylinder c is replaced by any form of con- 
ductor which can be heated by passing a current through it, this 
method is by hae convenient than that just described. The 
carbon filament is made highly incandescent in the usual way, by 
a continuous electric current produced by the battery A, the 
negative pole of which is connected to the wire e, and the positive 
to the wire f. The wires d and e are connected together by a wire 
j, which completes the circuit through the secondary winding k 
of an induction coil (such as is ordinarily used in wireless tele- 
graphy) and a galvanometer/. m is the primary winding of the 
induction coil, having one end connected, as is usual, to an aerial 
wire n, and the other to earth o. The arrangement described 


























above operates as an electric valve, and permits negative electri- 
city to flow from the hot filament 6 to the metal cylinder c, but 
not in the reverse direction, so that the alternations induced in 


The movable index of the instrument consists of a length of 
liquid, such as coloured sulphuric acid n. The scale / is fixed 
upon the connecting-tube c, so that the movement of the index n 
within the tube can be read off upon the scale f in terms accord- 
ing to the purpose for which the instrument is designed—that ig, 
as an ammeter or as a voltmeter. The scale may, however, if 
desired, be -fixed outside the glass vessel ¢, instead of directly 
upon the tube c, and in each case it may be so fitted that it'can 
be adjusted endways in position to comp te for zero errors or 
for other reasons. By surrounding the internally-heated -bulb 
or both bulbs of a differential air thermometer, with material 
having considerable capacity for heat, the movable index » will 
be caused to respond more rapidly to variations in temperature of 
the resistance coil g, due to-variations in the electric current 
passing through such coil, than is the case where the. bulbs are 
surrounded by a medium, such as air, having a low capacity for 
heat. This is due to the fact that in the former case therma’ 
equilibrium is rapidly established between the walls of the two 
bulbs of the instrument upon variation in the heating action of 
the coil, so that the expansion or contraction of the air in the 
bulb, caused by such v: tion in the heating action of the coil, 
will take place more quickly, and will cause the index to move 
more quickly than heretofore usual. (Accepted October 4, 1905.) 


HYDRAULIC MACHINERY. 


24,931. 8S. E. Alley, Polmadie, G ow. Hydraulic 
Cranes. [5 Figs.) November 17, 1904.—This invention has 
reference to and comprises improvements in and relating to the 
working of hydraulic machinery, such as hydraulic cranes, and 

rovides for the use of compressed air, where such is available, 
or producing the necessary water pressure on the rams of the 
cranes or other appliances, and so obviates the necessity of using 
hydraulic pumps ; part of the invention consists in the arrange- 
ment of the valves connected with the compressed air and water 
ports. A cylinder 1 is erected in a situation convenient for the 
work to be done, and another cylinder 2, of considerably smaller 
diameter, is bolted to it. The two cylinders are open to each 
other at their junction, and are closed at their other ends. Pistons 
3 and 4 connected by a rod 5 are fitted in the cylinders so as to 
work in unison. A port 6 for the admission and emission of com- 
pressed air supplied from any storage reservoir or tank is formed 
in the lower end of the larger cylinder 1 below the piston, and 
another port 7is formed in the topof the upper cylinder 2 above 
the piston 4 for the flow of the water to and from the ram of the 
hydraulic crane, to which the cylinder is connected by a pipe 8. 
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On admission of compressed air below the piston 3 it is forced up 
along with the omabor piston 4, to which it is connected, and 
which, from the difference of the piston areas, forces the water out 
of the smaller cylinder 2 at a pressure greatly above that of the 
compressed air employed. In order that the flow of the water 
may be shut off simultaneously with the stoppage of the com- 
pressed air supply and opened along with the same while the 





the coil k by the Hertzian waves received by the aerial wire n are 
rectified into a more or less continuous current capable of actuat- 
ing the galvanometer /, by which the signals ‘can-be read. | 
Although the figure shows the application of the instrument to | 
wireless telegraphy, it will be understood that the aerial wire n 
may be replaced by_any circuit in which there is an alternating 
electromotive force, whether of low frequency or of high -fre- 
quency. It is found possible by means of the device described 
above to rectify an alternating current without the use of any | 
auxiliary continuous heating current. Thus, if an alternating | 
current is passed through the carbon filament so as to bring it to 
bright incandescence, it is found that if either terminal of the | 
filament be connected by a circuit outside the bulb with the ter- | 
minal of the embracing cylinder or other cold conductor, then | 
in this circuit a continuous current flows. Hence the device may | 
be used for rectifying either high-frequency or low-frequency | 
alternating currents, provided these are of sufficient strength to | 
render a carbon filament brilliantly incandescent. (Sealed De- | 
cember 7, 1905.) 


23,097. G.C. Fricker, London. Electrical Measur- 
ing Instruments. [5 Figs.) October 26, 1904.—This invention 
consists in improvements in or relating to electrical measuring 
instruments suitable for use, as thermal ammeters and volt- 
meters. The air-bulbs a and b and the connecting-tube ¢ are of 
glass, and are immersed within water contained within a glass 
vessel ¢,{the air-bulbs and connecting-tube with index scale / 


| 


| 
} 


T 
| 





ITT, tT 














being arranged vertically. The resistance coil g for heating the 
bulb @ is arranged within that bulb, and connected to platinum 
wires, which pass through and are sealed in the closed end of the 
bulb, and are carried up therefrom through separate small glass 
tubes i, 7 to points above the surface of the water, and connected 
respectively to the terminals k, k!, which are fixed on a support m of 





surrounds, but does not touch, the filament. The cylinder c is 


insulating material, which may serve as the cover of the vessel e. 


THE END OF THE EIGHTIETH VOLUME 


air is passing into, or while it is being allowed to escape from, 
the larger cylinder, valves 9 and 10 are fitted in the air and 
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water pipes 11 and 8, which are operated together, either by 
being connected or by other means. In one arrangement, as 


| illustrated, the valve 9 in the compressed-air pipe 11 is in the form 
e 


of a two-way cock, shown to an enlarged scale by Figs. 2 and 3, 
operated by means of a hand-lever, one port 13 admitting the 
compressed air by the pipe 11 to the cylinder 1, and the other 14 

pening ion from the cylinder to the atmosphere, to 
allow of the escape of the compressed air, according to the position 
of the plug. The shell of the valve is formed with the three ports 
13, 14, 15, and the hollow plug, which is held to its seat by the 
spring 19, with twe ports 16 and 17. When the plug is turned by 
the hand-lever till the ports 13 and 16 coincide, compressed air 
is admitted to the cylinder 1, and when it is turned so that the 
gore 15 and 16, also 14 and 17, coincide, wed yy from the cy- 
inder to waste by the pipe 18. A valve fit in the water-pipe 
8 is, as shown, in the form of a small ram or plunger 20 working 
verticaily in an open-ended cylinder 21 fitted with cup-leathers 
and inserted preferably vertically in the line of the water-pipe 8. 
This ram has an opening 23 through it, which when in line with 
the pipe 8 allows the water to flow, but when moved downwards 
obstructs the flow by its solid part. This ram 20 may be con- 
nected directly to the hand-lever of the air-valve 9 and be moved 
simultaneously with same. Otherwise, as shown, a cam-disc 25 
is fitted on the plug of the two-way valve or on the key-piece 26 
engaging with the plug, which acts on the lower end of a rod 
27, preferably fitted with an anti-friction roller and connected to 
the ram 20 of the upper valve 10. The rod 27 is preferably fitted 
with a spring, to return it to its lower position, when the cam 25 
ceases to act on it, as when the two-way cock is closed to shut 
off the air supply. (Accepted October 4, 1905.) 
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Aveling ond Porter, 


RocuEsTer, KEnt, 
and 72, Cannon Srreet, Lonpon. 


STEAM ROLLERS. ROAD LOCOMOTIVES. 
STEAM CULTIVATING MACHINERY. 
CEMENT-MAKING MACHINERY. 


A. G. Munford L*4 


OULVER STREET WORKS, COLCHESTER. 
On ADMIRALTY AND Wark Orrics Lists. 
ENGINES for Torpedo Boats, Yachts, Launches. 
BOILER FEED PUMPS. 

See Ilustrated Advertisement, page 16. 

PATENT WATER-TUBE BOILERS, 
AUTOMATIC FEED REGULATORS, 


And Auxiliary Machinery as supplied to the 
Admiralty. 2179 


_) ames Russell & Sons, Ltd., 


Orowy Toss Worxs, WEDNESBURY. 
TRON and STEEL TUBES, and Fittings for same. 
STEAM MAINS. COCKS and VALVES. 
TRAMWAY and TELEGRAPH POLES, &., &. 


WAREHOUSES : 


7308 








Lowpon - - - 108, Southwark Street, 8.E. 
MANCHESTER - 83, King Street West. 
BirMIncgHAM - 114, Colmore Row. 7275 
LgEps - 6, Mark Lane, Briggate. 





ohnson & Phillips, Ltd., 


TELEGRAPH, ELECTRICAL and GENERAL 
ENGINEERS and CABLE MAKERS. 

14, Union Court, E.C. Works, Chariton, Kent. 
Makers of Machinery, &., for complete equipments 
of Oable Factories and’ Vessels. Electric hi 
A of all kinds, Arc Lamps. 
mission of Power Plant. Oables and Wires. 


THE WELL-KNOWN 
Frive 


Red Moulding Sand, 
For Iron, Brass, Aluminium, &c. 
Apply, MANSFIELD SAND OO., Lrp., 
Mansfield, Notts. 

Craig: & Donald, Ltd., Machine 

IL MAKERS, Jeqeapeun, near GLASGOW. 
For class of Machine Tools see our a 
advertisement every alternate week. 


rawings, Plans, Tracings, 

&c., by MESSER & THORPE, Engineers and 

Draughtsmen, 8, Genera Court, Ohancery Lane, 

W.C. Special and eral 1 Machinery designed, and 
ie ideas worked o 

506 


Blue Prints with despatch. 
T ‘1ank Locomotives, 4 or 6 
heel: led. Spot d : 
ship babyy Main Line sonal Mr ton ew. 
, Lrp., neers, + 


HA ORN, LESLIE & 
castle-on-Tyne. See Advt. last week, page 81. 


DP—»5¢ Fel Furnaces 


FORCED ‘DRAUGHT. 
MELDRUM BROS, Lrp., MANCHESTER. 
See Advertisement, last week » Page 17. 9289 


Electric Trans- 
7549 





7185 

















RAILWAY CARRIAGES, TRAMWAY OARS, &c. 


H= Nelson & Co. Li 


Tue Guaseow RoLiine Stock AND PLawr Works, 
MOTHERWELL. 3383 


Fuller, Horsey, Sons & Cassell, 


Auctioneers’ Valuers and Surveyors of MILLS 
and MAN UFACTORIES PLANT and MACHINERY, 
WHARVES and WAREHOUSES.—Gentlemen seeking 
Manufactories, Wharves, Warehouses, Waterside or 
Railside Works, Sites, or Commercial rty of any 
description are invited toinspect Messrs. Fuller, Horsey, 
Sons and Cassell’s REGISTER, where they will find par- 
ticulars of practically all the principal Properties mong 
are in the market, and some of the’ better class Pro- 

1834 


perties which are ‘exclusively i in their hands. 
(Sranes.—Steam, Electric, 
HYDRAULIO and HAND, 
and sizes 


of 
GEORGE RUSSELL & CO., Lrp., 
Motherwell, near Glasgow. 7048 











Telegrams—‘ Cylinders,” Birmingham. 
eldless-Steel Tubes 
for Water-Tube Boilers, Superheaters, | rola 


a TEES LIMTSED, MRMINOHAS. S004 


1 1 ,° 





'Y arrow & Co., Ltd., London, 

SHIPBUILDERS AND ENGINEERS, 
SCREW ST 

Having Speeds 35 meyighe ae 
PADDLE OR SCREW STEAMERS 0 

Exceptional Shallow Draught. 
VESSELS PROPELLED BY STEAM OR_ 8759 

Internal Combustion Engines. 


MULTITUBULAR AND 
(Sochr an _ CROSS-TUBE TYPES. 
Boilers 


See page 72. 
\ Josper & Co., Ltd., 
Broap Onan, PORTSMOUTH. 
GOLD MEDAL for Oil Engines for Launches, Yachts 
and Barges, oro | Paraffin. Od 3551 
Send for Lists. See Illustrated Advt., last week, p. 13. 


orrestt & Co., Ltd., “yeyy°* 


And 22, Peseta SrrReet, no" : 
SHIP, YACHT, LAUNCH and BOAT BUILDERS 
and ENGINEERS. See Illus. Advt., last week, p. 31. 


CRANES. 
Brtters 


Brothers & Co., 
Makers of all kinds of Steam, Electric, and Hand 


GLASGOW. 
Power Cranes. 








Od 4749 











Catalogues and Prices on application. 





See Illustrated Advertisement, page 82, Dec. 8 
comotives in Stock.— 
KERR, STUART & OO., Lp., have in stock 
or in an advanced state of progress at their 
California Works, Stoke-on-Trent, a large number of 
LOCOMOTIVES, ‘with cylinders from 6 in. to 15 in. 
diameter (inclusive), for all re from 18 $57 im 
‘*% oS —- Lo iS KERR, 


Photo (Copying Processes 


Ferro Prussiate Cloth. 
Black Line on White Cloth. 


J: Helden & Co. 


8, ALBERT SQUARE, MANCHESTER, 
8 & 9, Great Cuapet Street, Lonpon, 8.W. 
Telephone, 105, Westminster. 


_ Are [Tracing (loth. 


Super. Quality. Guaranteed. 
Samples Post Free on request. 


J, Heli & Qo, 


8, ALBERT SQuARE, MANCHESTER, 
8 & 9, Great Cuaret Street, Lonpon, 8.W. 
Telephone, 105, Westminster. 


Patiiamentary Deposit 
of Plans. ‘Novemser, 190. 


ROBT. J. COOK & HAMMOND, 
LITHOGRAPHERS, 

















7461 


Tele. No, 551, Victoria. | Tele. Add “ Cartoons, London.” 


yey 8 Putent %: 


Water-Tube Boers. 


Ss ILLUSTRATED ADVERTISEMENT arrrarixe 
on Pages 47, Dec. 15, AND EVERY FOURTH WEEK. 


Poplar, London. ™ 
[the Edwards Air Pump 


SYNDICATE, Lrp., 
3, Crown Court, OLD Broap Srreer, 
LONDON, 


For Illustrations see page 8% in our issue of Dec. 8. 








Bollast Wagons for Sale or B. 


HURST, NELSON ~ CO., Lap., 


7220 
team Hammers (with or 
Hand. 


ane e or self-acting 





7059 | 48, Billiter 





ee PRIMROSE, LEITH, N.B, 7115 


Herter and Besiisa, 


ENGINEERS AND MILLWRIGHTS, 
IRON AND BRASSFOUNDERS, BOW, LONDON, E. 


DREDGING MACHINERY. 
HYDRAULIC MACHINERY. 

LAND AND MARINE STEAM ENGINES. 
DISTILLERY AND BREWERY PLANT. 


WATER VAL ORANES, LOOK GATES, 
&e. PUMPING MACHINERY. 
’S PATENT FLOA' 


TING ORANE 
FOR DOOKS, &c. Od 4955 


Boller Tubes, Iron and Steel. 
Edwin Lewis & Sons, gg 
1g Sndon OMce: . Wolverhampton. 


e) 8eph Aid, 
Steel and [T= Boller [[tubes. 


GAS, STEAM, WATER TUBES, FITTINGS. 


Le G ized Flanged ‘ge 


GREAT BRIDGE, STAFFORDSHIRE. 
LONDON : 46, — VICTORIA » nog 


[the i f[hompson ” Boiler 


CAN BE SUPPLIED EX-STOCK. 
Advantages : 
Freedom for Expansion. No Stay Plates. 
No Leaky Stay Rivets. Fire - box Easily Cleaned. 
76381 














olverhampton. 
See Full Page Advertisement, January 5, 1906. 
bes and 


dips IRON AND Fittings, 
Stewarts and L}oyds, L*. 


41, OSWALD ST., GLASGOW ; 

NILE 8T., BIRMINGHAM ; — 
LONDON OFFICE—50, Cannon Sr, 
LONDON WAREHOUSE—157, Ure fuanesSr., E.C. 
LIVERPOOL WAR EHOUSE—838, PARADISE S?. 

CHESTER WAREHOUSE—42, DEANSGATE. 
CARDIFF WAREHOUSE—132, Burs 8r. 
BIRMINGHAM WAREHOUSES—Nix# 8t., Surxp- 
coors Sr., and 10, ConzsuiL. St. 


See Advertisement, page 30. 





5743 


(Yombined Ai pp. 


Condenser and Delivery Box (Benn’s Patent). 
Sole Makers: 8. 8. STOTT & CO., Hasuinapen. 


See Illustrated Advt. last week. 7310 





40, KING STREET, COVENT GARDEN, W.O. 


homas Kell & Son, Litho- 
Lith = ge igh a 
Printing: Engineering, Archive and Pictorial 
Drawing in best manner. ae et Photo ithe. 
graphy, &c.—40, King St., OoventUnedont W.O. 043462 





ocomotive Tank Engines 


—— and constructed by 
MANNING, aviEDLE AND OOMPANY, Limtep, 
bayne Bn ne Works, Leeds. Od 2487 
Bee their Illustrated Advertisement, page 88. 





PATENT EVAPORATORS AND CONDENSERS, on. 
(aird & Reayzer, 
LONDON. 
See Advertisement, last week, page 20. 

€€'8 pyar tecumatic A8h Hijector. 
Great sa’ of labour. No noise. oe. No 
dirt. Ashes discharged 20 ft. clear of vessel.—Apply, 
F. J. TREWENT, ‘Naval Architect and Surveyor, 
Buildings, Billiter St., London, E.0. 4835 


7278 








& Massey. 
MANCHESTER. 


~ Gteam ammers, 


ower ammers, 


ta 
De. S mpé, 


LARGE STOCK. 


DELIVERY. 





cy &A.Musker, Ltd., Liverpool, 


HYDRAULIC AND ELECTRIC MACHINERY. 
See last week’s Advertisement, page 74. 5884 


Blake’ s Self-acting Rams 


and HYDRAMS for raising water. 
Send for Catalogue No. 23. 
JOHN BLAKE, Lp., Acortveron, Lancs. 


oldsworthy’s Emery, 
Emery Cloth, 
Emery Paper Dises, 
Glass Paper. | 


MANCHESTER. _______ 7008 


team Cranes, Tixcovatira 
nana MIXERS, STEAM WINCHES 

ND WINDLASSES. 7514 

J. H. WILSON & OO. Lap., SANDHILLS, LIVERPOOL, 
See large Advertisement, last week, page 32. 


chram’s Air Compressors 
and ROCK-BORING MACHINES. 
SCHRAM, HARKER & OO., Cannon Street House, 
London, E.C. 
See Advertisement page 18. 7075 


Pilectric Lifts. 


Archibald Smith & Stevens, 


BATTERSEA, LONDON, 6828 


Begshaw s Wrought-iron Pul- 


LEYS, as used in Government : Departmente, 
strongest, y even, lust and best 

Quick a given, Illustrated price ist, eae. 
ing rules for transmission S aes belte, 
cones ond Goatte, tena. BA W's SON Lro. 
Engineers, Batley, Yorkshire. 6983 


\ T ertical Boilers. Ready for De- 
livery, 1 we 12HP. Also Vertical ha 
8, 4and6 Loco, Cornish and other t; 
Tux GRANTHAM Borer & Onanx Oo., Ld., 

















of Boilers. 
Grantham. 





[rracing gs. — Engineers’ and 


Architects’ Tracings accurately and prom 
executed.—Miss PAUL, e Victoria Tracing 
Queen Anne's Chambers, Broadway, W 


ngineering Photog raphy.— 
Operators sent to all parts. Moderate c 

Perfect results guaranteed. Over 20,000 pho: 

of railway subjects. List free.— THE L000M 

PUBLISHING CO., L»., 3, Amen Corner, London, Ne 


e Glasgow Electric Crane 
and Hoist Co., Ltd., 


PARKHEAD, GLASGOW, 








Cranes—All Types. 


SHIPBUILDING BERTH ps sly cag 
See Illustrated Advertisement, page 75, 


R h oO d es (Dimgct AND 





ATING OURRENT) - 
ELECTRICAL MFG. OO. 


City Electrical Works, BRADFORD, otors. 
“ Rropiqus,” all Offices. 7251 





Melville and Macalpine, 
een AROBITEOTS, AND NAVAL 


615, WaLNuT Steerer, LADELPHIA, Pa., U.S.A. 
se Address : Congulting, Philadelphia A BO Code. 
Admiral Grores Ma.vius, Ex Engineer- 
in Chet of the United States So. and Jony - 
Macaring, having a very extensive uaintance in 
the best engineering circles in the United States, 
Seales and the Continent of 
LICIT INTERNATIONAL B 7876 


Moser, West & Bateman, Ltd., 


EMERY AND OORYNDITE 
GRINDING WHEEL MAKERS, 





StarvorD. 78 
E. P. . apes ra 


CONTRACTED FOR. 
4, Gt. Winchester Street, E.0. 
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Manchester Steam Users’ 


ASSOCIA’ 
FOR THE PREVENTION OF BOILER 
ie. 


9, Mouwr 
“LOE 
Ohiet Engineer: O. E. De SEROMEYER, 





Founded 1864 by Sir W. 
Certificates of Safety issued the Factory 
Weceaneye Ast, 1001. Oss Mg ap 
and during construction. 
ing’s ‘Colle ge, London 


(UNIVERSITY OF OF stn 
FAOULTY ‘OF ENGINEERING AND APPLIED 
SOIENCE. 


LENT TERM COMMENCES TUESDAY, 
JANUARY 91a. 





PROFESSORS * 
ENGINEERING—Davio 8S. Carrzr, M.A., M. Inst. 
G, eed i. M. Wayyrortu, A.M. Inst. 
C.E., 1.M.E. ; M. Curry, M. Inst. O.E. 
ELECTRICAL ENGINEEBING ~ E. Wirson, M.1.E.E. 
NATURAL PHILOSOPHY—H. A. Wison, M.A., 
D.Sc. ; E. P. Harrison, Ph.D. ; H. 8. ALLEN, M.A., 


, 


B.Bc. 
BUILDING CONSTRUCTION —RB. Exsey Sumitu, 
LB.A. 
CHEMISTKY—J. M. Tuompson, F.B.S., F.LC.; H. 
Jackson, F.LC. 
MATHEMATIOS—S, A. F. Wurre, M.A. ; T. B. Date, | at 
M. 
METALLURGY — A. K. Huwnrietos, A.B.8.M., 
M.LM.E. 
GEOLOGY and MINERALOGY—H. G. Sszty, F.B.S. 
EVENING CLASSES are held for Mechanical and 
Electrical Engineering, Architecture and Building 
Construction, Drawing, Mathematics, Physics and 
other Science Subjects. 
ADVANOED KVENING — Mechanical 
eering, Electrical Enginee 
For Prospectuses and all information» 


King’s College, Strand, W. a 


rary, 
B 910 





[the Sir John Cass Technical 


INSTITUTE, Jewry Srrert, AvpGaTs, EO. 
The following SPECIAL COURSES of INSTRUC- 
TION will be given during the Lent and Summer 
1206. 


Terms, 
TECHNICAL GAS ANALYSIS. 
By OHARLES A. KEANE, M.8c., Ph.D., F.1.C. 
A Course of an i ed suited to the require- 
ments of those e engaged emical and Metall 
Industries, Monday Sea Seven to Ten p.m., 
commencing — January aoa 1906. 


ALLOGRAP: 
By 0.0. BANNIBTEN, A.R.8.M. sited by WESLEY 
LAMBERT, Assoc. inst. 

The Course will po with the use a a sausnee | 
and Pyrometer in the study of metals and alloys; it 
will extend over two terms, and will com Lectures 
and tory Work. Wedn Even , Seven to 
Ten p.m., commencing Wednesday, January 10th,1906. 

PHYSIOAL OHEMISTRY. 
By G. SENTER, B.Sc., Pb.D. 

A Course of Ten Lectures and Demonstrations, with 
opportunity pe kee ar na ane Work Pee Dae ms aoe for those 
eng in Chemical ustries, who 
desire to obtain a tnewicage o of a poe ae 
mente of Physical Chemistry, and for London Uni- 


versity Oandidates. Monday Evens Seven to 
Nine p.m. Commencing M A , 1906. 
Detailed 8y Hlabus of the Courses may be had upon 


apenenten at the Office of the Institute, or by letter 
to the Princi B 925 
. H, DAVISON, M.A, 


Clerk to the Governing Body. 





Birkbeck College, Bream’s 


BUILDINGS, CHANCERY LANE, E.C. 





A SPECIAL OCOURSE OF LEOTURES (15) on 
Tus Merauiurey or IRon AND Steet, will be delivered 
ot NUARY, 100." at Six p.m., commencing 10th 


Heed of i Metallurgica 


M, Inst. C.E. and Civil 


A; Service Technical Examinations. eo 

tion TWENTY-NINE ¥ “yi 

PLACES. t. 8 
‘615 


ence. 
seen oy etre ( 
Wenger) ». Ft on areas Henne , W.C. 


Bae te G. eee, ee 
B 92 














. ee 
and Haron, i 4. Inst. OF, MLM 
8, Specification, 


TO CONTRACTORS AND OTHERS. 
The METROPOLITAN ASYLUMS BOARD invite 


enders for Repairs to 
PONTOON and DOLPHINS at West Wharf, 
ee ae Road, Fulham, 8.W 
oO; 


tract 

supa renee wan oe inspected at the Office of the 
Board, kment, London, E.C., 
Wednesday, the 27th inst., and’ can be obtained upon 
pa: t of a deposit of £1. 

e amount of the deposit will be returned only to 
| en rons who have sent in bona fide Tenders in accor- 

with the ons. 

Tenders, addressed as noted on the form, must be 
delivered at the Office of the Board not later than 
Ten a.m. on Wednesday, the 10th January, 1906. 

By 0 MBE MANN 


rder, T. DUNCO 
Clerk to the 
22nd December, 1905. B915 





THE GREAT INDIAN PENINSULA RAILWAY 
COMPANY. 


The Directors are to receive 


Prepared 
[renders for the Supply of the 


following STORES, namely :— 





Paints, Drysalteries, &c. phen Sheet and Tinted 
Asbestos. Anvils. [Glase. 
Bellows and Forges. Lifting Jacks, &c. 

a and Forms of Tender may be obtained 


on payment of the fee for the 
too, which payment will not not be returned. 

Tenders must be delivered in sealed envelopes, 
addressed to the undersigned, marked hn coh mt 
Paints, ‘Dryealteries, &.,” or as the case may be, not 
a than Eleven o'clock a.m. on Thursday, the 11th 


Jan , 1906. 
The Directors do not bind themselves to accept the 
lowest or any Tender. 


y J. L. BERRY, 
Company’s Offices, Secretary. 
Copthall A , London, E.C., 

” 23rd December, 1906. A B 926 





GREAT NORTHERN RAILWAY COMPANY. 


ENFIELD TO STEVENAGE RAILWAY. 
Contract No. 1. 


The Directors of the Great Northern aon Deane 
Company are prepared to recei 
(Tenders from Experienced 
qa ee for the OONSTRUCTION of 
Enfield to Cuffiey, being a 
poultry of 5 Tbe 5 thereabouts. 
Printed Copies of me cification and Bill of 
juantities may be o at the Office of the 
gineer of the Company, at Kiog’s Croes eo 
don, N., on or after the 28th December, 1 
pon the payment of Ten Guineas, which sum wi wil 
phe returned _ receipt of a bona fide Tender 
nd the retura of the documents. 

Sealed Tenders, on the form supplied, and endorsed 
“* Tender for Contract No. 1, Enfield to Stevenage 
Railway,” to be sent in to the cease go not later 
than Ten o'clock meek on January 23rd, 1906. 

The Company do bind themselves to accept the 
lowest or any 


By Order, 
Secretary's Office, E. H. BURROWS, 
King’s Cross Station, ms N., 


19th December, 1905. B 874 





TWICKENHAM URBAN DISTRICT COUNCIL. 
SEWAGE DISPOSAL WORKS, 
Sxorion “F.” 


The above Council hereby invite 


[lenders for the Construction, 


&c., of TANKS, FILTERS, CHANNELS, 
SEWER and other WORKS, at the Sewage Disposal 
Works, Mere Road, Twic' *kepham. 

Drawings + Specification of the proposed Works 
may be seen, and copies of the Bill of Quantities 
obtained, on application at the Office of Mr. Frep. W. 
Pgarce, F.S.L, Surveyor to the Council, Town Hall, 
Twickenh am, and the payment of a deposit of Three 
Guineas, which deposit will be — on receipt by 

the Council ? a bona fide Tender. 

a ——- and a copy of the Bill of 

e Office of Mr. 


—— —_ also be inspected a 
ALLIAM Parser, Civil Engineer, 69, Victoria Street, 
Westminster, S.W. 

Sealed Tenders, on the forms provided by the 
Council, are to be delivered to me not later than 
_— o’clock Noon on Wednesday, the 24th day of 


uary, 1906. 
“The Council do - bind themselves to accept the 


lowest or any Tender. 
By Order,” H. JASON SAUNDERS, 
Town Hall, Twickenbam, Olerk to the Council 
19th December, 1906. B 924 





NOTICE TO MANUFACTURERS OF THIN ZINC 
PLATES, 


THE senate ORDNANCE SURVEY, 
is prepared to receive 


A pplications from any 
M which is willin 3 Tender for 

the SUPPLY of Fe some ZIN ——_. ae 
nm 


Applications for Forms of Tend ayy 
should be made to the OFFICER IN OE AROE OF 











CORPORATION OF DURBAN, NATAL. 
WATERWORKS EXTENSION. 
TENDERS FOR 30 in. STEEL PIPES. 

The Corporation of Durban, Natal, is prepared to 
receive 


[renders for the Supply and 


DELIVERY, “‘ free on board” (and alternate oy 
pg By Durban), of 6 miles of 30-in. MI 


A erider, msy my obtained at the Com 
. payment of 28, 6d. each, nousees 
and | a.m. and Three p.m., Saturdays 





THE MEXIOAN ages at COMPANY, Loarzp, 


[lenders for the Supply and 


DELIVERY of :— 
21,900 ft. of WROUGHT-IRON PIPING. 
ions, with Conditions and Forms of 
8 on 
ours of Ten 
cepted. 
Tenders must be delivered nas ¢ later than Noon on 
Thursday, the 4th January, 1906. 
By Order of the Board, 
JOHN T. DENNISTON, Secretary. 
The Mexican Railway Company, Limited, 
45, New Broad Street, London, E.C., 
‘1st December, 1905. 


CORPORATION OF GLASGOW. 
POLICE DEPARTMENT. 
GLASGOW MAIN DRAINAGE. 
PRECIPITATION TANKS AT SHIELDHALL. 


The Corporation invite 
[tenders for the several Works 


REQUIRED in ee Construction of the Precipi- 
tation Tanke at Shield 

— acd Gpesiaestions may be seen and obtained 

lication to the Citv Engineer, at his Office, City 
Chav rs, 64, Cochran Street, Glasgow, on payment 
of a fee of Five Guineas, which will be refunded to 
each ——— who sends in a bona jide Tender. 

Sealed Offers, marked outside ‘‘ Tender for Precipi- 
tation Tanks at Shieldhall,” must be lodged with the 
Town Clerk ( Police Department) on Friday, 19th 
proximo, at Ten o'clock. 

The lowest or any Offer may not be accepted. 

The Resident Engineer will meet intending Offerers 
at Shieldhall at Eleven o’clock on Friday, 5th proximo. 

JOHN BOWERS, Town Clerk. 

City Chambers, Glasgow, 

2ist December, 1905. 


PARISH OF LAMBETH. 
BOARD OF GUARDIANS. 


The Guardians of the Poor of the Parish of Lambeth 
hereby invite 


lenders for Rebuilding a 
Pair of HORIZONTAL ENGINES at their 
Renfrew Road Workhouse, including new 15 in. 
cylinders, = connecting rods, &., and turning 
up a 10 ft. flywheel. 
Form of Tender, Specification and Conditions will 
be supplied, and draft of Contract may be inspec 
on written application to Mr. Gzorex E. ARNOLD, C. E., 
26, Victoria Street, Westminster, 8.W. 
Tenders, which will be received only on the printed 
Form, sealed and endorsed ‘‘ Tender for Rebuilding 
Engines,” must be sent to me, the undersigned, by 
post, not later than Tuesday, the 16th January, 1906, 
and will be opened at the Board Room at Noon on the 
following day. 
The Guardians do not pledge themselves to accept 
the lowest or any Tender. 
By Order, W. THURNALL, Clerk 
Guardians’ Board Room and Offices, 
Brook Street, Kennington Road, 8.E., 
27th December, 1905. 


COUNTY OF LONDON. 

TO ENGINEERS, CONTRACTORS AND OTHERS. 
THE LONDON COUNTY COUNCIL TRAMWAYS. 
LINES SOUTH OF THE THAMES. 

The London County Council invite 


[lenders for the Roadwork 


and PLATELAYING required for the con- 
struction for electrical traction, = the conduit 
system, of the authorised tramways from Camberwell 
Green via Denmark Hill, o—— Park, Grove Lane, 
&c., to their terminus in Lordship Lane at Crystal 
Palace . Certain paving works in connection 
with the street improvements now in progress along 
— of the routes have been provisionally included 
the Specification. The total length of the above- 
mentioned lines is about 4} miles single track. 

The Contractor will be required to use the track 
rails with their fastenings, the slot rails, and the con- 
ductor rails which will be furnished by the Council 
under another contract, but all the —— metal 
work and other materials, and all the ae work at 
a ae croesings, crossovers, &c., will be included 
in contract. 

Persons desiring to submit Tenders may obtain the 

» Bill of ae, Form of Tender and 
other particulars, cation to Mr, Maurice 
Firzmavrics, C.M,G., “Oh ef Engineer of the Council, 


B 927 





B 917 





B 940 





_aowe > but not before, be return 

they shall have sent in a bona fide 
Tender’ and shall not fore withdrawn the same, but 
i aeente es Bees te aes ee bona fide 
—. is submitted. Full particulars o 
may be obtained on application at the Seem Hall, 
peeeay to the payment of the fee for the Specifi- 


“en must be upon the official forms, and the 
printed instructions contained therein must be strictly 
—— with. 

The Contractors will be bound by the Contract to pay 
Sand sgpemaionp couheged Uy Sham wubes wh totes 

ay ces) employ y wages at ae 
not less, and to observe hours of labour not 


STORES, Ordnance Survey Office, Southam 
All Tenders uk te anentiaed before —. on the oy =) watching poqoetnney 1500 tons;| than the rates and hours set out in the Te 
12th January, 1906. B 918 | 3 miles to be not later than June | list, and such rates of wages and hours of labour will 
pee hey the remaining miles to be delivered be inserted in, form of the Contract by way 
eerene we of Schedule. “Rach Tender is to be delivered at the 
INDIA 0 ot | Coun a cover, addressed 
Maree, An Densciber, 1906, | Quantities, with Form of Tender, can be obtained | lor ot County Council, Spring 
THE SEORETARY OF STATE FOR oR INDIA IN from Mr. W. H. H. Raprorp, C.E., Albion Chambers, | 8.W., marked ‘‘ Tender for Roadwork and Plate- 
Nottingham, Consulting aod tative Engineer | laying, L.C.O. Tramways.” No Tender will be 
L is prepared to recei to the Corporation, on t of Three Guineas, | received after o'clock a.m, on Tuesday, January 
tach te from rn Per-| which will be returned on receipt of a bona fide | 23rd, 1906, Any Tender which does not comply with 
sone as be willing to SUPPLY : Tener. the printed instructions for Tender may be re 
aay re Tenders must be delivered to} The Council does not bind itself to accept the lowest 
00 ft, SPANS. the undersigned Agents to the Durban or any Tender, and it will not accept the Tender of 
The Conditions of Contract be obtained on | on or before Monday, January 15th, 1906. any person or firm who ehall on any previous occasion 
Shon whiecaen, of India| The lowest or any Tender will not necesearily be | have withdrawn a Tender after the same had been 
Whitehall, S.W., and Tenders are to be opened, unless the reasons for such withdrawal were 
Gelivered at that by m. on By Order, satisfactory to the Council 
Tuesday, the 10th January, 1006, after which time STEEL & CO., G. L. GOMME, 
- n GRANT BURLS, B37] 5, East India A 4.4L, County Hall, Spring Gardens, 8:W ” 
venue, * 
-General of Stores. London, E.O., 16th December, 1905. B 891 29:h December, 1905. B 942 





SWANSEA HARBOUR TRUST. 
CONTRACT FOR WEST PIER EXTENSION. 
The Swansea Harbour Trustees invite 


[renders for Extending Sea- 


ward the existing WEST PIER. The Extension 
to be either for 800, 1000, 1200 or 1400 ft., as the 
Trustees may determine. 

—T of the proposed Work may be inspected 
at the Office of the Trustees’ Engineer, Mr. A. O. 
ScugrK, Mem. Inst. O0.E., and copies of the Specliics. 
tion, Conditions, Schedule of Quantities and Form of 
Tender obtained of the undersigned on payment of 
= ae which will be returned on receipt of a bona jide 

Sealed Tenders, endorsed ‘‘ West Pier Extension,” 
should be delivered to the —— at or before 
Eleven a.m. on Thursday, the i8th January next. 

The Trustees do not bind themselves to accept the 
lowest or any Tender. 

TALFOURD STRICK, Clerk. 

—- Offices, Swansea, 

22nd December, 1905, B94 


APPOINTMENTS OPEN. 


LONDON, BRIGHTON AND SOUTH COAST 
RAILWAY COMPANY. 


SIGNAL SUPERINTENDENT. 
The Directora of the above O 
receive 


A Pplications for the Post of 


SIGNAL SUPERINTENDENT in the Per- 
manent Way Department of the Railway. Salary 
£300 per annum, 

Applications, giving full particulars of past experi- 
ence and stating age, which must not exceed 35 years, 
should be sent to me by post in an envelope marked 
“Signal Superintendent,” so as to be delivered at my 
Office not later than Ten o'clock a.m. on Friday, the 


19th January, 1906. 
J. J. BREWER, Secretary. 
Secretary’s Office, London Bridge Terminus, 8.&., 
28th December, 1905. B 


Secretary Wanted (under 40), 


who is also a mechanical engineer or with en- 
gineering experience for established engine and boiler 
works in Scotland. One experienced with the conduct 
of cost systems, — works statistics, correspon- 
dence, ti ts and general commercial 
work, "would be preferred. State age and salary, and 
give full details as to experience.— Applications wilt 
be treated as confidential, and may in the firat instance, 
be made through solicitors, to E. F., care of BorLAND, 
Kive, Suaw & Co., 142, West George Street, pee. 


B 933 











y are prepared to 











W2rted, an Assistant 


MANAGER for a carbonic acid works in 
Bombay. A young energetic man with engineering 
experience, capable of supervising machinery and 
workmen (fitters, turners, moulders, me 
knowledge of chemistry. Three years’ engagement, 
passage paid out and home. State age, education, 
experience and salary.—_CARBONIOC, care of Scorci 
AND InisH OxycEN Co., Polmadie, Glasgow, B 923 


Reauired, TwoCivil Engineers 


for employment on railway work in the Sudan 
and Red Sea. Pay £40 per month. Contract for one 
year. General knowledge of survey work as well as 
permanent way construction necessary —_ 
Con. WESTERN, RE., Queen tae "Cham ers, 
Broadway, Westminster, 8.W., attaching certificates, 
testimonials, &. Applicants must not be over 35 
years of age. B 912 


ead Draughtsman Wanted, 
rmavent appointment. Able to control 

office experienced in designing locomotives as well 
as stationary engine and other work. Good salary 
will be paid to first-class man. State present salary, 
age, and describe training and experience fully.— 
Address, DRAUGHTSMAN, Mesers. STEVENSON AND 
BROWSLIB, Solicitors, 147, St. Vincent Street, y Capen. 


Wanted, in Engineer’s Office 
in Westminster, one or two first-clase 
DRAUGHTSMEN, preferably used to the design of 
cement works lant, elevators and conveyors, rotary 
kilns, &c. Technical training and workshop experi- 
ence desirable.—Address, stating age and salary 
expected, BOX 559, WiLLINes, 125, Strand, W.C. 
B 902 
W 2xted, Engineering 
DRAUGHTSMAN, good technical training, 
for Patent Agent’s Office. Salary £2 per week.— 
Reply, stating age and experience, BOX B, Dorman 
Co., Advertising Agents, 55, Chancery Lane, 
London, W.C. B 920 


anted, at Once (Glasgow 
district), smart DRAUGHTSMAN for water 

tube boiler work and steam plant accessories ; per- 
manent position for suitable man ; state age, experience 
and salary expected.— Address, B 929, Offices of En- 
GINBERING. B 929 


M arine Engineering 
DRAUGHTSMAN WANTED, by Messrs. 
VICKERS, SONS & MAX(M, Lrp. Only experienced 


men, accustomed to naval and mercantile —, es 
a 0 nena — Address, B 935, O "Boss 


Wanted, for London Office, 


YOUNG DRAUGHTSMAN ; must be able to 
design, under instructions, steam or gas engines. 
Wages £2 per week.—Address, B 870, Offices of En- 
GINEERING. B 870 


mart Young Traction 
iene pment ontogeny ee at once ok 
q ary requi 
Sg ‘dune Advert’ Offices, London, E.O. B 


























W vee tee Capable Draughts- 
to steel works plant.— 
preg Dhar re a WORKS, Sovtn Dura [ 


Stockton-on-Tees. 
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W anted,atOnce ,athoroughly 
Efficient ‘Bogilph speaking HEAD CH 

to work under metallurgist, but to take sole control 
of laboratory in an iron and steel works. One who 
Ppeciatioad rr regards b ye-preucte gases, end oes 
as 

and steel works practice, preferred.—Address, B 860, 
Offices of ENGINEERING. B 860 


Wanted, for the Provinces, 


PATENT AGENT’S ASSISTANT; must be 
an enrolled agent, and have good engineering and 
technical knowledge. Salary £200 per annum.— 

Reply, in confidence, to BOX A, Dorman & Co., 
_—e Agents, 55, Chancery Lane, tendon, 





919 





Wanted, at Once, in the 
Midlands, first-class FOREMAN for fitters 
and erectors in a motor car works, able to fix piece- 
work prices, good organiser, and able to turn out 
chassis complete at the rate of four per week.—Ad- 
dress, stating age, experience, references and salary 
required, B 908, Offices of ENGiNEBRING, B 908 


Wanted, a First-class Fore- 


MAN SMITH thoroughly accustomed to all 
claszes of wagon and general forging and smithing ; 
wagon ironwork a speciality. State experience and 
wages required, enclosing copies only of testimonials. 
—Address, B 909, Offices of ENGINEERING. B 








‘Wanted, Engineer to design, 


erect and manage a theet mill plant. None 
need apply unless with up-to-date experience in this 
line.—Address, stating age, experience and salary 
expected, B m8, Offices of ENGINEERING. B 916 


Wanted, : a Head Clerk for 


general office in Jarge foundries in the Mid- 
lands. Also WANTED, a first-class iT CLERK for 
the eame works. None but first-class men need apply. 
State age, experience, salary req d, with 
—Add:ess, B 913, Offices of ENGINEERING. B 913 








Fist -class Salesman, practical 
machinist, to introduce on es Continent a 
speciality already i in large usein U.S. and U.K. Oon- 
nect‘on indispensable amcngst ajl machine tool users. 
Salary and permanent position. State age, experience, 
giving references.— Address, B 872, Offices of En- 
GINEERING. B 





E_pgineering Pupil.— Vacancy 

oo Firm Lenny peo Contractors) manu- 

facturing latest yh FF oil and 

engines, &c. ; erate premium. — Address, oa, 
ces of ENGINEERING. 


A rticled Pupil.—A large F'irm 
ot Engineers in the Midlands, employing up- 

wards of 1000 hands, have a VACANOY for a — 

APPRENTIOCE.—Addrese, Y 944, Offices of 

ING. 








A Pupil can be Taken sd 


London Engineer; varied mechanical, elec- 
trical and structural practice ; pa supervision. 
Must have taste drawing. —Addrese, , WILLMORES, 
1, Chiswell Street, E.O. B 941 











SITUATIONS WANTED. 





TO FOREMEN, CLERKS OF WORKS, &. 


[he National Association for 


EX-SOLDIERS, 119, Victoria Street, 8. W. (Tele- 
phone 367, Westminster; Telegrams, “ Employons, ¥ 
London), SUPPLIES MEN of good character only as 
navvies, masons, bricklayers, porters, labourers, care- 
takers, carmen. carpenters, horsekeepers, night 
watchmen, eng rs, &c. Characters up to date. 
we toes.— Apply, 5 SSFARY, as above. 7418 


First. class Men Waiting, as 


Works rp ny tie Foremen, Clerk 
of Works, Residen ravellers, &. Enquiries 
promptly attended ¢ to. No charge for filling vacancies. 

—EmpLoyers’ Bursat, BIOHAKDSONS, 368, Strand. 
Tel.; 13,438, Central. B 345 





E238! neering Manager, at 

present occupying importan ition, will 
shortly be OPEN for RE- GNGAGEME T. Long ex- 
perience in marine and other branches of engineering. 
Past career highly satisfactory.—Apply, MANAGER, 
care of WILLIAMS, 116, Victoria St., Westminster, 8. 


Pr2ughtsman Seeks Situation 


TF ge | A¥D MITO 


ENGINEERING PUBLICATIONS. 


A TREATISE ON CONCRETE, PLAIN AND REINFORCED. Materials, Construction, 
Se — and Reinforced Concrete. By F. W. TAYLOR, M.E., and 8. E. THOMPSON, 8.B. 


MACHINE-SHOP TOOLS AND METHODS. By W.S. LEONARD. 8vo. 17s. net. 


ORDINARY FOUNDATIONS. Including the Coffer-dam Process for Piers. By 
FOWLER, C.E. 8vo. 165s. net. 


A HANDBOOK FOR SUPERINTENDENTS OF CONSTRUCTION, ARCHITECTS, 
BUILDERS AND BULLDING INSPECTORS. By H. G. RIOHEY. 16mo, Morocco, 17s. net. 


CIVIL ER ENGINEER'S POCKET-BOOK. By J.C. TRAUTWINE, C.E. 18th Edition. 
THE "MECHANICAL ENGINEER’S POCKET-BOOK. By W. KENT, A.M., M.E. 


‘1s. net. 


A TEXT. BOOK OF MECHANICAL ENGINEERING. By W. J. LINEHAM, M.I. 
ech. E. Seventh Edition. 900 Illustrations and Diagrams and 18 Folding Plates. 8vo. 12s. 6d. net. 


THE MODERN ASPHALT PAVEMENT. By CLIFFORD RICHARDSON. 8vo. 


CIVIL "ENGINEERING : A Text-book for a Short Course. By Lieut.-Col. G. J. 
EBEGER, U.S. Army. 8vo. 2is. net. 


ELEMENTS OF MECHANICS. Forty Lessons for Beginners in Engineering. By 


MANSFIELD MERRIMAN. 12mo. 4s. 6d. net. 
CEMENTS, LIMES, AND PLASTERS: THEIR MATERIALS, MANUFACTURE, 


AND PRUPERTIES. By KDWIN C. EOKEL, C.K. 8vo. 258. 6d 


%9/ MODERN REFRIGERATING MACHINERY: ITS CONSTRUCTION, METHODS OF 


WORKING, AND INDUSTRIAL APPLIOATIONS. A Guide for Engineers and Owners of Retipes 
Plants. By Prorgessor HANS LORENZ, Ph.D. Translated from the 3rd German Edition by T. H. POPE, 
B.Sc. With chapters on American Practice in Refrigeration, Insulation, Auditorium and other Cooling, 
by H. M. HAVEN, 8.B., and F. W. DEAN, 8.B. -8vo, 17s. net. 7211 

A Catalog taining full particulars of these and other Scientific Books will be sent free on application. 


CHAPMAN & HALL, Limrrep, 11, Henrietta Street, Lonpon, W.C. 


THE EUSTON TO CAMDEN WIDENING. 


The RAILWAY GAZETTE for December 15 contained a fully illustrated description of the 
Euston to Camden Widened Lines of the London and North-Western Railway. 


THE EUSTON TO CAMDEN WIDENING. 


This is the first complete description published of the above great undertaking, and is well 
worth preserving by all Civil and Railway Engineers and Contractors. 


THE EUSTON TO CAMDEN WIDENING. 


This article is illustrated with Six Reproductions from Engineers’ Drawings, Five Spec ially- 
taken Photographs, and a large Folding Plan of the Lines from Euston to Primrose Hill 











aes The RAILWAY GAZETTE for Dec. 15 is obtainable, 
post free, from the Publisher, price 6)d. 7516 
THE RAILWAY GAZETTE, $e tinne GARE, 








PARTNERSHIPS, 
ENGINEERING PARTNERSHIPS. 


ou! W e Invite Confidential 
Communications from FIRMS of GOOD | Sarses. ee -_ ide Masks Feisrod home 


REPUTE who are open to admit suitable partners, sf . 


atents.—G. F. Redfern& Co., 








experience — ex over 50 years—and 
eientcle, wo con effectual services, to really Patent Office, Glasgow w.— W. 
RB. M. THOMSON & OO. Complete 


ENGINEERS wishing to JOIN or PUROHASE 


sound blished businesses, can always The LIyvawror’s Guips, a Handbook "es on 
_ @ bear of 00s | eae Decent “snd Erede Marks, ke, may be had 


their the und tis. — 
“tty ne HEATLEY KIRK, PRICE & OO, 7002 | 
46, Watling 8t., London, E.C.; & Albert Sq., Manchester. atents. — Messrs. 

. : % and 8ON, British, Foreign and ou 
[Director Gentleman INVESt-| sronta Ot, Chancery ‘Lane WG, 


ing £1000 may secure DIREOTORSHIP in a | description of a 
Private Limited Liability Company possessing quite | for Inventions. “A Guide to Inventors” free by 
exceptional prospects. Fees Forty Guineas per | Established 1853. =a 








Crown 4to, cloth, price 7s. 6d., profusely illustrated. 
Weight 3 Ib. 4 oz. 


WIRE: 
ITS MANUFACTURE AND USES. 


By J. BUCKNALL SMITH, 0.E., 
Author of “‘ Cable Traction.” “‘ Rope Haulage in 
Mines,” &c. 





Offices of “‘ ENenverrine,” 35 and 36, Bedford Street, 
Strand, London, W.C. 





; Crown 8v0, cloth, Pine aoa PP, with numerous 
Statically Indeterminate Structures and - 
the Principle of Least Work. 


By HAKOLD MEDWAY MARTIN, Wh. 8c. 





Revised and Reprinted from Ene rvesrine, 


—_—— 


Offices of ‘‘ ENcinzERING,” 35 and 36, Bedford Street, 
Strand, London, W.C. 





Demy 4to, handsomely bound in Half Morocoo, 678 pp.. 
Iilustrated, and containing many Tables, 
and Working Drawings. Price £2 2s. Weight TI i, 





ELECTRIC RAILWAYS 
AND TRAMWAYS: 


Their’ Construction and Operation, 


By PHILIP DAWSON, 
Assoc. M. Inst. C.E., M. 1. Mech. E., M.1.E.E. 





Revised, Enlarged, ard brought up to Date from 
“ ENGINERRING.” 





Offices of ‘‘ Enornzerine,” 85 and 36, Bedford Street, 
Strand, London, W.C. 








WANTED, &c. 


Agents Required, in Districts 


unrepresented, for O.ivottne and Moror Car 
Omus and aus. OLivotine (30 years in use) is a 
perfect Lubricating Oil, durable and non-gumming. 
DUNCAN, WAT N & OO. , Oil Refiners, oe 
House, New Broad Street, London, E.c, 





Responsible Representatives 
WANTED, by London firm, to any a 
machinery and specialities to engineers, wor! ke, &., 
on commission only.—Only those with the proper 
connection should apply, by letter, H. 8., care of 
Srreets, 30, Cornhill, London, E.0. B43 


entleman Holdin ng Agency 
for forgings, and calling regularly on shipbuilders 
and engineers in Tyne and Wear districts, is OPEN to 
TAKE UP other AGENOIES to work in ‘conju 
with above. —Address, B 873, Offices of Enomnuunine. 


went | WV7 anted, Occasional Articles 
i Subjecte f practical 

for a technical Journals Adarena, PRAOTIOAL, poo 

of Dorman & Co., Advertising Agente, 55, Ohancery 

Lane, London, W.O. B 921 











annum, with a guaranteed minimum dividend o' 1 per 
cent. per anoum. Gentleman with a good connection 








in the engineering trade preferred. Strictest investi- PUBLICATIONS. 
BARROW & SMITH” ‘Solicitors, Brazennose t|B 
- | Manchester. B 930 oks (100, 000) Wanted and 
ell-known Electrical and ine, Bee een te ee ee 


Great Bookshops, John Bright St., Birmingham. 7498 





Mechanical Bagloess, epecialisi 
and other engineering plant aud materials, 
ACTIVE PARTNER, with capital, or would join his 
extensive connection on t> well-established firm.— 


in pasties 
UIRES 


(jeanings from Patent Laws 





es or solicitors only address, B 934, Offices _e w. em we Fever on C8 
ENGINEERING. 4 .B.G.8., Assoc, .E., 
“Flow of the Chartered Instivate of Patent ta. 
gener. with long €X-| ,.dtsinsintermation ss to the Futons Laws, Practise 
perience in constructional steel work, and pulation, , Bveastion, On., of Beare ay | tee 

ves a great deal of information 


owning modern well-equipped premises, with railwa vith “ 
siding, DESIRES to meet with practical PARTNER wit to be useful tof ventors and owners of patente in a 

capital.— Apply, in strict confidence, RAWLIN small com — The Times. 
L, Incorporated Accountants, Bradford. Lompon | WISE HOWORTH, 46, Lincoln's Inn 
B 932 Fields, W.0. 0749 





PATENT AGENTS. NOW READY.—Vou. I. 








with consulting engineers or tractors 

German, French; accustomed to teaching pena 4 
electricity, mathematics. Salary 30a. References.— 
Address, B 922, Offices of ENGINEERING. B 922 


Y oung German Engineer 
(22), academically educated, with first-class 
pr song also with reference to workshop and 


office practi: 
WANTS SITUATION 
in eens on a so 1906, or later. 








Please address, T. 
Gabel tissenies Guth. 
Milheim (Ruhr), Germany. B 866 
ituation Wanted as 


Sahecec teal avin cs present at the Pol nical 
. tec! 
Institute » Pricdbeg. H Ad Sone’ wishes to 


enter an | works where he could 
ho cajeneniog 
address, B 907 
POLYTECHNICAL ayn 
Friedberg in Hessen, Germany. 





BRITISH ENGINEERING STANDARDS 


CODED LISTS 
Issued by authority of the Engineering Standards 
Commit 


5 geanar in all Countries, 
Drsians = Traps Marks. 
P. ALEXANDER & SON, 306, High Howsorn, 
Bd W.O. (formerly of 19. 








Southam| Bidngs., . 
W.0.), CHARTERED PATENT AGENTS. FLANGES, SCREW THREADS. PIPE THREADS 
(ESTABLISHED 1874). PORTLAND CEMENT. 
—— and general advice gratis. Demy 4to, 486 pages), Price £1 58. net. Published by 
‘elegrams : ‘‘ Epa, London.” Od 585} ROBERT ATKINSON, (LouDom) Limited, 
- = , Essex Street, Strand, ‘ 7482 
oe Patents for Inventions. A 
Handbook on Patent Law and Practice. 7165 


THE 
Fem irs, from ORUIKSHANE & Fatuwearmes, |“ PRACTICAL ENCINEER,” 
Lompon, W.C. ; and St. Vorcent Srauer, Giascow. 24. Wee! 





* One Year's Subscription 108, post free, 
Patents, Designs and Trade | Gnctuting tre copy ot Pocket Book and Diary, Gilt 


MARES, in all countries at moderate charges edges, elastic band, containing 599 pp. of all up-to- 
eee 


A chart of 187 sd Be enn! information, Standard Tables, &.) 
Booklet of useful information, con list - Fi fees per which ublishes Classified weekly list 
of New Patent A 


Ss of ar A Appifetions for on = a reg! of —. 
Patent Agents pecifications ; those relating to Engineering 
Southampece Daltdionnt Guanes Lane, 23, pine illustrated. Send Sor sample copy post free. 

W.O. 7438 AppREss ; 359, Srranp, Lonpow, W.C. B&8s3 








he Proprietors of an Oil 
Separator DESIRE to MEET with a FIRM of 
engineers to acquire the patents, “ to take up the 
manufacture on royalty.—Address, B 911, Ofioee of 
ENGINEERING. B 911 


(basing Machines for Fountain 
PEN MFRS. — Builders are asked to SEND 
SKETCHES, with lowest prices, to O 4282, care of 
HAASENSTEIN & VooLER A.-G., Nuremberg Grey) 








or Early Information of 
bp SHAFTS shortly to be erected, Adver- 
y liberal commission. Strictly private and 

pao 8 me —Address, 7322, Offices of ENGINSERING. 


W anted, on Hire, a Powerful 
PORTABLE ENGINE, with ba gy | Drum 

and Friction Brake.— Particulars to H. E. F., >= 

Salisbury House, London, E.O. B 











AUCTION SALES. 


Wheatley 1 Kirk, Price & Co. 


fae 1850 
MECHANICAL AND ELEOCTRIOAL VALUERS, 
AUCTIONEERS AND ARBITRATORS. 
Special Rates for Periodical Valuations. Annual Valua- 
ions and Reports of Electrica: Undertakings, Tram- 





and Albert Cham xt Square, 
Telephones : Telegrams : 
5077, Bank, London “In ndices,” London. 
8218, Central, Manchester. “ Indicator,” Manchester. 





Auction Sales continued on page 94. 


For Continuation of Small 
Advertisements see Pages 94 








and 95. 
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| | J. B. TREASURE 


and OO., 
Excelsior Fire-Polished 


GAUGE 
GLASSES, 


As Supplied to H.M, Navy. 
LUBRICATORS, INDIA-RUBBER 
WASHERS. = «xso 
8 & 12, Vauxhall Road, 
LIVERPOOL. 


WLS METAL & MELLOID CO. 


anp Worns! 
YORER, nes i) at "GLASGOW. 


BULL'S METAL] co eller, ar, Shee 
Valve §: ag root 
Boiler 


MELLO ID B eg, Trad 








wit Eaiaa Fce-bom or nabbitte. Plastic, &. 





ISAAG STOREY & SONS, Ld. 


Engineers, Iron and Brass Founders, 
Coppersmiths, 
EMPRESS FOUNDRY, CORNBROOK, 
MANCHESTER. 
See Large Advertisement next week. 6335 









EXTRUDED BARS; 


of any Plain or Special Section, in Brass, Yellow Metal, Manganese Bronze, Delta Alloys, , 
DELTA METAL CASTINCS, FORCINCS, STAMPINCS, SHEET, WIRE, TUBES, &c. 


THE DELTA METAL Co. LP} And at 7564 


Offices and Works: EAST GREENWIOH, LONDON, 8.E. SAAR. 


MUSGRAVE BROS., 


Crown Point Foundry, LEEDS, 


Makers of all Descriptions of 


_4aYDRAULIC apschtoeagl sia 














¥ 4 New 








THE UNITED ASBESTOS PATENT “ECLIPSE” PACKING. 


See page 45 last week’s issue; also Page Advertisement next week. 8055 


STANDAHD 














THOMAS SHANKS & CO. 


JOHNSTONE, near GLASGOW, 


SCREWING AND TURNING MACHINES, 
BARROW’S RECENT PATENTS 
And other GREAT IMPROVEMENTS to Date. 
EIGHT SIZES— 

i} in., 2 in., 2} in., 8 in., 3) in., 4} in, 5} in., & 6} in. 
BOLT SCREWERS ONLY, 1in., 1} in., 2} in., & 8} in. 
FOR OTHER auonensian a oaldseerharacmtiel ave 








CONDENSERS 








LEDWARD & BECKETT, L?- 
SANCTUARY HOUSE, 7068 
Tothill Street, WESTMINSTER, 8.W. 


We Stock all sizes up to 1} in. in STEEL BALLS, and can deliver 
any quantity up to 4 in. at 20 days’ notice. 


) EVERY BALL GUARANTEED EXACT TO GAUGE, UNBREAKABLE AND 
PERFECT SPHERES. LET US QUOTE YOU. 


GEO. MAIN & CoO., 


8, Albert Place, LOUGHBORO’. 7475 


STEEL BALLS ano STEEL BALL BEARINGS. 


















Shafting and 
Automatic Lathes. 

















E. _ READER & SONS, Xe 


Phoenix Works, NO TTIMQHA M. 


LONDON OFFICE: 5, NEW LONDON STREET, E.C. 


HORIZONTAL 


AND 


VERTICAL 
HIGH 
SPEED 

ENGINES. 


7272 























» | DOUGLAS FRASER & SONS, 


Refrigerating Machinery 


Hall’s Patent (CO.) system. 7010 
Y ADOPTED ON ACCOUNT OF ITS 


“SAFETY, ECONOMY AND EFFIGIENGY.” 
J. & E. HALL, Ltd., 2s, KENT. 
THOS. RYDER & SON, 


TURNER BRIDGE WORKS, 
Tonce, BOLTON. 


HIGH-SPEED LATHES, 


HBHAVY CUTS. 6917 
SEE ADVERTISEMENT ALTERNATE WEEKS. 


w. c. Bagnall, 1a. 


STAFFORD, 


Locomotives 


OF ALL DESORIPTIONS. 











MAKERS OF 


Departure in Small Locomotives. First-clase 
“Engines at | rices, Deeb resulte with 
cool, eoek elite fuel. 

Portable Railwa: Switches, Tu 
te bay Vee a 


aman GAUGE PERMANENT WAYS. 
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TAP EIS. 
OATALOQUE ON APPLICATION. 
LUFKIN RULE Co., 


48, LIME STREET, LONDON, E.C, 6664 
Factory: Sacmnaw, Mion., U.S.A. 


Nsw York Orricz: 280, Broapway. 





kPATIMNT 


Kyaporative Condenser, 


Highest efficiency under all circumstances. 

No spray,no incrustation of tubes, and no air leakage. 

The condensed steam from the air pump can be used 
as circulating water. No special attention necessary. 

Capacity of Condenser illustrated, 10,000 Ib. of steam 
per hour; floor space, 16 ft. 6 in. by 6 ft. Gin. ; power 
absorbed by four fans and centrifugal pump, 3 BHP. 





ARBROATH. 6046 
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P., & Son 
rt days & Onions ‘Pueuinatic 
Baginosing Co. . 
Allen, Edgar, & | Ltd. 
Allen. W. H.. Son & Co., 14, 
American Locomotive Co. 
Anderton & Sons . 
Andrew, J. E. H., ‘& Co. LA. 
Andrews, Thomas, & Co. .. 


Ashmore, Benson, Pease ar 
Asht on, Thomw A., Ltd. 
Atlas Metal & Alloys Uo., wm 
Aveling & Porter, aged 
Avenside En me Co. . 

1, 


g- Co. 
Baker’ 's Patent ‘Appliances ‘0.87 
Baldwin Locomotive Works &: 


-_ taide Foundry “ Eng. 
pet 


d. 
Beitish ‘Aluminium Co., Ld. 30 
British El ic Plant Co., La. 73 
British Insulated & Helsby 
Cables, Ltd. 
BritishThomson- HoustonCo., 


"9 
British We 


renefesingGes id 
and Manu: roma dat La. - 
Brother 


‘hood, P. 
Browett, Lindley &' Oo. (1899) bo 
Brown, Bayley’sSteel Works 64 
Brown, D., & Sons, Ltd. Y 
Brown ss — 
Co. 88 


FLEMING'S 


Sole Makers of eS ne aye ne BELTING. 
WOOD-6PLIT PULLEYS. 


LEMMING, BIRKS S & 7 CODALE, X.tpd., BELTING, &c.. MANUFACTURERS, HALIFAx®x, aw G. 
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Brown, John, & > Ltd... 78 
Brown, WB. , & Co, (Bank: 


hall 

Brush Electrical Eng. Go., 14. BA 
Buckton, Sy 57" ey ia. W 
Ballivant & Co., Ltd... 90 
Bull's Metal & Melloid ©o., la. 4 
Bumsted & Chandler... .. 17 
Butler, J.,&Co... +. +.» 75 
Buttera Bros, & Co. 


Caird & Rayner 
Caledon ian Engineering and 
shipbntlaing Cb. se o 3 
Campbell ba Calderwood .. : 
Canning, wv. & ee 


Carr, James W.,& Co. 

Carron Com m pany 4 
Carruthers, J. H., “&Co., Ltd. 6 
Carver, C. F., Li 2 
Chadburn' 's (Ship) Tele. Co., 


Chaplin, ‘Alex., ° 
08. 


18 
Cochran & 00. Annan, lala 72 
Cochrane, John .. 23 
Coles, Henry J. 
Colville, D.. & Bons, Ltd. ; 
Consolida’ dated Eng. Co., L td. 
Consolidated Pneumatic Tool 

67 


Conv yor & Elevator Go. 

ook, ,& Hammond.. 
Cowans, Sielion & Co., Ltd. 8% 
Cowens, J., & © 8 
Cowlishaw, Walker & Go... 
Cradley Boiler Co. .. 


16 


Cony Steam Gage & V alve 


Crosi er, Stephens & Oo. .. 
Cruikshank & Fairweather 
Curtis's & oem Ltd. 
Daniels, T. H. & J., Ltd 
Darl 


Douglas & Gran’ : 
Douglas, Wim., . Sons, Lid. 
Dowson c Gas and 
Power Co., Lid. oe 
Drysdale& Co. .. .. -> 
Dudbridge Iron Works, L4. 
Duncan, Watson & Oo. . 
East Ferry Rd. Engineering 
Works 


Edwards Air Pump ayn 


Electrical Go., Ltd. :. 
Electrical Power Storage Oo. 
Elliott, Geo,, & Co., Lid. .. 
Elmore’s Metall AG. be 
Empire Roller Bearings Co. 
Byre Smelting Co., Ltd. . 
Fairbanks Co. ee 
Fairbanks, Morse, 2 Go... 
Fairley, James, & Sons 

m Bros. 
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Pife Forge Co. 
Fleming, vs & Goodall, 


Forrestt & Co., 
Fowler, poem & Co., ita.” 
France & Morgan. . 
Fraser & Chalmers, Lia. «. 
Fraser, Douglas, & Sons .. 
Fuller, Horsey, Sons & Cassell 
Fullerton, Hodgart & <steggged i 
Galloways Ltd. . 71 
Gandy Belt Mfg. Go., ‘laa. 
Gardner, L., & Sons, ‘Ltd... 
Gibbins, R. C., & Co... .. 
Gibbons Bros., Ltd. 
Gilmour, W. & 0. ° 
Gimson & Co., Ltd. .. 
Glasgow Electric Crane and 
Hoist Co., 
Glasgow Iron & Steel Go. : 
Glasgow Railway Eng. Go. 
Ltd. 
Glover, Thos., “& Oo., Lea. 
Sons . . 


& be v Mi 
Grantham Boiler & Crank 
Co., Li 1«é 
Greaves, Bull & Lakin, Ltd. 





Grevener, J. & H. oe 
| Griffin Engineering Co. 





6 
| Kérting Bros., Lad. .. «. 


SPECIAL  NOTICE.—A Classified Directory of Current Advertisements in ENGINEERING, 
same, is published in compact book form for handy reference, and may be obtained gratis from the Publisher. 
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Guest, Keen & Nettlefolds, ia 7 
bert-Martin . 
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Gunther, W., & Sons 
Hadfield'sSteel Foundry Go. 
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Halden, J., & Co. ee 
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Hall, J. & B., Ltd. 
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Hardy Patent Pick Co., la. 
Harris & Mills 
Hartnell, Wilson &Co., Li. 
Harvey Engineering Co., 1d. 2 
Harvey, G. A.. & Co. . . 
Haslam Foundry & Eng. Co. 
Hawthorn, R. & W., £5. 
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Isles, Limited 
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Jenkins ° 
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Kincaid, J. G., & Co. - 28 
Kirk, W., Price & Oo. 3&4 
Co. .. «- 
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Ktiuger, R.,&0o, .. 
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Mitchell, D., & Co., Ltd. .. 
Morris-Hawkins Electrical 
Moser, West & Bateman, Ld. 
Motherwell Iron and Steel 
td. . @ 
1416 
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Kramos Ltd. ee us co, OO 
Lacy-Hulbert & Co., Ltd. . 

See Eleetric Power 
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Lancaster & Tonge, Lid. oe 
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tific Instrument Co., 
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Nell, Frederic 
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Scott, Walter, Ltd. - © 
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Shannon Ltd. 
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Smedley Bros., Lid. - oe 
Smith, A., & Stevens .. 


Lidger wood _ _ 0. 

Lindsay, R. B., 

Liverpool iinet and 
Condenser 


Turner, BR. & F., Ltd. - 
Turton, T., & Sona, Ltd. 
Underfeed ‘Stoker Oo., Lea. 


U.K. Self-Adjustia "Antl- 
Friction “Metallic Packing 
y goes Ltd. 
0.8. = etallic Packing Oo., 
Al . 
Vacaum brake Co., Ltd. . 
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ty & Tall, Lad. 
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Parker Foundry Go. .. 

Parsons, ©. A., & Co... 

Paul, Matthew, & Co., Lea 

Paul, Miss .. 

Peckett & Sors 

Peebles, Bruce, & Go., iad. 

Penman & Co. 

Peterborough, C ity of 

Pfeil & Co. 

Pickering, R. ¥.. &Co., “ta. 

Piggott, Thomas, & Co,, La. 

Platt, 8., Ltd. ee es 
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Poole Engineering and 
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Wiggins, F..&Sons .. .«. 
Willans & Robinson, Ltd. 
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Mechan & Sons, Ltd. .. ve 
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01 oe 
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Ltd. 
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Richards, Geo. & Co., Ltd. 
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Stewart, D., 
Stewarts & 
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Rly. "Carrings & Wagon Go. 


Rimington Bros. . 
Robey & Co., Ltd. 
Robinson, Thos., &60n, ia. 
Rodger, A., & Co. 
Midland Railway ne Rose, Dow 

and Wagon Co., Ltd. §.. 9% Ltd, 
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Wright, J. & E., Ltd. ee 
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Ross& Duncan ., 2... 5 
Ross, R. G., & Son 2 


with a List ot 


Miller, Hy., & Co., 


Ltd. Youngs .,. 
| Mirfield Engineering Co., La. 
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INCORPORATING FIRMS ESTABLISHED 100 YEARS. 


STANDARD OAK TANNED 


te. fe. wite to trancait 1608 Ind. HP, 
RS OoTT, 
LEATHER LINK BELTING. 


SUPERIOR 


SEW 

HAIR BELTING. 

The strongest and only satisfacto: 
Large Stock 


DAVIES & METCALFE’S PATENT 


Exhaust Steam Injectors 


For STATIONARY BOILERS working up to the HIGHEST PRESSURES. 
HEATS FEED-WATER TO 280° F. 


Perfectly Automatic in Re-starting, and their action is reliable under 
all conditions. 


eaters ON RECEIPT OF OF PARTICULARS OF ENCINES & BOILERS. 


~~ = ee 


Also Makers of the 


First and Beat AUTOMATIC RE-STARTING INJECTORS. GIFFARD, ATLA8, 
SCHAU and all classes of Loco. and other Injectors, as originally 
made by our predecessors, Messrs, SHARP, STEWART & CO., Ld. 


DAVIES « METCALFE, Lo., Enaineers, 
Proprietors of The Patent Exhaust Steam Injector Company, Ld, 


4, ST, ANN’S SQUARE, MANCHESTER, and 
Injector Works, ROMILHY, near MANCHESTER. 
Telephone ; 219, Stockport. 6388 


BELTING. 


acid proof Belt in the Worl 
‘Ail Kings x Ke 


Telegrams : ‘‘ Loco, Worxs, Romuusy.” 


N COTTON DUCK BELTING. 


held. MYDRAULIO CEA’ LEATHERS. 6758 





Ross & DUNCAN, 


MARINE ENGINEERS AND BOILERMAKERS, 


WHITHhFINLD WORES, GOVAN, GLASGOW. 


ADMIRALTY. CONTRACTORS, 


6618 


TeLecRaMs: ‘* WurrerieLp, GLascow.” 











F.REDDAWAY & C° Lk? 


SPECIAL GOODS 


FOR 


MINING PURPOSES 














_HYDRAULIC HOSE 


SUCTION 


Mi —PENDLETON. MANCHESTER. 


arent @ PHIN 


HOS 


ror PRESSURES 


— 


ee 


Casie ADDRESS ‘ANCHORAGE MANCHESTER 
TELEPHONE N2& 522 


ND 1A RUBBER 
MANUFACTURERS — 











€ 
ROGK DRILLHOSE 
CTER GRIP’ ARMOURED HOSE 


upto 10,000 Ibs per SQEFIN.. 


DELIVERY HOSE. “ATALOG UES 
or 


APPI CATION 
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CONVEYOR: ELEVATE 


: iv. J. ah e| ‘BULL BRIDGE WORKS, F 
SC alapapigl Accrington, Lancashire. 
CONTRACTORS TO H.M. GOVERNMENT. 


SPIRAL CONVEYORS. | STOKEHOLD CHAIN ELEVATORS. 


GOAL CONVEYORS. CONVEYORS. | pry 
@RAIN CONVEYORS. | RAIN ELEVATORS, T ELEVATORS. 
TRAY CONVEYORS. | COAL ELEVATORS, | BALE ELEVATORS 











a 




























Telegrams: National 
** Conveyor, Telephone : 
Accrington.” No. 0279. 
Enormous quantities sold of ; We ag ag ae + 
© SPRINGWASHERS } ) Be CLIPS © compantss : 
! Ze y 1 yy 
Manufactured by fa! DY LS bin y Sole Agents : J. & H. GREVENER, 
EDUARD VOSSLOH, Werdohl, Westphalia. ; <7, Woses sastasss seegatags MME TEE POmALeee TOES. 
NEAR 





Co: CLAW CROSS GO jw, cuesterrieco. 


* JACKSON,” OLAY OROSS. — MAKERS OF — TreLErHone: No. 147. 


unos wer FUEL ECONOMISER 


For Heating the Feed-water of Steam Boilers by utilising the waste heat. Saves from 20 to 25 per cent. of Fuel. 
PRICES AND PARTICULARS ON APPLICATION. 





7388 











" VICTOR? # High-Lift Turbine PUMP. 


HIGHEST EFFICIENCY ON RECORD. = 
Correspondence Soiicited. HYDRAULIC, AND ALL TYPES oF DUPLEX ano TRIPLEX PUMPS, 7488 





“TURBINATUS,” 


_FREDERIC NELL, 46, Queen Victoria Street, LONDON. “2% 














Thames Street, GREENWICH, 





SHALLOW-DRAUGHT STREAMERS, GUNBOATS, 
TUGS, LIGHTERS, LAUNCHES, 


SENT TO ALL PARTS OF THE WORLD. 








FOUR OF THE NEW L.C.C. STEAMERS UNDER CONSTRUCTION. 


Length, 130 x 18 x 7 Speed, 13.6 miles per hour, 7108 Telephone: 50, Deptford. § Telegrams: ‘‘ Probitate, London.” 





CG. RENNIE «x. 


ENGINEERS & SHIPBUILDERS. 





| 
' 
| 

















| 
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DREDGE PLANT 


GRAND PRIX, PARIS, 1900, and ST. LOUIS, 1904. 
CONSTRUCTORS OF 


BOW AND STERN WELL, BUCKET HOPPER DREDCERS, 
BUCKET LADDER BARCE LOADING DREDCERS. 


GOLD DREDGERS. s20s 


HOPPER & PONTOON, SUCTION & DISCHARGING, PUMP DREDGERS. 
Sand Pump Hopper Dredger N AUTILUS, Built for the Nata! Government Buckets, Links, Pins and Gearing supplied for existing Dredgers. 


popper Capacity. 2500 Tons Dredging Depth. 40 feet 
Ha? Raised 2500 Tons of Sand in Nineteen Minutes Ww. SIMONS & C0. Ld., RENFREW, Scot. 


Steams bee nets. LONDON OFFICE: 83, Victoria Street, S.W. 








HUGH SMITH & Cl i. 


Possil Engine Works, GLASGOW. 


Telegraphic Address —‘‘ POSSIL, GLASGOW.” Telephone No. 3666. 
Ow ADMIRALTSE List. 


MACHINE TOOLS 


For Shipbuilders 
and Boiler Makers. 





















Hydraulic Boiler Riveters. 

Hydraulic Boiler Flangers. 

Patent Hydraulie Boiler Shell 
Plate Benders. 

Plate Flattening Rollers. 

Shipyard Bending Rolls. 

Patent Hydraulie Cold Plate 
Flanging Machines. 

Patent Hydraulic Channel Bar 
Shearing Machines. 

Hydraulic Manhole Punching 
Machines, &c. 6369 














HAN! NA, DONALD WILSON 
a Gov!  Pesaanas TORS “ 4 AISLEY 


ENCINEERS ~ / ., r(-\N 

















™“SCHWADE’S” PUMPS, 


FOR ALL PURPOSES. QUIET RUNNING 
VERY LITTL 
JOINTLESS AUTOMATON DUPLEX PUMPS. le 
HICH-LIFT TURBINE PUMPS. HICHEST 
Tae most Efficient Water Pump. Suitable for | EFFICIENCY 
| Direct-coupled Motor or Belt Drive. ;, CUARANTEED. 





—— 7386 


J. MAR x= & CoO... " 138-9, vaiabany Pavement London, Cc. 


“CROMIL PNBUMAMIC WHITEWASHING i PAINTING MACHINES 


























GREATEST VARIETY OF PATTERNS. The New, 
(SEND FOR CATALOGUE W.P.M.) Method” 
No Trestles} 
Name of Machine. Page in Catalogue. £ _— = a * Ladders 
No. 10 “RAPID” oe 11 , a ae 
No.3 ‘* RAPID” sve 14 7 10 O 
No.6 ‘*RAPID” sl 14 9 9 0 
No.7 “HARDIE”... 17 i pa 
No.8 (On Wheels, see cut) 6 6-0 rae 


No Splashing 
-Sqves 80% 


vrei] CROSIER, STEPHENS &CO. b iledsede 


3 a NEWCASTLE-ON-TYNE. 4 COPYRIGHT. 7240 
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TANGYES LL” senvanan 


7796 
































Suction Gas Plants 


No. 203 B. 





THOMAS SHANKS & CO, 


JOHNSTONE, near GLASGOW. QUADRUPLE-CEARED SELF-CONTAINED 

















Sem 


a2 


* 


~ 


b 





TO SWING, 


DIA. WIDTH, 


8} ft. 
7h ft. 


GO} ft. 
5} ft. 


4} ft, 


4 ft, 
34 ft, 


WIDTIL BETWEEN 











SURFACING LATHE. Class B'. 


WITH LOOSE HEADSTOCK FOR SLIDING. 

















PYVHE above illustrations show how we have gradually developed this type of Lathe into a most complete and comprehensive tool, of 
which the loose headstock forms a most valuable addition. After providing for dealing with large diameters of ebnsiderable 
width, in the self-contained slide bed this latter can be extended to allow work to be placed between centres that will clear the 

cross bed, and be slided by the two compound swivel rests acting as they do in a duplex lathe. It will be seen further that on either 

side of this cross bed there is space to swing larger diameters, as for instance a built-up crank, the bearing of which can be finished 
rfectly true, the great width of the slide bed, and of the headstocks preventing that pendulum swing which is the cause of oval 
rings. A further oo advantage of this loose headstock is that when the crane has placed the work in the lathe, and it is roughly 
set by the jaws, the loose headstock can press the work against the faceplate, and the crane may be releasedy and the work finally 
adjusted for operating upon, and vice versd when it is finished. These conditions should, in our opinion, influence the choice of this 
lathe for dealing with large diameters over other types (see also our new slide Gap Lathe) while for cylinders and work of moderate 
diameter it is superior, We may point out in this connection that as the cross bed with its rests is self-acted longitudinally by two 
screws placed wide apart, it is impossible for it todo untrue work. We advise, in the larger lathes, that the spindle should be bored 
with a hole through it, through which a steadying bar could pass. We do not propose going into the various details in this sheet, as 
those would be given when an estimate is desired, but the table gives leading dimensions of seven sizes, for which we have at present 
tterns. The illustrations clearly show the above principles, although they do not give the latest improved details. The distance 
tween the centres can be considerably increased, and a larger headstock could be used, but we should prefer that no 1 alterations 
were made, 715 
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La Oe Cem n 


IMPORTANT 
NOTICE. 





—— 









TO MANUFACTURERS 
ERECTING NEW WORKS. 


For Excellent Sites near Manchester in low-rated : 







districts, with good facilities and Wholesale Power at 









Wholesale Rates, apply— 












The LANCASHIRE ELECTRIC 
POWER COMPANY, 
196, Deansgate, MANCHESTER. 









Telegrams :—‘‘ PHASE, MANCHESTER.” 
Telephone No. 5990. 


7533 


BUYING 1s IMPORTANT. 
PLAGE ORDER 


AFTER 
YOU 


CALL UP 


do 


CENTRAL. 


4 LINES 
IMMEDIATE AND IMPROVED 


SERVICE. 


















4 DIRECT 


LINES TO WORKS. 





MOTORS 
FLAME LAMPS 


GENERATORS 
INSTRUMENTS 


VULCANISED 
WIRES 


TELEGRAPH STORES 


PAPER CABLES 
ARC - 


l 
Nectt aeieanas 











Johnson & Phillips, Ltd,, 


OLDCHARLTON, KENT. 

















To UsERS OF MoTORS. 
PROTECT YOUR MOTORS BY USING.N.C.S. MOTOR GAUCES. 














From From 
List. List. 


SEE ovR ADVERTISEMENT THIS DAY FORTNIGHT. 











NALDER BROS. & THOMPSON, LTD., 


34, Queen Street, LONDON, 
“Occlude, London.” a 124 and 161, Bank, 


Telegrams : 


Cut 

















GEARS OF EVERY DESCRIPTION, 


WORM and BEVEL GEARS a Speciality. 
RAWHIDE PINIONS. |§ REDUCTION GEAR CASES. 


= SHORTEST DELIVERY.- - - - 


- = HIGHEST WORKMANSHIP. 
Telegrams: ‘“‘ GEARING.” Telephone : No, 80, 


DELIVERY COMPLETE or CUTTING ONLY. 


eROWN, 
Ny 
Huoocrsrieco o 
Ww 


GEAR-WORKS 









Gears. - 











WYNN, TIMMINS & CO. Ltd. 


Century Works, Commercial Street, BIRMINGHAM. 


MANUFACTURERS OF EVERY DESCRIPTION OF TOOLS FOR ALL TRADES, 


Established 1'787. 





WROUGHT STEEL SINGLE ann DOUBLE ENDED SPANNERS, 
All Sizes in Stock, 























; CLYBURN:IZSPANNER No.C020. ' 7478 
Complete Catalogue, containing about 1000 Ilustrations, sent free on application, 
** BOREAS ” 
PORTABLE 


AIR 
COMPRESSORS 


for Shipyards, 
Docks, Out-door Erecting, &c. 








Made in several sizes, worked by 
Perro, STEAM or ELEcrrRIciry. 








Complete Pneumatic 


Installations. 7632 








AIR COMPRESSORS OF ALL KINDS. 


LACY-HULBERT ®& CO., Ltd., 








Vacuum Pumps. 91, Victoria 8treet, LONDON, 8.W. 
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CASINGS» ARIS SHELLS 


ehinver | wae :% 
JRC ms, By 0 
ae kM: MINS, <« ee 


Stusias 


— Be a Oo ye ee 


ASHMORE BENSON NREASE ce | 


TELEGRAMS) ‘Oxsnoisex? 4 











Adolf Bleichert & Co., 












i 
7 
| 
| 





76, Cheapside, 


— E.C. 






























































BUCKTON 


HIGH SPEED HEAVY RADIAL 


DRILLS 


JOSHUA BUCKTON & CO LTD LEEDS ENGLAND 
7169 














/'| The oldest and largest , 
establishment for the + 
construction of 
Wire i 
Ropeways, 
{ 
Telpher 
Chain Lines, 
Haulage e Cranes e 
for Mines, 
Monorail- (i: 
Conveyors, 
P + 
Gantries 
Shipbuilding, |... = Tee aes 
and all appliances for the rapid: and 
economic moving of material. 7148 
THE VAUXHALL and 
West Hydraulic 
@ ° Ny 
Engineering Co., Li: + 
oe -- 
23, COLLECE HILL, LONDON, E.C. 
CONTRACTORS TO THE MANUFACTURERS OF— 
GOVERNMENTS OF— PUMPS 
GREAT BRITAIN Ye de 
INDIA PRESSES 
GERMANY tee 
FRANCE ACCUMULATORS 
RUSSIA INTENSIFIERS fs 
ITALY seme 
SPAIN HIGH GRADE 
BELGIUM HYDRAULIC PLANT } 
SWITZERLAND for Arsenals, 
HOLLAND Explosives and 
JAPAN Ordnance Factories, 
CHILI Railway Shops, 


CROWN AGENTS for 


the COLONIES, 
&c. 


Engineering Works, 
Electrical Manu- 
facturing Works. 


7313 
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STAHLWERK QEKING AKT. GES., 


DUSSELDORF. 
Martin 
Steel Castings —™% 





ROUCH AND FINISHED. 


Shafts, Couplings, Foundation Plates, Frames, Rollers, Cog Wheels, Tups and Anvils, &., 


For Engineering Works, Shipbuilders, Bridge Bullding and ELECTRICITY WORKS. 


Gear Wheels, Oastings tor Dredgers and Ships, Oastings for Pumpe, Boiler Mountings, Dynamos 
and Motore, Hydraulic Presses, Bridge Supporte, Brick Moulds, Wheels and Axles, &o. 7149 


Representatives: TOLCH & CO., Fulham, LONDON, S.W. 





of all kinds, — 























er cmen a — 





HIGHEST aaaehil WIRE | ROPES 





J. & E. WRIGHT, Limited, 


UNIVERSE WORKS, BIRMINGHAM. 








KINGHORN’S 
PATENT METALLIC VALVES 
& * 


ARE UNEQUALLED r,s ee 


WHEN MANUFACTURED BY, AND STAMPED WITH THE NAME OF :— 


THE METALLIC VALVE GO., siizstu * 














J. E. SPAGNOLETTI «6° 






MANUFACTURERS 
OF 


AMMETERS, 
VOLTMETERS, 
CIRCUIT BREAKERS, 


SWITCHBOARDS, 
&c. 





CONTRACTORS 
FOR 


INSTALLATION WORK 
OF EVERY DESCRIPTION 
FOR POWER AND 
LIGHTING. 








Circuit BREAKER. 


GOLDHAWK WORKS, 
LONDON, W._ - 




















AND" HANDYSIDE &G™ L: 


Britannia Works, | 


DERBY. 


Managing Director, | 104, Queen Victoria St., 


A. BUCHANAN, M.I.C.E. LONDON. 











MAUS y/ APA JN : 








ROAD BRIDGE, CARDIFF. 7341 
Swing Span, 186 ft. long, 40 ft. wide. Swinging Weight, 500 Tons approx. 









GALVANIZED 
y A 


Hot warer 
CYLINDRICAL 


"TANK 


: CISTERN | 





he, FITZROY WORKS 
g sa, DUET 364 Euston R2 


JONDON, 


PA 


FRED! prasyice'™§ | 


7316 
WROUGHT-IRON PLATE WORK OF ALMOST EVERY DESCRIPTION, 


GALVANIZED OR UNGALVANIZED, UNDERTAKEN. 
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“THE IDEAL VALVE 


STEAM TURBINES. 
HOPKINSON’S 


PATENT 


CENTRE 
PRESSURE 
STOP 
VALVE. 


With SHELTERED VALVE and SEAT 
OF ‘‘PLATNAM” METAL for Super- 
heated Steam. 

Can be worked partly Open without 

. Cutting Seats. 


LARGE STOCKS KEPT ror QUICK — 
Write for Lists. 


J. HOPKINSON & CO., Ltd., HUDDERSFIELD. 


LARGEST STOCK IN LONDON. 























a 


it IT 
ow Worm Pulley Blocks, aq 
ees Overhead Runners, eq 
eo Overhead Cranes, -=q 
ea- Hoisting Crabs, -——q 
ews Hydraulic Jacks, -—g 





a. @. 





2; are of Guaranteed First-class 
| Manufacture, therefore Best. 





ILLUSTRATED CATALOGUE 
on application to— 


VEITHARDT & HALL, Ltd., 


41, Eastcheap, LONDON, f cc ™ 








“In all things, but proverbially so in mechanics, the 
main excellence is simplicity.” 


vf J 
GOTHIC GAS wo 
OIL. ENGINES 


(MELHUISH’S PATENTS). 





IMPULSE EVERY REVOLUTION. 


THE IDLE STROKE ELIMINATED. 
ABSOLUTELY THE SIMPLEST MADE. 
NOTHING TO GET OUT OF ORDER. 





For full Particulars and Prices apply to the SOLE MAKERS :— 


THOMAS GLOVER & CO., Lo, 


49, Queen Victoria St., LONDON, E.C. 


BRONZE MEDAL awarded Printing Exhibition, 1904. 7191 
SILVER MEDAL awarded Royal Lancashire Agricultural Society, 1904. 


CHARLES CHURCHILL & C0., Ld. 


ENGINEERS, &c., 





Sole Agents vl 


THE BRADFORD” LATHE. 





Made in 10 Sizes :— 
7, 8, 9, 103, 124, 14, 15, 16, 18, and 21 in. centres. 
VARIOUS LENGTH BEDS. 


HEAVY, POWERFUL and RIGID. 


SEND FOR PRICES AND PARTICULARS. 


We undertake SPECIAL and INTRICATE WORK 
at our NEW and LARGE ENGINEERING WORKS at 
MANCHESTER. 


BIRMINGHAM : 2 to 10, Albert St. 


GLASGOW: 9-11, Wellington St. 
6877 











LONDON: 9 to 15, Leonard St., E.C. 
MANCHESTER: 2, Charlotte St., Mosley St. 
NEWCASTLE-ON-TYNE: Albion Buildings, St. James’ St. 














a name 


ap en mm re ene agen —— 
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Telegrams: PuLeys, GLoucester. Telephone : 85. Manufacturers of ‘ 
PATENT FURNACES for STEAM BOILERS. CROS BY INDICATORS. 
Wess, PEET & Co. j Suitable for: 






Westgate Iron WoRKs, 


Makers of GLOUCESTER. 


WROUGHT AND CAST-IRON PULLEYS. 
SHAFTING. 


COUPLINGS, GEARING, PLUMMER 
BLOCKS, SWIVEL BEARING, WALL 
BOXES, HANGERS. 


PE SLATE WORKING MACHINERY. 


Estimates free for all clars3s of work. 


—— = ae 7297 
SBME P ome CATALOGUES POST FREE ON APPLICATION. 





oR HOWLETT & CO.’S 
BRICK & TILE Machinery 


London Office : 
28, Victoria Street, 
Westminster, S.W. 


err were eo 











CATALOGUES 
ON 
APPLICATION. 





ee 


» real 
a 





SOLE MAKERS: 


THE BRICHTSIDE FOUNDRY & ENCINEERING CO., LTD., 
cker Works, SHEFFIELD. 
Telegrams: ~<anghdaaen LONDON.” “CASTINGS, SHEFFIELD.” 


mama Plan-Copying Paper 


and Linen. 
" The FINEST QUALITY on the MARKET 
FOR ENGINEERS AND ARCHITECTS. 


MARION'S World-renowned PLAN-COPYING PAPERS and 
LINENS, and LINEN-BACKED PAPERS, giving Blue, Black 


and Brown Lines on White Ground, or vice versa. 
DESCRIPTIVE BOOKLET, SPECIMEN PRINTS and PRICE LIST post free on application. 
ILLUSTRATED PHOTOGRAPHIC CATALOGUE, 300 PAGES, POST FREE, ONE SHILLING. 


MARION & CO., Ltd.,” 


22 & 23, SOHO SQUARE, LONDON, W. 


GRAFTON & CO. | 


CONTRACTORS TO H.M. GOVERNMENT. 
‘. CYCLOPS WORKS, 


“arafton, Bearer” EoD dhe AD. 
SS : a NOY 
























Illustrated Descriptive Price List free on bar 


The ONLY BRITISH STEAM CRANE used in the 


PARIS & GLASGOW FAHIBITIONS, 





Steam Gas or Oil Engines. 
Pumps and Compressors. 
Hydraulic and Ammonia Plants. 
Ordnance Tests, &c. 


Fitted with: 
Drum for taking Continuous Diagrams. 
Electrical Attachments for obtaining Diagrams 
simultaneously from several Indicators. 
7 Reducing Wheel for Reducing the Engine Stroke 
to the length of the Diagram. 


ee Ae Ae en Oe ee le in i ee i 


CROSBY 
NEW INDICATORS. 


Spring outside Cylinder, unaffected by temperature. 

Inertia errors largely eliminated as piston is double 
ordinary area, obtaining great active force with light 
pencil mechanism. 

Piston sides spherical so making only a line contact 
with cylinder, decreasing friction. 

Pencil point adjustable without moving spring. 


be i te i i i i i i 


WRITE FOR FULL PARTICULARS ASKING FOR 
CATALOGUE ‘“‘E 1.” 


sooo 





CrosBY STEAM GAGE & VALVE COMPANY, 


147, QUEEN VICTORIA STREET, Lonpon, E.C. 7356 














When you think of ‘‘ CUTTERS,”’’ think of ‘* CARR.”’ 


GANGS OF GEAR CUTTERS. 








SEE OUR NEW . 
48-PAGE. . . 


CATALOGUE 


FULLY ILLUSTRATED 
IT sf 











BANG UP-TO-DATE, 
TO BE HAD FOR THE ASKING. 


James W.Carr& Co. 


Engineers, Tool Makers, 
and Machinists, 


35, QUEEN VICTORIA ST., 


LONDON, E.C. 


Telephone—201, Bank. 7179 
Rees: cect Dustless, London.” 


FROM 2 to 10 CUTTERS IN A 
GANG. 



























PATENT 
ELASTIC CLUTCH 
OR COUPLING. 


wae Upwards of 200,000 HP. 


successfully at work. 


SUITABLE FOR HIGH OR LOW SPEEDS, 


Sole Makers: 


Cowlishaw, Walker & Go. 


LIMITED, 7379 
ETRURIA, STOKE-ON-TRENT. 
Q 








14 ENGINE 


ERING. [DeEc. 29, 1905. 








FORCED-DRAUGHT FANS ° all descriptions.| Baker's Rotary Pressure Blowers and Exhausters, 


WITH ALL THE LATEST IMPROVEMENTS. 





LJUUNGSTROM CONDENSERS 


SAVE WEIGHT AND SPACE. 


SHALLOW-DRAUGHT VESSELS ano 
LAUNCHES oF all types. 


SIMPSON, STRICKLAND & CO., Lo. 


DARIMOUTEH, ENGLAND. 177 


JOHN OAKEY & SONS, Ltd. 


GENUINE EMERY, _ EMERY WHEELS 























For Cupolas, 
Smiths’ Fires, 
Basic Process, 








ADOPTED 
BY H.M. INDIAN 
COVERNMENT, 


CAST & DROP 
FORCED 
STEEL 

‘SPANNERS 


STEEL, IRON & & BRASS CASTINGS, TOOL STEEL, FILES, FORGINGS, BESSEMER BARS, &. 





BAKER BLOWER ENGINEERING CO., stanley st wicker, SHEFFIELD. 


Successors to SAVILE STREET FOUNDRY & ENGINEERING CO., Ltd. 











EMERY CLOTH, For all Purposes. 
Welingin Ml, GLASS & FLINT PAPERS, 
eT BLACK LEAD, &c. 








‘DAW’ COMPRESSORS 


Blowing Engines. 











E.BOURDON 
Tavert® & Mannfac” 
Made at the Works of the Inventor & Patentee in Paris. 


PRICE LIST free by post on application to the 
SOLE AGENTS :— 


TRADE MARK. 


7 g Bourdon's GAUGED 











Mr. BOURDON cautions persons if | 


Any Size. Aay Pressure. 












Any Type. 


jyets 
is HE 
oe 
1\\ a 5 Woe ’ 
Re ae Wash 
uf rT 
¥ ene 














HIGHEST EFFICIENCY. GREA TEST ECONOMY. 


Catalogues and Prices en Application. 








\ | using Steam Gauges that a large ‘a pa a 
Mim) number of very inferior instruments \ 
vim) are sold, bearing his name, which 
| are not of his manufacture. 





A. & Z. DAW, 11, Queen Victoria st, LONDON, EC. 


Telegraphic pk Te **GULDNES, LONDON.’ 





Telephone No. 583 (Holborn), 
Telegraphic Address :— 




















“NEGRETTI, LONDON.” 
Od 1797 





Also Sotz Acents for 


Ritchie's Patent Liquid Compass. 


DOUBLE- FACED 


VALVES. 





















ALL SIZES IN VERTICAL OR HORIZONTAL FORM. va 


ACCESSIBLE WHEN 
UNDER PRESSURE. 


LONDON OFFICE : 
Ww. C. HOLMES & CO., 
Westminster Chambers, 
fi, Victoria St., 6.W. 








O1L MILL PLANT 


To Orush all kinds of Seeds or Nuts. 


LAMBERT’S PATENT PORTABLE OIL MILLS. 


INSTALLATIONS TO CRUSH UP TO 1000 TONS PER WEEK. 








Patent Feeding Cake Presses. 


PRESSES OF ALL DESCRIPTIONS 


INCLUDING 


LAMBERT’S PATENT “CONTINUOUS” & “ALBANY” OIL PRESSES. 


THE MOST ECONOMIOAL SYSTEMS KNOWN. 


PATENT BLOGK FUEL MACHINERY 


Agent for Briquette Machinery : J. STEVENS, 9, Fenchurch Avenue, E.C. 








SOLE MAKER, 


ROBERT MIDDLETON, 


SHEEPSCAR FOUNDRY, rae 
LADS, BNGLAND. 


ABC, Lieber’s, and Engineers’ Telegraph Codes used. 


a 
« 





OCR <n EEOREReRRSION 


remy 
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BOLTON'S PATENT SUPERHEATER 


WITH DOUBLE CIRCULATION. 


The tubes are grou two equal sections through which the passes in succession, dried in 
Fe ee Ten rs cotechentell in the tocund bo a regulon ond onilerts teunpennture ef degs. F. 


CHEAP TO INSTALL. SAVES 15—20%.KRAPIDLY REPAYS OUTLAY. MADE OF (BOILER) STEEL. 





MI MMM Ly 


j 
Yi 
Wt 


A RSSENRSHSSESS 


» wae 
ih 

i f+ 

|| a 

| WI 
Wh, 
Wii 
Wi, 
Mh 
ill 
1 
WOW 
Lh, Ue 
WOR 
Wh, Ul 
wh 
Mle 
WD 





PATENTEES AND SOLE MAKERS :— 


BOLTON & CO., 


ENGINEERS AND SUPERHEAT SPECIALISTS, 


49, Deansgate, MANCHESTER. = 


Agents for London and Southern Oounties: RALPH H. HAYLOOK, 63, Queen Victoria 8t., LONDON, E.0. 


A. 








Westinghouse Motor operating Rotary Planer, 


Westinghouse 
Motors. 


There is no problem of power application which 
cannot be economically and efficiently solved by 
electric drive with Westinghouse Motors. If you 
have any difficult conditions to contend with, 
write our nearest district office. 


The British Westinghouse Electric 
and Mfg. Co., Ltd., 


London. Manchester. 
Branch Offices: F 

Sheffield, Birmingham, 

Cardiff, Newcastle, 


Glasgow, Belfast. 5825 




















SPECIALITY :— 
Plain, Tapping, 
Half Universal, 


RADIALS. *::22==, 


WITH BOX SECTION ARMS. 











6 ft. TAPPING DRILL. 


D. MITCHELL & CO., Ltd., 


KEIGHLEY, YORKS. 


r You are Smelting Tron 


THE KNOWLEDGE OF THE TEMPERATURE 


of Your Hot Air Blast is of 
Vital Importance. 


DO YOU KNOW YOURS? 





A. Thermometer complete with Cap and Union 

B. Porcelain Tube 

C. Platinum Bulb and Platinum Leads from Head 
D. Steel Protecting Sheath 

E. Flange for Protecting Sheath 

F. Thermometer Socket (Flange and Nipple) 

G. Coverpiate & Chain for use when Thermometer is removed 
H. Thickness of Wall 

|. Asbestos-covered Leads in fluxible Copper Tubing 
J. Junction-box and Union 

K Lead-covered Leads 





Thot Air Main. 


The illustration shows the method of fixing a resistance thermometer in the hot-air 
main. This thermometer when attached to a recorder will give you a continuous record 
of the temperature of the Air Blast. 


For PARTICULARS WRITE TO ;— 


The CAMBRIDGE SCIENTIFIC INSTRUMENT COMPANY, Ld., 


CAMBRIDGE, England, 7008 
For List 25E 





ON WAR OFFICE & INDIA OFFICE LISTS. Telegrams : TOOLS, KEIGHLEY. 
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> J ee +-- 


Ste Company 0f Scotland, Ltd. 


(SIEMENS PROCESS), 


23, ROYAL EXCHANGE SQUARE, GLASGOW. 


ESTABLISHED 1872. 
Works: HALLSIDE, NEWTON & BLOCHAIRN, GLASGOW. 
Head Office: 23, ROYAL EXCHANGE SQUARE, GLASGOW. 
London Office: 9, MINCING LANE, E£.C. 


Contractors to British Admiralty, War Department, and 
Foreign and Colonial Governments. 





MANUFACTURERS OF 


Mild Steel Plates, con ins 


For Ships, Boiler and Bridge Building, Angles, Zed Bars, Tees, and all forms of 
Sectional Bars required for constructive purposes. 








eee 





CASTINGS of all kinds and largest sizes for Ship Stems, 
Stern Posts, Rudders, &c. } 

FORGINGS of every description. 

AXLES of highest quality, to meet requirements of Home 
and Colonial Railways. 

TYRES.—Locomotive Carriage and Wagon, to all re- 
quirements. 


The Griffin Mill 


— MANUFACTURED BY THE — 


BRADLEY FPULVERIZaR COo., 
37, WALBROOK, 
London, E.C. 


Tel hic Address : “ EQUESTRIAN, LONDON.” 
— Telephone No. : 6961, Bank. 
























Specially adapted for the fine pulverization of 
PORTLAND CEMENTS, 
PHOSPHATE ROOK, 
COAL, COOKE, 
GOLD QUARTZ, 











LOCOMOTIV ES «= 


Of various Sizes with all the latest improvements ready for Immediate De- 
livery. Engines specially designed for every requirement and gauge. 


STEAM CRANES, 
OVERHEAD ELECTRIC CRANES. 











HENRY J, COLES, wt. Derby 











Highly Iy Efficient. 
conomical, 
Simple in 

Construction. 


replaced without 
isturbing the 
surrounding 
Tubes. 
Perfect 
Combustion. 
Occupies small 





= ys Os x 
er KON oe 


A) Telegraphie Address: 
W **MUMFORD, COLCHESTER.” 


for 
First-Class 
TORPEDO 
BOATS and 
VEDETTE 
BOATS. 


FOR 
ESTIMATES, 
&c., 
APPLY TO 








Full particulars on Application. Telegrams: “PECKETT, BRISTOL.” 











Culver Street Works, COLCHESTER.” 
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SUGAR 
MACHINERY. 


Oil Mill Plant, 


Pumping Plants, 
Refuse Destructors, Laundry Maciingry, 


Manlove, Alliott & Co., Ld., 
7050 Engineers, NOTTINGHAM. 


TO SECURE GOOD AND 
RELIABLE CASTINGS 


Every fronfounder should have the sand thoroughly 
mixed and ground together, which con be done 


OHEAP AND EFFECTIVELY by using 7432 
HALL’S “PERFECT SAND MIXER.” 
J. S, HALL, Midland Ironworks, NEWARK-ON-TRENT. 








TO AVOID LEAKY JOINTS, 


USE JOINTING MASTIC. 


The most effective and_ reliable Jeiiing 
Material in the market. The BEST for 
joints, high or low pressure. 

Successfully used without joint rings, 
standing pressure up to 800 LHP. Cheaper 
than any —— Jointing Material. 

Always rea - for use. Stands any pres- 
sure for an indefinite period. Being always 
pliable it can be cleaned off by the aid of an 

ordinary knife when re-making a joint. 

Time and trouble reduced to a minimum. 
Indispensable to all Engineers, Railway, 
Steamboat and Gas Companies, and users of 
Steam power. 7266 

For full particulars apply to— 


THE LONDON ENCINEERINC COMPANY, LTD., 
6, St. Helen’s Place, London, EC. 


W. CANNING & CO., 


BIRMINGHAM. 
MANUFACTURERS OF 


POLISHING MACHINERY AND 
MATERIALS. 


POLISHING LATHES. 
EMERY GRINDERS. 
DISC GRINDING MACHINES 


(FOR RAPIDLY GRINDING 
FLAT SURFACES). 


TREADLE LATHES. 
ELECTRIC MOTOR-DRIVEN 
POLISHING LATHES. 


TRIPOLI, CROCUS, 
EMERY AND ROUGE. 


POLISHING COMPOSITIONS. 
CALICO POLISHING MOPS. 
FELT POLISHING BOBS. 
POLISHING LEATHER AND BOBS, 


LISTS ON APPLICATION. 7172 
THE... 


FLINN STEAM TRAP 


(Differential Principle). 
FOR DRAINING 


STEAM PIPES 
HEATERS 
COILS—STILLS. 
STEAM JACKETED KETTLES 
BOILERS AND PANS 
PAPER MACHINE CYLINDERS 
DRYING CYLINDERS 
SIZING MACHINES 
STEAM PRESSES 
VULCANIZERS 
STEAM SEPARATORS 
ENGINE CYLINDERS 
JAG ETED CYLINDERS 
AIR OR GAS RECEIVERS 


AIR OR GAS PIPES 
&e., &o. 














INLET 



























Sole Manufacturers— 


JOHN MARSDEN & SON, 


ounur 788, Regent Rad., 


LIVERPOOL. 
—— 6833 

Telegrams : 

“* Brazen, 
Liverpool.” 

Telephones : 

“* Bootle 41 and 

Bootle 541.” 




















—— FOR —— 


MECHANICAL DRAUCHT. 


THE MOST EFFICIENT 
OBTAINABLE. 


ane, <2 


CONDENSING 


On Board Ship, 
&c., &Cz 


FANS 
PUMP 








SINGLE OR DOUBLE-ACTING 


HIGH-SPEED ENGINES. 


25 YEARS’ EXPERIENCE. HUNDREDS OF REPEAT ORDERS. 
BUMSTED & CHANDLER, 


Cannock Chase Engine Works, 7389 








HEDNESFORD, STAFFS. 


Telegraphic Address : “‘ Bags, HsDNESFORD.” 











Gss+=G6 
The Cleverest 
Engineers # 


Don’t Throw 


their money away on useless or dan- 
gerous fittings_they wouldn't be clever 
if they did. In designing steam plant, 
they always calculate that a ater 
Gauge which saves trouble from the 
date it is fixed, and keeps on saving 
trouble with the absolute minimum of 
cost, is worth their recommendation— 
that is why the * "Klinger ” Gauge i is 
specified by all engineering experts, for 
all jobs where the penny wise, poun 

foolish ” system is the order 
of the day It is because there are 


SENSIBLE PEOPLE 


in this world, who, at an initial cost of 
a few shillings, prefer to save pounds 
upon ree in preventing gauge 
accidents, breakages, delays, men's 
time, &c., that we are able to record 
the sale of over 100,000 * * Klinger” 
Gauges—such a record is a testimonial 


in itself. Our Booklet, “ R.K.,” fully 
explains this popular boiler fitting. 


























RICHARD KLINGER @& CO., 
6G, Fenchurch St., London, E.C. 
Engineers, Contractors to the Admiralty, &c. 


O— es 9 


FOR 


SMALL HAND PUMP 


HYDRAULIC 
PRESSES 


MIRFIELD ENGINEERING COMPANY, Ltd., 
MIRFIELD. 




















LONDON OFFICE: 165, Queen Victoria St. 7408 








VICKERS’ PATENT 


TAIL SHAFT APPLIANGES. 


Friction Reduced. 
Corrosion Prevented. 
Sand kept out of Stern Bush. 


BENJ®: R. TICKERS & SONS, LEEDS. 


Specialities: Laundry Plant, aes 
Apparatus, Baths and Washhouses 



















Catalogues, Plans & Estimates 
on application. 6628 


W. W. SUMMERSCALES & SONS, Ld., "\tatuainy’”’ 


CLompom Orricz: Chiswell House, 188, Finsbury Fovement. & E.. 


SMOOTH-ON 


Reo, U.S. Part. Or, 











One volume of Smooth -On 
Elastic Cement combined with 
one volume of Smooth-On Iron 
Cement No, 1 makes a metallic 
compound unequalled for use on 
boiler patches. The Cement is 
easily worked and easily applied. 
It is used for such purposes by 
the United States Navy. 


For Sale by— 
HODGSON HARTLEY, Ltd., 
Manchester, 


England, 





SMOOTH-ON MFG. CO., 


Jersey City, N.J., U.S.A, 
5108 














The Pratt poits,.2e" 





GET OUR BOOKLET 


why drills cannot dp. 





THE PRATT CHUCK CO. , FRANKFORT, N.Y. 


SELIG, SONNENTHAL & CO., Surepean 
Agents, London, who keep a large Stock. 70.8 
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AIR CO MPRESSORS 


VARIOUS 
SIZES 
IN STOCK. 





Sapo eP hs sree APG aed 


FITTED WITH SCHRAM’S IMPROVED INLET AND OUTLET VALVES F FOR GIVING THE 
HIGHEST EFFICIENCY. 








ROO: DHIL LS. 
“OPTIMUS” Patent COMPOUND (?. J. Ogle’s Patent.) 
“SCHRAM” IMPROVED (for Air or Steam). 


SCHRAM, HARKER & CoO., 


OANNON STREET HOUSE, LONDON, E.0. = «7» 


Telegrams—“' SOHRAM, LONDON.” A.1., A.B.O. and The Engineering Telegraph Codes used. 


ECONOMY 
fin BOILER FEED 


INTERCHANGEABLE 
VALVE BOXES 


CAN BE CHANGED 
INSTANTLY. 


MINIMUM 


FLOOR SPACE. 
USUAL STOCK SIZES. 























4” x1t’x3’ 
GREAT. Tee 
ADVANTAGES. +4 ,x2 x3 

5 = af x4 

Keer x@ 

s PRICE of x 4” 

; Ree 
| REASONABLE. Fe 3y-x5 
? «xf xv’ 


SUITABLE FOR ALL PURPOSES, 





PHCENIX Ree ween 3 WORKS, 6783 
brook Street, Old Ford, 


LONDON, E. 


JJ, LANE. L®™ 


ALLEN’S PATENT PORTABLE. 
PNEUMATIC RIVETTING MACHINES 








AIR COMPRESSORS 


FOR ALL PURPOSES. 


PATENT HYDRAULIC 
WORKING VALVES 


Now Replacing all other Types. 
Thousands in Use. 








POSITIVE IN ACTION. 
NO LUBRICATION. FEW REPAIRS. 
ALL PARTS INTERCHANGEABLE. 7314 


ee ee Lists on application to the Makers— 
a ee 


CEORCE SCOTT & SON (LONDON), LTD., cunsias sc, 

















DPEH. . = 
Caledonian o—_ & iin Co. 
BUILDERS OF : 
PASSENGER & CARGO 
an | ALLSUP & C0. 
LIGHT DRAUGHT ecnigen 
STEAMERS, | PRESTON, 
PADDLE AND SCREW | pt. LANCASHIRE 
ENGINES & BOILERS, , 
HOPPER BARGES, a. ee 
; elegraphic — 
a H] ALLsup, PRESTON. 





CONTRACTORS TO 7189 
The Admiralty, Board ef Trade, and Irish Lights Gemmlssieners. 


JOHN G. KINCAID & CO., 


ENGINEERS & SHIPBUILDERS, 
GRAANOCE,. SCOTLAND. 


SINGLE and 
TWIN SCREWS, 


— ALSO — 


SIDE and STERN 
| WHEEL PADDLE 
| STEAMERS, 


DESIGNED with Special 
Arr ts and Vi 


) for TROPICAL CLIMATES 
| and Shallow Water Navigation. 
6576 


Shipped in pieces or floatable sections or boarded up and prepared with complete outfite for over sea voyages. 


CLIFTON « WADDELL, 


Machine Tool Makers, JOHNSTONE, near GLASGOW. 





























PATENT FLUSH-SIDE SAWING MACHINE FOR STEEL FOUNDERS. 














Guaranteed to be the Smartest Sawing Machine on the Market for Steel 
Founders. DELIVERY FROM STOCK, 7433 
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WwEaitTTazEaEzs’ 
Patent Self-contained 


MOULDING M MACHINE 


which WHEELS or desoription 
OY Grane, trom Bn, to upwards of 10 dameter 
may be 


most Complete Satstont Machine hitherto 
— Beets ome, te mnatnoers- 

All Machines warranted » mould with the greatest 
The Machine was awarded ne SILVER MEDAL by the 
Society for Promotion of Scientific Industry. 
GEARING WHEELS 
Supplied to Consumers. 











founders, 
OLDHAM. °% 











DEMPSTER, MOORE & Co., 


.aacewe, 
ENGINEERS and MACHINISTS, 


49, Robertson Street, GLASGOW. 


6496 











MAABAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAALAAAAAAAAL 


BELTING 


Made from 
Pure Oak Tanned Leather. 


QUALITY IS OUR FIRST CONSIDERATION. 


vYruvwruvuvuvvuvuvvYY 





or over EIGHTY YEARS we have been makers of Leather 


rewertryrT(eeTTeTeerrrTTTeerreeeeeeeeeeewevyYY, 


noe eee ees errr hrthrhrAAr'’> 
PAPA UY 











. 

> 

, ft lf down xtnive pln, and renown postion 
supply Oak Tanned Leather Belting at as reasonable a price as is 4 

er, consistent with first-class goods. ae 
*%, W. & O. GILMOUR, “¢ 3 
%%, Mg, Machine Belt Manufacturere, yh & 

St. John’s Hill, $ , 

ae *% EDI NBURGH. © ow 3 
sates (IMPROVED PATENT FRICTION CLUTCH, 














PREPARED FOR PULLEY, WHEEL, 


on SHAFT COUPLING 


Running from $8 to over 

1000 revs. per minute 
without shock or jar 
when stopping and 
starting. 


HUNDREDS OF @ 
REPEAT ORDERS. 7 


f 











ANY POWER. 








ee etme every day. am 

unable trace 

signs of wear. The appear PERFECTLY BALANCED 
One of the Best Olutches ta the o OF WEAR 
Market for Colliery Work.” OUT OF TRUTH. 








PREVENTS HO END THERUSE. 
ACCIDENTS. SIMPLE AND RELIABLE, 


As Supplied to WOOLWICH ARSENAL, ROYAL MINTS, &c. 4076 


Send for 60 page Work—Free—to the Patentees and Sole oe — 


y WOKS, CASTLETON, uancntsrer 


Wibdiic dallas 


DAVID BRIDGE & CO. 


LONDON OFFICE: 35, evkan 





morisovs RADIAL evaporator. 







DESCRIPTIVE PAMPHLET ON 
APPLICATION, 


a, 


RIGHARDSONS, WESTGARTH & 00.. Ltd, 


Seamless Copper > kena 


ANY SIZE. ANY SHAPE. 
CUT FROM SOLID SHEET. MACHINED ALL OVER. 


Can be constantly re-used | Do not char, corrode, eat away, or adhere to 
flanges! No red-lead or other filling! 

















4 b 4 : ; ‘ = 
‘4. ¢ Se SW: Ww 
3 °o ° °o 
a z z 2 2 z 2 Od 
m: ieiecivie: 2% 2 2 Fae 
r FF 5 5 5 & o 
bbb 8 b BoE ERS a8 


For Cylinder Valve-chest or Mud-hole Covers and all High Pressure Joints, 
APPLIED AND REMOVED WITHOUT USE OF TOOLS, 
— AVOID CAST OR STAMPED IMITATIONS. — 


THE HULBURD ENGINEERING CO., 


Contractors to H.M. Government. Brassfounders and Coppersmiths, 
150, LEADENHALL STREET, LONDON, E.C. 7011 


LEEDS CITY BOILER WORKS 
MAKERS of HIGH-CLASS BOILERS 

MADE BY THE LATEST 
IMPROVED MACHINERY. 















MOST MODERN 


VERTICAL 
BOILERS 


Always IN STOCK 
= and in progress, 
7491 
Contractors to His Majesty's Government, 


BOILERS FITTED WITH DEIGHTON’S CORRUGATED FLUES, 











give 20 per cent. increased Heating Surface over Ordinary Flues, 
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G.A.HARVEY®CO. 





Perfora ters 
LARGEST WORKS IN THE KINGDOM.: 


LEWISHAM, LONDON 


J. TOMEY & SONS Ltd. 
EUREKA GAUGE GLASS 
“e3 1 
rah NOHEAM. 


NASMYTH, WILSON & CO., L™. 


BRIDGEWATER FOUNDRY, 
PATRICROFT, NEAR MANCHESTER. 
MAKERS OF COTTON, JUTE, HIDE & FIBRF. 
HYDRAULIC PRESSES. 
PUMPING ENCINES & PUMPS, STEAM HAMMERS, 
STAMP HAMMERS, &c. 6778 


See Tlustrated Advt., page %5, last week and next ismue, 











Bee 6975 
Pattern Shops. 


WADKIN 


AND CO., Se 
Engincers, aa 
LEICESTER. “ "> S 


Agents: BUCK & HICKMAN, ln, Whit techapel Bd., Londen, E. 


WEBB & SON, 


TANNERS, CURRIERS, 
Fellmongers, 


GLOVE AND GAITER 
Leather Dressers, 














12 First-Class Medals 
AWARDED. 


-—— ee 


Combs Tannery, Stowmarket. 


Price Lists and Terms on application. 





Lubecker Machine & Manufacturing Co., 


30, GREAT ST. HELEN'S, LONDON, E.C, 





eee Ser a Chal Quarrien Canals, Earthworks 


Capacity aS to 300 cubic = per hour. 
FLOATING mw ty for Sea and River Work. 
GOLD DREDGERS. 


= | Elevators, 


AUGUSTIN NORMAND & CoO.., 


Engineers & Shipbuilders, HAVRE (France). 


SOCIETE ANONYME DES FORGES RT CHANTIERS DE LA MEDITERRANER, HAVRE (France. 


i Se 
H Papeete Pecenca cance amo amm ommemnne aa - 
































NOBMAED-SIGAUDY'S Patent WATER-TUBE BOILERS for High-speed Mail Steamers, large Yachts, Oruisers and Battleships 


me NR 


BRICK MAKING 
PLANT 


OF EVERY DESCRIPTION. 
Semi-Plastic Machines, 
Plastic Machines, 
Perforated Grinding Mills, 

Perforated Mixing Mills, 
Mortar Grinding MIlls, 



















Screens, 
and ali 
Brickworks 
Requisites. 





Telegrams : We qe 
“Bricks, Accrington,”’ fn 


C. WHITTAKER & CO., LTD., ACCRINGTON. 








LANG’S VARIABLE SPEED LATHES. 





Seg 
, a eae % e kw Po gi Mk swig et Be ow mich Ps pe phil Ak oni. em py SS > oe 
ek as sh Ps 3 SE dats Poe ra ta a * 
a es 4 mee ee Swat s,s ; ors are gee a > = Sip TER A ¥ wi 
eo ee eS tS Peer 2 - ee 
i ak- > ab 
= a « 


= : ~ RS ce See 
Beh : 


NO STEP CONE—NO COUNTER MOTION. i 449 








EXCAVATORS & DREDGERS 


OF ALL DESCRIPTIONS. 
Telephone No, 1434, Avenue, Telegrams: “ wana; Restem? 





JONEN LANG & SONS, JoUBnstTone. 


— 
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STOKERS Underteca Type) 


GUARANTEED TO PRODUCE 


ABSOLUTE SMOKELESSNESS 
GREATEST ECONOMY IN COAL 


UNDER ALL CONDITIONS. 
Over 4000 in Operation. 


UNDERFEED STOKER COMPANY, Lo. 





Coventry House, South Place, LONDON, E.C. 7606 














WHITAKER BROTHERS, LTD., 


HORSEORTH, LEDs. 
Sole Makers of Whitaker's 


| STEAM 
/) CRANE 
NAVVIES 


DOUBLE ACTION STEAM HAMMER 
PILE DRIVERS AND STONE 
BREAKERS. 

This Steam Crane Navvy is 
far superior and handier than 
the old cumbersome Navvy. 
They will excavate from 500 
to 1600 cube yards per day, 
according to the nature of 
the excavation and design of 
Machine, 


Over 160 of these 
NAVVIES 
already Sold. 




















Telegrams— QUARRIES, LEEDS. 
Code—ABC, Fifth Edition. 


Testimonials and Prices 
on application. 





South African Agents: 














ey BRIDIE & CO., 
= \ eB fe pe 38 and 40, Bree Street. 
~ = nee a ae P.O. Box 559, Cape Town. 
~ Agent for Holland and Denmark 
“A 1905 DESIGN 12-TON EXCAVATOR. A. VANG. Exenuen, 
e , 
Note position of Levers for Driver. Friction Hoist. Weight about 42 Tons. sie Gaieiicttc me aaah 
Made in three sizes and supplied to all the principal Contractors in England and Abroad, PALMER & CO. 
Foreign Railways, Governments, and Mines, 23, Victoria St., Wellington, N.Z. 
Look for Different Testimonials Every Week. se 
PETERBORO’, 
To! Messrs. Whitaker Brothers, Ltd., Horsforth, near Leeds. February 17th, 1905. 
GENTLEMEN, 


Re The Steam Excavator which you supplied to my Brickworks at Dodsdown in Wiltshire. 


I am pleased to say that it has done its work well and has cost practically very little in repairs up to now. It isa 
very useful and handy machine. I have this machine working now on a large Fen Estate in Norfolk, cleaning out about 14 miles of 
drains, about 20 feet wide. I may also say it is doing this work well. I consider it does the work of about 30 to 40 men. 


Yours faithfully, 
(Signed) A. J. KEEBLE. 


HARVEY 
Engineering Co., 
M°ONIE, HARVEY & C0., im 


Scotland Street Engine Works, 


GLASGOW. 
London Office: 27, Mincing Lane, E.C, 


ESTABLISHED OVER 50 YEARS. 


MAKERS OF ALL KINDS OF 


SUGAR MILLS 


INCLUDING 


PATENT FIVE ROLLER MILLS. 


HARVE='s 
PATENT 


Triple-Effet . . 
. . Kyaporator 


Now in use in all Sugar Growing Countries 
AND EVERY REQUISITE FOR 


Sugar Plantations. 


SPEOIALTY. 


Sugar Refineries fitted up 
complete for refining all 
classes of Sugar. 











Also Licensees and Makers of the 


Patent Lillie 
Evaporators, 


Under the British Patents of S. Morris Lillie, 


FOR 


Concentrating Solutions of 
every Description. 


HIGH CLASS ENGINES 


OF THE HEAVIEST TYPES, 


MULTITUBULAR, CORNISH 


AND 


LANCASHIRE BOILERS, 
TANKS & WROUGHT IRON 
WORK 6708 








OF EVERY DESCRIPTION. 





D 
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SHAFTING (/ 


and Mill Gearing. 


C. F. CARVER, Ltd.,“"wnis"" 


NOTTINGHAM. 7178 








TRIER BROS 


; MB LER VY ed 
ORGE Sy WESTMINSTER | 














Send a card merely quoting Z 309. 


6075 


SYDNEY SMITH 2 S0NS)| WIRE, SHEETS ac SEAMLESS @ GRAZED 


ators... NOTTINGHAM. , yj 

SMITH’S PATENT &C. oy) da 4 a U FR E S 
re Riu, —_ wid FOR BOILERS, CONDENSERS, &c. 
var eAIEs SLE “‘ BATTERY, SELLY OAK.” 


BLAST 
PURNACES, 


STEAM 1! 
BOILERS. “€’s) \ 





All Types and Sizes Quoted for. 


COMPRESSORS. 


VERTICAL, : Dy a EN COLLIERIES, MINES, QUARRES, I 
) SHIPYARDS, ENGINE WORKS, ac. ¥ 


CORNISH, => ie Oe Send for Catalogue 36. 


B cancwne| INGERSOLL- SERGEANT e 


BOILERS 114, QUEEN VICTORIA STREET, LONDON, E.C. 


BERLIN, GERMANY: Kaiser Wilhelmstr.2. PARIS, FRANCE: Rue de la la Chaussee d’Antin 51. ST. PETERSBURG, RUSSIA: Galernaya 5. 


STEEL & IRON be 


oon Mmm —i SPECIALITIES 


io | —=* BUILT CRANKSHAFTS 


TUNNEL SHAFTING 


ROUGH TURNED 
‘AND FINISHED COMPLETE 
WITH BOLTS & NUTS 


PROPELLER SHAFTS 
RCED FROM PURE 
IRON 


. 
High-class Bollrs nad 
fi il ieee _f y & a TURNED & FINISHED 
or a purposes. THE ¥ COMPLETE re wih 


B) FIFE FORCE COMPANY. 2 
vn oe, | an KiRKCALDY. SCOTLAND . 


- 


NEW BAR IRON 


0 
z 
ms 
: Ze Bk: } loaf | nf 4 mal FINSHED COMPLETE 
a 
0 


LUMBY, SON & WOOD, Lo 





, OR eal Re RRA et 


ni 


~ 











+ 
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IF YOU WANT THE MOST EFFIOIENT AND UP-TO-DATE 


CRANES 


LIFTING MACHINERY 


Steam, Electric or 


Hand Power, 


LOCOMOTIVE CRANES, OVERHEAD CRANES, 
GOLIATH CRANES, ELECTRIC WINCHES, 
CAPSTANS, WINDING ENGINES, &c. 


Visit the Works or send an enquiry to Fig. 287. Locomotive Electric Crane. 5674 


THOS. SMITH & SONS, Steam Waka Old Foundry, RODLEY, ceeos. 


LONDON OFFICE: 9, VICTORIA ST., WESTMINSTER. POR... tt Surrs, Ropu Ropugy ; and Accnocmmn, Lovo.  Codee—Limsus, ABOand Al. Lonpon. Codes—Lizsm, A B O and Al. 


“WAGNER” 
COLD-IRON SAWING MACHINES, 


With Patent Sensitive Feed and Swivel Head, 


Cutting at any angle and carrying Saws 
up to 40 in. diameter, 






ee eS 


























SOLE BRITISH AGENTS: 


Pfeil & Compy.., 


145-157, ST. JOHN STREET, 
CLEREENWHELI, H.C. 
LONDON. psi 





TYPE G, with Special Vice. 














NiILES-BEMENT-POND Co. 


-» MAKERS OF HIGH-CLASS .. 


MACHINE ‘TOOLS. 


Telephone: 








486, Westminster. Telegrams: Niliacus, London. 


Branch Office and Showrooms :— 


23 & 26, Victoria Street, 
LONDON, S.W. 


MACHINE TOOL WORKS: Hamilto 
Plainfield, 
eras Pa. 

artfo! 


NILES CRANE WORKS: Philadelphia, Pa. 


Heavy Machine Tools 


ARE OUR SPECIALTY. 











FROG ‘and SWITCH PLANING MACHINE, 








CORRESPONDENCE SOLICITED. 


Built at our NILES TOOL WORKS. 


























; ADOPTED BY 
i 26 GOVERNMENTS 
& & ALL LEADING FIRMS 





a SUPPLIED TO 
@ 400 BRITISH 


| FOREIGN-RYS 
THe ONLY LAMP 
WH STOOD THE 
| TEST OF THE MARKET 
RB EACH LAMP GUARANTEED 





Horizontal Flame unaffected by weather. 





No. 0,—500 eae smal] hand pat 


27 70 

No. a. or 1500 Candles, hand 

oy with No. 2 size 

urner, for Tar Oil £10 00 
No. 2.—1500 Candles, useful na 

able pattern 00 
No. 3.—2500 Candles, Manchester Ship 

Canal pattern ee ~ £16100 
No, 4.—3500 Candies. > ennai 

ful lamp . 817 15 4 
Arranged to burn Ke r P 





Forelon Countries ; in Great Britain our Special 
Wells Oil is ye which is half the price and gives 
. 80 per cent. more light. cas 


‘WELLS HEATER 


PORTABLE~ HEAT Fo» 





Applied instantly to all classes of work for 


TYPE EXPANDING, BENDINC, STRAICHTENING 
SETTING, SHRINKING, &c. 
PRICES : 
No. 0.—A small size, complete with 
burner for use where great 
portability is an Tho, Al 210 00 
No. 3.—Complete with Oil Tank 
Pump, and all ne . £19 6 0 
Heater Burner and Hose only . ~ £65 00 
All the following A Agents hold stocks for 
immediate delivery, and where the WELLS 
LIGHT can be seen, tested, and every inform- 
ation obtained. 
GLASGOW—JAMES T. DONALD & OO., Ltd., 
85, McAlpine Street. 
DUNDEE—T. O. KEAY, Baltic Street. 
MEW Ct Wengaie Rand —EMLEY & SONS, 
ap Bm Da ITT & OO., 40, Chapel St. 
N.W. CO gt a ar ISAAO BRAITHWAITE amp 


SONS, 
BIRMINGHAM RIOHARD LLOYD & OO., 
Steelhouse Lane. 
SHEFFIELD TASKERS Fon ee co. 
BELFAST—ROBERT TTERSON & SONS, 
= Street. 
BLIN—BOOTH B Upper Stephen Street. 


SOUTH Sortene COUNT ES—W. H. WILL- 
OO., Lid., 28, Southwark Street, 


HOLLAND WYNMALEN & HAUSMANN, 
Rotterdam. 


RUSSIA—The J. BLOCK O©0., Moscow, 86. 
Petersburg, Odessa, Warsaw, Kief, Rostoff, 
Ekaterinburg, Kokand, &. 

FRANCE—ROFFO & OIE, 8, Place Voltaire, Paris. 

—— VITTORI 0'0 OROIZAT, Via Gioberti 


Turin. 
NORWAY-5S. H. LUNDH & OCO., Ohristiania. 
a Been MATTHIESENS, Maskinaffar, 


FINLAND AXE von KNORKING, Engineer, 

in 

SOUTH AFRICA—DURBAN: JENKINS & 0O,; 
CAPE TOWN: GEO. FINDLAY & 00, 

NEW ZEALAND—E. W. MILLS & OO. 

Wellington ; BR. B. DENNISTON ‘ oo: 


WESTERN / ADSTRALIA—J. & W. BATEMAN, 
INDIA 1A (Province o of Bengal =. E. THOMSON 
JAPAN—TAKATA “do, Tokio, on Guha, Yok Yoko- 
UNITED STATES—The WELLS LIGHT MFG. 


Manufacturers, 46, Washin; 
ton Street, New York. ai 








A.C. WELLS & CO., “32s 


LONDON. 7390 


Works: Chectham, MANCHESTER. 
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TRADE MARK, 


GELICNITE 


CELATINE DYNAMITE!” 


BLASTING GELATINE 


BLASTING POWDERS 


FOR USE IN 


MINES, QUARRIES, 
RAILWAY CUTTINGS, 
WATERWORKS, 
TUNNELS, &c. 


ALSO 


GHEDDITE 










IN IRON OR STEEL FOR ALL PURPOSES. 


S 









THOMAS SMITH & SONS, 
OF SALTLEY, Ltd., 
PIONEERS OF THE STAMPING TRADE. BIRMINGH A MM, 





ESTABLISHED 1848. 7254 

















A New Explosive of 
ENORMOUS 
RENDING POWER. 
Cheapest and Best 
High Explosive for 
Tunnelling, Quarrying, 
and every description 
of Blasting. 

Does NOT FREEZE 
or Exude. 





AGENTS N ALL PARTS OF THE WORLD. 


PRICE AND FULL PARTICULARS ON 
APPLICATION TO 


Curtis's & Harvey, L¢: 


MANUFACTURERS OF ALL KINDS 
OF EXPLOSIVES, 


8, Gracechurch Street, 


LONDON. 








7 | CRADLEY BOILER CoO., Sigans’ STAFFS. 


A | On Admiralty List. ESTABLISHED 1875. 


ee, SS 
| Specialty : 
HIGH-CLASS 


VERTICAL 


CROSS-TUBE 


BOILERS 


; Prompt Delivery 
from Stock. 


6546 ALL SIZES from I to 


or? 








GROUP OF DONKEY BOILERS. 














JOHN RUSSELL 000, 


ESTABLISHED 18ii. WW AL & ALL. On Admiralty List of Contractors. 


FOR 


COILS, 


CAS, 
STEAM, CYCLES, 
WATER, » 
Ero. TO 


Trade Mark. 





FOR 





Trade Mark. 


Solid-Drawn STEEL TUBES for ma 


and for HYDRAULIC PURPOSES. 






‘ 
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v 7 STABLEFORD2C'L? 

COALVILLE. s WwW 

' VERITYS’ ARC LAMPS |e“ cogs 

(ASTON-WORSLEY PATENTS) Namen: Se cS 

For Engineering Works, Doeks, Railways, &c. wae SD WGP o. 
one és YLEEEN 

We Manufacture o & RS aS 1 we 
! OK Og Sean 

| LS 1s nie sae 

I. Open Type Arc Lamps. | 4. The “Auriflam” (Flame 
HIGH-CLASS 


of Gold) Arc Lamp. 
_5. An Arc Lamp to burn 
400 hours. 
3. Twin Lamps to burn | § Cjutch and Contact 
singly on 220 volts. | 


2. Enclosed Type 
Arc Lamps. 


Gear for Arc Lamps. 








WRITE FOR CATALOGUE No. 514. 


VERITYS “4 Lid 


Contractors to the Admiralty, the Principal Railway Co. 





Plume & Victoria Works, Aston, ect 


Depots: 31, King St., Covent Garden, LONDON, W.C.; Carlton House, 28, High 
St., BIRMINGH AM; 8, Queen BRISTOL; Hardman St., Deansgate, 


M ANCHESTER ; Xe ayton Sq. - wv > OOL ; 38, Highbridge, NEWCASTLE. 
2, William St., DUBLIN ; 20, York St., 
6860 





BELF AST.” 














— FLEMING & JACK, MOTHERWELL. 
rite, 



































FORRIGHAWT: 
MOTORS 9 Dy “o! VAS Mo ios 

















MOTORS 


BUILT FOR 
CONTINUOUS 


MOTORS 
FOR DIRECT 
CONNECTION 

















To ALL AND 
CLASSES or HARD 
MACHINERY 

: — 
Please write for Our Motors are 
psc Catalogue guaranteed to do 
and Discounts, the work for 
>* which they are 
Telephone No — = 
2979, GERRARD, Tel 
elegra’ 
LONDON, «“ AIMSTRAIGHT, 






LONDON.” 





17 ieee CYOSS F090 


MACHINE TOOLS. 


Standard and Special. 


See IUustrated Advertisement third issue in 
each month. 


HULSE 2CoO., Ltd., 
Ordeall Works, MANCHESTER. 


Lowpow Repaesertative:—HOWARD C. WOLFE, ee 
House, 70 & 71, Bishopsgate Street Within, B.C. 


=» WAYGOOD 
LIFTS - 


ELECTRIC, 
HYDRAULIO, 
PASSENGER 
G00DS. 


Z2LIFTS 


FOR 
PUBLIC 
BUILDINGS, 
WAREHOUSES 
HOSPITALS, 
HOTELS. 


Cate and Esti 


Gratis. 


FALMOUTH ROAD, 
LONDON, 8.E. 


QUIGGIN'’S 


PATENT 
EVAPORATORS, FEED-WATER 
HEATERS, FILTERS, 
DISTILLING CONDENSERS, 


AND COMPLETE 


DISTILLING PLANTS 


For Ship and Shore Use. 














7489 














SUPPLIED TO 


British and Foreign Admiraltiecs; 
Cunard; White Star; P. 5S. N. Co. 
Union Castle; 


and other leading Steamship Companies. 





Liverpool Engineering and 
Condenser Co., Ltd., 


BRUNSWICK DOCK, 
LIVERPOOL. 


Telegraphic Address : 





YOHHIS oom (il? sen, 





LONOON WC 


“ ELIMINATOR, LIVERPOOL.” 7371 
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MODERN BOILER FEEDING 
SPECIALTIES. 
Feed-Water Heaters. 
STEAM & POWER-DRIVEN PUMPS. 


HOT WATER = 
out C 7 











1 Exnaust 
miner 





fas 


T. SHORE & SONS, 


Albion Foundry, 7081 
Etruria, STOKE-ON-TRENT. 


Blackman 








RAIL BENDERS, 


SCREW AND HYDRAULIC. 


WITH BEARING BLOCKS & SHOES TO FIT ANY SECTION OF RAIL. 





WRITE FOR OUR LIST 
No. 109 A/B. 


YOUNGS, 


RYLAND STREET WORKS, 


BIRMINGHAM, 
ENGLAND. 








6615 








ELECTRIC or F A N S 


BELT-DRIVEN 


James Keith& Blackman 


dé 


COMPANY, LTD., 
Farringdon Avenue, 
LONDON, E.C. 


BRANCHES AT 
MANCHESTER, GLASGOW, 
LEEDS & BIRMINGHAM. 

» Works : 7563 
TRADE MARK. LONDON & ARBROATH. 


». THE... 


TRATTON 
EPARATOR 


INSURES 
DRY STEAM, 


no matter how long your steam pipe, 
nor how much your boiler may prime. 


Ale 

















SEND FOR OUR NEW OATALOGUE 


The Goubert Mfg. Co. 
NEW YORK, U.S.A, 750s 
C. R. HEAP, Agent for Great Britain, 
28, Hatton Garden, LONDON, E.0. 
Telephone No.: Post Office, Central, 6602. 





Telegrams: ‘‘PENMAN, GLASGOW.” 
ABC and ENGINEERING TELEGRAPH 
CODES. 


PENMAN & CoO., 


Caledonian Boiler Works, 


GLASGow . 






LONDON OFFICE— 
110, CANNON STREET, E.C. 





MAKERS of ALL TYPES of 


Steam Boilers, 


for pressures up to 
250 Ib. per square inch. 
AVERAGE OUTPUT:— 


ONE BOILER PER WORKING DAY. 





On Admiralty, War Office and 
India Office Lists. 


CONTRACTORS TO HOME, COLONIAL 


AND FOREIGN COVERNMENTS. 
7077 


Always a number of New 
Steam Boilers ready for 


IMMEDIATE DELIVERY. 


CAMPBELL & CALDERWOOD, 


Engineers and Boilermakers, 


SOHO ENGINE WORKS, PAISLEY, SCOTLAND. 


Telegraphic Address: ‘‘SOHO, PAISLEY.” 


Independent Surface 
Condensing Plant » 


i 


Compactness in Design and possessing 
accessibility and efficiency. 














FOR LAND & MARINE PURPOSES. 





aR 








6764 


al? 





CATALOGUE ON APPLICATION. Se nT Fan 
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THE LONDON EMERY WORKS CO.,/; 


Department ‘‘C.’’ 





A Group of Cores MADE on eur’ PATENT CORE MACHINE. 


PERFECTLY UNIFORM CORES. IMMENSE OUTPUT. NO SKILLED LABOR REQUIRED. 


MOULDIN G MACHIN ES for all classes of work. 7427 
PARK, TOTTENHAM, LONDON, N. 


WRITE FOR NEW CATALOCUE. 











~ 
SPUR WHEEL TEETH CUT. 


BEVEL .,, _.,, PLANED. 
WORRM .,, _,, HOBBED. 
INTERNAL ,, _,, CUT. 
SPIRAL, , » 
RACKS -— ,, 


JOHN SUNDERLAND, 


Fleece Millis, KEIGHLEY. 











FRIED. ARUPP, Essen « ANnen, 


Manufacturer of Crucible & Slemens-Martin 





STEEL CASTINGS 


FOR ALI PURPOSES. 


To pass Admiralty, Board of Trade, Lloyd’s, and Bureau Veritas Tests. 
APPLY TO 7007 


AUGUST REICH WALD (‘ccccrs'cccom), Finsbury Pavement House, Finsbury Pavement, B.6. 








TO USERS OF 


CRANES 


THESE FEATURES ARE 
WORTHY OF CONSIDERATION. 


ALSO THE FACT THAT 
ALL ARE EMBODIED 


BEST 
| WORK 


GOOD 
DESIGN 


HIGHEST 
EFFICIENCY 


EASE IN 
HANDLING 


MINIMUM 
WEAR & 























IN THE MANUFACTURES OF 


JESSOP anv 
APPLEBY B': 


(LEICESTER & LONDON), LIMITED. 


SPECIALISTS in LIFTING MACHINERY. 
































‘scones Me. 78, 7087 & 
STOLL ano 
ELSCHNER 
G.m.b.H., 
Leipzig-Plagwitz17, 
GERMANY. 
2 
= 
ad 
B 
LARGEST FACTORY 
LUBRICATORS 
AND 6878 





Steam Traps. 


JOHN BELLAMY, F 


Engineers & Boiler Makers. 
MILLWALL, LONDON . 


Telegraphic Address: “ Bellamy, London.” 
Telephone No. 157, Eastern, . 





High-Clss BOILERS of all. types. 








Tanke, Cisterns, Cylinders, &o. 
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The Leeds Engineering & C0., Litd., cross staurono sv., .eeps. 


HYDRAULIC, COLLIERY, and 
GENERAL ENGINEERS. 
Hargreaves’ Patent Piston Rings, Hydraulic 
Actuating Valves and Balaneed Slide Valves, 










On doable List. 


Three-Motor and 
Single Motor 
ELECTRIC CRANES. 





Telegrams ; 


“PUMPS, LEEDS.” 

























Telephone: 
No. 786. 





A 
Manufacturers of HYDRAULIC MACHINERY, COLLIERY PLANT, PUMPING MACHINERY, CRANES 
and LIFTS, ELECTRICALLY DRIVEN PLANT. 7255 


STEAM 
. HAMMERS). 


ALL SIZES, 


In STOCK 
or PROGRESS. 





JOHN GOCGHRANE, 


ENGINEER, 
BARRHEAD, 


Nr. GLASGOW. 





Write for 
CATALOGUES 
of 


STEAM 
HAMMERS, 


and 


STEAM 
PUMPS. 








wo [PATENT STEAM 


LUKE & SPENCER, Lr. 


BROADHEATH, near MANCHESTER. 


MANUFACTURERS OF 


IMPROVED EMERY AND CORUNDUM WHEELS, 
GRINDING & POLISHING MACHINERY. 


illustrated Catalogue free on application. 












« 
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Telegraphic Address: ‘‘ EMERY, ALTRINCHAM.” National Telephone—Altrincham, No. 49, 7733 








ANDERTON & SONS 


Antley Boiler Works, 







Telegraphic 
Telephone: Address : 
136, Accrington, - 
— Church,’’ 
Established 


Makers of 
HIGH-OLASS STEEL 


LANCASHIRE 
CORNISH 


Fania BOILERS 


eT “13 Yommiee 
Up to 200 Ibs. pressure. 


NEW BOILERS 


Always in Stock, 
READY FOR DELIVERY. 


All Welding, Flanging, Drilling 
Riveting and Caulking done by the 
most up-to-date machinery. 
6107 





‘_ 


to work in connection with Lancashire and Cornish Boilers. Will give 














perfectly dry steam and save 16 per cent. to 20 per cent. 
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Thomas Turton & SONS, THE MOTHERWELL IRON 
MANUFACTURERS OF LIMITED. AND STEEL CO., LTD., 
ENGINE, CARRIAGE, AND WAGON SPRINGS, Motherwell, Scotland. 
Cast Steel Files, |escs-2 coy .2en. 
ENCINEERS’ TOOLS, HAMMERS, EDCE TOOLS, STEEL O 
FORGINGS, SPRING STEEL, WO De S 
Tool Steel. 
SHEAF WORKS, SHEFFIELD.|)| =: 7 
j yas ad QUALITIES BARS, 
London Office: 90, CANNON STREET, E.O, OF FLATS, ROUNDS, 
Boston, U.S.: 16, STATE STREET. PUDDLED IRON, SQUARES, 
ROSS PATENT ELECTRIC WINCH. ||| scx sD ALS 
[ Specially adapted for Holsts, Oranes, &c. MARTIN AND TEES, COPES, 
H a BASIC OVALS, AND 
MILD STEEL. OTHER ons. 
ROLLS GUT TO SUIT OGUSTOMERS’ eaittiiianenie 
mn. AND SECTION LISTS ON APPLICATION. 
R. G. ROSS & SON, Engineers,| id Nani, Hull, and 12, Mark Lane, spt 
Te Sole Makers of Rghy's Patent Stoam Hammers,” Rogs Paint Pyeamatc Tools. © ESTABLISHED 1777. 
: PURE SOFT WATER. 
GANDY’S | .. a 
(. ALATA BELT Seecaiad sees of le 
Bees: or sediment. 
GUARANTEED OUR OWN MAKE. For treating anneal 
j ea satisfaction. 
| | : J WATER SOFTENING APPARATUS 
\ WHEATLAND WORKS, (BEISSEL’S PATENT). 
SEACOMBE, CHESHIRE, OIL eget foe ig Wr Ape rea 
GRAB DREDGERS AND EXCAVATORS. 





| | 
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CONSOLIDATED ENGINEERING CO., L*: 


Patontost anumeturers Piast Pa hy 


COIL FRICTION CLUTCHES 


Any Power at Any Speed. 
RAPID-ACTING VACUUM BRAKE APPARATUS. 


INJECTORS. 


GAS AND AIR COMPRESSORS. BOILER FEED PUMPS. 
“STEELEAD" STAIR TREAD. 


CASTINGS, FORGINGS AND STAMPINGS. 


DEEP STAMPINGS A SPECIALITY. 7553 


THE BRITISH ALUMINIUM C0, LD, 


moe “€D «“ Q, Victoria Street, London, S.W. ="@g9"™ 


Sole Producers of pure Aluminium made by the Electric and Electrolytic © 
in the United Kingdom. 


Bauxite—Hydrate of Alumina and Anhydrous Alumina. 

Aluminium Ingots, Sheets, Wire, Tubes, Angles, Castings, Forgings, Stampings, Solder, &e., ke. 

Wolframinium, Romanium, and other Light Aluminium Alloys, in Castings, Sheets, Angles, &e. Strong as Brass, Cast Iron, cc. 
Aluminium Bronze. Strong as Steel. Tough as Wrought Iron. 

Speciality—Propellers and Propeller Blades. 

Carbon for Electrolytic Purposes. 


ae PRIOCZrS UPON APPLICATION. 


SIEMENS-MARTIN OPEN-HEARTH STEEL. 


PLATES wto 6 in. thiok. 
SLABS 
SLOCMS 


To all Surveys, 


































SPECIALITY. 
Soft Welding and Flanging Plates 
for Furnaces and other purposes. 





On Admiralty and Board ef Trade Lists. 


REFRIGERATING MACHINERY. 


; ' ON THE AMMONIA, CARBONIC (CO:) AND 
Haslam s Refrigerators COMPRESSED AIR SYSTEMS. 
ADOPTED BY ALL THE LEADING SHIPOWNERS AND MEAT COMPANIES IN THE WORLD. 
1008 FPLANTS UF TO 200 TOMS CAPACITY. 























THE HASLAM FOUNDRY & ENGINEERING CO., Ltd. 


(WNCORPORATED WITH PONTIFEX AND WOOD, LTD.) 
UNION FOUNDRY, DERBY. Lowpon OrFice: 175-177, SALISBURY HOUSE, LONDON WALL, E.C. 


1448 
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——_ GHO. «= Co. = 
STEEL WORKS ... WA KO HWE'T HiT. WIRE DRAWING MILLS. 

















ROLLING MILLS... ORIGINAL MANUFACTURERS OF WIRE ROPE WORKS. 
LANG’S PATENT ROPE 
TraDE MARK. § Traps Mark. ° 
BY WHOM IT WAS INTRODUCED AND ESTABLISHED. 
2 COLD MEDALS AWARDED Makers of all descriptions of 2 COLD MEDALS AWARDED 


AT THE ROUND & FLAT STEEL & IRON WIRE ROPES. vine aeieli dn 


PARIS EXHIBITION, 1900. CONTRACTORS TO THH ADMIRALTY. 


All Wire used in the Manufacture of our Ropes is drawn by ourselves from specially prepared Wire Rods which are rolled in our own Mills from Steel made in our 
Works under our personal supervision. 


HIGH-CLASS MINING STEEL MAZHERBB. 


LONDON OFFICE: 7, Bast India Avenue. AUSTRALIAN OFFICE: 82, Pitt St., SYDNEY. SOUTH AFRICAN OFFICE: Bettelheims Bldgs., Simmonds St., JOHANNESBURG. 


Telegrams; ‘‘CRADOCK, WAKEFIELD.” ABC and the Engineering Telegraph Codes used. 
SOLE LICENSEES OF MAX-am-ENDE’S PATENT ROPE CAPEL—THIS IS THE ONLY CAPEL WHICH WILL HOLD TO THE FULL "BREAKING STRAIN OF THE ROPE. _— $213 


Twin Screw Shallow Draft Gunboat “ Widgeon.” 
Constructed by Messrs. YARROW & Co., Lid., Poplar, London, for the British Government, 
"Gi RS She a 7 Ea 
Be a we 




















ao _— 





Length, 160 ft, Beam, 24ft.6in. Draft, carrying 40 tons, 2ft.5in, Speed on a continuous run of 2 hours, 15 statute miles an hour. 


The hull is constructed in floatable sections arranged in such a manner that they can be readily united while afloat, thus avoiding the necessity 
of riveting together and launching in foreign parts where skilled labour may not be obtainable. 


The ‘‘ Widgeon”’ is fitted with Yarrow’s patent hinged flaps aft, by which means a considerable increase of speed is secured without additional 
power or cost; and the maximum efficiency under all conditions of load is obtained. 7374 


THE VACUUM AUTOMATIC BRAKE 


Abwstddiiny 
Reliable, 


THE ORIGINAL FITTINGS, NOT IMITATIONS. Suitable for all conditions of Railway Service, including : 


HIGH-SPEED PASSENGER AND LONG LOOSE-COUPLED GOODS TRAINS. 
HUNDREDS of THOUSANDS of ENGINES and’ VEHICLES EQUIPPED with this Apparatus in all Parts of the World. ™° 


THE VACUUM BRAKE 6O., LtD., GRESHAM & CRAVEN, Lto., 


32, Queen Victoria St., London, E.C 
, £.0. Salford, Manchest 
Telephone : 5534, BANK. ABC and Al Copzs used. Telegrams: ‘‘ SOLUTION, LONDON.” . _— 











aneens and 





Inexpensive. 
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BOLLING & LOW Hy, London, Ec, 


2, genes Saar sae INE ILL 











and erch ants Former.ty We. BIRD & CO, . 
gu ad M ("eer Esrasuienen |627. - disease iin as tateeiod Clieataadidinin 
Contracters to the Admiralty, War Office, Crown Agents for the Colonies,&c. Agents for Foreign Governments. 
PLANS AND ESTIMATES 
FOR EVERY D&SORIPTION OF 
. J. Ls Maohinery Inetallations, Tools, Rallway & Tramway Material, Mining and peey te Plant. 
P STOCKS OF NEW AND SLIGHTLY DEFECTIVE RAILS. 











aiaiesineieeeteieieemmens 








“WROL 


LAPWELDED IRON or STEEL, up to 12 in. thing for Marine and Locomotive Boilers, or any other 
purpose. BUTTWELDED for Gas, Steam or Water, dec. 


EDWIN LEWIS & SONS, TUBE MAKERS, WOLVERHAMPTON, 
SHEET METAL WORK 


of all descriptions, from the lightest to jin. thick, accurate to dimensions. 


ENGINEERS’ WORK A SPECIALITY. ve 


Send us DRAWINGS and we will quote for BEST WORKMANSHIP. 
Drop us a line and one of our representatives will call on you” in ANY PART of the COUNTRY. 





Telegrams— DONOVAN & COo., Limited, 


DAZZLE, MANCHESTER. 
Telephone—No. 3404. Broughton Bridge Iron Works, SAL FOR =). 


Trae PATIBUNT 


DE LAVAL STEAM TURBINE 


For Driving Factories, Dynamos, Pumps, Fans, &c. 














Made from 1; te 300 Horse Power. 
3000 TURBINES now in use, amounting to 100,000 HORSE POWER. 


GREENWOOD & BATLEY, Ut, 


226 B:H.P. De Laval Patent Steam Turbine Motor. Ke Ee =: > £3 


Telegraphic Address : 
*‘DREDGER, 
PORT-GLASGOW.” 
1 -/l\¢ 
} i 
> - 

































ON WAR OFFICE 
AND ADMIRALTY LISTS. Up to the Largest Dimensions and Capabilities. 
DELIVERED COMPLETE OR SHIPPED IN SECTIONS. 
Bow and Stern Well Centre and Side Ladder bucket Barge-Loading and 


Hopper Dredgers, Suction Dredgers, Hydraulic and Mechanical Agitators, 
- Discharge Pipes and Pontoons, Hopper Barges, Sewage Steamers, Caissons, 











‘erib se ese is “ be : ae Tugs, Ferries, Paddle and Screw Steamers. 
Sine int. Dat ; ai “a fr eae GOLD DREDGERS A SPECIALTY. 
otbenetert hnreftrocthth 7 ee uy pal atiinnga é peter ela sd 
Barge Loading Bucket Dredger (No. 616), by FF R F UJ SO N 5 " OT ERS 
Ferguson Brothers, for Clyde Trustees. 
SPARE GEAR AND SHIPBUILDERS AND ENGINEERS, 7131 J 


RENEWALS SUPPLIED. Newark Works, PORT GLASGOW, N.B. 
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SMEDLEY BROTHERS, Lr, tor, notin 





EDGE RUNNER GRINDING MILLS 


FOR ALL DESCRIPTIONS OF MATERIALS. 














JAMES FAIRLEY & “SONS oe. 
General Stee! Manufacturers, and SPECIALISTS in TOOL STEEL 


FAIRLEY’S SELF-HARDENING TOOL STEEL, for Heavy Cuts at High Speeds. 


te be the HARDEST and TOUGHEST Steel made Cheapest in the Market Small samples free te approved buyers. 





4@ All Communications should be addressed to the Head Ofices—OLD 'D MINT. SHADWELL STREET, BIRMINGHAM. 


S 


NOTE. JAMES FAIRLEY & 80 SONS’ WORKS (Bramall Lane, SHEWFIELD, ond Milf'st- Forge and Rolling Mills, BLRMINGHLAM) are merely Branch Departments, and 


1719 














THOS: CHATWIN, ‘. toa sett, BIRMINGHAM, 


—  PATENTEE AND MANUFACTURER OF — 
EIGH-CLASS TOOLS, 
Stocks, Dies, Taps, & Rimers; Improved SOREWING MACHINES for Hand & Power, 


Standard Cylindrical Gauges, Surface Plates, Twist Drills, Milling Cutters, Cut Gears, Spanners 
and Wrenches. Patent Tube Cutters, Tube Wrenches and Vices, and General Tools. 


Sole Maker of W. Jones’s Patent Pipe Cutter for Mains—up to 36 in. 


ESTABLISHED OVER HALF A CENTURY. 6081 
















DOUGLAS & GRANT. 


ENGINEERS, KIRKOALDY, SCOTLAND. ns — Kinkcaupy.” 


HIGH-CLASS CORLISS ENGINES 


MADE HORIZONTAL OR VERTICAL — SINGLE CYLINDER — COMPOUND — 
TRIPLE EXPANSION — TANDEM OR SIDE BY SIDE—TO ALL POWERS. 


EVAPORATIVE STEAM CONDENSERS 


A Specialty—where water is not available 
for ordinary Condensation. Bae 


CONDENSING PLANTS. ae 
PUMPING ENGINES. a wr wee o. 





GENERAL ENGINEERING AND 
MILLWRIGHT WORK. 


os” 2500 LHP. COMPOUND COUPLED CORLISS ENGINE. 
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| HUNSLET ENGINE C0,, Ld. 


LEHDSs. 


Makers of Locomotive Engines | 


adapted to every variety of work and gauge. 














Designs & Specifications Supplied or worked to. 
Quotations and Specifications 
on application. - 











Telegraphic Address : ‘‘ Engine, Leeds.” Telephone : No. 528. 


“Du DBHRID GE” 
Gas and Oil 
Engines. | 


GAS PRODUCING PLANTS. 
PORTABLE OIL ENGINES. 












a Revised Oatalogue and Full 
. } Particulars on Application, 


Dudbridge tron Works 


LIMITED, 1 


a STROUD, GLOS. a 


JAMES ARCHDALE & Co., L™. 


MANCHESTER WORKS ’ 
: On Admiralty and LEDSAM STREET, BIRMINGHAM. 


War Office Lists, Oodes: A1; ABO (4th Bdition); Engineering Telegraph Oode, © Telegraphic Address: AROHDALE, BIRMINGHAM, Telephone ; No. 3558, 




















MAKERS OF HIGH-CLASS 


MACHINE TOOLS. 


A SPECIALITY : 
HIGH-SPEED DRILLING MACHINES. 


I in. Holes Drilled at 8.2 in. per Minute on our 


3 ft. Gin. RADIAL DRILLING MACHINE, 


PHOTO No. 353. 

















PHOTO No. 311 illustrates our UPRIGHT TYPE of 6812 
HIGH-SPEED DRILLING MACHINE, 
WITH SENSITIVE AND SELF-ACTING FEED MOTION. 





Write tor Catalogue of LATHES, PLANING, BORING MACHINES, &c. Es 








"uuu, |S «CSPECIAL MACHINERY FOR ARSENALS. “Photo, St 
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“ MILD STEEL BARS, 


PLATES, ANGLES, CHANNELS, ZEDS, &c. 
FOR BOILERS, SHIPS, BRIDGES, TANKS, &c. 
ALSO REELED BARS FOR SHAFTING AND STAYS. 


DAVID COLVILLE & SONS, LTD., wer 


DALZELL STEEL & IRON WORKS, 
MOTHERWELL. SHIP & BRIDGE BRAND. 


WILLIAMS’ PATENT STEEL & CONCRETE PILES. 























7451 


j Can be driven by ordinary Pile-Driving Ram. QOHEAP, STRONG, DURABLE. {gui Sizes kept in Stock, 20 ft.—40 ft. x 14 in. x 14 in. 


SA MUEE Wik. LiIiAM™MsS & Son’ 1.7 D., 


Telegraphic Address: “INBARGE, LONDON.” 986, Lime Street, LONDON, E.C. — Dagenham Dock, ESSEX. Telephone: No. 375, AVENUE. 


D. STEWART & CO. (1902) LIMITED, 


LONDON ROAD IRONWORKS, GLASGOW. 


Established 1664, PAP LL LLL LSOS66056600600004 Tel. Address: “Stewart, Glasgow.” 


SLOW SPEED. EN GiIN=zSsS 


FOR CENTRAL POWER STATIONS, MILLS AND FAOTORIES, WATER, SEWAGE AND HYDRAULIO 
PUMPING STATIONS. 


~» Hydraulic Presses for Forging and Cotten Pressing with Engines, 
i Piping and Accumutators. 00s 


SUGAR MACHINERY. CONDENSING PLANTS. 


OONTRAOCTORS FOR POWER STATION EQUIPMENT. 
INDIAN AGENTS: MHSSRS. DREWET, CHOWNA & CO., 31, CHURCH GATE ST., BOMBAY. 


BLAST FURNACE GAS ENGINES 


(KORTING’S PATENT) for 


BLOWING ENGINES, ROLLING MILLS, 
ann POWER. 


PLANTS QUOTED tor COMPLETE up to 3000 HP. 


TUBE MILLS. 


™# This Illustration shows a 500 HP. KORTING BLAST FURNACE GAS 
ENGINE with BLOWING CYLINDER. 


CATALOGUES of ALL our MACHINERY on APPLICATION. 


Fraser & Chalmers, [* 


Office :—3, LONDON WALL BUILDINGS, LONDON, E.6. 
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SPECIALITIES : 
LOCOMOTIVE CRANK AXLES. LOCOMOTIVE STRAIGHT AXLES. COMPRESSED STEEL CRANK SHAFTS. BUILT-UP MARINE CRANK SHAFTS. 


Forge Department - { ROLLED WELDLESS TYRES for Locomotives, Carriages, and Wagons. Special Hard Quality for Brake Vans and Tramway Locomotives. 
SPECIAL HARD TOUGH STEEL SHOES and DIES for Gold Mining Purposes, &c. 


Castin De art nt { STEEL HYDRAULIC CYLINDERS, finished complete, tested and guaranteed to any required pressure up to 7 tons per square Inch. 6653 
sting partme HEAVY MILL GEARING IN STEEL. STEEL HAMMER TUPS, FACES & SWAGES. SPECIAL HARD STEEL ROLLERS & PATHS for crushing Quartz, &c. 


— ROBEY & CO., LTD. — 


OOF 4666664466464 6444 


FIXED ENGINES 


OF ALI SIZES, 


HORIZONTAL AND VERTICAL. 
DROP VALVES and other TYPES OF VALVE GEAR. 


High-Speed ENGINES. 


FORCED LUBRICATION. 


b GONDENSING PLANTS. 


jj AIR COMPRESSING PLANTS. 


ALL SIZES. 


— eee WINDING AND HAULING ENGINES. 


CLASS “E” FIXED ENGINE; MAMMOTH BED. Simple and Compound. 


Highest Efficiency. Greatest Economy. : Bore ES. 


ALL CLASSES. 
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GLOBE WORKS, LINCOLN. ) 


London Office - - - 79, Queen Victoria Street, E.C. 
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DICK, KERR & CO. LTD. 


Head Office—Abchurch Yard, Cannon Street, LONDON, E.C. 











LIGHT AND HEAVY RAILS . 
GIRDER TRAMWAY RAILS 
TURNTABLES AND TRAVERSERS . 
POINTS AND CROSSINGS 


LOCOMOTIVES AND WAGONS . 
ENGINES, BOILERS, &c. 


Manufacturers of ‘all kinds of 


Electrical Plant. 


7500 





PIT CAGH Works: PRESTON, LANCS., and KILMARNOCK, N.B. 


C. A. PARSONS & CO. 


Heaton Works, PE ee -ON-TYNE. 











DIRECT-CURRENT TURBO GENERATORS, with Fixed Brushes, te ill nen Of load. TURBO ALTERNATORS of largest size, 
TURBO PUMPS. FANS and BLOWING ENGINES. 
SEARCHLIGHT REFLECTORS. TURBINE; INSTALLATIONS for Collieries, for utilising Exhaust Steam from Winding Engines, 


MANUFACTURERS OF 


CONDENSERS 
al ty with 
| SPECIAL COLD WATER POCKET, 
for obtaining 
Highest Possible Vacuum. 


Over 100 of :his type have been 
supplicd since 1896 to: 


Sca: borough Electric Supply Co. 
Cambridge Electric Su; ply Co. 
Newcastle a District Electric 
Light C 
Ne = - a -Tyne Electaic 
, Sup: uly 
 Woolwic te Distri¢t Electric 
, Lig ht Go. 
sear me +rn Counties ElectiicSupply 


Elberfeld. Blackpool, 
rb Portsmouth. 





y- 
phe : West Bromwich daw N.8.W, 
xiang a E is Hastings. Bri tol. 

1500-kw. TURBO ‘GENERATOR supplied to the NEWCASTLE _ ‘AND DISTRICT ELECTRIO LIGHTING Co., Ltd. 6813 Sheffield, he. &e. 


LONDON OFFICE: 66, Victoria Street, S.W. TELEGRAPHIC ADDRESSES: 
LEEDS OFFICE: 13, Peacock’s Buildings, Park Row. _,.,, -"URB NEWCASTLE-ON-TYNE” 
GLASGOW OFFICE: 90, Great Clyde Street un ioe 
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Auxiliaries 
for the Marine 
Steam Turbine 











Complete Feed Pump, 
Feed Heating, 


High Vacuum 
Air Pump and 
Condensing Plants 


Designed, Arranged and Furnished. 


G. & J. WEIR, L‘¢ 























Cathcart, 6036 
GLASGOW. 
9090 and’ 3100. Eimnginmeers and Ironfounders, « Pulleyee Bradford.” J i 


THORNBERRYT ROAD, BRADFHORD. 


— a se 


“RELIABLE” Wrot.-Iron or Steel Pulleys. 


. DOUBLE OR TREBLE ROWS OF ARMS. Over 100,000 in actual use. 
7" SINGLE ARMED PULLEYS WITH OUR PATENT RIMS. 





—= 





ST 








Section of Rim and Arm, showing 





SEN D U S ° method of secure connection. 
jen. i, 
| ENQUIRIES. 
QUICK OBJECTS ATTAINED — | 
D ELIVERY. tect ogi aaa , 











== OUR 1904 GATALOGUE IS NOW READY, AND WILL BE SENT TO ALL BONA FIDE APPLICANTS. 
Infringers Beware! ll our Designs are Registered. 








$9 
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TELEGRAPHIC ADDRESS, 
HOFFMANN, CHELMSFORD. 





STANDARD 
SINGLE ROW ‘ 

‘} BALL i 

JOURNAL a 

BEARINC. RQ 

= = . 











! 


s 


F HOFFMANN MANUFACTURING Cob 





BALL BEARINGS & STEEL 


We will gladly send you one for trial on approval if you will let us know which size would su 








[es MOTOR CARS, 
SHAFTING, 
MACHINE 
TOOLS, 
AND 
MACHINERY 

a 
ALL KINDS. 


BALLS. . 
_aS 
























A 




















=, 


Telephone: Ne. 10 Ecctes. 








“Browett=Lindley’ 
Forced-Lubrication Steam Engines. 


Two-Crank Compound and Triple Expansion Type. 


’ Improved 





Made in Standard Sizes, 
from 40 to 2500 B.HP. 





You cannot obtain better workmanship, better materials, 


more reliability in working, or better economy, than is com- 





‘bined in the Improved ‘‘ Browett-Lindley ”’ Engines. 
€655 





LONDON REPRESENTATIVE— 
M. M. GILLESPIE, 


Amberley House, Norfolk Street, Strand, W.C. 





750 B.HP. (500 KW.) Triple Engine. 


| oP 
BROWETT, LINDLEY & CO., Ltd., 


Telegrams: “SANDON, PATRICROFT.” 


Patricroft, MANCHESTER. 
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WILLANS & ROBINSON, 


VICTORIA WORKS, RUGBY, ENGLAND. Limited. 


IMPROVED STEAM TURBINES. 











7041 











MANUFACTURED UNDER LICENSE FROM C. A. PARSONS & CO., AND UNDER PATENTS OWNED BY WILLANS & ROBINSON. 


PHILADELPHIA, PHUNNSYVWTLEVANIA, U.S.A. 


AMERIGAN LABOUR-SAVING MACHINE TOOLS. 


The PLATE PLANING MAGHINE | 


here shown is driven by an electric 
motor through reversing friction clutches 
which are actuated by compressed air. 
This is an improved type of machine, 
and is more convenient to operate and 
responds more promptly to the control 
of the operator than other construc- 
tions. It is fully capable for 1$ in. plate. 
The main screw is supported-in a planed 
groove in the bed throughout its entire 
length, and is provided with improved 
end thrust roller bearings. The saddle 
is provided with a turn-over tool ar- 
ranged for vertical and angular feed, and 
swivel so as to cut any angle or bevel 
required with a straight face tool, the operator reversing the tool at each end of the stroke. A platform for the operator to ride 
on is attached to the saddle, thus enabling him to conveniently watch the cut at all times. The machine shown was installed in 


the U.S. Navy Yard, Philadelphia, and we are now building a similar machine for the U.S. Navy Yard at Puget Sound. 
7058 


CORRESPONDENCE SOLICITED. | 














TS ny SME 
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If a are interested i in High-Speed Lathes, 


this 84 in. Lathe 
merits more than 











eS \ A PASSING 
» © GLANCE. 


It has many excellent 
features, including : 


Friction-G eared 
Head. 


Hollow Spindle, 
taking a 
3+ in. bar. 


Adjustable Stop. 


Safety Interlock- 
ing Motions, &c. 





A PERFECT LATHE 
FOR POWER 
AND HANDINESS. 


DEAN, SMITH & GRACE, L™ “<2#-.". 


London Agents: BUCK & HICKMAN, Ltd., Whitechapel Road. Agent for France: LOUIS BESSE, 39, Rue de Lappe, Paris. 


“CAMPBELL” VERTICAL GAS ENGINES 


Orders Executed or in Hand: 


























Guernsey - - - = = = 2 sets. 
Bahia Blanca - - - - - 1 set. 
Faversham - - - =- = = 1 set. 
Newbury- - - - - = = 1 set. 
Hebden Bridge - - - - 2 sets. 
| Kosmoid Limited - - - - 4 sets. 
| London County Council- - 3 sets 
Aberdeen Ice Co., Ltd. - - 1 set. 
J. H. Smit - - - - - - 1 set. 
J. S. White & Co., Ltd. - 1 set. 
Woodgate, Sons & Co. - - 1 set. 
AND OTHERS. 
ies 
he } 
a 4 
i 


= ~ >. ios tin iecle iniiasatie 


ay Mlustration of 360 Brake HP, Set. 


The Campbell Gas Engine Co., Ltd., Halifax, England. 


LONDON OFFICE: 114, TOOLEY STREET, 8.E. GLASGOW OFFICE: 104, BATH STREET. 











42 ENGINEERING [Dec. 29, 1905. 


ROYCE LID 

















Makers of Principal 
: Representatives :— » 
CENERATORS, LONDON : 
BC. ANOS, 
MOTORS, 20, Bucklersbury, E.C. 
CONTROLLERS, BIRMINCHAM : 
J. G. BARBER, 
STARTERS, 9, Shirley Road, 
Acocks Green. 
CRANES, 
GLASCOW : 
HOISTS, S. H. CASSON, 
1, Partick Hiil Road, 
WINCHES, ‘ Partick. 
MOTOR-DRIVEN BELFAST : 
PUMPS, JOHN ARDREY, 
Granville Buildings, 
&c. “ROYCE” 10-ton ELECTRICALLY-DRIVEN OVERHEAD TRAVELLING High Street. 


CRANES at the Works of Messrs. J. & A. Law, Glasgow. 


worxs: WIANCHESTER, ENGLAND. 


You cannot afford to te without our New 80-page Catalogue.'| 
WRITE FOR A COPY AT ONCE. _.; 








New | 
Designs. | 


Unique 


Selection. 


ayant 


oy 
Sl 
A en non een 
~ 





Extracts from Customers’ letters— 


“We have not come across a better English 
catalogue than yours.” 


“A magnificent production.” 


“ We have rarely seen an engineering catalogue so com- 
prehensive in details and which contain such excellent 
illustrations,” 














wy 
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PPP 
MOTOR APPLICATIONS 


100,000 B.H.P. 


OF 


P.P.P. MOTORS IN SERVICE, 














Bruce Peebles 


& Co., Ltd., 
LONDON & EDINBURGH. ad 
LONDON : 1, London Wall Buildings, E,C, NEWCASTLE ; Pape’s Buildings, Neville Street, 
MANCHESTER : 64, Cross Street, CARDFF ; Royal Chambers, Park Place. 


WORKS: EDINBURGH. 




















ELMORE'S METALL-A-C. 


SCHLADERN a.d. SIEG., GERMANY. 


London Office: Telegraphic Addresses: 
Bread Street Avenue, E.C. Rohren, London. 
Tel. No. 1114, London Wall. Elmores, Schladern. 








MANUFAOTURERS OF 


SEAMLESS 


COPPER CYLINDERS ( 


AN 
DRYING DRUMS, CONDENSER 
PUMP LINERS, TUBES MANTLES, 
FROM THE 
SMALLEST SIZE UP TO 8 Fr. DIA. 













Copper Coated Iron Tubes 


FOR ROLLERS. 





Highest Award Dusseldorf, 1902. 


Gold Exhibition Medal and Gold Prussian Seamless Condenser Mantles for H.I. M.S. Kaiser Karl der Grosse. 7354 
State Medal. Diameter 6 ft. 5 in. Length 8 ft. 5 in. 
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JAMES HOWDEN @& CO. 


MANUFACTURERS OF 


HIGH SPEED ENGINES 


For TRACTION, POWER & LIGHTING, 


WITH PATENTED IMPROVEMENTS GIVING HIGHEST EFFICIENCY. 
Standard Sizes in Stock for Early Delivery. 


COMPOUND & TRIPLE-EXPANSION ENGINES 


FROM & B. UP. TO 1500 B.P. 














LICENSEES for the Manufacture ot 
RPAHRSONS’ STEAM TURBINES 


(With all the Latest Improvements, as made by C. A. PARSONS & CO.) 
For Electrical Purposes. Specially recommended for Large Power Units. 


PATENTEES AND MANUFACTURERS OF 


HOWDEN’S 
FORCED DRAUGHT 


I, QBHh® msrauarions on 1anp anv SEA, 


AGGREGATING OVER 6, 600, OOO I.HP. 





HANLEY CORPORATION. 500-650 KWT. SET. 6871 


JAMES HOWDEN & CO., Scotland Street, GLASGOW. 








THE BLACKSTONE OIL ENGINE. 


Stationary type - 2 to 7O B.HP. 
Portable type - - 2 to 26 B.HP. 


i | 
\ 












Works with ordinary Lamp Oil, — 
Petrol, or Alcohol. 


Starts in < minutes. 


No Lamp required ex- 
cept for starting. 


No external flame when 
working. 


oe ~ 
ee es 
a 





Telegrams—“' BLACKSTONES, STAMFORD.” 

Telephone—No, 1, Nat. 

Codes used—LIEBER’S, Al, ABC (4th and 5th 
Editions). 7120 





Estimates and full particulars G 
post free. : 


| 
i i 
\ 





— From Photo of 14 B.HP. ENGINE. 


BLACKSTONE & t CO., L Stamford, England. 


London Representatives: Messrs. BILBIE, i. & CO., 80, Queen viene St., E.C. 
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Steam Hammer. 


ORDINARY PATTERN. 


An efficient and thoroughly reliable machine. 

Nominal Size 6 cwt. Diameter of Cylinder 12 inches. 
Length of Stroke 24 inches. Face of Column to 
Centre of Piston 26 inches. 

Can be supplied from Stock. 


Carron Company also make an extra strong pattern 
- Steam Hammer, Nominal Size 15 cwt. 


OTHER CARRON SPECIALITIES. 


Lathes, Drilling Machines, Mortising Machines, 
Band Saws, &c. 


Write for prices and particulars. 



































CARRON ( ‘OMPANY 
apa At te CARRON, Stirlingshire. 
Tems., ESTO, FALKIRK. Tel., No. 14, FALKIRK. 
Glasgow Showrooms, 53, Oswald Street, GLASGOW. 
_ | WILLIAM BEARDMORE & CO., TD. 
4 Telegrams : “ BEARDMORE, GLASGOW” : GLASGOW.” 
nm rs dmiralty, 
cinssied: da Seti ane. Steel Manufacturers, Forgemasters, 
SHIPS, ENGINES & BOILERS Armour Plate Makers, 
REPAIRED. . ‘ 
WAR SHIPS, MAIL STEAMERS, Shipbuilders & Engineers, GL ASGOW. 
CARGO VESSELS. (Late R. NAPIER & SONS, Limited.) 
SEA E's ASLHS OMAK 
Crank & Straight, Hollow & Solid. AR M0 U + PLATES AND ry eas 
For LOCOMOTIVES, CARRIAGES and WAGONS. 
SHIP & BOILER PLATES & SHEETS. 
‘ngiliaipe ese GUN FORGINGS | WHEELS « AXLES 
} J BOILER FRONTS, ENDS AND FLUES. mee See FINISHED COMPLETE. 
j oo — 7824 
. NICKEL STEEL PLATES, SHEETS, 
Steel Castings PR OJ ECTI LES BARS, SHAFTS and FORGINGS. 
OF ALL DIMENSIONS. 7 All facilities afforded for TESTING at the Works. 











Manufacturers of— 


200 i. 4000 un. GAS ENGINES. 


(OECHELHAUSER SYSTEM) 
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PACKING — 


That PACKS the following Vessels 
of the CUNARD Steamship Company :— 

















CAMPANIA, LUCANIA, UMBRIA, ETRURIA, 
SAXONIA, CARONIA, CARMANIA, CARPATHIA, 
BRESCIA, SYLVANIA, ULTONIA, IVERNIA, 
CYPRIA, PAVIA, VERIA, PANNONIA. 


Also ADOPTED by the Elder-Dempster, Ellerman, Union Castle, Royal Mail, Allan, Orient Pacific, 
United (Copenhagen), Messageries Maritimes (Marseilles), and other STEAMSHIP GOMPANIES. 
British, United States, Dutch, Japanese, Spanish, French, and other NAVIES. 
OVER 470,000 SUPPLIED. 


THE UNITED STATES METALLIC PACKING 6O., LTD, 


Telegrams :—METALLIC, BRADFORD. Telephone: No. 604. taney aes ste al 
LIVERPOOL: L. MURPHY, R.N.R., 15, Fenwick Street. LONDON : 17, Victoria Street, Westminster. 


W. S. LAYCOCK’S PATENT AUTOMATIC COUPLER (M.C.B. Tyre.) 


INTERCHANGEABLE WITH ORDINARY SCREW COUPLINGS. 





























oan 


~ LONDON: ort CE: 
774 QUEEN VICTORIA STEN 


€918 
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ou New cotton of 


eS 


Now Ready ! 
































ON RECEIPT OF A POST-CARD WE SHALL BE PLEASED TO 
SEND YOU A COPY! te 


te Ae A ee tt i 





iO i i i i i i i On i i i nn 


GIBBONS BROS., Ltb., 


DIBDALE WORKS, DUDLEY, WORCS. 


142-3, PALACE CHAMBERS, WESTMINSTER, LONDON, S.W. 85, TREVELYAN BUILDINGS, CORPORATION STREET, MANCHESTER. 


™N RODGER-ROWDEN 
PRODUCER GAS ENGINES 


TEN 


with GAS PLANT COMPLETE are on order for 
tne NEW WORKS «or ARGYLL MOTORS, L? 


i 














soe MAkERS— A. RODGER & CO., 
St. Helen’s Engine Works, GOVAN. 
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TEST 6&6 59 
STONE QRF AKERS -} BOYLE'S Parexr  AIR-PUMP” VENTILATORS. 
=i Hie Double the Extracting Power of earlier forms. 
aaa} | : HiGHEST AWARD FOR VENTILATION, Paris EXHIBITION, 1900. 


va ree MEDALS AND 1: SILVER MEDAL. 





The “ BLAKE-MARSDEN ” IS THE BEST. 


It Is the result of 45 YEARS’ EXPERIENCE. Used in all the most successful Roadstone| ~=* ~~ ROBERT mate a SON, Ventilating Engineers, 
Quarries, and by the British and Foreign Governments, Railways, Harbour and Dock Works. =:2° IPF 64, HoLBoRN Viapuct, LONDON. 110, BoTHwELL St., GLASGOW. 


ual operatio' nd have much pleas —y —~ stifying to 0 thei 





~ LORD a “T hav n several different forms.of Mr. Boyle’ —_ -Pu ~d Aa ntilator 
1” effici 7067 








Also by many hundreds of Corporations in the United Kingdom, South Africa, &e. 


80 GOLD and SILVER MEDALS—All Highest Awards. °* 
H. R. MARSDEN, Leeds. The Dulsom eter- 


FO? PISTON RINGS|QZ]] steam Fume. 


RAMSBOTTOM SYSTEM. } | "T cated Op hard work, per- 
fected by experience, with no 
moving parts but the valves, 


P.R. JACKSON & 00., Lid, JP) Sea 


the simplest, handiest and most 
Engineers, MANCHESTER. ; 
reliable pump for general use. 


TRADE 
MARK d : Pee Engineering | Od 4 


Nine Eimslronworks, Reading. 


IMMEDIATE DELIVERY—ORDINARY SIZES FROM STOGK.|M 8 seston omces et stonreoms . 


oat — 63, ees Victoria Street, E.C. 























SEND FOR BOOK OF SECTIONS. 7434 











DAVEY, PAXMAN ®& CO., Ltd., 


London Office : 
COLCH ESTER, ENGLAND. 78, Queen Victoria Street, E.C. 


Single and Double-acting Quick-speed ENGINES. 
PAXMAN’S “ECONOMIC” BOILERS. 
CONDENSING PLANTS. — 


ee ee OIL & GAS ENGINES and GAS PRODUCING PLANTS. 














GAS ENGINES for PRODUGER, BLAST FURNACE, or COKE OVEN GAS. 


DOUVUBLE-ACTING Twwo-cwreoLtsA WYP s. 


250 up. tro 2000 zp. 
MATHER & PLATT, [> nonnroke., MANCHESTER. 











ADFIELD’S STEEL CASTING 


ELECTRIC GENERATOR. 






STEEL FOUNDRY CO., LTD., DIAMETER ... 12 FEET. 
WEIGHT ..._ 17 TONS. 
MADE OF 


SHEFFIELD. 
HADFIELD’S 


HIGH PERMEABILITY 
TT 


Sout MAKERS oF 


HADFIELD'S PATENT “ERA” MANGANESE STEEL, 


WHICH IS UNRIVALLED FOR \on 


TRAMWAY POINTS AND CROSSINCS AND WEARING PARTS 
OF CRUSHING AND CRINDING MACHINERY. 





.* 











a} 











OO 


—— — 
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is evidenced by the fact that they are 


Loy eee T 
| ee) eh | ° I oi Te 
| a . : 
| es # ae - are unequalled for the economic operation of machine tools; this 
| - er 


EVER RISING IN POPULARITY 


amongst engineers and manufacturers who are installing 


electrical power. 





The 
British Thomson=Houston Co., Lta., 


Electrical Engineers and Manufacturers, 


Head Office and Works, RUGBY. 





Bending Machine operated by B.T.H. Motor. 


COMPOUND AIR COMPRESSORS tw al 


Peter BrotHeRHooD,| qq 


Belvedere Road, 














Services for any Pressure, 
i 


DRIVEN BY 
STEAM, ELECTRICITY, 


BELT or GEARING. 














Speolal Features : 


ECONOMY OF DRIVING POWER. 
ACCESSIBILITY AND 
| INTERCHANCEABILITY OF PARTS. 
4 DURABILITY. 
| PERFECT AUTOMATIC CONTROL. 
| EFFICIENT INTERCOOLINC. 


Westminster Bridge, 


LONDON, S.E. 





Telegrams: ‘‘ BROTHERHOOD, LONDON.” 


Telephone: 97, HOP. 


Contractor to the British 


AND 


Principal Foreign Governnents. |. —iimm | Barly Delivery of Standard Sizes 




















GEORGE! EIL.L.51OT & CO., iL:* 


MANUFACTURERS OF PATENT 


LOCKED WIRE ROPES AND LANG’S LAY WIRE ROPES, 


| WIRE ROPES AND’ LANES LAY WIRE wopEs, (| 


OFFICE: 16, GREAT GEORGE STREET, WESTMINSTER, LONDON. LOCKED COIL ROPE. 9101 











Ste SNe j ~ A 8 eT a na ca ET Se ee calla e a — aa B K. 
a is  heaaad - ES DY st! on 
LEED =  “Sauiserumenriamin . ater 





es ae oo 
Agents: Messrs. TAITE & CARLTON, 63, Queen Victoria St., B.C. —— nie 
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W. H. ALLEN, SON & €0.. 2 


Queen’s Engineering Works, BEDFORD. 


— {i — 
QUEEN ANNE’S CHAMBERS, WESTMINSTER, S.W. Telegrams : 


PUMP, BEDFORD. 


CONDENSING EQUIPMENT 


FOR STEAM 


TURBINES. 

















VIEW SHOWING TWO SETS OF MOTOR-DRIVEN CONDENSING PLANTS FOR STEAM TURBINES. 3712 


HIGH VACUUM GUARANTEED. 
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MAL Lib PAUL & 00,1" 


LEVENFORD WORKS, onto tettdnasd 


Telegrams: ‘‘PAUL, DUMBARTON.’ 
Telephone: No. 5. 

































' Makers of 


FANS ano ENGINES 


For STOKEHOLD AIR 
SUPPLY and VENTILATION. 


CENTRIFUGAL | 
PUMPS & ENGINES. 


DYNAMO ENGINES. 


ON ADMIRALTY AND WAR OFFICE LISTS. 


























AUXILIARY MAGHINERY supplied 


for :— 












H.M.S. “Minotaur,” “Shannon,” ‘ 

“Defence,’’ ‘“Africa,’’ ‘“Hibernia,’’ 

“ Britannia,”’ “ Hindustan,” i 

“New Zealand,”’ “Argyll,”’ 

“ Roxburgh,” ‘« Donegal,” i 

“Cumberland,” “ Dominion,’’ : 

“Commonwealth,” “King Edward VII,” ’ 

“ Forward,”’ “ Foresight,”’ ‘ 
“ Patrol,”’ “ Pathfinder,”’ 7 

“‘ Sentinel,” ‘“ Skirmisher,” I 






&c., &c. 

















“Queen Alexandra,” ‘Queen,’ “Brighton,” “Princess Maud,” “Londonderry,” ‘“ Manxman,”’ 
“Loongana,”’ ‘ Lhdssa,”’ ev “Lunka,” “Lama,”’’ One, ”  “Invicta,’’ “ Maheno,’’ &c. 


LONDON OFFICE: MANSION HOUSE CHAMBERS, QUEEN VICTORIA STREET, £.C. 
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POTT, GASSELS & WILLIAMSON. 


I Works: MOTHERWELL, near GLASGOW. srr borer. 


LARGE INSTALLATIONS E * > CT R 0 a 


[SUPPLEMENT page IV] 











ON ORDER. 
Wasson CENT EHRiITEOGALS 


(POTT & WILLIAMSON’S PATENTS). 


Th 


LARGE INSTALLATIONS 
AT WORK. 








BZ _—rZ AA 


Safe and id Simple. 
Any Safe Speed. 


Any Rate of 
Acceleration. 


Self-Governing for 
Speed & Power. 


Patent Automatic 
Magnetic Brake. 


REQUIRE 


LESS POWER 


than when driven 
by any other means. 
NOTE.—This statement is 
based on the results of actuab 


work, and not on calculations 
based on hypothesis. 


Machine may 
be Fitted with 
Electric Light 
as shown. 


NO BELTS OR GEARING. 


id PIPES a PURPS. 


Factory. They are self- 
governing and are fitted witb 
our Patent Automatic Mag- 
netic Brake. These 

require less. 
power than when. 
driven by any other 
means, and a wire from 
the source of electrical energy 
takes the place of all gearing. 
These Machines are fitted 
with our New Patent Spindle 
as shown below. The whole 
load is carried on Ball Bear- 
ings. There are no lubricated 
bearings in connection with 
the Electric Motors, 


SOMETHING QUITE NEW. | __. ADVANTAGES. _ a, 


New Patent Spindle | or" aie =. 














FOR 


“WESTON” CENTRIFUGAL 


SIMPLE AND PERFECT. 
(Pott, Cassels & Williamson and Moody-Stuart Patent.) 


NO MORE TROUBLE WITH CENTRIFUGAL SPINDLES 








Friction Reduced to a tal 


IMPORTANT. 
INTERCHANGEABLE WITH THE INSIDE SPINDLE OF 
EVERY TYPE OF “WESTON” CENTRIFUGAL. 

SIMPLICITY ITSELF. r07e 
PATAHNTAD IN ALL COUNTRIES. 





OUR NEW CATALOGUES SENT ON APPLICATION. 


IMPORTANT NOTICE.—Our Ball Bearing Spindles are protected hy Patent in all 


Countries, and we hereby warn the public against infringements. 

























HIGH- SPEED TOOL STEEL 


BRAND, A K BRAND, 


ranks First tor Highest Efficiency 
and Regularity of Quality. 


Specially suitable for — and PLANING — mente maar: — DRILLS, &o, 


POPS FSFFSFSFSFFSHSSESHSFESSE FESS SEFSESHSHFESSHESSSFSFOFOHHH +44oo4 +++ooe 


Highest Award 


LIEGE EXHIBITION, 1905 | 
Two Grand Prix, | 


for HIGH-SPEED STEEL and MACHINE TOOLS | 











MANUFACTURED AND SUPPLIED BY: 


SinW.G. ARMSTRONG, WHITWORTH.CO, | 


ge 


Openshaw Works, MANCHESTER, 


bs 
MAKERS OF EVERY DESCRIPTION OF FURNACE FOR TREATING THIS SPECIAL STEEL. if 


LONDON OFFICE: 8, Gt. George St., Westminster. 
Telegrams: Telephone No. 
WHITWORT fi SS ee en Tae i So ee | eee ee ee lt ew te a ae 1845, MANCHESTER. 
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RATIONAL 
ROLLING STOCK. 














The gradual but considerable increase in the cost of railway rolling stock in 
resent years has now reached such a point as to convince many directors and officials that, in 
the interests of economy, means must be found of either reducing the first cost or of designing 
vehicles of greater capacity, so that in one way or the other the earning power of rolling stock 
may be improved in its proportion to capital expenditure. 


Weight has increased at the same time as price, so that not only is capital cost 
more burdensome, but running costs are also higher. The interest of the railway manager is 
to reduce both these figures so far as he can, consistently with the maintenance of safety and 
efficiency. 


Special attention has been devoted to the rolling stock problem by Tue Brusu 
ExectricaL Enaingertnc Co., Ltd., which, by reason of its unique experience in’ the 
department of Electric Traction, added to its old-established practice in Coach and Wagon 
Building for Main Line and Suburban Steam Railways, occupies the most favourable industrial 
position for designing and constructing economical stock. 


Greater Use of Steel is believed to be the most important means of reducing 
weight, and consequently, running costs. Since Steel Cars were tried on the Central London 
Railway, expert opinion has grown more and more impressed with the economy of this material, 
of which the new Cars for the Great Northern and City, Baker Street and Waterloo, Brompton 
and Piccadilly Railways and the London County Council Underground Tramway are being 
constructed. These lighter Vehicles, at least equal in strength, comfort and finish to wooden 
cars, will effect a very heavy saving in the cost of propulsion. 


Steel Freight Wagons, designed for high capacity and ready discharge, are also 
being built by the Brusn Co., under the SHEerrieLp-TwinBERROW Patents. 


7428 








THE BRU S H ELECTRICAL LOUGHBOROUGH, 
Re LEIGESTERSHIRE. 
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BAILEY’S VALVES (‘tire savers 


For POWER STATIONS and STEAMSHIPS. 
PARALLEL-SLIDE, ISOLATING, AUTOMATIC QUICK-STOP & “RUN-AWAY” VALVES. 














Fic. 1423. 
12 in. STEAM STOP VALVE, 
PARALLEL-SLIDE STOP VALVE, PARALLEL-SLIDE BLOW-OFF Fic, 1906.—18 in. with “ Key-Ring” Seats, 
** with Key-Ring” Seats. VALVE, with “‘ Key-Ring” Seats. WEDGE VALVE for STEAM, for 160 lbs. Pressure. 


BAILEY’S PATENT “KEY-RING” RENEWABLE SEATS, 
EASILY REMOVABLE, PROVIDE FOR EXPANSION, 
AND MAKE LIFE OF VALVE-BODY 
EVERLASTING. 























TO ATMOSPHERE 


SNIDN3S WOUS 








TO CONDENSER 








Fia. 2232. 





The MOSELEY & PICKLES PATENT 
EXHAUST VALVE. AUTOMATIC EXHAUST VALVE, with OUTSIDE DOUBLE- Foster’s Patent COMBINATION VALVE, 
Automatic Exhaust and Two-way Valve com- ACTING DASHPOT. For Condensing Engines. AUTOMATIC QUICKSTOP & ISCLATING 
bined. Takes the place of several valves. All Sizes to 48 in. VALVE. Can be closed from any part of a 


pina lbaaalaeniiati . works or ship in three seconds, 


W. H. BAILEY & CO., Lrp, ALBION WORKS, 


TEENS BRACON,” SALFORD. SALFORD, MANCHESTER. Fenchureh Street, £.0. 


“SOLDURIOS,” LONDON. 
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CENTRIFUGAL MACHINES 


OF THE LATEST AND MOST IMPROVED TYPE ARE MADE BY 


WATSON, LAIDLAW & C* 


ENGINEERS, 98, DUNDAS STREET (SOUTH), GLASGOW. 





DIRECT 
“WATER” 
DRIVEN 
CENTRIFUGALS 


(PATENT). 























A NEW CENTRIFUGAL SPINDLE. 


PERFECT CONTROL OF MACHINE wen running with MoRE THAN TWICE THE 


UNBALANCED LOAD HITHERTO POSSIBLE WITH A WESTON, OR ANY OTHER SPINDLE. 
SOLID SPINDLE, one piece onty. 


CONOIDAL BUFFER, new patent. 
CAN BE FITTED TO EXISTING MACHINES. 











DIRECT 


“ELECTRIC” 


DRIVEN 
CENTRIFUGALS 


(PATENT). 
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JOHN FOWLER & CO. (LEEDS), LTD. 


6, vit Ae STREET, 


STEAM PLOUGH WORKS, 
LEEDS. — Engineers, — LONDON, E1.C. 





The Largest Manufacturers of all kinds of 


STEAM CULTIVATING MACHINERY 


FOR ANY CROP, 
FOR ANY LAND, 

FOR ANY COUNTRY, 
FOR ANY CLIMATE, }° 


— se aif 





{ 








; 
t 





Tackles on the 
Double and Single 
Engine Systems. 








OVER 
HALF A CENTURY'S 
EXPERIENCE. 





References to 
Users in all 
parts of the 
World. 





Showing the land after the Knifer has — through it once. 7496 








Fowler's Steam Ploughing Tackles are the most Economical and Up to Date. 
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&C. 








STEEL WORKS, 
MACHINE SHOPS, 





DOCKS, 
&C. 
. ‘i. othe s me ead (WITH sivet eggs o PATENT BY STUCKENHOLZ. 
Miss 
Branches: 
S 


~ Belfast and Dublin. 


17, York Street. Grosvenor Chambers, 27, Western Mail Baltic Chambers, 42, North Bridge Street. 
33, Blackfriars Street. Chambers, 50, Wellington Street. 





Tue ELECTRICAL COMPANY, Lr0. 


Telegraphic Address: Telephone Nos. : 
GALVANOSCOPE, LONDON, 431i, 4312, 4313 & 4314, GERRARD. 


IRON WORKS, 
FOUNDRIES, 
WHARVES, 


Ss ey 


Sheffield: Manchester: Cardiff: Glasgow: Edinburgh: Newcastle-on-Tyne: Brighton: 


Dean Street. 

























134, North Street. 


6204 
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HOLDEN & BROOKE, L 


110, Cannon 8t., London. 70, Robertson 8t., Glasgow. irius W. ¢ Gorton, Manchester. 
Bute Chambers, Bute Docks, Oardiff. ——————— Sree orks, West Gorten, Ma ? 
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Brooke's Patent Steam Trap. 


An ideal trap, specially recommended for high pressures. Auto- 

matically discharges all condensation water from steam pipes, &c. 

Discharge positive (intermittent) and silent. Largely used in Central 
Electric Light and other Power Stations. 


Brooke's Patent 
** High Velocity” 


Water 
Separators 


(Brooke's Patents). 


Thousands in use, 


separating from 
steam, water, water 
vapour and grit, and 
delivering pure dry 
steam to engines, 
securin freedom 
from all wet steam 
troubles and acci- 
dents, and producing 
adistinct economy by 
effecting a reduced 
fuel and steam con- 
sumption. 


Brooke's 
“* Protected 
Seat" 
Valve. 


Provides the only 
radical cure for cut- 
ting of valve faces 
and consequent 
leakage, 80 common 
to ordinary stop 
valves. 


Oil 
Separators. 


In Brooke's Patent 
“Parallel Passage” 
system of extracting 
the oil and grease 
from exhaust steam, 
the steam is kept in 
continuous and close 
contact with a much 
greater area of ex- 
tracting surface than 
has hitherto been 
possible. Recent 
tests show these 
Separators capable 
of extracting down 
to 0.2 grain of oil per 
gallon of condensed 
water. 


Exhaust 
Heads. 


These Improved Heads 
catch the hot and greasy 
condensation coming 
from the exhaust steam, 
preventing the disfigure- 
ment and rotting of roofs 
and walls, and muffling 
the beats of the exhaust. 


Exhaust Steam 


Feed Water 


Heaters. 
Instead of the 
ordinary 180°, we 
guarantee with the 
above Heaters, at 
maximum delivery, 
Feed Water at 200 
rising to 205° for 
lesser quantities, and 
to212° onaslight back 
— The tubes 
veing straight, unob- 
structed and accessi- 
ble, can be readily 
cleaned through from 
end to end. Prices 
are much lower than 
those of ordinary 
patterns, but the 
economy obtained 
is very much greater. 


Brooke's ‘‘ One 
Movement "’ 
Injector. 


Is Self-acting and 
Auto. Restarting. 
One Movement only, 
turns on steam, starts 
the injector, and regu- 
lates both steam and 
water supply in correct 
ratio. Gives highest effi- 
ciency at all pressures. 





Green's 
Balanced 
Valve. 


Requires no force to 
operate, no matter 
how large the valve. 
It is unequalled for 
the gradual control 
and admission of 
steam and quick 
opening. The valves 
seat independently 
and are not affected 
by expansion of body. 


The 
“Expulsor' 
Pump. 


Is the most economi- 
cal of all pulsating 
pumps in steam con- 
sumption, It has no 
complicated parts to 
et out of order. It 
is a strong, handy 
pump for contrac- 
tors’ (and other 
rough) work. 


6251 


SLOTHERT 


AND 


PITT, Ltd, 


BATH. 


Electric, 
Steam and 
Hand 


CRANES. 


Concrete Mixers, 
Grabs and 
“ Harbour Plant. 


Fig. 884,—2-ton Three-phase ELECTRIC Od 0097 





~ SS A 
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STONE CRUSHERS 


with Renewable Parts made of 


~ ALLEN’S<«@tr’=> MANGANESE STEEL, 


the toughest and most lasting material for 
wearing eee ot armies. Machinery. 









The EDGAR ALLEN 


_HIGH- SPEED STEEL. 


ELEVATORS: AND saajevons. : 





GRINDING, CRUSHING AND SCREENING PLANTS. 
WASHING AND DRYING MACHINERY. 


COAL AND CANNEL BREAKERS. ALLEN’S TOOL STEEL. 


| EDGAR ALLEN o.2):.n3, SHEFFIELD. 
WALTER SCOTT LIMITED. 


‘LEEDS STEEL WORKS Dee tes 
MANUFACTURERS OF >—— LEED Ss. : 

ROLLED STEEL JOISTS , CHANNELS , &c, 

~—<<>—_ MILD STEEL IN THE SHAPE OF —~<>—-_—_—~ 


BLOOMS , BILLETS , TINBARS, 
SLABS , FLATS , & , ROUNDS, 


) Onn sty a 
261 SPECIALITY e- 


- 
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GIRDER TRAM-RAILS 
LARGEST MAKERS IN ENGLAND. 


COMPOUND Ls FOR ANY DESIRED SPAN OR STRENGTH. = 
ESTIMATES GIVEN FOR CONSTRUCTIONAL WORK IN STEEL: FOR BUILDING PURPOSES, 
LIST OF SECTIONS & OTHER INFORMATION CAN BE OBTAINED ON APPLICATION 
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SELIG, SONNENTHAL & CO., 


SOLE MAHEENRS OF 








The ‘*‘ Sundale’’ Patent 


DISG GRINDING MACHINES 


PLAIN AND UNIVERSAL. 


With Self-contained “Pull-out” Press and 


DUDGEON'S PATENT 


WIRELESS MAGNETIC 
WORK’ HOLDER, 


For Holding Iron and Steel Articles whilst being 
Ground. . 
PATENTED IN GREAT BRITAIN, FRANCE, GERMANY, &e. 














Work Holder with face at right angles to slides, as 
arranged for flat grinding. Fitted with high stops and 


Id with face set] at fan fangle for angular 
bottom slide projecting for thick pieces. Work Holder 


work. ., Fitted [with thin |stops7jand fbottom jslide flush 


T i with face for thin_work. 
lhe Tables of the Machine are balanced and arranged 


to oscillate across the face of discs. 

They can be set at an angle, whilst the right-hand 
one can be raised and lowered, the clamping being 
effected by means of levers. 

With the aid of Dudgeon’s patent Wireless Magnetic 
Ilolder, with which these Grinders are provided, the = 
yreat difficulty of holding work owing to the heat f a 





Dudgeon’s patent Wireless Magnetic Work Holder } 
is made of aluminium, and contains a series of round 
permanent magnets. : R 

By the use of this Holder, work hitherto necessi- 
tating a universal machine can be done on a plain 
grinder, as the face of the Holder can be eet to any 
angle parallel with its base. : 

Vork can be ground within .0005 in. (4 thousandth) 
/ from parallel, and the thinnest work (,020) can be held 
J without trouble. 


iy 
| z 
Wh 







TTT Teeneennrreceng 
Prat 


is entirely overcome, whilst the thinnest material can 
be readily held and accurately ground, 





7507 


85, Queen Victoria Street, and Lambeth Hill, LONDON, E.C. 


ARROL'S BRIDGE & ROOF CO., L= 


Bey Amedinlle ed ae ie 








— 








~ ©. 98) Engineers, 
Cast 2. i 


and 


Wrought 
Iron 


and 


Steel 
Structures. 


Designers, 


and 


Contractors 











Telegrams : 
GERMISTON, GLASGOW. 


ABC and 
ENGINEERING CODES 
USED. 











GHERMIS TON wok, GLASGow . 


LONDON OFFICE: 7, EAST INDIA AVENUE, LEADENHALL STREET, E.C. 


a 
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DARLINGTON FORCE CO., LD., DARLINGTON 


Telegrams : “‘ Forge, Darlington.’’ London Office : 50, Fenohuroh Street, 








STEEL CASTINGS. 
‘SONIQHOI NOU! F T95LS 





HYDRAULIC PRESSED STEEL SHAFT, 66 ft. Long 22 in. Diameter. 


Forged from 60-ton Ingot for H.M. First-class Cruiser “Roxburgh.” is 


HUDSWELL, GLARKE & GO., LTD. 


RAILWATZT FOUNDRY. LEEDS. 


LOCOMOTIVES 


For Main or Branch Railways, Contractors, Ironworks, Collieries, &c. Made to suit any Gauge of Railway. 

















eee —_—_— 


Hstablished Telegraphic Address: 


1860. ** LOCO, LEEDS.” 





PRICES, PHOTOGRAPHS AND FULL SPECIFICATIONS ON APPLICATION. 
Sone MAKERS OF 


“RODGERS PULLEYS” 


(REGISTERED). 
WROUGHT IRON THROUGHOUT, RIM, ARMS, AND BOSS. 

























DEC. 29, 1905. ] ENGINEERING. [SUPPLEMENT page Xv] 63 








VICKERS’ 


HIGH 
SPEED 
TURNING TOOLS ST o = . 


DRILLS, TAPS, 
ann CUTTERS. 


ALSO TOOL STEELS OF OTHER QUALITIES. 


VICKERS, SONS Z MAXIM, LTD., 
RIVER DON WORKS, SHEFFIELD. 7521 
































-STELLITE MOTOR 
- PROTECTION GEAR. 


Protect your Motor against damage due to careless | 
starting by using the | 


“STELLITE-GRADUAL” MAGNETIC MOTOR STARTER. 


| 
It automatically releases and returns to zero from ANY | 
stop if an attempt is made to move arm too quickly. | 























Automatically cuts in resistance before breaking circuit. | 
Dispenses with all complicated mechanical gear. | 


BRITISH MADE. WRITE FOR ‘CATALOGUE Y I5. 


"THE ELECTRIC & ORDNANCE ACCESSORIES CO, Lo.c.s.ex.us, 


STELLITE WORKS, BIRMINGHAM. il 


LONDON : 86, Charing Cross Road; BIRMINGHAM: 1, Temple Street; MANCHESTER: 78, King Street; GLASGOW: 231, St. Vincent Street; DUBLIN: 41, Fleet Street ; 
|| | BRISTOL : 6, Bristol Bridge; LIVERPOOL: 70, Castle Street; LEEDS: 11, Upper Mill Hill; MIDDLESBRO’: 1, Bridge = Sten et; NEWCASTLE: the pte : 

1} | EDINBURGH : 7. Hanover Street. 

|| | ‘ 8. AFRIOA: Harris, Lee & Co., P.O. Box 700, Johannesburg. INDIA : H. L. Rochat, c/o King, King & Co., Bombay. CHINA: R. Bauld, Engineer’s Institute, Shanghai. 








\ | ARGENTINA : R. L. Halstead, 121, Calle San Martin, Buenos Ayres. 6789 
i \ 4 j 
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BROWN, BAYLEY’S STEEL WORKS, L'”.. 


Telegraphic Addre cos { | “BAYLEY, SHEFFIELD.” SHEFFIELD. 


“BALI, LONDON.” 


Ciihirterors of STEEL 


oo BY THE -— 


‘‘Siemens’’ & ‘“Bessemer’’ Processes. 





MAE ERS OF 


TYRES, AXLES AND SPRINGS.— For Railway Locomotives, Railway 


Carriages and Wagons, and for TRAMWAY ENGINES and CARS. 


SPECIAL GUARANTEED SPRING STEEL —for rRaiway Locomotive 
Springs, Railway Carriage and Wagon Springs, and for Lurry, Dray and 
Cart Springs. 


STHEHTL FORGIN GS. 
PLANISHED STEEL BARS.— For Shafting for Engineers, Machinists and 


Agricultural Implement Makers. 


SPECIAL STEEL BLOOMS AND SLABS. 


LONDON OFFICE: AUSTRALIAN AGENTS: 7078 
SUFFOLK HOUSE, 5, Laurence Pountney Hill, E.C. W. & A. McARTHOUR, Ld., 15, Macquarie Place, SYDNEY. 


| CARRUTHERS’ PUMPS 


FOR ALL 


PRESSURES 


PURPOSES. 
SINGLEX. 
TRI PLEX ee. 


Telegrams: “HOISTING, GLASGOW.” Codes: “ABC” and Our Own. 


J. H. CARRUTHERS & Co., LTD., } ie 
Polmadie Ironworks, GLASGOW. 
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The “EMPIRE” Gas Furnaces 


(ALLDAYS’ PATENT.) 


The “EMPIRE” GAS FURNACES are the result of considerable experimenting to place on the 
market an inexpensive tool of the highest economy and efficiency, and to demonstrate the 
difference between a Gas Waster and a Gas Saver. 

The ‘“*EMPIRE” possesses all the good features of other gas furnaces without the failings of any, 
and Economises at least 20 per cent. of Gas. 

_ The mixture of air and gas takes place at the nozzle of the new design of burner, which can be regulated 
to give the highest temperature yet obtained in any gas furnace with the lowest Consumption of Gas. 
This registered design of burner works equally well with Producer Gas without alteration. 

No backfiring can possibly happen with the “‘ EMPIRE,” which is a source of great danger with the 
so-called perfect furnaces of foreign make, thus an immunity from accidents can be enjoyed, even if the most 
unskilled labour be employed. Patterns 

The most essential features are: Safety, Economy and Simplicity. CG and Dz 

Four sizes are always in stock, but others are in course of manufacture to suit every purpose. 








Learn about the Greatest Gas Economiser ever designed by trying an “ EMPIRE." 









un “EMPIRE” 


Positive High Pressure Blowers. 


The ‘‘EMPIRE” PRESSURE BLOWER gives a steady pressure 
from 4 to 5 lbs. per square inch for ordinary work, but much higher 
pressure if needed, and is very simple in operation. One principal factor 
is the entire absence of noise when working at the slow speeds 
necessary even for the higher pressures. The cost of repairs is less 
than half that of other makes, and the one needing the least attention, 
on account of our having studied the many trying conditions under which 
a Positive Blower must work. 

We have no hesitation in saying, since the introduction of the 
‘* EMPIRE,” more have been sold than all the other makes combined. 
Why? Because they are the most reliable and economical, 
fewer parts to wear, slower speeds for higher outputs, and very 
many points of superiority which have been fully demonstrated by the 
oe oe eee pain ees Se severe test of actual service, and for this they are now specified for by 

the leading Engineers throughout the country. 7126 


LONDON: 


S & ONIONS Preumatic Eng. co., La, Birmingham, — 2, svoxcensaury, 


roe 


ALLDAY 

















LATHES. 


Hartness Flat-Turret Lathes / 















Yes, you always expect something “extra special’’ of Hartness 
Flat Turret Lathes,—and you are never disappointed. Take for 
instance that Cross-Sliding Head, nothing like it in all the 
world! Ten stops—All bearings self-lubricating—Gears always 
in mesh—Any of the 9 speeds instantly obtainable. 






On display at 97, Queen Victoria Street. 


JONES & LAMSON MACHINE CO., 


“Jubilee Buildings,” 97, Queen Victoria Street, LONDON. 7263 


GLASGOW: 129, Trongate. 
Telegrams :—“* TURRETORUM, LONDON.” Telephone :—No. 824 BANK, LONDON. 
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A. Pattern B. Pattern Cc. Pattern 
Lubricator. Lubricator. Lubricator. 











MECHANICAL LUBRICATOR. 
The OLDEST and BEST LUBRICATOR MANUFACTURERS in the Market. 


THE STEAM CYLINDER LUBRICATOR CO.), |. 


GORDON WORKS, LOWER BROUGHTON, MANCHESTER. 











Telephone: No. 1645. Telegraphic Address: “SEAFIELD, MANCHESTER.” This Advertisement appears Fortnightly. 
WH. JESSOP & SONS, WH. JESSOP & SONS, 
LiMiTED, LIMITED, 
BRIGHTSIDE WORKS, BRIGHTSIDE WORKS, 
SHEFFIELD. SHEFFIELD. 


— MANUFACTURERS OF — 


STEEL 
| CASTINGS 


— MANUFACTURERS OF — | 


TOOL STEEL, 


SHEET STEEL, 


HIGH-SPEED STEEL. MILLS, 
BaeG MINES, 
SPINDLE STEEL. iene NERY 


‘ MARINE WORK. 


Special Steels | KS 
STEEL ~ 


AUTO-MOBILE 
FORGINGS 
GEARS & AXLES. STEEL RIM, 26 feet diam., CAST IN ONE PIECE, ROUGH OR FINISHED. 
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GAS 


SEND FOR OUR NEW CATALOGUE. 








Producer Gas for Gas Engines. 
Producer Gas for all types of Furnaces. 
Producer Gas from Bituminous Coal or Anthracite. 


Producer Gas means Economy of Power and Heat. 





MASONS GAS POWER CO., LimITED, 
Alma Works, LEVENSHULME,; MANCHESTER. 


— GENERATORS. 


6773 




















ON ADMIRALTY AND WAR OFFICH LISTS. 


THE CONSOLIDATED PNEUMATIC TOOL CO., Lr 


" waht GIANT” , BOYER” 
“BOYER” 
PNEUMATIC DRILLS. ) 
oats RIVETING, CAULKING 
and CHIPPING 


























We can deliver FROM STOCK 


COMPLETE 
PREBMATIC PLANTS. 


Made in 
England. — 


Belt-driven 
types 


— 


atcrta ~~ tena 


Electric 
Hoists, 


AIR Drills, & 
COMPRESSORS, 


Steam, Belt and Electric driven. 















San CAN BE FIXED ON 
. iy TEMPORARY TIMBER FOUNDATIONS 
o, FOR PORTABLE USE. 








GENERAL ope rsa aS 9. Brid ge St. Westminster, S. Ww. be Aaah gr oon mma 
WORKSHOPS AND. SHOWROOM. WITHIN A FEW MINUTES’. WALK: OF- THE-OFFICES, WHERE TOOLS GAN BE SEEN IN OPERATION. INSPECTION INVITED. 6210 
wokzEs: FRASER BoRGH, N.B. 
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MECHAN & SONS, 


LIMITED, 








Engineers and Contractors, 


SCOTSTOUN IRONWORKS, GLASGOW. 





é, \ 28, VICTORIA STREET, LONDON, S.W. 


Structural = = Bes 
Iron and Steel “” 


Girders, 


Work. - = - Tanks, &c 


WERF GUSTO, FIRMA A. F. SMULDERS, SCHIEDAM, "zt 


SHIPBUILDERS AND ENGINEERS. 


























BUILDERS of the MOST IMPROVED DREDGE PLANT of the LARGEST 
DIMENSIONS and QUTPUT. 











AVENUE, 
‘Suiueeul3ug 
“UOIUP) U49389M ‘(UO!7!PR YIG PUe UW) Og Y—: PesN SepoD 
} ! Sessouppy s1ydeuZej0) 


Telephone: No. 3019, 
‘Pa puz 





Agent for all parts of the British Empire :-— 
Mr. L. E. CECIL BEEBE, A.I.N.A., 794, Gracechurch Street, LONDON, E.C., 


«NOOGNO’ ‘SNIT8V"7S,, 
» WYO3IHOS ‘SYZQ7INWSY,, 





The WERF GUSTO YARD and WORKS cover cn area of 15 acres, with building accommodation for Vessels up to 
€00 it. long.. The Main Halls have each a surface of 460 by 170 ft. Office Buildings, 100 by 100 ft. 


BOILER WORKS AT GRACE-BERLEUR, NEAR LIEGE. ROOF AND BRIDGE CONSTRUCTION. BOILERS OF EVERY SYSTEM AND POWER, 


5549 


: 
| 
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ENGINEERS and SHIPBUILDERS, 


Chiswick. Southampton. Basingstoke. 


a 


i 


Yacht Building _ oo 
ad Marine Repairs i 





at our Bihan 
Woolston Works, J - 
Southampton. / (ere 
Motor Vehicle Marine Motor = 
Dept. : Dept. : 3 er 7 ' ae 
Hogarth Lane, Church Wharf, 
Chiswick. Chiswick. Shallow-Draft Steamer ‘“Naparima,” built to the order of the Crown Agents 


for the Colonies, for service in the Guif of Paria, Trinidad. 7471 








Clarke, Chapman & Co., L** 


Engineers, GATESHEAD-ON-TYNE. 


Manufacturers of SHIPS’ AUXILIARY MACHINERY 





OF EVERY DESCRIPTION, 





Warping Capstans. Steam and Hand-power. 
CONTRACTORS TO a 
TEE] ADMINnAL TP 
AND THE 


BRITISH and FOREIGN GOVERNMENTS. 





Steam Winches a Speciality. 


Various Sizes ALWAYS ON Stock. = 





Vertical Cross-tube 
Boller. 
“Tyne” Type Boiler. 


THE DIRECT-GRIP 
WINDLASSES. 


Already fitted to over 2,000,000 Tons of Shipping. 














Seamless Steel Launch, fitted with Paraffin, Petrol or 
Electric Motor. 


SOLE AGENTS for the 


CWoodesen's Patent) on dE, ormaLeee STEEL e 


Telegraphic (CVOLOPS, GATESHEAD.” ne ome BOAT CO., LTD. 
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THWAITES BROS., Lo, 


BRADFORD. 


& Pradtord 
Feed Pump. 


Under New Patents. 














= : ‘NO SHUTTLE VALVE. 
FULLERTON, HODGART & BARCLAY, Lip. 


Vulcan Foundry and Engine Works, PAISLEY. 




















SPECIALITIES: 


High Speed and Low Speed 
he [ra 


ENGINES 


| 





MILLS, MINES, 
b ELECTRIC LIGHTING 


7 TRACTION STATIONS. 
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GALLOWAYS LTD., 


BOILERS ENGINES 

















GALLOWAY, HIGH-SPEED, 
LANCASHIRE, CORLISS, 
CORNISH, BLAST FURNACE, 
FIVE-FLUED. ROLLING MILL. 
IMMEDIATE QUICK 
DELIVERY. DELIVERY. 











GALLOWAYS' PATENT WROUGHT-STEEL SUPERHEATERS. 
THE SAFEST AND MOST EFFICIENT ON THE MARKET. ox 


a § PATENTS FOR THE TRANSMISSION OF POWER. 


















SMITH’S PATENT SCREW BOSS & SCREW ‘BUSH 


BELT PULLEYS 2 
—ih— 


Thousands in Use. Enormous Advantages. 
Smith’s Self-Oiling Loose Pulleys. Run for Months without Re-Oiling. 





Smith’s Independent Grip Shaft Couplings. 
Smith’s Swivel Adjustable Bearings. Ordinary Oiling. FLANCED COUPLINGS, 
Smith’s Swivel Adjustable Bearings. Self-Oiling. 


wi PLUMMER BLOCKS, HANCERS, WALL BRACKETS, WALL BOXES. 
aa T Ordinary Bore and Keywayed Pulleys. Pairs of Fast and Loose. Flanged Pulleys 
! i —— and Pulleys for Step Cones. Plummer Blocks with Brasses, Hangers, and Ordinary Couplings. 


Turned STEEL SHAFTING kept in Stock. 
COMPLETH CATALOGUE ON APPLICATION. PLUMMER BLOCKS WITH BRASSES. 


SMITH & GRACE screw soss putter co. itp. THRAPSTON. 


LONDON: 86, Queen Victoria Street, E.C. Telephone No.: 152, Bank. Telegrams ; ounien eahunbakd 





SWIVEL ADJUS ADJUSTABLE BEARINGS. 
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Light Draft Stern Wheel Steamers. 
Ocean Cable Steamers. 
Gold Dredgers. 









> Telegrams : 
 LOBNITZ, 
RENFREW.” 


Patented 
Specialities : 


SAND PUMPS, FLOATING CRANES, DREDGERS. 
ROCK EXCAVATION UNDER WATER WITHOUT EXPLOSIVES, 


"EYRE". METAL 














ANTI- 
FRICTION 





USED FOR ALL > sppanerend OF BEARINGS. 





Will outlive any other alloy of this description under similar work. 


THE EYRE SMELTING CO., LTD., 


6, ST. ae " PLACE, BISHOPSGATE STREET, LONDON, E.C. 





“EYRISH, LONDON.” —‘Ta, No. : 928, LONDON WALL. 6003 
ENGINEERS, 
R. D. WOOD & 0, “== 
MACHINISTS, 
ESTABLISHED 1803. 
cas stare Philadelphia. 


TUCKAHCE, PHILADELPHIA. 
MANUFACTURERS oF 


CAST IRON PIPE, 


WATER & GAS WORKS APPLIANCES. 


GAS HOLDERS, 


HYDRAULIC TOOLS, 
CRANES & MACHINERY. 


Lonpon acents— —— SEND FOR CATALOGUES. —— 7106 
HENRY R. MERTON & CO., 2, Metal Exchange Buildings, Leadenhall Avenue, London, E.C. 
CR MN ON ET 


BUILDERS OF 


- a 
FROM s* 


| d0ISTS <= G 


_, PLATEs LATTICE GIRDERS, JOISTS, —. 
CAST IRON COLUMNS. ~~. 
i Sanmneegoun con : 


ST aoa cr 


TELEPHONE 
N* 547 ¢ 586 HOP 
& /7/ CROYDON 


GUMTRS clROMOLMLR. 


7409 











COCHRAN BOILERS 


FOR LAND 
AND MARINE | 
USE. 





HEATING SURFACE 
FROM 60 TO 
1000 SQUARE FEET. 








The Illustration represents 
a Boiler recently supplied 
17 feet high, 8 feet 6 inches 
diameter, 1000 square feet 
heating surface used to 
drive nine winches, 





6401 


COCHRAN & GO., ANNAN, Lo., ANNAN, N.B. 
ROBERT WARNER & CO.’S 


BORING TOOLS & MACHINERY 


Artesian Well Mining, 
Strata Testing, 
Coal and Mineral Prospecting, 
Pile Sinking, 
Water Supply, and other purposes, 











y Made in all sizes, for all depths, 





Warranted of the very best materials, 
make and finish, for hand or steam 
power, 
as manufactured by R, Warner & Co., 
and supplied to the 
Home Collieries, Mines, Waterworks, 
and Civil Engineers, 
and to 
Indian Collieries, 
Australian Water Searchings, 
Spanish Mines, &c,, &c, 





ROBERT WARNER & CO. 


Hydraulic and General Engineers, Millwrights and Founders, 


97, QUEEN VICTORIA STREET, LONDON, E.C. 


Telephone: P.O. 8154, CENTRAL. 


AND ENGINEERING WORKS, WALTON-ON-THE-NAZE. 
Telegraphic Addresses : “‘ HYDROLOGIOAL, LONDON,” or “ FOUNDRY, WALTON-ON-NAZE. 





7203 
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Steel Structures. 
Chimneys. 


BLAST FURNACE WORK. 


Tanks, 


CAST IRON AND STEEL. 


Patent Pressed Tanks from Stock. 


STEEL PIPES, 


WELDED AND RIVETTED. 


Gas Works Plant. 


Castings. 


HIGH-CLASS LOAM WORK. 7806 


THOMAS PICCOTT & CO., L®- 


BIRMINGHAM. mM, 8 & a 


B’HM, 86 & 4546. 





Telegrams— 
“ ATLAS, B’HM.” 














WILLIAM RYDER L- 


141, Folds Road, BOLTON. 


% a 








Col F< ve 
A= 





TH MAEERS OF 6943 


THE RYDER FORGING MACHINE, 


Sawing Machine for Hot Iron, Coke Breakers, &c. 


FOR AMERICAN PATTERN 
DISC-GRINDING MACHINES. 


FASTIsST CUTTING 
SCooLtzrsT CUTTING 
mMOoOsST WD 


W. J. DAVIES & SONS, 
Emery Mills, London, S.E. “™ 


om 
BAHT =H. 




















Absence of Vibration. 


Suitable for long Continuous 
Running. 


FOR PUMP, DYNAMO, 
and FAN. 






Grove Ironworks, 


CARSHALTON, ‘SURREY. 


Telephone : 56, Sutton. 














ENGINEERS and MANUFACTURERS. , 


Glasgow Office : 144, St. Vincent Street. 
Newcastile-on-Tyne Office : 26, Cloth Market. 


MULTIPOLAR 
DYNAMOS 
avo MOTORS, 


OPEN and PROTECTED. 








Our Machines are all 
as good as they are 


good looking. DE OE Re ae 
6874 _._@-POLE, OPEN-TYPE: BELTED MOTOR OR DYNAMO. 


HIGH-SPEED “NOISELESS” ENGINES, 


John Smith £9. 


The British ELECTRIC PL NT Co., Ltd., 


ALLOA. 








AITTON & Co., 


WESTERN WORKS, HYTHE ROAD, 
WILLESDEN JUNCTION, 
LOND ON, 










Steel Lap- 
weided or Solid 
drawn TUBES with 
flanges welded, screwed 
or riveted, 


BENDS & other Fittings 


of all kinds 
of PIPES re- 
quired in and about 

POWER STATIONS. 


Contractors for complete 





— of all kinds kept in 
We design if Stoek; or made 
required. S at short 

notice. 












Contractors to 
most of the large Power 
Stations in the United Kingdom. 


\" ) 
‘ Pipe Installations for Foreign Orders 


Designed, Fitted together, Marked and Shipped. 











PIPEWORK 18 OUR SPECIALITY. 
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[AJAX PLASTIC BRONZE © 
A guaranteed rate of wear 50 per cent slower" : 
than amy other bronze on the market,and less liability 
of heating.under similar circumstances. 
Patentees and Sole Manufacturers—ALEX. OHAPLIN & OO., Cranstonhill Engine Works, GOVAN, GLASGOW. 
ALL COMMUNICATIONS to be ADDRESSED to the WORKS, Helen Street, GOVAN, GLASGOW. Od 6431 
CORRESPONDENCE INVITED. 
CORRESPONDENCE INVITED, 
CORRESPONDENCE INVITED, 
Telegraphic Address: Codes used: Al, ABC, and 
“CALIDAD,” GLASGOW. COPLAND WORKS, GOVAN, GLASGOW. Engineers’ Telegraph Code, 

Our piaieel specialty consists in the building of high-class Marine Engines and Hull eae of Small Cargo Vessels, Tugs, Launches, Passenger Boats 
Boilers for Vessels constructed abroad. and Stern eelers, also ‘‘ Challenge” Centrifugal Pumps, Fans, and “Challenge” 


dard types from 1000 I.HP. down to the very smallest System of Ashpit Forced Draught. 
siz oe ie heraccnsaeree pars We are Contractors to the British Admiralty, the War Office, several Foreign Govern- 


The work is of the vey highest se hemes modern designs and patterns. Efficiency, ments, and many of the “po buyers at home and abroad. Our machinery is working 
workmanship and | material | are guaranteed in almost every part of the world: 7524 


LIDGERNOOD MOISTING ENGINES | sor 


secant STEAM ann ELECTRIC HOISTS. QUALITY and DUTY. 


STANDARD | Built on the Duplicate-Part System. Quick Delivery Assured. 


"HOIST. Over 24,000 in Use. 


HOIST. 
FOR BUILDING OPERATIONS, PILE DRIVING, RAIL- 
ROAD AND BRIDGE BUILDING, MINING, QUARRYING, 
EXCAVATING, CANAL AND DAM CONSTRUCTION, 
AND ALL CONTRACTORS’ PURPOSES. 


Cableways. Hoisting and Conveying Devices. 


SEND FOR LATEST CATALOGUES, 


) LIDGERWOOD MFG. CO. 


93, GLoucEsTER ROAD, KENSINGTON, LONDON, S.W. . STANDARD LIDGERWOOD ELECTRIC HOIST. 


(HEENAN & FROUDE, LTD. 


sat, WORCESTER. 9 32 


Worcester." Ww ceoniin. 


WAGONS anp 
RAILWAY PLANT 


TIP WAGONS, LIGHT RAILWAYS, 
SWITCHES & CROSSINGS. 


WAGONS REPAIRED. — _ 3 


BRIDGES & ROOFS. Newton Heath Iron Works, MANCHESTER. 
DESTRUCTOR DEPARTMENT. 4, Chapel Walks, MANCHESTER. 
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BRYAN DONKIN & CLENCH, Ltd. 


LINCOLN WORKS, CHESTERFIELD. 


GAS EXHAUSTERS ano BLOWERS, 


For Gas Works, Chemical, Soap, Oil, and White Lead Works, for all pressures up to 20 Ibs. per square inch. 
GAS VALVES A SPEHCIALTY. ™ 




















LONDON OFFICE:—PARLIAMENT MANSIONS, WESTMINSTER. 
40 TO 50 PER CENT. ECONOMY ! 


BUTLER’S PATENT CRANK PIN TURNING LATHE! | 











PATENT No. 24,001. 





SUCCESS! 





a . 














A GREAT NEED 
SUPPLIED! 
UNPARALLELED 


a eee ee a. 3 t 
i 


PARTICULARS AND PRICES FROM— 


BUTLER & CO., Victoria Iron Works, HALIFAX. 


Telegraphic Address:—BUTLER, HALIFAX (ENGLAND). 


SMITH & COVENTRY, Ltp., 


MANOMEIS TER. 


> 


















2 ft. MACHINE. 
Cutting Speed, 

70 ft. per Minute. 
din. deep, } in. traverse, 


Return Speed, 
210 ft. per Minute, 











BUILD TO ORDER AND STOCK :— 
Boring and Turning Mills, 
to swing from 2 ft. 6 in. to 20 ft. 


Vertical and Radial Drilling and Tapping 
Machines. 
Stud Lathes. Milling Machines of all types. 


Bevel Wheel Cutting Machines, including the 
Robey-Smith and Bilgram. 


Knowles’ Keyseating Machines. 
Slot Drilling Machines. 


Lathes, Planing, Shaping, and Slotting 
Machines. 


Side Planing Machines. 

Brass Finishers’ Lathes. 
Pearn’s Lightning Tappers. 
Twist Drills, Milling Cutters, &c., &c. 























en 





7168 


PLANING MACHINES, "sa'wsisc'cusema cea Bat asa 
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THE TANGYE TOOL & ELECTRIC CO., L™- 


ee ee ae 


RP ee a a : 7 
ars oA ee r 4, 3 “all 


= SPECIAL 
HIGH-SPEED LATHES 


FOR 
Railway Wheel and Axle Turning, 


GIVING EXCEPTIONAL OUTPUTS. 


























wo —J New Catalogue of High-speed Lathes 
on Application. 








WHEEL LATHE. 
T.T.E. 218. 6920 


_TeLes RAMS: ARG ‘ON, BIRMING HAM. 








WILSON HARTNELL & CO., L” 


DYNAMOS, ” ia 
MOTORS. 6. ‘e ee 


ELECTRICAL 
POWER PLANTS. 


GOVERNORS 
FOR CENTRAL STATION LIGHTING, 


¥ == — a To Govern within 1 per cent. 
Seer zx from the Mean, 
200 B.HP. DYNAMO. Telegrams: HARTNELL, LEEDS. 5445 


\ ORE and ROCK BREAKERS, ROLLS, b 
. KRUPP BALL MILLS for Dry and Wet 
TIT, || sting Ores, STAMPS, Shoes and 


Dies of Special Krupp Steel, FLINT or 
TUBE MILLS for Wet Grinding. 
Amalgamating, Concentrating 
and Leaching Plant. 



























~ 








Complete Experimental Plant for Crushing 
and arvana Ores at the Works. 








For Great Britain and Ireland: W. STAMM, 25, College Hill, Cannon Street, P A. 
LONDON, E.C. F 
» Canada: JAS. W. PYKE, Merchants’ Bank Building, MONTREAL. 
»» United States: THOS. PROSSER & SON, 15, Gold Street, NEW YORK. 
»» Mexico: PABLO BERGNER, S.e.C., Apartado 549, MEXICO, City. F R T S 0 N W F R K 
» Australia: NOYES BROS., 109, Pitt Street, SYDNEY; 15, Queen Street, 
: MELBOURNE; G.o.P. 1563, PERTH; DUNEDIN, N.Z. 
»» Transvaal : UNITED ENGINEERING CO., Ltd., P.O. Box 1082, JOHANNESBURG. 


+» Rhodesia ; STOCKER & CO., Ltd., SALISBURY (Rhod.). Magdeburg-Buckau 
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S.SMiTea & SON, iii 9, SrERAND, 






































Established Half a Century. WATCHMAKERS TO THE ADMIRALTY, JEWELLERS AND CLOCKMAKERS. LON DOs, ww... —— No. 1989, Central. 
SPECIAL ENGINEERS’ AND WATOHES from £11 0 to £900. THE “STRAND” 
ELECTRICIANS’ WATCH. NON-MAGNETIC SWITCHBOARD CLOCKS. HALF CHRONOMETER 
. Our SPE IAL c WITH DUST AND DANP-PROOF CAP. 
Illustrated ul 
Catalogue NOTICE. z 
ul or All our 
| “ Guide to the WATCHES, | > 
z | _ Purchase Clocks, |S 
‘. of a Watch, and Jewellery | O 
Book _“ * ia he F 
135 pages, 350 
5 | usatins, | urehased on | 
2 free by post. s sure son’ FY THE TIMES » 
F Ditto Lonccw Wwe, f/ System ” 
CLOCKS *1.” / of MONTHLY | 
Ditto PAYMENTS | 3 
JEWELLERY at Catalogue | 9 
tug sa anmerrecerertn Silver, ad ‘ i Prices. e . 
Oryetal Gites Rake Balance tere Soe coves = Sates ee in Boll rage oht o Crystal Glass... -. MIS 1B 8 
£2 2 0. Non-MAanertic. 0 in diameter, from £3 $0. ” 7469 eae Maerwmw, “a1 i cake” 


Our all English “STRAND” Watches are the BEST VALUE EVER PRODUCED. 


ROBERT STEPHENSON & CO., LIMITED, 


EL.ccomotiwe Builders, DARLINGTON. 
ESTABLISHED AT NEWCASTLE, !82l. NEW WORKS OPENED AT DARLINGTON, !902. 














WORKS : 


Telegrams : 
ROCKET, DARLINGTON. 


LONDON OFFICE : 


Sanctuary House, 
Westminster. 
Nat. Telephone : 
No. 200. 
ABC Code used, 


Telegrams: 
“ALTISCOPE, LONDON.” 
Telephone : 


No. 650, VICTORIA. 
6679 








LATEST METHODS OF 


PRODUOTION. PROMPT DELIVERY. f 











ESTABLISHED 1790. 


PLENTY & SON, tu. 


NEWBURY, ENGLAND. 


Contractors to the Admiralty, War Office, Crown 
Agents of the Colonies, Indian Office, Trinity Board, 
Customs House, and various Foreign and 
Colonial Governments. 








MAKERS OF ALL CLASSES OF 


ENGINES & BOILERS 


FOR 
Small Steamers, Yachts, Tugs, Launches, 
Torpedo Boats, Hopper Barges, &c. 


WATER-TUBE BOILERS 


Of “MUMFORD,” “‘ THORNYCROFT,” 


“YARROW ” and other Types MY Hi, 


Engines for Bleetrc Lighting, 
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EoRNnNSsSsByY 


MARINE OIL ENGINE 


In Sizes from 10 to 120 B.HP. 
R. HORNSBY & SONS, La. 


GRANTHAM. 





















90 B.HP. VERTICAL MARINE OIL ENGINE, : 
with Friction Reversing Clutch. LONDON OFFICE: 717 


75a, QUEEN VICTORIA STREET, E.C. 











JOHN BROWN & COMPANY, LTD. 


Atlas Works, SHEFFIELD; and CLYDEBANK, near GLASGOW. 
LONDON: 26, VICTORIA STREET, WESTMINSTER, 8.W. 


BUILDERS OF PASSENGER AND CARGO STEAMERS, 


And specially of First-class High-speed Ocean Steamers up to the Largest Size and Power. 


W ARSHITPS OF ATT, TY PHS 


BATTLESHIPS, CRUISERS, AND TORPEDO BOATS, 
AS BUILT FOR THE 


BRITISH, SPANISH, RUSSIAN, JAPANESE, AND NETHERLANDS GOVERNMENTS. 





MANUFACTURERS OF 


ARMOUR PLATES, 


GUN FORGINGS OF ALI. DIESORISY TIONS. 284 
Largest Sizes of Cranks and Straight Shafting, Hydraulic Pressed, Solid or Hollow, Rough Machined or Finished. 
Boiler Flues and other Marine Specialities. Railway Material. Foundry and Forge Pig Iron. 











) STIRLING 
BOILER. 


3,000,000 Horse Power — 
in STIRLING BOILERS 
now installed. 









The STIRLING BOILER Co., Ld. 


mem wos: MOTHERWELL, Scotland. 


TELEGRAMS: Stirlinico, Motherwell — TELEPHONE: 49, Motherwell. 
STIRLING BOILERS, each — — Ib. and per hour, at LONDON: 25, Victoria Street, Westminster, S.W. 
the Sheffield Gorporation Electric Light Station. BRANCH OrFices: MANCHESTER, LEEDS anp CARDIFF. 7585 
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ust STEELENE ‘or "Hy MILLER & C0., Lro. 
CASE- HARDENING. rr ( 


fee =“ A Fan can be run for about one-tenth of the power represented by the 
ia waste heat required to command a good draft in a brick chimney.” 


|“SIROCCO” FANS 














“ SIROGCO” INDUCED DRAFT FANS 


are now in use at the following 
ELECTRICITY STATIONS :— 


Bedford. 
Brisbane. 
we 


Giaagow ( (Port Dundas). 
Greenock. 
Hanley. 
Liverpool (Pumpfields). 
London (Southwark). 
Do. (Fulham). 
Do. (Westminster). 
Do. (West Ham). 
Do. (Uxbridge). 
Newcastle-on-Tyne (Neptune Bank). 
(Carville Station). 


FOR 


INDUCED DRAFT. 


Highest Award, Grand Prize, St. Louis Exposition, 1904. 
DAVIDSON & CO, Le cncmecrine vorxs, BELFAST. 


13, Victoria Street, Westminster, 37, Corporation Street, 115, Hope Street, 
LONDON. MANCHESTER. GLASGOW. 
Sole Representatives for the Continent of Europe :— 
WHITE, CHILD & BENEY, Ltd., 63, Queen Street, LONDON, E.C. 7090 


Portsmouth. 
Rothesay. 
South | hire Tr ys. 
Stockport. 
Sunderland. 
Watford. 
Vert. 











90-in. diameter ‘ “ginocco” 

INDUCED DRAFT FAN in course 

of erection at Port Dundas Eleo- 
tric Light Station. 


KORTING BRO HERS, L!2: 


ENGINEERS, 53, VICTORIA STREET, WESTMINSTER? S.W. 


—— MAKERS OF —— 


INJECTORS for Locomotive and Stationary Boilers. 

STEAM JET ELEVATORS and SILENT WATER HEATERS. 

STEAM JET AIR COMPRESSORS, EJECTORS, VENTILATORS, &c. 

STEAM JET UNDERGRATE BLOWERS for BOILERS & RE-HEATING FURNACES. 
STEAM TRAPS and SEPARATORS. GILLED HEATING PIPES and RADIATORS. 
Patent Injector EJECTOR CONDENSERS for all kinds of Steam Engines. 

















natee Water at ev, PULSATORS (Direct-acting Steam Pumps). Patent Steam Trap. 
a PRICES, ac., OM APPLICATION. partici. = or a 








GUEST, KEEN & NETTLEFOLDS, ‘Limitep, 


BIRMINGHAM, 


MANUFACTURERS OF 


WESTON’S DIFFERENTIAL RATCHET BRACKS. 


WOOD SCREWS, COACH SCREWS, CARRIAGE BOLTS, 
METAL THREAD SCREWS & SHANKS, CLOUT NAILS, 
— AND HEXAGON NUTS, RIVETS, COTTER PINS, &c. 









WESTON’S PATENT 


DIFFERENTIAL RATOHET BRACES. 








= DIFFERENTIAL RATOHET BRACES. 
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UPWARDS 
oF 


160,000 
GRESHAM’S PATENT 


NJEC 





TORS 


OF AL“ CLASSES NOW IN USE. 


GRESHAM & CRAVEN, Lid., 


BANGIN ADErS, ORDVDSALSI 


Telegraphic Address —“‘ BRAKE, MANCHESTER.” Telephone No. 613. 


LANE MANCHEST IE FE. 


6459 























RANSOMES, SIMS & JEFFERIES, LD., 














— 


STEAM SOULERS OF ALL KINDS, “="SS"LONC STROKE STATIONARY ENCINES. 








MINING ENCINES AND MACHINERY. SHORT STROKE STATIONARY ENCINES. 








ORWELL WORKS, IPSWICH. 














LONDON, 9, GRACECHURCH ST.” 




















ST. ANN’S LEATHER WORKS, GLASGOW. LIMITED. " 
+ R —_ 
Me PATENTEES AND SOLE MAKERS OF ORANGE TAN AND GNU HIDE BELTING. = 
Oo ul ORIGINAL MAKERS OF COTTON CANVAS BELTING, and of LLAMA HAIR BELTING. ” ea 
“ n Strongest, Most am Most Pliable Belt in the Market. TAPER CONE and QUARTER TWIST DRIVING. a = 
C . -_ oso 
2 2. 
z Zs 
>i = 
(oe — Om 
ou 4 
Oo ce : - ~— — é > 
ol a= DON T FORGED Us 
Se THIS QF 
Z AT 
<i | : Os 
W os &- D> 
as Fasc Bite OLD STYLE. NEW PATENT. O= 
@ has Pulley contact. The loss of power from alip ls "Te renee ope foy . ine myn kn ate Ty oe oe ms hy De ar ty enh of power from Bao x 
oe LEATHER LINK CHAIN BELTING ARCHED TO SUIT THE ROUND OF ANY PULLEY, IS THE BEST POWER-TRANSMITTING BELT IN THE MARKET. ¥ 
Illustrated Price Lists on A ication 
a hse a Mr. F. B. DUFF, 3, Laurence Pontus Hil E.C. MANCHESTER—Mr. JAMES SCOTT, 9, Blackfriars Road. 
WAREHOUSES Cons do. Mr. A. W. THOMSON, 4, Duke St., te, E.C. BIRMINGHAM—Mr. DAVID WINDRAM, 17, Cannon St. 
NEWCASTLE_Mr. SOHN BERKLEY, 96, Westgate Road. LEEDS—Mr. CHARLES BEST, 10, Aire Street. 


MANUFACTURERS OF SE. ANI’'S CHONMATA UNION BUI. TING. 9332 


—— a ee. | 
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Manufacturers of SIEMENS’ ACID STEEL 


BOILER PLATES. 


Also SHIP and BRIDGE PLATES, ANGLES, BULBS, CHANNELS, ROUNDS, SQUARES, TEES, ZEDS, &c. 
BILLETS, of dead soft quality, and for wire and springs of special quality, from any grade of carbon; also SLABS. 


THE GLASGOW IRON & STEEL CoO., wniniel 


WISHAW, SCOTLAND. 




















VERTICAL LOG SAW FRAME. 


Quick and accurate sawing from the 





Thomas Robinson 
& Son, Ltd., 


log. 


Saws round or square logs. 
WOODWORKING ENGINEERS, 


ROCHDALE. 


Works with large number of saws at 
once, if desired. 


Steel saw frame, combining strength 


with lightness. ESTABLISHED 1840. 


10 
DETAILS ON REQUEST. 


;2334 ; 
a . 
/ 2a Y ia 
ag : Boss 
= ca. 
ie | Seis 
‘ia eet 
TS = 
{ > . ae” 
$\, 
bash * a 
om - , 
Re — oe 
2 ig St 


53 MEDALS. FOR DRIVING ALL 
HINERY WITH 
10,000 ENGINES SUPPLIED. GAS EN GIN E.. cag ECONOMY. 
Combined with PATENT SUCTION GAS PLANTS. 


— Many Large Engines working with Improved Magneto-Electric Ignition. —— 
Manufacturers of Gas Engines since 1878. | LONDON OFFICE: 


Od 6602 























ee eT oe Tas ca ee anes Ge. 80, Queen Victoria Street, E.C. 


J. E. H. ANDREW & CO., L® REDDISH, srockporr. 
rArSs. 


TAPS, DIES, REAMERS, 
RATCHET DRILLS, LATHE 
TOOLS, MILLING CUTTERS, 
BOILER PUNCHES, 
DIE STOCK SETS, 

TAPER PINS, &c., &c. 


PRATT & WHITNEY C0., Hartford, Conn., U.S.A. 


LONDON, E.C.—Buck & Hickman, Ltd., 2 & 4, Whitechapel Road. ten SWEDEN.—Aktiebolaget V. Lowener. 6438 
AGENTS LONDON, S.W.—Niles-Bement-Pond Co., 25, Victoria Street. | PARIS.—Fenwick Freres & Co., 8, Rue de Rocroy. Agents 
COPENHAGEN, DENMARK.—V. Lowener. for France, Belgium and Switzerland. 








Pratt & Whitney Special Process Taps are made uniform, and have 
one-third longer life than any other made. 
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MANUFACTURERS OF 








NICAISEs DELGUVE RAILWAY CARRIAGES and WAGONS of all Descriptions. 
- RAILWAY IRONWORK. WHEELS and AXLES. 10 


@ociete Anonyme), : 
LA LOUVINRE, BELGrum. TURNTABLES. SWITOHES AND OROSSINGS, PATENT BREAK-DOWN GRANES. 
LONDON OFFIOH: ARTHUR W. NYB, 110, Oannon Street, 1.0. BRIDGES, PIERS & STRUCTURES in Steel or Iron. 








THE SOCIETY OF GERMAN RAILWAY MANAGERS 
avaraad ro ine invencor,tacans. ine rinst PRIZE HAGANS LOCOMOTIVE WORKS, ERFURT, GERMANY. 


OF 7500 MARKS for this Type of Engine. 
| BOGIE LOCOMOTIVES FOR SHORT CURVES. 


This Locomotive is not Double, having only one Boiler, two high-pressure 
Oylinders and no removable Tubes. All are strong and simple. The 
or Tank ngines) up to the Target ds finder Compounds (both 00 Tender 

k largest dimensions, Axles. 


bag a | - Ee 


res Engines for Normal Gauge 
for the Prussian Government and other Railways, with four or five Coupled 
ay Wy weight available for adhesion to 70 tons. The Haeans LOcoMOTIVvE 
been built for the Narrow Gauge Tasmanian Government Railways. ; 
For further particulars, and for Licences, &., address the Locomotive “> 
Works ; also for particulars of another Bogie Locomotive System for short curves, 





rm COUPLED TENDER LOCOMOTIVE. 





without rer and vinoct rasa tvuck: antes, coupted in ‘or high preear BOGIE LOCOMOTIVE FOR SHORT CURVES. 
mae | a See ee All Axles, including Truck Axle, Coupled. 











( ESTABLISHED 1817. ) 


LOCOMOTIVE BUILDERS AND STEEL WORKS PROPRIETORS. 


Cassel 


HENSCHEL & SOHN, GERMANY. 


STEEL WORKS: LOCOMOTIVE WORKS: CASSEL. STEEL WORKS: 








ae Aaneel Hopes 600 ae. t Eas exceeds = 


BLAST FURNACES, 
COKE OVENS, 
PUDDLING FURNACES, 
ROLLING MILLS AND 
WORKSHOPS 


FOR THE PRODUCTION OF 
FINISHED STEAM 
BOILER PARTS, 


Viz.s 


BUCKLE PLATES, 


DESCRIPTION, 











Four-Cylinder Compound Express Locomotive. 


BOILER TUBES, 
BOILER ENDS, LOcomoTivEtsS STEEL CASKS, 


DISHED & FLANGED PLATES, | Of every description, from lightest to heaviest types, to suit any gauge. Special designs made 
for Contractors, Mines, Street Railways, &c., &c. TRUCKS FOR COLLIERIES, 


DOMES, 
BOILER PLATES, &c. LOCOMOTIVE BOILERS AND SPARE PARTS. a cee 


GENERAL AGENT: Mr. OTTO GOSSELL, 110, Cannon Street, London, E.C. 








Henrichshiitte, Hattingen. 
BLACK & GALVANISED SHEETS, 


CAS & STEAM PIPES, 
STEEL CASTINGS OF EVERY 


HEAVY CAST STEEL ROLLS, 
ELECTRIC WELDED & RIVETED 


7373 











LIMITED. 
Works Telegraphic Address: 


Telephone Nos, 746 and 747 Westminster. 


ESTABLISHED IN 1854. 


LOCOMOTIVE ENGINES 


STEAM ROAD WAGGONS & LORRIES, IN STOCK & PROGRESS, ,,. 


pie 
- ALSO MACHINE! TOOLS. 


A SPECIALITY. 


CRANE LOCOMOTIVES FOR 
LIFTING AND SHUNTING. 
RACK RAIL LOCOMOTIVES, 
YARD ENCINES, &o. 


WHEEL AND OTHER LATHES, 
MILLING MACHINES, DRILLS, 
PLANERS, SLOTTERS, &o. 

WORKMANSHIP AND MATERIAL UP TO THE HIGHEST STANDARD OF EXCELLENCE, 
| STEEL FOUNDRY for casting Wheel Centres and other parts of Locomotives. 


STANDARD CAUCES. 





7134 





BEYER, PEACOCK & CO. 


“Loco,” 


London Address: {* Wosemntnster, re W. t d M h Gorton. 
Tel. Address: ““ FOLGORE, LONDON.” Gorton oun ry, anc ester. Telephone No. 255 Manchester. 


<e, 


EMERY CRINDING MACHINES 
ALL TOOLS ELECTRICALLY 


ALL PARTS OF THE ENCINES 
AND MACHINE TOOLS ARE 
MADE ACCURATELY TO 


Also general CASTINGS & FORGINGS, 

















ENGINEERING. 











MANNING, WARDLE & CO, LIP. 


Makers of Locomotive Engines for any width of gauge and for all purposes, Materials and workmanship of the best quality, Tank Engines up to 17 in. Oylinders, on four or six wheels always in stook or in progress. 
Specifications, Photos, and Prices on Application, and Special Designs sent on receipt of particulars of requirements. The “ABO” and “The Engineering Telegraph Codes” used. 


ae , : 7 BALDWIN LOCOMOTIVE WORKS. 


aierew | QOCOMOTIVES..f 


Mine, Furnace and Industrial Locomotives. Electric Locomotives with 
Westinghouse Motors and Electrie Trucks. 


Burnham, Williams & Co., Philadelphia, Pa., U.S.A. 


Cable Address: “Baldwin,” Philadelphia; “Sanders,” London, . 7145 
General Agents :—Mesers. SANDERS & CO0., 110, Cannon 8t., LONDON, E.C. 


AMERICAN LOCOMOTIVE COMPANY, 


GENERAL OFFICES: TRINITY BUILDINGS, 111, BROADWAY, NEW YORK. 


SCHENECTADY WORKS 
BROOKS WORKS 
PITTSBURGH WORKS 
RICHMOND WORKS 
COOKE WORKS 
RHODE ISLAND WORKS 
DICKSON WORKS 
MANCHESTER WORKS. 









































BUILDERS OF 


LOCOMOTIVES 
FOR ALL CLASSES OF SERVICE. 


CABLE ADDRES8E8: 
via = —— - “LOCOMOTIVE, NEW YORK.” 
Built for the Chicago, Burlington and Quincy Railway. “BIVAD, LONDON.” 7028 


__ LONDON Offices: 26, VICTORIA STREET, WESTMINSTER, 8.W. 











THOMAS GREEN & SON, LIMITED. 


IMPROVED PATENT 


STEAM ROAD ROLLERS, 


WITH OR WITHOUT PATENT ROAD SOARIFIER. 
Also Makers of VERTICAL, CORNISH and LOCOMOTIVE BOILERS. 


ESTIMATES SUPPLIED FOR ROLLER REPAIRS. 











For Price and Full Particulars, please write for List E 2. 7205 


THOMAS GREEN & SON, LIMITED, 


Smithfield Ironworks, LEEDS, and New Surrey Works, Southwark $t., LONDON, §.E. 














Bristol, England. 
Builders of — 
MAIN & NARROW GAUGE 


LOCOMOTIVES. 
QUICK DELIVERY. 





IN STOCK FOR IMMEDIATE DELIVERY. 
Cylinders, 14 in, dia. by 20 in, stroke. Tractive Force, 12,200 Ib. (zatzcraPH: WALKER, BRISTOL. Txizrnoyne: 30, FISHPONDS, 
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NEW IMPROVED 


SUCTION PLANT 


FOR MODERATE POWERS. 











FOR GAS ENGINES, 








t—_—nman > OMEN TYPES o PLATT 


DOWSON ECONOMIC GAS & POWER CO., LTD. 
30, VICTORIA STREET, WESTMINSTER, LONDON, S.W. FOR LARGE POWERS. 


ABC Code 4th EDITION TELEGRAMS:— ; 
TELEPHONE 58 * RENSHAWS STOKE-oN TREN iE 



























rus sees J Bal 


“(VA VR BB er 
ae Be ee Se hee 


Bs 1, 
COLLIERY PLANT & VA SPECIALITY in "ALC 
CONVEYOR MACHINERY A STEEL VEHICLES 
OF EVERY DESORIPTION // n* UNDERFRAMES 














~——— PHOENIX WORKS ——— 


_ ~ Stohe‘on Event — 


















































FPump Company, Id., 
153, QUEEN VICTORIA STREET, LONDON. 


HIGH-LIFT CENTRIFUGAL 


PU M pb S in either Horizontal or Vertical Design. 


Air Compressing Machinery 


| 401 OF EVERY DESCRIPTION. Worthington 5-Stage Turbine Contetfagn! cam with Laumhabepara direct baci to Electric Moter. 
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Now Ready. 





Demy 4to, xvi—38o0 pages. 


Cloth, Gilt Top. I6s. net. 


SIR HENRY BESSEMER, F.R.S. 


AN AUTOBIOGRAPHY. 


WITH FIFTY-ONE PLATES AND NUMEROUS ILLUSTRATIONS IN THE TEXT. 





Extracts from Press Notices: 


‘‘The book is well and profusely illustrated, and should appeal to a large public.” — 


Westminster Review. 


“, , . @ most interesting and intimats record of one of the makers of British 
industry.”—Daily Mail, 


‘*He wrote just as he talked, and infusel into his writing the charm of his conver- | },,, yet seen ; and 


sation.” —Fishing Gazette. 


** The late Sir Heary Bessemer was one of those comparatively few inventors 
that reap the monetary rewards of their inventions . and the story of his early 
trials and later triumphs is recorded in a most interesting fashon in his autobiography.” — 


Dundee Advertiser, 

‘* Containing the story of the working life of one of the most ingenious men the world 
printed, bound, and produced in a manner which will delight all book- 
lovers, this volume must appeal to all engineers who take an ordinary interest in their 


‘*Tt is needless to say that this handsome quarto volume must prove of extraordinary | profession.” —American Machinist, 


interest to everybody who reads it.”—Zlectrical Review. 


‘**TIn this autobiography the patient, brilliant, and triumphant inventor lives over his 
eighty-five years again.” — Western Morning News, Plymouth. 


‘* Every engineer, and more especially every inventor, should read the ‘ Autobiography 
of Sir Henry Bessemer,’ which has recently been published.” — The Sun. 


“*. . . is a veritable inventor’s Odyssey, and will surely attract attention even 
from readers least informed in the domain of applied science.”— World’s Work and Play. 


“‘, . . those who are not experts; in manufacture we can imagine will read this 
b:ok with a good deal of pleasure and satisfaction.” —Liverpool Daily Post and Mercury. 


‘*, . . givesa minute account of Bessemer’s work. . . . The autobiography 
forms a handsome quarto volume of about 400 pages. The illustrations are excellent.”— 
Morning Post. 


**. , . The handsome volume just published containing his autobiography will be 
welcomed for the freshness and simplicity of its first-hand description of a unique career.” 
—NSouth London Observer. 


‘The story told here is not one of uniform success, but often a struggle against 
adversity and prejudice, always encountered stubbornly and nearly always cheerfully.” — 
Newcastle Daily Chronicle. 


“*. , . The happy gift, which characterised all his mechanical work, of instinctively 
selecting the simplest and best means of attaining a given end, did not desert him here.” 
—Street Railway Review. 


“The story of this really amazing life of seeking out many inventions is told with a 
buoyancy, a clearness, .- and a humour that make it as exciting as the 
tale of quest for buried treasure.” —Daily Chronicle. 


_ .* This is a most interesting book, and the fact that it is seven years since Sir Henry 
died cannot reduce its value to all interested in his many inventions. . . The story 
is told in simple and elegant language.” —G/asgow Herald, 


‘Lapse of time cannot tarnish the lustre of Henry Bessemer’s memory, nor can 
common and world-wide use of the great invention that crowned it render uninteresting 
a story of the struggles through which he passed.” — Publishers’ Circular. 


‘Sir Henry had a gift of narration, and his autobiography is most fascinating. ote 
There is a great deal of most interesting reading in this antobiography, which may 
stimulate the young to emulate the great inventor.” —Leeds and Yorkshire Mercury. 


‘*A modest record of a strenuous and successful life, the ere: es 
one that will be read with interest by any one interested in the trials and triumphs of 
inventors in general, and of the greatest of steel inventors in particular.”—Scotsman. 


‘* The eventful story of Sir Henry Bessemer, issued in handsome form from the Offices 
of ENGINEERING contains some vivid references to his connection with Wales, which are 
of all the more interest because they are told in the very words of the gifted inventor 
himself.” — Western Mail, Cardiff. 


“ We shall not attempt to deal with it in detail, but shall content ourselves with a 
eneral recommendation to our ers, It is, indeed, a narrative of ingenuity and 
— of resource applied to the affairs of life such as it would scarcely be possible to 

paralle] elsewhere.” —T'he Spectator. 


“Seven years ago, when Sir Henry died, he left a name behind of a man singularly 
endowed with original ideas and an inventive capacity which had led him to practical 
results very far apart from the famous steel-making process which has made him immortal 
in industrial annals. . . , 
ments.”"—Pall Mall Gazette. 


Weare given here the story of his experiments and achieve- 


| 
| 





“ , . .. there is much interesting reading in regard to other inventions, apart 
from the great discovery with which the name of Bsssemer is indissolubly associated. As 
might be expected, the Bassemer process of steel-making is the dominant theme of ths 
book.” —Shefiield Daily Telegraph. 


**, . . all connected with the iron and steel trades will thank the conductors of 
ENGINEERING for Sir Henry’s story of his life and his inventions ; . » it is an 
absorbingly interesting account of a very remarkable personality, and an exceptionally 
strenuous and fruitful life.” The Bookseller. 


‘* Despite his diffidence on the score of his lack of literary ability, he has produced a 
book of continuous and enthralling charm, which, once opsned, it is hard to lay aside. 
. . . The reader will put the book down with regret. 1t is the story of a most active 
life and a remarkable personality singularly well told.”—Zlectrical Times. 


‘*Parts of this, indeed, read like a romance, and are impressive in their testimony to 
the success which may be achieved by perseverance and determination in the surmounting 
of almost incredible difficulties. The author attempts no flowery rhetoric nor 
ambitious flights of eloquence, but he has a plain, homely, forcible way of expressing 
himself which holds—nay, enthralls—the attention from the first line to the last. . " 
—Iron and Coal Trades Review. 


‘This interesting and handsome volume . . ._ is doubly valuable because it 
includes . . the story of the life and occupation of a remarkable personality, of a 
man gifted with a keen intellect, and endowed with a great mechanical perception. . . . 
The story as given in this book, should put an end for good to the odds-and- 
ends of gossip that have from time to time blurred the clearness of the picture connected 
with the origin of the Bessemer process.” —IJronmonger, 


‘* It affords the reader an insight into the manner in which ideas, after lying latent 
for some time in the mind of the inventor, become fruitful beyond the wildest hopes, 
 B The last chapter has been added by his son. The whole will be read with, in 
parts, an absorbing interest. The book is well illustrated and beautifully got up, 
forming a worthy tribute to an eminent figure in the history of England’s industrial 
supremacy. It is published by EnaingERinc.”— Westminster Gazette, 


'**To those who care to know more of the improvements introduced in the manu- 
facture of steel, which converted a somewhat uncertain into a most trustworthy material, 
this book will furnish the information required ; but the interest of the story of what 
Bessemer did is as nothing compared to the interest of the story of how he did it told in 
his own words. . . All of the book that is not given over to details is delightful 
reading, and the beautiful plates add considerably to its attractiveness,” —Manchester 
Guardian. 


‘*Ts one of the most fascinating pieces of personal history that we have read for some 
time. . In reading the autobiography one is struck by the diverse order of his 
talents. He was not only a prolific inventor—his brain surged with ideas—but, what is 
uncommon, if not rare, he was business-like enough to make the best use of most of his 
patents. . . The chapter in which he tells his intense disappointment, and his 
resolve to triumph, come what may, illustrates vividly the quality that contributed most 
to his success.” — Yorkshire Post. 

‘‘The name of Sir Henry Bessemer will always remain associated with a great 
invention. Sir Henry Bessemer had a remarkably shrewd eye for detecting the 
weak points of a process, and showed striking abilities in rectifying them by various 
means, some of which were of brilliant inductive ingenuity. He was not trained to any 
particular trade or profession, but gradually acquired the vocation of professional inventor, 
a career for which he appears to have been eminently qualified by his natural charac- 
teristics, His lack of training in any particular field was probably a distinct advantage 
to him. .”’—The Times, 


LONDON: 
OFFICES OF ‘*ENGINEERING,” 35 and 36, BEDFORD STREET, STRAND, W.C. 


And all Booksellers. 








PETE Oe 
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Telegrams : 
RAILWay, 
DaRLinorox. 


CENUINE ATLAS METALS 


THE BEST ANTI-FRICTION METAL for Lining Bearings of all classes of Machinery, 


This Metal is used throughout the civilized world by Governments, Railways, Marine 
Engine Builders, Electrical Engineers, Tramways, and General Engineers. 


ATLAS METAL is very easy to handle, economical and durable, economises oil, preserves the journals 
from wearing, reduces friction, saves time and money. It will ‘outlast any other anti-friction metal for 
lining bearings of Locos, Wagons, Pit Tubs, W inding and other engines, &., &c. 


Atso CHEAPER GraDES-WMASCOT-ALBA-BABBIT. 


—— Write for Samples and Prices, —— 


at THE ATLAS agin & ALLOYS CO., Lo. 


2, QUEEN VICTORIA STREET, LONDON, E.C. 6746 

















PS we BALTIMORE. MD. ca” 
‘MANUFACTURERS AND DESIGNERS OF ALLKIND 


HEAVY MACHINERY, 


REQUIRING First ( N MATERIALS 
S: 


nv? _S 
fou ue us 


U* yA 


E ms Ph ANI aD GEARING 


WHIT FER TILIZER WORKS, 

GRAIN ELEV /ATORS ar“ FLOUR MILLS, € , CCPPER 
TIN PLATE ROLLING MILLS. CAB Mi RAILWAYS 
POOLE LEPFEL TURBINE \ TER WHEELS, 


DREDG IN MA SHINES 


7000 








RAO 





STEEL 
CAST IRON 


“ R ADE MARK i v \ \ CES a!) ; 


™ = \\\ Jf / BRASS 


NUNBETTER \Q\\ Ld AND 


BRONZE. 


SO Sa RING & ENCINEERING Co, Lto., 


Premier Works, Wentworth Street, SHEFFIELD. 


“B.0.B.” MACHINE VICE 


ABSOLUTELY THE BEST. 











SOLE DISTRIBUTORS — 


THOMAS A. ASHTON, L2: Sheffield. 


Telephones :—12, 1810, 1561. Telegrams :—" ASHTON, SHEFFIELD.” 

















Schaffer & Budenberg, L* 


LONDON. Whitworth Street, MANCHESTER. GLASGOW. 


~ CONTINUOUS SPEED and PRESSURE RECORDER. 


Makers of all$kinds of RecordingJand Registering Instruments, 
List on application. 









HIGH SPEED PEDESTAL 
HIGH SPEED WAREHOUSE 
F| i «| -/QVERHEAD TRAVELLING 
BCTPIC) | couats 
LOCOMOTIVE 
tt DERRICK 
BAM *‘ suuntine 
PERMANENT WAY 
PONTOON AND FLOATING 
WHARF 
Jand PORTABLE ROAD & RAILY. 
TANG =! Lavine SHED & WHIPPING 
DERRICK 
OVERHEAD TRAVELLING 


POWER DRIVEN CRANES AND OTHER MACHINERY, &c. 


We combine a long record in manufacturing 
Cranes with a wide experience of their working 
and maintenance on large contracts, &c. 


‘IF YOU WANT A MODERN CRANE FOR UP-TO-DATE WORK, 


APPLY TO 


ISLES Loire, ‘LEEDS 











Telegrams; ISLES, STANNINGLEY. Nat. Tel.: 45, STANNINGLEY. 
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Hall's Patent 


Compound Direct-Acting 
Boiler Feed Pump. 








3 ECONOMICAL 
i AND | 
r EFFICIENT. 





This Pump is made in response to 
a demand for greater economy. The 
consumption of steam is only half 
that of the ordinary 


a commonly accepted 






* 3 Boiler Feed Pump. 


SOtoosossooe 
6387 


- Bs 
«a Sn — 


oe 


For BREAKING 
Cast-Iron ‘SAMPLE BARS. 


ENGINEERS, 

















This Machine is arranged to break Cast-iron Specimen Bars, 2 in. by 1 in., placed edge- 
way under bearings 3 ft. apart ; also Bars, 1 in. square, under bearings 1 ft. apart. The 
superstructure of the machine is raised complete by a screw operated by the larger hand 
wheel and so pulls up at the centre of the specimen by a —— rod, The steelyard, 
or indicating lever, is graduated by dividing engine up to the full capacity, 40 cwts. 
The travelling poise-weight is poeple’ along the steelyard by means of the screw shown, 
operated by the smaller wheel, and is not touched by the hand. The poise-weigat cannot 
slip forward when the break takes place. The deflection of the specimen is accurately 
shown on an engraved index-plate. Ktter a test, the poise-weight can quickly be brought 
back again to zero by its handle, which disengages the nut from the screw. 


SOLE MAKERS: 7274 


SAML- DENISON & SON, Lto., 


Far Hunslet, near TL BDsS. 


! ALL & SONS, B. ctcunoeeven (il 








THE ‘BAKER’ 


Ort, 


SEPARATOR 


FOR EXHAUST STEAM, 
CONDENSING & NON-CONDENSING : 











At present working satisfactorily in many 
of the most important Electric Stations and Works 
throughout the United Kingdom and on 
the Continent. 





WRITE FOR CATALOGUE. 


BAKER'S PATENT APPLIANCES GO., Ld., 


Melrose St. Works, SCARBOROUGH. 
Telegrams—‘‘ PATENT, SCARBOROUGH.” 6808 


























DEEP WELL, PUMPS, 





Sole Manufacturers for 
England and Wales 


Patent Suspended 
EAST FERRY ROAD 


















a ENGINEERING WORKS 
Duckham-Haviland COMPANY, LTD., 
PATENT MILLWALL, LONDON, E., 
PNEUMATIC MANUFACTURERS OF 
GRAIN ELEVATING  RIGG’S PATENT COAL TIPPLERS. Crane 7” 
MACHINERY. _Weighing Machines. 
| STEAM 
Wes tn : ™ POWELL 
s. 
» 200% INJECTOR 
2 ft. Lift ‘ 


For Economy and High Standard of 
Efficiency it Stands Alone. 


Suitable for all places 
where Steam is not Higher 
than 200 lbs. 


Write for List “K.” 


HOBDELL, WAY a6o., 


LTD., 7496 


} 
TO OVERFLOW 
BOILER 











63, Crutched Friars, LONDON, £.C. 


ee 
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‘Phone: 5770, BANK. 


Telegrams: ‘‘METALADOS.” Cables: ROBHUNT. 


BRITISH BUREAV. 


ROBERT W. HUNT & CO., Engineers, Norfolk House, Cannon St., E.C. 


INSPECTION anp TESTS oF RAILS anp FASTENINGS, STRUCTURAL 


MATERIAL, BILLETS, PIG IRON, AXLES, CARS, MACHINERY, &c., &c. 


W. L. COOPER, Manager. 


JOHN J. CONE, Resident ooo 


American Offices:—CHICAGO. NEW YORK. PITTSBURGH. 











Telephone: 12455, Central. 
Telegrams: Temperature, London. 








“STAR” ENGINE 
INDICATOR. 


Price and full particulare on application to— 


STAR BRASS MFG. CO. 


(GREEN & BOULDING, Ltd.), 


28, NEW BRIDGE STREET, 
LONDON, E.O. 





THE BROWN HOISTING MACHINERY CoO., 


39, Victoria Street, LONDON, S.W. 


CRANES OF ALL DESCRIPTIONS. 

















aYLOR &. Gausen 


IRMINGHAM 


RESSES 










MACHINERY 
‘For SHEET 
METALWORK 
COINS MEDALS 
CARTRIDGES 
HOLLOWARE Erc 
Ano ForTue MFRor 
"GUNPOWDER 
GUN COTTON 
CORDITE Etc 





<es Sa ry tek i e Saat) } nt 
= Cutrsout 28m Disc ors 
#2 (Zin. HOLE ar ons STROKE 


Made also with Gearing and in various Sizes, 7554 











the YORKSHIRE PATENT STEAM WAGON CO. 


Branch of Deighton’s Patent Flue and Tube Co., Ltd., 
Telegrams: Motor, Leeds. Telephone ; No. 1674. HUNSLET, LEEDS. 









\ aS as Ea a tateal pe v7 
steady ee ee Stine “ee 








Steam Wagon, with Pole Trailer, for carrying Girders, Rails, Structural Ironwork, Timber, &c,, 
in lengths up to 60 ft, 4753 
@ : ‘TAUNTON, Ser. 





Nat. Tel.: No.8. - + Telegrams: ARO. 
Codes: Al, ABO and Lieber's, 





GE N ERATO RS 
MOTORS, 


MADE UNDER THE “MAWDSLEY” 
PATENTS, 


7A94 


A.B. GAS & OIL ENGINES. 


London Office: 


Messrs. Baxter& Caunter, 
836, 
Charing Cross Rd., W.C. 


BRITISH INSULATED AND 
HELSBY CABLES, Ltd. 




















Electrical 
Cable 
Makers. 











WORKS : 


PRESCOT, HELSBY, and 
LIVERPOOL. - 
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VERNON & GUEST, Engineers, 


Soho, Smethwick, nr. Birmingham, Manufacturers of 
Horizontal and Vertical, Single and Coupled, High and 
Low-pressure Compound Condensing Engines, 7550 
Combined Engines and Boilers, Lathes, 4 to 30 in. 
centres Planing, Shaping, Slotting, Radial and Power 
Drilling Machines. Repairs of every description. 
Engine & Tool List posted. Telephone: 121, Smerawicx. 


ECONOMICAL LUBRICATION 


it will interest you to read what we have 
to say in our new book on 


LUBRICATION 
AND LUBRICATORS. 


We discuss Oils and Grease, and their com- 
parative claims as friction reducers. 


We review other peoples’ opinions, and quote 
words of weight and wisdom from leading 
authorities. 


We submit a list of Lubricators, Oiling Devices 
and Oiling Systems that is practically 
exhaustive. 


We make FORCE Lubrication, especially for 
cylinders, and the Lubrication of Super- 
heated Steam, a special feature, 


You will find us thoroughly up-to-date. 
A post-card to address below will bring the book. 


RIMINGTON BROS., Lubrication Specialists, 


CARLISLE. 7355 


GOLD MEDAL AT INVENTIONS EXHIBITION 
Morton’s Patent Extended for Great Merit. 


* Fjactor Condenser.’ | 


Evsororn Oonpmnssr is ap- 
— e8, 
team Pum) 
Sesieene vena Oiiecce at: 
Pumps. 
Has no moving parte. 
265 to 50 per cent. of Steam Saved. 
Not liable to get out of order for 


years. 
Repays ite own cost In a few 
months. 











A. F, CRAIG & C0., 


LIMITED, 
PAISLAY, 
Sole Manufacturers and 
Successors to 


Alexr. Morten & ,_Thomees, 


Lorpos Pron onag 
97, Queen Victoria Bt.. Be items 








ENGINEERING. 
has been proved to be an excellent 
Substitute for Lard Oil for use 
on Turret Lathes and similar ex- 


LA R D 0 L pensive Machine Tools. 


It contains no chemicals or acids, and is so cheap that it is extensively used on 
ordinary drilling and screwing machines in place of soap and water. 
We Invite you to give it a trial. tt will cost you nothing 
to do so, and once used we undertake to say 
you will in future adopt it. 7493 








For Descriptive Pamphlet and Price apply to the Manufacturers— 
J. GOWENS & GO., Hamburg chambers, Newcastle-on-Tyne. 


WATER POWER. 


TURBINES 
For Electric Light or Power, 


WITH 
SENSITIVE GOVERNOR 
(CONSTANT SPEED AT ALL LOADS AND 
INSTANTANEOUS ACTION). 


TURBINES for MILL DRIVING. 
PELTON WHEELS. 7020 





























London Address: 7, Bishopsgate St. yay E.C. 


HENDRYS , 


[EATHE ERs 


BELTING 


pe BRIDGETON.GlASGOW} 
























GEO. RICHARDS & 60. LTD., 


BROADHEA TH, » near * MAN NCHESTER. 













MANUFACTURERS OF . 


HIGH- ee, 


MAGHINE TOOLS. 


LONDON MANAGER— 


AUSTIN H. HOPKINS, 9, Ranelagh Mansions, FULHAM, 8.W. 
SOLE AGENTS FOR SCOTLAND— 


MITCHELL GRAHAM & SON, 46, Buccleuch Street, EDINBURGH. 


CATALOGUES ON APPLICATION. 


Telegraphic Address— 
“RICHARDS, ALTRINCHAM.” 
Telephone—No, 14, ALTRINCHAM. 


List of our Specialities : 
PATENT SIDE PLANING MACHINES 


PEARN’S FACING AND BORING 
MACHINES. 


BORING AND TURNING MILLS, 


With New Patent Positive Feeds. 


AIR COMPRESSORS. “” - | / | ' 











ROTARY PUMPS 


High and Low Speeds, 
Concentric Positive Action, 
High Efficiency. 


WRITE FOR CATALOGUES. 499 


WM. DOUGLAS & SONS, Ltd. 


Douglas Wharf, PUTNEY, S.W. 


BARRETT 


LIFTING, 
AUTOMATIC LOWERING 
AND TRIP 


JACKS 


FAIRBANKS, 126, Southwark St., 
MORSE ®& Co., LONDON, 8.E. 


CRANES 


;| COWANS, SHELDON & CO.,LTD., 


CARLISLE. 6454 

















See Illustrated Advertisement, Dec, 22nd, page 55. 


MALLEABLE 


IRONSSTEEL CASTINGS 





ENGINEERS & | OOLMAKERS 


O MACHINE CLEAN & BRIGHT 
ALL OVER 


PARKER FOUNDRY C° DERBY 


N ADMIRALTY LIST 


PLAYER'S 
POWER 
HAMMERS 


BELT OR MOTOR DRIVEN. 








7416 


W. & J J. PLAYER, BIRMINGHAM. 





imson a Go's: 


Makers. 


Leicester 
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Chadbur’s (Ship) Telegraph C, 


CHADBURN & SUN, 


PATENT LTD. 


“DUPLEX GONG” TELEGRAPHS 


“LATEST IMPROVED” ENGINE TELEGRAPH. 


‘ BRIDGE With Hand Reply and Automatic 
TRANSMITTER Reply. 
Showing on Dial Engines Working 


Ahead or Aatern. 












R 
cnea et eSoy 
PATEATEES MANUFACTURERS 
Li "thet ‘+ 

VERPOS 
PATENT 






DUPLEX GONG. 








ENGINE-ROOM { pe ved for Ahead. 
INDICATORS. Gong for Astern. 
Also- 
STEERING “LOOK-OUT” 
T GRAPHS. DOCKING 
T. EVOLUTION INDICATOR. 
showing at a Glance — of Revolutions per 
ju 
Over 9000 Vessels including British and 
Foreign Navies and Mail Steamers, Yachts, dc. 


OHADBURN’S PATENT ENGINE COUNTERS. 


SOLE PROPRIRTORS AND MANUFACTURERS OF 
BASSNETT’S patext SOUNDER 
Latest Patent No. 24,916, Dec. 28th, 1898, 
NONE OTHER GENUINE. 
HEAD OFFICE & WORKS: 
Cyprus Road, Bootle. 


Repairing Shop: 411, Waterloo Road, Liverpool. 
GLASGOW: 4, Finnieston a» 
haba iS ta :21, Broad 
LONDON: Oiioyas a +... ~~ 


EXHIBITION AWARDS: 6491 








BULLIVANTS 


STrEnX WiErsE 


MINING ROPES. 


A piece of every Mining Rope Tested to Destruction, and a 
Test Certificate supplied. 


BULLIVANTS’ HAULING ROPES. 


BU LLIVANTS’ GRAN E RO PES. CRANES, LIFTS, HOISTS, & SIMILAR PURPOSES. 
MINING & HAULING PLANT. ™ 


WINDING AND HAULING MACHINERY. 


BULLIVANT & GO., LTD., Registered omice: 72, Mark Lane, London, E.¢. 


Write for Pamphlet ‘‘ M. H.” Works: MILLWALL, E. 





WIRE ROPES FOR CABLE ROADWAYS, 
INCLINES, COLLIERIES, MINES, ETC. 

















Telephone No. : 2110, Avenue. 








hol Engines, 














AGENTS: 
DUBLIN.—Tue Dusiuix DockyarD Co., North Wall. 
FRANCE.—Novve et & Lacomsg, 111, Quai D’Asniéres, 
Asniéres (Seine). 

GERMANY.—Bieserstein & GorpIcKE, Ferdinand- 
strasse, 25/7, Hamburg. 

BELGIUM.—Tueo. ALBERTS Fits, Rue Basse 7, Ghent. 

ROTTERDAM.—Wynma.Len & HavusmMANN, Glashaven 
2, 4, 6, 10, 14. 

SUUTH AFRICA.—Harvegy & Co., Aegis Buildings, 
Johannesburg, P.O. Box 953; and at Durban and 


Oil, Gas, Spirit & Alco 


HORIZONTAL AND VERTICAL 
TYPES. Also 


LAUNCH 









a 


xe 





East London. 
JAVA.—VAN DER LinpE & Teves, Soerabaja and at 


Samarang. Aq 
NEW ZEALAND.—F. S. Greensnietps & Company, 
27, Lambton Quay, Wellir gton. ‘ 
AUSTRALIA. — Ropert : 
GutTuriz, 205, Clarence 


Street, Sydney; and at 
Melbourne, Brisbane and 


(Oil, Spirit, 





Adelaide. 
INDIA. — Burn 
on Alcohol). and Co., Ltd., 
Howrah Iron 
Werks, 
London Showrcoms— Calcutta. 
87, QUEEN VICTORIA ST. aaneery 
E.C. Telegrams : 
“ THEOREM, 
PATRICROFT.” 
Telegrams— Telephone; 
“ NORNODESTE, LONDON,” 48, ECCLES. 
7456 


e—836, BANK. 
ew 7 HP. Portable Oil Engine o, Trolley. 


L. GARDNER & SONS, LTD., Barton Hall Engine Woks, 


THE GRANTHAM BOILER & GRA 





MANCHESTER. 


NK GO., L 


GRANTHAM. ° 








hh eh! 


So - 
Sd = = 


Manufactures of SG LTE AM BoOrLeEeENS. 
VERTICAL, LOCO. TYPE, MULTITUBULAR, PORTABLE, CORNISH & LAUNCH BOILERS. 


VERTICAL STEAM ENGINES. BOILER MAKERS TO THE TRADE. 
—_ ON ADMIRALTY LIST. eo7s 





LONDON, PARIS, COAST, AMSTERDAM, 
POManits, ANTWERP, LIVERPOOL & HAVRE. 
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TAYLOR'S PATENT SHUNTING LEVERS 
“ Reversers,” “‘Run-throughs,” “‘ Fast-locks.” 
USED ON THE CREAT RAILWAYS OF THE WORLD. 


Indispensable for Collieries, Breweries | 
and other sidings. Der ri 
Taylor's Patent Shunting Lever, Limited, 
29, Reeent Street, Lonpon, 8.W. B536 
Telegrams: “ Switches, London.” Tel.: 7200, Gerrard. 








Passenger Launches, Tugs, 
Stern-Wheel Steamers. 





Motor and Electric Boats in Wood or Steel. 
Racing and Pleasure Boats of all kinds. 
The Oxford Folding Boat, the best collapsible boat 
for Yachts and Ships. 7647 
Oars, Sculls and all other Boats Fittings. 


SALTER BROS., outiths, OXFORD 


SQUARE 


ASBESTOS METALLIC PACKING 


Sa In Rings or Lengths, 


“Wh COMPRESSED HEMP 
4 PACKING 


FOR 
Pumps, Stern Glands, &e. 
7227 


R. B. LINDSAY & CO., 
31, Mair St., Plantation, GLASGOW. 


EstaBLisHep 1870. 











Telegrams: *‘ Cow1caL, Giascow.” 





WELL 


3 PATENT 


“Waste Oil’ 


FILTERS 


SUPPLIED TO THE PRINCIPAL GOVERNMENTS FOR THE 





NAVY, DOCKYARDS, &c., AND TO THE LEADING ELECTRIO 























LIGHT INSTALLATIONS, ENGINEERING WORKS, GAS 








ENGINE MAKERS, PRINTERS, &c., &c. 





WrOOoodduii. 


MONEY SAVERS to any USERS of MACHINERY. 


on * first cost in a short time, as Dirtied Oll, which 


Write for List of Test! and Samp! 


has hitherto been thrown pt pe can be filterod 


and used ageia end again. 
of Work 





done by the Filter, 


No. 1. For users having only a small quantity 


No. 2. 


3. 
4 
. 5. 
6. 


of oil to treat (no eyphon), 17in.x9in. 35/- 
Two top chambers hold about 3 gallons 
oil, 22 in. x 10 in. 50/- 
Two top chambers hold about 6 gallons 
oil, 27 in. x 12 in 70/- 
Two top chambers hold about 12 ‘gallons 
oil, 36 in. x 16 in 110/- 
Two top chambers hold about 24 ‘gallons 
oil, 43 in. x 23in. .. 189/- 
Very powerful Filter, fitted with Steam 
Coil for amano large een of 
oil bes .. 836/- 


Oapable of dealing with some 250 to 500 Gallons ou per week. 


LARGER SIZES MADE TO ORDER. 














A. 6. WELLS & CO,, si’ pantras, LONDON. 


WORES: CARNARVON STREET, MANCHESTER, 














MAGKIES " 


LIMITED. 
PULLEY Ss, 
Solid, Split or Spring. 
Shafting, Bearings, Clutches, and 

Mill Gearing Generally. — -.:2 
CAVERSHAM ROAD, READING. 

WILLIAM BOBY’S PATENT 
Automatic Water Softener, 


EMPLOYED BY LEADING RAILWAY COMPANIES, PUBLIC 
DEPARTMENTS, ENGINEERING WORKS, &c., &. 


Telegrams : Macnivery, Reapino, 
— TeLernore No. 8%. — 











WATER SOFTENING BY COLD PROCESS. 
WATER SOFTENING BY HOT PROCESS. 














Also Sole Maker of— 6552 
THE CHEVALET-BOBY HEATER-DETARTARISER 


(See Advertisement Dec, 75th). 


WILLIAM BOBY, 


Contractor to the Admiralty, the War Office, 
and the Crown Agents for the Colonies. 





SALISBURY HOUSE, London Wall, LONDON, E.0. 


IRON FENCING, 
HURDLES, GATES, &c. 


Galvanized Corrugated Iron Roofs, Sheds, Buildings and Sheets. 
for Railways, Road and Foot Service. All kinds of Constructional Iron Work, 


LONDON OFFICE: 118, QUEEN VIGTORIA STREET, EC. 











PATENT 


FLANGE 





"W4Ia~QAQ SUOL Qj 0} dn 


" sontguos “THALS GNV NOU! 


Gutters, Pipes and Fittings. —. lron. Bridges 





DART 


4858 


ADJUSTABLE 





A FLANGE UNION WITHOUT PACKING. 
BALL AND SOCKET BEARING SBAT. 


They can be reconnected as often as desired, having no packing, and each time a perfectly tight joint 


BRONZE METAL. 





WRITE FOR CATALOGUE No. 


101. 





GLASGOW OFFICE: 
54-56, BOTHWELL STREET. 








UNIONS. 


7060 


THE FAIRBANKS COMPANY, 


78-80, CITY ROAD, LONDON, E.C. 
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Nar Tet 2362 
CODE A.B.C.4¢ 


‘TELEGRAMS:: 
“PRESS, LEEDS. 





















W. B. BROWN & 60. (BANKHALD, Lr Ltp., Globe Works, Bankhall, LIVERPOOL 


HIGH STRAIN FLEXIBLE STEEL WIRE ROPES ‘AND PATENT LOCKED WIRE — “VIRES, EIVERPOOL.” 


* 


FOR MINING AND 

















Ice-MAKING & REFRIGERATING MACHINERY, 


IMPROVED AMMONIA. ABSORFPTION SYWsT3EM. 


OUR MACHINES HAVE ADVANTACES NOT POSSESSED BY ANY OTHER MACHINE, WHETHER COMPRESSION on OTHERWISE 


Suitable tor all purposes of Ice Making, Refrigerating and Cold Storage. 
MADE UP TO ANY CAPACITY. 


RANSOMES & RAPIER, Ltd., 


Works: IPSWIOH. 32, Victoria Street, Weckokeidir: S.W. 
_____ MANUFACTURERS atso oF HAND, STEAM AND SEECTRIO CRANES, TURNTABLES, &c., &c. | 


“SILVERTOWNowidnctinbet nat 
SWITCHBOARDS, CABLES, Ko. 
Panera ( sy nanteatan: Conon 
















































THE INDIA-RUBBER, GUTTA-PERCHA & TELEGRAPH 


WORKS COMPANY, LIMITED, 
ELECTRICAL ENGINEERS AND CONTRACTORS. 











Offices: 100-106, Cannon Street, LONDON, E.C.; and 97, Boulevard Sebastopol, PARIS. 
Works: SILVERTOWN, LONDON, E.; and PERSAN (Seine-et-Oise), FRANCE. 













BRANCHES: - 
BELFAST : 33, Hich Street, GLASGOW: 2, 4 & 6, Royal Exchange Square. 
BIRMINOIAM : : 16, Martinean Street, LIVERPOOL : 64 04, Castle ae 
HOME } BRISTOL: zs ictoria Street. NEWCASTLE-ON- oeYNE: 60 Westgate Road. 
CARDIFF : Pierhead Chambers, Bute Docks. PORTSMOUTH : 69, High Steeat. 
15, St. Andrew Street. SHEFFIELD : 28, Street. 






BUENOS AYRES: Calle 140 and 142, M SEBOUBNE | 270, Fishons Street, 
BULAWAYO (RHOD : PERTH A ’s Buildings, William 
aancno | oe DS Willongebs Balldings (W.A.): 131, Queen a 
(N.Z.): 284, Cashel Street. SYDNEY | 279, George Street. 






Totally Enclosed Motor—Cover Open. 
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Three highest obtainable Awards from the R.A. Society. } Re © ST Mi A % Upwards of 100 supplied to Governments alone. 
9 i L E “@ G j be f ¢ Contractors to the Home, Colonial, and Fifteen Foreign Governments. D R E D G 7 wd S 


Works : Holderness Foundry, Hull. Gold and Silver Medals awarded Paris ‘Exhibition. _ ‘London Office: 3, Laurence Pountney Hill, Cannon St., E.C. Telephone No. 901, Bank. — asse 








“Beacon” — eaeenreeneeteel || Ma, "BUFFALO" INJECTOR 
rich, red line, thus rendering the leve | 
GaUGcE GLASSES neg oo A large stock always " : Lifts 24 ft. 
ew ‘TAKES HOT WATER. 


GUILBERT-MAR I IN, 9, Edmund Place, a ervri we i Illustrated Catalogue with prices and full particulars 
t—_ = Ne : = of both os of Injectors and Tripp's Metallic 


on Tess. Aldersgate, LONDON, E.C. _ pxorortiditn“toxvo. Reins <0 'epgieation: 


seem com cc==-| & GREEN & BOULDING, Ltd. 


Are not affected by theaction ofchemi- 


Fe a Uren = ™ A= POPs eee! cals in boiler, nor by draughts or sea- suction _ ENGINEERS, ior, 
Brood bbe) bs spray. The endsdonotcorrode. 7267 Telegrams—‘‘ TeMPEKATURE, LONDON. 28, New Bridge Street, London, E. C. 


Telephone—12455, ORNTRAL. 








HOISTING ENGINES 


SUPPLIED FOR ANY PURPOSE. 


Moderate in price but well made and Durable. 
SPROLALLY ADAPTED FOR CONTRACTORS’ WORE. 


E. R. & F. TURNER, Limited, 


(432) IPsSswickt, NGLAND. 








Jenkins Bros. Valves Ch J 


rROM BODT. 
Fitted with Gunmetal Working Parts and Jenkins Renewable Discs. 


ALL. PARTS INTERCHANGEABLE. 


Made in all sizes and designs, both screwed and flanged; manufactured of the best steam metal 
and fully guaranteed. 














ALWAYS LOOK FOR OUR TRADE MARE. 


JENKINS BROS., cerver'se, LONDON, E.C., 


And at 71, pie STREET, NEW YORK, U.S.A. 














Richard G. Gibbins 


AND CO, 
Berkley St., BIRMINGHAM. 





MAKERS OF 
STEAM and HAND 


CRANES, 


AND ALL KINDS OF 
LIFTING TACKLE. 


GLASGOW : 041601 
John §. Bishop, 54, Cadogan St. 











THE GRIFFIN ENGINEERING CO., 
BATH, ENGLAND. 


Manufacturers of GRIFFIN’ S Patent 


“DUPLEX” MARINE OIL ENGINE 
AND 
“INVICTA” REVERSING CLUTCH. 
SIMPLICITY, ECONOMY anv RELIABILITY. 
ALL WORKING PARTS EASILY ADJUSTABLE. 
Absolute Cleanliness and Freedom from all Tarry Deposit. 
Suitable alike for River, Lake or Sea Service. 








SIZES from 60 to 200 HP. Fitted with FOUR CYLINDERS, \ 
BALANCED CYCLE and PATENT HYDRO SPRAY. 


Enclosed High-Speed Engines for Direct Coupling a Speciality. , 


40 to 60 HP. Type. ited with Patent References to users in ail parts of the World. 8 to 35 HP. Type. Fitted with Patent 
Auxiliary ing Engine. KLLUSTRATIONS AND DESCRIPTIVE BOOKLET ON APPLICATION. ree) | Momentum Starting Gear. 
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Richardson & Co., Estab. 


© «1893, 


Assessors, 

We invite instructions for Stocktaking, 
Partnerships, Increase of Capit tal, Auction Sales, &. 
—Address, 268, Strand. Tel.: 13 438, Cent. B179 


TO ENGINEERS, MANUFACTURERS and OTHERS. 
In consequence of the removal of their Boilerworks 
and Ooppershops to the South end of Liverpool, 


r. William Thomson has}: 


received instructions to SELL by ye 

on TUESDAY, = 4 > day of J ra a at ry. 
recisely, at the w Associati: 
Etreet, Liv i, the SRTENGIVE. F gEHOLD 
PREMISES, catuated in Lightbody Street, Liverpool, 
lately occupied by Fawortr, Preston & ComPaxy, 
Limited, as Engineering, Boiler and Copper Works, 

and ceolaienee an area of about 4929 square yards. 

The Buildings comprise :— 

Lor 1.—Offices ani gneve Coppersmiths’ Shop and 
Stores, Electric Light Room, &c. Area about 1003 
equare yards. 

Lor 2.—Platers’ Shops, containing Engine House 
aud two aE geenee with Chimneys, &. Area about 


—_e yards. 
Principal Boiler Shop and Smiths’ Shop. 
‘aun venous 2856 square yards. 

The Property, which abuts on the Lancashire and 
Yorkshire 5 haliver is in close proximity to the 
Stavley Dock, the North Docks Station of the Lanca- 
shire and Yorkshire Railway, the Leeds and Liverpool 
Canal, and the Overhead Railway. 

The P; rty will firet be offered as a whole, and if 
not so sold, then in three lots as described above. 

For further wey apply to the AUCTIONEER, 

at his Offices, 5, Cook Street; or to Messrs. HLL, 
aman, Dicamson Hitt & Rossrts, preres | 10, 
Water Street, Liverpool, 897 











FOR SALE. 





Fer Sale, Valuable Freehold 


BUILDING SITE, containing over 8 acres; 
suitable for iron, steel, engineering or wagon works, 
with water rights and siding to the Midland Railway 
main line; conveniently situate near to etations on 
the Midland and Great Central Railway, a a4 
distance from Sheffield and Rotherham.— Appl 
H. and J. A. EADON, 8t. James Street, Sheffie 





‘eneral Sajinonag Biainon 
as a Going Concern, Eastern Counties. Several 
specialities and steady local trade.—Address, B 524, 


Offices of ENGINEERING. B 524 
Kxceptional Opportunity.— 
FOR SALE, one BRIQUETTE MACHINE to 


make 5 tons per hour ; extra strong design with 
Middleton's patented improvements, with or without 
accessories; quite new; a cheap.—Apply, RB. 
MIDDLETON, Sheepscar Foun ry, Leeds. B 800 


High- -class (practically New) 


LANOS. BOILER, 30 ft. by 8 ft., rein. 110 Ib.; 
also LANOS. BOILER, 30 ft. by 7 ft. Gin., rein, 100 lb. ; 
GALLOWAY BOILER, 26 ft. 4 6 tt. 6 in., rein. 75 Ib. 
—BALDRIC ENGINEERING OO., 11, mowell 
Buildings, Manchester. B 827 


Fer Sale, One Engine- driven 


HOT SAW, with blade 36 in. diameter, for 
cutting hot iron and steel bars up to 4 in. diameter. 
Vertical frame with overhead driving pulley. 

Drawing can be supplied, or the saw seen at these 
works by a — Condition quite new. 

Price £110 

shelteld DAVY BROTHERS, Lrp., Park Iron bat eo 


Fe: Sale :—One Second-hand 


iio.” Gana teem Gomes 

emens’ two-pole po 
Dyoamo, 190 190-140 volte, 900 amperes at 850 revolutions, 
yen 


Second-hand ELECTRIC GENERATING SETS, 











Willans’ 2G — es, 560 kilowatt two-pole 
Dynamos, 125 volts, 400 amperes at 420 revolutions, 
120 Ib. steam, 


The above are now in Gow working order and 
on Se See Saag Oh Tene ee Gene 
appo 

Apply, KYNOOCH LIMITED, Witton, Birmingham. 


Metropolitan Railway Co., 
LONDON. 


FOR SALE, apn | ROLLING STOOK, 


semen SIDE. E-TANE LOCOMOTIVES, 
PASSENGER COACHES, 
of First, gies Third and compo. clacees, being the 
whole of the remaining Metropolitan Railway Co.’s 
Steam-driven Rolling Stock, which is being replaced 
by Electzic Traction. 
- =. faivenes working — Ag 
‘or ulars apply to the ie Agents, 
WHEATLEY RIRK. PRICE 


& 0O., 
46, } Rasewer j Street, 
heater. 





one E.C.; and Albert Square, 
B 758 


For Sale : 
Five Brown & Sharpe’s CAPSTAN LATHES, 
with automatic action. 
ones &.. in. \ eco -ended TURRET LATHE (by Alf. 
One Doutle neues 8. 8. 8. “Ey to swing 26 in. 
and turn between centres 6 ft. 8 in. 
One PLANING MACHINE, ices 2 it. by 5 ft. 6 in. 
by 5 ft., with three tool boxes. 
One Powerful SLOT. DRILLING. MAOHINE, with 
travelling bead, 3 ft. 2 in. movement. 
One Powerful Vertical MILLING MAOHINE, with 
table 26 in. dia. 
One 4 owt. and one 3 owt. Power-driven HAMMERS. 
One Double-ended PUNCHING and SHEARING 
MACHINE (by Whitworth & Co.), to shear 1 in. 
thick. {and Challen), E 5, No. 8. 
One nearly new POWER-DRIVEN PRESS (by Taylor 
Oatalogue of over free on 
6522 
on purchase hire. 
Woras, 


:'“ Forward, Sheffield.” 


a invi 
gfe Ag Pb de 
THOS. W. WARD, Luwrsp, Ausion 





14: New Punching and Shear- Mt oe Rock-boring 


ae chines CON SALA, Tovar end Beeseiin: ES and DRILL STEEL. 
from ine to 1}in; Plate-bending Rolls, A: fron | stocks. pt delivery.—-THE HARDY PA’ 
Bending Machines, and a lot of other . — | PICK co 'Ln rat eee England. 2276 
RUSHWORTH, Sowerby Bridge. B 762 








wishing to manufacture Motor Drays.—A firm, 
who for private reasons are unable to proceed with 
facture, are OPEN to SELL a very good STEAM 


Fe Sale, Horizontal and 


Vertical Boring Machines, Patent Flue Flange 
Drilling Machine; Planing, Slotting, Milling and | man 





Screwiog M ines ; and a lot of other Lathes; | DRAY with full eet of designs and well-made patterns, 
0 Radial ling Machines. To be sold cheap.— | or might be sold separately.—Address, B 523, Offices 
RUSHWORTH, Sowerby Bridge. B 761 | of Exenvesrime. B 523 








F. WIGGINS & SONS, 


168 & 103, MINORIES, E., LONDON. 

For Lamps, Stoves, Ventilaters, Electrical Work 
and Philosophical, and for all purposes. 
LARGEST STOOK IN THE WORLD. 
OONTRAOTORS TO H.M. GOVERNMENT 

Tsuzrnons No. 2248, AVanvs. 9834 


“CENTRAL LIFT” 


HYDRAULIG-WORKING 
VALVES. 


Hasy Working. Simplest and Best for Iron 
and Steel Works Plant, 


Dock and Railway Cranes, &c. 
SENT OUT ON BPP OV MTs 


















SOLE MAKERS :— 


DEWHURST’S ENGINEERING COMPANY, Lr, 
Hydraulic Engineers, SHEFFIELD. 














TUBE EXPANDERS 
ww) GUTTERS. 


(LIST EGC.) 


MIDLAND MANUFACTURING CO. L™ 
SHEFFIELD. 


Telephone No. 768. 


“FITTINGS, SHEFFIELD.” 
6457 


Telegrams: 





























G. F. SMITH, 


LIMITED, 
PARAGON IRONWORKS, 


HALIFAX, ENG. 









Makers of Special & General 


MACHINE TOOLS 


FOR 
Constructional 
Ironworkers, 
Bridge & Shipbuilders, 
General Engineers, 
Machinists, &. 


; 





po sin Wid 


4 ft. Paragon Radial No. he 
Ready for Delivery, 
One of the Largest and 
most varied Stocks 


No, 1 Paragon Radial, 





DESIGNERS AND CONSTRUCTORS 
or 


All kinds of 


Special Tools. 
Every Machine 
Guaranteed 
Accurate and well finished. 


in England. 





Send for Illustrations and 
Prices. 


INSPECTION INVITED. 
6528 


Established 1869. 





Telegraphic Address: RADIAL, HALIFAX. 
Telephone 715. 





Improved Angle ron Bending Machine. 


G team Dray.—To Engineers} % 


of 
Machine Tools|“ 


MERSEY RAILWAY. 


es and Locos..for Sale, 


(Cazages TREATY :— 


One Very Powerful SB erp 21 in. cylinders, 


built by Messrs. eacock & 
26 FOUR-WH D> OAURIAGES, first, second 
third class, fitted with vacuum brake and 


— equipment. 
a Pintech’s GAS-MAKING PLANT. 
‘Two .- TYPE BOILERS, a Robey ENGINE, 
and a D.-O. VERTICAL ENGIN 
BR. BOWMAN SMITH, 
Traffic ey 
erse 

James Street Station, Liverpool. ioomes 


B 106 
Ale= Wilson, 


ENGINEEB, 

8, LOMBARD COURT, LONDON, E.C. 
Formerly of the Vauxhall Ironworks. 
Telegraphic Address: “ Inemurmun, Lonpon.” 
Telephone: No. 1998, Omrrrau. 

LAUNOH AND MARINE ENGINES FOR SALE — 
One 0.8.0. + « 6 in. by 12 in. by 8 in. stroke. 
Two 0.8.0. - + +8 in. by 16 in. by 10 in. stroke. 
One Non-condensing 8} in. by 14} in. by 10 in. stroke. 
OneO.8.0. - - +9 ya in. by 14 in. stroke. 

7559 
OOMPLETE LAUNOHES BOILERS, PUMPS, 








MISCELLANEOUS. 








LONDONDERRY PORT AND HARBOUR. 
FOYLE SHIPYARD TO LET. 
The Londonderry Port and Harbour Commissioners 


are prepared to receive 

()fers for Renting, at a 
nominal rent, the above YARD at Londonderry. 
The Yard has an area of about 7 acres, which can be 
largely increased, with a large river frontage where 
there ia dee water and ample space for launching 
vessels of the Jai size, and is equipped with 
Buildings and M nery. There is a Graving Dock 
alongside, 314 ft. long and 50 ft. wide; also a Steam 
Orane of 60 tone capacity. The Yard is connected 
with the railways and harbour tramways. Labour is 
cheap, and the Harbour Commissioners will encourage 

and facilitate shipbuilders in every way possible. 
Communications on the subject may be addressed 


to— 
JAS. DAWSON, Secretary. 
Port and Harbour Office, Londonderry, 
November, 1905. B72t 





CITY OF PETERBOROUGH. 


ites for Factories.—The 
ration invite the attention of MANU- 
PACTUR RERS to the excellent position of Peterborough 
asa place for ESTABLISHING WORKS. The Great 
Northern,Great Eastern, Midland, and London & North- 
Western "Railways branch out in eight directions. 
Eighty-five minutes from London by rail. Many gocd 
Freehold Sites adjoining the railways are available at 
moderate prices.—Full information can be obtained 
on application to— W. MELLOWS, Town Clerk. 


‘Valuable Factory,Gunpowder 


or other WORKS, about 1 mile from a station, 
only 17 miles from London, TO BE LET, with im- 
mediate possession. Capital Premises, comprising 
some 67 acres, with water power. The land is well 
timbered and intersected by canals, with central basin : 
extensive road frontage on two sides; numerous con- 
veniently placed buildings, and four large water 
wheels and two tail wheeils.—Further particulars of 
Mesers. WALTON & LEE, 10, Mount —. 

B 887 


—. w. 

[sy your r Machinery Electrically 
DRIVEN? If so, write to 7447, Offices of 

ENGINEERING, and you will hear something to your 

advantage. 7447 








hemicals for Tadusteiel a 
POSES.—SAL-AMMONIAC, PRUSSIATE OF 
POTASH, OXIDE COLOURS, &c. Enquiries solicited. 
SHARON CHEMICAL CO., Lrp., Derby. 751% 
A frm of Engineers, having 
an oiaehe tad connection among the leading 
ye — Indian and Colonial, is PREPARED 
TO CO. "with a view to undertaking their 
th arn a sale, any suitable SPECIALITIES. 
Communications, which will be treated in strict 


confidence, to be sent, in the first instance, to 7555, 
Offices of ENGINEERING. 7555 
Nat. Tel. : 


Steam Launches. 1762, Victoria. 


1 Dirt Hayes, srony STRATFORD 


= WK TUGS ob LAUNCHES in IRON and 
Machinery constructed for boats built abroad, 

Staple or ey ag London Office: 9, St, 
estminster, 8. See Illustrated Advt. each month. 











[the Glasgow Railway 

Engineering Company, 

GOVAN, GLASGOW. 

London Office—12, Victoria Street, 8.W. 

‘ACTURERS OF 

RAILWAY OARRIAGE, WAGON AND TRAMWAY 
OARRIAGE AND WAGON IRONWORE, also 

OAST STEEL AXLE BOXES. 7105 
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H=: Nelson & Co., Ltd., 


BUILDERS OF RAILWAY OARRIA 
WAGONS, TRAMWAY yt and LIGHT RAILWA 


ont Anus, Bam PLANT, 
Makers of WHEELS wat 
Foreme, Surrn Worx, Inon amp Brass OasriNes. 
Registered Office and Works : 

a Office: 160, Street. 8382 
London : 14, 


P & W. MacLellan, Limited, 
OLUTHA WORKS, GLASGOW, 
MANUFACTURERS OF 
RAILWAY OARRIAGES AND WAGONS 
OF EVERY DESCRIPTION, 
RAILWAY IRONWORK, BRIDGES, ROOFING, &c. 
Ohief Offices : 129, Trongate, Guaseow. 8547 
Registered Office : 8,Gt. Winchester St., London, E.O. 


e Metropolitan Amalga- 


MATED ag ils big CARRIAGE AND 
‘WAGON COMPANY, Liurrap 


Makers of RAILWAY Y ROLLING STOOK of all 








—= 
Works — AsHsuRyY, MANCHESTER ; 
Lancastse ; Barr. BreminenaM; SALTLEY, 
BreumenaM ; OLDBURY, BIRMINGHAM ; UGH. 
London Officee—36, Vicroria Sraser, W: 
Head Office—Sa:tLgy, Telephone Nos.: 
4722, 4723. Telegrams: ‘‘ Metro, Birmingham.” 6998 





Mid and Railway-Carriage 
and Wagon Co., Ltd. 
BUILDERS OF — 
— Railway Carriages, — 
— Railway Wagons, — 


AND ALL KINDS OF ROLLING mag 


Midland Works, Dirvainghem: 


and Aspey Works, SHREWSBURY. 
ag 





. Pickering & Co., Ltd. 


(ESTABLISHED 1864). 


BUILDERS of RAILWAY CARRIAGES, WAGONS 


AND 
MOTOR CARRIAGES. 
MAKERS of WHEELS and AXLES of all kinds. 
RAILWAY WAGONS for HIRE. 8484 
‘Ohief Works and Offices: WISHAW, near GLASGOW. 
London Office: 2, Vicrornra STREET, WasTMineTEr, 8. W. 


E: 








SCOTCH & IRISH 
OXYCEN CO., 
itd., 
GLASGOW. 
Valves for Gas Bottles, 
frigerating Plant, &c., 
in Bronze, Steel and 
Aluminium 
ing Valves, Keys, ackens 
ro wntage tor Os mn pressed Gases. 


CASTINGS 


in ee + 4. or |! fa A, te 8 tems. 





SOCKET PIPES. if im telt in’ diam. 
FLANGE and IRREG ‘9 30. diam. 
GIRDERS, COLUMNS, 8, BTANOHIONS, TANKS. 


E. & W. B. HALEY, List Lister Hills, Bradford. 
TRUE TO SCALE 
Black Line Prints 


(Dorel Fréres System), 
Permanent. Done on any Paper or Cloth. 
Particulars on Application. 7380 


W. F. STANLEY @& CO., Ltd., 
13, Railway Approach, LONDON BRIDGE, 8.E. 
Telephone 871, Hop. Telegrams—Tribrach, London, 











YOU. WILL HAVE 


Leaky Joints 


IF YOU USE 


UJ [aNcanesire, 





MAR 


JOHN HUDSON & CO.'S SUOCESSORS, 
4 Victoria Warehouses, Mansel] 8t., London, E. 


“GREAVES’” BLUE LIAS LIME 





Burst ToWan LAs FORMATION. T= i 


And PORTLAND CEMENT. 
SELENITIC 


GREAVES, BULL & LAKIN. Lim. 


Chief Office: HARBURY, LEAMINGTON. 
ag ta Depot: 16a, South dington 
Whart. : Greaves, Birminghsm. a 08 


Code: 5th Edition, A BC. 
On Admiralty and War Office Lists. 
Telegrams ; ‘‘ MACNEIL, GLASGow.” 


CHARLES McNEIL, 


KINNING PARK IRONWORKS, 


Weldless Wrought Steel Stand Pipes are 
superior to those —— 





SAFE, STRONG, DURABLE ano LICHT. 


SPECIALIST IN 


Hydraulic Stampings & Forgings. 


270, West Scotland St., GLASGOW. 


~ oles = om = 


Bottom Pome ne for Sin Single © or Double Rivetting, 
and Curved to suit diameter of Boiler. 








LEROY'S i 


REGISTERED TRADE MARK. 


ra sonmonas COMPOSITION 





FOR COATING BOILERS, STEAM PIPES, &c., to 

prevent the radiation of heat, save fuel, and increase the 

power of steam. IT WILL AT ONCE SHOW A LEAK. 
IT CANNOT CATCH OR COMMUNICATE FIRE. 


Used in H._M. Dockyards, Arsenals ; also by 
principal Railway and Dock Co.'s. 
May be seen where it has been in use for fifteen 
yeare. 
ESTABLISHED 1865. 


F, LEROY & CoO., 
20, Gray St., Commercial Rd., London, E. 


Alse at MANCHESTER. 7170 














IN THE MARKET. 


Specially adapted for Refrigerating 
Machinery. 











Head Office: 14, Cook St., Liverpool. 
THE SIMPLEST AND MO8T DURABLE 





n™ 







for all Types of 
LOCOMOTIVES, 
Stationary and Marine ENGINES. 








SUPPLIED TO THE LARGEST RAILWAY COMPANIES 


— Fixed on Approval and Guaranteed. 


IN THE WORLD. 


ome F0 

















JOHN H. WIDDOWSON 


(16 years Manager at Sir Joseph Whitworth & Co.), 


BRITANNIA WORKS, ornsa.t Lane) SALFORD, MANCHESTER. 


MANUFACTURER OF THE ———— 


Improved TUBE-PLATE TAPPING APPARATUS, 
TAPS for the “BELLEVILLE” BOILERS, «. 


4D EVERY DESCRIPTION OF SCREWING TACKLE, &c. 











INSTANT REFERENCE TO 


SHANNON YOUR LETTERS & BILLS. 
LETTER Write for Catalogue, No. 15, 


THE SHANNON, LTD., 
FILE. ““* 


Office Furnishers, 
Ropemaker 8t., London, E.C. 
West End Branch : Denman House, 20, Piccadilly, W. 

















STONE BREAKERS, 


CONCRETE BREAKERS, MIXERS 
DISINTEGRATORS, COKE BREAKERS, MORTS 
MILLS and every descriptio of 
ST UNE ~ate pag and. bg eeeigg MACHINE) ¥ 


bh md sc ot 

Bas a s ° Ps == i os. 
Stane Greaking Machine Makers 

eRanoow srreer, LEICESTER 











729 LONDON ROAD SE 


ROLLER BEARINGS 


For MACHINERY 
and ROLLING STOCK. 








—— BRITISH MADE. — 
EXPERT ADVICE} 
QUOTATIONS } FREE. 


EMPIRE ROLLER BEARINGS Co. Ltd. 
15, Victoria Street, 
Westminster, London, S.W. 


ey STANLEY thas 


SURVEYING AND DRAWING 
INSTRUMENTS. 
NOTICE OF REMOVAL of the Retail Depart- 
ment from GREAT TURNSTILE to 


286, HIGH HOLBORN, 


LONDON, wW.C. 
PRICE LIST POST FREE. 7510 











RELIABLE BOURDON 
z STEAM GAUGES. 
. High Speed 

Indicators. 

¢ BUCHANAN’S 
z ENGINE COUNTERS. 
= er and. npg 
HAN NAN & IAN & BUCHANAN 


‘obertsen St., GLASGOW. 6458 








ZAD EG’SS $= PORTABLE 




















Works at Harbury, Stockton & Wilmcote, Warwickshire. 








FRANGE« MORGAN. 








RAILWAYS 


Save BO’. 
labour. 


PROMPT DELIVERY FROM LONDON 
STOCK. 





Estimates and Illustrated Catalogue Post 
Free of 


0. 4. Ze EOI ECH «00. 
72, QUEEN VIGTORIA ST., LONDON, f.6 


: “Zapie, Lonpon.” 6195 








MAKERS OF EVERY 
DESCRIPTION OF 


Brass Work 


USED BY 


MARINE ENGINEERS. 


Pm 


WHITEFIELD 
BRASS WORKS, 


DANIELS IMPROVED 


SUCTION GAS PLANTS, 


Reliable, Hconomical. 


PRESSURE PLANTS 


for Large Powers. 


T. H. & J. DANIELS, Ltd., Stroud, Glos., 


And 23, Northumberland Avenue, W.C. 
Tel. : 7229, Gurrarp. 7858 





Established 
1868. 






CENTRIFUGAL PUMPS 
AND PUMPING 


For Dak, Oat Fre a rage Work, 


tehee? ate oara eee Engines and High- 
Engines, Hydraulic Presses and Pumpe, Hydraw 

A lators, Hydrauli Rivetters, Lifte of all kings, 
DEPWSPWALE &2 CO., 

Bon Accorp Exemss Worxs, GLASGOW. 7271 
Teizenaruw Appams: “ BONACOORD, GLASGOW.” 








GOVAN, GLASGOW. ™ 





Agents in South Africa: SELIGMANN and CO., Jehannesberg. 














PAIR 











| MARSHALL. @ SONS & CO., L” cAinssoroucn, Enccano, 
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oe eee ios Also Offlees, Showrooms, and Stores at GENERAL ENGINEERS 
79, Farringdon Road, LONDON, E.C, 
Telegrams : Telephone : MAN UFACTURERS OF 
“Enoins, Lonpon.” No. 648, Hou3orn. 
And at Calcutta and Bombay. PORTABLE and SEMI-PORTABLE ENGINES. 


Se UNDERTYPE ENGINES, Simple and Compound. 
the Grand Prix and Gold Medal, FIXED ENGINES up to 1000 HP. 


PARIS, 1900. 


VERTICAL ENGINES, Simple and Compound. 


OVER TRACTION ENGINES and ROAD ROLLERS. 
107,000 ENGINES, THRASHING MACHINERY for all Countries. 
BOILERS, &c., MADE. GRINDING MILLS. SAWING MACHINERY. 





= GOLD DREDGING PLANTS. 
ae _Miustrated Catalogues 0 on appliation, TEA PREPARING MACHINERY, &e. tl 





Double Cylinder High- pressure Engines, 
with and without Boilers. _—_ 





BOILERS, Cornish, Lancashire, Loco., Vertical, &e. 





SAMUEI PLATT, E.rp., Wednesbury. 
SHAFTING, 

SHAFT FITTINGS, PATENT SELF-OILING BEARINGS, 
PULLEYS AND MILL GEARING, 
TUBE-MAKING MACHINERY, 

BOLT AND NUT-MAKING MACHINERY, 
REELING AND STRAIGHTENING MACHINES 


for RODS, BARS and TUBES (both Hot and Cold). 
LARGE STO cEHS FOR IEEE PDIATSE YDBLIVERN TZ. 
Te.cecrams: “PLATT, WEDNESBURY.” _TeLePHoNe: 60, WEDNESBURY. 7150 




















es eee es ow sy — = LANCASTER & TONGE L2 


OAs ret PENDLETON 


Metallic Packings, ~: 


They greatly reduce the friction whilst keeping the piston-rod perfectly steam-tight, 
thereby increasing the power, and, as less steam is required, there is soon an appreci- 
able decrease in the fuel bill. 


They are sent ON APPROVAL and GUARANTEED. 


For full particulars write for Catalogue A. ae 

















BUT. H’s 
kRPwPATINT 


FRICTIONAL 


By Royal Letters Patent PATENT ROLLED 
COUPLINGS. 


SHAF TING = yd 


IN IRON AND STEEL. SOLE MAKERS. 638 


























Southwark St 
LonpDon.S.E. 














| 































































